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Abstract

Salmonella enterica serotype Typhi causes chronic enteric fever known as typhoid. Prolonged treatment regimen used
for the treatment of typhoid and indiscriminate use of antibiotics has led to the emergence of resistant strains of S.
enterica that has further increased the severity of the disease. Therefore, alternative therapeutic agents are urgently
required. In this study, probiotic and enterocin-producing bacteria Enterococcus faecium Smr18 was compared for
both its prophylactic and therapeutic e cacy in S. enterica infection mouse model. E. faecium Smr18 possessed high
tolerance to bile salts and simulated gastric juice, as treatment for 3 and 2 h resulted in 0.5 and 0.23 log;, reduction in
the colony forming units, respectively. It exhibited 70% auto aggregation after 24 h of incubation and formed strong
biofilms at both pH 5 and 7. Oral administration of E. faecium in BALB/c mice infected with S. enterica significantly
(p<0.05) reduced the mortality of the infected mice and prevented the weight loss in mice. Administration of E.
faecium prior to infection inhibited the translocation of S. enterica to liver and spleen, whereas, its administration post-
infection completely cleared the pathogen from the organs within 8 days. Further, in both pre- and post-E. faecium-
treated infected groups, sera levels of liver enzymes were restored back to normal; whereas the levels of creatinine,
urea and antioxidant enzymes were significantly (p <0.05) reduced compared to the untreated-infected group. E.
faecium Smr18 administration significantly increased the sera levels of nitrate by 1.63-fold and 3.22-fold in pre- and
post-administration group, respectively. Sera levels of interferon-y was highest (tenfold) in the untreated-infected
group, whereas the levels of interleukin-10 was highest in the post-infection E. faecium-treated group thereby indicat-
ing the resolution of infection in the probiotic-treated group, plausibly due to the increased production of reactive

nitrogen intermediates.
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Introduction

Typhoid is a chronic enteric fever caused primarily due
to the infection by Salmonella enterica serotype Typhi
that is transmitted through contaminated food and water

*Correspondence:

Sukhraj Kaur

drsukhrajkaur@gmail.com

! Department of Microbiology, Guru Nanak Dev University, Amritsar, India
2 Department of Pharmaceutical Sciences, Guru Nanak Dev University,
Amritsar, India

B BMC

[1]. In 2017, an estimated 14.3 million cases of typhoid
were reported worldwide that had the case fatality rate
of 0.95% [2]. Typhoid develops into high grade fever in
the second week of infection and can persist for more
than a month if left untreated [3]. It is an invasive infec-
tion that infects many internal organs and, in few cases,
cause serious complications such as bradycardia, hepati-
tis, and acute renal failure [4]. Rapid emergence of multi-
drug resistance among typhoidal strains of S. enterica has
increased the severity of the disease and made it di cult
to treat [5]. Further, 2—5% of the typhoid patients become
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chronic carriers of S. enterica that is continuously shed in
the feces long after the recovery, thereby maintaining the
chain of transmission of the infection [6].  us, to coun-
ter these problems there is a dire need for safe alternative
therapeutic agents. One of the alternative options that is
being explored is the use of probiotics.

Probiotics are defined as “live microorganisms which
when administered in adequate amounts confer a health
benefit on the host” [7]. Strains belonging to the genera
Lactobacillus, Enterococcus, Pedioccoccus, Bifidobacte-
ria, Saccharomyces etc. with Generally Regarded As Safe
status are used as probiotics for the treatment of various
gut-related disorders [8, 9]. Probiotic treatment of infec-
tions such as rotavirus [10], and antibiotic-associated
diarrhoea [11] have shown promising results in various
human clinical trials. Probiotic bacteria inhibit the pro-
liferation of microbial pathogens owing to their ability
to produce antimicrobial substances such as hydrogen
peroxide, bacteriocins and organic acids [9, 12]. e pro-
duction of bacteriocins has been considered an impor-
tant trait in the selection of probiotics as they positively
modulate gut microflora [13] and help in better coloni-
sation. Some enterococcal strains such as E. faecium
SF68, E. faecium M74 and E. faecalis Symbiflor, are cur-
rently being used as probiotics in both humans and farm
animals [14—16]. Enterococci are among the first of the
few microbial species that colonise the gut of new-born
children [17]. As commensals they are present in the gas-
trointestinal tract [18], mouth and vaginal cavity [19] of
humans. Enterococcal probiotics have been tested for
their protective e ect against human subjects [20, 21].

e use of probiotics for the treatment of typhoid
fever is still under exploration phase. Some studies have
shown that the oral administration of Lactobacillus spp.
prior to S. typhimurium infection prevented the infection
through various mechanisms such as, modulation of host
immune response [22], inhibition of Salmonella-induced
apoptosis of lymphocytes [23] and by increasing the lev-
els of mucin-2, propionic acid in feces [24]. However, the
therapeutic e ects of probiotic bacteria in in vivo S. typhi
infection have not been evaluated.

Several enterococcal species have been utilised suc-
cessfully to preserve processed fruits and vegetables,
cheese, dairy products, and meat [25—27]. As part of the
starter culture, bacteriocin-producing Enterococcus Spp.
was shown to inhibit food pathogens in cheese [28] and
meat [29]. In our previous study [30] we have shown
the broad-spectrum antimicrobial e ect of enterocin
secreted by E. faecium Smrl8 and its safety in in vitro
and in vivo model.  erefore, in this study, we evaluated
the probiotic properties of E. faecium Smrl8 and dem-
onstrated the therapeutic e cacy against S. typhi infec-
tion in mice. Further, the mechanism of protection were
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studied by evaluating the antioxidant enzymes, nitric
oxide intermediates and modulation of the host immune
response.

Material and methods

Bacteria

Enterocin-producing E. faecium Smrl8 [30] used in this
study was provided by Dr. Sukhraj Kaur. It was cultured
in de Man Rogosa and Sharpe (MRS) broth at 37 °C under
stationary conditions. All the chemicals used in the study
were purchased from Himedia laboratories pvt. limited
Mumbai, India, except where specifically mentioned. S.
enterica MTCC 733 was procured from Microbial Type
Culture Collection (MTCC), Institute of Microbial Tech-
nology, Chandigarh, India.

Gastric and bile juice tolerance assays

Gastric juice tolerance of E. faecium Smrl8 was evalu-
ated by exposing the cells of E. faecium Smrl8 to simu-
lated gastric juice (SGJ) made by mixing 3.2 g/L pepsin
and 2 g NaCl/L [31]. E. faecium cells in their log phase of
growth were harvested by centrifugation (9000 g; 10 min
at 4 °C) and washed thrice with phosphate bu ered saline
(PBS; pH 7.2). e cell pellet so obtained was suspended
in SGJ at the concentration of 1x10® colony forming
units (CFU)/mL, and incubated at 37 °C for di erent time
periods. After incubation, the bacterial cells were plated
onto MRS agar plates and incubated overnight at 37 °C
to check the viability of cells. Bacterial cells suspended in
PBS was used as control.

For evaluating bile salt tolerance of E. faecium, MRS
broth supplemented with 0.3% and 1% (w/v) oxgall were
inoculated with 1x108 CFU/mL of overnight cultured
bacteria in test tubes. e tubes were incubated at 37 °C
for di erent time points. After incubation the bacterial
cells were plated onto MRS agar plates for obtaining via-
ble counts [32]. Both the experiments were performed in
triplicates.

e e ect of phenol on the viability of E. faecium was
determined by using method of Jena et al. [33]. MRS
broth supplemented with 0.4% v/v phenol was inoculated
with overnight cultured E. faecium cells. After incubation
at 37 °C for 8, 16 and 24 h, the culture was serially diluted
and spread on MRS agar plates. e cell viability (log,o
CFU/mL) was calculated by the plate count method.

Auto aggregation assay

To determine the auto aggregation potential of E. faecium
Smr18, overnight cultured cells were pelleted down by
centrifugation at 9,000 g for 10 min at 4 °C. e cell pel-
let was washed twice with PBS (pH 7.2) and suspended
in PBS. e suspension was incubated at 37 °C for dif-
ferent time points. After incubation period, 1 mL of the
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suspension from the top of the tube was removed and
its absorbance was determined at 595 nm. Auto aggre-
gation percentage was determined by using equation:
(1—At/A0) x 100; Where At is absorbance of suspension
at di erent time points and A0 is absorbance at 0 h. e
experiment was performed in triplicates. [34].

Biofilm formation assay

e ability of E. faecium to form biofilm was evaluated by
crystal violet assay [35]. Biofilm formation was evaluated
in the MRS media at 3 di erent pH values (3, 5, and 7)
and at di erent time points (24, 48, and 72 h). Cells were
cultured overnight in MRS broth and its optical density
was set to 0.2 at the wavelength of 590 nm. Microtiter
plate having 96 wells was inoculated with 15 pL of cul-
ture and 135 pL of MRS broth. e plate was incubated
at 37 °C for di erent time periods to allow the formation
of biofilms. After the incubation period, the non-adher-
ent cells were removed by washing the plates three times
with PBS. e adherent biofilm was fixed with methanol
and stained with crystal violet solution 2% (w/v). After
washing o the extra stain, 160 uL of 33% (v/v) glacial
acetic acid was used to release the stain from the bio-
films, and the absorbance of the biofilms was measured
at 595 nm. MRS broth without E. faecium was used as
control. On the basis of absorbance, the E. faecium strain
was categorized as, non-biofilm producer if OD <ODC,
weak biofilm producer if ODC<OD <20DC, moderate
biofilm producer=20DC<0OD <40DC, strong biofilm
producer=40DC<OD, where OD=0D of inoculated
well and ODC =0OD of control well.

Determination of antibiotic susceptibility
To determine the antibiotic susceptibility of E. faecium
isolate to various antibiotics Kirby Bauer method was
used [36]. e overnight grown culture of E. faecium
was spread on MRS agar plate and antibiotic discs were
placed onto MRS agar plate with the help of sterile for-
ceps and the plates were incubated overnight at 37 °C.
e zone of inhibition was measured in mm and the
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results obtained were interpreted as per Clinical Labora-
tory Standards Institute (CLSI).

Determination of virulence genes

e presence of virulence genes in E. faecium Smrl8 was
determined by polymerase chain reaction (PCR) method.

e primers and annealing temperatures for each primer
is listed in Table 1 [37, 38]. DNA was isolated from the
overnight grown culture of E. faeciurn Smrl8 and PCR
was performed in 50 pL reaction mixture having 5 pL
enterococcal DNA template (50 ng), 25 pL of 2xPCR
master mix, 1 pL of each primer and 19 pL of nuclease
free water. DNA was denatured at 95 °C for 4 min fol-
lowed by 32 cycles of amplification. e amplification
was carried out at 72 °C for 1 min. PCR products were
analysed on 1.5% agarose gel stained with ethidium bro-
mide and visualized under ultraviolet light using bioim-
aging system.

Animals and study design

BALB/c mice used in this study were obtained from Cen-
tral Animal House, Panjab University, Chandigarh. e
animal experiments were approved by the Institutional
animal ethics committee, Guru Nanak Dev University,
Amritsar (Proposal no.226/CPCSEA/2021/32). e ani-
mals were housed in polypropylene cages at 25+2 °C
temperature under 12 h light/dark cycle at central animal
facility Guru Nanak Dev University. All the animals were
fed with a standard pellet diet and water ad libitum. Mice
were segregated into five groups, with 6 mice in each
group. Group G1 (normal healthy control) consisted of
vehicle control mice that were orally gavaged with 0.2 mL
saline solution. Group G2 is the untreated infection con-
trol that were orally infected with live S. enterica at the
dose of 2x 10" CFUs/mouse suspended in saline solution.
Group G3 is the probiotic control that were orally admin-
istered with only E. fzecium Smr18 (108 CFUs/mouse) for
7 days. Mice in the group G4 were orally infected with
single dose (2x 10" CFUs/mouse) of S. enterica and after
3 days orally gavaged with E. faecium Smr18 (108 CFUs)
for 7 days. Mice in the group G5 were orally gavaged with

Table 1 Primer sequences and annealing temperatures for the detection of virulence genes by PCR

Virulence genes Primer Sequences (5'-3') Amplicon (bp) Annealing temperature References
(°C)
esp (enterococcal surface F: AGATTTCATCTTTGATTCTTGG 510 48 [37]
protein) R AATTGATTCTTTAGCATCTGG
gel E (gelatinase) F: ACCCCGTATCATTGGTTT 419 51 [38]
R: ACGCATTGCTTTTCCATC
cyl (cytolysin) F: ACTCGGGGATTGATAGGC 688 58 [37]

R: GCTGCTAAAGCTGCGCTT
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10® CFUs of E. faecium Smr18 for 7 days and on the 8th
day infected with single oral dose of S. enterica (2x 10’
CFUs/mouse). All the mice were sacrificed at the end of
the experiment by cervical dislocation. Blood was col-
lected and sera separated and stored at — 80 °C till further
use. e organs, liver and spleen were harvested. A part
of the organs was used for estimating the bacterial load
and other part was stored at —80 °C for the estimation
of antioxidant enzymes. Bacterial load in the liver and
spleen from Salmonella-infected groups G2, G4 and G5
was assayed by plating tenfold serial dilutions of tissue
homogenates on Salmonella shigella (SS) agar plates, the
culture plates were incubated at 37 °C for 24 h and CFUs
were counted.

%Inhibition =
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Superoxide dismutase (SOD)

SOD activity in the mice liver homogenates was meas-
ured by using the protocol of Kono, [40]. e primary
reason for SOD activity is its inhibitory action on the
reduction of nitro blue tetrazolium (NBT) dye by super-
oxide radicals produced by the autooxidation of hydrox-
ylamine hydrochloride. Tissue homogenate (5%) was
prepared in 50 mM sodium carbonate bu er (pH 10). e
reaction mixture contained 0.250 mL of tissue homogen-
ate, 0.250 mL NBT,0.05 mL triton X-100 and 0.05 mL
hydroxyl amine hydrochloride (20 mM) and 0.650 mL of
sodium carbonate bu er (50 mM pH 10). e change in
absorbance was measured at 560 nm at 30 °C. One unit
of SOD is defined as the amount required to inhibit 50%
NBT. SOD activity is expressed as:

Change in absorbance/min (blank) — change in absorbance/min (test) x 100

Change in absorbance/min (blank)

. %inhibition
Units/ml = ————
50% x V

L . . units/ml
Enzyme activity (umts/ mg protem) =

mgprotein/ml’

; where V is volume of sample in ml

Serum biochemistry

e sera obtained from the blood of mice were subjected
to liver and kidney profile analysis with clinical chemis-
try analyser (Benesphera; model no. c71) by using stand-
ard kits (Erba Mannheim, Germany). Liver parameters
such as alanine aminotransferase (ALT), aspartate ami-
notransferase (AST) and alkaline phosphatase (ALP)
were expressed in terms of IU/L. Kidney parameters such
as urea, uric acid and creatinine were expressed as mg/dl.

Estimation of antioxidant enzymes

Catalase (CAT)

CAT enzyme estimation was carried out according to
Bergmeyer and Gawehn, [39] with few modifications.
Five percent liver tissue homogenate was prepared in
50 mM potassium phosphate bu er (pH 7). e reac-
tion mixture was prepared by adding 0.05 mL of sample
and 2.95 mL of 20 mM hydrogen peroxide. e change
in absorbance was measured at 240 nm at 25 °C, and
CAT activity was expressed as mM/mg protein according
to the formulae: b = —54X¥ _xdilution factor; where
AA=change in absorbance, V=total volume in mL,
ge=extinction coe cient, d=path length in cm, At=total
time for which change was recorded and v is volume of
sample.

Glutathione reductase (GR)
GR assay was performed by following the methodologies
of Carlberg and Mannervik, [41] 5% liver homogenate was
prepared in 0.1 mM potassium phosphate bu er (pH7.6).
e reaction mixture was prepared by adding 0.1 mL EDTA
(3 mM), 0.1 mL NADPH (0.1 mM in 10 mM Hcl pH 7.0)
0.1 mL oxidized glutathione, 0.05 mL sample and 0.650 mL
of 0.1 mM potassium phosphate bu er. e change in
absorbance was measured at 340 nm at 30 °C for 5 min and
the enzyme activity was calculated according to the for-
mula: b = —54XY _xdilution factor; where, AA=change
in absorbance V=total volume in mL, e=extinction coe -
cient d=path length in cm, At=total time for which change
was recorded and v is volume of sample.

Estimation of sera concentrations of nitrite and nitrate

e pooled sera samples from di erent groups were fil-
tered and nitrate/nitrite concentration was measured
by using nitric oxide estimation kit. Nitrate in the sam-
ples was converted to nitrite by adding nitrate reduc-
tase enzyme and then nitrite was estimated by adding
Griess Reagent 1 (sulfanilamide) and Griess Reagent 2
(N-[1-Naphthyl] ethylenediamine). Finally, the concen-
tration of total nitric oxide (nitrate and nitrite) was cal-
culated by measuring the absorbance of the deep purple
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azo substance formed at 540 nm. Sample concentrations
of total nitric oxide (nitrate+ nitrite) and nitrite were
derived from the standard curves. e intercept and
slope of each standard curve were used to calculate the
total nitric oxide or nitrite concentrations of the samples.

e concentration of nitrate was calculated by subtract-
ing the nitrite levels from the total nitric oxide levels.

Quantification of serum cytokines

Whole blood was obtained by cardiac puncture from all
the groups and was collected into tubes containing pro-
tease inhibitor. e tubes were then centrifuged at 3400 g
for 5 min at 4 °C to separate sera, the sera samples were
collected and stored at —80 °C. For the quantification
of cytokines, interferon gamma (IFN-y), interleukin 10
(IL-10) and transforming growth factor beta 3 (TGF-
B3) sandwich ELISA kits (GENLISA, Krishgen Biosys-
tems, India) were used according to the manufacturer’s
instructions.
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Statistical analysis

e experiments in this study were carried out in tripli-
cates, the bars on the graph depict mean+SD. e sta-
tistical analysis of the data was carried out using one-way
analysis of variance (ANOVA) and Tukey’s test and the
level of significance was set at 5% (p <0.05). SPSS version
16.0 was used.

Results

Probiotic properties

Bile salt, gastric juice and phenol tolerance

Probiotic bacteria needs to survive the harsh conditions
in the gastrointestinal tract such as exposure to bile
acids, gastric juice, and phenols. Phenols present in the
intestine are generated due to the action of microflora
that deaminates the aromatic amino acids of the dietary
proteins resulting in the formation of phenol, which are
inhibitory to the growth of some bacteria. Treatment
of E. faecium cells with 0.3% and 1% bile salts for 3 h

74 e Pbs  ~=0.3%bile 1%Dbile 8 4 «#=MRS ~+-SGJ
78 | _— 7.9 1
71 . =781 ,
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Fig. 1 E ectof a bile juice and b simulated-gastric juice treatment, c 0.4% phenol on viability of E. faecium Smr18. Error bars are representative

of + SD of the three independent experiments performed in triplicates
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resulted in only 0.4 log,, and 0.5 log,, CFU reduction,
respectively. Further, E. faecium appeared to be resistant
to the action of SGJ treatment as 2 h exposure of the cells
to SGJ resulted in only 0.23 log,, CFU reduction (Fig. 1a,
b). Further, tolerance of E. faecium to phenol was deter-
mined. Treatment of E. faecium with 0.4% phenol for
24 h resulted in 0.17 log,;, CFU reduction in viability after
24 h of incubation as compared to MRS control (Fig. 1c).

Auto aggregation and biofilm formation

Another important property of probiotic strain is its
capability to adhere to the host’s intestinal epithelium
and form biofilm. A correlation between biofilm forma-
tion and ability to autoaggregate has been observed in
probiotic bacteria. e percentage auto aggregation of
E. faecium were calculated after di erent time points
that showed that Smr18 exhibited maximum of 70% auto
aggregation after 24 h (Fig. 2).

Biofilm formation is an important trait for the persis-
tence of bacteria in vivo. Gut commensals are known to
form biofilms in the intestine. As the pH of the gastroin-
testinal tract varies along its length, therefore formation
of biofilm at di erent pH was observed. Results showed
that E. faecium formed moderate biofilms after 48 h and
strong biofilms after 72 h of incubation at both pH 5 and
7. At pH 3, it formed weak biofilms (Table 2).

Antibiotic susceptibility

e susceptibility of E. faecium to various antibiotics
was evaluated by Kirby Bauer disk di usion assay and
the zones of inhibition formed were determined. Results
showed that the strain Smr18 was susceptible to ampi-
cillin, penicillin-G, ciprofloxacin, linezolid, vancomycin
and tetracycline (Table 3) and resistant to the rest of the
tested antibiotics.

% autoaggregation
— N~ w - h (- ~ -]
(] =3 (=] < =] =} =} (—]

0 2 4 6 8 10 12 24
Time(h)
Fig. 2 Auto aggregation percentage of E. faecium. Error bars are
representative of + SD of the three independent experiments
performed in triplicates
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Table 2 Biofilm-forming potential of the E. faecium Smr18

Time pH3 pH5 pH7
24h w W w
48 h w M M
72h w S S

Experiment was performed in triplicates
S, strong bio Im; M, moderate bio Im; W, weak bio Im

Weak bio Im=0D_,<0D <20D_, Moderate bio Im=20D,<0D <40D,, Strong
bio Im=40D,<O0D, OD = 0Dy, of inoculated well, OD, = ODgy, of uninoculated
well

Determination of virulence genes

e PCR of virulence genes, esp (enterococcal surface
protein), gel E (gelatinase) and cy! (cytolysin) by using
specific primers showed no amplification for any of the
genes in E. faecium Smrl8, thereby showing it as safe
non-virulent strain.

Protective efficacy of E. faecium in S. enterica infection mouse
model

Protective e cacy of E. faecium was determined against
S. enterica infection in BALB/c mice. Further, the safety

Table 3 Antibiotic susceptibility profile of E. faecium

Antibiotic Concentration (pug/ Susceptibility
units)

[ Lactams

Ampicillin 10 g?

Penicillin-G 10 units S

Fluoroquinolone

Ciprofloxacin 5

Tetracycline 30

Linezolid 30

Macrolides

Vancomycin 30

Erythromycin 15

Lincosamide

Lincomycin 15 R

Clindamycin 2

Cephalosporin

Cefuroxime 30 R

Cefotaxime 30 R

Aminoglycosides

Streptomycin 10 R

Gentamicin 10 R

Amikacin 30 R

Co-trimoxazole 25 R

The experiment was carried out in triplicate
a8, susceptible; R, resistant
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Fig. 3 Body weight of animals on day 1, day 5 and day 10 of the
experiment. Error bars represent mean + S.D. a denotes significant
(P <0.05) di erences among groups as compared to the respective
group on day 1.

Table 4 Viable counts of S. enterica in the spleen and liver of
mice in various groups

Groups Log,,CFU/gm
Day 4 Day 10
Liver Spleen Liver Spleen
G2 5230+005 5304+001 6602+001  6.021+0.05
G4 5132+007  4984+001 0 0
G5 0 0 0 0

Data are expressed as mean +SD

of orally administered E. faecium Smr18 was also tested
in the mice model. Mortality and body weight of mice
in di erent groups was recorded. Mortality of mice was
observed only in the groups G2 and G4. In the group
G2, 42% mortality was observed within 10 days of
infection with S. enterica. One mouse died on day 3 and
2 mice died on day 7 following infection. In G4, 1 out
of 6 mice died on day 3 following infection. In all the
other groups no mortality was observed.

Further, the in vivo safety of E. faecium smrl8 was
tested in mice by orally administering high doses (108
CFUs) of viable bacteria for 7 days in the group G3.
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Oral administration of E. faecium for 7 days did not
cause any mortality or adverse changes in the behav-
iour of mice. On the contrary, it resulted in weight gain
of mice as shown by significant (p <0.05) increase in the
average weight of mice on day 5 and 10 as compared to
day 1 (Fig. 3).

On the other hand, in the groups G2 and G4, the
average weight of mice showed significant (p<0.05)
decrease on day 5 as compared to the weight of nor-
mal control animals (G1) on day 1. On day 10, the aver-
age weight of mice in G2 further decreased and was
reduced by 50% as compared to day 1. Whereas in G4,
there was slight gain in the body weight of mice on day
10 as compared to day 5. In the group G5, no change in
the average body weights of mice were observed on day
5 and day 10 after the infection (Fig. 3).

e translocation of S. enterica to internal organs
was determined by evaluating CFU counts in the liver
and spleen of all the groups. CFU count of S. enterica
in the spleen of G2 mice on day 4 and 10 were 5.3 and
6.02 log,, CFU, respectively. In liver, the counts of S.
enterica on day 4 and 10 were 5.23 and 6.60 log,, CFU,
respectively. E. faecium-treated infected groups G4 and
G5 showed no growth of S. enterica on SS agar plate on
the 10th day of experiment (Table 4).

Biochemical parameters

As infection with Salmonella causes invasive disease, it
is known to alter the liver and kidney parameters.  ere-
fore, various liver and kidney function tests were per-
formed for all the groups. In the group G2, significant
(p<0.05) increase in SGOT, SGPT, ALP, Creatinine, urea,
and uric acid levels was observed as compared to the
normal mice in group G1 (Table 5). On the other hand,
in the E. faecium-treated G3 group, all liver and kid-
ney parameters were comparable to the normal control
group G1 with no significant changes. Administration
of E. faecium post-and pre-infection in the groups G4
and G5, respectively resulted in normalised levels of the
enzymes SGOT, SGPT and ALP; whereas, a significant
(p<0.05) reduction in the levels of creatinine and urea
was obtained as compared to the infected control mice

Table 5 Biochemical parameters of liver and kidney in di erent groups of BALB/c mice

Group Creatinine (mg/dl) Urea (mg/dl) U. acid (mg/dl) SGOT (IU/L) SGPT (IU/L) ALP (IU/L)
G1 0.45+0.0122 1992 +0.16° 4431443 126,29 +6.322 116.26 +3.99° 120.01+1%
G2 0.64+0.028° 36.63+0.63° 6.3+6.3° 33391+325P 288.84+7.82° 142.4+2.38°
G3 0.47 +0.0072 18.06 +0.33% 4.86+485% 12273 +5.442 117.73+256° 128.27+0.64°
G4 056 +0.003° 2019+059° 557 +557% 11833 +3.06° 117 +754 11251+262°
G5 057+001° 17.97 +0.05% 5.63+5.63° 124,67 +7.05° 11267 +355 12373+845P

Data are expressed as mean+SD. Di erent letters a, b, ¢, denote signi cant (p<0.05) di erences among the groups
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among the groups.

in G2. In case of uric acid, a decreasing trend in uric acid
levels were observed in both the groups G4 and G5 as
compared to G2, although the changes were not signifi-
cant (p<0.05).

Levels of liver antioxidant enzymes

e antioxidant enzymes in the liver of di erent groups
were estimated. Salmonella-infection in the group G2
resulted in significant (p<0.05) decrease in the levels of
CAT (52%), SOD (65%) and GR (60%) enzymes when
compared to normal control (Fig. 4). On the other hand,
the levels of both CAT (45%; Fig. 4a) and SOD enzyme
(39%; Fig. 4b) significantly increased in the E. faecium
administered group G3 as compared to the control group
G1. e levels of GR decreased (Fig. 4c).

In the E. faecium-fed infected groups G4 and G5, the
levels of both CAT and SOD enzymes, was significantly
(p<0.05) reduced as compared to the infected control
(Fig. 4a, b). e levels of GR also showed significant
(p<0.05) decrease as compared to the infected groups,
but the decrease was more in the group G5 (Fig. 4c).

Concentration of nitrite and nitrate in the sera of mice

As the clearance of Salmonella from the organs depends
on the generation of nitric oxide intermediates, the con-
centrations of nitrates and nitrites in the sera of mice
of di erent groups were investigated at the end of the
experiment. Results showed that the administration of

g

00 | mNITRATE = NITRITE 2

80 -
70 -
60 -
50 - a
40 -
30 4
20 A
10 -

=]

Concentration of Nitrate/nitrite (uM)

Gl G2 G3 G4 G5
Groups

Fig. 5 Concentration of nitrites and nitrates in the sera samples
of BALB/c mice of di erent groups. Error bars are representative
of mean + SD. Letter a denotes significant (p < 0.05) di erence as
compared to the infected control G2.
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E. faecium Smrl8 both post-(G4) and pre-infection (G5)
significantly (p<0.05) increased the production of nitrate
in the sera samples by 1.63-fold and 3.22-fold, respec-
tively as compared to the infected control. On the other
hand, the levels of nitrite significantly (»<0.05) increased
in the group G5 but not in G4 (Fig. 5).

Cytokine levels in the sera of mice

e levels of inflammatory cytokine IFN-y and anti-
inflammatory cytokines IL-10 and TGF-3 were estimated
in the sera samples of di erent groups. As shown in
Fig. 6a, the levels of IFN-y were highest in Salmonella-
infected G2 group (tenfold) followed by G3 (sevenfold).
In the group G4 (twofold) and G5 (12-fold), the levels of
IFN-y significantly (p<0.05) decreased as compared to
the untreated infected control group G2. e levels of
IL-10 showed nonsignificant increase (p<0.05) in both
G2 and G3 groups as compared to G1 (Fig. 6b). How-
ever, in the G4 group IL-10 levels significantly increased.
TGF-B levels were also determined that showed no
marked di erences in any of the groups (Fig. 6b, c).

Discussion

In this study, the role of probiotic bacteria E. faecium
Smr18 in ameliorating S. typhi infection in vivo was stud-
ied. E. faecium Smrl8 used in the study is a commensal
strain isolated from the healthy human vaginal flora.
Strains of E. faecium can be commonly isolated from
human commensal microflora present in the intestine
[42], oral cavity [43], feces and vaginal cavity of healthy
humans [44]. Studies have shown that commensal iso-
lates of E. faecium are placed in a clade di erent from
that of clinical strains [45] and may not be pathogenic.
As part of commensal flora enterococci play important
role(s) in enhancing the immunotherapeutic response
of cancer drugs [46] down-regulating pro-inflammatory
responses in intestinal cells [47], and lowering cholesterol
levels in vivo [48].

e probiotic and safety features of E. faecium Smrl8
was studied as per the ICMR and WHO guideline [49].
Survival under high acidic conditions in stomach and tol-
erance to bile salts is the most important property for a
probiotic strain [50, 51]. Treatment of E. faecium Smrl8
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with bile salts and simulated gastric juice resulted in less
than 0.5 log,, and 0.23 log,, reduction in its cell viability,
respectively. Similar tolerance of vaginal commensal E.
faecium strains to bile salts and gastric juice was reported
earlier [44]. Next, the resistance of E. faecium to phenol
was determined. Aromatic amino acids present in die-
tary proteins are deaminated by gut bacteria [52], which
results in the formation of phenols that is inhibitory to
the growth of some bacteria [53]. e maximum concen-
tration of phenol in an adult distal colon range between
0.04—0.05 M [54].  erefore, resistance of E. faecium
to 0.4% i.e., 0.05 M phenol was determined. E. faecium
Smr18 was resistant to phenol as incubation in 0.4% phe-
nol for 24 h resulted in 0.17 log,,CFU reduction. Simi-
lar survival rate of E. faecium strains isolated from infant
feces and food origin were reported earlier [55].

e ability of probiotic strain to autoaggregate help
in biofilm formation in vivo [56, 57]. E. faecium Smrl18
showed more than 70% aggregation after 24 h of incuba-
tion. In another study, E. faecium EM485 and E. faecium
EM925 showed 80 and 78% aggregation, respectively
after 24 h incubation [58]. Zommiti et al. [59] reported
aggregation ranging between 54 and 96% for di erent
strains of E. faecium strains. Further, biofilm formation of
E. faecium Smrl8 was studied that showed moderate and
strong biofilm formation after 48 and 72 h of incubation,
respectively at both pH 5 and 7.

A growing concern with the use of probiotics in
humans is that they may transmit the acquired antibiotic
resistance genes to the commensal flora [60]. Secondly,
pathogenicity of the strain can be indicated by the anti-
biotic resistance profile as 80% of the pathogenic E. fae-
cium strains are vancomycin-resistant [61].  erefore,
we studied the antibiotic resistance profile of the iso-
late. Our results showed that Smr18 was quite sensitive
to vancomycin, tetracycline, ciprofloxacin, linezolid, and
B-lactams i.e., penicillin G and ampicillin. But showed
resistance to aminoglycosides, cephalosporin and linco-
sonamides. Enterococci are intrinsically resistant to these
classes of antibiotics [62] and do not pose any threat of
transmission of these antibiotic resistance genes. To
further verify the safety of E. faecium Smrl8, molecular
detection genes of virulence factors gelatinase (gel E),
enterococcal surface protein (esp), cytolysin (cyl), present
in the pathogenic strains of Enterococcus spp. was done.
PCR amplification of the virulence genes as per European
food safety authority guidelines [63] such as gel E, ¢yl
and esp in the genome of Smr18 by using specific prim-
ers yielded negative results, thereby indicating the non-
pathogenicity and safety of E. faecium Smr18. Similar to
our results, virulence genes were not detected in the pro-
biotic strain E. faecium SF68 [64].
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Further, we studied the safety of Smr18 and its thera-
peutic e cacy against S. emterica in BALB/c mouse
model. Salmonella strains are known to induce the
intestinal cells for their own uptake and once inside the
cells they survive, which is an important characteris-
tic of its pathogenicity [65]. e ability of Salmonella to
survive within the macrophages allow it to be carried to
the reticuloendothelial system of di erent organs [66].

e presence of Salmonella in the liver and spleen of
the untreated infected mice in the group G2 on 4th and
10th day of infection showed that the pathogen was able
to disseminate into the internal organs. Similar dissemi-
nation of S. typhimurium [67] and S. enterica serotype
Typhi [68] were reported earlier.

E ort was also made to detect the dissemination of E.
faecium Smrl8 to liver and spleen of mice in groups G3,
G4 and G5 by plating the tissue homogenates on Ente-
rococcus selective Pfizer agar medium, but no growth
was obtained (data not shown), that again indicate the
non-pathogenicity of the strain. Further, high mortal-
ity and significant (»<0.05) reduction in body weight of
mice was observed in the S. enterica-infected group G2
at the end of the experiment. Similar weight loss and
high lethality was reported by [69] in mice-infected with
S. typhimurium 3 days post-infection. On the contrary,
both pre and post-administration of E. faecium Smrl8
prevented the weight loss and mortality of mice. Pre-
administration of E. faecium before Salmonella infection
completely prevented the dissemination of Salmonella
to the liver and spleen. Administration in the group G3
resulted in significant increase in body weight of mice on
the days 5 and 10. Similar increase in the body weight of
broiler chicken fed with probiotic strains of E. faecium
were reported earlier [70, 71] possibly due to the inhibi-
tion of gut pathogens, and maintenance of gut integrity.

us, administration of E. faecium after and before Sal-
monella infection prevented the loss in body weight and
the mortality of mice. e results of group G3 show that
intake of E. faecium Smrl8 at high dose was completely
safe in mice.

Further, we estimated liver and kidney biomarker
enzymes in the sera of mice as S. enterica cause inva-
sive infection that results in hepato- and splenomegaly.

e increase in the levels of these enzymes in blood is
an indication of liver damage as a result of endotoxins,
inflammation, or bacterial infection [72]. In our study,
Salmonella infection in mice (G2 group) caused signifi-
cant increase (p<0.05) in the sera levels of enzymes such
as SGPT (2.48-fold), SGOT (2.64-fold) and ALP (18.6%),
creatinine (42%), urea (1.84-fold) and uric acid (42%)
as compared to the G1 normal mice, thereby indicating
hepatic and renal damage due to Salmonella infection.
However, in the probiotic-treated infected groups G4 and
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G5, significant (p<0.05) reduction in the levels of cre-
atinine and urea by 12.5% and 45—-50%, respectively was
observed as compared to the Salmonella-infected group
G2. Uric acid levels also decreased by 11.5% but the
decrease was not significant in both G4 and G5 groups
as compared to G2. E. faecium treatment in the groups
G4 and G5 normalised the levels of SGOT SGPT and
ALP.  ese results are in accordance with another study,
wherein oral administration of probiotic Bacillus subtills
and B. coagulans prior to infection with S. typhimurium
in rats restored the levels of liver and renal parameters
back to normal [73].

Further, our results showed that Salmonella-infection
caused significant (p<0.05) decrease in the levels of all
the 3 tested antioxidant enzymes in liver.  ese results
are consistent with the earlier reports [74, 75]. Reduc-
ing the levels of liver antioxidant enzymes is essential
for increasing the levels of reactive oxygen species (ROS)
and reactive nitrogen species (RNS) that plays important
role in controlling infection to S. enterica [76]. However,
this is not su cient to clear the pathogen as shown by
the presence of Salmonella in liver and spleen of the G2
group. Administration of E. faecium Smrl8, before and
after S. enterica infection in mice further reduced the
levels of antioxidant enzymes leading to enhanced con-
centration of nitric oxide intermediates that facilitated
the complete pathogen clearance from the host. Induc-
ible nitric oxide synthase knock out mice were earlier
shown to be extremely sensitive to Salmonella infection
[77]. Jiang et al. [78] reported increased production of
nitric oxide in Lactobacillus-treated Salmonella-infected
macrophages as compared to only Salmonella-infected
macrophages.

However, the administration of probiotic E. faecium
Smr18 alone enhanced the levels of antioxidant enzymes,
CAT and SOD as shown by other studies [74, 79].  ese
results indicate that di erential antioxidant responses are
induced by the host cells in response to pathogenic and
probiotic bacteria.

Infection with Salmonella is known to cause inflam-
matory responses in mice as indicated by increase in the
levels of IFN-y. Whereas anti-inflammatory cytokines
such as IL-10 and TGF-B are essential for limiting host
immune response to pathogens and therefore, is known
to get activated at the end after the resolution of infec-
tion to restore the normal tissue homeostasis. S. enterica
infection in mice resulted in significant increase (p <0.05)
in IFN-y levels in the G2 group compared to G1 due to
the interaction of the bacteria with the macrophages and
dendritic cells that stimulated the production of IFN-y.
However, administration of E. faecium after Salmonella
infection in the group G4 significantly reduced the levels
of IFN-y as compared to G2. Whereas, in the group G5,
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there was a nonsignificant change in the levels of IFN-y
as compared to normal levels, thereby suggesting that the
preadministration of E. faecium through inhibiting the
dissemination of S. enterica prevented the proinflamma-
tory cytokine responses.  ese results are consistent with
another study that showed pre-administration of L. dio-
livorans 1Z t0 S. typhimurium-infected mice resulted in
significant decrease in levels of IFN-y levels [80].

e levels of IL-10 showed nonsignificant changes in
the Salmonella-infected G2 and probiotic-treated G3
groups as compared to the normal control. IL-10 is an
immunoregulatory cytokine produced by the activated
T and DC cells to control excessive inflammation leading
to the resolution of infection following clearance of the
pathogen. e levels of IL-10 showed significant increase
(p<0.05) in G4 group as compared to the Salmonella-
infected G2 group. Another study showed increase in
the levels of I1L-10 levels following administration of pro-
biotic bacteria L. casei in Salmonella-infected mice [22].
On the other hand, the levels of IL-10 were significantly
lower (p<0.05) in G5 compared to the infected control
that again can be explained due to prevention of bacterial
translocation to the internal organs in G5.  ese results
are in contrast with previously reported findings wherein,
they have shown increased levels of TG [24].

Conclusions

In conclusion, this study shows the potential of probiotic
bacteria E. faecium Smr18 for the treatment of S. enterica
infection. Pre-administration of E. faecium had prophy-
lactic action against S. enterica infection as it prevented
the translocation of Salmonella to the internal organs
shown by the absence of bacteria in the liver and spleen
of mice. e mechanism of protective e cacy of E. fae-
cium appears to be mediated through causing reduction
in the levels of antioxidant enzymes that ultimately leads
to enhanced production of nitric oxide intermediates in
mice that clear the pathogen from the host.
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