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Abstract This study aimed at demonstrating the anti-
viral activity of Lactobacillus gasseri CMULS7 (L. gas-
seri CMULS7), L. acidophilus CMUL67 and L. plantarum
CMULI140 against herpes simplex type 2 (HSV-2) and
Coxsackievirus B4E2 (CVB4E2), which are enveloped
and naked viruses, respectively. These lactobacilli were
non-cytotoxic and were able to reduce the cytopathic effect
induced by HSV-2 in Vero cell monolayers. However, lacto-
bacilli were not active against CVB4E2. Tested lactobacilli
displayed anti-HSV-2 activity when they were co-incubated
with the virus prior to inoculating the mixture to Vero cell
monolayers. The detection of HSV-2 DNA by PCR in pel-
lets of bacteria/virus mixtures let us to hypothesize that
anti-HS V-2 activity of lactobacilli resulted from the viruses’
entrapment. This study showed the capabilities of vaginal
lactobacilli to inhibit enveloped viruses such as HSV-2.
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Introduction

Herpes simplex virus (HSV)-2 belongs to the
a-Herpesvirinae subfamily, and its activation is triggered
by a primary and localized infection in genital areas. Latent
virus particles rest as covalently closed circular DNA
(cccDNA) in the neurons of the peripheral nervous system.
Upon reactivation, the virus migrates down through the
axon to peripheral tissue, leading to localized lesions of the
skin and mucus membranes (Field and Vere-Hodge 2013).
HSV-2 is the most prevalent infection worldwide (Caldeira
et al. 2013), and in recent years its recurrence has remark-
ably increased (Richman et al. 2010).

Overall, anti-HSV therapy is largely exerted by acyclo-
vir (ACV), which is now replaced by its pro-drug valacy-
clovir (VACV) and famciclovir (FCV). ACV is a synthetic
nucleoside analogue, converted by the virus into an active
form. The virus uses the active form of ACV instead of
the nucleoside to synthesize DNA, a critical component
of viral replication. Incorporation of active ACV into new
viral DNA stops production of the viral genomic DNA.
Resistance to drugs such as ACV has been increasingly
reported. These observations underscore the importance of
discovering new therapeutic tools for the treatment of HSV
infections (Bacon et al. 2003).

Anti-HSV compounds of which their efficiency was
validated in vitro are continuously reported in the litera-
ture. Todorov et al. (2010) have shown that a bacteriocin
produced by Enterococcus faecium STSHa can inhibit
the HSV-1 and has no toxicity to the tissue cells. Dran-
nik et al. (2013) described the anti-HSV activity of trap-
pin-2 and elafin, serine protease inhibitor. Chono et al.
(2012) demonstrated the anti-HSV activity of ASP2151
by targeting the helicase—primase complex of HSV-1
and HSV-2. Besides, many studies outlined the antiviral
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activity of probiotic strains. Related to this, Boti¢ et al.
(2007) unveiled the potential activity of probiotic lactoba-
cilli against vesicular stomatitis viruses (VSV). This study
shows that antiviral activity is due to the direct interaction
between probiotic strains and enveloped virus. Attempts
to use probiotics as antiviral agents may be a promising
alternative (Chono et al. 2012). Probiotic lactic acid bac-
teria (LAB) and bifidobacteria support immune system’s
function and balance and contribute to immuno-modula-
tory effects in combating microbial pathogens, including
viruses. The herpes infection is recurrent and can be reacti-
vated at any time (Field and Vere-Hodge 2013). Acyclovir
can be potent only in the reactivation stage, and for these
reasons the prevention of this type of infection is of major
importance in the sector of public health (Caldeira et al.
2013). Taken together, these data indicate that the need
of alternative strategies and probiotics could offer vari-
ous advantages. The vaginal microflora usually designed
as vaginal lactobacilli is the first line of defence against a
large variety of microbes (Al Kassaa et al. 2014a, b). The
inhibitory potency of vaginal lactobacilli can be exerted
through different mechanisms including the aggregation
and production of anti-microbial compounds (Al Kassaa
et al. 2014b). Related to this, lactic acid, hydrogen per-
oxide and bacteriocins constitute the main anti-pathogen
arsenal produced by vaginal lactobacilli (Al Kassaa et al.
2014a). Conti et al. reported that the anti-HSV-2 activity
of L. brevis was originated by a molecule other than lac-
tic acid and H,0O, (Conti et al. 2009). Mastromarino et al.
(2011) showed that another strain of L. brevis exerted anti-
HSV-2 activity by a heat-resistant and non-protein cell
surface component. Subsequent to these findings (Mas-
tromarino et al. 2011), Khani et al. (2012) showed that L.
rhamnosus enhanced macrophage viability in elimination
of HSV-1, while Zabihoullahi et al. (2012) reported that
supernatants from different lactobacilli inhibited HSV
replication.

This study aimed at highlighting the anti-HSV-2 poten-
tial of vaginal lactobacilli recently isolated from a cohort
of Lebanese women. This report focuses, especially on L.
gasseri CMULS7, which is resulting hereafter as able to
inactivate the enveloped HSV-2 but not the naked entero-
virus CVB4E2. Of course, the vaginal sampling and
research outlines were authorized by the ethical committee
of Lebanese university as well as Lebanese public health
authorities.

Materials and methods
It should be pointed out that all the experiments developed

in this study were performed in triplicate and in the inde-
pendent occasions.
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Growth conditions of vaginal lactobacilli

The strains used in this study were L. gasseri CMULS57,
L. acidophilus CMUL67 and L. plantarum CMUL140 (Al
Kassaa et al. 2014a). These strains were grown in MRS
broth (De Man et al. 1960) and incubated for 24 h at 37 °C,
under anaerobic conditions using AnaeroPack (BioMé-
rieux, France). The cells were harvested (1500 g, 15 min,
4 °C), and the pellets were washed twice with phosphate
buffer solution (PBS) (pH 8.0). The number of cells was
adjusted to 108 CFU/ml by using the turbidity (600 nm)
and counting method on MRS (De Man et al. 1960) agar
plate. Staphylococcus aureus (S. aureus) strain was grown
in brain heart infusion (Biokar, France) at 37 °C for 18 h.
The number of colonies was determined on Baird—Parker
agar (Biokar, France).

Cells lineage

The Vero cells (kidney epithelial from African green mon-
key) (ATCC CCL-81) were grown in Dulbecco’s modified
Eagle’s medium (DMEM) (Gibco, USA), supplemented
with 10 % foetal calf serum (Gibco, USA), and 1 % L-glu-
tamine (Gibco, USA), and incubated at 37 °C in the pres-
ence of 5 % CO, in tissue culture flasks to a confluency
of approximately 80 %. Further, 2.5 x 10* cells/ml were
seeded in 96-well culture cell microplates and incubated
under the same conditions to 80 % confluency.

Cell viability

The cell viability test was carried out using a commercial-
ized kit “UptiBlue” (Uptima, Interchim, France). Briefly,
the Vero cells were seeded at 2.5 x 10* cells/well on
96-well microtitre plates and cultured until reaching 80 %
of confluency. Afterwards, the Vero cell monolayers were
washed twice with PBS and various lactobacilli strains
were added on the Vero cell monolayers and incubated at
37 °C with 5 % CO, for 2 h to insure the bacterial adhe-
sion. After bacterial adhesion, the Vero cell monolayers
were washed three times with PBS followed by addition
of 100 ul of UptiBlue reagent. This mixture was incubated
for 4 h at 37 °C with 5 % CO,. Absorbance was measured
on an EIA reader (Lab Systems; MTX Labs, Vienna, VA,
USA) at a test wavelength of 570 nm and a reference wave-
length of 595 nm. The percentages of cell reductions (cell
viability) were determined using the following formula:

(0.D(C + B) — O.B(B))
(0.D(C) — O.D(empty))

Cells viablity =

where O.D(C + B) is the absorbance measured with a
given concentration of Lactobacillus strains adhered on
Vero cells, O.D(B) is the absorbance measured for the
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control well containing bacteria without Vero cells, and
0O.D(C) is the absorbance measured for control untreated
mock-infected cells.

Cytotoxicity and adhesion of lactobacilli

The possible cytotoxic effect of lactobacilli was meas-
ured after 4, 24, 32 and 48 h of bacterial adhesion by
using the UptiBlue kit. Therefore, Vero cells at 80 % of
confluency were incubated with 100 pl of tenfold serial
dilutions (108 CFU/ml to 10* CFU/ml) and cultured up to
48 h before measuring cell viability. In addition, the pres-
ence of bacteria was measured as previously described
(Jacobsen et al. 1999). Briefly, a cell suspension con-
taining 10° cells in 4-ml complete DMEM medium was
transferred to each well of a six-well tissue culture plate.
When the cells reached 80 % confluency, the medium
was removed 24 h prior to the adhesion assay and the
cells were supplemented with DMEM, without antibiot-
ics. The monolayer cells were washed twice with 3 ml of
PBS. An aliquot of 2 ml of DMEM (without serum and
antibiotics) was added to each well and incubated for
30 min at 37 °C. Bacterial cells, at 108 CFU/ml, were
resuspended in 1 ml of DMEM medium (without serum
and antibiotics) and added to different wells. The plates
were incubated for 2 h at 37 °C in the presence of 5 %
CO,. The monolayer cells were washed five times with
sterile PBS, and the adhesion score was determined by
counting the adhered bacteria within 20 random micro-
scopic fields after Giemsa staining (Jacobsen et al.
1999). Bacteria were grouped into three categories: non-
adhesive (<40 bacteria), adhesive (41-100 bacteria)
and highly adhesive (>100 bacteria). The percentages
of adhesion were determined by plating MRS agar plate
followed by colony counting after 48 h of incubation.
The adhered bacteria were harvested together with the
eukaryotic cells by trypsination; the mixture was seri-
ally diluted and streaked onto MRS agar plates (Jacobsen
et al. 1999).

Virus

HSV-2 was isolated at the Laboratory of Virology (CHRU
Lille) from a patient with vaginal infection and was cul-
tured on Vero cell line. CVB4E2 is member of the human
enterovirus B species of the Enterovirus genus that can be
grown on HEp?2 cell line and on Vero cell line as well (Sane
et al. 2013). The supernatants containing the virus were
collected from the flask when the cytopathic effect (CPE)
was observed by inverted light microscopy (Olympus,
USA). The viral titres of supernatants were determined by
the Spaerman—Karber TCIDs, (50 % tissue culture infec-
tious dose) titration method (Landry et al. 2002).

Plaque reduction assay (PRA)

The plaque reduction assay was carried out as previously
described (Zabihollahi et al. 2012) with some modifica-
tions. Briefly, the Vero cells were placed into 24-well
culture plates (Nunc, Denmark) at a concentration of
1.7 x 10’ cells per well and incubated for 24 h (in antibi-
otic free medium) until 98 % of confluency. The Vero cells
were inoculated with 100 PFU HSV-2 or 100 TCIDsy/ml
CVB4E2 and incubated for 4 h. Afterwards, the cell mon-
olayers were washed and were overlaid with DMEM, sup-
plemented with 1.5 % (w/v) agarose (Invitrogen, UK), 5 %
FBS, 100 IU/ml penicillin and 100 pg/ml streptomycin
(Gibco, USA). After 72 h of incubation at 37 °C in 5 %
CO, atmosphere, the overlay medium was removed and the
Vero cell monolayers washed twice with PBS, followed by
fixing with pure methanol for 30 min. Counts of the viral
plaques was done after staining with 0.5 % crystal violet
(Landry et al. 2002).

qPCR analysis

The DNA extraction was carried out using the QIAamp
MinElute Virus Spin Kit (Qiagen, Germany). The
primers and probes targeting HSV-2 glycoprotein B
were designed using the Primer Express 2.0 software
(Applied Biosystems, USA). The primer sequences were
FHSV-2  5-CGCACCTGCGGGAAATC-3, RHSV-2
5’-GCGGGCACACGTAAA-3 and TagMan probe
sequence (HSV-2 probe): (VIC) 5-AGGTCGAGA
ACGCC-3’ (MGB). The qPCR was realized on ABI 7500
(Applied Biosystems, USA) machine using the following
PCR program: 2 min/50 °C (1 cycle), 10 min at 95 °C (1
cycle) and 45 cycles of (15 s/95 °C, 1 min/60 °C). TagMan
Universal Master Mix (2x) (Applied Biosystems, USA)
and 0.04 wM of primers and probe was used in the qPCRs.
DNA extracted from HSV-2 reference strain ATCC VR-
734D was used as control of qPCR.

Results
Lactobacilli can inhibit HSV-2 but not CVB4E2

The viability of Vero cells decreased to 81, 88, 91 and 25 %,
after 24 h of incubation in the presence of 10’ CFU/ml
of L. gasseri CMULS7, L. acidophilus CMUL67 or L.
plantarum CMUL140 and S. aureus ATCC33862, respec-
tively. When the concentration of lactobacilli increased
up to 108 CFU/ml after 24 h of incubation, the viability of
Vero cells was 85, 83 and 78 % for CMULS7, CMULG67
and CMUL140, respectively. However, after 48 h of incu-
bation, the cell viability diminished to 65 and 17 %, in the
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Fig. 1 Viability of Vero cells in the presence of vaginal lactobacilli
CMULS57, CMUL67, CMUL140 and Staphylococcus aureus (S.
aureus) ATCC33862 at 107 CFU/ml. The cell viability was meas-
ured using UptiBlue, and the results were expressed as the percent-
age of viability compared to the negative control (100 % viable Vero
cell monolayers). The results were the means (£SD) of at least three
independent experiments

Table 1 Lactobacilli score and percentage of adhesion on Vero cells
after 2 h of incubation

Bacteria at 107 CFU/ml Adhesion score® % of adhesion

L. gasseri CMULS57 382 +22.5 81.2+£3.8
L. acidophilus CMUL67 435+ 32.1 80.2+79
L. plantarum CMUL140 299 +£22.3 81.0+7.6
S. aureus ATCC33862 187 £ 17.5 283 +5.3

* The scores were calculated based on the number of bacteria per 20
microscopic field. The results are the mean + SD of three independ-
ent experiments

presence of lactobacilli strains and S. aureus ATCC33862,
respectively (Fig. 1). Taken together, these data indicate
that the viability of Vero cells was particularly decreas-
ing along time of incubation. The efficiency of adhesion
was measured after 2 h of incubation and reached about
80 % for lactobacilli, and 34 % for S. aureus ATCC33862
(Table 1).

The addition of lactobacilli strains to Vero cell monolay-
ers followed by their challenge with 100 PFU/ml HSV-2
reduced the cell death by 28, 16 and 17 %, respectively,
compared with the control that contained Vero cells with-
out bacteria and challenged with HSV-2 (Fig. 2). The
results of 2-h lactobacilli contact were quietly different to
those obtained after 24-h contact (Fig. 2). There was no
significant reduction in Vero cells’ death when they were
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challenged with 100 TCIDsy/ml CVB4E2 (Fig. 2). No
impact on viability of Vero cells was observed when L.
gasseri CMULS7 was replaced either by L. acidophilus
CMULGT7 or by L. plantarum CMUL140 (Fig. 2). However,
when Vero cells were infected with HSV-2 or CVB4E2
and then challenged with lactobacilli at 10’7 CFU/ml,
the observed cytotoxicity remained unchanged (data not
shown).

The co-incubation of L. gasseri CMULS7, L. acido-
philus CMUL67 or L. plantarum CMUL140 strain with
HSV-2 on Vero cell monolayers has increased the cells
viability by 65, 35 and 15 %, respectively, as compared to
the control with 22 % viability, after exposure to the virus
(Fig. 3a). In case of L. gasseri CMULS7, the increase in
post-treatment Vero cell viability was lactobacilli cell con-
centration dependent (Fig. 3b).

When the Vero cell monolayers were inoculated with
CVB4E2 at 100 TCIDsy/ml and lactobacilli at 10’7 CFU/ml,
the CVB4E2-induced cytopathic effect was not modified.
Inhibition of the HSV-2-induced cytopathic effect by L.
gasseri CMULS7 was accompanied by a reduction in viral
progeny as compared to the control (107 TCIDsy/ml vs. 10°
TCIDsy/ml P = 0.02). However, there was no reduction in
viral progeny with strains L. acidophilus CMUL67 (10*
TCIDsy/ml; P = 0.15) and L. plantarum CMULI140 (1.5
10* TCID5y/ml; P = 0.2) (Fig. 4).

Adsorption of HSV-2 to L. gasseri CMULS7

In case of L. gasseri CMULS57 (Fig. 5a), the DMEM
supernatant (pH 4.8), neutralized supernatant (pH 6.9),
and supernatant treated with protease and with catalase
to degrade proteins and eliminate possible activity due to
the presence of H,0, caused 0.4, 0.1, 0.14 and 0.21 log
reduction in the number of viral particles, respectively. The
DMEM lactobacilli supernatants were mixed and incu-
bated with viruses prior to infection step. Further, L. gas-
seri CMULS7-, L. acidophilus CMUL67- and L. plantarum
CMUL140-derived neutralized supernatants enhanced
slightly the viability of Vero cell monolayer inoculated with
100 PFU HSV-2 with about 9.5, 5.4 and 2.4 %, respec-
tively, due to reduction in viral infectious particles. These
data are normalized to HSV-2 alone used as a control
(Table 2). This very weak inhibition prompted us to inves-
tigate whether the anti-HSV-2 activity of lactobacilli was
exerted through an interaction between bacteria and HSV-2
particles. Thus, L. gasseri CMULS7 at 108 CFU/ml or Dul-
becco’s Modified Eagle’s Medium (DMEM, negative con-
trol) were incubated for 2 h at 37 °C in CO, atmosphere
in the presence of HSV-2 (10* PFU/ml) or CVB4E2 (10°
TCIDs,/ml). Afterwards, supernatant was collected by cen-
trifugation (20,000 g, 3 min, 4 °C) and assayed on Vero
cells. After the treatment, the number of infectious HSV-2
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Fig. 2 Antiviral activity of live lactobacilli strains on HSV-2- and
CVB4E2-infected Vero cells. After removing the unbound bacteria,
Vero cells were incubated for a further 24 h before viral infection by
HSV-2 or CVB4E2. The results show the cell viability assay obtained
after 48 h of infection by the viruses. The results are expressed as the
percentage of cell survival, in comparison with the controls repre-
sented by the wells containing the untreated Vero cells (medium). The
data are the means (£SD) of at least three independent experiments
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Fig.3 Antiviral activity of live vaginal lactobacilli CMULS57,
CMUL67 and CMUL140 on HSV-2- or CVB4E2-infected Vero cells.
The antiviral effect was examined when lactobacilli were applied on
the Vero cell together with the viruses (co-incubation) (a), taking into
account the bacterial concentrations (b). Results were collected after
48 h of HSV-2 challenge and expressed as percentage of cell survival,
compared to the control wells (medium) containing cells which were
challenged with the virus in the absence of lactobacilli. The data are
the means (£SD) of at least three independent experiments
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Fig. 4 Reduction in viral (HSV-2) progeny by lactobacilli strains.
The vaginal lactobacilli were added at the same time as the viruses.
HSV-2 and CVB4E2 were used to challenge Vero cells and then incu-
bated for 6 h. The unbound virus particles were removed by three
washings. Results were recorded after 48 h of incubation and repre-
sented by the virus titration and expressed as logTCIDsy/ml, com-
pared to the control cells (medium) which were not treated with lac-
tobacilli. The data (SD) are the means of at least three independent
experiments

particles was significantly reduced (15,000 vs. 100,000
PFU/ml P = 0.01), whereas that of CVB4E2 remained
unchanged as compared to the control (9.8 10> TCIDs,/ml)
(Fig. 5b, c). To be noted that the pellet was washed three
times with DMEM in order to eliminate any free resid-
ual viral particles in the mixture. After each washing, the
supernatants were assayed on Vero cells monolayers to
evaluate the level of free infectious particles. After the
final washing step, DNA was extracted from the pellet and
the final supernatant to test by qPCR the presence of the
viral particles trapped with L. gasseri CMULS7. Thereof,
the cycle threshold of the control assay was 26.2 + 0.8 for
1000 PFU, and that of the pellet was 24.2 + 0.9 (Fig. 5d).
In contrast, the detection of HSV-2 DNA in the final wash-
ing supernatant was almost negative (Fig. 5d).

The bacterial pellet suspected to be containing HSV-2
infectious particles, as well as the washing supernatants
were serially diluted (107! to 1075) and added to Vero cell
monolayers. Afterwards, a PRA method was carried out
to examine these samples’ infectivity, by incubating them
for 5 days at 37 °C in 5 % CO,. After the incubation, no
viral infection was observed for the supernatant of the final
washing and for the bacterial pellet (Fig. Se).

Discussion

Vaginal lactobacilli play crucial role in prevention of uro-
genital infections such as bacterial vaginosis, vaginal can-
didiasis and viral infections such as those of HSV-2 (Conti
et al. 2009). HSV-2 is one of the most common sexually
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Fig. 5 Putative mechanism of anti-HSV-2 activity of L. gasseri
CMULS7. a Anti-HSV-2 activity of crude cell-free supernatant
(AS) (pH 4.5), neutralized supernatant (NS) (pH 6.8), supernatant
treated with catalase (CS) or with protease (PS). The data (SD) are
the means of at least three independent experiments. Adsorption of
HSV-2 (b) and CVB4E2 (¢) on CMULS57 strain. The data (+ SD)
are the means of at least three independent experiments. d Detection
for infectious particles in the washing supernatants of the CMULS7

Table 2 Anti-CPE activity of lactobacilli supernatants after neutrali-
zation (pH = 6.8)

Cell-free supernatant of ~ pH  Antiviral activity
HSV-2 inhibition P value
Cells viability (%) = SD  <0.05
L. gasseri CMULS57 4.8 92.1+£45 0.04
L. acidophilus CMUL67 5.1 88.0£6.2 0.07
L. plantarum CMUL140 4.0 85.0+2.38 0.1
HSV-2 control 82.6 £2.0

Percentages of survival of Vero cells compared to the untreated cells
(control). The data are the means of at least three independent experi-
ments

transmitted infections, acting further as a potential risk
factor for acquiring other sexually transmitted infections
(Chopra et al. 2013). Here, we demonstrate the anti-HSV-2
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strain and HSV-2 mixture was determined using the PRA method.
e The real-time PCR method was used to detect the presence of
“trapped” viruses in the mixture pellet and residual viral particles in
washing supernatants. CSC crude supernatant of co-incubation, FWS
first washing supernatant, SWS second washing supernatant, 7WS
third washing supernatant. The control wells refer to the wells con-
taining HSV-2 only, whereas the test wells refer to the wells contain-
ing HSV-2 co-incubated with CMULS7 strain

potential of L. gasseri CMULS7, L. acidophilus CMUL67
and L. plantarum CMULI140 that were recently isolated
from human vagina and characterized for their large antago-
nism and probiotic characteristics (Al Kassaa et al. 2014a).
The highest anti-HSV-2 activity was observed for L. gas-
seri CMULS7. Recently, Zabihoullahi et al. (2012) showed
the anti-HSV-2 activity of another vaginal L. gasseri strain.
These two independent studies utilized live and non-live L.
gasseri, respectively, and revealed the capabilities of these
lactobacilli to inhibit HSV-2. Further, the absence of cyto-
toxicity of LAB probiotics is a prerequisite before undertak-
ing any antiviral study. L. gasseri CMULS7, L. acidophilus
CMULG7 and L. plantarum CMUL140 used in this study
are shown to be not cytotoxic for Vero cells. Safety of Bifi-
dobacterium adolescentis SPM 0214 was established on
Vero cells (An et al. 2012), and that of E. faecium on por-
cine macrophage cell line (Wang et al. 2013). Remarkably,
virus inactivation by LAB probiotics has unveiled at least
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two main pathways (Al Kassaa et al. 2014b). The first one
is linked to the production of inhibitory metabolites such
as lactic acid, bacteriocins and hydrogen peroxide that are
endowed with antiviral activity (Conti et al. 2009). Here,
this possibility is discarded because the assays conducted
with the supernatants gathered from L. gasseri CMULS7,
L. acidophilus CMULG67 and L. plantarum CMUL140 cul-
tures revealed either slight or absence of anti-HSV-2 activ-
ity. However, the anti-HSV-2 activity attributed to mol-
ecules of a other than H,0, and lactic acid bacteria was
reported for L. brevis CD2, L. salivarius FV2 and L. plan-
tarum FV9 isolated from human vagina (Conti et al. 2009).
The impact of lactic acid produced by vaginal lactobacilli
was shown to interfere with the negative charges of the
viral envelopes, enhancing their sensitivity and provoking
ease virus inactivation (Tao et al. 1997).

The second possibility of virus inactivation by LAB
probiotics is thought to be exerted through a physical con-
tact between bacterial cells and virus envelope (Al Kassaa
et al. 2014b). The data obtained here agree with this con-
cept, as we show that L. gasseri CMULS7 strain is active
against enveloped virus (HSV-2), but not against naked one
(CBVA4E2). Interestingly, co-incubation of HSV-2 and L.
gasseri CMULST7 experiments as well as the qPCR one let
us to think that HSV-2 particles were indeed present in the
bacterial pellet, and the absence of their infectivity could
result from trapping/binding mechanism. In direct line, Tao
et al. (1997) showed the capabilities of lactobacilli to trap
human immunodeficiency virus (HIV) by binding the man-
nose sugar-rich “dome” of their attachment glycoprotein
gp120. Ivec et al. (2007) reported the trapping and adsorp-
tion of vesicular stomatitis virus (VSV) by Lactobacillus
and Bifidobacterium species. Lai et al. (2009) indicated that
the trapping of HIV by vaginal lactobacilli rendered the dif-
fusion of HIV very slower than in the normal conditions.
Recently, Chai et al. (2013) showed the attachment of the
enteropathogenic coronavirus to the surface of E. faecium,
which might be a means to trap viruses and prevent infec-
tion. Wang et al. showed that E. faecium inhibited influenza
viruses by mechanisms including a direct physical interac-
tion and strengthening of innate defence at the cellular level
(Wang et al. 2013). The use of LAB probiotics as antiviral
agents was reported as promising approach for aquaculture
(Lakshmi et al. 2013) and poultry industry (Seo et al. 2012)
because viral diseases cause an enormous loss in the pro-
duction in shrimp farms (Lai et al. 2009), and avian influ-
enza virus occurrence is responsible of severe losses to the
poultry industry (Seo et al. 2012).

Overall, this study shows that HSV-2 envelope is a key
element in the inactivation by vaginal L. gasseri CMULS57.
After the in vivo studies have been established, L. gas-
seri CMULS57 could be recommended as vaginal probiotic
to preventing HSV-2 infection in healthy women, or to

decreasing the period of treatment in the case of infected
women.
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