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Abstract: Studies of newly isolated strains of lactic acid bacteria (LAB) are a good basis for expanding
the potential for their applications in functional foods, probiotic food supplements, and other probiotic
products. They exhibit various functional properties, including such with antiviral activity. Probiotic
strains can manifest their antiviral effects by various mechanisms, including direct interaction with
viruses, production of antiviral compounds, or immune system modulation. Ten newly isolated LAB
strains from traditional fermented food products have been tested for the determination of their
antiviral activity. This study was performed to evaluate the effect of cell-free supernatants (CFSs)
from the studied strains for the effect on viral replication of Human alphaherpesvirus—HHV-1 and
HHV-2 as well as for direct virucidal activity. The CFSs of the LAB strains were used in non-toxic
concentrations of 25%, 6.25%, and 1.6%. No direct virucidal activity was observed in tested CFSs,
but five of the strains observed a well-defined effect of viral replication inhibition with the selective
index (SI) from 4.40 to >54. For two of these five strains, Lactobacillus delbrueckii subsp. bulgaricus
KZM 2-11-3 and Lactiplantibacillus plantarum KC 5-12 strong activity against HHV-2 with a selective
index (SI) over 45 was detected, which is a good basis for further research.
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1. Introduction

Lactic acid bacteria (LAB) are widely used in areas such as the food industry, as they
are used as starter cultures [1,2], bio-protectives [3], and probiotics [4–6]. They are used as
starter cultures in fermented foods and beverages because they can improve nutritional,
organoleptic, and technological characteristics as well as the shelf life of the products [7].
Probiotics have applications not only in the food industry but also in the medical and
pharmaceutical industries, as they exhibit health-improving properties [8]. The probiotic
effect helps the assimilation of cholesterol, lactose intolerance; controls viral, bacterial,
and antibiotic diarrheal diseases, inflammatory bowel disease, allergies, atopic dermatitis,
and intestinal carcinogens; stimulates the immune system on its surface; and increases
resistance to infections of bacterial and viral origin. They have various mechanisms of
action such as regulating intestinal microbiota and producing bioactive compounds with
activity against different pathogenic bacteria, fungi, or viruses. Based on their adhesive
properties, LAB prevent pathogens’ interaction with epithelial tissues. Modulation of
the immune system shows capacity of the LAB to affect various diseases and induce
various health benefits. Each probiotic microorganism can manifest different mechanisms
of action and different health-promoting effects, which define the probiotic potential of
LAB as species- and strain-specific [9,10]. LAB are the sources of multiple biologically
active substances. During metabolic processes, lactic acid bacteria produce vital substances,
including lactic acid, bacteriocins, amino acids, enzymes, exopolysaccharides, fatty acids,
and hydrogen peroxide [11,12]. The antimicrobial potential of lactic acid is unique among
living microorganisms and represents a great potential in the application, which is still
underused. The effects of bacteriocins and bacteriocin-producing LAB have also been
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extensively studied in many test systems [13]. Hydrogen peroxide (H2O2) and lactic acid
produced by lactobacilli play an important role as natural antimicrobial substances and are
toxic to a number of organisms, including viruses [14].

Infection caused by members of the genus Simplex virus (Human alphaherpesvirus
HHV 1 and 2) is a global health threat. Its prevalence is based on viral ability in many cases to
be transmitted asymptomatically. After the primary inoculation, the virus rapidly establishes
life-long latency within infected neurons [15]. All this results in a massive proportion of
the world’s population living with herpes infection [16]. Latent infection is expressed in the
recurrence of symptoms (painful sores and blisters around the mouth and lips (when a person
is infected with HHV-1) and on the genitals and anus (HHV-2). The higher risk groups are
the immunocompromised patients and neonates in whom the lack of an adequate immune
response is the cause of encephalitis, meningitis, neonatal herpes, and even death. There is
no drug that can eradicate the virus from the body. For this reason, the preparations used
in therapy, for example, nucleoside analogs such as acyclovir (ACV) and its derivatives can
only deal with the symptoms of primary and recurrent HHV infections. Their common and
improper use leads to the development of resistant viral mutants [17]. This emerging resistance
to antiviral agents is causing a growing concern worldwide and directs researchers’ attention
to the search for alternatives in completely different fields [18]. The knowledge of the antiviral
activity of lactic acid bacteria is limited and this area of research is expanding intensively.

There have been several reports of antiviral effects of metabolic by-products of en-
vironmental and intestinal bacteria, including probiotic bacteria, on enveloped and non-
enveloped viruses [1,19–23]. In the summary according to Muhialdin et al. from the studies
p by different authors, it was found that strains isolated both from fermented foods and iso-
lates of human origin have shown that they have antiviral activity mainly against influenza
viruses and enteroviruses [24]. Hotta et al. reported an antiviral effect of Enterococcus faecalis
(previously known as Streptococcus faecalis) against HHV-1 and adenovirus type 12 [25].
As shown in many intervention studies, probiotic bacteria can have a beneficial effect
against some human viruses such as rotavirus and HIV-induced diarrhea [26]. The cell-free
supernatants (CFSs) containing the metabolites of five yogurts fermented under anaerobic
conditions with Lactobacillus acidophilus, Lacticaseibacillus rhamnosus, Lactiplantibacillus plan-
tarum, Streptococcus thermophilus, and Bifidobacterium bifidum, respectively, showed antiviral
activity against seven RNA viruses (Coxsackie A virus16, coxsackie B virus 3, coxsackie
B virus 4 virus, influenza virus A/PR/8/34, influenza virus A/WS/33, influenza virus
B/Lee/40 and porcine epidemic diarrhea virus (PEDV) CV 777) [27]. Slight inhibition of
viral propagation was observed for murine norovirus 1 and Tulane virus in the continuous
presence of CFSs prepared from the growth of Bacillus subtilis 168 and Enterococcus faecalis
ATCC 19433, respectively [28]. Sirichokchatchawan et al. reported that the CFSs and live
LAB showed protective effects against the pandemic strain of the porcine epidemic diarrhea
virus in a strain-specific manner [29].

Inspired by the above research, we considered the possibility to expand the knowledge
about the antiviral activity of lactic acid bacteria and to contribute and help in the field of
research for alternatives against viruses. Our previous research has shown that isolated
LAB strains have good antimicrobial activity against several pathogens, bacteria, and
fungi [30]. Therefore, we decided to deepen our research on these strains by testing them
against human alphaherpesvirus HHV-1 and HHV-2. This study aims to determine the
antiviral activity of cell-free supernatants from ten newly isolated LAB strains from different
fermented foods, against HHV-1 and HHV-2.

2. Materials and Methods
2.1. Studied LAB Strains and CFS Preparation

Ten LAB strains were investigated in this study (Table 1). All these strains were newly
isolated from different traditional fermented foods. The strains were previously identified
as Lactiplantibacillus plantarum—five isolates KC 5-12, KC 5-14, KZC 8-21-1, KZC 8-23-5, and
KO 4-4; Pediococcus pentosaceus—one isolate KC 5-13; Latilactobacillus sakei—one isolate C
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10-31-3; Loigolactobacillus coryniformis—one isolate KO 3-7-5; Lactobacillus delbrueckii subsp.
bulgaricus—two isolates KZM 2-11-1 and KZM 2-11-3 [30].

Table 1. Studied strains of lactic acid bacteria from different traditional fermented foods and CFS
sample numbering.

Strains Origin CFS Sample Numbering

L. plantarum KC 5-12 White cow cheese 1
P. pentosaceus KC 5-13 White cow cheese 2
L. plantarum KC 5-14 White cow cheese 3
L. plantarum KZC 8-21-1 White goat cheese 4
L. plantarum KZC 8-23-5 White goat cheese 5
L. sakei C 10-31-3 Sausage 6
L. plantarum KO 4-4 Yellow ewe cheese 7
L. coryniformis KO 3-7-5 Yellow ewe cheese 8
L. delbrueckii subsp. bulgaricus
KZM 2-11-3 Yogurt 9

L. delbrueckii subsp. bulgaricus
KZM 2-11-1 Yogurt 10

L. delbrueckii subsp. bulgaricus
KZM 2-11-3 (SM) Yogurt 11

L. delbrueckii subsp. bulgaricus
KZM 2-11-1 (SM) Yogurt 12

All studied strains were incubated for 24 h in de Man Rogosa, and Sharpe (MRS)
broth (Merck, Darmstadt, Germany), at 41 ◦C; and 37 ◦C, thermophilic strains; and 30 ◦C
mesophilic strains; and two strains KZM2-11-3 and KZM2-11-1 were also cultivated in 10%
skimmed milk (SM) (Himedia, Mumbai, India). The cultures of all strains at concentrations
of 108 CFU/mL were prepared for the next experiment by centrifugation at 6000× g for
10 min at 10 ◦C. Supernatants (CFS) were collected, and the pH values were measured and
neutralized with 1N NaOH to pH 6.5–7. The supernatants were then filtered with a 0.20 µm
syringe bacterial filter to remove any remaining bacterial cells. Cell-free supernatants (CFS)
from all 24 h cultures were used for future analysis. The numbering of each sample is
described in Table 1.

2.2. Cytotoxicity Test

The cytotoxicity was determined by colorimetric MTT assay [31]. Confluent mono-
layers of MDBK cells in 96-well plates were overlaid with 0.1 mL/well maintenance
medium, 0.1 mL/well of serial two-fold dilutions of the CFSs (in maintenance medium), or
0.1 mL/well only maintenance medium (in cell controls) and were incubated at 37 ◦C for
48 h. On the second day, 0.02 mL of MTT (Sigma-Aldrich)—(5 mg/mL in PBS) was added
to each well and the plates were incubated for 2 h at 37 ◦C. The optical densities (OD)
were determined by a plate reader at 540 nm. Cytotoxicity was calculated by the following
formula [(ODexp.)/(ODcell control)] × 100, where (ODexp.) and (ODcell control) indicate
the absorptions of the test sample and the cell control, respectively. The 50% cytotoxicity
concentration (CC50) was calculated by regression analysis of the dose-response curves
generated from the data.

2.3. Antiviral Activity of the Bacterial Supernatant

The assessment of the potential for antiviral activity was carried out against the viral
models HHV-1 and HHV-2.

2.3.1. MTT-Based Colorimetric Assay for Detection of HHV Replication Inhibition

A modification of an MTT assay [5] was used to screen anti-HHV compounds. Acy-
clovir was used as a reference substance (ACV) (Sigma-Aldrich) diluted in 0.5% DMSO
and maintenance medium ex tempore. Confluent monolayers of MDBK cells in 96-well
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plates were overlaid with 0.1 mL/well of virus suspension—MOI (multiplicity of infection)
= 100 TCID50/well. The plates were incubated for 1 h at 37 ◦C and dilutions of the CFSs
or only sterile medium (as control) were added after that. Uninoculated cells were used
for cell control. On day 5, p.i. plates were treated in the same way as described in the
method for measuring cell viability. The percentage of protection was calculated by the
following formula: [(ODexp.)—(ODvirus control)/(ODcell control)—(ODvirus control)]
×100, where (ODexp.), (ODvirus control), and (ODcell control) indicate the absorptions
of the test sample, the virus control, and the cell control, respectively. The 50% effective
concentration (EC50) was calculated by regression analysis of the dose-response curves
generated from the data.

The selective index (SI) was calculated as CC50/EC50.

2.3.2. Virucidal Activity

The direct virus-inactivating effect of the CFSs was tested by direct contact assay.
Undiluted stock virus suspensions were treated with equal volumes of the samples in MNC
(maximal nontoxic concentration), prepared in a maintenance medium, and incubated at
37 ◦C for 5, 15, 30, 60, 120, 240, and 360 min. Undiluted stock virus suspensions were
treated with equal volumes of compound-free sterile medium for control (VC). At the end
of each time interval, the control and the treated viruses were frozen, and the difference
in the biological activities between them was determined on the base of infectivity. The
surviving infectious virus titers were determined in CPE assay using the method of Reed
and Muench [31].

2.4. Data Analyses

The experiments were performed in triplicate. Dose-dependent curves of the results
as mean along with calculated standard deviation were built using Origin Pro software.

3. Results
3.1. Cytotoxicity

Prior to an antiviral activity study, the cytotoxicity of CFSs was determined against
the used cell culture. Cell growth, morphological effects, and activity over cellular mito-
chondrial metabolism were determined [32]. Twelve studied CFSs from lactic acid bacteria
were used between concentrations of 100% and 1.5% using two-fold dilutions (Figure 1) on
the MDBK cell line. All of them showed a dose-depending effect over the used cell line.
The maximal tolerance concentration (MTC) was determined microscopically based on
morphological changes in the monolayer. All studied CFSs have no visible morphological
effect over MDBK culture below 25% concentration.
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Figure 1. The cytotoxicity of samples of CFSs from the studied LAB strains 1. KC 5-12, 2. KC 5-13, 3.
KC 5-14, 4. KZC 8-21-1, 5. KZC 8-23-5, 6. C 10-31-3, 7. KO 4-4, 8. KO 3-7-5, 9. KZM 2-11-3, 10. KZM
2-11-1, 11. KZM 2-11-3 (SM), 12. KZM 2-11-1 (SM) on the MDBK cell line.
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Dose-response curves were generated based on the cytotoxicity data and the CC50
concentration was calculated for 11 from 12 CFSs. Only KZC 8-23-5 even in 100% concen-
tration did not achieve 50% cytotoxicity (47%). The CC50 value is between 47% and 85% for
all other CFSs.

The supernatants with the highest toxicity are KZM 2-11-1 (SM) with CC50 of 47% and
KC 5-13 with 49%. Most CFSs have CC50 around 70%—KZC 8-21-1, KZM 2-11-1, KZM
2-11-3 (SM media) (69%), C 10-31-3 (70%), and KO 3-7-5 (74%). With lower toxicity are KO
4-4 (81%), KC 5-14 (83%), KZM 2-11-3 (85%), and KC 5-12 (87%).

It is interesting that cultivation in SM media seems to increase the toxic activity of the
CFSs against used cell culture. For KZM 2-11-3 CC50 increases from 85% to 69% and for
KZM 2-11-1—69% to 47%. This can be based on the growth medium of LAB cultivation.
According to Mani-Lopez, one of the factors that contribute to the CFS content is the growth
medium which can conclude with the production of different components from the same
strain depending on the medium where they are cultivated [33].

All studied CFSs exhibit overall low cytotoxicity over epithelial cells (Figure 1). The
data are confirmed by other similar studies that have been based on alike cell lines—Vero
and MDCK [27].

3.2. Evaluation of HHV Replication Inhibition from the Bacterial CFSs

The antiviral activity is based on the sequential administration of viral stock and the
bacterial CFSs over the cells. With this, the virus has time to initiate its life cycle and the
antiviral activity will be limited to the intracellular part of the viral replication.

All 12 of the CFSs were used in non-toxic concentrations of 25%, 6.25%, and 1.6%. Dose-
response curves are built (Figure 2) and the 50% effective concentration (EC50) is calculated.
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Figure 2. Antiviral activity of CFSs from the studied LAB strains 1. KC 5-12, 2. KC 5-13, 3. KC 5-14, 4.
KZC 8-21-1, 5. KZC 8-23-5, 6. C 10-31-3, 7. KO 4-4, 8. KO 3-7-5, 9. KZM 2-11-3, 10. KZM 2-11-1, 11.
KZM 2-11-3 (SM), 12. KZM 2-11-1 (SM) against (A) HHV 1 and (B) HHV 2.

Five CFSs exhibit antiviral activity over the replication of both viral strains. The CFSs
that exhibit antiviral activity belong to the strains KC 5-12, KC 5-14, KZC 8-23-5, KO 4-4,
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and KZM 2-11-3. KC 5-12 has EC50 of 5% against HHV-1 and under 1.6% against HHV-2,
thus making it the most effective agent of all twelve tested with SI over 54 (see Table 2).
KC 5-14 has a much lesser efficiency with EC50 of 15% and 19%, respectively. In it, MTC
showed the highest antiviral capacity with nearly 70% inhibition of the viral replication
and a very clear dose-depended effect.

Table 2. Antiviral activity of CFSs from the studied LAB strains HHV-1 and HHV-2 and determination
of selective index.

Sample
No.

CFSs from
LAB Strains HHV-1 HHV-2

CC50 IC50 SI IC50 SI

1 KC 5-12 87 5.01 17.37 <1.6 >54
3 KC 5-14 83 15.03 5.52 18.85 4.40
5 KZC 8-23-5 >100 22.06 4.53 4.84 20.66
7 KO 4-4 81 3.8 21.32 2.64 30.68
9 KZM 2-11-3 85 16.42 5.18 1.78 47.75

Against HHV-1 CFSs with the strongest effect is probably KO 4-4 with EC50 of 3.8%,
which results in SI over 21.

The observed effect is purely based on the activity over the replication cycle of the
virus inside the host cells, as with one hour of incubation the observed results cannot
contribute to the effect over viral adsorption/penetration or any other form of virucidal
effect previously described [14,34]. Overall, the dose-dependent antiviral effect is observed
on similar products [31,34,35] where authors propose a multi-targeted effect from the
complex of compounds, produced in CFSs.

3.3. Selective Index (SI)

The selective index (SI) of the studied CFSs for strains which exhibit antiviral activity
over the replication of both viral types was determined based on their cytotoxicity (50%
cytotoxic concentration, CC50) and inhibition (50% effective concentration, EC50) against
both viral strains (Table 2).

Four of the CFSs from strains KZM 2-11-3, KC 5-12, KC 5-14, and KO 4-4 show a
selective index over fifteen against one or both viral models. Although these established
antiviral activities are lower compared to commercially available products, such as acyclovir
with SI 560 (determined in parallel analysis by the described method), they can have
practical importance.

The high SI values, determinate for some CFSs from LAB strains in this study, support
the thesis of other researchers as well, that the antiviral effect is probably due to the multi-
targeted activity of the complex of various biologically active substances in CFSs, which
were produced by LABs [12–14,34–36].

3.4. Virucidal Activity

The CFSs from two of the studied strains, KC 5-12 and KZM2-11-3, which have shown
the highest activity against HHV-2, have been selected and their virucidal potential against
the same viral model was investigated. Over 6 h of a direct inactivation experiment, both
samples showed very low activity against the virions of the HHV-2 (Figure 3). No more
than 0.5 log difference (68.3%) between samples and viral control was observed. The
determination of the virucidal effect is applied to evaluate the activity during the early
stages of the virus life cycle (binding and entry) or directly on the virion and is usually
based on the activity of such metabolites as hydrogen peroxide or acids produced by
LAB strains [14,36]. The lack of virucidal effect of the two selected samples supports
the thesis that the established antiviral activity during replication of the viral model is
determined by other molecular mechanisms and by the complex of produced biologically
active substances.
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4. Discussion and Conclusions

Some of the lactic acid bacteria such as L. rhamnosus [36,37], Lactococcus lactis subsp. cre-
moris [37], and Lactobacillus gasseri [18] can affect HHV-1 and L. brevis can affect HHV-2 [31].
According to Khani et al., L. rhamnosus was able to elicit some antiviral effects against
HHV-1, which may be through various mechanisms including competition with the virus
for cell surface adhesion and increasing macrophage stability by 90%, after stimulation
of pro-inflammatory responses [36]. The antiviral activity of the bacterial extract and
cell wall fragments obtained from L. brevis cells after removal of the S layer was signif-
icantly reduced compared to untreated cells, suggesting that the inhibitory activity is
likely to be due to a bacterial component resistant to the heat of the surface of cells [31].
Lactobacillus crispatus have an antiviral effect against HHV-2 (one of the most prevalent
etiologies of sexually transmitted diseases, a risk factor for acquiring HIV) in a mammalian
cell line according to two loading mechanisms suggested by authors: (1) the formation
of L. crispatus microcolonies in the cell surface could block HHV-2 receptors and prevent
viral entry to cells in initial infection steps; and (2) entrapment of viral particles by direct
interaction of L. crispatus with HHV-2 envelope [38]. Exopolysaccharide from L. plantarum
LRCC5310 offers protection against rotavirus-induced diarrhea and regulates inflammatory
response [39]. Exopolysaccharides secreted during LAB culture, in addition to their probi-
otic activity, can act selectively on pathogenic microbes and viruses [40]. Cyclic dipeptides
from lactic acid bacteria inhibit the proliferation of the influenza A virus [41]. According
to the study performed by Yang et al., LAB may have the potential to prevent PEDV in-
fection in pigs and restore the damaged intestinal to healthy conditions [42]. The lactic
acid bacteria that stand out the most for their antiviral activity against various viruses are
mainly L. plantarum, L. rhamnosus, L. gasseri, L. delbrueckii subsp. Bulgaricus, Bifidobacterium
sp., Streptococcus thermophilus, etc. [43].

In the present study, all studied CFSs exhibit overall low cytotoxicity over epithelial
cells. Ongoing, it was established that CFSs from five LAB strains exhibit antiviral activity
over the replication of both viral models HHV-1 and HHV-2 and show a selective index
over fifteen against one or both viral models. Four of the strains, KC 5-12, KC 5-14, KZC
8-23-5, and KO 4-4, that exhibit antiviral activity belong to the species Lactiplantibacillus
plantarum, and one strain, KZM 2-11-3, belongs to Lactobacillus delbrueckii subsp. bulgaricus.
The CFSs from the strains KC 5-12 and KZM2-11-3 have shown the highest activity against
HHV-2, respectively, >54 and 47.75. Other authors have also described the antiviral activity
of the strains of these two species Lactiplantibacillus plantarum and Lactobacillus delbrueckii
subsp. bulgaricus, which have shown activity against influenza viruses, as well as other
viruses that have caused high mortality in the population. L. plantarum KAU007 has
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shown strong antiviral activity against the H1N1 virus [44], and L. plantarum Probio-88
inhibits the replication activity of the SARS-COV-2 [45]. L. delbrueckii can inhibit virus
infection of influenza A virus by stimulating the immune system and by inhibiting the
virus [46,47]. Vilhelmova-Ilieva et al. reported that Lactiplantibacillus plantarum inhibit the
replication of HHV-1 with a high selective index [34]. In this study, it was established
for the first time that the strain KZM 2-11-3 of the species Lactobacillus delbrueckii subsp.
bulgaricus inhibits the replication of HHV-1 and HHV-2 and has a high selective index at
HHV-2 (Table 2), which makes this strain have the probiotic potential and applicable for the
prevention of viral infections. Except this, the strain KC 5-12 of the species Lactiplantibacillus
plantarum inhibits the replication of both HHV-1 and HHV-2, with a high selective index
for HHV-2. It is important to note that the use of probiotics over decades has shown that
they are safe and have beneficial effects on the user. Based on the obtained results, lactic
acid bacteria can be an alternative for improving the quality of life of patients suffering
from viral infections. They can contribute to the inhibition of the replication of viruses
present in the human body by the complex of different antiviral components produced
by these bacteria, as well as to the improved response of the immune system against
viral infections. Lactic acid bacteria can be considered an alternative treatment as they
have a wide range of the action of inhibiting viruses ranging from respiratory to sexually
transmitted viruses [48–50]. Although the mechanism of action of probiotic strains to
inhibit viral replication is not yet fully understood, the attention of the scientific and
medical communities is now increasingly focused on the benefits that will come from
supporting probiotics in the fight against viruses. Researchers have proven that probiotics
were employed to prevent and reduce symptoms of infections caused by common viruses,
especially respiratory tract viruses [10,51], but also for herpes simplex virus [43]. LAB may
exert their antiviral activity by direct probiotic virus interaction; the production of antiviral
inhibitory metabolites; and via immune system stimulation [18]. Furthermore, conducting
more in-depth studies on the application of lactic acid bacteria for prevention or co-therapy
of viral infections is necessary.
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