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Introduction

The human vagina is a complex environment colo-
nized by a diverse community of microorganisms 
known as the vaginal microbiota; among these, 
Lactobacillus spp. represents the predominant 
microorganisms in the healthy vaginal ecosystem.1,2 
Lactobacillus species are able to colonize and to 
produce antimicrobial substances acting to prevent 
the growth of pathogenic microorganisms.3 
Alterations in the microbial composition of vaginal 
ecosystem are linked to several adverse health out-
comes such as bacterial vaginosis (BV) and aerobic 
vaginitis (AV). BV is the most common vaginal 

infection worldwide, affecting women of all age 
groups, and is characterized by a vaginal pH of > 
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4.5, absence of inflammation, and by an overgrowth 
of anaerobic bacteria with Gardnerella vaginalis, 
Atopobium vaginae, Bacteroides spp., Mycoplasma 
hominis, Peptostreptococcus, and Prevotella being 
typically prevalent.4 AV is determined on the fol-
lowing criteria: enhanced yellow secretion; pH 
value ⩾ 5; negative amino-odor test; increased 
number of leukocytes; absence of Lactobacillus 
spp.; and microbiologically isolated microorgan-
isms: mainly Escherichia coli, Staphylococcus 
aureus, group B streptococcus, and enterococci.5 
Antibiotics are typically prescribed to treat BV 
whereas AV frequently requires combined local 
treatment with: antibiotic (infectious component); 
steroids (inflammatory component); and/or estro-
gens (atrophy component). Antimicrobial treatment 
is usually not fully effective due to antibiotic-
resistant bacteria, or for the occurrence of re-infec-
tion. As antimicrobial therapy is often partially 
effective and antibiotics can also cause side 
effects,6,7 researches on alternative or complemen-
tary approaches represents a medical priority. Even 
if there are different studies demonstrating a signifi-
cant improvement in treating bacterial vaginal 
infections with probiotics versus traditional treat-
ments,6 results are often bacterial strain-specific 
suggesting that only certain probiotic bacteria seem 
to have effects against defined vaginal infections. 
In this study, we have analyzed the antimicrobial 
activity of two commercially existing probiotic 
strains, L. rhamnosus HN001 and L. acidophilus 
GLA-14, alone or in combination (Respecta® pro-
biotic blend), against four different pathogens 
responsible for BV (G. vaginalis and A. vaginae) or 
AV (S. aureus and E. coli). Our results from mixed 
cultures with AV and BV pathogens strongly sug-
gest that L. acidophilus GLA-14, alone or com-
bined with L. rhamnosus HN001, can be used in 
probiotic products to prevent aerobic or anaerobic 
bacterial infections of the urogenital tract.

Materials and methods

Lactobacillus strains (L. acidophilus GLA-14®, L. 
rhamnosus HN001™) were stored in milk yeast 
extract (MYE) at −80°C. Before the experiments, 
each strain was transferred from the frozen stock 
culture to MRS (De Man Rugosa Sharpe) broth8 
incubated at 37°C under non-agitated aerobic con-
ditions. G. vaginalis and A. vaginae, obtained from 
University of Göteborg (Sweden) were cultivated 
anaerobically using the GasPak anaerobic envelope 

system (Becton Dickinson, Erembodegem, Belgium) 
at 37°C on Trypticase Soy Agar (TSA) + 5% sheep 
blood (Becton Dickinson). UPEC E. coli CFT073 
(O6:K2:H1, ATCC700928)9 and S. aureus 
(ATCC29213) were cultured in Luria Bertani (LB) 
and Tryptone Soy (TSB) broths, respectively.

The capability of L. acidophilus GLA-14 and L. 
rhamnosus HN001 to interfere with the growth of 
the different pathogens was evaluated by a liquid 
co-culture assay in anaerobiosis or in aerobiosis, 
depending on the particular bacterial strain used.

The co-culture test was performed by incubating 
in Defined Medium Simulating Genital Tract 
Secretions (DMSGTS)10 (capable of sustaining the 
growth of both probiotics and pathogens) different 
concentrations of the probiotic strains (107 and 108 
cfu/mL), alone or in combination, with different 
concentrations (106 and 107 cfu/mL) of the target 
pathogen. Controls were carried out by inoculating 
DMSGTS with the different strains alone.

Incubation was carried out for different lengths 
of time (range, 6–48 h). To check whether the path-
ogens were inhibited or killed, 0.05 mL of co-
culture suspensions were diluted and seeded on 
specific agar medium. After an incubation period 
at 37°C for 24–48 h, bacterial growth was evalu-
ated. No growth was interpreted as microbicidal 
activity (100% inhibition).

Statistical analysis was performed by Student’s 
t-test for unpaired data. Data were expressed as the 
mean and SD and P values of < 0.05 were consid-
ered significant.

Results

Results of co-culture assay have shown that the AV 
and BV pathogens were differently sensitive to the 
probiotics (Figure 1).

L. acidophilus GLA-14 was able to inhibit S. 
aureus growth after 6 h (Figure 1b) or 12 h (Figure 
1a, b), whereas inhibition with L. rhamnosus 
HN001 was observed at 24 h (Figure 1d) and after 
48 h (Figure 1c, d). The combination of both 
Lactobacilli (107 cfu/mL) with S. aureus inoculum 
(106 cfu/mL) caused complete inhibition of patho-
gen growth after 48 h (Figure 1e), whereas when 
the inoculum of S. aureus was higher (107 cfu/mL), 
complete inhibition of pathogen growth was 
observed after 24 h (Figure 1e). The combination 
of both Lactobacilli (108 cfu/mL) with S. aureus 
inoculum (106 cfu/mL) caused complete inhibition 
of pathogen growth since 6 h (Figure 1f), and when 
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the inoculum of S. aureus was 107 cfu/mL, com-
plete inhibition of pathogen growth was observed 
after 12 h (Figure 1f). L. acidophilus GLA-14 was 
more active than L. rhamnosus HN001.

L. acidophilus GLA-14 and L. rhamnosus 
HN001were differently active against E. coli (Figure 
1a–d). L. rhamnosus (107 cfu/mL) was more effec-
tive than L. acidophilus (107 cfu/mL) against E. coli 
at 106 cfu/mL (Figure 1a, c) and their combination 
was synergic against E. coli (107 cfu/mL), inducing 
a complete inhibition of growth after 48 h (Figure 
1a, c, e). A probiotic combination of 108 cfu/mL and 
an E. coli inoculum of 106 or 107 cfu/mL resulted in 

a complete inhibition of pathogen growth after 12 h 
and 24 h, respectively (Figure 1f). This probiotic 
combination of 108 cfu/mL seems have some slight 
effects after 6 h incubation with both aerobic patho-
gens (inoculum of 107 cfu/mL) (Figure 1b, f).

L. acidophilus GLA-14 alone (107 cfu/mL or 108 
cfu/mL) was able to inhibit both concentrations of 
G. vaginalis and A. vaginae after 6 h (Figure 1a, b), 
whereas L. rhamnosus HN001 had little inhibitory 
activity (Figure 1c, d). As expected, the combina-
tion of both Lactobacilli showed the same inhibi-
tion degree of L. acidophilus GLA-14 alone on 
both anaerobic pathogens.

Figure 1.  Effect of probiotic strains on AV and BV pathogens in co-culture assay. Percentage of growth inhibition was calculated 
as the recovered pathogen bacteria at the different time points after incubation with probiotics, alone (a–d) or in combination (e, f), 
compared with the control cultures (pathogens alone) taken as 100%. (a) L. acidophilus 107 cfu/mL; (b) L. acidophilus 108 cfu/mL; (c) L. 
rhamnosus 107 cfu/mL; (d) L. rhamnosus 108 cfu/mL; (e) L. acidophilus 107 cfu/mL and L. rhamnosus 107 cfu/mL; (f) L. acidophilus 108 cfu/
mL and L. rhamnosus 108 cfu/mL.
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Taken together, the results obtained showed that 
L. acidophilus GLA-14 and L. rhamnosus HN001 
(Respecta® probiotic blend) were able to inhibit the 
growth of all tested pathogens at different incuba-
tion time, depending on the initial inoculum of path-
ogen and, for anaerobic strains, from Lactobacillus 
strain concentrations.

Discussion

The vaginal microbiota is a dynamic ecosystem 
that in healthy individuals is usually colonized by 
the Lactobacillus genus but it can rapidly lead to 
microbiota dysbiosis where a range of microor-
ganisms (such as G. vaginalis and A. vaginae or 
E. coli, S. aureus, and group B Streptococcus) 
become predominant and cause polymicrobial 
BV or AV, respectively.1,11 Incompetent diagnosis 
and antibiotic resistance, together with the elimi-
nation of some helpful bacteria7, are the main 
causes of the unsatisfactory results of conven-
tional antimicrobic treatments of BV and AV. 
Evidence of decreased levels of Lactobacillus 
species in BV and AV has given rise to the con-
cept of their replacement to restore the natural 
vaginal flora by utilizing probiotic strains. 
Probiotics, according to the World Health 
Organization definition, are “live microorganisms 
which when administered in adequate amounts 
confer a health benefit on the host.”12 Even though 
the use of probiotics to colonize the vagina and 
prevent or treat infection has been considered for 
some time, only recently their efficacy has been 
proven, and, different from that observed for anti-
biotics, no adverse effects have been reported.3 
Here we studied the antimicrobial activity of two 
commercially probiotic strains, L. rhamnosus 
HN001 and L. acidophilus GLA-14, alone or in 
combination (Respecta® probiotic blend), against 
four different pathogens responsible for both BV 
(G. vaginalis and A. vaginae) and AV (S. aureus 
and E. coli). The tested probiotic bacteria showed 
that they possess inhibitory activity towards BV 
and, mainly, AV pathogenic bacteria, L. acidophi-
lus GLA-14 having, in general, the highest antag-
onistic effect against anaerobic strains. Such an 
effect could be due to several mechanisms includ-
ing the production of toxic compounds such as 
lactic acid, hydrogen peroxide, and bacteriocins 
that are enhanced in L. acidophilus rather than L. 
rhamnosus.13

Our results demonstrate that the Lactobacilli 
combination was synergic against E. coli, demon-
strating that the association of two probiotic strains 
can be helpful to treat bacterial vaginal infections.

One promising lead towards the treatment of BV 
and AV is also the vagina colonization by 
Lactobacilli which forms a barrier against infec-
tion.14 In fact, in a recent pilot study it was demon-
strated that oral consumption by healthy volunteers 
of the combination of the same probiotic strains 
utilized in the present research (L. acidophilus 
GLA-14 and L. rhamnosus HN001, together with 
bovine lactoferrin: Respecta® complex) leads to 
Lactobacillus spp. vaginal colonization.15

In conclusion, commercial probiotics, such as 
the ones examined here, represent very promising 
tools to provide protection from BV and AV.
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