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Effect of intimate hygiene 
fluids on the number of Listeria 
monocytogenes isolated from women

ABSTRACT
Introduction: Listeria monocytogenes is an etiological factor of listeriosis, widespread in the environment. 

The consequence of fetal infection in the second trimester of pregnancy in most cases is the death of 

the fetus or stillbirth.

Material and methods: In this study, 7 strains of L. monocytogenes isolated from the vagina of women and 

the reference strain L. monocytogenes ATCC 19111 were used. The examined strains were treated with five 

commercially available intimate hygiene washes. The efficacy of the wash fluids used was based on the 

induced decrease in the number of bacteria expressed as a logarithmic colony-forming unit (CFU) × ml-1.

Results: The study showed that probiotic fluid (pH = 3.5) decreased the number of bacteria by an av-

erage of 4.56 log CFU × ml-1, while wash fluid intended for pregnant and puerperal women (pH = 4.0) 

reduced the number of L. monocytogenes by an average of 1.55 log CFU × ml-1. Lower bactericidal 

efficacy was observed in the case of wash fluids intended for everyday use. The fluid containing marigold 

extract and the liquid with the addition of rice proteins and arnica extract decreased the number of L. 

monocytogenes by an average of 1.11 log CFU × ml-1, and the fluid with silver and copper nanoparticles 

by 1.14 log CFU × ml-1.

Conclusions: Everyday use of intimate hygiene washes reduces the risk of urogenital infections in women 

and supports their treatment. Prevention with the use of probiotic wash solutions may reduce the number 

of vaginal infections caused by L. monocytogenes, which is especially important in the case of pregnant 

women because the number of patients diagnosed with listeriosis has increased.
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Introduction

Listeria monocytogenes are Gram-positive, rela-
tively anaerobic rods, commonly found in the natural 
environment [1]. In recent years, there has been an 
increase in the incidence of listeriosis, caused by patho-
genic L. monocytogenes. Infections with these bacteria 
are common in the population of pregnant women and 
account for almost 27.0% of all patients with listeriosis 
[2]. The asymptomatic carrier of L. monocytogenes was 
also found in the vagina and gastrointestinal tract in 
5–10% of people [1]. Listeria monocytogenes can cross 

the placental barrier and is a growing threat compared 
to other pathogens that can cause fetal damage or 
failure of pregnancy [3].

Listeriosis in pregnant women can be asymptomatic 
or there are flu-like symptoms (fever, headache, diar-
rhea, muscle aches). The infection can have serious 
consequences for the newborn [4]. Early neonatal liste-
riosis (the onset of infection in the uterus) is manifested 
by sepsis, respiratory failure, purulent conjunctivitis, and 
skin lesions (they appear 1.5 days after birth). The late 
form of neonatal listeriosis (mainly meningitis) appears 
a few days or weeks after birth (infection in the hospital 
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or during childbirth due to L. monocytogenes being car-
ried in the vagina) [5]. Listeriosis in newborns, children up 
to 4 years of age, and adults under 25 years of age oc-
curs sporadically and more often affects girls and young 
women [6]. According to the CDC (2008), the incidence 
of listeriosis in pregnant women is 12 per 100,000 inhab-
itants, while in the general population, the incidence rate 
is 0.7 per 100,000 inhabitants. This ratio in newborns is 
8.6 per 100,000 live births [7]. The estimated incidence 
of pregnancy-related listeriosis is from 1 to 25 cases per 
100,000 births, which is up to 35% of all infections with L. 
monocytogenes. The incidence of listeriosis in newborns 
is approximately 86/10,000 live births, with high mortality 
(20–60%), and is one of the most common causes of 
neonatal meningitis [8]. In Poland, 3 cases of congenital 
listeriosis were reported in 2018 and 9 cases in 2019 [9]. 
An equally disturbing trend recorded around the world 
is the increase in patients with symptoms of infections of 
the genitourinary system [10]. The female vaginal micro-
biota includes mainly Lactobacillus spp., which limits the 
development of pathogenic microorganisms through the 
production of bacteriocins and hydrogen peroxide [11]. 
Currently, the cosmetics market offers a wide range of 
intimate hygiene products. Their composition includes 
a number of washing and probiotic substances aimed 
at the elimination of pathogens, including L. monocy-
togenes. L. monocytogenes is a pathogen resistant to 
temperature changes (surviving at temperatures ranging 
from –0.4°C to 50°C) and can multiply in a wide range 
of pH (from 4.4 to 9.4) [1]. Prophylaxis of infections in 
intimate areas with appropriately selected preparations 
may be an important aspect aimed at reducing cases of 
bacterial vaginosis among women [10, 12].

The purpose study aimed to evaluate the effect of 
five commercially available intimate hygiene fluids on 
the number of L. monocytogenes isolated from women.

Material and methods

Material

The study used 7 strains of L. monocytogenes iso-
lated from the vagina of women (from the collection of 
the Department of Microbiology of Collegium Medicum 
im. L. Rydygier in Bydgoszcz of the Nicolaus Coper-
nicus University in Torun) and the reference strain L. 
monocytogenes ATCC 19111. Based on our previous 
research, we know that all tested strains belonged to the 
serogroup 1/2a-3a and were susceptible to antibiotics 
recommended by EUCAST (European Committee on 
Antimicrobial Susceptibility Testing) for this species 
(penicillin, ampicillin, meropenem, erythromycin, and 
trimethoprim-sulfomethoxazole). The tested strains had 
genes coding for virulence factors such as fbpA, hlyA, 
plcA, acta, inlB, plcB, iap, inlA, mpl, prfA.

The test strains were exposed to five different com-
mercially available intimate hygiene liquids to evaluate 
their effectiveness:
1.	 liquid for women during pregnancy and puerperi-

um (pH = 4.0) — prebiotic complex composed of 
inulin, xylitol, glucooligosaccharides, maltodextrin, 
and lactitol;

2.	 liquid with nanosilver and nanoscale — a hypoal-
lergenic product with pH = 4.5;

3.	 liquid with calendula extract — intended for daily 
intimate hygiene for mature women and in the 
period of menopause, pH = 4.5 — with provitamin 
B5 and lactic acid;

4.	 liquid with arnica extract and rice proteins — dedi-
cated to hygiene and care of intimate areas in states 
of irritation or for everyday use;

5.	 probiotic liquid — intended for use in inflammation, 
bacterial vaginosis, as well as during menstruation 
and antibiotic therapy. The agent contains live bac-
teria from two species of lactobacilli (L. casei and L. 
acidophilus). Due to the high content of lactic acid, 
the pH of the liquid is 3.5.

Evaluation of bactericidal effectiveness against 
L. monocytogenes of selected intimate hygiene 
products

The L. monocytogenes strains were seeded on 
Columbia Agar with 5% sheep blood (bioMerieux) 
(incubation: 24h, 37°C). From the colonies grown, 
a suspension was prepared for each strain in a sterile 
saline solution (Avantor) with an optical density of 
0.5 McFarland.

The prepared suspensions (1 ml) were transferred 
(in triplicate) to a sterile Eppendorf tube and centrifuged 
(5000 rpm, 5 min). The supernatant was then removed 
and 1 ml of the intimate hygiene fluid tested was added 
to the test tube. The whole was thoroughly mixed by 
1-minute vortexing and left at room temperature for 
20 minutes.

Next, the tubes were mixed and 100 µl of the sus-
pension was transferred to 900 µl of neutralizer (Tween 
80 [Sigma Aldrich] — 10 g, lecithin [Sigma Aldrich] 
— 1 g, histidine L [Sigma Aldrich] — 0.5 g, sodium 
thiosulfate [Avantor] — 2.5 g and water — 1000 ml). 
A series of ten-fold dilutions (from 10-1 to 10-5) in sterile 
buffered saline solution (PBS) [BTL] was then made. 
From each dilution, 100 µl was plated on Columbia 
Agar supplemented with 5% sheep blood (bioMerieux). 
After incubation (48 h, 37°C), the grown colonies were 
counted and expressed as CFU × ml-1.

The positive control consisted of suspensions of 
the tested strains subjected to the entire experimental 
procedure, in which the intimate hygiene fluid was re-
placed with sterile PBS (Avantor). Negative control was 
intimate hygiene products without microorganisms.
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Statistical analysis

The number of colonies grown on the plates was 
converted into the number of cells expressed as 
CFU × ml-1. The starting number of bacteria was the mean 
value of the results obtained in triplicates for each strain 
in the control sample. The average values of the results 
from three repetitions in the test sample were calculated 
analogously. The difference in mean values for both 
samples was then calculated and presented as a loga-
rithmic decrease in the number of bacteria expressed as 
CFU × ml-1. The statistical significance of the results was 
tested with the Tukey test at the significance level a = 0.05.

Results

Evaluation of the bactericidal efficacy of selected 
intimate hygiene products

Diverse bactericidal efficacy has been demonstrated 
against L. monocytogenes, depending on the intimate 
hygiene fluid used and the strains of the bacilli tested.
1.	 Evaluation of the effectiveness of the liquid for wom-

en during pregnancy and puerperium
The initial number of bacteria tested varied depend-

ing on the strain and ranged from 6.62 log CFU × ml-1 for 
the LMO1 strain to 8.20 log CFU × ml-1 for LMO6 (Tab. 
1). After the application of the fluid, L. monocytogenes 
number ranged from 4.40 log CFU × ml-1 for the 
LMO1 strain to 6.36 log CFU × ml-1 for LMO6 (Tab. 
1). The observed decrease in the number of rods 
tested ranged from 0.75 log CFU × ml-1 for the ATCC 

19111 strain to 2.22 log CFU × ml-1 for LMO1 (Tab. 1). 
The ATTC 19111 and LMO3 strains were statistically 
significantly more resistant to the hygiene fluid dedi-
cated for pregnant and puerperal women compared to 
the other strains of L. monocytogenes tested (Tab. 1).
2.	 Evaluation of the effectiveness of the liquid with 

nanosilver and nanoparticles
The starting bacterial cell counts were shown to 

range from 7.55 log CFU × ml-1 for the LMO2 strain to 
8.32 log CFU × ml-1 for LMO6. After the application of 
the test agent, the number of reisolated rods decreased 
and ranged from 6.27 log CFU × ml-1 for LMO2 to 
7.45 log CFU × ml-1 for LMO6 (Tab. 2). The bacteri-
cidal effect of the agent with nanosilver and nanopar-
ticles correlated with the tested strain of L. monocyto-
genes. A decrease in the number of bacteria ranged 
from 0.66 log CFU × ml-1 for strain ATCC 19111 to 
1.90 log CFU × ml-1 for strain LMO1 (Tab. 2). The ref-
erence strain L. monocytogenes ATCC 19111 showed 
the statistically significant highest resistance among 
all tested strains to the effect of the liquid containing 
nanosilver and nanoparticles (Tab. 2).
3.	 Evaluation of the effectiveness of the liquid with 

marigold extract for mature women
The initial number of L. monocytogenes colonies 

ranged from 7.77 log CFU × ml-1 for the LMO7 strain to 
8.53 log CFU × ml-1 for the LMO1 strain (Tab. 3). The 
liquid decreased the number of bacteria (depending on 
the strain tested) from 0.22 log CFU × ml-1 (LMO5 strain) 
to 2.00 log CFU × ml-1 (LMO1 strain) (Tab. 3). The strain 
that was statistically significantly more resistant to the 
tested product was LMO5, while the strain LMO1 was 
statistically significantly more sensitive (Tab. 3).

Table 1. The number of bacteria before and after treatment with agent for women during pregnancy and puerperium

Listeria monocytogenes 
strain

Baseline bacterial count 
(log CFU×ml-1)

The number of bacteria 
after the action of the agent 

(log CFU×ml-1)

Bacteria reduction  
(log CFU×ml-1)

ATCC 19111 6.68
0.07*

5.93
0.05

0.75c

0.10

LMO1 6.62
0.06

4.40
0.14

2.22b

0.06

LMO2 6.87
0.03

5.15
0.24

1.72a, b

0.04

LMO3 6.80
0.02

5.89
0.15

0.91c

0.03

LMO4 7.94
0.20

6.33
0.11

1.61a, b

0.21

LMO5 7.72
0.23

6.34
0.12

1.38a

0.24

LMO6 8.20
0.07

6.36
0.11

1.84a, b

0.08

LMO7 8.19
0.04

6.23
0.22

1.96a, b

0.05

*standard deviation; a, b, c, … — values marked with different letters differ statistically significant
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Table 2. The number of bacteria before and after the action of the agent with nanosilver and nanoparticles

Listeria monocytogenes 
strain

Baseline bacterial count 
(log CFU×ml-1)

The number of bacteria 
after the action of the agent 

(log CFU×ml-1)

Bacteria reduction (log 
CFU×ml-1)

ATCC 19111 8.02
0.15*

7.36
0.04

0.66a

0.19

LMO1 8.30
0.07

6.40
0.04

1.90c, b

0.08

LMO2 7.55
0.09

6.27
0.07

1.28a, b

0.10

LMO3 8.32
0.16

7.53
0.15

0.79a, b

0.22

LMO4 7.99
0.09

6.99
0.12

1.00a, b

0.09

LMO5 7.76
0.29

6.72
0.04

1.04a, b

0.34

LMO6 8.22
0.07

7.45
0.02

0.77a, b

0.09

LMO7 8.00
0.06

7.10
0.13

0.90a, b

0.06

*standard deviation; a, b, c, … — values marked with different letters differ statistically significant

Table 3. The number of bacteria before and after the action of the agent with marigold extract

Listeria monocytogenes 
strain

Baseline bacterial count 
(log CFU×ml-1)

The number of bacteria 
after the action of the agent 

(log CFU×ml-1)

Bacteria decline (log 
CFU×ml-1)

ATCC 19111 8.32
0.08*

6.82
0.20

1.50b

0.08

LMO1 8.53
0.04

6.53
0.11

2.00d

0.04

LMO2 8.10
0.12

6.88
0.07

1.22a, b

0.13

LMO3 8.05
0.05

6.78
0.05

1.27a, b

0.05

LMO4 8.14
0.04

7.31
0.06

0.83a

0.05

LMO5 8.00
0.01

7.78
0.03

0.22c

0.07

LMO6 7.88
0.04

6.93
0.04

0.95a

0.05

LMO7 7.77
0.21

6.88
0.06

0.89a

0.24

*standard deviation; a, b, c, … — values marked with different letters differ statistically significant

4.	 Evaluation of the effectiveness of the liquid with rice 
proteins and arnica extract
Before the use of the agent, the number of L. mono-

cytogenes rods ranged from 8.04 log CFU × ml-1 for the 
LMO2 strain to 8.48 log CFU × ml-1 for the LMO6 strain 
(Tab. 4). After the application of the fluid tested, 
a decrease in these values was observed to the lev-
el of 6.76 log CFU × ml-1 (LMO3 strain) to 7.67 log 
CFU × ml-1 (LMO6 strain). The product decreased 

from 0.72 log CFU × ml-1 (LMO4 strain) to 1.68 log 
CFU × ml-1 (LMO3 strain) bacteria number  (Tab. 4). 
Statistically significant, the highest resistance was 
demonstrated for the LMO4 and LMO7 strains (Tab. 4).
5.	 Evaluation of the effectiveness of a probiotic liquid 

with pH = 3.5
The initial number of bacteria tested varied, depend-

ing on the strain, from 7.70 log CFU × ml-1 (LMO1 strain) 
to 8.47 log CFU × ml-1 (LMO6 strain). After liquid 
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Table 4. The number of bacteria before and after treatment with rice proteins and arnica extract

Listeria monocytogenes 
strain

Baseline bacterial count (log 
CFU×ml-1)

The number of bacteria 
after the action of the agent 

(log CFU×ml-1)

Bacteria decline (log 
CFU×ml-1)

ATCC 19111 8.28
0.06*

7.11
0.02

1.17a, b

0.06

LMO1 8.22
0.22

6.93
0.02

1.29a, b

0.23

LMO2 8.04
0.17

6.78
0.04

1.26a, b

0.18

LMO3 8.44
0.15

6.76
0.02

1.68c

0.15

LMO4 8.36
0.18

7.64
0.15

0.72a

0.29

LMO5 8.35
0.13

7.17
0.06

1.18a, b

0.14

LMO6 8.48
0.05

7.67
0.16

0.81a

0.06

LMO7 8.12
0.03

7.36
0.18

0.76a

0.07

*standard deviation; a, b, c, … — values marked with different letters differ statistically significant

Table 5. The number of bacteria before and after the action of the agent with a probiotic pH = 3.5

Listeria monocytogenes 
strain

Baseline bacterial count 
(log CFU×ml-1)

The number of bacteria 
after the action of the agent 

(log CFU×ml-1)

Bacteria decline (log 
CFU×ml-1)

ATCC 19111 7.87
0.49*

4.36
0.32

3.51c, d

0.49

LMO1 7.70
0.02

5.12
0.04

2.58d

0.02

LMO2 8.03
0.02

3.65
0.46

4.38a, b

0.02

LMO3 8.09
0.02

3.40
0.28

4.69a, b, c

0.02

LMO4 8.31
0.04

3.39
0.29

4.92a, b, c

0.04

LMO5 8.11
0.09

2.43
0.61

5.80b, c

0.09

LMO6 8.47
0.10

2.36
0.32

6.11c

0.10

LMO7 8.14
0.10

3.56
0.32

4.58a, b, c

0.10

*standard deviation; a, b, c, … — values marked with different letters differ statistically significant

application, L. monocytogenes number ranged 
from 2.36 log CFU × ml-1 (LMO6 strain) to 5.12 log 
CFU × ml-1 (LMO1 strain) (Tab. 5). The number of reisolat-
ed rods was reduced by 2.58 log CFU × ml-1 (LMO1 strain) 
to 6.11 log CFU × ml-1 (LMO6 strain) (Tab. 5). The 
LMO1 strain was statistically significantly more resistant 
to the action of probiotic fluid with pH = 3.5, compared 
to the other strains of L. monocytogenes tested, while 
the LMO6 strain was statistically significantly the most 
sensitive (Tab. 5).

In the negative control, no microbial growth was 
detected, confirming the microbiological purity of the 
intimate hygiene products tested.

Comparison of the effectiveness of the intimate 
hygiene products tested against Listeria 
monocytogenes 

The highest antimicrobial efficacy was demonstrated 
for the probiotic liquid, which decreased the number of 
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Figure 1. The mean values of the decrease in the number of bacteria after the application of the measures (a, b — values 
marked with different letters differ statistically significant [p ≤ 0.05]); *standard deviation

bacteria by an average of 4.56 log CFU × ml-1 (Fig. 1).  
This value was statistically significantly higher than 
the effectiveness of other fluids tested. The effective-
ness of other intimate hygiene liquids did not differ 
significantly statistically. They reduced from 1.04 log 
CFU × ml-1 (liquid with nanosilver and nanocooper ) 
to 1.55 log CFU × ml-1 of L. monocytogenes number 
(liquid for pregnant and puerperal women) (Fig. 1).

Discussion

Listeria monocytogenes is hazardous due to its 
presence in the environment and food. Listeriosis in 
pregnant women is a serious threat to the life of the 
fetus [13]. As prophylaxis, elimination of certain food 
(e.g., smoked fish) during pregnancy is recommended 
to avoid L. monocytogenes infection. The purpose of 
the study was to evaluate the effect of various intimate 
hygiene preparations on L. monocytogenes strains. The 
results of our research expand the topic of the effective-
ness of intimate hygiene products in the prevention of 
infections with L. monocytogenes in women. Features 
such as the selection of active ingredients and pH affect 
the antibacterial properties of the preparations.

All intimate hygiene products used in the study 
reduced L. monocytogene growth. On the contrary, 
Wysocka-Lipiska et al. [14] demonstrated no antibac-
terial properties of intimate wipes. The low antibacterial 

effectiveness of wipes was explained by a small amount 
of the active solution in the unit package and its compo-
sition compared to intimate hygiene liquids. Therefore, 
it can be concluded that the use of intimate hygiene 
fluids is more beneficial in the prevention of genital 
tract infections in women than the use of intimate wipes.

The study included five commercially available in-
timate hygiene products, differing in composition and 
purpose. The own study showed the highest antibacte-
rial effectiveness of the probiotic fluid. The lowest effec-
tiveness was noted in the case of the fluid dedicated to 
women during pregnancy and puerperium. The differ-
ence in the effectiveness of these agents was most likely 
due to the pH variation. In turn, Bordes et al. [4] showed 
that vaginal pH had an impact on L. monocytogenes 
survival, and acidic vaginal pH (4.2) reduced the number 
of pathogenic bacilli. Researchers also showed that at 
pH 6.5 all L. monocytogenes strains were able to grow, 
therefore vaginal colonization with L. monocytogenes 
strains is possible only in the case of pH increase [4]. 
The three consecutive intimate hygiene fluids used in 
the study were intended for daily use and probably, for 
this reason, these agents in the experiment showed very 
similar efficacy. Silver and copper nanoparticles added 
to one of these products have been proven to be highly 
bactericidal. Chen et al. [15] conducted research on the 
antibacterial effectiveness of gels with the addition of 
silver nanoparticles intended for use in the treatment of 
bacterial vaginosis. They used three species of bacteria 
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in the study: Staphylococcus aureus, Escherichia coli, 
and Pseudomonas aeruginosa. Chen et al. [15] showed 
that S. aureus bacteria, compared to other species, were 
characterized by the highest sensitivity to the gel tested, 
while E. coli bacteria were the most resistant to the agent 
[15]. In turn, Tamayo et al. [16] revealed a decrease 
in the number of L. monocytogenes of approximately 
33% after 6 hours of exposure to a gel with a content 
of 1% silver nanoparticles in a polyethylene nanocom-
posite. After 24 hours of exposure to the gel with the 
5% addition of nanosilver, no L. monocytogenes were 
found [16]. In our study, the liquid with the addition of 
silver and copper nanoparticles reduced the number 
of L. monocytogenes by 1.04 log CFU × ml-1 on av-
erage, that is, by more than 90%. The third liquid was 
enriched with calendula extract, which, due to essential 
oils, also has a bactericidal effect and protects against 
excessive drying of the mucosa. There are no detailed 
data in the literature on the effectiveness of individual 
active ingredients contained in intimate hygiene liquids 
tested. In our study, agents in this group, regardless 
of the variety of active ingredients, showed very sim-
ilar effectiveness. The pH of these preparations was 
4.5 and the regulator of this parameter was lactic acid. 
Bahamondes et al. [17] investigated the effect of a high 
lactic acid intimate hygiene soap with pH = 3.5 on the 
number of recurrences of genital tract infections among 
women treated with metronidazole. They showed that 
the product reduced the number of recurrent vaginal 
infections in women caused by bacteria and Candida 
spp. [17]. According to Biaobrzeska [18], the use of 
intimate hygiene liquids is also an important element in 
the prevention of urinary tract infections in patients after 
kidney transplantation [18]. The research by Bruning et 
al. [19], assessing the impact of the daily use of intimate 
hygiene liquids with lactic acid (pH = 4.2), showed that 
liquids do not have a significant impact on the qualitative 
and quantitative composition of the external microbiome 
of the vagina and vulva [19].

Recently, the popularity of intimate hygiene products 
enriched with live lactobacilli has increased. The first 
reports of the use of probiotic products as supporting 
elements in the treatment of bacterial vaginosis ap-
peared in the 1930s. This issue was extended in the 
work by Pawowska [20], which showed that the use 
of available vaginal probiotics on the market alleviated 
the symptoms of bacterial vaginosis and limited the 
development of candidiasis. Furthermore, it has been 
shown that the greater the variety of lactobacilli strains 
contained in the probiotic, the wider spectrum activity 
of the product [20]. The intimate probiotic hygiene fluid 
used in our work contained bacteria from two species: 
L. casei and L. acidophilus. Based on the results of 
ourresearch, it can be concluded that the addition 
of live lactobacilli cultures enhances the anti-Listeria 

properties of the tested probiotic agent. The great 
interest of researchers is focused on oral gynecologi-
cal probiotics. The most commonly used strains (with 
proven effect) are L. plantarum and L. rhamnosus. Oral 
probiotics are an interesting modern therapeutic option 
to restore the natural vaginal microbiota and prevent 
recurring infections. The results confirming their effec-
tiveness were presented by Harasim-Dylak et al. [21].

Conclusions

The use of intimate hygiene fluids reduces the risk of 
urogenital infections in women. The use of preparations 
enriched with probiotic strains may reduce the number 
of infections caused by L. monocytogenes, which is 
particularly important in the case of pregnant women 
and the increasing number of patients diagnosed with 
listeriosis in recent years.
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