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ABSTRACT

Aim. To study the effect of vaginal probiotic therapy on the outcome of human papillomavirus (HPV) infection.

Materials and methods. The study included HPV-infected patients: 29 patients with normal vaginal flora and 
146 patients with a deficiency of vaginal lactobacilli, of which 117 patients received vaginal probiotic therapy. 
In samples obtained before and after the therapy, the effect of the probiotic on the change in the ratio of living, 
apoptotic, and necrotic vaginal epithelial cells after preliminary exposure to oxidative stress was studied.

Results. It was found that probiotics reduce the number of infected epithelial cells that survived the oxidative 
damage and shift the balance of cell death forms towards apoptosis. Vaginal probiotic therapy in patients with a 
deficiency of lactobacilli increased the frequency of HPV elimination by 2.5 times and reduced the likelihood of 
treatment failure from 1.5 to 4 times, depending on the viral load. The probiotic therapy made the structure of HPV 
outcomes in Lactobacillus-deficient patients similar to that in patients with normal vaginal flora.

Conclusion. Vaginal probiotic therapy improves outcomes of HPV infection in patients with a deficiency of 
lactobacilli by reducing the number of survived infected cells and shifting the cell death pattern towards apoptosis.
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РЕЗЮМЕ 

Цель – оценить влияние интравагинальной пробиотической терапии на течение папилломавирусной 
инфекции. 

Материалы и методы. Исходы папилломавирусной инфекции оценивали у 29 пациенток с нормоценозом и 
146 – с дефицитом нормофлоры, из них 117 женщин дополнительно интравагинально получали пробиотик. 
В пробах, полученных до и после терапии, изучали соотношение живых, апоптотических и некротических 
вагинальных эпителиоцитов после предварительной стимуляции апоптоза пероксидом водорода.

Результаты. Пробиотики снижают количество выживших инфицированных клеток и смещают баланс 
форм клеточной гибели в сторону апоптоза. Применение пробиотика у пациенток с дефицитом лактофлоры 
увеличило частоту элиминации вируса папилломы в 2,5 раза и повысило эффективность терапии в 1,5– 
4 раза в зависимости от вирусной нагрузки. Пробиотическая терапия у пациенток с дефицитом лактобацилл 
приблизила структуру исходов папилломавирусной инфекции к таковой группы пациенток с нормоценозом. 

Заключение. Интравагинальная пробиотическая терапия улучшает исходы папилломавирусной инфекции 
у пациенток с дефицитом лактофлоры за счет снижения количества выживших инфицированных клеток и 
смещения структуры клеточной смерти в сторону апоптоза.

Ключевые слова: Lactobacillus casei subsp. rhamnosus LCR35, апоптоз, вирус папилломы человека, влага-
лище, лактобациллы, пробиотик, эпителиальные клетки.
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INTRODUCTION

Human papillomavirus (HPV) is the most common 
sexually transmitted infection which contributes to 
the development of female genital tract cancer [1]. In 
most cases, papillomavirus is successfully eliminated, 
but in about 10% of infected women, HPV persists 
and can cause HPV-associated diseases of the geni-
tal tract, including cervical cancer [2]. It is not com-

pletely clear why HPV is eliminated in some cases but 
persists in other. Some of the likely reasons for this 
include individual differences in the state of the muco-
sal immune system [2, 3] and features of the microbial 
flora in the genital organs. 

Sexually transmitted infections and bacterial vag-
inosis, in which the species composition of microor-
ganisms in the vagina changes significantly, create a 
suitable environment for expansion of the virus [4–6] 
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and development of HPV-associated precancerous 
conditions and cancer [7]. The main manifestation of 
the imbalance in the vaginal microbial ecosystem is 
a pronounced deficiency of lactobacilli which protect 
the female reproductive tract from many pathogens, 
including viruses due to production of antimicrobial 
compounds and modulation of the mucosal immune 
system [2, 5]. 

Therefore, the concept of modifying vaginal bacte-
rial communities using pre- and probiotics as a poten-
tial prospect for HPV infection management is widely 
discussed [8].  There are already successful examples 
of using probiotics for elimination of pathogens. In 
particular, the use of probiotics can prevent recurrence 
of vaginal yeast infection or bacterial vaginosis and 
increase the efficiency of metronidazole therapy for 
Trichomonas vaginalis; however, data on the possi-
bility of using probiotics to control HPV infection are 
controversial.

The aim of the study was to investigate the effect of 
vaginal probiotic therapy on the progression of HPV 
infection. To achieve this aim, we studied how vaginal 
probiotic therapy affects the survival rate and the cell 
death pattern in primary cultures of vaginal epithelial 
cells, as well as the outcome of HPV infection.

MATERIALS AND METHODS
The study was conducted in accordance with the 

standards of good clinical practice and the principles 
of the Declaration of Helsinki, with the approval of 
the Human Research Ethics Committee at Orenburg 
State Medical University of the Ministry of Health of 
Russia (Protocol No. 149 of 05.10.2016). The study 
included 175 female patients with HPV infection who 
met the inclusion and exclusion criteria. The inclusion 
criteria were the following: high-oncogenic-risk HPV 
infection; age 18–40 years; a written informed consent 
to participate in the research and take pharmaceuticals. 
The exclusion criteria: smoking; immunodeficien-
cy disorders; somatic symptom disorders at sub- and 
decompensated stages; menstrual dysfunction; preg-
nancy and lactation; taking hormonal contraceptives; 
individual allergic reaction to the drugs used in the 
study; therapy with antimicrobials or immunomodu-
lators during the month preceding the study; a need 
for destructive methods of treating cervical pathology.

All the patients were treated with Allokin-Alpha® 
(State Research Institute of Highly Pure Bioprepara-
tions of the Federal Medical and Biological Agency) 
according to the following scheme: 1 mg subcutane-
ously, every other day, 6 injections per course, accor- 

ding to the manufacturer’s instructions. In addition, 
patients with a deficiency of vaginal lactobacilli re-
ceived a vaginal probiotic Lactoginal® (Laboratoires 
LYOCENTRE, SAS, France) containing Lactobacil-
lus casei subsp. rhamnosus LCR35 for 21 days ac-
cording to the following scheme: 1 capsule 2 times 
a day for 7 days, then 1 capsule once a day for 14 
days. The control group included 29 patients with a 
deficiency of vaginal lactobacilli who refused from 
vaginal probiotic therapy and received only immu-
nomodulatory therapy. In accordance with the initial 
viral load, the patients were divided into three groups: 
1) HPV ≤ 103 cells, 2) HPV 104–5 cells, 3) HPV > 105 

cells, which were additionally divided into subgroups 
in accordance with the state of the vaginal flora: 1) 
normal flora; 2) flora deficient in lactobacilli.

Before treatment, all patients underwent a gyne-
cological examination, cytology, and colposcopy, as 
well as an examination of the vaginal flora; the HPV 
copy number was measured, and the ratio of living, 
apoptotic, and necrotic vaginal epithelial cells was as-
sessed. One month after the start of the treatment, the 
state of normal flora and the ratio of living, apoptotic, 
and necrotic vaginal epithelial cells were studied. Six 
months after the treatment, a gynecological examina-
tion, cytology, and colposcopy were carried out, and 
the HPV viral load was measured. All studies were 
performed on day 7–8 of the menstrual cycle. The 
progression of HPV infection was assessed by chan- 
ges in the viral load and the cytology and colposcopy 
findings.

The presence and level of HPV were determined 
using a reagent kit for real-time polymerase chain 
reaction (PCR) manufactured by Lytech LLC (Rus-
sian Federation) on the MiniOpticon detection sys-
tem (Bio-Rad, USA). The state of normal flora was 
assessed using the Nugent and Hay / Ison criteria and 
the number of bacteria of the genus Lactobacillus, de-
termined by plating bacteria on MRS agar and then 
culturing in an atmosphere of 5% СО2 for 48 hours. 
The belonging of microorganisms to the genus Lac-
tobacillus was confirmed by real-time PCR with ge-
nus-specific primers [9].

The primary culture of stratified squamous epithe-
lial cells was obtained by scraping the vaginal por-
tion of the cervix after removing exfoliated cells with 
sterile normal saline. The cultures were transported in 
thermal containers in 1 ml of Hanks’ Balanced Salt 
Solution (HBSS). To eliminate the accompanying 
microbial flora, the epithelial cells were washed once 
with a tenfold volume of phosphate-buffered saline.
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The state of the epithelial cells was assessed after 
preliminary stimulation of apoptosis by triple expo-
sure to Н2О2 (50 µM) with an interval of 1 hour [10]. 
The ratio of apoptotic, living, and necrotic cells was 
determined by fluorescence microscopy using a kit 
containing Annexin V–Fluorescein with Propidium 
Iodide (BioVision, USA) according to the manufac-
turer’s instructions.

Data are presented as absolute and relative (abs. 
(%)) incidence (outcomes of infection) and mean and 
standard deviation (state of epithelial cells). GraphPad 
Prism 6.0 software was used for statistical analysis 
and normal distribution testing. Normality of data dis-
tribution was tested using the Kolmogorov – Smirnov 
test. To assess the significance of differences between 

the incidence of different outcomes, the Fisher’s exact 
test was used. The Mann – Whitney test was used for 
the ratio of apoptotic, living, and necrotic cells. The 
threshold for the statistical significance was set as a 
two-tailed p-value of 0.05.

RESULTS
Depending on the results of determining the viral load 

and the state of the vaginal flora, the patients were divid-
ed into the following groups: 29 patients with a normal 
number of lactobacilli and 29 patients with a deficiency 
of lactobacilli, who refused from probiotic therapy and 
were treated with immunomodulators, as well as 117 pa-
tients with a deficiency of vaginal lactobacilli receiving 
both immunomodulatory and probiotic therapy.

T a b l e

Characteristics of patients according to the state of normal flora, HPV viral load, and the type of therapy

Viral load,  
DNA copies / 105 cells

Number of patients
Totalwith a deficiency of lactobacilli with a normal number of 

lactobacillitreated without probiotics treated with probiotics

≤103 47
13 (21.67%) 60

9 (15.00%) 38 (63.33%)

104–5 52
9 (14.75%) 61

11 (18.03%) 41 (67.21%)
47

38 (70.37%)
>105 9 (16.67%) 54

No significant differences in the basic demogra- 
phic and anthropometric parameters between the 
groups were identified. By the end of the study, 6 
women had dropped out: 4 due to failure to appear for 
the final follow-up examination and 2 (HPV> 105) due 
to indications for destructive therapy. Therefore, data 
on the structure of HPV outcomes will be presented 
for 141 patients in the treatment group and 28 patients 
in the control group.

Effect of probiotic therapy on the ratio of living, 
apoptotic, and necrotic vaginal epithelial cells

In samples from the patients with lactobacilli defi-
ciency receiving probiotic therapy, the proportion of 
living infected cells remained practically unchanged, 
while the proportion of apoptotic cells increased, and 
the proportion of necrotic cells decreased (Fig.1). 
These processes were more pronounced in patients 
with high viral load. 

In samples obtained from the patients with lacto-
bacilli deficiency who refused from probiotic therapy 
(except for those who had high viral load), an increase 
in the survival rate of infected cells was observed  
(Fig.1). Reduction of the number of dead cells took 

place due to a decrease in necrosis, while the relative 
proportion of apoptotic cell death increased (Fig. 1). In 
the group of patients with high viral load, the changes 
were minimal and did not have statistical significance.

Therefore, inclusion of probiotics in the combina-
tion therapy for HPV infection prevented an increase 
in the proportion of survived infected cells and shifted 
the balance of cell death forms towards apoptosis.

Effect of vaginal probiotic therapy on outcomes  
of HPV infection

The results of a final follow-up examination  
(6 months after the beginning of the observation) 
showed that the state of the normal flora in the va-
gina affects the outcomes of HPV infection. There-
fore, the frequency of complete HPV elimination in 
patients with normal flora was 2–2.5 times higher than 
in patients with deficiency of lactobacilli who did not 
receive probiotic therapy (Fig. 2). Vaginal probio- 
tic therapy in patients with deficiency of lactobacilli 
caused an increase in the frequency of HPV elimina-
tion by 2.5 times and reduced the likelihood of therapy 
failure from 1.5 to 4 times, depending on the viral load 
(Fig. 2). 

Oleynik V.V., Kremleva E.A., Sgibnev A.V. The effect of vaginal probiotic therapy on the outcome of papillomavirus infection
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Fig. 1. Change in the ratio of living, apoptotic, and necrotic 
vaginal epithelial cells under the effect of therapy: Y-axis – 
compared with the baseline level (before therapy), %; X-axis –  
type of therapy: without a probiotic (1), with a probiotic (2).  
Baseline viral load, DNA copies / 105 epithelial cells: ≤103 (а), 

104–5 (b), >105 (c)

Fig. 2. Structure of HPV infection outcomes. Y-axis – 
proportion of outcomes, %; X-axis – the state of normal flora 
and the type of therapy: lactobacilli deficiency, without a 
probiotic (1), normal flora, without a probiotic (2), deficiency 
of lactobacilli, with a probiotic (3). Baseline viral load, DNA 

copies / 105 epithelial cells: ≤103 (а), 104–5 (b),;  >105 (c) 
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The structure of HPV infection outcomes in Lac-
tobacillus-deficient patients receiving probiotic the- 
rapy was similar to that in the group of patients with 
normal flora, and sometimes even exceeded it. Thus, 
inclusion of vaginal probiotic therapy in treatment of 
HPV-associated diseases improves their outcomes.

DISCUSSION
Therefore, the use of probiotics in Lactobacil-

lus-deficient HPV-infected patients increases the like-
lihood of virus elimination. This effect can be deter-
mined by several mechanisms. Firstly, the stimulating 
effect of probiotics on synthesis of host defense fac-
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tors [11] and an increase in their biological activity is 
known [12]. Secondly, metabolites of probiotic strains 
have a direct antiviral effect [13]. Thirdly, lactobacilli 
are able to selectively suppress cancer epithelial cells 
by increasing apoptosis without affecting healthy epi- 
thelial cells [14]. Our study showed that probiotic 
therapy also reduced the survival rate of infected cells 
by increasing apoptosis, while the proportion of other 
cell death forms decreased. At the same time, the shift 
in the balance of cell death forms towards apoptosis 
was most pronounced in samples obtained from pa-
tients with high viral load. Apparently, the shift in the 
cell death pattern from necrosis to apoptosis is also 
important for the elimination of the virus. It is known 
that necrosis, unlike apoptosis, is accompanied by the 
release of inflammatory mediators [15], and this ad-
versely alters the environment of lactobacilli [16] and 
induces carcinogenesis [17].

We found that the effect of a probiotic containing 
the LCR35 strain on HPV elimination is similar to the 
effect of normal flora and even slightly exceeds it. 
Perhaps this is determined by a higher concentration 
of lactobacilli during vaginal use of the probiotic or 
individual features of the probiotic strain LCR35. The 
first hypothesis is supported by the data that an oral 
probiotic does not affect HPV outcomes [18], since it 
cannot provide the required level of lactobacilli in the 
vagina. The second hypothesis is supported by data on 
the ability of the probiotic strain LCR35 to potentiate 
the effect of antimicrobial drugs and significantly in-
crease the likelihood of pathogen elimination [19]. In 
addition, a direct inhibitory effect of surfactants and 
lactate produced by the probiotic strain on reproduc-
tion of the papilloma virus is possible [11, 20].

CONCLUSION
Therefore, vaginal probiotic therapy improves the 

outcomes of HPV infection by reducing the number of 
survived infected cells and shifting the balance of cell 
death  forms towards apoptosis.
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