
VIII. SUMMARY 

Prevalence and analysis of biological activity of Lactobacillus spp. strains in vaginal 

microbiota of women with abnormal cervical smear results 

INTRODUCTION 

 Cervical cancer ranks forth in cancer incidence and lethality of women worldwide and 

is the most frequent gynecological cancer in developing countries. In 2018 there was 570 000 

new cases of cervical cancer globally, and 311 000 women have died due to this disease.  

In Poland it was 3220 and 1947 cases respectively. It was proven that HPV infection  

is essential, but it is insufficient to the transformation of cervical epithelial cells. Early 

diagnostics, treatment of precancerous lesions, and vaccination against HPV may prevent 

progression to cervical cancer. Vaginal microbiota can be protective, but also harmful  

in acquiring and development of  HPV infection and also in development of cervical cancer. On 

the one hand microbiota changes in vaginal ecosystem may accelerate the process  

of cervical carcinogenesis and on the other hand the developed cervical cancer can lead  

to changes in the vaginal microbiota. However, further studies are required to understand the 

underlying mechanisms of the vaginal microbiota in the pathophysiology of cervical disease. 

Identification of the most protective species or strains and their therapeutic doses for defence 

against HPV-induced dysplasia and neoplasia, may offer practical intervention by formulation  

of vaginal probiotic which would maintain sustainability of vaginal microbiota and prevent 

from high-risk HPV infection.  

OBJECTIVE 

 The aim of this doctoral dissertation was to compare the prevalence of vaginal 

Lactobacillus strains of healthy women and women with abnormal cervical smear test result 

using molecular techniques. Additionally, isolation and biochemical characteristics of lactic 

acid bacteria strains were performed with the use of traditional culture methods. Biochemical 

differences between strains colonising vagina of healthy women and women with abnormalities 

in cervical smear tests were studied. Selection of bacterial strains was  

an additional objective of the study that could have potentially beneficial probiotic influence. 

MATERIAL AND METHODS 

 One hundred woman, aged 18-72 years, were recruited to the study. 79 patients with 

abnormal cervical smear test, were divided into two groups depending on diagnosis: 50 patients 



with low grade of cytological lesions, including 26 LSIL patients and 24 ASC-US patients;  

29 patients with high grade of cytological lesions,  including 18 HSIL patients and 11 ASC-H 

patients. The control group cosisted of 21 healthy women. Quantitative Real-Time PCR 

analysis of DNA isolated from vaginal swabs of tested patiens was performed. The analysis 

allowed to identifiy 7 species of lactobacilli (L. acidophilus, L. crispatus,  

L. delbruecki, L. fermentum, L. gasseri, L. plantarum, L. rhamnosus), and to find differences  

in species compositions and their quantities in vaginal microbiota of tested patients. In culture 

method, vaginal swabs were streaked onto bacterial growth media and isolated strains were 

tested for catalase production and identified, first with the use of microscope, afterwards with 

the use of PCR and/or analysis of 16S rRNA gene with the use of DNA sequencing. Biochemical 

characteristics of 66 Lactobacillus spp strains. was provided. Ability to produce hydrogen 

peroxide was performed with the use of diammonium 2,2′-azino-bis(3-ethylbenzothiazoline-6-

sulfonate) and peroxidase. Amount of lactic acid produced by bacteria was measured by titrating 

liquid bacterial cultures with 0,1M sodium hydroxide. Antagonism of studied bacterial strains 

toward pathogens such as: Candida albicans, Gardnerella vaginalis, Escherichia coli, 

Enterococcus faecalis and Staphylococcus aureus was studied with the use  

of pole method. Abilities of studied strains for adhesion and biofilm production were measured 

by staining these structures with the use of crystal violet. Investigating antibiotic susceptibility 

of  Lactobacillus spp. strains involved measuring Minimal Inhibitory Concentration (MIC) with 

the use of E-tests. 

RESULTS 

 In this study, 55% of patients were colonized by 2 lactobacilli species among 7 species 

tested. 17% of patients were colonized by 3 species, 11% by 4 species and 3% by 5 species.  

In 2% of patients’ samples, none of studied lactobacilli species was detected. In 53,16%  

of samples from patients with abnormal cervical smear test result 2 species of lactobacilli were 

detected, while in control group it was 61,91%. 

 In 100 patients of this study, 93% and 83% were colonized with L. gasseri and  

L. crispatus strains, respectively. L. delbruecki was detected in 25% patients, whereas   

L. rhamnosus in 15% patients, L. fermentum in 9% patients and the rarest occurrence  

of L. plantarum  (4% patients) and L. acidophilus (2% patients) was observed. In control group 

L. gasseri was present in 95,2% of subjects, and L. crispatus in 81%. In group  

of patients with abnormal cervical smear test result it was 92,4% and 83,54% respectively. 

Statistical analysis showed no relevant differences in distribution of individual Lactobacilli 



strains among groups of patients with different lesions in cervical smear test. 

Quantitative real-time PCR analysis of individual Lactobacillus spp. occurrence 

in studied samples showed highest number of bacterial cells of L. crispatus, mean 9,6 x 107, 

standard deviation 3,26 x 108 (range from 0 to 2,53 x 109). Second in terms of quantitative 

occurrence was L. gasseri, mean 3,77 x 106, standard deviation 2,51 x 107 (range from 0 to 2,4 

x 108). There were no statistically significant differences in number of bacterial cells  

of individual strains between studied groups. 

Distribution analysis of studied strains among different age groups of patients indicated 

significantly increasing with age the prevalence of L. delbruecki, and decreasing prevalence  

of L. gasseri. Statistical analysis of L. gasseri cells number in 3 age groups (18-29, 30-46 and 

47-72 years old) also revealed statistically relevant highest number of this bacteria in swabs 

acquired from patients aged 18-29 years old (p=0,0046). L. delbruecki was present  

in significantly higher amount in vaginal swabs acquired from eldest group of patients (47-72 

years old)(p=0,057). 

Distribution of studied lactobacilli strains was also analysed in terms of place  

of residence. This analysis showed significantly more frequent presence of L. acidophilus 

(6,1%) and L. fermentum (18,2%) among patients residing in rural areas in comparison  

to patients living in cities (L. acidophilus – 0% and L. fermentum – 4,5%), which was confirmed 

with quantitative analysis. In patients living in rural areas in comparison to those living in cities, 

higher number of bacteria was observed for L. acidophilus (range 0-5,7x106 vs. 0-0, p=0,044) 

and L. fermentum (range 0-7,2x107 vs. 0-1,6x106, p=0,029).  

 Among 66 lactobacilli strains studied biochemically, 17 were isolated from healthy 

patients, 21 from LSIL patients, 11 from HSIL patients, 11 from ASC-US patients and 6 from 

ASC-H patients. All strains were identified with the use of molecular biology techniques and 

assigned to Lactobacillus spp: L. crispatus – 20 strains, L. gasseri – 18, L. jensenii – 9,  

L. reuteri – 4, L. rhamnosus – 4, L. acidophilus – 4, L. plantarum – 3, L. delbruecki – 2,  

L. fermentum – 1 and L. helveticus – 1 strain. 

 All studied lactobacilli strains were resistant to metronidazole. In control group 52,94% 

of isolates were susceptible to 6 other antibiotics used in this study, whereas in group of isolates 

acquired from patients with abnormalities in cervical smear test 61,22% strains were 

susceptible. Antagonistic activity against G. vaginalis was detected in 64,71% of strains isolated 

from healthy patients and in 71,8% strains isolated from patients with abnormalities. All studied 



strains produced lactic acid. Strains from control group produced on average 5,52 mg/ml of this 

acid, whereas strains from the other group produced on average 1,86 mg/ml  

of lactic acid. None of strains isolated from healthy women produced hydrogen peroxide, while 

12,2% of strains isolated from patient with abnormalities in cervical smear test produced this 

chemical compound. 70,6% of strains isolated from healthy women had ability to produce 

biofilm (11,76% weak, 29,41% moderate and 29,41% strong ability), whereas among strains 

isolated from patients with abnormal cervical test result 42,86% had this ability (16,33% weak, 

16,33% moderate and 10,2% strong ability). 

CONCLUSIONS 

 In studied women, 2 species of lactobacilli - L. gasseri and L. crispatus were most 

frequently detected. Regardless of abnormal cervical smear result,  in most cases age and place 

of residence were significant factors in lactobacilli distribution. However, grade of squamous 

intraepithelial lesions or presence of groups of atypical squamous cells in cervix, HPV infection 

or menopause and their correlation with changes in vaginal microbiota were not observed. 

 Analysis of biochemical abilities of lactobacilli strains allowed the comparison of their 

phenotypic features between the groups of healthy patients and patients with abnormal cervical 

smear results. Average production of lactic acid by isolates obtained from patients with 

abnormalities in cervical smear test was 2,96 times lower than production by strains isolated 

from healthy women. Biofilm production was observed in lower percentage of strains isolated 

from patients with abnormal findings (42,9%), whereas 70,6% of strains isolated from control 

group produced this structure.  

 Based on biochemical characteristics of studied lactobacilli strains isolated from healthy 

patients, 5 strains (L. delbruecki, L. plantarum, L. reuteri and 2 strains of L. rhamnosus) were 

marked out as potentially fit for use in probiotic compound. 

 


