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Abstract 

Over the past few decades, we have grown accustomed to the idea that human papillomavirus can cause tumors. The 
genetic and environmental factors that make the difference between elimination of viral infection and the develop-
ment of cancer are therefore an area of active investigation at present. Microbiota has emerged as an important factor 
that may affect this balance by increasing or decreasing the ability of viral infection to promote. The female reproduc-
tive system has its specific microbiota that helps to maintain health and prevent infection with pathogens. In contrast 
to other mucosal sites, the vaginal microbiota typically has low diversity and contains few Lactobacillus spp. which by 
using high-throughput 16s rRNA gene sequencing, classified into five different community state types. According to 
emerging information, increased diversity of vaginal microbiota and reduced abundance of Lactobacillus spp. con-
tribute to HPV acquisition, persistence, and development of cervical cancer. In this review, the role of normal female 
reproductive tract microbiota in health, mechanisms which dysbiosis can cause diseases through interaction with 
microbes and several therapeutic approaches were addressed.
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Introduction
Cancer is one of the leading causes of death in the world 
International Agency for Research on Cancer (IARC) 
reported 19.3 million new cases of cancer and 10 million 
deaths in 2020 [1]. According to the prediction of World 
Health Organization (WHO), cancer incidence will be 
increased by 70% over the next two decades [2]. It is well-
documented that almost 15% of cancers caused by several 
viruses including Human Papillomavirus (HPV), Poly-
omaviruses, Epstein Barr virus (EBV), Kaposi’s sarcoma-
associated herpesvirus (KSHV), Hepatitis B virus (HBV), 

Hepatitis C viruse (HCV), and Human T lymphotropic 
virus type I (HTLV-1) [3]. Although persistent infection 
with these viruses can cause several cancers, the most of 
infected people will never develop cancer. This fact shows 
that other cofactors are mandatory for development of 
cancer by viruses [4]. In this regard, studies determined 
the vital role of microbiota to progress of cancer [5–9].

Microbiota are the range of microorganisms that may 
be commensal, symbiotic, or pathogenic found in a par-
ticular environment. Each site of the human body has 
particular microbiota which accounts for definite role 
in human health [10]. Dysbiosis (disruption of micro-
biota homeostasis) can threaten health condition due 
to increasing host susceptibility to infections [11, 12]. It 
is shown that different factors including life style, age, 
hygiene, sex, host genetic, diet, environmental factors, 
type of birth delivery, infant feeding methods, diseases, 
and exposure to antibiotics can affect microbiota. In 
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another word, these factors can help to keep homeosta-
sis and health condition, or they can cause dysbiosis and 
diseases [13].

Human papillomavirus and cervical cancer
Human Papillomavirus which belongs to the distinct 
taxonomic family, the Papillomaviridae and Firstpapil-
lomavirinae subfamily, is a small non-enveloped, epithe-
liotropic icosahedral DNA virus (60  nm in diameter). 
The virions consist of a single molecule histone-bound 
double-stranded circular DNA about 8  kb with eight 
protein-coding genes and has been divided into three 
regions: 1–a noncoding regulatory long control region 
(LCR) which contains promoter, enhancer, and silencer; 
2–an early region (E1–E7) which involved in replication 
and transformation. The HPV E1 and E2 proteins act as 
origin recognizers of replication; The E2 protein is also 
a key regulator of viral gene transcription. It is believed 
that E4, despite its name, is involved in the later stages 
of the virus life cycle and that E5 may be active in the 
early and late stages. The E6 and E7 proteins target sev-
eral negative cell cycle regulators, mainly p105Rb and 
p53, respectively. During the viral life cycle, E6 and E7 
facilitate stable maintenance of viral episomes and stimu-
late differentiated cells to return to S phase.; and 3–a late 
region (L1–L2) which encoding capsid proteins and are 
required for virion assembly. The viral E protein is tran-
scribed from the early promoter while the L protein is 
mainly transcribed from the late promoter. The viruses 
are made up of 72 pentameric capsomeres arranged on 
a surface lattice T = 7. Its capsid consists of 360 copies of 
the major capsid protein (L1) and 12 molecules of minor 
protein (L2) [14–16].

Based on DNA sequence homology in the L1 gene, 
HPV divided into five genera including Alpha, Beta, 
Gamma, Mu, and Nu [17, 18]. Alpha papillomaviruses 
infect cutaneous and mucosal epithelium while other 
genera infect the cutaneous epithelium specially [18, 19]. 
Till date, more than 220 HPV genotypes have been recog-
nized, among which 40 genotypes can infect anogenital 
area [20]. However, among these 40 genotypes, 14 geno-
types designated as high-risk (HR) HPVs including HPV 
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, 66, and 68 can 
cause several cancers in human including cervix, vagina, 
vulva, penis, anus, and oropharynx cancer. Low-risk (LR) 
subtypes are also sometimes found in cervical carcinoma 
[21]. It is estimated that almost 5.4% of all cancers in 
human are associated with HPV infection [22–24].

HR-HPV infection is very common in sexually active 
women and cervical cancer is the most important cancer 
attributed to HPV [25, 26]. Cervical cancer is the fourth 
most common cancer and fourth leading cause of can-
cer death in women globally. About 604,127 new cases 

and 341,831 deaths from cervical cancer were reported 
worldwide in 2020 [27]. Cervical lesions are classified 
according to proportion of cervix infected with dysplasia 
cells, which includes three cervical intraepithelial neo-
plasia (CIN) classes including CIN1, CIN2, and CIN3 
[14, 19, 28]. According to Bethesda System, precancerous 
lesions of the cervix are divided into two categories: low 
grade squamous intraepithelial lesion (LSIL) and high 
grade squamous intraepithelial lesion (HSIL) [29].

It is shown that the risk of infection with any HPV types 
is over 80% in a woman life span but the risk of develop-
ing invasive cervical cancer is much less than 0.6% [26, 
30]. In most healthy women, the virus is cleared by host 
immune system within 6 month to 3 years [24, 31]. While 
HPV infection is necessary for development of cervical 
cancer, it is not sufficient and other cofactors are nec-
essary. Having multiple sexual partners, smoking, long 
term use of contraceptives and hormonal pills, multiple 
pregnancies, genetic background, epigenetic changes, 
weakend immune system, race and vaginal microbiota 
dysbiosis are noted as cofactors [13, 15, 32, 33].

Microbiota of female reproductive system
The female reproductive system has its specific micro-
biota and it can undergo changes during the female life 
process and menstrual cycle [34]. In contrast to other 
mucosal site of body that the diversity of microbiota 
is high (particularly gut mucosa), the diversity of vagi-
nal microbiota in the healthy state is low [30, 35] which 
a few species of Lactobacillus is dominance [36]. It is 
well-documented that Lactobacillus gasseri, Lactobacil-
lus crispatus, Lactobacillus iners, Lactobacillus jensenii 
or Lactobacillus vaginalis are predominant in the vagina 
and other Lactobacillus species, such as Lactobacillus 
acidophilus are not found in the vagina [37, 38]. Predom-
inant vaginal Lactobacillus spp. protect vagina against 
invading pathogens via several mechanisms [39, 40] that 
mentioned below.

Through using high-throughput 16  s rRNA gene 
sequencing, the vaginal microbiota has been classified 
into five different community state types (CST) includ-
ing: L. crispatus (CST I), L. gasseri (CST II), L. iners (CST 
III), L. jensenii (CST V). CST IV contains a heterogenous 
group which divided into two subgroups (CST IV-A and 
CST IV-B).

CST IV-A has the modest proportion of Lactobacil-
lus spp. and low proportions of anaerobic bacteria while 
CST IV-B has higher proportion of Atopobium, Prevo-
tella, Parvimonas, Gardnerella, Megasphera, Ruminococ-
caceae, Mobiluncus, Sneathia, and empty of Lactobacillus 
spp. [30, 41, 42]. In healthy women, CST I and V are 
dominant microbiota. During infection with HPV, CST II 
prevails and boosts clearance of HPV infection [43–45]. 
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L. iners and other species such as Bacteroides, Fuso-
bacterium, Veillonela, Actinomycetes, Bifidobacterium, 
Peptococcus, Peptostreptococcus, Propionibacterium, 
Staphylococcus aureus, Staphylococcus epidermidis, 
Enterococcus faecalis, Gardnerella vaginalis, and Prevo-
tella bivia also exist at low proportions [46]. It is worth 
mentioning that the composition of the vaginal micro-
biota is dynamic, as there is a frequent alteration from 
one microbiota to another in the same woman during her 
lifetime, generally from CST III to IV [26, 42].

The genital microbiota composition can indirectly 
affect by the gut microbiota (gut-vagina axis) [35, 47, 48]. 
Oestrobolome is a collection of gut bacteria and their 
genes adapted to metabolize oestrogen [49]. These bac-
teria influence the vaginal microbiota content by oestro-
gen-mediated machinery. They secrete β-glucuronidase 
and β-glucosidase that lead to deconjugate hepatically 
conjugated oestrogens and consequently prompts their 
reabsorption to circulation. This free oestrogen is trans-
ported to distal sites such as lower female reproduc-
tive system where it binds to its receptors and triggers 
intracellular signalling that lead to higher glycogen pro-
duction and other physiological changes such as mucus 
production and thickening of the epithelium [35]. Regard 
to this fact that glycogen is the main nutrient consumed 
by Lactobacillus spp., the higher glycogen production 
lead to Lactobacillus spp. growth [35]. The mucus pro-
duction and thickening of the epithelium can also pre-
vent the entry of HPV to the host cell. It is shown that 
low diversity of the gut microbiota could negatively affect 

the vaginal microbiome composition through the oes-
trobolome [35].

The main mechanisms which Lactobacillus spp. protect 
the female reproductive system include: (i) competition 
with pathogens for vaginal epithelium adhesion due to 
steric hindrance or specific blockage of the receptor site, 
(ii) inhibition of pathogen migration and progression of 
epithelial integrity by up-regulating tight junction pro-
teins, (iii) prevention of growth and expansion of path-
ogens by lactic acid production and acidifying vaginal 
environment, (iv) production of bacteriocins and hydro-
gen peroxide (H2O2) which have antimicrobial effect, (v) 
developing the autophagy of cells infected by pathogens 
and help their elimination, and (vi) modulation of local 
defense [36, 45, 50–58].

Lactic acid has two isomers: D-isomer and L-isomer. 
Vaginal epithelium, L. iners, and anaerobes bacteria pro-
duce L-isomer of lactic acid while L. jensenii produces 
D-isomer of lactic acid. The amount of L-isomer produc-
tion by L. jensenii could not be detected. L. crispatus and 
L. gasseri produce both isomers [59]. High concentra-
tion of D-lactic acid produced by L. crispatus-dominated 
microbiota, increase viscosity of vaginal mucus conse-
quently upgrade its virion trapping ability [36, 60].

Dysbiosis, HPV infection and cervical cancer
The homeostasis of cervicovaginal microbiome is main-
tained via interaction with the local microenviron-
ment. When this homeostasis is disrupted, leading to 
a condition known as dysbiosis (Fig.  1). Dysbiosis can 

Fig. 1  Bacterial species of vagina in eubiosis, dysbiosis, and cervical cancer
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be prompted development of cancer through epithelial 
barrier disruption, metabolic dysregulation, abnormal 
cellular proliferation, genome instability, chronic inflam-
mation, and angiogenesis [26, 35].

Vaginal Lactobacillus spp. is important for maintenance 
of the cervical epithelial barrier function as it can impede 
the entry of HPV to the basal keratinocytes throught 
maintenance of a low pH and bacteriocin production 
[61]. It is known that L. crispatus (CSTI) and L. gasseri 
(CSTII) were the most frequent species in HPV nega-
tive women [62] whereas CSTs III and IV are frequently 
related with the presence of HPV infection and develop-
ment of premalignant and invasive cervical cancer. It also 
suggested that L. gasseri (CSTII) may be associated with 
the most rapid clearance of acute HPV infection among 
HPV positive women [63].

Among different CSTs, CST III and IV are associated 
to dysbiosis. L. iners is less able to inhibit colonization 
of pathogens and it can survive in a wide range of pH 
and other metabolic stress-related situations [42, 64, 

65]. L. iners produces inerolysin which is a cholesterol 
dependent pore forming cytotoxin that creates pore in 
the vaginal epithelium and helps to pathogen entrance 
[26, 66, 67]. A recent study showed that CST IV sub-
group severely correlated with HPV persistence [68]. 
The highest amount of vaginolysin, another choles-
terol dependent cytotoxic protein, is secreted primar-
ily from CST IV especially G. vaginalis and then CST 
III. It can cause cellular lysis, tissue breakdown and 
may contribute to bacterial vaginosis [69]. Studies had 
been shown women with CST III and IV microbiota 
dominance, exhibit a higher ratio of L-to D-lactic acid 
which cause increase expression of extracellular matrix 
metalloproteinase inducer (EMMPRIN) which activate 
matrix metalloproteinase (MMP-8). MMP-8 dissolves 
intracellular junction by cleaving collagen and alter 
cervical integrity and facilitate entry of HPV to basal 
keratinocytes [60]. Moreover, EMMPRIN and MMP-8 
are involved in cancer metastasis (Fig. 2) [59, 70].

Fig. 2  Interpaly between human papillomavirus (HPV), vaginal microbiome and the host. In community state type I (CST I) and CST V, L. crispatus 
and L. jensenii are dominant, respectively, which may be protective against HPV acquisition. In CST II, L. gasseri is prominent that particularly is 
associated with clearance of HPV infection. In CST III, L. iners is common that is associated with acquisition and persistence of HPV infection and 
progression to cervical intraepithelial neoplasia I (CIN I). In CST IV, anaerobic bacteria were dominant which is corolated with progression to CIN II/III 
and consequently to invasive cervical cancer
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Vaginal microbiota composition is influenced by sev-
eral factors such as ethnicity, hormonal changes due to 
menstruation, age, pregnancy, hygiene habits (vaginal 
douching), sexual intercourse, and overuse of antibiotics 
that can alter the vaginal microbiome. Ethnicity is a main 
factor known to be considerably related to variance in 
community composition of vaginal microbiota. Indeed, 
the higher prevalence of Lactobacillus spp. dominant 
microbiota significantly showed in Caucasian and Asian 
women in comparison to Hispanic and Black women 
[36]. In African-American women L. iners is dominance 
which can be associated with bacterial vaginosis [26, 42, 
43]. Black and Hispanic women displaying polymicrobial 
vaginal microbiota including Prevotella, Gardnerella, 
Atopobium, and Megasphera species.

This variation may be result of genetic factors that 
influence host inflammatory immune response or meta-
bolic pathways [71, 72]. It is also hygiene practices such 
as vaginal douching is distinct in different races, as it is 
reported twice for Black women than Caucasian women 
[71]. Vaginal douching by increasing the bacterial diver-
sity may augment the risk of cervical cancer [36].

Bacterial vaginosis (BV), the most prevalent vaginal 
disorder in reproductive-age women, is a type of dys-
biosis which characterized by imbalance and increased 
microbiota diversity [73]. Vaginal discharge, irritation, 
fishy odor and increasing vaginal pH, often > 4.5, are BV 
symptoms [58, 74]. BV has serious consequences includ-
ing chorioamnitis, spontaneous abortion, preterm deliv-
ery, low birth weight, postpartum, endometritis and 
increased susceptibility to sexually transmitted infections 
[75]. Women with high diversity of vaginal microbiota 
are more prone to acquisition of sexually transmitted 
viral infections including HSV-2, HPV, and HIV [20, 58, 
76, 77]. Alpha-papillomaviruses were more common 
in women with high bacterial diversity than in those 
with Lactobacillus dominant microbiota, according to 
metagenomic project [78–80]. It is demonstrated Prevo-
tella species help to increase diversity and disturb the 
microbiota homeostasis by providing nutrients for other 
BV-associated bacteria [81, 82]. Lee’s study showed a 
plain link between prevotella and HPV infection [83]. It 
is also shown that Sneathia spp. was the most common 
bacteria in women with HPV infection and premalignant 
lesions, whereas Fusobacterium spp. was found to be 
associated with cervical cancer [62, 84–86].

Regard to metabolomic studies, different metabolomic 
profiles were found between HPV-positive and HPV-neg-
ative individuals. Indeed, the increased levels of biogenic 
amines and glycogen-related metabolites were shown in 
CST III and the decreased levels of glutathione, glycogen, 
and phospholipid-related metabolites in CST IV among 
HPV-positive than HPV-negative women [87]. Another 

study was indicated that three lipid molecules includ-
ing, 3-hydroxybutyrate, eicosenoate, and oleate/vaccinate 
were enriched in cervical cancer patients [88].

Due to dysbiosis several hallmarks of cancer includ-
ing barrier disruption, abnormal cellular proliferation, 
genomic instability, angiogenesis, chronic inflammation, 
and dysregulation of metabolism can be induced [26]. 
Oxidative stress due to dysbiosis, generates reactive oxy-
gen species (ROS) which can damage proteins, lipids, and 
can cause double stranded DNA breaks in HPV episome 
and host genome, consequently facilitating HPV genome 
integration and consequently cell transformation [36, 89]. 
It is well-known that E2 viral gene inhibits the expression 
of E6 and E7 oncoproteins. However, after viral genome 
integration, expression of E2 gene is mainly lost result for 
uncontrolled E6 and E7 expression directs to increased 
cellular proliferation and decreased apoptosis [26, 30, 36, 
90]. E7 protein of HPV also induces angiogenesis [91].

Chronic inflammation is another hallmark of cancer. 
Some BV associated bacteria such as Atopobium can acti-
vate the proinflammatory transcription factor nuclear 
factor-kB (NF-kB), tumor necrosis factor α (TNF α), IL-6, 
IL-8, and macrophage inflammatory protein 3α (MIP 3α) 
[92–94]. Furthermore, Other BV-associated bacteria have 
similar proinflammatory profile with increased IL-1α, β 
and Ɣ, IL-8, TNF α and granulocyte–macrophage colony 
stimulating factor (GM-CSF) [30, 95, 96]. Due to inflam-
matory condition that causes the tissue damage, it may 
increase the carcinogenic potential of HPV. In the course 
of DNA damaging, expression of E6 and E7 viral proteins 
inhibit apoptosis and increase abnormalities leading to 
cervical cancer [97].

Fusobacteria (Fusobacterium and Sneathia) and G. 
vaginalis are another BV-associated bacteria which secret 
sialidase enzyme and cause mucus breakdown, conse-
quently predispose the cervical epithelium to viral infec-
tion [83, 98]. Fusobacterium spp. likewise activates the 
WNT signaling pathway by producing its virulence fac-
tor, Fad A. WNT signaling pathway is a crucial survival 
and proliferation pathway which is found in cervical can-
cer [99, 100].

Vaginal microbiome modulation approaches
Novel approaches to modulate vaginal microbiota from 
dysbiotic to optimal Lactobacillus- dominant commu-
nity state could be beneficial and can lead to regress of 
lesions and improve therapeutic efficacy [35]. Current 
approaches for modulating vaginal microbiome include 
probiotics, prebiotics, vaginal microbiota transplantation 
(VMT), and biofilm disruptors [35, 101, 102].

Probiotics are considered as live microorganisms in 
the form of supplements or within a food product that 
when administered in sufficient amounts confer a health 
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benefit to the host [94, 103]. Probiotics include living 
form of some bacteria species such as Bifidobacteria, 
Lactobacillus, and Streptococci species which can modify 
the composition of microbiota, enhance host immune 
response, used as an auxiliary to antibiotics (Metroni-
dazole, Clindamycin) in BV to improve the vaginal flora, 
enhance treatment, and impede recurrence. Metronida-
zole and Clindamycin target the overgrowth of anaer-
obes. Lactobacillus rhamnosus GR-1 in combination 
with Limosilactobacillus reuteri RC-14 increase the Lac-
tobacillus dominant vaginal microbiota prevalence [13, 
36]. Verhoeven and colleagues evaluated the effects of 
probiotics on cytological alterations of the uterine cervix 
and on HPV infection. Fifty one women with HPV + low 
grade squamous intraepithelial lesion were followed for 
six months. Twenty four women (intervention group) 
consumed the Yakult® probiotic that contain L. paraca-
sei daily, and 27 women formed the control group. After 
three months, HPV was cleared in 16% of the subjects 
(25% of probiotic takers and 7.7% of control group). Up 
to six months, HPV was cleared in 19% of control groups 
and 29% of probiotic takers. This study showed that the 
chance of HPV infection clearance was twice as high 
in probiotic takers group than in control group [104]. 
Another study was performed on 117 women with BV 
or vaginitis with concomitant HPV infection, 60 women 
consumed probiotics (capsule of L. rhamnosus BMX 54) 
for three months (group 1) and 57 women consumed 
probiotics for six months (group 2). After the follow up, 
the chance of HPV clearance in group 2 was twice as high 
compared to group 1, hence the clearance of HPV infec-
tion and regression of cytological changes were greater in 
group 2 who used the probiotic for a longer period time 
[105]. In a study, treatment of HPV 16 infected cervical 
cell line with Bifidobacterium adolescentis SPM1005-A 
revealed lower production of mRNA E6 and E7, suggest-
ing that B. adolescentis SPM1005-A may act as a novel 
curative of virally transformed cells [106].

Prebiotics are non-digestible compounds that induce 
the growth or activity of beneficial microorganisms 
which include the fructo-oligosaccharise (FOS) and 
gluco-oligosaccharide (GOS), sugar alcohols, lactulose, 
inulin and raffinose [107]. In Cste et  al. study, the effi-
cacy of an intravaginal prebiotic gel was investigated. It 
is shown that the gel effectively promoted the recovery of 
normal vaginal flora after BV treatment [108]. In a ran-
domized trial intervention on 26 women who were suf-
fering from vaginal infections (control group = 12 and 
treatment group = 14), were selected for the study. Con-
trol group received a standard antifungal treatment and 
treatment group received Konjac glucomannan hydro-
lysates (GMH) in addition to standard antifungal treat-
ment. This study showed a reduction of fungal infections 

in both groups, Lactobacilli spp. counts increased in 
treatment group. Results of study demonstrated the 
recovery of vaginal health microbiota regard to using of 
GMH [109]. Pre- and probiotics seem to be a construc-
tive intervention, particularly in the developing countries 
[110].

Vaginal microbiota transplantation is another treat-
ment option for women with vaginal dysbiosis [111]. 
VMT should be performed using healthy microbiota 
which is separated from healthy donor into the vagina of 
a patient [112]. Because of the potential risks of this pro-
cedure such as transfer of antimicrobial-resistant micro-
organisms, incognito pathogens, and transfer of sperm in 
vaginal fluid which can result in inadvertent pregnancy, 
it is essential that accurate inclusion/exclusion criteria 
and comprehensive testing of donor samples includ-
ing medical assessment, Whiff test, pH measurement, 
microscopic evaluation, and next generation sequencing 
be performed. It is a novel approach under investigating 
intervention and more studies are needed to determine 
the efficacy or adverse effects of VMT [35, 111, 113].

Conclusions
The vaginal microbiota play an important role in the 
acquisition, persistence, and clearance of HPV in the 
human vagina. Dysbiosis in vaginal microbiota can pro-
mote infection with sexually transmitted pathogens. 
Most studies were found that HPV infection can also 
increase the bacterial diversity of vagin in comparison 
to healthy women leading to higher chance of cervi-
cal cancer development. Treatment of vaginal dysbiosis 
can improve female reproductive tract’s health. In the 
future, vaginal probiotics, prebiotics, novel antimicrobi-
als, biofilm disruptors, and microbiome implants could 
be used singly or in combination to restore a healthy local 
microenvironment to the vaginal microbiome to pre-
vent or reduce the vaginal toxic effects of cervical cancer 
treatment. However, further studies in this regard are 
mandatory.
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