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A B S T R A C T   

Gardnerella vaginalis (GV) and Trichomonas vaginalis (TV) infections have been proposed as risk factors for 
persistence or progression of low-grade precancerous cervical lesions (CIN1/L-SIL). However, their role is still 
undefined. We aimed to assess if GV and TV infections affect the risk of persistence/progression of CIN1/L-SIL. 

A retrospective cohort study was performed to assess the risk of CIN1/L-SIL persistence or progression, 
persistence alone and progression alone in patients with GV and/or TV infections (GV + and/or TV+), only GV 
(GV+), only TV (TV+), or GV and TV coinfections compared to patients without these infections. Relative risk 
(RR) with 95 % confidence intervals (CI) was adopted (significant p-value>0.05). 

Two hundred and seventy patients were included. RR for CIN1/L-SIL persistence or progression was 1.63 in 
GV + and/or TV+ (p = 0.02), 1.99 in GV+ (p = 0.0008), 0.25 in TV+ (p = 0.32), 1.78 in coinfection (p = 0.26). 
RR for persistence was 1.55 in GV + and/or TV+ (p = 0.1), 2.179 in GV+ (p = 0.0013), 0.32 in TV+ (p = 0.41), 
0.45 in coinfection (p = 0.55). RR for progression was 1.92 in GV + and/or TV+ (p = 0.22), 1.34 in GV+ (p =
0.68), 1.16 in TV+ (p = 0.91), 8.39 in coinfection (p = 0.0002). 

In conclusion, GV infection may be a risk factor for CIN1/L-SIL persistence. TV infection alone does not 
significantly affect the risk of persistence or progression of such lesions, while it may greatly increase the risk of 
progression when associated with GV infection.   

1. Introduction 

Human papillomavirus (HPV) is the most frequent sexually trans
mitted infection in women, and the most important risk factor for cer
vical cancer [1,2]. Squamous cervical carcinoma arises from 
precancerous lesions termed “cervical intraepithelial neoplasia” (CIN) 
or “squamous intraepithelial lesion” (SIL). These lesions are classified 
into low-grade (CIN1/L-SIL) and high-grade (CIN2− 3/ H-SIL), based on 
the grade of dysplasia [3–7]. While an intervention (i.e. cryotherapy, 
large loop excision of the transformation zone or cold knife conization) 
is necessary for high-grade lesions, a follow-up approach may be 
adopted for low-grade lesions, given their low risk of progression [8,9]. 
Several risk factors may act in the increase the risk of persistence or 

progression of these low-grade lesions [10–13]. Among these, Gardner
ella vaginalis (GV) and Trichomonas vaginalis (TV) infections might play a 
role as risk factors for both HPV infection and progression of low-grade 
cervical precancerous lesions [14–16]. 

GV is an anaerobic bacterium which is involved in bacterial vaginosis 
[17]. It determines a predominance of anaerobic bacteria and a decrease 
in protective vaginal lactobacilli, favoring HPV and other sexually 
transmitted infections [18]. 

TV is a flagellate protozoan of the lower female genital tract that 
induce inflammation and damage in the cervico-vaginal epithelium, 
increasing the risk of HPV persistence and thus cervical cancer [19,20]. 

However, the role of GV and TV infections as risk factor for persis
tence or progression of CIN1/L-SIL is still undefined [20–23,24]. We 
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aimed to assess how GV and TV infections affect the risk persistence or 
progression of CIN1/L-SIL. 

2. Material and methods 

2.1. Study protocol, selection criteria and ethical approval 

The study protocol was a priori defined, and the study was reported 
according to the STROBE guidelines [25]. This study had a single-center 
observational retrospective cohort study design. 

We reviewed clinical records and pathologic archives for consecutive 
patients diagnosed with CIN1/L-SIL from January 1999 to May 2019 at 
the Department of Neuroscience, Reproductive Sciences and Dentistry 
and the Department of Advanced Biomedical Sciences, School of Medi
cine, University of Naples Federico II, Naples, Italy. 

We assessed the risk of progression or persistence of CIN1/L-SIL [26] 
in patients with GV and/or TV infections and patients without these 
infections. 

We excluded: patients with a follow-up lower than 6 months; pa
tients with CIN2− 3/ H-SIL or invasive cervical carcinoma; patients with 
HIV infection; patients who did not provide a written consent for the use 
of their data and biospecimen for research purpose; patients whose 
pathological slides were not available for review. 

Two blinded pathologists (AT, LI) reviewed all pathological slides in 
order to confirm the initial diagnosis. A review at a two-headed micro
scope was performed in the case of disagreements. 

Before the beginning of the study, we obtained approval by the 
Institutional Review Board of the University Federico II of Naples, Italy 
(No.: 226/19). All data were anonymized, and the whole study was 
performed in accordance with the declaration of Helsinki. 

2.2. Study endpoints 

The primary endpoint was a priori established as the risk of persis
tence or progression of CIN1/L-SIL in patients with GV and/or TV in
fections (GV + and/or TV+) compared to patients without these 
infections. 

Secondary endpoints were a priori established as follows:  

• the risk of persistence of CIN1/L-SIL in GV + and/or TV + compared 
to patients without these infections;  

• the risk of progression of CIN1/L-SIL in GV + and/or TV + compared 
to patients without these infections;  

• the risk of persistence or progression of CIN1/L-SIL in patients with 
GV infection (GV+) compared to patients without GV or TV 
infections;  

• the risk of persistence of CIN1/L-SIL in GV + compared to patients 
without GV or TV infections;  

• the risk of progression of CIN1/L-SIL in GV + compared to patients 
without GV or TV infections;  

• the risk of persistence or progression of CIN1/L-SIL in patients with 
TV infection (TV+) compared to patients without GV or TV 
infections;  

• the risk of persistence of CIN1/L-SIL in TV + compared to patients 
without GV or TV infections;  

• the risk of progression of CIN1/L-SIL in TV + compared to patients 
without GV or TV infections;  

• the risk of persistence or progression of CIN1/L-SIL in patients with 
GV and TV coinfection compared to patients without GV or TV 
infections;  

• the risk of persistence of CIN1/L-SIL in patients with GV and TV 
coinfection compared to patients without GV or TV infections;  

• the risk of progression of CIN1/L-SIL in patients with GV and TV 
coinfection compared to patients without GV or TV infections. 

Regression of CIN1/L-SIL was defined as the absence of the lesion at 

cytological or histological specimen after at least 6-month follow-up. 
Persistence of CIN1/L-SIL was defined as the persistence of CIN1/L-SIL 
at cytological or histological specimen after at least 6-month follow- 
up. Progression of CIN1/L-SIL was defined as worsening of lesion to 
CIN2− 3/H-SIL or invasive carcinoma at cytological or histological 
specimen after at least 6-month follow-up. 

2.3. Pathological and microbiological methods 

Cytobrush (Pap-Test) was used to obtain cervical cytological sam
ples, which were put on slides and fixed with a mix of wax and alcohol. 
Wax was then removed through a treatment with ethyl alcohol for 15 
min. The Papanicolau staining was performed by using a Leica ST5020 
automatized stainer. Nuclei were stained with hematoxylin, while 
cytoplasm was stained with OG6 and EA50. 

Histological specimens were obtained by colposcopic biopsy or 
conization. Biopsy specimens were fixed in buffered formalin for 6 h, 
while conization specimens were first sectioned in toto at gross handling 
and then fixed in buffered formalin for 24 h. Formalin-fixed samples 
were dehydrated through an automatized procedure, and they were 
embedded in paraffin the day after. Four μm-thick sections were ob
tained from paraffin-embedded tissue blocks. Routine hematoxylin- 
eosin staining was performed through an automatized procedure. 

The presence of GV and TV was assessed by culture of cervico- 
vaginal swab: GV was assessed by culture in Gardnerella selective agar 
with 5% human blood, while TV was assessed by in-pouch culture test. 

2.4. Statistical analyses 

The risk of persistence or progression of CIN1/L-SIL was assessed by 
relative risk (RR) with 95 % confidence intervals (CI) and significant p- 
value <0.05. MedCalc (MedCalc Software bv, Ostend, Belgium) was 
used for statistical analysis. 

3. Results 

3.1. Study population 

Two hundred and seventy women met the selection criteria and were 
included in the study. Of total, 9% were GV+, 2% TV+, 1% coinfections, 
and 87 % patients without GV or TV infections (Table1). 

One hundred and eighty-eight patients showed CIN1/L-SIL regres
sion, 64 persistence, and 18 progression. Regression was observed in 44 
% of GV+, 50 % of coinfections, 54.3 % of GV + and/or TV+, 55.6 % of 
patients without GV or TV infection. Persistence was observed in 48 % of 
GV+, 0 coinfections, 41.5 % of GV + and/or TV+, 22.1 % of patients 
without GV or TV infection. Progression was observed in 8% of GV+, 50 
% of coinfections, 11.4 % of GV and/or TV+, 6% of patients without GV 
or TV infection. No TV + showed persistence or progression (Table 2). 

Table 1 
Patient characteristics.   

GV+ TV+ Coinfection GV +
and/or 
TV+

No 
infection 

TOTAL 

CIN1 / L- 
SIL, n 
(%) 

25 (9) 6 (2) 4 (1) 35 235 (87) 270 

Age, mean 
years ±
SD 

39.4 
±

11.5 

45.2 
±

14.5 

40.5 ± 16.5 40.2 ±
12.7 

42.9 ±
13.9 

42.5 ±
13.8 

Smoker, n 2 1 2 6 51 56 

GVþ: patients with Gardnerella vaginalis infection. 
TVþ: patients with Trichomonas vaginalis infection. 
GV þ and/or TVþ: patients with Gardnerella and/or Trichomonas vaginalis 
infection. 
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3.2. Study endpoints 

3.2.1. Patients with GV and/or TV infection 
RR for CIN1/L-SIL persistence or progression in GV + and/or TV +

was 1.63 (95 %CI, 1.07–2.46) compared to patients without these in
fections (p = 0.02). 

RR for CIN1/L-SIL persistence in GV + and/or TV + was 1.55 (95 % 
CI, 0.92–2.6) compared to patients without these infections (p = 0.1). 

RR for CIN1/L-SIL progression in GV + and/or TV + was 1.92 (95 % 
CI, 0.67–5.5) compared to patients without these infections (p = 0.22). 

3.2.2. Patients with GV infection 
RR for CIN1/L-SIL persistence or progression in GV + was 1.99 (95 % 

CI, 1.33–2.98) compared to patients without GV or TV infection (p =
0.0008). 

RR for CIN1/L-SIL persistence in GV + was 2.17 (95 %CI, 1.35–3.48) 
compared to patients without GV or TV infection (p = 0.0013). 

RR for CIN1/L-SIL progression in GV + was 1.34 (95 %CI, 0.32–5.57) 
compared to patients without GV or TV infection (p = 0.68). 

3.2.3. Patients with TV infection 
RR for CIN1/L-SIL persistence or progression in TV + was 0.25 (95 % 

CI, 0.02–3.69) compared to patients without GV or TV infection (p =
0.32). 

RR for CIN1/L-SIL persistence in TV + was 0.32 (95 %CI, 0.02–4.69) 
compared to patients without GV or TV infection (p = 0.41). 

RR for CIN1/L-SIL progression in TV + was 1.16 (95 %CI, 0.07–17.6) 
compared to patients without GV or TV infection (p = 0.91). 

3.2.4. Patients with GV and TV coinfection 
RR for CIN1/L-SIL persistence or progression in GV + and TV + was 

1.78 (95 %CI, 0.65–4.84) compared to patients without GV or TV 
infection (p = 0.26). 

RR for CIN1/L-SIL persistence in GV + and TV + was 0.45 (95 %CI, 
0.03–6.3) compared to patients without GV or TV infection (p = 0.55). 

RR for CIN1/L-SIL progression in GV + and TV + was 8.39 (95 %CI, 
2.78–25.31) compared to patients without GV or TV infection (p =
0.0002). 

3.2.5. Synthesis of results 
Results about each study endpoint in each study sub-population are 

summarized in Table 3. 

4. Discussion 

This study showed that GV infection is a significant risk factor for 
CIN1/L-SIL persistence, while GV and TV coinfection is a significant risk 

factor for CIN1/L-SIL progression. In fact, patients with GV infection 
may have a 2-fold increased risk of persistence of low-grade precan
cerous cervical lesion, while patients with GV and TV coinfection may 
have an 8-fold increased risk of progression of such lesions. On the other 
hand, TV infection alone does not appear to significantly affect the risk 
of persistence or progression of precancerous cervical lesions compared 
to women without this infection. 

Several factors have been investigated as risk factors for persistence 
and/or progression of precancerous cervical lesions [27]. In this regard, 
on a hand, some cervico-vaginal infections (e.g. Chlamydia trachomatis 
and Ureaplasma urealyticum) seem to increase the risk of persistence of 
HPV infection; on the other hand, cervical mucosa inflammation related 
to chronic infections may itself favor carcinogenesis [28]. In fact, 
non-specific antimicrobial oxidants as products of inflammation may 
generate an oxidative impairment to host DNA [29]. 

We found GV as risk factor for persistence of cervical precancerous 
lesions. Several mechanisms may support this finding. Firstly, GV 
infection increase the vaginal pH and reduces protective vaginal lacto
bacilli, which have shown to be cytotoxic on cervical tumor cells in vitro 
[30–32]. Secondly, GV infection reduces levels of secretory leukocyte 
protease inhibitor, which is a defensive mechanism against viral in
fections [30,33]. Thirdly, GV infection may alter the protective cervical 
mucosa barrier by increasing the level of mucin-degrading enzymes [34, 
35]. These effects may lead to a delayed HPV infection’s clearance and 
thus to a persistence of precancerous cervical lesions [36,37]. 

On the other hand, also TV infection has shown several mechanisms 
possibly related to bad outcomes of precancerous cervical lesions. In 
particular, it has shown to be able to upregulate macrophage proin
flammatory responses and cell proliferation in vitro, with also changes in 
vaginal epithelium and cervical mucus [38–41]. Moreover, cytotoxic 
substances released during infection, such as cell-detaching factor and 
N-nitrosamines, also may promote epithelial atypia and dysplasia [42]. 
Despite these findings, we found a not-significant effect of TV infection 
on cervical precancerous lesions outcomes. 

Finally, patients with GV and TV coinfection showed the highest RR 
for progression, suggesting a synergic effect of GV and TV in affecting 
CIN1/L-SIL progression. These results seem to indicate that TV infection 
may not be a stand-alone risk factor for persistence or progression of 
cervical precancerous lesions, but that it may greatly enhance the effect 
of other factors, such as GV infection. 

Patients with CIN1/L-SIL and GV infection, and even more with GV 
and TV coinfection, may require a closer follow-up because of the 
significantly higher risk of persistence or progression of cervical pre
cancerous lesions. Furthermore, patients with GV and TV coinfection 
might require treatment due to the 8-fold higher risk of progression; in 
these patients, the possible benefits of treatment need to be evaluated. 

A strength of our study is the exclusion of HIV + patients. In fact, 
these patients might have a higher baseline risk of both vaginal in
fections and CIN1/L-SIL persistence/progression, constituting a serious 
confounding factor. Furthermore, we assessed progression and persis
tence both together and separately, defining the effect of GV and TV 
infection on CIN1/L-SIL more clearly. In fact, we found that GV alone 

Table 2 
Cervical lesions outcomes.   

GV+ TV+ Coinfection GV +
and/or 
TV+

No 
infection 

TOTAL 

Regression, n 
(%) 

11 
(44) 

6 
(100) 

2 (50) 19 
(54.3) 

169 
(71.9) 

188 

Persistence, n 
(%) 

12 
(48) 

0 (0) 0 (0) 12 
(34.3) 

52 
(22.1) 

64 

Progression, n 
(%) 

2 (8) 0 (0) 2 (50) 4 
(11.4) 

14 (6) 18 

Persistence or 
progression, 
n (%) 

14 
(56) 

0 (0) 2 (50) 16 
(45.7) 

66 
(28.1) 

82 

TOTAL 25 6 4 35 235 270 

GVþ: women with Gardnerella vaginalis infection. 
TVþ: women with Trichomonas vaginalis infection. 
GV þ and/or TVþ: women with Gardnerella and/or Trichomonas vaginalis 
infection. 

Table 3 
Relative risk for CIN1/L-SIL persistence/progression in each study sub- 
population.  

STUDY ENDPOINT 
STUDY SUB-POPULATION 

GV+ TV+ Coinfection GV + and/or TV+

Persistence 2.17 0.32 
* 

0.45* 1.55* 

Progression 1.34 
* 

1.16 
* 

8.39 1.92* 

Persistence or progression 1.99 0.25 
* 

1.78* 1.63  

* Not significant p value. 
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increased the risk of persistence but not of progression, while the 
coexistence of TV with GV greatly increased the risk of progression but 
not of persistence. 

However, some limitations affect our results, such as the retrospec
tive design and the low number of patients with TV infections in our 
cohort. 

Further studies are necessary in this field to investigate GV and TV 
infection in affecting precancerous cervical lesions outcomes, as well as 
other risk factors to be integrated in a predictive algorithm of response 
in the future. 

5. Conclusion 

GV infection may be a risk factor for CIN1/L-SIL persistence. TV 
infection alone does not appear to significantly affect the risk of 
persistence or progression of such lesions, while when associated with 
GV infection, it may greatly increase the risk of progression. Patients 
with GV infection, and even more with GV and TV coinfection, may 
require a closer follow-up of CIN1/L-SIL. Future studies are necessary to 
further investigate this field. 
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