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ABSTRACT. We investigated the association between bacterial 
vaginosis (BV) and human papillomavirus (HPV) infection in 
Papanicolaou smears in a Brazilian population. Cross-sectional 
analysis was performed on 673 samples collected from women 
attending public health centers in Olinda (PE, Brazil) by conventional 
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cytology methodology and molecular analysis, PCR tests (GP5+/6+ 
and MY09/11). Cytological abnormalities, BV, and HPV-DNA were 
detected in 23 (3.4%) samples, 189 samples (28.1%), and 210 samples 
(31.2%), respectively. GP5+/6+ primers resulted in higher detection 
performance than MY09/11 primers, with 81% concordance between 
both primers (P < 0.0001). The occurrence of HPV-DNA and BV had 
ORs of 8.59 (P < 0.0001) and 2.91 (P = 0.0089) for abnormal cytology, 
respectively, whereas the concomitant presence of both infections 
showed an OR equal to 3.82 (P = 0.0054). Therefore, we observed an 
association between abnormal cervical cytology and HPV infection, 
BV, or both HPV infection and BV. These results highlight the necessity 
of monitoring patients presenting not only HPV, but also BV, as risk 
factors for cervical lesion development.
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Cervical intraepithelial neoplasia; Cervical cancer 

INTRODUCTION

Cervical cancer is the third most common cancer in women globally, accounting for 
527,624 cases in 2012 and 560,505 new cases are estimated to occur in 2015 (Ferlay et al., 
2010). In Brazil, it is also the third most frequent cancer among women nationally, but in-
creases to the second most frequent in the northeast region (INCA, 2014).

Nowadays, it is very well established that infection with specific human papilloma-
virus (HPV) genotypes can lead to cervical cancer, and more than 95% of cervical cancer 
biopsies present HPV genomes (zur Hausen et al., 2009). The viruses show a tropism for 
cutaneous or mucosal surfaces and can be separated into high- or low-risk types according to 
their oncogenic potential (Stanley, 2010).

Bacterial vaginosis (BV) is characterized by a shift from the protective Lactobacillus 
normally predominant in the vaginal flora to an overgrowth of anaerobic bacteria, including 
Gardnerella vaginalis, Atopobium vaginae, and Mobiluncus and Prevotella species. Meta-
analysis has shown a positive association between BV and cervical HPV infection, and the 
pooled prevalence of BV can be as much as 32% (Gillet et al., 2011, 2012). Therefore, the 
bacterial diversity in HPV-positive women is different and even more complex compared with 
HPV-negative women (Gao et al., 2013).

In this study, we investigated the possible association between BV and HPV infection 
in a Brazilian population (Olinda, PE) based on the cervical abnormalities in Papanicolaou 
(Pap) smears determined by cytopathological and molecular analysis.

MATERIAL AND METHODS

Patient samples

A cross-sectional study was carried out by sampling cervical material in public health cen-
ters in Olinda, PE, Brazil. We recruited patients aged 18-60 years from three familial health units 
over 2 months. The exclusion criteria were as follow: infection with HIV; pregnancy; history of 



9499Molecular analysis and cytological: HPV and cervical BV

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 14 (3): 9497-9505 (2015)

transplant; history of partial or complete uterus removal; and treatment with immunomodulation. 
Cervical samples were obtained during regular gynecological inspection from the ectocervix and 
endocervix using a spatula and cytobrush, respectively. The material was transferred to a glass slide 
with a frosted end, and fixed in alcohol until required for the staining process of the Pap test. A total 
of 673 cervical samples were included in the present study after unsatisfactory samples had been 
excluded. Exclusion criteria were: lack of patient identification; broken blades; well-preserved 
squamous epithelial cells covering less than 10% of the blade; presence of blood or inflammatory 
exudates; thick areas; poor fixation; artifacts; contamination; and all other parameters that could 
hamper the interpretation of the sample. The Health Science Center Committee of the Universidade 
Federal de Pernambuco approved this research under the code CEP/CCS/UFPE 275/08. This study 
was conducted in accordance with the Declaration of Helsinki (1964) and the experiments were 
performed after collecting a signed informed consent declaration from each subject.

Cytological analysis

Cervical sample slides were transported and maintained in absolute ethanol until stain-
ing for conventional cytopathology (Shambayati, 2011). The results were categorized using the 
Bethesda system of nomenclature (Solomon and Nayar, 2004), as follows: negative for intraepi-
thelial lesion or malignancy; atypical squamous cells of undetermined significance; and low- and 
high-grade squamous intraepithelial lesions. According to the Bethesda system nomenclature, 
the presence of small coccobacilli coating the surface of squamous cells (clue cells) besides the 
absence of lactobacillus were indicative of flora alteration and therefore suggestive of BV. The fi-
nal cytological diagnoses were confirmed by the consensus of two independent cytopathologists.

HPV molecular analysis

Cervical cytobrushes were transported in phosphate-buffered saline and maintained at 
4°C prior to DNA extraction using a Wizard Genomic Kit (Promega, Madison, WI, USA), fol-
lowing the manufacturer instructions. Eluted DNA was stored at -20°C until required for HPV-
DNA identification, performed by polymerase chain reaction (PCR) using a GoTaq Green 
Master Mix (Promega, Madison, WI, USA), according to the manufacturer instructions. Two 
consensus primers were used for HPV-DNA amplification: GP5+/6+ (de Roda Husman et al., 
1995) and MY09/11 (Manos et al., 1989). pBR322/HPV16 was used as a positive control and 
ultrapure water was used as a negative control. The β-actin housekeeping gene was used as 
a reporter to ensure the quality of DNA extraction, amplifying a region of 268 bp (forward: 
5'-AGC GGG AAA TCG TGC GTG-3' and reverse: 5'-GGT GAT GAC CTG GCC GTC-3'). 
PCR conditions were as follows: initial denaturation at 95°C for 2 min, followed by 40 cycles 
of denaturation at 95°C for 1 min, annealing at 62°C for 1 min, and extension at 72°C for 1 
min. The final extension step was performed at 72°C for 5 min. Amplification results were 
observed on 1% agarose gel stained with ethidium bromide (10 mg/mL). All tests were per-
formed twice and samples were confirmed as positive for HPV-DNA after at least two positive 
amplifications of GP5+/6+ or MY09/11.

Statistical analysis

Data were analyzed using the Prism statistical software (Version 6.0) calculating the 
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crude ORs and 95%CIs by the chi-square test. Chi-square was considered to be statistically sig-
nificant when P < 0.05. The concordance between results obtained with the two consensus primer 
sets was assessed by kappa statistics (κ) with 95%CIs using the BioEstat software (version 5.3).

RESULTS

A total of 23 samples (3.4%) presented cytological abnormalities and BV was de-
tected in 189 samples (28.1%) (Table 1). HPV-DNA was detected in 210 patients (31.2%) 
by PCR using consensus primers, as shown in Figure 1. The GP5+/6+ primers presented bet-
ter performance than MY09/11. One-hundred and seventy of 210 (80.1%) infected women 
were detected by GP5+/6+, whereas only 123 (58.6%) of the same women were detected by 
MY09/11. The sensitivity for detecting HPV infections was 80.95% and 58.57% for GP5+/6+ 
and MY09/11, respectively (P < 0.0001). The kappa statistics revealed 81% concordance be-
tween both primer systems (P < 0.0001).

Figure 1. GP5+/6+ primers presented better performance than MY09/11. One-hundred and seventy of 210 
(80.1%) infected women were detected by GP5+/6+, whereas only 123 (58.6%) of the same women were detected 
by MY09/11. The sensitivity for detecting HPV infections was 80.95 and 58.57% for GP5+/6+ and MY09/11, 
respectively (P < 0.0001). The kappa statistics revealed 81% concordance between both primer systems (P < 
0.0001).

Age group	 Bacterial		  Abnormal		                 HPV-DNA identification by consensus primers	 HPV-DNA
(Year)	 vaginosis 		  cytology					     Total
	 [N (%)]
	 	 ASC-US	 LSIL	 HSIL	 GP5+/GP6+	 MY09/MY11	 GP5+/GP6+ and	
							       MY09/MY11

≤30	   79 (41.80)	 3 (75)	 10 (90.9)	 2 (25)	    70 (41.18)	 55 (44.72)	 43 (51.80)	   82 (39.05)
>30	 110 (58.20)	 1 (25)	 1 (9.1)	 6 (75)	  100 (58.82)	 68 (55.28)	 40 (48.20)	 128 (60.95)
Total	 189	 4	 11	 8	 170	 123	 83	 210

ASC-US = atypical squamous cells of undetermined significance; LSIL = low grade squamous intraepithelial lesion; 
and HSIL = high grade squamous intraepithelial lesion.

Table 1. Occurrence of BV, abnormal cytology, and HPV DNA in the samples collected from 673 women.

HPV-DNA and BV were more frequent in women older than 30 years, but the differ-
ence compared with younger women was not statistically significant. Similarly, no statistical 
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significance (P = 0.137) was found when patients with BV and HPV-DNA present (N = 67) 
were compared with those with BV and without HPV-DNA (N = 122), despite women with 
BV showing a 32% higher chance of presenting HPV infection.

Presence of HPV and BV had ORs of 8.59 (P < 0.0001) and 2.91 (P = 0.0089) for 
abnormal cytology, respectively (Table 2), (Figure 2).

Figure 2: A. Slide showing cervical clue cells indicating bacterial vaginosis; B. dyskaryosis, characterizing low-
grade squamous intraepithelial lesion (LSIL), observed using Pap staining (bar = 10 mm).

	                                              Cytology		  ORa	 P value

	 Abnormal (%)	 Normal (%)		

HPV-DNA				  
   Positive	 18 (2.67)	 192 (28.52)	  8.59 (3.14 to 23.47)b 	 <0.0001
   Negative	   5 (0.74)	 458 (68.05)	 1 (Reference)	
BV				  
   Presence	 12 (1.78)	 177 (26.30)	 2.91 (1.26 to 6.72)b	      0.0089
   Absence	 11 (1.63)	  473 (70.28)	 1 (Reference)	
Lower genital tract infection				  
   HPV+ and BV presence	 11 (1.63)	   56 (8.32)	  3.82 (1.41 to 10.35)b	    0.0054
   HPV+ and BV absence	   7 (1.04)	 136 (20.2)	 1 (Reference)	
aOdds ratio (probability), b95% confidence interval.

Table 2. Relationship of the cytology analysis, BV, HPV DNA (molecular analysis), and infection caused by 
these both procedures among samples collected from 673 women.

Furthermore, the concomitant presence of HPV and BV infection was related to cyto-
logical abnormalities (OR = 3.82; P = 0.0054).

DISCUSSION

Susceptibility to HPV infection and impaired immune capacity may lead to infec-
tions arising from disturbances in the vaginal ecosystem and the mechanisms that protect 
against infections and diseases. BV may cause damage to the vaginal epithelium by degrad-
ing the cervical mucus with proteases and changing the physicochemical and immunological 
environment of the vaginal niche, allowing the entry of pathogens (Rodriguez-Cerdeira et al, 
2012). The role of G. vaginalis, Mobiluncus, and other anaerobic microorganisms involved 
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in the process of BV could be linked to an inhibition of neutrophil chemotaxis arising from 
the effects of succinic and acetic acids produced in anaerobic conditions. These acids may be 
important virulence factors, altering the chemotactic properties of the neutrophil or monocyte 
surface (Al-Mushrif et al., 2000) and influencing HPV infection.

The presence of “clue cells” suggestive of BV in samples included in this study was 
slightly higher than the range (14-25.6%) reported by some Brazilian studies (Taborda et al., 
2000; Buffon et al., 2006), probably due to age heterogeneity, geographical location, and so-
cio-economic and cultural exchanges between the populations under investigation.

The frequency of HPV infection can vary according to geographical, physical, and 
methodological factors, as well as sample type. Our study revealed a similar percentage of 
HPV-DNA to studies performed in Slovenia and West Africa (Jenko et al., 2011; Piras et al., 
2011). However, a higher percentage of HPV was observed in North Sardinia, Italy (35.9%); 
Madrid, Spain (43.2%); France (45.3%); Rio Grande do Norte, Brazil (48%); Kuwait (51%); 
and Texas, USA (63%) (Pannier-Stockman et al., 2008; Fernandes et al., 2009; Al-Awadhi 
et al., 2011; Martín et al., 2011; Piana et al., 2011; Shen-Gunther and Yu, 2011). In contrast, 
a lower percentage of infection was found in studies in Sweden (7%) and Albania (15.1%) 
(Naucler et al., 2009; Filipi et al., 2010). These studies enrolled patient numbers varying from 
90 to 2400, which may have influenced the overall values.

Two peaks of HPV infection can be observed in the female population: at the begin-
ning of sexual age (around 23 years old); and in the middle of mature sexual age (between 30 
and 45 years old) (Franco and Cuzick, 2008). In our study, positive results from the molecular 
test were more frequent among women over 30 years old, although no statistical significance 
was found. However, women under 30 years showed a higher percentage of cervical injury, 
which disagreed with the report describing a higher rate in patients aged over 34 years (Fer-
nandes et al., 2009).

The combination of cytological analysis and HPV molecular testing could improve 
the quality of cervical screening, mainly in women older than 30 years, in whom the infec-
tion is less likely to be of a transient nature than in younger women (Franco and Cuzick, 
2008). Studies demonstrate that the incorporation of testing for HPV into a screening survey 
for cervical cancer could reduce its incidence (Ronco et al., 2010) by earlier identification 
of women at high risk of this cancer (Katki et al., 2011). An HPV test is also accepted as an 
adjunct to cytology in primary screening for women aged 30 years or older on the basis of re-
sults from cohort studies (Naucler et al., 2009; Said et al., 2009; Selva et al., 2009; Filipi et al., 
2010; Uusküla et al., 2010 ). In our study, the concordance level for cytological and molecular 
tests was very low compared with other studies that found up to 68% correlation (Selva et al., 
2009; Martín et al., 2011). However, these differences could be related to the efficiency of the 
different methodologies used to identify HPV in different regions of the world.

In this field, our study evaluated two primer sets that showed good concordance, as 
observed by other authors (Camargo et al., 2011). However, GP5+/6+ was more efficient for 
HPV detection than MY09/11 in our population, in contrast to previous reports (Qu et al., 
1997; Husnjak et al., 2000; Depuydt et al., 2007). This difference could have arisen because 
MY09/11 was designed as a degenerate primer for a conserved region of the L1 open reading 
frame from HPV6, HPV11, HPV16, HPV18, and HPV33 (Manos et al., 1989), which could 
have reduced the level of sensitivity. Otherwise, GP5+/6+ is assumed to be more capable 
of identifying HPV-DNA of different genotypes; it matches strongly with HPV16, but it is 
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also sensitive to other genotypes such as HPV6, HPV11, HPV18, HPV30, HPV31, HPV33, 
HPV35, HPV39, HPV45, HPV51, HPV55, HPV59, and HPV66 (Snijders et al., 1990; de 
Roda Husman et al., 1995). Some authors combined the consensus primers in nested PCR, 
using the novel PGMY/GP+ primer set combination (Fuessel Haws et al., 2004), and modified 
the MY11/GP6+ PCR-based reverse-blot assay (Lin et al., 2008).

The present study showed the association between BV and HPV infection in the de-
velopment of cervical lesions, in agreement with previous publications (Klomp et al., 2008; 
Gillet et al., 2011, 2012). In conclusion, our data indicate the relevance of taking into account 
BV and HPV presence for cervical cancer prevention. Further analysis should be performed to 
establish the role of specific HPV genotypes in this association. 
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