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Introduction: High-risk human papillomaviruses (HR-HPVs) are known to

contribute to cervical cancer (CC), but the role of Epstein-Barr virus (EBV) in

this process remains unclear, despite EBV’s widespread detection in

premalignant and malignant cervical tissues.

Methods: In this cross-sectional study of 258 cervical samples, including both

formalin-fixed paraffin-embedded (FFPE) and fresh cervical tissues, the presence

and viral load of HR-HPVs (HPV-16 and HPV-18) and EBV were evaluated in

Iranian women with cervical intraepithelial neoplasia (CIN), squamous cell

carcinoma (SCC), and a cervicitis control group using real-time PCR.

Results: The study revealed a significant correlation between disease severity and

both increased HPV-16 positivity and HPV-16 and HPV-18 co-infection

(p<0.001). Interestingly, the control group had a higher frequency of EBV-

positive cases than SCC/CIN groups (p<0.001). HPV-16 DNA load increased

with disease severity (P<0.001), while HPV-18 showed no significant difference

(P=0.058). The control group had a higher EBV DNA load compared to SCC/CIN

groups (P=0.033). HPV-16 increased the risk of CIN II, CIN III, and SCC, while

HPV-18 increased the risk of CIN II and CIN III. Notably, EBV was associated with

a lower risk of CIN groups and SCC.

Conclusions: No significant difference in EBV co-infection with HPV-16/18 was

found, failing to support the hypothesis that EBV is a cofactor in CC. However,
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high EBV viral load in the control group suggests a potential “hit and run

hypothesis” role in CC progression. This hypothesis suggests that EBV may

contribute briefly to the initiation of CC with an initial impact but then

becomes less actively involved in its ongoing progression.
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1 Introduction

Cervical cancer (CC) ranks as the third most frequently

diagnosed cancer and the fourth leading cause of cancer-related

deaths in women globally (1). According to the 2020 CC report by

the World Health Organization (WHO), there were approximately

604,127 diagnosed cases and 341,831 deaths worldwide. Among

these, Iran accounted for 1,056 diagnosed cases and 644 deaths (1).

The strong link between high-risk human papillomaviruses (HR-

HPVs) and CC is widely acknowledged (2). High-risk oncogenic

HPV types, specifically HPV 16 and HPV 18, account for a large

majority (99.7%) of both low-grade cervical intraepithelial neoplasia

(CIN-I) and high-grade (CIN-II/III) cervical lesions, highlighting

their substantial involvement in the development of CC (3–7).

Prospective population-based studies confirmed that HPV-16 is the

most oncogenic type worldwide. In addition, other carcinogenic HPV

types, such as HPV-18, 31, 33, 45, 52, and 58 appear to be associated

with CC and other cancers in both gender (8, 9). Hence, the licensed

nonavalent HPV vaccine should be used in individuals aged 9 to 45

years to prevent HPV associated cancers. In Iran, the standard CC

screening system is based on American College of Obstetricians and

Gynecologists (ACOG) guideline. This guideline recommends no CC

screening for women younger than 21 years of age, cytology-based

Pap smear screening every 3 years for women 21 to 29 years of age

and co-testing with cytology and an HPV molecular detection assay

every 5 years for women 30 to 65. Screening is no longer

recommended in post-hysterectomy patients and after 65 years of

age if the woman has a history of adequate screening (10). In

addition, colposcopic follow-up is recommended for women with

low-grade squamous intraepithelial lesion (LSIL), high-grade

squamous intraepithelial lesion (HSIL) or atypical squamous cells

of undetermined significance (ASCUS) and a positive HPV test.

Moreover, in women with normal Pap smear but positive HR-HPV

test colposcopy should be considered (11).

Since 1976, it has been widely acknowledged that HPV

infections in the cervix are commonly linked to intraepithelial

neoplasia and the development of various histological variants of

invasive squamous cell carcinomas (SCC), including large-cell

keratinizing, large-cell non-keratinizing, and small-cell carcinoma

(12). The overexpression of HR-HPV E6 and E7 oncoproteins in

cervical epithelial cells plays a pivotal role in the development of
02
cancer (13). These oncoproteins specifically interact with tumor

suppressor proteins p53 and pRB, leading to the evasion of

apoptosis and disruption of the cell cycle, respectively (14, 15).

The persistent expression of these viral oncoproteins in HPV-

infected cells leads to the accumulation of genetic alterations and

the transformation of normal cervical epithelial cells into malignant

cell (16). Understanding their function has informed the

development of vaccines and screening methods for CC

prevention (17, 18). However, it should be noted that HR-HPV

infection alone is not sufficient to cause CC, as LSIL often regress to

normal or ASCUS (19, 20). Out of all LSIL cases, only 3.6% progress

to HSIL (21). Interestingly, approximately half of the LSIL cases

associated with HPV16 or HPV18 exhibit regression (20).

Therefore, the progression of cervical lesions requires the

involvement of other factors, including virus specific (e.g.,

integration) (22, 23) host-related and environmental elements

(e.g., genetic and epigenetic alteration of cellular genes, smoking,

oral contraceptives, early age of pregnancy, and multiparity) (22,

24–26). In this regard, the role of additional viral infections in the

progression of CC remains unclear (27, 28). Studies have reported a

synergistic effect of carcinogenic factors, where in multiple viruses

interact at various stages of tumor development (12, 29).

Epstein-Barr virus (EBV), a common human gamma

herpesvirus that is well-known for causing mononucleosis (12), is

capable of inducing cellular transformation in cells expressing the

EBV/C3d receptor (30). This receptor is present in both ecto-

cervical and endo-cervical biopsies of the cervix, making the cells

more susceptible to other carcinogenic factors. These discoveries

indicate that EBV could potentially act as a “helper” in the

progression of CC, playing a role in its advancement (30, 31). It

can be transmitted sexually (32) and has the ability to replicate in

cervical cells (33). Additionally, chronic cervicitis may contribute to

the facilitation of EBV infection (34). EBV infection is widespread

in the population (35) and has been associated with various

lymphocytic and epithelial cancers, including Burkitt’s lymphoma,

Hodgkin’s lymphoma, T cell lymphoma, nasopharyngeal

carcinoma (NPC), and gastric adenocarcinoma (12). In addition,

EBV has been implicated in extranodal NK/T cell lymphoma, nasal

type, and diffuse large B cell lymphoma (36).

One of the key factors involved in EBV’s association with CC is

the expression of Epstein-Barr virus-encoded small RNA (EBER), a
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non-coding RNA molecule produced by the virus. In CC, EBERs

have been found to be present in both tumor cells and adjacent non-

tumor cells. Their presence has been associated with more advanced

stages of CC and poorer prognosis (29, 37).

The co-infection of HR-HPV and EBV in cervical tissues has

been observed in numerous studies (12, 29, 38), while early reports

have been inconsistent in reporting this association (39, 40). It is

important to ascertain whether EBV plays a causal role in the

development of CC or if it is merely an incidental presence, as this

has significant clinical implications (41).

Previous studies have shown that HPV-16 and HPV-18 viral load

values are valuable indicators for predicting CC progression (42, 43).

However, research on EBV viral load in cervical samples and its

association with CC is limited (3). Most previous studies on EBV used

qualitative methods and did not quantify viral copy number per cell.

Therefore, this study is the first to examine the co-infection of HPV-

16, HPV-18, and EBV in cervical lesions among Iranian women and

evaluate positive samples in terms of viral copy number per cell.
2 Materials and methods

2.1 Study population and
specimen collection

The present cross-sectional study analyzed a total of 258 cervical

samples, including 204 formalin‐fixed paraffin‐embedded (FFPE)

and 54 fresh cervical tissues. The FFPE samples DNA were

obtained from the Genome Bank of Department of Microbiology

and Biotechnology affiliated to Babol University of Medical Sciences,

which was linked to a previous research project identified by code

9909538 All FFPE samples were fixed in 10% neutral buffered

formalin that minimizes DNA fragmentation and decreases false

negative results. Furthermore, fresh tissues were collected from

patients who attended the colposcopy clinic of Ayatollah Rouhani

Hospital in Babol, Iran, between 2019 and 2021 by consecutive

sampling. Indication criteria for cervical biopsy was according to

ACOG guidelines (10). The Fresh samples were promptly submerged

in tubes containing RNAlater solution and stored at -20 °C until

analysis. The classification of various histological subtypes of the

cervix, including CIN I, II, III, and SCC, was performed by the

pathologist using the classification system for tumors of the female

genital tract provided by the WHO (44). Patient medical records and

anthropometric data were obtained for this study. The research

received approval from the local ethics committee at Babol

University of Medical Sciences in Babol, Iran, under the ethical

number IR.MUBABOL.REC.1399.071. Written informed consent

was obtained from all patients involved in the study.
2.2 DNA extraction

The current study utilized FFPE DNA samples obtained from the

Genome Bank of Department of Microbiology and Biotechnology

affiliated to Babol University of Medical Sciences. Additionally, DNA
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was extracted from fresh tissue samples using the FavorPrep™ tissue

genomic DNA extraction mini kit (Yekta Tajhiz Azma Inc., Tehran,

Iran) following the instructions provided by the manufacturer. DNA

extracted from the CaSki, HeLa, and B95-8 cell lines was employed as

positive controls for HPV-16, HPV-18, and EBV, respectively. The

extracted DNAwas evaluated for both its quantity and quality using a

NanoDrop spectrophotometer (Thermo Scientific, Wilmington,

USA) at the end of the extraction process.
2.3 Detection and quantitation of HR-HPV
and EBV DNA using real-time PCR assays

The real-time PCR method was used to detect and measure the

amount of HPV-16 E6, HPV-18 E7, and EBV EBER DNA. The viral

load of target genes was assessed by dividing the viral DNA copy

number by half of the copy number of the RNase P gene,

considering that each diploid cell contains two copies of the

RNase P gene. Recombinant plasmids, containing the target gene

sequences of HPV-16 E6, HPV-18 E7, and EBV EBER, along with

the conserved region of the RNase-P cellular gene (Internal control),

were prepared as real-time PCR standards based on previous studies

(45, 46). According to a previously established protocol,

quantitative real-time PCR was performed using a Rotor-Gene®

Q real-time PCR system (QIAGEN GmbH, Hilden, Germany). The

PCR was conducted with specific primer sets and a TaqMan probe

designed for target genes, as well as the human RNase P gene (47).

Each reaction was prepared with a total volume of 25 ml, consisting
of 200 ng of purified DNA, 12.5 µl of Add-Probe Taq Master 2x

(Addbio, South Korea), 0.3 mM of each primer, and 0.2 mM of

TaqMan probe (Metabion, Bayern, Germany). The real-time PCR

cycling conditions for HPV-16 E6, EBV EBER, and RNase P were as

follows: initial denaturation at 95°C for 3 min, followed by 40 cycles

of denaturation at 95°C for 15 s and annealing/extension at 60°C for

30 s (for HPV-16 E6 and RNase P), and 20 s for EBV EBER. For

HPV-18 E7, the thermal cycles included initial denaturation at 95°C

for 3 min, followed by 40 cycles of denaturation at 95°C for 10 s,

annealing at 54.5°C for 45 s, and extension at 72°C for 45 s. To

generate standard curves, real-time PCR was performed on a 10-

fold dilution series of recombinant purified plasmids containing the

target genes and the internal control gene. The dilution series

ranged from 13 × 102 to 13 × 106 copies/ml.
2.4 Statistical analysis

The statistical analysis was conducted using SPSS Version 23

(SPSS Inc., Chicago, IL, USA). Differences in proportions between

categorical variables were analyzed using the chi-square or

Fisher’s exact test. The non-parametric statistical test of

Kruskal-Wallis was applied to analyze continuous variables.

Additionally, the odds ratio (OR) and the corresponding 95%

Confidence Interval (CI) were estimated using a Bayesian logistic

regression model. P values less than 0.05 were considered

statistically significant in all analyses.
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3 Results

The current cross-sectional study involved the analysis of 258

cervical samples, including 204 FFPE tissues and 54 fresh cervical

tissues. Histopathological examination resulted in the classification

of the 54 fresh cervical tissues into distinct groups, which included a

control group comprising 39 (72.2%) cases of cervicitis, 4 (7.4%)

cases of CIN I, 6 (11.1%) cases of CIN II, 4 (7.4%) cases of CIN III,

and 1 (1.9%) case of SCC. Similarly, the 204 FFPE cervical tissues

were categorized into specific groups, consisting of a control group

with 102 (50%) cases of cervicitis, 22 (10.8%) cases of CIN I, 23

(11.3%) cases of CIN II, 32 (15.7%) cases of CIN III, and 25 (12.3%)

cases of SCC. The patients’ mean age was 40.01 ± 11.19 years,

ranging from 16 to 90 years. The patients’ mean age ± standard

deviation (SD) and age range in different types of cervical injuries

were as follows: patients with chronic cervicitis (44.16 ± 12.77) (age

range:21 to 77 years), cases of CIN I (36.59 ± 10.31) (age range:21 to

61 years), CIN II (31.96 ± 6.36) (age range:16 to 42 years), CIN III

(40.69 ± 14.27) (age range:23 to 90 years) and SCC (49.28 ± 14.18)

(age range:25 to 75 years). There was a significant difference in the

mean age among all the pathological groups (p<0.001).

Additionally, pairwise comparison of the groups, using

Bonferroni’s post hoc test, revealed significant differences in

patients’ ages between the CIN II and control group (p-value <

0.001), CIN I and SCC group (p-value = 0.009), and CIN II and SCC

groups (p-value < 0.001).

In the current study, the frequencies of HPV-16, HPV-18, and

EBV-positive cases in different pathological groups were examined

using real-time PCR tests, and the results are summarized in

Table 1. The results demonstrated a significant correlation
Frontiers in Oncology 04
between disease severity and an increased prevalence of HPV-16

positivity (p<0.001). However, the percentages of HPV-18 positive

cases did not differ significantly among the groups (p=0.065).

Conversely, the control group exhibited a significantly higher

prevalence of EBV-positive cases compared to the other groups,

indicating the highest incidence of EBV in chronic cervicitis

(p<0.001). On the other hand, no significant differences were

observed in the rates of co-infection between EBV and HPV-16

(p=0.212) or EBV and HPV-18 (p=0.616) among the groups, and

no triple infections of HPV-16, HPV-18, and EBV were detected in

the cervical samples. Notably, a significant association was found

between HPV-16 and HPV-18 co-infection patterns (p<0.001),

indicating an increase in prevalence with disease severity.

Using a known single-copy gene, human RNase P, the DNA

load of HPV-16, HPV-18, and EBV was normalized as the viral

copy number per cell. In HPV-16 positive samples, control group

exhibited a significantly lower mean HPV-16 copy number (0.21 ±

0.53 copies/cell) compared to CIN I (4.78 ± 4.13 copies/cell, P =

0.001), CIN II (3.24 ± 3.4 copies/cell, P = 0.003), CIN III (10.01 ±

13.54 copies/cell, P = 0.001), and the SCC samples (19.28 ± 25.3

copies/cell, P < 0.001) (Figure 1A). Regarding HPV-18, the mean

copy numbers in SCC, CIN I, CIN II, CIN III, and the control group

were 28.76 ± 65.4, 1.88 ± 2.36, 10.16 ± 15.42, 28.71 ± 29.31, and

1.9 ± 2.78 copies/cell, respectively. No statistically significant

difference was observed in HPV-18 copy numbers among the

groups (P = 0.058) (Figure 1B), except for a significant difference

between the control group and the CIN-III (P = 0.013) and SCC

groups (P = 0.013). On the other hand, EBV positive samples

exhibited a higher mean copy number in the control group (16.05 ±

17.96 copies/cell) compared to SCC (2.09 ± 4.47 copies/cell), CIN I/
TABLE 1 Prevalence of HR-HPV types and EBV in different histopathological groups of cervical disease.

Histopathological Groups

Virus SCC CIN III CIN II CIN I Chronic Cervicitis p-value

HPV-16 Positive 19 (73.07%) 25 (69.45%) 15 (51.72%) 9 (34.61%) 28 (19.85%)
<0.001*

HPV-16 Negative 7 (26.93%) 11 (30.55%) 14 (48.28%) 17 (65.39%) 113 (19.85%)

HPV-18 Positive 6 (23.07%) 11 (30.55%) 10 (34.48%) 7 (26.92%) 21 (14.89%)
0.065

HPV-18 Negative 20 (76.93%) 25 (69.45%) 19 (65.52%) 19 (73.08%) 120 (85.11%)

EBV Positive 5 (19.23%) 3 (8.34%) 0 (0%) 2 (7.96%) 68 (48.22%)
<0.001*

EBV Negative 21 (80.77%) 33 (91.66%) 29 (100%) 24 (92.31%) 73 (51.78%)

HPV-16 and
HPV-18
Positive

3
(11.53%)

8
(22.23%)

4
(13.79%)

1
(3.84%)

4
(2.83%)

0.001*
HPV-16 and
HPV-18
Negative

23 (88.47%) 28 (77.77%) 25 (86.21%) 25 (96.16%) 137 (97.17%)

HPV-16 and EBV
Positive

3 (11.53%) 0 (0%) 0 (0%) 0 (0%) 18 (12.76%)
0.212

HPV-16 and EBV Negative 23 (88.47%) 36 (100%) 29 (100%) 26 (100%) 123 (87.24%)

HPV-18 and EBV Positive 2 (7.69%) 3 (8.34%) 0 (0%) 1 (3.84%) 8 (5.67%)
0.616

HPV-18 and EBV Negative 24 (92.31%) 33 (91.66%) 29 (100%) 2529 (96.16%) 133 (94.33%)
fro
* means statistically significant.
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II (1.93 ± 1.29 copies/cell), and CIN III (1.92 ± 0.55 copies/cell)

samples, indicating a statistically significant difference (P =

0.033) (Figure 1C).

In this study, Bayesian logistic regression was used to estimate

the association between HPV-16, HPV-18, and EBV infections and

the risk of CC development at different stages. The odds ratios (OR)

for each infection are presented in Table 2. The results revealed that

HPV-16 infection significantly increased the likelihood of
Frontiers in Oncology 05
developing CIN II (OR=5.54), CIN III (OR=10.21), and SCC

(OR=10.62) compared to the control group. HPV-18 infection

was also associated with a higher risk of CIN II (OR=4.51) and

CIN III (OR=3.55). Interestingly, EBV infection showed a

statistically significant reduction in the risk of developing CIN I,

CIN II, CIN III, and SCC (p ≤ 0.001).
4 Discussion

The long interval between HR-HPV infection and CC

development suggests the involvement of other etiologic agents in

malignancy progression. In light of this, our study aimed to explore

the potential role of EBV in conjunction with HR-HPV types 16 and

18 co-infections among Iranian women with cervical disease.

Understanding the interplay of these viral co-infections could

provide crucial insights into the complex pathogenesis of CC in

this population.

This study indicated a strong correlation between disease

severity and both increased HPV-16 positivity and HPV-16 and

HPV-18 co-infection. These results are consistent with previous

studies showing that HPV-16 is the most prevalent HR-HPV type

associated with CC. For instance, investigations by Smith et al. (48)

in Australia and a meta-analysis by Zhang et al. (49) involving

multiple studies worldwide consistently reported a significant

association between HPV-16 infection and CC development.

These findings collectively reinforce the notion that HPV-16 plays

a prominent role in the pathogenes is of CC across

diverse populations.

Unlike HPV-16, the prevalence of HPV-18 did not vary

significantly among different pathological groups in this study,

similar to previous research conducted in Iran (50). HPV-18,

another HR-HPV type, exhibited a relatively consistent prevalence

across CIN and SCC cases, suggesting that its contribution to disease

severity may be less pronounced compared to HPV-16. However, it

should be noted that the sample size for HPV-18 positive cases was

relatively small, which may have affected the statistical power to

detect significant differences. Studies have reported conflicting

findings on the association between HPV-18 and cervical disease

(51–53), indicating population variability and the need for

further investigation.

In contrast to HR-HPVs, EBV exhibited a lower prevalence in

pre-malignant/malignant samples. The control group showed a

higher incidence of EBV-positive cases (48.22%) compared to the

SCC (19.23%) and CIN groups (ranging from 0-8.34%). This

finding suggests a potential protective effect of EBV against the

development of cervical disease. In contrast, other studies have

reported findings supporting a potential association between EBV

and CC. For instance, a study by Joharinia et al. (54) conducted in

the Southwest of Iran reported an elevated frequency of EBV

infection in HISL than LSIL and suggested EBV as an enhancing

factor in disease progression. Similarly, studies conducted in other

populations, such as studies by Landers et al. (55) and Sasagawa

et al. (37), have reported a higher prevalence of EBV in CC cases

compared to controls, supporting a potential role of EBV in disease

development. The discrepancy between this study and previous
B

C

A

FIGURE 1

The mean viral loads of HPV-16 (A), HPV-18 (B), and EBV (C) in
different histopathological groups (copies/cell). The P-value was
determined by the Kruskal-Wallis test.
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studies may be attributed to variations in study designs, sample

sizes, and detection methods.

Also, this study did not find a significant association between

HPV-16/18 and EBV co-infection, indicating that EBV may not act

as a cofactor in CC development. Further follow-up of patients with

chronic cervicitis, specifically regarding the co-infection of EBV and

HPV16/18, is crucial to gain more precise insights. Studies indicate

that EBV infection raises the risk of HPV-16 genome integration,

potentially contributing to CC development (38, 56). Moreover, in

samples positive for both EBV and HPV, there is an increased

methylation of the RB1 and E-cadherin (CDH1) gene promoters

compared to tumors that are negative for EBV but positive for HPV.

Methylation of these genes may play a role in the development of

CC (57). Differences in EBV and HPV genotypes across populations

could also contribute to variable results. More research is needed to

clarify the roles of EBV and specific HPV genotypes in CC

development. However, no triple infections of HPV-16, HPV-18,

and EBV were detected, limiting insights into their interaction.

Larger studies are necessary to understand the relationship between

these viruses in cervical disease.

Also, logistic regression analysis confirmed the prevalence findings,

with HPV-16 infection significantly increasing the risk of CIN II, CIN

III, and SCC, and HPV-18 infection associated with a higher risk of

CIN II and CIN III. Conversely, EBV infection was found to

significantly reduce the risk of CIN groups and SCC. These results

suggest that HPV-16 plays a prominent role in disease progression,

while EBVmay have a protective effect against the development of CC.

In this study, Quantitative Real-Time PCR was utilized to quantify

the copy numbers per cell of HPV-16, HPV-18, and EBV in non-

cancerous control group, pre-malignant, and malignant cervical

samples. Previous research has suggested that the viral load values of

HPV-16 and HPV-18 can serve as valuable indicators for predicting

CC progression (42, 58, 59). The study identified a significant difference

in the mean HPV-16 viral load per cell among the groups. Disease

severity consistently exhibited a positive correlation with an increased

mean HPV-16 viral load per cell, consistent with previous studies (60,

61). Additionally, a statistically significant difference was found in the

mean HPV-18 viral load per cell between the control group and the
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CIN-III and SCC groups, providing further support to findings

reported by other research groups globally (62, 63). Limited research

has been conducted on the EBV viral load in cervical samples, and its

potential association with CC remains poorly understood (3).

Surprisingly, the study revealed a significantly higher EBV viral load

per cell in the control group compared to the pre-malignant and

malignant groups. Higher EBV copy number in cervicitis group

compared to CIN/SCC suggests a potential “hit and run hypothesis”

role in cervical carcinogenesis. The hit and run phenomenon suggest

that EBV may initiates the process of CC formation (the hit) but as

mutations are accumulated over time then becomes less actively

involved in its ongoing progression (the run). It is noteworthy that

in the current study, the absence of a clear dose-response pattern

between EBV copy number in pre-malignant (CINs) and malignant

(SCC) groups and the cross-sectional design with imbalance in patients

numbers in the groups makes it difficult to interpret the role of hit and

run phenomenon in cervical carcinogenesis. However, larger

epidemiologic studies that investigate EBV viral load in cervical

samples are necessary to draw a definitive conclusion.

The findings of the current investigation should be interpreted

with caution due to some limitations, including the small sample

sizes, cross-sectional design, the lack of a normal cervical sample as

a control group, and the potential for false-positive identification of

the EBV genome due to infiltration of EBV-infected lymphocytes

into the cervical tissue. On the other hand, conducting additional

complementary studies, including assessing oncogene expression at

the RNA and protein levels, investigating the interaction

between oncogenes and tumor suppressor proteins using

immunohistochemistry (IHC), and performing whole genome

sequencing of cancerous and non-cancerous cells to evaluate

possible mutations, can provide further insights into the potential

tumorigenic role of these viruses in the development of CC.
5 Conclusion

This study provides valuable insights into the prevalence, viral load,

and risk of CC associated with HR-HPVs and EBV in Iranian women
TABLE 2 The estimated odds ratios of HPV-16, HPV-18 and EBV infections in cervical disease.

Histopathological Groups

CIN I CIN II CIN III SCC

ORa (95% CIb) P value OR (95% CI) P value OR (95% CI) P value OR (95% CI) P value

Age
0.94

(0.89-0.98)
0.006

0.88
(0.83-0.93)

0.001>
0.97

(0.93-1.01)
0.145

1.03
(0.99-1.07)

0.127

HPV-16
2.36

(0.86-6.47)
0.096

5.54
(1.98-15.47)

0.001
10.21

(4-26.01)
<0.001

10.62
(3.72-30.31)

0.001>

HPV-18
2.41

(0.82-7.12)
0.111

4.51
(1.49-13.62)

0.008
3.55

(1.30-9.70)
0.013

2.47
(0.77-7.94)

0.128

EBV
0.05

(0.01-0.23)
<0.001*

0.07
(0.02-0.18)

0.001*>
0.05

(0.01-0.20)
0.001*>

0.12
(0.04-0.40)

0.001*
fro
CI, confidence interval; OR, odds ratio.
* means statistically significant.
a means odds ratio; b means confidence interval.
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with cervical disease. The high prevalence of HPV-16 and HPV-18

reaffirms their significant role in disease development, with HPV-16

showing a stronger association with disease severity. In contrast, EBV

exhibits a lower prevalence and potential protective effect in this

population, suggesting a more complex relationship. Taken together,

the interpretation of our findings in terms of role of EBV and HR-

HPVs Co-infections in cervical carcinogenesis should be interpreted

with caution due to cross-sectional design of current study and further

investigations with case-control or cohort design is necessary.
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60. Álvarez-Paredes L, Santibañez M, Galiana A, Rodrıǵuez Dıáz JC, Parás-Bravo P,
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