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Abstract

Purpose: Although infection with high-risk human papillomavirus (HPV) is a prerequisite for 

cervical cancer development, HPV infection is not sufficient to promote cancer in the majority of 

infected women. We tested the hypothesis that human herpesviruses might cooperate with HPV to 

promote the development of cervical dysplasia, an early indicator of cervical cancer development.

Methods: This study used archived specimens from a cohort of human immunodeficiency virus 

(HIV)-seropositive women seeking gynecological care at the Medical Center of New Orleans, 
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Louisiana. Viral DNA was detected by PCR amplification and risk of abnormal cervical cytology 

was determined in relation to virus test results.

Results: Consensus human herpesvirus PCR with herpes speciation by restriction endonuclease 

digestion revealed Epstein-Barr virus (EBV) to be the most prevalent herpesvirus in cervicovaginal 

lavage specimens. Further analysis using an EBV-specific PCR assay and cervical swab specimens 

demonstrated an approximately four-fold increased risk of abnormal cervical cytology in women 

testing positive for cervical EBV and high-risk HPV compared to women testing positive for 

high-risk HPV alone. This relationship was independent of markers of advancing HIV disease.

Conclusion: Cervical shedding of EBV appears to predict a greater risk of cervical dysplasia in 

HIV-infected women with a high-risk HPV infection.
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INTRODUCTION

Infection with high-oncogenic risk human papillomavirus (hrHPV) is a prerequisite for 

development of cervical cancer, and lifetime risk of acquiring HPV infection exceeds 80% 

in women in the United States [1]. While HPV infection remains highly prevalent, it is 

estimated that only two in ten HPV-infected women will develop cervical dysplasia within 

five years [2,3]. Of these women, less than 10% will develop cervical cancer in situ, and 

less than 2% will develop invasive cervical cancer [4]. This discrepancy between the high 

prevalence of HPV infection and the much lower prevalence of cervical abnormalities, 

together with the long lag time between HPV acquisition and cervical cancer development, 

suggests that cervical cancer development is a complex process in which HPV plays a 

significant role but is assisted by other cofactors. A wide range of cofactors have been 

proposed, with evidence supporting a role for smoking, long-term use of oral contraceptives, 

and increasing parity (reviewed in [5]). Infection with HIV clearly increases risk of HPV 

infection and HPV-associated cervical neoplasia, emphasizing the role of immunity in 

determining the outcome of HPV exposure.

The female genital tract is frequently a reservoir of infection for members of the 

human herpesvirus family. Transient shedding of nearly all members of the family have 

been reported, with the exception of varicella zoster virus. Classical genital herpes 

lesions result from reactivation of persistent herpes simplex virus (HSV)-1 or HSV-2 

infection, while shedding of cytomegalovirus, Epstein-Barr virus, human herpesvirus-6, 

human herpesvirus-7 and Kaposi’s Sarcoma herpesvirus has been described but is rarely 

symptomatic [6-10]. The lack of acute symptoms associated with genital herpesvirus 

shedding does not preclude a role for these viruses in establishing a form of chronic 

cervical inflammation, which may in turn contribute to carcinogenesis. Perhaps even more 

importantly, members of the herpesvirus family have been implicated in the etiology of 

human epithelial and endothelial cancers, including nasopharyngeal carcinoma (EBV), 

Kaposi’s sarcoma (KSHV), and a subset of gastric carcinomas (EBV). We postulated 
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that genital human herpesvirus infections might cooperate with HPV to promote cervical 

dysplasia. We report prevalent cervical shedding of herpesviruses in the genital tract of 

HIV-infected women seeking routine gynecological care in New Orleans, Louisiana. In this 

cohort, women with concurrent detection of high-risk HPV and EBV were more likely to 

have cervical dysplasia than women who were HPV positive but negative for EBV in the 

genital tract.

METHODS

Study Participants

Study participants were women enrolled into one of two research studies conducted at the 

Medical Center of Louisiana, New Orleans HIV Outpatient (HOP) Clinic, New Orleans, 

Louisiana, between 1999 and 2004. The first study investigated the local immune response 

to HPV infection and the second study investigated the natural history of HPV infection 

and HPV-related disease in high-risk populations. Both studies were open to adult women 

infected with HIV who were undergoing routine gynecological screening. Exclusion criteria 

for both studies were similar and included pregnancy, hysterectomy, and chronic illness. 

Protocols for both studies were approved by local Institutional Review Boards. Written 

informed consent was obtained from all women prior to study enrollment. Women in both 

studies completed a demographic and sexual history survey. Further details of both studies 

are published elsewhere [11,12].

Clinical Specimens

Details of the clinical specimens collected from women enrolling in the two research 

studies have been reported elsewhere [11,12]. Two specimens were utilized for viral DNA 

detection in this report. For the first cohort of women, cervicovaginal lavages (CVLs) were 

collected by bathing the cervix in 5cc of sterile phosphate-buffered saline for 30 seconds 

and aspirating the fluid. For the second cohort of women, cervical swabs were collected 

by inserting a cotton-tipped swab into the cervical os, rotating the swab several times, and 

inserting the swab in specimen transport media (Digene). Specimens were kept on ice until 

processed. Cellular DNA was extracted from the cervical swabs and cell pellets obtained 

from the CVLs. Women in both studies received a clinician-administered pelvic exam and 

Papanicolaou (Pap) smear prior to collection of samples for viral DNA testing. Pap smears 

were evaluated by a Pathologist and graded according to the Bethesda recommendations 

(1991). For analysis, cytology was categorized as SIL (inclusive of low- and high-grade 

squamous intraepithelial lesions, SIL) or abnormal cytology (inclusive of any SIL and 

atypical squamous cells of undetermined significance, ASCUS). Results of recent (typically 

within 30 days of study enrollment) HIV peripheral viral load assay and CD4+ T cell counts 

were extracted from the participant’s clinical charts.

HPV DNA Detection

Presence of HPV DNA in CVL and cervical swab cell extracts was determined 

using the Roche PGMY09/11 L1-specific consensus primer PCR [13] according to the 

manufacturer’s protocol. Amplification of cellular β-globin (housekeeping) gene was 

performed simultaneously to ensure adequacy of the sample for PCR analysis. Specimens 
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were considered HPV positive if both the 250 base-pair (bp) human β-globin and 450 bp 

HPV L1 amplicons were observed by ethidium bromide-stained agarose gel electrophoresis. 

The genotype of HPV was determined by subjecting the PCR products to the Linear Array 

assay (Roche) per the suggested protocol. For this analysis, HPV genotypes 6, 11, 40, 42, 

53, 54, 66, and 84 (MM8) were considered to be low-oncogenic risk and genotypes 16, 18, 

26, 31, 33, 35, 39, 45, 51, 52, 55, 56, 58, 59, 68, 82 (MM4), 83 (MM7), and 73 (MM9) were 

considered to be high-oncogenic risk.

Human Herpesvirus Detection

In order to detect human herpesviruses in DNA extracts from CVL specimens, we adapted 

a PCR assay first published by Johnson, et. al [14]. The assay targets a region of the 

viral DNA polymerase gene that is widely conserved across the human herpesvirus family. 

Five microliters (5μL) of DNA extract was amplified in a PCR reaction consisting of 1μM 

forward (HSV-P1) and reverse (HSV-P2) primers, 250 μM dNTP mix, 1.5 mM MgCl2, 

and 2.5 units AmpliTaq Gold (Roche Molecular Systems). Reactions were conducted at 

94°C for one minute, 60°C for 30 seconds, and 72°C for one minute, for a total of 40 

cycles. Amplicons were digested with BamH1 and BstU1 restriction endonucleases and 

visualized by agarose gel electrophoresis with ethidium-bromide staining. The specific 

human herpesvirus detected was determined based on unique banding patterns as described 

in Johnson, et. al [14].

Epstein-Barr Virus (EBV) Detection

Epstein-Barr virus was detected by PCR assay targeting the BamH1-W repeat region of the 

EBV genome [15]. Five microliters (5μL) of DNA extract was amplified in a PCR reaction 

consisting of 1μM forward (EBV-P1) and reverse (EBV-P2) primers, 250 μM dNTP mix, 

2.5 mM MgCl2, and 2.5 units AmpliTaq Gold (Roche Molecular Systems). Reactions were 

conducted at 95°C for one minute, 55°C for 45 seconds, and 72°C for one minute, for a 

total of 40 cycles. Amplification products were visualized on an ethidium bromide-stained 

agarose gel.

Statistical Analysis

Fisher’s exact tests were used to analyze contingency tables for categorical variables. 

Continuous variables with approximately normal distribution were compared using the 

student’s t-test, and when continuous variable data violated the normality assumption, 

the Wilcoxon rank-sum test was used. A value of p<0.05 was considered statistically 

significant. Odds Ratios (OR) were calculated to determine associations between cervical 

virus infection(s) and cervical cytology. Multinomial logistic regression models were used 

to evaluate the independent contributions of factors associated with increased risk of a 

woman having SIL or ASCUS cytology vs normal cytology. Statistical package software 

used included SAS, SPSS, R statistical software and GraphPad Prism.
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RESULTS

Characteristics of the study population.

Archived cervicovaginal lavage (CVL) specimens were used in this study. Subjects were 

predominantly African-American (85.6%) women with a mean age of 36.8 years (Table 1). 

The majority were unmarried (88.1%) mothers (85.6%). Roughly half of the subjects had a 

history of smoking, and nearly half reported a history of an abnormal Pap smear. Based on 

peripheral blood CD4+ T cell count, 21.6% were immune suppressed (less than 200 cells/ml) 

at the time of sample collection. Women were evenly distributed across three peripheral 

blood HIV viral load strata, with 31.4% of subjects having low viral loads (<400 copies/ml), 

32.6% having intermediate viral loads (400-10,000 copies/ml), and 34.3% having high viral 

loads (>10,000 copies/ml).

Prevalence of HPV and human herpesviruses.

Infection with HIV increases risk of acquisition and persistence of HPV infection. 

Accordingly, prevalence of genital HPV infection in this population was 48.7%. The 

prevalence of low-risk HPV genotypes, high-risk HPV genotypes, infection with multiple 

HPV genotypes, and HPV-16 are given in Table 2. We tested these same specimens for 

presence of human herpesviruses using a PCR assay targeting a consensus sequence of the 

viral DNA polymerase gene of related human herpesviruses known to infect the female 

genital tract (herpes simplex viruses 1 and 2, Epstein-Barr virus, cytomegalovirus, and 

Kaposi’s Sarcoma herpesvirus). One in five women were positive for a human herpesvirus. 

The most prevalent herpesvirus detected was Epstein-Barr virus (12.7%), with only 6.8% of 

the women having DNA evidence of infection with herpes simplex viruses, the herpesviruses 

typically associated with genital herpes. No association between herpesvirus DNA detection 

and high-risk HPV DNA detection was observed. An association was seen between infection 

with specific HPV genotypes (6 and 35) and detection of genital EBV (Online Resource 1).

Univariate analysis of risk factors for cervical squamous intraepithelial lesions (SIL).

We performed univariate analysis to determine the demographic, clinical and viral variables 

associated with squamous intraepithelial lesions (SIL) in this HIV-positive cohort (Table 

1). Age, race, and socioeconomic status were not significantly associated with cervical 

cytology. Markers of sexual activity such as parity and number of male sex partners in the 

past year were also not predictive of cervical cytology findings. As expected, women were 

more likely to have SIL if they were HPV positive or high-risk HPV positive (p<0.001), if 

they recalled having an abnormal Pap smear diagnosis (p=0.004), and if they were immune 

suppressed based on reduced CD4+ T cell counts (p=0.002). Similar associations were seen 

when risk of any abnormal cytology (including atypical squamous cells of undetermined 

significance [ASCUS] cytology, low-grade and high-grade SIL) was considered (data not 

shown). A significant association (p<0.05) was also seen between detection of any HHV 

and abnormal cervical cytology (ASCUS included, data not shown), but this association was 

attenuated in risk analysis for SIL (p=0.077, Table 1).
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Squamous intraepithelial lesions (SIL) in HIV-infected women with genital detection of 
high-risk human papillomaviruses and human herpesviruses

Next, we ascertained the contribution of human herpesviruses to the risk of cervical SIL 

(top portion of Table 3). As expected, detection of hrHPV in the absence of herpesvirus 

infection conferred 6-fold increased risk of SIL, while detection of a herpesvirus, in absence 

of hrHPV infection, was not associated with increased risk of SIL. Concurrent detection 

of hrHPV and herpesvirus raised the risk of SIL to 10-fold over that of virus-negative 

women; however, the independent contribution of herpesvirus infection was not statistically 

significant when risk of SIL in hrHPV-herpesvirus dual-positive women was compared to 

risk in hrHPV positive, herpesvirus negative women.

Since Epstein-Barr virus infection was the predominant herpesvirus detected in our 

population, we investigated the effect of cervical EBV detection on risk of SIL (bottom 

portion of Table 3). Detection of hrHPV infection remained significantly associated with SIL 

in the absence of EBV infection (5-fold increased risk), while EBV infection in the absence 

of hrHPV was not significantly associated with SIL. Risk of SIL increased to 14-fold in 

dual-virus positive women compared to uninfected women. The contribution of EBV to this 

association demonstrated a trend towards significance when compared to hrHPV-positive, 

EBV negative women (OR [95% CI], 2.74 [0.80, 9.40]). Strikingly, 71.4% of women with 

both hrHPV and EBV had SIL while less than half (47.7%) of women with hrHPV infection 

(without EBV) had SIL. In this analysis, the category ‘SIL-negative’ included women 

with abnormal cervical cytology classified as ASCUS. Similar trends in dual-virus positive 

women (compared to hrHPV positive, EBV negative women) were observed when ASCUS 

was included with SIL as abnormal cytology (OR [95% CI], 4.35 [0.92, 20.63]) and when 

women with ASCUS were excluded from the analysis (OR [95% CI], 4.41 [0.91, 21.42]), 

indicating that this heterogeneous diagnosis does not significantly alter the associations (data 

not shown).

Univariate analysis of risk factors associated with genital detection of EBV among high
risk HPV-positive women

The marked increase in prevalence of SIL in women with both EBV and hrHPV compared 

to women with hrHPV alone prompted us to examine the variables associated with EBV 

detection (Table 4). In analysis restricted to women with hrHPV infection, EBV detection 

was not associated with race, age, or HIV disease (peripheral blood CD4+ T cell counts 

or HIV viral load). In fact, the only variable evaluated that was significantly (p<0.05) 

associated with EBV detection in hrHPV-infected women was self-reported history of an 

abnormal Pap smear.

Multinomial logistic regression model of abnormal cytology risk among women testing 
positive for hrHPV

To determine if EBV infection was a covariate of known risk factors for cervical SIL 

diagnosis, we conducted multinomial logistic regression analysis for the categories SIL, 

ASCUS and normal cytology with covariates including age, race, CD4+ T cell count, and 

EBV status in the model and restricting analysis to only those women who had hrHPV 

infection (n=99). The resulting multinomial logistic regression model coefficients, covariate 
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test statistics and p-values are reported in Table 5. In the model, older age and increased 

CD4+ T cell count were independently associated with a decreased risk of SIL (p=0.021 and 

0.011, respectively), while detection of EBV was independently associated with an increased 

risk of SIL (p=0.034, OR [95% CI], 6.46 [1.15, 36.30]). Performing a logistic regression for 

abnormal cytology (ASCUS included with SIL) did not appreciably change the results of 

the analysis, with the exception that African-American race was significantly independently 

associated with a decreased risk of abnormal cytology (p=0.027). The associations also did 

not change when HIV viral load was included in the model, likely because HIV viral load 

covaries with CD4+ T cell counts. Figure 1 displays the predicted probability of an abnormal 

pap smear as a function of CD4 count at the mean age of 35.3 years old and as a function 

of age at the mean CD4 count of 401.2 for African Americans in the study using the model 

described in Table 5.

Association of SIL with high-risk HPV and EBV detection in cervical swab specimens from 
a second cohort of HIV-infected women

The intriguing findings of our initial study prompted us to investigate a second population 

of HIV-infected women for whom cervical swabs were available for analysis (total n, 295 

women). We reasoned that cervical swabs would more directly reflect the state of the 

cervix, compared to the cervicovaginal lavages analyzed in the initial study that collect cells 

from throughout the vaginal canal. We also improved detection of EBV by using a more 

sensitive and more specific PCR assay that amplifies the BamH1-W repeat region of the 

EBV genome [15]. In this cohort (presented in Table 6), high-risk HPV prevalence remained 

high (38.6%). Prevalence of EBV was much higher in this cohort (44.7%) compared to the 

initial cohort (12.7%), likely reflecting the improved sensitivity and specificity of the EBV 

detection assay. There was no association between hrHPV infection and detection of cervical 

EBV, suggesting that the viruses themselves are independent (data not shown). Interestingly, 

among women who were EBV negative, hrHPV was no longer significantly associated with 

SIL; likewise, EBV detection in the absence of hrHPV clearly did not increase risk of 

SIL. Risk of SIL was only significantly increased in women who were positive for both 

hrHPV and EBV at the cervix (OR [95% CI], 7.17 [3.42, 15.04]). The contribution of 

EBV was ~4-fold (OR [95% CI], 4.40 [1.98, 9.76]) in women with both viruses at the 

cervix compared to women with hrHPV alone. When virus detection was plotted according 

to cervical cytology result, the prevalence of dual cervical virus positivity increased with 

increasing cervical pathology grade (Figure 2).

DISCUSSION

The notion that herpesviruses could play a role in cervical carcinogenesis in cooperation 

with HPV was first proposed by Nobel laureate Harald zur Hausen [16]. We have presented 

compelling evidence that HIV-infected, high-risk HPV-positive women are at increased 

risk of abnormal cervical cytology if they are also positive for Epstein-Barr virus in 

the genital tract. In contrast, cervical EBV infection was not a significant predictor of 

SIL in HIV-seropositive Italian women [17]. The rate of EBV detection (45%, using the 

sensitive EBV-specific PCR assay in the cohort receiving cervical swabs) was much higher 

in the New Orleans cohort than in the Italian cohort (10%), suggesting population-based 
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and/or assay-dependent differences between these two cohorts. In the Italian study, HPV 

infection was associated with high HIV viral loads and low CD4+ T cell counts, suggesting 

that compromised immunity was playing a substantial role in HPV-mediated SIL in this 

population. This association may have masked the contribution of EBV to HPV-mediated 

SIL. Multinomial logistic regression analysis of our data demonstrated that the association 

between EBV infection and SIL cervical cytology was independent of CD4+ T cell count in 

the high-risk HPV positive women in our cohort.

It is interesting to note that HPV-16, widely believed to be the most oncogenic HPV 

genotype, only accounted for a small percentage (3.5%) of the high-risk HPV infections 

identified in our study. It is possible that the relatively high rates of non-HPV-16 infections, 

which are predicted to require more assistance from carcinogenic co-factors, might have 

revealed the relationship between EBV, HPV and cervical dysplasia in our cohort. This 

relationship may be masked in populations in which the highly potent HPV-16 is the 

dominant high-risk genotype.

We cannot rule out the possibility that the association seen between EBV, HPV and cervical 

dysplasia is a cohort effect unique to our population; however, there are reports that 

suggest similar trends in other populations. Silver et al. reported a significantly higher EBV 

prevalence in Indian women with an abnormal Pap smear compared to women with a normal 

Pap smear (29.7% and 16.8%, respectively) [18]. In this population, 69% of women with 

biopsy-confirmed cervical intraepithelial neoplasia (CIN) were EBV positive. Similarly, 

concurrent detection of high-risk HPV and EBV in cervical specimens was associated 

with abnormal cytology in a population of commercial sex workers in Nairobi, Kenya 

[19]. Interestingly, women in this cohort testing positive for EBV at baseline appeared to 

experience delayed clearance of baseline HPV infection, even when accounting for HIV 

infection. Studies to explore the relationship between EBV, HPV and cervical abnormalities 

in a variety of populations, with and without HIV infection, are warranted.

Prevalence of HSV-1, HSV-2, CMV, and KSHV herpesvirus infections of the genital tract 

was low (0.4%, 6.4%, 0% and 0% respectively) in our study. This is somewhat surprising, 

given the HIV status of the population under investigation. We suspect that the relative 

insensitivity of the consensus DNA-polymerase PCR assay led to under-representation of 

these herpesviruses in our population. We performed assay sensitivity testing on BCBL-1 

cells (lymphoma cells known to contain KSHV), as well as clinical specimens known to 

be infected with HSV-1, HSV-2, or CMV. In each instance, the consensus PCR assay was 

able to amplify herpesvirus sequence from the positive control specimens; however, testing 

of standard dilutions indicated a decreased sensitivity for amplification of CMV (data not 

shown). This likely explains the lack of detection of CMV in our study. The study by Silver 

et al. reported higher rates of genital CMV infection (26%) than EBV infection (20%) [18]. 

We cannot rule out a role for CMV as a co-factor for HPV based on the results of our study, 

as the consensus PCR assay was likely inadequate for assessing CMV status; however, the 

study by Silver et al. found no association between CMV detection and cervical cytology.

While viral infection with either high-risk HPV or EBV and low peripheral CD4+ T cell 

counts were associated with SIL, low CD4+ T cell counts did not predict EBV status among 
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high-risk HPV positive women. There was also no association between EBV infection 

and high-risk HPV infection in our study. Together these results suggest that EBV is not 

merely a marker of compromised immunity or high-risk HPV infection; however, the use 

of viral genomic DNA-targeted PCR assays to detect EBV limits our ability to interpret 

the role EBV may be playing in HPV-mediated cervical dysplasia. The assays do not 

distinguish between true infection and transient viral deposition, nor do they differentiate 

between replicating (lytic) infection and latent/quiescent infection. Further, our clinical 

sampling methods do not allow for definitive identification of the nature of detected EBV 

genomic sequence (cell-associated or cell-free virus), nor can we precisely pinpoint the 

cell type infected with EBV (infiltrating lymphocytes versus squamous epithelial cells). 

Understanding the biology of EBV in the female genital tract will reveal the potential 

mechanisms of this interaction between high-risk HPV and EBV. The detection of EBV at 

the cervix may have clinical utility as a triage test in high-risk HPV-positive populations 

regardless of the biological role EBV might be playing in HPV-associated neoplasms.
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Fig. 1. 
Predicted probability of an abnormal cytology result as (a) a function of CD4+ T cell count 

at the mean age of 35.3 years old and (b) as a function of age at the mean CD4+ T cell count 

of 401.2 for high-risk HPV positive African American women in the study, using the model 

described in table 7.
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Fig. 2. 
Prevalence of concurrent high-risk HPV and EBV in cervical swab specimens according to 

cytology result. Error bars represent 95% confidence interval. ASCUS, atypical squamous 

cells of undetermined significance. LSIL, low grade squamous intraepithelial lesion. HSIL, 

high grade squamous intraepithelial lesion.

Cameron et al. Page 12

Cancer Causes Control. Author manuscript; available in PMC 2021 September 10.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cameron et al. Page 13

Table 1.

Univariate analysis of associations between cohort demographics, clinical factors, cervicovaginal virus 

detection and squamous intraepithelial lesion (SIL) cytology diagnosis.

Overall
(n = 236) SIL Positive

a

(n = 73)
p-value

b

No. (%) No. (%)

Race/Ethnicity 0.447

 Caucasian 32 (13.6) 8 (25.0)

 African-American 202 (85.6) 64 (31.7)

 Hispanic 2 (0.8) 1 (50.0)

Age (yrs) 0.069

 20-30 59 (25.0) 24 (40.7)

 31-40 97 (41.1) 31 (40.0)

 >40 80 (33.9) 18 (22.5)

 Mean 36.8

Marital status 0.050

 Married/co-habitant partner 28 (11.9) 4 (14.3)

 Single/divorced/widowed 208 (88.1) 69 (33.2)

Education 0.670

 6-11 years 34 (14.4) 12 (35.3)

 High School graduate 172 (72.9) 54 (31.4)

 College graduate or above 21 (8.9) 5 (23.8)

Smoking history 0.153

 Never 100 (42.4) 37 (37.0)

 Ever 131 (55.5) 36 (27.5)

Parity 1.000

 Nulliparous 22 (9.3) 7 (31.8)

 ≥1 202 (85.6) 63 (31.2)

Male sex partners, past year 0.911

 None 36 (15.3) 10 (27.8)

 1 111 (47.0) 35 (31.5)

 2 or more 40 (17.0) 12 (30.0)

Recall history of abnormal Pap smear 0.004

 Yes 112 (47.5) 49 (43.8)

 No 85 (36.0) 20 (23.5)

HPV infection <0.001

 Positive 115 (48.7) 56 (48.7)

 Negative 121 (51.3) 17 (14.0)

hrHPV infection <0.001

 Positive 102 (43.2) 52 (51.0)

 Negative 134 (56.8) 21 (15.7)

HHV infection 0.077

Cancer Causes Control. Author manuscript; available in PMC 2021 September 10.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cameron et al. Page 14

Overall
(n = 236) SIL Positive

a

(n = 73)
p-value

b

 Positive 47 (19.9) 20 (42.6)

 Negative 189 (80.1) 53 (28.0)

CD4+ T cell count 0.002

 <200 cells/ml 51 (21.6) 25 (49.0)

 200-500 cells/ml 92 (39.0) 30 (32.6)

 >500 cells/ml 89 (37.7) 18 (20.2)

 Mean cells/ml 442.8

Peripheral HIV viral load 0.144

 <400 copies/ml 74 (31.4) 19 (25.7)

 400-10,000 copies/ml 77 (32.6) 22 (28.6)

 >10,000 copies/ml 81 (34.3) 32 (39.5)

 Mean copies/ml 62,653.9

a
SIL positive included all cases of squamous intraepithelial lesion diagnosed on cytology smear (low-grade and high-grade). Missing data 

(participant did not respond, marked ‘unknown’, or information was otherwise unavailable): education, n = 9; smoking history, n = 5; parity, n = 4; 

Recall history of abnormal Pap smear, n = 39; male sex partners in past year, n = 49; CD4+ T cell count and HIV viral load, n = 4.

b
Probability (p) values were calculated using Chi-square analysis or Fisher’s Exact test, as appropriate.

Abbreviations: HPV, human papillomavirus. hrHPV, high-risk human papillomavirus. HHV, human herpesvirus. HIV, human immunodeficiency 
virus.

Cancer Causes Control. Author manuscript; available in PMC 2021 September 10.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cameron et al. Page 15

Ta
b

le
 2

.

Pr
ev

al
en

ce
 o

f 
H

PV
 a

nd
 h

um
an

 h
er

pe
sv

ir
us

es
 in

 c
er

vi
co

va
gi

na
l s

pe
ci

m
en

s 
of

 H
IV

-i
nf

ec
te

d 
w

om
en

.

V
ir

us
 d

et
ec

ti
on

O
ve

ra
ll

(n
 =

 2
36

)
hr

H
P

V
 n

eg
at

iv
e

(n
 =

 1
34

)
hr

H
P

V
 p

os
it

iv
e

(n
 =

 1
02

)
p-

va
lu

ec

H
PV

N
o.

 (
%

)
N

o.
 (

%
)

N
o.

 (
%

)

 
A

ny
11

5 
(4

8.
7)

 
L

ow
-r

is
ka

53
 (

22
.5

)

 
H

ig
h-

ri
sk

b
10

2 
(4

3.
2)

 
M

ul
tip

le
57

 (
24

.2
)

 
H

PV
-1

6
4 

(1
.7

)

H
H

V

 
A

ny
47

 (
19

.9
)

24
 (

17
.9

)
23

 (
22

.5
)

.4
1

 
H

SV
-1

 (
H

H
V

1)
1 

(0
.4

)
1 

(0
.7

)
0 

(0
)

1.
00

 
H

SV
-2

 (
H

H
V

2)
15

 (
6.

4)
7 

(5
.2

)
8 

(7
.8

)
.4

3

 
E

B
V

 (
H

H
V

4)
30

 (
12

.7
)

16
 (

11
.9

)
14

 (
13

.7
)

0.
70

 
C

M
V

 (
H

H
V

5)
0 

(0
)

0 
(0

)
0 

(0
)

N
/A

 
K

SH
V

 (
H

H
V

8)
0 

(0
)

0 
(0

)
0 

(0
)

N
/A

a L
ow

-r
is

k:
 H

PV
 g

en
ot

yp
es

 (
6,

 1
1,

 4
0,

 4
2,

 5
3,

 5
4,

 6
6,

 8
4)

 th
at

 a
re

 r
ar

el
y 

as
so

ci
at

ed
 w

ith
 c

er
vi

ca
l c

an
ce

r.

b H
ig

h-
ri

sk
: H

PV
 g

en
ot

yp
es

 (
16

, 1
8,

 2
6,

 3
1,

 3
3,

 3
5,

 3
9,

 4
5,

 5
1,

 5
2,

 5
5,

 5
6,

 5
7,

 5
8,

 5
9,

 6
8,

 7
3,

 8
2,

 8
3)

 th
at

 h
av

e 
be

en
 a

ss
oc

ia
te

d 
w

ith
 c

er
vi

ca
l c

an
ce

r.

c Fi
sh

er
’s

 E
xa

ct
 T

es
t p

-v
al

ue
 is

 p
re

se
nt

ed
.

A
bb

re
vi

at
io

ns
: h

rH
PV

, h
ig

h-
ri

sk
 H

PV
. H

PV
, h

um
an

 p
ap

ill
om

av
ir

us
. H

H
V

, h
um

an
 h

er
pe

sv
ir

us
. H

SV
-1

, h
er

pe
s 

si
m

pl
ex

 v
ir

us
-1

. H
SV

-2
, h

er
pe

s 
si

m
pl

ex
 v

ir
us

-2
. E

B
V

, E
ps

te
in

-B
ar

r 
vi

ru
s.

 C
M

V
, 

cy
to

m
eg

al
ov

ir
us

. K
SH

V
, K

ap
os

i’
s 

sa
rc

om
a 

he
rp

es
vi

ru
s.

Cancer Causes Control. Author manuscript; available in PMC 2021 September 10.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Cameron et al. Page 16

Table 3.

Impact of genital high-risk HPV and human herpesvirus detection on cervical squamous intraepithelial lesions 

(SIL) in HIV-infected women.

Genital
hrHPV

Genital
HHV

SIL-Negative
No. (%)

SIL-Positive
No. (%)

Odds Ratio
(95% CI) p-value

b

Any HHV

− − 95 (86.4) 15 (13.6) Reference

+ − 41 (51.9) 38 (48.1) 5.87 (2.91-11.83) <.0001

− + 18 (75.0) 6 (25.0) 2.11 (0.72-6.17) .14

+ + 9 (39.1) 14 (60.9) 9.85 (3.63-26.76) <.0001

+ − 41 (51.9) 38 (48.1) Reference

+ + 9 (39.1) 14 (60.9) 1.68 (0.65-4.33)
a .20

EBV

− − 100 (84.7) 18 (15.3) Reference

+ − 46 (52.3) 42 (47.7) 5.07 (2.64-9.75) <.0001

− + 13 (81.3) 3 (18.7) 1.28 (0.33-4.96) .48

+ + 4 (28.6) 10 (71.4) 13.89 (3.94-49.15) <.0001

+ − 46 (52.3) 42 (47.7) Reference

+ + 4 (28.6) 10 (71.4) 2.74 (0.80-9.40)
a .09

a
Odds ratio of SIL in women with both hrHPV and HHV (top of table) or EBV (bottom of table) compared to women with hrHPV but no HHV or 

EBV, respectively.

b
Fisher’s Exact Test p-value is presented.

Abbreviations: hrHPV, high-risk human papillomavirus. HHV, human herpesvirus. SIL, squamous intraepithelial lesion. CI, confidence interval. 
EBV, Epstein-Barr virus.
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Table 4.

Risk factors
a
 for EBV detection in cervicovaginal lavage of HIV-positive women who are also hrHPV-positive 

(n=102).

EBV Negative
(n = 88)

EBV Positive
(n = 14) p-value

b

Race/Ethnicity .693

 Caucasian 10 (11.4) 1 (7.7)

 African-American 78 (88.6) 12 (92.3)

 Hispanic (N/A) (N/A)

Age .298

 20-30 31 (35.2) 2 (14.3)

 31-40 33 (37.5) 7 (50.0)

 >40 23 (26.1) 5 (35.7)

 Mean 34.8 37.8 .195

Marital status .917

 Married/co-habitant partner 7 (8.0) 1 (7.1)

 Single/divorced/widowed 81 (92.0) 13 (92.9)

Education level .254

 6-11 years 8 (9.5) 3 (21.4)

 High School graduate 68 (80.9) 8 (57.1)

 College graduate or above 8 (9.5) 3 (21.4)

Smoking history .939

 Never 45 (51.1) 7 (50.0)

 Ever 43 (48.9) 7 (50.0)

Parity .298

 Nulliparous 6 (7.3) 0 (0)

 ≥ 1 76 (92.7) 14 (100)

History of abnormal Pap smear .012

 Yes 49 (65.3) 11 (78.6)

 No 26 (34.7) 3 (21.4)

Male sex partners in past year .644

 None 9 (13.0) 2 (22.2)

 1 41 (59.4) 4 (44.4)

 2 or more 19 (27.5) 3 (33.4)

Male sex partners in past month .712

 None 16 (27.6) 3 (37.5)

 1 39 (67.2) 5 (62.5)

 2 or more 3 (5.2) 0 (0)

CD4+ T cell count .980

 <200 24 (27.9) 4 (28.6)

 200-500 33 (38.3) 5 (35.7)

 >500 29 (33.7) 5 (35.7)
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EBV Negative
(n = 88)

EBV Positive
(n = 14) p-value

b

 Mean 398 401 .673

Peripheral HIV viral load .895

 <400 24 (27.9) 2 (14.3)

 400-10,000 25 (29.0) 5 (35.7)

 >10,000 37 (43.0) 7 (50.0)

 Mean 95,408 53,384 .450

a
All data is self-reported on demographic survey, except CD4+ T cell counts and peripheral HIV viral load which were extracted from the clinical 

chart.

b
Probability (p) was derived from Chi square analysis, or Fisher Exact test as appropriate.

Abbreviations: HIV, human immunodeficiency virus. EBV, Epstein-Barr virus. hrHPV, high-risk HPV.
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Table 5.

Multinomial regression model predicting abnormal cytology for women who had high-risk HPV infection.

Model for ASCUS vs Normal Cytology

Variable Coefficient Test Statistic p-value

Intercept 1.472 1.256 .209

Age −.437 −1.126 .260

African American Race −3.319 −2.660 .008

CD4+ T Cell Count .001 .004 .997

EBV 1.816 1.569 .116

Model for SIL vs Normal Cytology

Variable Coefficient Test Statistic p-value

Intercept 2.089 1.844 .065

EBV 1.866 2.121 .034

CD4+ T Cell Count −.671 −2.532 .011

Age −.580 −2.309 .021

African American Race −2.113 −1.817 .069

Abbreviations: HPV, human papillomavirus. EBV, Epstein-Barr virus. SIL, squamous intraepithelial lesion (includes low-grade and high-grade 
SIL).
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Table 6.

Association of cervical high-risk HPV and EBV detection with cervical squamous intraepithelial lesions (SIL) 

in HIV-infected women.

Cervical

hrHPV
a

Cervical
EBV

SIL-Negative
No. (%)

SIL-Positive
No. (%)

Odds Ratio
(95% CI) p-value

b

− − 86 (82.7) 18 (17.3) Reference

+ − 44 (74.6) 15 (25.4) 1.63 (0.75-3.54) .15

− + 63 (81.8) 14 (18.2) 1.06 (0.49-2.29) .52

+ + 22 (40.0) 33 (60.0) 7.17 (3.42-15.04) <.0001

+ − 44 (74.6) 15 (25.4) Reference

+ + 22 (40.0) 33 (60.0) 4.40 (1.98-9.76)
c .0002

a
Epstein-Barr virus and high-risk HPV were detected in cervical swabs collected from HIV-positive women enrolled in cohort 2.

b
Fisher’s Exact test p-value is presented.

c
Odds ratio of SIL in women with both hrHPV and EBV compared to women with hrHPV but no EBV.

Abbreviations: HIV, human immunodeficiency virus. hrHPV, high-risk human papillomavirus. EBV, Epstein-Barr virus. SIL, squamous 
intraepithelial lesion. CI, confidence interval.
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