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The purpose of this study was to determine if Neisseria gonorrhoeae; Chlamydia trachomatis; herpes simplex
virus; cytomegalovirus; Epstein-Barr virus; human herpesviruses 6, 7, and 8; or adeno-associated virus
influenced the production of cervical intraepithelial neoplasia. Two hundred thirty-one cervical smear samples
were tested for the presence of the organisms by PCR. In addition, human papillomavirus types in the samples
were determined by PCR and classified into cancer risk types of high, moderate, and low. There was no link
with cervical intraepithelial neoplasia status and detection of herpes simplex virus, cytomegalovirus, Epstein-
Barr virus, human herpesviruses 6 and 8, gonorrhea, or chlamydia. However, high-grade cervical intraepithe-
lial neoplasia was found more frequently with mixed infection by moderate-risk human papillomavirus types
and human herpesvirus 7 than with these papillomavirus types alone. The presence of human herpesvirus 7
may increase the oncogenic potential of moderate-risk human papillomavirus types.

Human papillomaviruses (HPVs) play an essential part in
the development of cervical cancer (29), although the risk
varies according to the infecting type, e.g., high risk (types 16
and 18), moderate risk (types 33 and 35), and low risk (types 6
and 11). However, the role of other infectious agents is not
clear. A history of multiple genital infections is more common
in women with cervical cancer (4), suggesting that these agents
might increase the risk of developing cancer. However, genital
infections may simply be indicators of sexual activity and hence
surrogate markers of oncogenic HPV infection.

Both Neisseria gonorrhoeae and Chlamydia trachomatis cause
the production of inflammatory cytokines, which stimulates
proliferation of cervical cells previously immortalized by high-
risk HPVs, providing a selective growth advantage to these
cells (31). Therefore, these infections may be a risk factor for
progression to high-grade cervical intraepithelial neoplasia
(CIN 3) and eventually cervical cancer. Many of the herpesvi-
ruses can induce cell cycle transformation either through the
production of proteins, as with cytomegalovirus (CMV) (19),
or through viral replication, as may occur with Epstein-Barr
virus (EBV) (25). Adeno-associated virus (AAV) may also be
sexually acquired. This virus has many characteristics of a par-
vovirus but relies on coinfections with other viruses to replicate
(1). AAV has not been associated with any disease in humans
despite its ability to integrate into the cell genome. In fact,
there is evidence that infection with AAV may reduce the risk
of developing cervical cancer (11).

The purpose of this study was to determine if N. gonor-
rhoeae, C. trachomatis, herpes simplex virus (HSV), CMV,
EBV, human herpesviruses 6, 7, and 8 (HHV-6, HHV-7, and
HHV-8, respectively); or AAV influenced the development of
CIN by determining the prevalence of these infections in col-
poscopy patients.

MATERIALS AND METHODS

Patients. The Joint Local Research Ethics Committee Southampton and
South West Hampshire unanimously approved this study. Cervical samples were
collected from women attending a colposcopy clinic in the Wessex region of
southern England. Women were asked for written consent to participate in the
study.

Samples. Specimens from 231 patients were taken for PCR analysis during
colposcopic examination by using a sterile plastic spatula (Cellpath, Newtown,
United Kingdom) to sample the ectocervix and transformation zone and a sterile
cytobrush (Cellpath) to sample the endocervix. Both sampling devices were
placed into 2.5 ml of RPMI medium plus 10% fetal calf serum containing 0.05%
sodium azide as a preservative. Samples were processed in the laboratory within
6 h of collection. Cells and microbes were detached from the sampling devices by
vortex mixing for 10 s. An 0.5-ml aliquot was centrifuged at 60,000 3 g for 30 min
at 20°C in a Beckman Avanti 30 centrifuge. The pellet was stored frozen at
220°C.

The CIN grade of the patient was determined from a biopsy sample taken at
the colposcopy clinic at the same time as the sample for PCR analysis. The grade
assigned was the highest grade detected in the biopsy sample. CIN 0 was defined
as women found to have no abnormalities.

DNA extraction. DNA was extracted by alkali lysis of the frozen cell pellet; 200
ml of 2 M ammonium hydroxide (Applied Biosystems, Warrington, United King-
dom) was added to the pellet, which was resuspended by vortex mixing. The
sealed tubes were placed in a water bath at 90°C (61°C) for 10 min to render
specimens noninfectious, and then the screw caps were removed and the tubes
were reheated for a further 70 min to evaporate all the ammonia.

The tubes were centrifuged at 2,000 3 g for 5 min at room temperature to
pellet debris, and aliquots from each specimen containing the extracted DNA
were stored at 280°C until used for PCR.

PCRs. HPVs were detected using three consensus primers, GP51/GP61 (3),
MY09/MY11 (18), and CPI/CPIIG (27), as well as specific primers for HPV type
16 (HPV-16) (forward primer, 59-GTCAAAAGCCACTGTGTCCT-39; reverse
primer, 59-CCATCCATTACATCCCGAC-39, producing a 499-bp product)
and HPV-18 (forward primer, 59-ACAATCCTCCATTTTGCTGTG-39; reverse
primer, 59-ATAAACTATGTCTGCACAGCTTA-39, producing a 384-bp prod-
uct). For the HPV-16 PCR, the reaction mixture consisted of 2 mM MgCl2, PCR
buffer (Promega, Southampton, United Kingdom), deoxynucleotide triphos-
phates (Promega) each at 300 mM, primers at 1 mM, and 1.5 U of Taq DNA
polymerase (Promega). Five microliters of extracted DNA (approximately 10 to
100 ng) was used in a total PCR volume of 25 ml. The PCR was performed on an
MJ Research PTC-225 machine (Waltham, Mass.) using 40 cycles of denatur-
ation at 94°C for 30 s and annealing at 60°C for 50 s, followed by extension at
72°C for 20 s. The HPV-18-specific PCR used 2.5 mM MgCl2 and an annealing
temperature of 62°C; otherwise, the reaction mixture and PCR conditions were
the same as those for the HPV-16 PCR. The HPV types detected using consen-
sus primers were identified by sequencing of the PCR product using a fluores-
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cently labeled dideoxy terminator kit (Amersham Pharmacia Biotech, Little
Chalfont, United Kingdom), and the sequences generated were compared to
HPV sequences at GenBank using the FastA program (program manual for the
Wisconsin package; Genetics Computer Group, Madison, Wis.).

The primers used to detect the other infections under study are shown in Table
1. For all pathogens, the PCR mix was the same as that for the HPV-16 PCR; the
appropriate MgCl2 concentration and annealing temperature used are also
shown in Table 1.

After the initial PCR with the HS6AE/HS6AF primers, the product was
digested with HindIII to distinguish between HHV-6 variants A and B. Variant
B produced products of 235 and 516 bp in size when digested; variant A is not cut
with this enzyme.

The PCR products were run on a 2.6 to 3% SeaKem agarose gel (Flowgen,
Ashby de la Zouch, United Kingdom) depending on the size of the product and
then stained for 1 h with Sybr Gold (Cambridge Bioscience, Cambridge, United
Kingdom) diluted 1/10,000 in Tris-borate-EDTA buffer. The gel was viewed on
a Storm 860 system (Amersham Pharmacia Biotech) using the blue fluorescence
filter.

RESULTS

The incidence of the infections was analyzed against patient
age and CIN grade. The age-related incidence of the various
cervical infections is shown in Fig. 1. The risk type is that
defined by Shah and Howley (23) based on the incidence of
HPV types in cervical cancers. The high-risk HPV types de-
tected were 16, 18, 31, and 45; moderate-risk types were 33, 35,
39, 51, 52, 56, 58, 59, 67, 68, han831, and ME180; and low-risk
HPV types were 6, 11, 30, 40, 42, 43, 53, 54, and 66. The
incidence of high- and moderate-risk HPV types was higher in
women below 36 years of age (134 of 160 compared to 51 of 71;
P value, 0.04), as was the incidence of mixed HPV infections
containing high- and moderate-risk HPV types (24 of 160 un-
der 36 years of age compared to 1 of 71 aged 36 years or over;
P value, 0.002). No age-related differences were found in the
incidence of low-risk HPV types (15 of 160 under 36 years of
age compared to 7 of 71 over 36 years; P value, 0.91). High-
and moderate-risk HPV types were also more prevalent (106
of 113) in high-grade (CIN 2 and 3) samples compared to 79

of 118 low-grade (CIN 0 and 1) samples (P value, ,0.001),
whereas low-risk HPV types occurred more often in low-grade
CIN samples (17 of 118 compared to 5 of 113 in high-grade
CIN samples [P value, 0.01]).

Chlamydial infection was detected in five women below 26
years of age and one woman in the 26- to 35-year age range and
not detected in women above 36 years of age (P value, 0.02).
However, no correlation could be found between current chla-
mydia infection and grade of CIN. No cases of gonorrhea were
detected.

The frequency of AAV remained at 15 to 20% in all age
ranges. In the study presented here, 31 samples contained
AAV DNA; of these, 9 (29.0%) were CIN 3. In comparison,
200 samples did not contain detectable AAV DNA, of which
59 (29.5%) were CIN 3 (P value, 0.96). Hence, AAV showed
no protective effect on the colposcopy patients studied.

EBV was found in only 5 of 160 women (3%) in the 16- to
35-year age range. Through the age ranges, CMV was found in
2 to 4% of women; the frequency of HHV-6 remained at 15 to
20%, and the incidence of HHV-7 fluctuated from 44 to 57%.
One case each of HSV type 1 and HHV-8 was detected in the
26- to 35-year age range. However, DNA from any herpesvirus
was detected in 144 patients and absent in 87 patients. Fifty-
one (35.4%) of the herpesvirus-positive samples were classified
as CIN 3, whereas only 17 (19.5%) herpesvirus-negative sam-
ples were CIN 3 (P value, 0.01). In addition, 44 of 118 (37.3%)
samples containing HHV-7 were CIN 3, compared to only 24
of 113 (21.2%) not containing HHV-7 (P value, 0.007), regard-
less of other herpesvirus infections. Further, 36 of 95 (37.9%)
samples with HHV-7 as the only herpesvirus present were CIN
3 (P value, 0.006), compared to the 17 of 87 (19.5%) samples
containing no herpesvirus DNA. Thus, HHV-7 appeared to
occur more often in severe cervical lesions. The correlation
between HHV-7 positivity and HPV type was also investigated.
Figure 2 shows that, for high-risk HPV types containing

TABLE 1. Primer sequences used for pathogen detection

Pathogen Primer Sequence 59339a PCR product
size (bp) Referenceb MgCl2

(mM) Annealing temp (°C)

Neisseria gonorrhoeae HO1 GCTACGCATACCCGCGTTGC 392 17 2 55 (multiplex PCR)
HO3 CGAAGACCTTCGAGCAGACA

Chlamydia trachomatis KL1 TCCGGAGCGAGTTACGAAGA 236 17 2
KL2 AATCAATGCCCGGGATTGGT

HSV HSVBR CGGAGCCGCCGACGCCACC 334 (HSV-1),
310 (HSV-2)

2 65 to 50 (reduced by
0.4°C per cycle)
(multiplex PCR)HSVBA CCSGACTGCAGCCGCCCGACCTCCGAAG

CMV CMV2 TCCAGAGGTGGTGGGTTCYTCA 118 2
CMV1 GGGTGCTCAGGAGGAGCRGG

EBV EBV1 CTCTGGTAGTGATTTGGACCCG 240 12 (modified) 2
EBV2 GTGAAGTCACAAACAAGCCCACT

HHV-6 HHV61 CTTTGTGTAGGTGGTCGAATGCGAC 494 22 (modified) 2.5 60
HHV62 ACAGCGCAGCAACATGTTTCAGAGC
HS6AE CGGCCATTTAACGGAACCCTAG 751 5 2.5 61
HS6AF TCCAGAGAAAGGGTGTTGCG

HHV-7 HHV71 ATCCAGAAATGATAGACAGATGTTGG 133 22 (modified) 3 61
HHV72 GGTAGCACTAGATTTTTTGAAAAAGATTTAATAAC

HHV-8 KS3-5 CCCTTCTAGCGTTGGCTAGTC 608 21 2 60
KS1-3 TCCGTGTTGTCTACGTCCA

AAV AAV1 GCGGAGGCCATAGCCC 218 7 1.5 64
AAV2 ACGGGAGTCGGGTCTATCTG

a Y is T or C, R is G or A, and S is G or C.
b Where no reference is given, the primers were designed with the Gene Runner program (Hastings Software Inc., Hastings, N.Y.).
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HHV-7, 48.6% (35 of 72) were CIN 3, compared to 33.9% (20
of 59) HHV-7-negative samples with high-risk HPV types (P
value, 0.09); however, this effect of HHV-7 was more pro-
nounced with moderate-risk HPV types with HHV-7, where
40% (8 of 20) were CIN 3, whereas only 11.8% (4 of 34)
HHV-7-negative samples were CIN 3 (P value, 0.016).

DISCUSSION

This study attempted to find out whether genital infections
other than those caused by HPV could be implicated in the
development of cervical cancer (using CIN 3 as an indicator of
a premalignant lesion).

Although chlamydia infection was detected, occurring more
often in patients less than 26 years old than in older women
attending the colposcopy clinic, there was no correlation with
the grade of CIN.

The herpesviruses and AAV cause latent infections (1, 19);
hence, detection of a DNA genome from these viruses in
cervical cells demonstrates persistent infection at this site or a
carrier state. The most common infections detected in this
study were those with HHV-7, HHV-6, and AAV. The remain-
ing herpesviruses were each detected at a rate of 3% or less.

In humans, the replication cycle of CMV results in lysis of
infected cells; hence, for cellular transformation to occur, non-
productive infection is required. This could happen with a
spontaneously produced mutant virus, or more likely, the wild-
type virus may express only certain genes in a particular cell
type, e.g., cervical epithelial cells. The induction of cervical
neoplasia by human CMV in mice (8) may be due to an abor-
tive infection in which few viral proteins are produced. The

immediate-early proteins of human CMV, IE1 and IE2, are
mutagenic in primary rat cells (24) but are only transiently
required, and viral DNA is frequently absent in the trans-
formed cells. Therefore, the immediate-early proteins of hu-
man CMV could induce transformation of infected cells in
human cervical epithelial cells. If these cells were not permis-
sive for the full replication cycle of the virus, the cells could
become malignant. However, the continued presence of the
viral proteins could become detrimental to the cell, and thus,
cellular growth would favor cells which have lost the viral
genome. This may suggest a “hit-and-run” role for CMV in
cervical neoplasia, which is difficult to establish in the patients
studied here, as only eight patients had evidence of cervical
CMV infection.

EBV was found in specimens with CIN 1 (3%) and CIN 3
(5%). These results are comparable with those published by
Landers et al. (15), who found that 8% of CIN 2 and CIN 3
samples tested positive for EBV DNA. Again, the presence of
EBV DNA within the cervix raises the possibility that this virus
may be sexually transmitted. Interestingly, Landers et al. found
that, of 18 cases of cervical cancer studied, samples from eight
patients contained EBV DNA (44%). In situ hybridization
showed the EBV DNA to be located in the nucleus of malig-
nant cells, suggesting that the EBV genome had integrated into
the host cell chromosome. Whether this integration event was
a cause of malignancy or a consequence is unknown, but not all
cases showed integration of EBV DNA, and so it may have
been a chance event.

Evidence for HSV having a causal role in CIN is uncertain
(2), possibly due to some studies screening for HSV antibodies

FIG. 1. Incidence of cervical infections by age. Cervical specimens were tested for the pathogens shown, and the results are presented by patient
age group. Hatched markings indicate mixed HPV infections.
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and others detecting HSV DNA. However, Koffa et al. (14)
found that detection of HSV DNA correlated with cervical
cancer in specimens that did not contain HPV DNA, suggest-
ing that HSV may have a role in HPV-negative cervical cancer.
However, samples from the single patient with HPV-negative
CIN 2 found in the study presented here did not contain
detectable HSV DNA.

From in vitro studies, AAV has been shown to prevent the
replication of HPVs and therefore may protect infected pa-
tients from CIN (9). Indeed, Han and coworkers (7) found
AAV to be present in 50% of cervical brushing from undis-
eased patients, and Tobiasch et al. (28) detected AAV in 63%
of normal cervical mucosal samples tested. However, more
recent studies argue against a protective effect of AAV; Walz
et al. (30) detected AAV in 63% of samples from high-grade
CIN biopsies, and in a larger study by Strickler et al. (26), no
evidence was found of AAV infection in either CIN samples or
normal cervical samples. In the study presented here, AAV
was found in similar proportions of high- and low-grade CIN
samples. In addition, Hermonat et al. (10) analyzed the effect
of AAV on bovine papillomavirus (BPV) infection. They dis-
covered that, if the cells were latently infected with AAV, they
were more susceptible to BPV transformation than were non-
AAV-infected cells. If HPVs infecting the endocervix behave
like BPV with regard to AAV infection and if women acquired
AAV infection before HPV infection, this could explain the
finding of similar levels of AAV in patients with CIN. It is
known that primary infection with AAV usually occurs in
childhood, but an unstable AAV antibody response may allow
lifelong reinfection or reactivation of persisting virus (6). In the
study presented here, AAV occurred in similar proportions of

all age groups studied, indicating that reactivation of latent
infection rather than reinfection would be the most likely
source of AAV. This suggests that many women will have
latent AAV infection from an early age and hence possible
susceptibility to HPV transformation if cells in the endocervix
are infected.

Two groups have studied the prevalence of HHV-6 and
HHV-7 in the female genital tract. Leach et al. (16) found
HHV-6 to be present in 10% of vaginal swabs of women
attending a sexually transmitted disease clinic, whereas Okuno
et al. (20) found HHV-6 (variant B only) in 19.4% of cervical
swabs from 72 pregnant women and 6% of samples from 34
nonpregnant controls and HHV-7 in 2.7% of pregnant women
and none in the nonpregnant controls. For the Wessex pa-
tients, HHV-6 was detected overall in 18% of specimens, and
of 14 samples typed, 12 were HHV-6 variant B and 2 were
HHV-6 variant A. The high incidence of HHV-6 and HHV-7
in cervical samples may indicate that these viruses are sexually
transmitted.

Unlike HHV-6, HHV-7 can be reactivated from latently
infected peripheral blood mononuclear cells by T-cell activa-
tion (13), and the ongoing or active HHV-7 replication can, in
turn, reactivate latent HHV-6 infections. It may be possible for
a latent HHV-7 infection in the cervix to be reactivated by
T-cell activation due to the immune response to HPV infec-
tion, which could in turn reactivate HHV-6, and therefore,
both viruses could be shed and sexually transmitted.

However, HHV-6 DNA has been detected in 88% and
HHV-7 DNA has been detected in 100% of samples from the
submandibular salivary gland of healthy individuals (22) sug-
gesting that saliva is the important route for transmission of

FIG. 2. The percentages of samples containing high-, moderate-, or low-risk HPV types with CIN 3 are shown. Within each HPV risk group,
a distinction was made between the proportion of samples containing HHV-7 and those in which HHV-7 was not detected. For high-risk HPV
types, the P value is 0.09; for moderate-risk HPV types, the P value is 0.016; and for low-risk HPV types, the P value is 0.3.
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the virus, especially as most people are seropositive for both
viruses by the age of 2 years. The presence of HHV-6 and
HHV-7 in the cervical samples could be due to macrophages or
lymphocytes from the tissue or blood being collected with the
cervical cells or latently infected epithelial cells. Detection in
the cervix may, therefore, represent dissemination of the pa-
tient’s systemic infection of the immune system rather than
sexually acquired infection. Furthermore, detection of DNA
from HHV-6 and HHV-7 in this study does not indicate
whether the viruses are latent or reactivated.

No reported studies of HHV-7 have looked at the correla-
tion among HHV-7 infection, CIN grade, and HPV types. We
found that samples containing a moderate-risk HPV type and
HHV-7 were more likely to be CIN 3 than were samples
without any herpesvirus infection. If HPV testing is to be
introduced to aid cervical cancer screening, HHV-7 positivity,
particularly if detected with a moderate-risk HPV type, may
identify a group of patients at additional risk.
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