The Journal of Infectious Diseases : .
Ns hivm
MAJOR ARTICLE %“I)SA,“

hiv medicine association

Human Papillomavirus Viral Load and Transmission in
Young, Recently Formed Heterosexual Couples

Michel D. Wissing,"* Karolina Louvanto,"?® Emilie Cométe,® Ann N. Burchell,"* Mariam EI-Zein," Allita Rodrigues,' Pierre-Paul Tellier,
Francois Coutlée,’ and Eduardo L. Franco'

'Gerald Bronfman Department of Oncology, Division of Cancer Epidemiology, McGill University, Montreal, Quebec, Canada; “Department of Gynaecology and Obstetrics, Helsinki University
Hospital, Finland; *Departement de Biologie médicale et service de microbiologie, Centre Hospitalier de I'Université de Montréal, Université de Montréal, Quebec, “Department of Family and
Community Medicine and Centre for Research on Inner City Health, Li Ka Shing Knowledge Institute, St Michael’s Hospital, Toronto, Ontario, and ® Department of Family Medicine, McGill
University, Montreal, Quebec, Canada

Background. We studied the association between human papillomavirus (HPV) viral load (VL) and HPV concordance.

Methods. 'The HITCH cohort study included young, heterosexual, recently formed, sexually active couples. Questionnaires and
genital samples were collected at 0 and 4 months. Samples were tested for HPV DNA by polymerase chain reaction (PCR; Linear
Array). VLs of HPV6/11/16/18/31/42/51 were quantified using type-specific real-time PCR. Correlations between VL and type-
specific HPV prevalence and incidence were evaluated using multilevel, mixed-effects linear/logistic regression models.

Results. We included 492 couples. VLs were higher in penile than vaginal samples. VL at subsequent visits correlated signifi-
cantly within men (r, 0.373), within women (r, 0.193), and within couples (r range: 0.303-0.328). Men with high VL had more type-
specific persistent HPV infections (odds ratio [OR], 4.6 [95% confidence interval {CI}, 2.0-10.5]). High VL in men was associated
with prevalent (OR, 5.3 [95% CI, 2.5-11.2]) and incident (OR, 6.7 [95% CI, 1.5-30.7]) type-specific HPV infections in their partner.
Women’s VL was associated with type-specific HPV prevalence in their partner at the same (OR, 5.9) and subsequent (OR, 4.7) visit.

Conclusions.
tive of transmission episodes.
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Persistent HPV infections have limited VL fluctuations. VL between sex partners are correlated and seem predic-
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Human papillomavirus (HPV) is the most prevalent sexually
transmitted infection [1]. It is estimated that nearly 80% of sex-
ually active individuals will have a genital HPV infection at least
once in their lifetime [1]. Persistent infection with HPV is nec-
essary for the development of cervical cancer and anogenital
warts, and is an important cause of oral and other anogenital
cancers. Approximately 5% of the worldwide tumor burden is
estimated to be attributed to HPV [2].

Various strategies have been or are being implemented to
prevent and control HPV-related diseases, such as condom
use, HPV vaccination, and cervical cancer screening.
Knowledge of the risk and dynamics of HPV transmission
is instrumental to model the impact of such strategies at the
population level. HPV transmission is mediated by past and
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current sexual behavior, susceptibility of the sexual partner,
and viral factors; much about determinants for susceptibility
and infectivity of HPV remains insufficiently understood [3].
Vaginal intercourse is considered the most efficient route of
HPV transmission. The cumulative incidence of genital HPV
infections is generally higher in individuals who had their first
vaginal intercourse at a younger age and those who have had
a higher number of sexual partners [3-7]. Most transmission
occurs early in the relationship [6, 8-12]. Viral load, which
reflects the productivity of DNA replication within the af-
fected epithelium and consequent viral shedding, may play
a major role in HPV infectivity [3]. Within individuals, viral
loads are thought to predict HPV persistence and clearance
[13-15]. A Dutch research group studied HPV viral loads
in heterosexual couples in which the women had cervical
intraepithelial neoplasia (CIN); HPV concordance increased
with higher viral loads [16]. Furthermore, HPV-related pe-
nile lesions were more frequent and severe and had higher
viral loads in men whose sexual partner had CIN compared
with a control population [17]. Another study suggested that
HPV viral load was associated with the incidence of new
type-specific HPV infections in heterosexual partners [18].
However, this study used a semiquantitative method to deter-
mine viral load, measuring the intensity of genotype-specific
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bands on the Roche HPV Linear Array. Overall, couples in
these aforementioned studies were primarily engaged in long-
term, stable partnerships. Considering that most HPV trans-
mission events occur at an earlier stage after the onset of a
sexual relationship, it is essential to study HPV transmission
in a longitudinal cohort of newly formed couples who fre-
quently have genital samples tested for HPV.

We used data from the HPV Infection and Transmission
Among Couples Through Heterosexual Activity (HITCH)
study cohort to study the correlation between HPV viral
loads, and concordance within approximately 500 young,
recently formed heterosexual couples [8, 9, 19-23]. We pre-
viously reported high HPV incidence, prevalence, and type-
specific concordance of infections among these couples,
confirming frequent HPV transmission early in sexual
relationships [8, 19]. Thus, data from HITCH provide an ex-
cellent source to study determinants of HPV transmission
and persistence. In the current study, we examined the as-
sociation between genital HPV viral loads and HPV infec-
tion concordance in sexually active couples, hypothesizing
that higher genital viral loads would be associated with an
increased incidence and prevalence of the same HPV type in
sexual partners, and a decreased clearance.

METHODS

Study Population

The HITCH cohort study has been described previously [8, 9,
19-24]. In brief, HITCH enrolled >500 heterosexual couples be-
tween May 2005 and February 2011, consisting of young women
(primarily aged 18-24 years) attending university in Montreal
(Canada), and their male partners (aged >18 years). Couples
were eligible if they reported having had their first vaginal sex
together within 6 months before enrollment. Couples were
excluded if the woman was pregnant or planned to become preg-
nant in the next 24 months, if she did not have an intact uterus,
or if she had a history of cervical lesions/cancer. Women were
followed for 2 years during 6 visits, whereas men were followed
for at least 4 months during 2 visits. At baseline and during
follow-up, participants filled out web-based questionnaires
on demographics; socioeconomic status; smoking; sexual be-
havior; and medical, contraceptive, reproductive, and sexual
history. During clinic visits, nurses collected penile specimens,
while women self-collected vaginal swabs. To minimize con-
tamination of genital specimens through recent sexual contact,
participants were asked to abstain from intercourse 24 hours
before sample collection. Participation was completely volun-
tary; all subjects provided written informed consent. HITCH
procedures and documents were approved by the ethical review
committees at McGill University, Concordia University, and the
Centre Hospitalier de 'Université de Montréal, and are annually
renewed at McGill University. HITCH follows all national laws

and major international guidelines regarding studies involving
human subjects.

Genital Specimen Processing

Genital specimens were tested by polymerase chain reaction
(PCR) based on amplification of a 450 base pair segment of the
HPV L1 capsid gene for 36 mucosal HPV genotypes using the
Linear Array HPV genotyping assay (Roche Molecular Systems),
as described previously [25]. Concomitantly, a B-globin DNA
sequence was amplified to verify specimen adequacy.

Viral loads of HPV types 6, 11, 16, 18, 31, 42, and 51 were
measured in positive samples from the first and second visits
using type-specific real-time PCR assays. HPV types 6, 11, 16,
and 18 were selected as these HPV infections can be prevented
with the quadrivalent vaccine. Selection of HPV-31 and -51 was
based on their oncogenicity and/or high prevalence in HITCH,
and HPV-42 was selected as a nononcogenic type with a high
prevalence in the HITCH cohort [19]. HPV-positive samples
were screened for the presence of PCR inhibitors by amplifi-
cation of an internal control, as described previously [26]. The
presence of PCR inhibitors was suspected when 1000 copies of
the internal control generated a signal corresponding to <700
copies. Samples containing inhibitory activity were diluted
10-fold and further tested. Samples and diluted samples free of
inhibiting activity were then tested in duplicate in a Light Cycler
PCR and detection system (Roche Molecular Systems) for quan-
tification of HPV types that tested positive in the Linear Array.
Cycling parameters and primer sequences are described per
HPYV type in Supplementary Table 1. Cycle thresholds obtained
for each sample were compared to those of a titration curve
obtained by serial 10-fold dilutions of HPV-16 DNA plasmid in
75 ng of human genomic DNA (Roche Diagnostics) in 10 mM
Tris-HCI (pH 8.2). Viral loads were calculated by dividing the
number of HPV DNA copies by the total number of cells, which
was estimated by quantitation of p-globin by real-time PCR, as
described previously [27]. Some uncircumcised men had 2 pe-
nile samples per visit as glans and shaft samples were collected
separately; in those cases, the sum of viral copies were divided
by the total number of cells in both samples to determine the
viral load.

Statistical Analyses

As viral load distributions were skewed to the right, viral loads
were described using the median, geometric mean, toler-
ance interval, and range. The tolerance interval was calculated
using the formula 10/ ((E(log,(x))/ n) + log,  SD), in which
Z(log (x))/n is equal to the mean of the log -transformed
viral loads and log SD is the standard deviation of the log, -
transformed viral loads. Because of data skewness, correlations
were evaluated using log, -transformed viral loads. The normal
distribution of log-transformed viral loads was evaluated using
the Shapiro-Wilk test. We drew box plots following Tukey
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principles to assess the distribution of viral loads by HPV type
for the first visit, second visit, and both visits combined [28].
For the distribution of viral loads in both visits combined, each
individual contributed one measurement: if an individual was
positive for an HPV type at both visits, we averaged his/her
log, -transformed type-specific viral loads. Kruskal-Wallis tests
were used to evaluate whether viral loads differed significantly
between HPV types.

Type-specific HPV viral loads were compared within
individuals at 2 consecutive visits (intraindividual analyses)
and between sexual partners either at the same visit or at 2
consecutive visits (interindividual analyses; Figure 1). For
intraindividual analyses, samples were excluded if the 2 visits
were >9 months apart (n = 26 for women, n = 37 for men).
Interindividual analyses were restricted to couples who re-
ported being sexually active at both visits, and to women
and their first male sexual partners; that is, if a woman had
a second male sexual partner during HITCH, his genital
samples were analyzed for intraindividual analyses but not
for interindividual analyses. Furthermore, interindividual,
same-visit analyses were only conducted in couples who vis-
ited within 7 days from each other. Similar to intraindividual
analyses, interindividual between-visit analyses were restricted
to couples with a second visit occurring within 9 months from
the first.

To evaluate the correlation between HPV viralloads in part-
ners and/or at subsequent visits, correlation coefficients were
calculated using multilevel mixed-effects linear regression,
adjusting for repeated measurements (ie, multiple HPV types
within the same individual/couple). The magnitude of the as-
sociation of type-specific viral loads with HPV prevalence,
incidence, and clearance was assessed by estimating odds
ratios (ORs) and their respective 95% confidence intervals

(CIs) using multilevel mixed-effects logistic regression. For
these models, HPV-positive individuals were categorized into
type-, sex-, and visit-specific viral load tertiles (low/medium/
high). For example, a man with an HPV-16-positive genital
sample at visit 1 was considered to have a low viral load if
his viral load was below the 33rd percentile of all detected
viral loads for HPV-16 in male genital samples at baseline.
HPV prevalence was defined as the number of HPV-positive
individuals divided by the total number of individuals of the
same sex tested for the same HPV type. HPV incidence was
defined as the percentage of type- and sex-specific HPV-
negative individuals who tested positive at the next visit.
HPV clearance was defined as the percentage of type- and
sex-specific HPV-positive individuals who tested negative at
the next visit.

All statistical analyses were performed using Stata version
15.1 software (StataCorp).

RESULTS

In total, 1040 individuals provided genital samples, of
whom 402 tested positive for at least one HPV type (HPV-
6/11/16/18/31/42/51) (Figure 1). In 492 dyads, genital samples
were available from women and their first male sexual partners;
of these, 225 dyads included at least one individual who was pos-
itive for 21 of the studied HPV types. None of the participants
were HIV-infected or otherwise immunosuppressed. Cohort
characteristics are displayed in Table 1. The median age at base-
line was 20 years (range, 18-26 years) for women and 22 years
(range, 18-45 years) for men. Approximately two-thirds of
participants were born in Canada. Twelve percent of women
had received =1 dose of the HPV vaccine at baseline. The me-
dian number of lifetime vaginal sex partners was 5 for both men
and women. On average, couples were having vaginal sex for

Intraindividual analyses
(all men included)

1040 individuals provided genital samples in HITCH:
- 501 women

Interindividual analyses
(only first male sexual partners are included)

492 dyads in which both the women and her first

- 493 first male sexual partners
- 42 second male sexual partners
- 4 third male sexual partners

402 individuals had at least one HPV-positive genital
sample during visit 1 and/or 2:
- 190 women
- 212 male sexual partners:
- 186 first male sexual partners
- 23 second male sexual partners
- 3 third male sexual partners

male sexual partner provided a genital sample

225 dyads in which at least one partner had an HPV-
positive genital sample during visit 1 and/or 2:
- 187 women

- 185 male sexual partners

Figure 1.  Study flowchart of patients from the HPV Infection and Transmission Among Couples Through Heterosexual Activity (HITCH) cohort study. Intraindividual analyses
consisted of all analyses within men or within women only (ie, no data from the heterosexual partner was needed), which included evaluation of the viral load distribution in
men or women, the correlation of human papillomavirus (HPV) viral loads within individuals at visit 1 and 2, and the association between viral loads and HPV prevalence or
clearance at the next visit within individuals. Interindividual analyses included all analyses that involved data from both partners of a heterosexual couple.
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Table 1. Characteristics of Participants in the Human Papillomavirus Infection and Transmission Among Couples Through Heterosexual Activity (HITCH)
Cohort Study

Women Men Dyad
Characteristic (n =501) (n =539) (n =492)
Age at baseline, y, median (range) 20 (18-26) 22 (18-45)
Born in Canada 67.9% 63.9%
Vaccinated against HPV at baseline 12.0% 0.4%
Lifetime No. of vaginal sex partners at baseline, median (IQR) 5 (2-9) 5(3-11)

Days between first vaginal sex with HITCH partner and baseline visit, median (IQR)

No. of vaginal sex encounters with HITCH partner at baseline, median (IQR)
Individuals positive for any HPV (6/11/16/18/31/42/51) during the first 2 visits
HPV concordance at baseline, no./No. (%)

HPV concordance at the second visit, no./No. (%)

Individuals with =1 incident HPV infection at the second visit, no./No. (%)
Individuals who cleared >1 HPV infection at the second visit, no./No. (%)

118 (78-155)
60 (33-102)
39.3%
107/460 (23.3%)
88/364 (24.2%)
43/352 (12.2%)
45/134 (33.6%)

379%

42/445 (9.4%)
54/150 (36.0%)

Dyads were only included if the woman and her first male sexual partner had both provided a genital sample.

Abbreviations: HITCH, HPV Infection and Transmission Among Couples Through Heterosexual Activity; HPV, human papillomavirus; IQR, interquartile range.

4 months at the baseline visit, for a median of 60 encounters.
Of all women and men, 37.9% and 39.3% had a positive genital
sample for 21 HPV type during the first 2 visits, respectively.
In dyads, 23.3% and 24.2% were concordant for =1 HPV type
at visit 1 and 2, respectively. Approximately 10% of participants
had an incident HPV infection at the second visit, while more
than one-third of HPV-infected individuals had cleared their
infection at the second visit.

Type- and sex-specific HPV viral loads varied considerably
(from <0.001 to 112 410 copies/cell), and tended to follow a
log-normal distribution (Figure 2, Supplementary Table 2).
Penile samples had on average a higher viral load than vag-
inal samples (P < .001). In both sexes, viral loads differed sig-
nificantly between types, the median number of copies per cell
ranging from 1.3 (HPV-31) to 26 (HPV-42) in penile samples,
and from 0.01 (HPV-6) to 8 (HPV-42) in vaginal samples.
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Figure 2.

Log,, distribution of viral loads by sex, human papillomavirus (HPV) type, and visit number. Boxes represent the 25th to 75th percentiles, the black horizontal line

inside the boxes represents the median, and whiskers represent the full range of values up to 1.5 times the interquartile range. For values outside this range, the full range
is marked by dots. Average viral loads between HPV types differed significantly, both in men and in women (P< .001, Kruskal-Wallis test).
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Figure 3. Correlation of human papillomavirus (HPV) viral loads within individuals (scatter plots, A and B) or between sexually active partners (scatter plots, C—J). To cal-
culate correlation coefficients (r), multilevel mixed-effects linear regression was used, allowing for adjustment of repeated measures (ie, multiple HPV types were evaluated
per individual/couple). A, HPV viral loads were strongly correlated between visit 1 and 2 in men with a persistent HPV infection (n = 152 in 114 men, r=0.373, P<.001). B,
HPV viral loads were significantly correlated between visit 1 and 2 in women with a persistent HPV infection (n = 145 in 117 women, r=0.193, P=.018). C, HPV viral loads
were strongly correlated between sexually active partners who were both positive for an identical HPV type at the baseline visit (n = 141 in 107 dyads, r=0.318, P<.001).
D, HPV viral loads were significantly correlated between sexually active partners who were both positive for an identical HPV type at the follow-up visit (n = 88 in 69 dyads,
r=0.303, P=.040). £, Mean HPV viral loads were strongly correlated in sexually active partners who were positive for an identical HPV type during at least one visit (n = 125
in 87 dyads, r=0.310, P=.003). £, Mean HPV viral loads were significantly correlated in sexually active partners who both had a persistent infection of an identical HPV type
(n=59in 49 dyads, r=0.324, P=.028). Gand H, Repeating the analysis in £and F, but using the maximum instead of mean viral load, provided similar results (all infections:
r=0.316, P=.003; persistent infections: r=0.328, P=.027). /, HPV viral loads in male genital samples at visit 1 were not significantly correlated to type-specific viral loads in
their female partner's genital samples at visit 2 (n =92 in 79 dyads, r=0.088, P=.498). J, HPV viral loads in female genital samples at visit 1 were not significantly correlated
to type-specific viral loads in their male partner's genital samples at visit 2 (n =98 in 76 dyads, r=0.064, P=.605). *P<.05; **P<.01; ***P< .001.

There was no consistent change in the pattern of viral load
distributions between the 2 visits.

Correlations in type-specific viral loads were evaluated
within HPV-positive individuals and sexually active couples
(Figure 3, Supplementary Figures 1-5). For individuals with a
persistent HPV infection, type-specific HPV viral loads at base-
line were significantly correlated with viral loads at follow-up,
particularly in men (correlation coefficient [r] = 0.38, P < .001;
Figure 3A) but also in women (r = 0.19, P = .018; Figure 3B).
Viral loads for partners who both tested positive for the same
HPV type were significantly correlated with each other, both
at the first and second visits (r = 0.318, P < .001 and r = 0.303,
P =.040, respectively; Figure 3C and 3D). When comparing the
average or maximum viral load at visits 1 and 2 in men and
women who had a type-specific HPV infection during at least
1 visit (Figure 3E and 3G) or at both visits (Figure 3F and 3H),
type-specific HPV viral loads significantly correlated between
partners (r varied between 0.310 and 0.328, P < .05). Viral
loads of men and women at visit 1 did not correlate with their
sexual partner’s type-specific viral load at visit 2 (r = 0.088,

P = .498 and r = 0.064, P = .605, respectively; Figure 31 and 3],
Supplementary Figure 5).

Next, we evaluated whether HPV viral loads could predict
HPV prevalence, incidence, and clearance within individuals
and between partners. Table 2 shows the prevalence, incidence,
and clearance of HPV infections based on type-specific viral
loads in individuals and in their sexual partner. There were
dose-dependent differences; for example, the prevalence of a
type-specific HPV infection in women was 2.5% when men
were HPV negative at the same visit, but respectively increased
t046.7%, 54.5%, and 75.2% when men had low, medium, or high
type-specific viral loads. This viral load-dependent increase in
HPYV prevalence in sexual partners was observed during visits 1
and 2 (Supplementary Table 3).

Type-specific HPV prevalence was significantly higher in
individuals who were HPV positive at the previous visit than
in HPV-negative individuals, with ORs ranging from 47.9 to
209.7 depending on sex and viral load tertile (P < .001; Table 3).
Similarly, HPV prevalence and incidence were significantly
increased in individuals whose sexual partner had an HPV
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1.0 (ref)

1.0 (.3-3.0)

1.0 (ref)
1.1 (.3-4.1)

15 (5-4.4)
0.5 (.1-2.0)

1.0 (ref)

2.2 (.3-18.5)
(.0-4.0)

1.0 (ref)

3.2 (.3-38.1)
0.2 (.0-7.0)

0.3

1.0 (ref)
0.2*** (.1-0.5)
1.0 (ref)

0.2** (.1-.5)

1.0 (ref)
1.5 (.4-6.0)
1.0 (ref)
2.2 (.0-136.4)
206.1 (.1-633 888)

1.1 (.2-56.4)

1.0 (ref)

0.8 (.2-3.1)
1.0 (ref)

6.7* (1.5-30.7)
3.1 (.4-24.8)

1.0 (ref)

1.6 (.8-3.1)
1.2 (.6-2.5)
1.0 (ref)

1.1 (.4-2.6)
4.7** (1.5-14.6)

1.0 (ref)

1.6 (.8-3.0)
5.3*** (2.56-11.2)

1.0 (ref)

0.9
5.9*** (2.2-15.5)

1.0 (ref)
5.0%** (2.2-11.6)
4.6%** (2.0-10.5)

1.0 (ref)

Medium
High

Low
Low

Men
Women

0.9 (.4-2.0)
0.7 (.3-1.5)

8.6 (.6-159.2)

(.4-2.2)

1.1 (.5-2.4)
1.2 (5-2.7)

Medium

High

Data are presented as odds ratios (95% confidence intervals), calculated using multilevel mixed-effects logistic regression, adjusting for repeated measurements.

Abbreviation: HPV, human papillomavirus.

“Tertiles were defined per HPV type, by sex, and by visit; eg, a man with an HPV-16-positive genital sample at visit 1 was considered to have a medium viral load if his viral load was above the 33rd but below the 67th percentile of all detected viral loads

for HPV-16 in male genital samples at the first visit.

*P < .05.

**P< .01

***P < .001.

infection with a low viral load compared to when the sexual
partner was HPV negative, with ORs ranging from 22.7 to 57.8
(P < .001). Furthermore, HPV clearance was associated with
HPV positivity in the sexual partner, regardless of viral load;
for example, the odds that a man had cleared an HPV infec-
tion was 0.2 (95% CI, .1-.9) when comparing male partners of
HPV-positive women with a low type-specific viral load to male
partners of HPV-negative women (Table 3).

Higher viral loads were associated with an increased HPV
prevalence and incidence and a decreased clearance within
couples (Table 4). HPV persistence was higher in men with a
high compared to low type-specific viral load at the first visit
(OR, 4.6 [95% CI, 2.0-10.5]). For participants with a high type-
specific viral load, their sexual partners were more likely to be
HPV positive at the same visit (ORs, 5.3 [95% CI, 2.5-11.2] for
men and 5.9 [95% CI, 2.2-15.5] for women). The association
between HPV viral loads and partner’s HPV prevalence at the
same visit was independent of visit number (Supplementary
Table 4). Moreover, when women had a high viral load, it
increased the odds that their male sexual partner had a type-
specific HPV infection at the next visit (OR, 4.7 [95% CI,
1.5-14.6]). Women were at an increased risk of an incident
HPV infection when their partner had a high type-specific
viral load at the same visit (OR, 6.7 [95% CI, 1.5-30.7]). Men
were less likely to have cleared an infection if they had high
viral loads at the previous visit (OR, 0.2 [95% CI, .1-.5]). For
other comparisons, although the magnitude of the ORs also
suggested that increased viral loads increased HPV prevalence
and incidence, and decreased clearance, associations were not
significant (Table 4).

DISCUSSION

Prevention of cervical cancer is increasingly relying on the
detection of HPV infections [29]. While HPV screening par-
ticularly increases the sensitivity for detection of CIN grade 3
or worse, false-positive results remain a problem, increasing
the costs and burden for women with an HPV-positive test
who do not have and will not develop cervical lesions, for ex-
ample because of spontaneous clearance of infections [30, 31].
Furthermore, HPV-positive women may know that they are
infected with a sexually transmitted infection, but cannot es-
timate the risk of infecting their sexual partner. Therefore, we
need to improve our knowledge of HPV transmission and per-
sistence. Intuitively, one would assume that increased HPV viral
loads imply viral shedding and consequently an increased risk
for HPV transmission and persistence. Indeed, various studies
have found an association between viral loads and HPV-related
genital lesions, suggesting that high viral loads facilitate HPV
transmission [16-18, 32-34]. To obtain additional insights, we
quantitated HPV viral loads and studied their effect on HPV
transmission and persistence in young, recently formed sex-
ually active, heterosexual couples, when most transmission is
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presumed to occur. Our data suggest that HPV viral loads are
correlated in these couples and may predict to some extent HPV
prevalence, incidence, and clearance within individuals and
their sexual partners.

In our data, viral loads differed between HPV types and were
sex dependent, with higher viral loads observed in male genital
samples. Methodological differences might have biased these
results. Women self-collected vaginal samples, whereas penile
samples were collected by experienced nurses who directly
scraped the penile epithelium, potentially explaining the higher
viral loads found in penile samples. A previous study that
compared self-collected vaginal samples to clinician-collected
cervical samples reported lower viral loads in self-collected vag-
inal samples [35]. On the other hand, Bleeker et al used direct
cervical and penile scraping to obtain samples from 109 women
with CIN and 57 of their male partners, but also reported
differences in viral loads between male and female genital
samples and between different HPV types [16]. Therefore, HPV
viral loads should be studied separately by sex and HPV type.

Viral loads were correlated within individuals at the 2
visits, which were scheduled 4 months apart but could be up
to 9 months apart. This suggested that viral loads are relatively
constant over time within individuals with persistent HPV
infections. The correlation was stronger in men than in women,
which may either suggest relatively more fluctuations in viral
loads in women, or measurement errors due to self-sampling
among women. Viral loads were also correlated in couples if
both partners had an identical HPV infection, suggesting that
increased viral loads increase transmission and/or viral activity
in the partner. Some shedding of HPV-infected cells from the
partner may have occurred [36], but we expect such contami-
nation to be limited, as couples had been asked to abstain from
intercourse in the 24 hours before the clinical visit.

Higher HPV viral loads were also associated with an
increased type-specific HPV prevalence and incidence, and a
decreased HPV clearance within the individual and/or in the
sexual partner. These findings are in line with previous reports
[13, 14, 16, 18]. While these trends were relatively consistent in
the overall analyses, we noticed large variations when analyzing
each HPV type separately. Numbers were small, limiting the
value of observed variation. Furthermore, other parameters
may influence the association between viral loads and HPV
prevalence/incidence/clearance, such as circumcision status or
condom use [37].

Several factors need to be considered when interpreting our
findings. First, couples were already sexually active for up to
6 months at the time of the baseline visit, which means that a
considerable amount of transmission had already occurred, and
that viral load levels were already influenced by the viral load
status of the sexual partner. However, no large-scale prospec-
tive cohort study has been able to follow young, sexually active
couples earlier in their relationship than HITCH; to do so would

entail logistical quandaries. We limited viral load assessment
to the first 2 visits only, to maximize the opportunity to study
transmission events early in the couple’s relationship. However,
this prevented us from observing viral load fluctuations over
long periods of follow-up. We only tested type-specific viral
loads in genital samples that tested HPV positive in Roche’s
Linear Array. As such, we may have missed samples that were
false negative in the Linear Array, for example due to viral loads
that were too low to be detected in the assay. Being a type-
specific amplification assay, it is possible that the real-time PCR
may have a lower threshold for detection of low numbers of
viral copies than the Linear Array assay. In general, the Linear
Array assay is considered a well-validated genotyping HPV test
for use in epidemiologic studies, with good reproducibility and
high sensitivity and specificity [38, 39]. Finally, some variables
were self-reported, such as relationship status. We attempted to
reduce bias by comparing the respondents’ answers at multiple
occasions and by comparing the answer of both partners to par-
ticular questions such as for relationship status.

In summary, we analyzed data from a large, longitudinal co-
hort study of recently formed, heterosexual couples. We found
that viral loads vary largely but are correlated within individuals
and between heterosexual partners. Measuring viral load may
aid in predicting HPV infection outcomes within sexually ac-
tive couples. Future studies are needed to identify determinants
for high HPV viral loads, and to determine whether viral loads
predict future clinical disease, to advance our understanding of
the natural history of HPV infections and provide insights on
preventive strategies.

Supplementary Data

Supplementary materials are available at The Journal of
Infectious Diseases online. Consisting of data provided by
the authors to benefit the reader, the posted materials are
not copyedited and are the sole responsibility of the authors,
so questions or comments should be addressed to the corre-
sponding author.
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