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Abstract

Background: Although human papillomavirus (HPV) infection in heterosexual couples has been sparsely studied, it
is relevant to understand disease burden and transmission mechanisms. The present study determined the
prevalence and concordance of type-specific HPV infection as well as the determinants of infection in heterosexual
couples in a rural area of Mexico.

Methods: A cross-sectional study was conducted in 504 clinically healthy heterosexual couples from four
municipalities in the State of Mexico, Mexico. HPV testing was performed using biotinylated L1 consensus primers
and reverse line blot in cervical samples from women and in genital samples from men. Thirty-seven HPV types
were detected, including high-risk oncogenic types and low-risk types. Multivariate logistic regression models were
utilized to evaluate factors associated with HPV.

Results: The prevalence of HPV infection was 20.5% in external male genitals and 13.7% in cervical samples. In 504
sexual couples participating in the study, concordance of HPV status was 79%; 34 partners (6.7%) were concurrently
infected, and 21 out of 34 partners where both were HPV positive (61.8%) showed concordance for one or more
HPV types. The principal risk factor associated with HPV DNA detection in men as well as women was the
presence of HPV DNA in the respective regular sexual partner (OR = 5.15, 95%CI 3.01-8.82). In men, having a history
of 10 or more sexual partners over their lifetime (OR 2.5, 95%CI 1.3 - 4.8) and having had sexual relations with
prostitutes (OR 1.7, 95%CI 1.01 - 2.8) increased the likelihood of detecting HPV DNA.

Conclusions: In heterosexual couples in rural regions in Mexico, the prevalence of HPV infection and type-specific
concordance is high. High-risk sexual behaviors are strong determinants of HPV infection in men.

Background
Although there is clear evidence for the influence of the
male factor in the development of cervical neoplasia
[1,2], HPV transmission in heterosexual couples has
rarely been studied. The few studies conducted have
included the male sexual partners of women with clini-
cal HPV lesions [3-8] In addition, heterosexual couples
have been studied through controlled clinical trials to
evaluate the effect of the use of condoms on the rate of

persistence of flat penile lesions [9]. Previous reports
from prospective studies of women initiating sexual life
have estimated an accumulated HPV risk of 50% over a
period of three years. The risk of HPV infection in these
women increases if the male sexual partner had initiated
sexual life at an early age [10]. In light of the scarce stu-
dies exploring HPV transmission among heterosexual
couples, mathematical models have emerged to simulate
HPV transmission dynamics. A greater transmissibility
of HPV has been estimated as compared to other sexu-
ally transmitted infections, such as HIV and type 2
herpes simplex [11]. Information about HPV transmis-
sion probabilities in couples is of paramount importance
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to evaluate the impact of prophylactic vaccines against
HPV and to monitor the distribution of specific types
before and after the introduction of HPV vaccines.
The goal of the present study was to determine genital

HPV prevalence in sexual couples, evaluate HPV type-
specific concordance and the association of known risk
factors of HPV infection in a low-risk, predominantly
monogamous population.

Methods
We conducted an HPV DNA prevalence and type-speci-
fic concordance study in 504 heterosexual couples
attending first-level health centers for medical attention
in four municipalities belonging to the Texcoco Sanitary
District in the State of Mexico, in the central region of
the Mexican Republic. Three of the municipalities had
rural characteristics (Atenco, Tepetlauxtoc, Texcoco)
and one was semi-urban (Chimalhuacan). The study
period was November 2002 to September 2003.
The study partners were identified and selected using

convenience sampling in healthcare centers. First,
women who consistently sought care in health centers
for diverse reasons were identified and invited to partici-
pate. The women who were accepted into the study
were asked to invite their regular sexual partner to par-
ticipate (having been a sexual couple for six or more
months even if they were not living in the same house).
Subjects were invited to participate after a talk about
HPV infection and its association with cervical cancer
given at the participating healthcare centers. Since the
professional occupation for 65% of this population is
agriculture, the study was conducted during the morn-
ing hours to increase the likelihood that the male sexual
partner would attend.
Sexual couples were included when both partners

were available to participate in the study; excluded were
sexual couples in which the female partner was pregnant
or had a hysterectomy.
Male partners were instructed not to wash their genitals

for at least 12 hours prior to the examination and to be
sexually abstinent for three days. Female partners were
asked to be sexually abstinent and not menstruating.
After receiving written informed consent guaranteeing

confidentiality, and in complete privacy, a self-adminis-
tered questionnaire was completed to obtain information
about socioeconomic variables, educational level, smoking
habits, reproductive history, use of contraceptive methods
and sexual behavior factors. The couples answered the
questionnaire in separate locations. The questionnaires
and collection of biological samples for each partner were
carried out on the same day at the corresponding health
center. The study was approved by the ethical and
research committees at the institutions that participated in
the study. The overall response rate was 60%.

Collection of specimens
The methods used to collect the samples from the male
genital area have previously been described [12]. Briefly,
epithelial cells from three anatomic sites were obtained
using a cytobrush and a Dacron swab: The first sample
was obtained from the scrotum and the penile shaft, the
second from the balano-preputial lamina, and the third
from the urinary meatus. The three samples were com-
bined into one single tube and stored.
In women, a sample of epithelial cells was taken from

the exocervix and endocervical canal using a nylon cyto-
brush, which was rotated 360°C to assure sampling of the
cervical transformation zone. All genital samples were
collected by a trained doctor. All brushes containing the
collected material were placed in a 5 ml aliquot of phos-
phate-buffered saline (PBS)/merthiolate 0.01% (v/v). The
samples were maintained at -20°C for an average of
30 days, until their delivery to the laboratory. The sam-
ples were also stored at -20°C in the laboratory prior to
DNA extraction.

DNA extraction
Previous to DNA extraction all samples which arrived at
the lab were centrifuged at 4500 rpm for 6 minutes,
after pellet was suspended in 1 ml of 0.01 M TRIS HCL
pH 7.4. Briefly, genital samples were treated with protei-
nase K (170 ug/ml). The DNA extraction was performed
with phenol-chlorophorm/isoamyl alcohol 24:1, then
NaCl 5 M was added and precipitated with isopropanol.
Finally pellet was suspended in 50 μl of buffer TE pH
7.6 and stored at -70°C [13].

HPV DNA amplification, detection and genotyping
HPV DNA amplification
Was performed using DNA hybridization test as
described by Gravitt et al [14]. After sample extraction
amplification of HPV DNA and b-globin was conducted
in separate reactions. HPV DNA was amplified using
biotinylated PGMY L1 consensus primer. To determine
specimen adequacy, a fragment of the human b-globin
gene was co-amplified with primers BGH20 and BPC04.
HPV DNA detection and genotyping
HPV detection and genotyping was performed on the
products of PCR (inverse hybridization) which utilized
the nylon membranes that were used for the hybridiza-
tion. Each membrane contained 39 test lines, 37 of
which correspond to type-specific HPV and two to the
quantification of low and high concentrations of b-glo-
bin. HPV types that were considered high-risk for the
development of cervical neoplasia are 16, 18, 31, 33, 35,
39, 45, 51, 52, 56, 58, 59, 66; low-risk are 6, 11, 26, 40,
42, 53, 54, 55, 61, 62, 64, 67, 68, 69, 70, 71, 72, 73, 81,
82, 83, 84, IS39, CP6108 [15]. The hybridization bands
were detected using colorimetry. Membranes were
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interpreted using acetate that indicated the position of
each HPV type. Hybridization results were indepen-
dently interpreted by two reviewers. In addition, for the
purpose of analysis, b-globin-negative samples that were
PCR positive to HPV were considered as positive, given
that competition between oligoelements from the diag-
nostic strips could result in a b-globin-negative
specimen.

Statistical Analysis
A stratified analysis was conducted by sex and a socioe-
conomic level index (SLI) was created using principal
component analysis with the variables education, floor
material in the dwelling, availability of potable water,
drainage availability, owning a vehicle and owning
domestic electronic equipment such as a television,
video cassette recorder, gas stove and water heater. The
index obtained was categorized in tertiles to define low,
medium, and high SLI. The McNemar’s test was used to
compare the prevalence of HPV among men and their
sexual partners.
The concordance of HPV status between sexual part-

ners and between HPV risk groups (high- and low-risk)
was evaluated based on contingency tables using the
Kappa statistic. Concurrence of HPV infection in het-
erosexual couples was defined as the presence of infec-
tion in both of the sexual partners, independently of
whether or not there was HPV type concordance. For
couples where both partners presented with at least one
type of HPV infection, percentages for type-specific
positive concordance were obtained and, for those with
type-specific concordance, it was determined whether
the partners were concordant for one type, two types, or
three types. The association of potential determinants of
HPV positivity in both men and women was evaluated
using logistic regression modeling adjusted for age and
SLI, obtaining odds ratios (OR) with 95% confidence
intervals. All p-values were two-sided.

Results and Discussion
Prevalence and concordance of HPV infection in sexual
couples
The prevalence of HPV infection was 20.4% in men and
13.7% in women. The most frequently detected high-
risk types were HPVs 59, 18, 39 and 16 among men,
and HPVs 59, 16, 31, 52 and 58 among women. The
most common low-risk types were HPVs 61, 62, 53, 84
and 81 among men, and HPVs 62, 71, 81 and 54
among women. Overall, the pattern of HPV type distri-
bution was similar among men and women (Table 1
and Figure 1).
Concordance of HPV status was 79%. In 138 couples

of the 504 included in the study, at least one of the
respective partners had some type of HPV infection

Table 1 Prevalence of HPV DNA in 504 heterosexual
couples in central Mexico, according to sex.

Men
n = 504

Women
n = 504

HPV n % n % r*

Presence of HPV

Positive 103 20.44 69 13.69 0.0009

Presence of high-risk HPV

Positive 44 8.73 48 9.52 0.6056

Presence of low-risk HPV

Positive 75 14.88 33 6.55 0.000

Multiple HPV infection

One type only 79 15.67 50 9.92 0.3841

Two or more types 24 4.77 19 3.77

Presence of HPV 16 and/or 18

Negative 491 97.42 490 97.22 0.8348

Positive 13 2.58 14 2.78

Positive for High-risk HPV

16 6 1.19 10 1.98 0.2850

18 7 1.39 4 0.79 0.3173

31 1 0.20 5 0.99 0.0455

33 0 0 0 0

35 0 0 0 0

39 7 1.39 3 0.60 0.1025

45 2 0.40 1 0.20 0.5637

51 2 0.40 3 0.60 0.6547

52 3 0.60 5 0.99 0.4142

56 2 0.40 1 0.20 0.3173

58 3 0.60 5 0.99 0.4142

59 12 2.38 15 2.98 0.4913

66 6 1.19 3 0.60 0.2568

For low-risk HPV

6 2 0.40 2 0.40 1.000

11 0 0 0 0

26 0 0 0 0

40 2 0.40 2 0.40 1.000

42 2 0.40 2 0.40 1.000

53 10 1.98 2 0.40 0.0114

54 5 0.99 4 0.79 0.6547

55 4 0.79 0 0 0.045

61 14 2.78 2 0.40 0.0013

62 11 2.18 7 1.39 0.2059

64 0 0 0 0

67 0 0 0 0

68 2 0.40 1 0.20 0.5637

69 0 0 1 0.20 0.3173

70 1 0.20 0 0 0.3171

71 3 0.60 5 0.99 0.4142

72 4 0.79 1 0.20 0.1797

73 2 0.40 2 0.40 1.000

81 7 1.39 4 0.79 0.3173

82 0 0 0 0
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(27.4%). In 69(50%) of these only the man presented
some type of infection, in 35(25.4%) only the woman,
and in 34(24.6%) both were infected. Among heterosex-
ual couples in which both partners were infected, 21
(61.8%) showed type-specific concordance in one or
more HPV types. Overall concordance was statistically
significant (Kappa = 0.28, p < 0.001). The most frequent
HPV types found in both partners who presented type-
specific concordant infection were HPVs 59, 62, 54 and
39 (Table 2).

Determinants of HPV infection
Sociodemographic characteristics
In the study population, 69.4% of the couples lived in a
rural area, 79.4% were married or living together, and
85.3% were Catholic. The median age for men was 38
years old and for women, 35 years. Seventy-four percent

of men and 73% of women had nine or less than nine
years of schooling. Forty-five percent of the men and
14% of the women were current smokers. A multiple
logistic regression analysis, adjusted for age and SLI,
indicated that among men, living in an urban area was
significantly associated with an increased risk of penile
HPV infection (OR 1.7, 95%CI 1.1 - 2.7) compared to
living in a rural area. In addition, being single (OR 1.9,
95%CI 1.1 - 3.2) and having less than 7 years of school-
ing (OR 1.8, 95%CI 1.0 - 3.4) were variables significantly
associated with an increased risk for penile HPV infec-
tion. For women, not having a stable partner was asso-
ciated with a statistically significant increase in the risk
of cervical HPV infection (OR 2.8, 95%CI 1.6 - 5.0), as
was being a current smoker (OR 2.0, 95%CI 1.03 - 3.7).
Age, years of schooling, SLI, and religion were not asso-
ciated with the presence of cervical HPV infection in
women (Table 3).
Sexual behavior characteristics associated with the presence
of HPV infection
Forty-eight percent of the men reported having three or
more lifetime sexual partners; Compared with 9% among
women. The median number of sexual intercourses per
month among the partners was eight, 29% of partners
reported having sexual relations between 11 and 30 times
a month. Thirty-seven percent of the men and 33% of the
women reported having had anal sexual relations.
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Figure 1 Type specific prevalence of HPV infection in a group of heterosexual couples in central Mexico, according to sex.

Table 1 Prevalence of HPV DNA in 504 heterosexual cou-
ples in central Mexico, according to sex. (Continued)

83 1 0.20 2 0.40 0.5637

84 9 1.79 1 0.20 0.0047

IS39 0 0 0 0

Cp6108 5 0.99 3 0.60 0.4142

* p-value obtained using McNemar´s Test.
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Table 2 Group and type-specific HPV concordance in 504 heterosexual couples

Female partner

Negative high-risk HPV low-risk HPV HPV Both types: Total

Male partner

Negative 366 20 10 5 401

high-risk HPV 19 5 2 2 28

low-risk HPV 45 6 9 3 63

HPV, both types 5 3 1 3 12

Total 435 34 22 13 504

Type-specific concordance of HPV infectiona in 34 sexual couples with concurrent infection.

n %

No concordance 13 38.24

Concordance of at least one type 21 61.76

HPV genotypes detected in 34 sexual couples, both with infection.

No. Male genitals’ HPV type b Cervical HPV type

1 53 52

2 84 84

3 39,53 39,53,81

4 51,56 56

5 61 39

6 62 62

7 59 59

8 81 6

9 62,66, cp6108 31,40,62,66,72, cp6108

10 18,81 18,81

11 6 6

12 16,39,84 54

13 16 16

14 54 54

15 52,58,61,71,81 52,58,73

16 39 39,71

17 72 53

18 55 52,58

19 59 59

20 55 18

21 62,84 16,62

22 59,62 16

23 71,73 71

24 16,59 59

25 58 66

26 66 16

27 18,39,62,66 58

28 54 54

29 68 71,83

30 61 31,61

31 31 31,81

32 40 59

33 59,84 59

34 62 62,71

Concordance of HPV status observed: 79% K = 0.28, p value < 0.001.

Note: Concordance of status corresponds to the percentage of couples in which both partners were HPV negative or both were positive, independently of risk
group or HPV type. Concurrent infection corresponds to the percentage of couples for which both partners were positive independently of the risk group or HPV
type. Number in bold indicates couples with concurrent infection (34).
a When infection is present in both men and women and there is at least one HPV genotype in common.
b Sample taken from the combination of epitheleal cells from the middle third of the scrotum and penile shaft, the balano-preputial lamina and the urinary meatus.
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Table 3 Sociodemographic and sexual conduct characteristics associated with the presence of HPV DNA among 504
heterosexual couples in central Mexico, according to sex.

Men n = 504a Women n = 504a

Variable HPV +
n = 103

Risk of HPV infection HPV +
n = 69

Risk of HPV infection

n (%) HPV + (%) ORb CI 95% n (%) HPV + (%) ORb CI 95%

Agec (years)

18-24 40(8) 9(22.50) 1.0 64(12.7) 13(20.31) 1.0

25-30 91(18) 17(18.68) .77 .31 - 1.93 98(19.4) 15(15.31) .70 .30 - 1.60

31-40 191(37.9) 29(15.18) .61 .26 - 1.42 209(41.5) 24(11.48) .47 .22 - 1.00

41-75 182(36.1) 48(26.37) 1.23 .54 - 2.80 133(26.4) 17(12.78) .55 .24 - 1.23

p-trend 0.1999 0.1305

Place of residence

Rural 350(69.4) 62(17.71) 1.0 350(69.4) 47(13.43) 1.0

Urban 154(30.6) 41(26.62) 1.71 1.08 - 2.71 154(30.6) 22(14.29) 1.02 .58 - 1.79

Marital Status

Married 400(79.4) 72(18) 1.0 400(79.4) 43(10.75) 1.0

Single 104(20.6) 31(29.81) 1.92 1.14 - 3.25 104(20.6) 26(25.00) 2.79 1.56 - 5.00

Schoolingd

<= 6 years 174(34.5) 47(27) 1.85 .99 - 3.44 77(15.5) 8(10.39) .70 .28 - 1.76

7-9 years 199(39.5) 37(18.6) 1.28 .70 - 2.36 286(57.6) 43(15.03) 1.17 .62- 2.19

>= 10 years 131(26) 19(14.5) 1.0 134(26.9) 17(12.69) 1.0

p-trend 0.0061 0.8069

Religion

Catholic 430(85.3) 81(18.84) 1.0 430(85.3) 58(13.49) 1.0

Other 74(14.7) 22(29.73) 1.88 1.07 - 3.31 74(14.7) 11(14.86) 1.04 .51 - 2.11

Current smoker

No 278(55.2) 56(20.14) 1.0 435(86.3) 53(12.18) 1.0

Yes 226(44.8) 47(20.80) 1.08 .69 - 1.69 69(13.7) 16(23.19) 1.97 1.03 - 3.75

Age on initiating sexual life

≤18 years 284(56.35) 68(23.94) 1.59 1.003 - 2.52 269(53.4) 39(14.50) 1.06 .62 - 1.81

≥19 years 220(43.65) 35(15.91) 1.0 235(46.6) 30(12.77) 1.0

No. of lifetime sexual
partners

One 185(36.7) 30(16.22) 1.0 371(73.6) 45(12.13) 1.0

Two 76(15.1) 17(22.37) 1.49 .75 - 2.92 88(17.5) 15(17.05) 1.50 .78 - 2.85

Three to nine 171(33.9) 31(18.13) 1.08 .62 - 1.90 45(8.9) 9(20.00) 1.69 .75 - 3.79

Ten or more 72(14.3) 25(34.72) 2.54 1.34 - 4.82 – – – –

P-trend 0.0142 0.0796

History of anal sexual
prelations

No 305(63.15) 64(20.98) 1.0 146(67) 25(17.12) 1.0

Yes 178(36.85) 34(19.10) .90 .56 - 1.45 72(33) 8(11.11) .65 .26 - 1.60

Circumcisione

No 469(93) 98(20.90) 1.0 469(93) 61(13.01) 1.0

Yes 35(7) 5(14.29) .61 .22 - 1.64 35(7) 8(22.86) 1.92 .82 - 4.51

History of sexual relations
with prostitutes

No 395(78.37) 72(18.23) 1.0 – – –

Yes 109(21.63) 31(28.44) 1.68 1.01 - 2.78 – – – –
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Circumcision was confirmed in 7% of the male partici-
pants. Among men, initiating active sexual life before the
age of 18 was positively associated with current penile
HPV infection (OR 1.6, 95%CI 1.0 - 2.5) as was having had
10 or more lifetime sexual partners (OR 2.5, 95%CI 1.3 -
4.8), a history of having had sexual relations with prosti-
tutes (OR 1.7, 95%CI 1.01 - 2.8) and not using condoms
on a regular basis when having relations with prostitutes
(OR 1.8, 95%CI 1.0 - 3.2) (Table 3). The percentage of
men reporting having had two or more current regular
sexual partners was 13.7%, 44.6% reported having had sex-
ual intercourse with occasional partners, 21.6% with pros-
titutes, and 13.9% had maintained sexual relations with
prostitutes while maintaining sexual relations with their
regular partner (data not shown).
Among women, 4% had never been pregnant, 37.3%

never had a cervical cytology, and 29.4% did not use any
contraceptive method. An increased risk of cervical
HPV infection was observed (OR 1.9, 95%CI 1.01 - 3.7)
in women whose male partners had sexual relations

with prostitutes while living together, as was for those
whose partners did not use condoms while having rela-
tions with prostitutes (OR 1.9, 95%CI 1.0 - 3.6). In
women, no statistically significant associations were
found between sexual behavior characteristics and HPV
detection (data not shown).
The presence of any HPV type infection in men was

strongly associated with the presence of HPV infection
in their female sexual partners (OR 5.1, 95%CI 3.0 - 8.8)
(Table 4).

Conclusions
This work describes one of the first studies in a Mexi-
can population that evaluates HPV type-specific concor-
dance among heterosexual couples in a rural area in
central Mexico. Of 138 couples where at least one part-
ner was infected, approximately 25% (34/138 = 24.6) of
the respective partners were simultaneously infected by
HPV. Among these couples, type-specific concordance
was high (61.8%). The principal predictors of HPV in

Table 4 Risk of HPV infection associated with the status of HPV infection in the sexual partner.

Variable Risk of HPV infection in women

Presence of HPV in men n = 504 HPV positives n = 69

% ORa ra CI 95%a

Presence of HPV

Negative 401/79.56 8.73(35)

Positive 103/20.44 33.01(34) 5.15 0.000 3.01 - 8.82

Presence of oncogenic HPV

Negative 460 6.96(32)

Positive 44 36.36(16) 7.64 0.000 3.75 - 15.56

Presence of nononcogenic HPV

Negative 429 3.73(16)

Positive 75 22.67(17) 7.56 0.000 3.62 - 15.79

Presence of HPV

16 and/or 18

Negative 491 2.44(12)

Positive 13 15.38(2) 7.25 0.016 1.44 - 36.37
aOdds ratio, p-value, and CI 95% obtained using logistic regression.

Table 3 Sociodemographic and sexual conduct characteristics associated with the presence of HPV DNA among 504
heterosexual couples in central Mexico, according to sex. (Continued)

Use of condom when having sexual
relations with prostitutes

Have not had sexual relations
with prostitutes

395(78.37) 72(18.23) 1.0 – – –

Always 34(6.75) 8(23.53) 1.46 .63 - 3.41 – – – –

Not always 75(14.88) 23(30.67) 1.78 1.004 - 3.17 – – – –

P-trend 0.0128
a Due to missing data, all categories do not total 504.
bOdds ratio and 95% confidence intervals obtained using logistic regression models adjusted for age and SLI.
c Models adjusted for SLI only to avoid colinearity.
d Models adjusted for age only to avoid colinearity when adjusting for SLI.
e This variable as was asked of men only. Women were assigned the value corresponding to the antecedent of circumcision in their male sexual partner.
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men were factors related to high-risk sexual behavior.
The presence of HPV in both men and women was
strongly associated with the detection of HPV in their
respective partners.
Studies over the past 20 years evaluating HPV infec-

tion concordance among heterosexual partners have
shown many inconsistencies, reporting concordances of
type-specific infection of between 2 and 87%
[5,6,8,16-21]. Such heterogeneous findings may be due
to the use of diverse laboratory HPV DNA detection
techniques, the methods used to select the study popu-
lation, and to the anatomical site being sampled (parti-
cularly in men), among other factors.
An early report on HPV concordance in heterosexual

partners documented that 75% of women whose male
partners had HPV were also HPV positive, while only
39% of men with HPV-positive female partners were
HPV positive in semen [22]. Female partners of men
with condylomatosis of the penis have also been studied,
where high-risk cervical HPV has been calculated to be
27.7% and cytologic anomalies in the cervix has been
estimated to be 36% [23]. The main limitation of pre-
vious studies was primarily methodological. Technologi-
cal developments over the years in the area of
diagnostic testing have led to more sensitive HPV DNA
detection tests. Furthermore, the identification of male
anatomical regions where HPV is routinely detected has
recently been well studied [12]. Therefore, comparisons
between population studies are greatly limited due to
differences in the methods employed.
Other studies have recently shown concordance find-

ings to be similar to those found in this study; 76% of
male partners of infected women have been shown to
be HPV positive [18]. Three other studies evaluating
type-specific concordance in heterosexual partners
reported concordance estimates of 43% a 64.4%,
although the sample size was quite small [8,19,24].
These results are consistent with the hypothesis of sex-
ual transmission [25,26] of HPV infections.
An association between the presence of lesions in the

sexual partner and the presence of HPV infection was
not demonstrated in the current study as the large pro-
portion of infections in this population was subclinical.
It is possible that the combined sampling of sites of the
scrotum and penile shaft, balano-preputial lamina and
urinary meatus has increased the type-specific concor-
dance value found in this study. It has been shown in a
previous study that use of combined samples increases
HPV DNA detection [27].
The 13.7% prevalence of HPV infection found in women

is less than the prevalence of 20.4% found in men; this
lower prevalence in women compared to their male part-
ners has been observed in other studies that evaluate both
men and women [27]. The natural history of HPV

infection may be different between men and women due
to differences between the epithelium in the cervical trans-
formation zone and the penis. HPV DNA prevalence has
been shown to be as much as two to three times higher in
Mexican men than in Mexican women. With respect to
women, HPV prevalence in Mexico has been reported as
ranging from as little as 3.7% to as high as 48.9% [28-33]
and a systematic review conducted in the United States
that includes studies of prevalence in Hispanic, African-
American, Asian, Caucasian and other women report pre-
valences between 14% and 90% [34]. Higher HPV preva-
lence estimates have been observed among women with
high-risk sexual behavior as compared to predominantly
monogamous women [35]. This is consistent with preva-
lence estimates derived from a population-based study of
Mexican women and those from a study of women with
social security health care services [30,32]. In addition,
prevalence estimates in urban areas, where HPV is ende-
mic, are greater than those observed among women in
rural areas [36] and than those observed in countries with
a low incidence of and mortality from cervical cancer [37].
The bimodal pattern for HPV infection by age group
observed in previous studies of populations with elevated
mortality due to cervical cancer [28,37] was not observed
in this study of rural women, showing an elevated preva-
lence of more than 14% in women older than 30 years,
which was consistent up to 75 years of age, the maximum
age included.
The above is a reflection of the fact that HPV preva-

lence of and concordance among couples is not only
highly variable but also depends on the sexual behavior
of the couples, the sensitivity of the tests employed, and
more importantly on the differences between acquisition
rates among men and women.
The identification of risk factors associated with HPV

detection in our study in both men and women is con-
sistent with that of other reports [38-48]. In men, being
single and having fewer years of schooling are associated
with an increased risk for HPV infection, as is being
younger on sexual debut, having multiple sexual part-
ners, and a history of having had sexual relations with
prostitutes. This pattern of risk factors for penile HPV
infection is similar to that found in an HPV study
among Mexican soldiers [40]. For women, being single
and smoking are factors clearly correlated with high-risk
sexual conducts and are therefore positively associated
with HPV infection, a finding that is also consistent
with reports from previous studies [32,37]. In the pre-
sent study, we show for Mexican men that a history of
sexual relations with sex workers and inadequate use of
condoms when having such sexual relations increase the
risk of HPV infection in their female partners, indicat-
ing, as in many other studies, the key role of the male
factor in the risk of HPV infection in the female partner.
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The results of this study of couples are singularly impor-
tant, in part, because this is one of the first studies to quan-
tify type-specific HPV concordance for a female population
with a pattern of sexual conduct that is predominantly
monogamous. In addition, because HPV prevalence esti-
mates in the external male genitalia was found to be two
times higher than that previously reported for Mexican
men with low-risk sexual behavior. These findings are bol-
stered by an external quality control mechanism for the
determination of HPV DNA in the study population that
included a determination of HPV blind to knowledge of
gender and of the HPV results of the corresponding part-
ner. Therefore, information bias with regard to the charac-
terization of the presence of HPV DNA is improbable.
Prospective cohort studies among different popula-

tions are warranted to confirm these estimates as well
as to quantify the probability of HPV transmission pat-
terns in men and women and explore the role of poten-
tially associated cofactors.
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