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When the body is invaded by pathogens, each
individual reacts with a battery of non-specific and
specific immune defence mechanisms. Sex hormones
play an important part in the host’s resistance to sexu-
ally transmitted infections. This is shown by sex differ-
ences,1 variations in detection of infection according to
phase of the menstrual cycle,2 increased susceptibility
during pregnancy,3 and evidence that use of hormonal
contraception predisposes to infection.4 5 The mecha-
nisms by which specific sex hormones modulate the
immune system have been reviewed.6 This is a complex
subject, and it is unfortunate that, in spite of its poten-
tial importance, no clear message about sex hormones
has emerged or been harnessed to the development of
strategies for controlling infection. This paper revisits
some of the evidence that hormonal status influences
susceptibility to sexually transmitted infections,
especially in adolescents, and considers the practical
implications of this evidence.

Sex differences
The best example of sex differences in rates of
infection and disease for various sexually transmitted
viral infections is genital herpes. Many studies report a
higher seroprevalence of genital herpes in women
than in men in both developed and developing
countries,7 8 after exposure has been controlled for,9

and in every age group.8 Among women who were ini-
tially seronegative, a higher risk of symptomatic infec-
tion and a faster rate of acquisition of herpes simplex 2
virus compared with men was shown in a well designed
cohort study.10 Sex differences were also striking in
recent vaccine trials, with the vaccine showing limited
protective efficacy against genital herpes for women
but not for men.11

These sex difference were not attributed to sex
hormones but to anatomical differences that are
thought to make it easier for the virus to pass from
men to women than vice versa.12 According to this
theory, in women the virus sits in a fluid filled cavity,
which facilitates its transmission or, after vaccination,
its exposure to neutralising agents. The same theory is
used to explain sex differences in age of onset and
seroprevalence of HIV infection. However, two analy-
ses using population based data challenge this theory
as an explanation for sex differences in prevalence by
showing that epidemics of HIV infection are fuelled
by high rates of transmission of virus from women to
men.13 14 From a biological perspective, pooling of
virus in the vagina may be insufficient to establish
infection. In an animal model of the human vaginal
epithelium, oophorectomised female macaques
treated with progesterone became infected after chal-
lenge with intravaginal simian immunodeficiency
virus. This was attributed to thinning of the vaginal
epithelium by progesterone.15 In women, a number of
studies have shown that hormonal contraceptives are

associated with increased shedding of HIV in cervical
and vaginal secretions,1 which would also make
women more likely to pass the virus to men than vice
versa. These important observations are now being
more rigorously tested in two multicentre randomised
controlled trials.16

Biological immaturity—hormonal factors
during adolescence
Satisfactory explanations of why adolescent girls have
a higher prevalence of chlamydia and human papillo-
mavirus infection than adult women, adolescent boys,
and men have also proved elusive.17 18 Compared with
young women, young men have not been well studied,
but infection rates are generally highest in men in
their twenties. One common explanation for sex
differences is that adolescent girls are highly suscepti-
ble to sexually transmitted infections because they are
biologically immature. Yet, with the exception of some
studies on cervical ectopy and use of hormonal
contraceptives, biological factors have been little
investigated.4 5 19 Ectopy is difficult to measure and,
when present, difficult to interpret. Sexual activity
accelerates a reduction in ectopy, as shown in one
cohort study in which HIV was more often found
in adolescents with a mature cervix.19 Explanatory
models and risk profiles generally focus on sexual
behaviour.

High risk sexual behaviour is an important
determinant of an initial infection rather than a subse-
quent or persistent one. This was the conclusion of a
cohort study of adolescents being retested for incident
human papillomavirus infection.20 Several large retro-
spective and prospective studies have failed to identify
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consistent behavioural risk factors (for example,
number of lifetime partners or use of condoms) that
predict reinfection with Chlamydia trachomatis.21 22

Reinfection studies are important because individuals
who have multiple exposures are thought to be at
much higher risk of disease.17 Increased susceptibility
to both initial and subsequent infection may be associ-
ated with use of hormonal contraceptives, but the data
are not consistent enough to allow firm conclusions to
be drawn.23

Many adolescents have primary infections.
Immune status or hormonal status at the time of first
infection could be an important determinant of rates
of clearance or persistence of infection. Sex hormones
regulate the function of several distinct compartments
of the reproductive system, but many of the
mechanisms that enhance resistance to sexually trans-
mitted infections, such as cervical mucus production or
ectopy, are synchronised through the menstrual cycle.
Unstable hormonal profiles are the hallmark of
adolescence, because sexual maturation is not com-
plete until several years after menarche.24 Relatively
low concentrations of oestrogen are characteristic, and
about a quarter of girls will have polycystic ovaries.
Menstrual cycle irregularities are common in girls
living in developed and developing countries (unpub-
lished observations). Menstrual patterns are also
disturbed by eating disorders, undernutrition, erratic
ingestion of oral contraceptives, and periodic use of
emergency contraceptives.

Prevention strategies
A better understanding of hormonal factors could
be applied to preventive strategies in several ways.
Firstly, menstrual irregularities are the most readily
identifiable indicator that hormonal function, and
hence immunity, may be disturbed. However, sensitive
urine tests for hormones are now available and could
be used to develop and validate markers of hormonal
status to incorporate into algorithms for chlamydia
screening. Recommendations in the United States
are to routinely screen all sexually active women aged
25 years and younger for chlamydia at intervals of
6-12 months.25 This seems an expensive approach
given that current data show that only about a fifth of
adolescents are reinfected within a year.21 22

Secondly, future vaccines against genital herpes
may prevent disease but not infection, and adolescents
may be a target group for vaccination. Evidence that
efficacy may be specific to sex means that the vaccine
needs to be tested in adolescent girls and women with
well described hormonal profiles.

Finally, the benefits and disadvantages of hormonal
contraceptives are likely to vary according to type of
infection and contraceptive formulation. If the risks
associated with different hormonal preparations were
well described, contraceptive advice could be tailored
to an individual or a population.

Funding: Max Elstein Fund.
Competing interests: None declared.

1 Hewitt RG. Parsa N, Gugino L. The role of gender in HIV progression.
AIDS Reader 2001;11:29-33.

2 Greenblatt RM, Ameli N, Grant RM, Bacchetti P, Taylor RN. Impact of the
ovulatory cycle on virologic and immunologic markers in HIV-infected
women. J Infect Dis 2000;181:82-90.

3 Brown ZA, Selke S, Zeh J, Kopelman J, Maslow A, Ashley RL, et al. The
acquisition of herpes simplex virus during pregnancy. N Engl J Med
1997;337:509-15.

4 Cottingham J, Hunter D. Chlamydia trachomatis and oral contraceptive
use: a quantitative review. Genitourin Med 1992;68:209-16.

5 Wang CC, Kreiss JK, Reilly M. Risk of HIV infection in oral contraceptive
pill users: a meta-analysis. J AIDS 1999;21:51-8.

6 Sonnex C. Influence of ovarian hormones on urogenital infection. Sex
Transm Infect 1998;74:11-9.

7 Fleming DT, McQuillan GM, Johnson RE, Nahmias AJ, Aral SO, Lee FK,
et al. Herpes simplex virus 2 in the United States, 1976 to 1994. N Engl J
Med 1997;337:1105-11.

8 Obasi A, Mosha F, Quigley M, Sekirassa Z, Gibbs T, Munguti K, et al. Anti-
body to herpes simplex virus type 2 as a marker of sexual risk behavior in
rural Tanzania. J Infect Dis 1999;179:16-24.

9 Siegel D, Golden E, Washington E, Fullilove MT, Catania JA, Marin B, et
al. Prevalence and correlates of herpes simplex infection. JAMA
1992;268:1702-8.

10 Langenberg AGM, Corey L, Ashley RL, Leong WP, Straus SE. A prospec-
tive study of new infections with herpes simplex virus type 1 and type 2.
N Engl J Med 1999;341:1432-8.

11 Stephenson J. Genital herpes vaccine shows limited promise. JAMA
2000;284:1913-4.

12 Mertz GJ, Benedetti J, Ashley R, Selke SA, Corey L. Risk factors for
the sexual transmission of genital herpes. Ann Intern Med 1992;116:
197-202.

13 Brabin L. Clinical management and prevention of sexually transmitted
diseases: a review focusing on women. Acta Tropica 2000;75:53-70.

14 O’Farrell N. Enhanced transmission of female-to-male HIV transmission
in core groups in developing countries. Sex Transm Dis 2001;28:84-91.

15 Smith SM, Baskin GB, Marx PA. Estrogen protects against vaginal
transmission of simian immunodeficiency virus. J Infect Dis 2000;182:
708-15.

16 UNDP/UNFPA/WHO/World Bank Special Programme of Research
Development and Training in Human Reproduction. Reproductive health
research at WHO: a new beginning. Geneva: World Health Organization,
2000.

17 Brabin L. Prevention of pelvic inflammatory disease: screening for high
risk groups. In: Templeton A, ed. Prevention of pelvic infections. London:
RCOG Press, 1996:160-80.

18 Ho GYF, Bierman R, Beardsley L, Chang CJ, Burk RD. Natural history of
cervicovaginal papillomavirus infection in young women. N Engl J Med
1998;338:423-8.

19 Moscicki A-B, Yong Ma, Holland CA, Vermund SH, for the REACH
Project. Cervical ectopy in adolescent girls with and without human
immunodeficiency virus infection. J Infect Dis 2001;183:865-70.

20 Moscicki A-B, Shiboski S, Broering J, Powell K, Clayton L, Jay N, et al. The
natural history of human papillomavirus infection as measured by repeat
DNA testing in adolescent and young women. J Pediatr 1999;132:277-84.

21 Mosure DJ, Berman S, Kleinbaum D, Halloran ME. Predictors of
Chlamydia trachomatis infection among female adolescents: a longitudi-
nal analysis. Am J Epidemiol 1996;144:997-1003.

22 Burnstein GR, Zenilman JM, Gaydos CA, Diener-West M, Howell MR,
Brathwaite W, et al. Predictors of repeat Chlamydia trachomatis infections
diagnosed by DNA amplification testing among inner city females. Sex
Transm Infect 2001;77:26-32.

23 Washington AE, Gove S, Schachter J, Sweet RL. Oral contraceptives,
Chlamydia trachomatis infection and pelvic inflammatory disease: a word
of caution about protection. JAMA 1985;253:2246-50.

24 Apter D. Development of the hypothalamic-pituitary-ovarian axis. Ann
NY Acad Sci 1997;816:9-21.

25 United States Preventive Services Task Force. Screening for chlamydial
infection. Recommendations and rationale. Am J Prev Med 2001;20:90-4.

(Accepted 17 May 2001)

Adolescents may be a target group for vaccination against genital herpes
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