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Objective: To assess maturity indices, menstrual patterns, hormonal factors, and risk of adolescent genital
tract infections.
Methods: Cross sectional study in three genitourinary medicine clinics. Females 17 years or less, within
5 years of menarche, or reporting oligo-amenorrhoea were screened for genital tract infections and
menstrual cycle characteristics determined. The outcome measures were risk factors associated with
chlamydia, human papillomavirus (HPV DNA) and bacterial vaginosis (BV), separately and pooled.
Correlations between estrone-3-glucuronide (E3G) and pregnanediol-3a-glucuronide (P3G) hormone
concentrations and chlamydia, HPV, and BV.
Results: Among 127 adolescents, HPV was present in 64.4% (95% CI: 54.5 to 74.3), BV in 33.9% (19.1 to
34.5), and chlamydia in 26.8% (19.1 to 34.5). Breast maturity, oligomenorrhoea, and older
gynaecological age were associated with lower risk of all infections. After adjustment for calendar age,
race, and behavioural factors, gynaecological age remained significant (OR =0.7, 0.6–0.9; p = 0.008).
Behavioural risk factors differed by infection. Smoking was protective for HPV (OR=0.1, 0.0 to 0.9;
p = 0.007), and a recent new partner for chlamydia (OR=0.3, 0.1 to 0.9; p = 0.024). Sex during menses
was associated with increased BV risk (OR=3.3, 1.5 to 7.2; p = 0.003). Chlamydia was higher among
adolescents who used emergency contraception (2.5; 1.1 to 5.9, p = 0.029) and lower among those using
condoms at last sex (OR =0.3, 0.1 to 0.9; p = 0.015). Among 25 adolescents not using hormonal
contraceptives, 15 had disturbed or anovulatory cycles. Chlamydia risk was inversely associated with P3G
concentrations (Mann-Whitney; p = 0.05).
Conclusions: Adolescents engaging in high risk behaviour at a young gynaecological age are susceptible
to multiple infections. Adolescent clinical assessment should include gynaecological age.

I
n the United Kingdom, rates of sexually transmitted infec-
tions are very high in female adolescents.1 Age at first inter-
course has declined, adolescents do not always use condoms

effectively and consistently, and the number of lifetime and
concurrent partnerships has increased.2 Sexual behaviour does
not entirely explain the high infection rates, and biological and
hormonal factors are almost certainly implicated.3 Adolescents
develop at different rates, and those exposed to genital infec-
tions before maturation is complete could be more susceptible
to infection. Menarche, the most common maturity marker,
follows the pre-pubertal growth spurt, may occur early or late in
adolescence, and is not the culmination of maturation. Follow-
ing menarche, menstrual cycle disturbances,4 persisting ectopy,5

penetrable cervical mucus,6 low IgA levels6 and hormonal con-
traception7 8 could each increase susceptibility to, or ability to
clear, genital infections.
Our aim was to assess whether adolescent maturity

indices, menstrual patterns, and hormonal factors were
associated with higher frequency of genital infections.

METHODS
Recruitment
Study population
We invited adolescents attending three genitourinary med-
icine (GUM) clinics in Manchester to participate.

Participants
Adolescents were recruited if they complained of oligo-
amenorrhoea, were within 5 years of menarche, or their

calendar age was 17 years or less. They were excluded if pre-
menarcheal, pregnant or breast feeding in the last 3 months,
treated for a genital infection in the past 4 weeks, or had
started, or stopped, using hormonal contraception within
the last month. All gave informed written consent, and if
younger than 16 years, were assessed for Gillick competency
(that is, sufficient intelligence and understanding to be
treated without parental consent). Three local NHS ethical
research committees approved the study. A questionnaire
(pre-piloted) established contraceptive, menstrual, sexual
and pregnancy histories, and socioeconomic status. Pictorial
charts were used for self grading breast and pubic hair
stages.9 Body mass index (weight (kg) per height (m)2) was
calculated. As part of a standardised history and examination
procedure, area of ectopy was drawn on a schematic diagram.

Collection of samples
Endocervical swabs for culture of Neisseria gonorrhoeae, and
combined endocervical swabs and urine samples for
Chlamydia trachomatis10 were taken. For HPV DNA detection
a spatula was rotated through 360˚within the transformation
zone of the cervix and placed in saline. Swabs from the cervix
and vulva were placed in viral medium for herpes simplex
virus types 1 and 2 (HSV-1/HSV-2) detection. Wet mounts
were prepared from a high vaginal swab to examine for

Abbreviations: BV, bacterial vaginosis; E3G, estrone-3-glucuronide;
GUM, genitourinary medicine; HPV, human papillomavirus; P3G,
pregnanediol-3a-glucuronide; PCR, polymerase chain reaction
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Ttichomonas vaginalis and Candida albicans. Vaginal pH was
measured and a Gram stain for bacterial vaginosis (BV) was
prepared. A blood sample was collected for detection of
antibodies to T pallidum and anonymous HSV-1/HSV-2
screening. Adolescents not using hormonal contraception
were offered, and shown how to use, a fertility monitor
(ClearPlan Easy, Unipath) over one menstrual cycle, in order
to characterise their cycles and the predicted peri-ovulatory
luteinising hormone surge.11 Self collected urine samples
were obtained on alternate days between days 12 and 26 of
the menstrual cycle. These samples were stored frozen (280 )̊
at the University of Southampton Endocrine Unit for deter-
mination of estrone-3-glucuronide (E3G) and pregnanediol-
3a-glucuronide (P3G).

Analysis of specimens
Microbiological tests
Chlamydia samples were tested using a standardised
commercial polymerase chain reaction (PCR) test (Cobas
Amplicor, Roche Diagnostics), and HPV DNA samples using a
generic GP5+/GP6+ primer mediated PCR system12 at the
virology laboratory, Manchester Royal Infirmary. A Gap-DH
PCR was performed to check the integrity of the DNA and for
presence of PCR inhibitors.13 Type specific PCR detected HPV
6/11, 16, 18, 31, 33, 52, and 58. HSV-1 and HSV-2 antibodies
were detected using an IgG ELISA (Gull Laboratories, Inc,
USA). Cell cultures were used to detect HSV and if positive,
typed by fluorescent staining using commercial monoclonal
reagents. Gram stains for BV were read by one laboratory
technician, following Nugent’s criteria. A score of .6 defined
presence of BV. Amsel criteria were used to classify seven
slides that could not be graded. Other tests were completed
at on-site laboratories. N gonorrhoeae was cultured on lysed
blood Columbia agar. Treponemal antibodies were measured
(IgG/IgM Murex ICE syphilis assay). Microscopy for T
vaginalis and C albicans was undertaken and yeasts were
cultured on Sabouraud or blood agar plates.

Hormonal tests
A time resolved fluorescence immunoassay for the measure-
ment of E3G and P3G in urine was used which had low
interassay and intra-assay variation (,6%).14 All urinary
hormone measurements were creatinine standardised.15

Data analysis
Menstrual patterns
Definitions of the menstrual cycle were (i) ‘‘normal
ovulatory,’’ if between 21 and 41 days in length, the monitor
registered an ovulatory event, the mid-luteal phase mean
3PG concentrations were above 2 mg/ml over three measure-
ments, the follicular phase was less than 21 days and luteal
phase at least 10 days in length, (ii) ‘‘disturbed ovulatory,’’ if
the follicular phase was 21 days or more and the luteal phase
less than 10 days, (iii) ‘‘anovulatory,’’ if the monitor regis-
tered no ovulatory event and/or P3G concentrations remained
below 2 mg/ml following a luteinising hormone peak, (iv)
oligomenorrhoea, if occurring at intervals of 42–180 days. To
calculate gynaecological age adolescents were asked their
year of menarche and if it was within the past year, between
1 and 2 years ago, 2 and 3 years ago, etc. The mid-point of
the onset year of menarche was subtracted from the
recruitment calendar age.

Risk analysis and end points
Frequencies of sexual behaviour and sociodemographic risk
factors and biological markers were generated. Condom use
at last sex was selected as a surrogate marker for general use.
Univariate logistic regressions were performed for three
infection end points: chlamydia, HPV DNA, BV. Odds ratios

(OR), 95% confidence intervals (CI), and p values were
calculated for each risk factor and each infection end point.16

In tables, reference categories for categorical variables are
indicated; for dichotomous variables the OR is for the
presence of the factor, and for continuous variables, it is for
a unit increase in the observed value.
Chlamydia, HPV, and BV were analysed together in a

multivariate analysis to test for differences in the risks for
each infection, and to compute a pooled risk estimate. A
binomial mixed effect model was used with subject fitted as a
random effect. The 95% CIs were calculated for a single
pooled OR for each factor. To test for heterogeneity in the
response between the three infections, the infection by factor
interaction was tested using a likelihood ratio test. These
analyses used the xtlogit procedures in Stata (StataCorp, TX,
USA).
Hormonal concentrations were transformed to a log scale.

Median concentrations were determined before and after
ovulation, and over the entire measured portion of the cycle.
Correlations between biological risk factors, BV, HPV DNA
and chlamydia, and median E3G and P3G concentrations
were investigated, using Spearman’s test for continuous
variables and Mann-Whitney U tests for dichotomous
variables.

RESULTS
Description of the population
Between September 2000 and December 2001, 310 adoles-
cents were approached to join the study; 124 were ineligible
and 59 refused, providing a sample of 127. Mean age was
17.8 years (SD 1.1); 73% (92) were white, 24.6% (31) were
black, or mixed race, and 2.4% (3) were Asian. Most were
students (51.5%, n=65) and, of the remainder, 24.6% (31)

Table 1 Sexual, biological, and hormonal
characteristics of 127 female adolescents

Characteristic present % (No)

Sexual:
New partner in past 3 months 29.1 (34)
>4 lifetime partners 64.3 (81)
Sexually active for ,1 year 30.7 (39)
Usually has sexual intercourse
more than once per week

76.3 (97)

Used condom at last sexual intercourse 33.9 (43)
Intercourse with new partner after
using drugs or alcohol (ever)

56.7 (72)

Casual sex (ever) 74.8 (95)
Intercourse during menses during
past 6 months

31.5 (40)

Was previously treated for:
Chlamydia 19.3 (22)
Bacterial vaginosis 8.8 (10)
Genital warts 7.9 (9)

Previously pregnant 11.8 (15)
Washes inside vagina after intercourse 36.2 (46)
Practises oral sex 73.2 (93)
Biological:
Age of menarche (11.9 years 23.3 (27)
,3.5 years since menarche 18.1 (23)
Short menstrual period ((20 days) 12.7 (15)
Oligomenorrhoea (menses 42–180 days) 5.9 (7)
Body mass index .25 20.6 (26)
Tanner breast stage 5* (self assessed) 42.2 (53)
Tanner pubic hair stage 5 (self assessed) 48.4 (53)
Ectopy present 45.2 (57)
Hormonal contraception:
Current oral contraception 46.5 (59)
Current progesterone contraception� 12.6 (16)
Emergency contraception in last 12 months 51.2 (65)

Number with characteristic varies because of missing data).
*Tanner stage 5 denotes full maturity. �Depo-provera, except for one
subject with an implant.
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were working and 23.8% (30) were unemployed. Parental
occupations were unskilled/unemployed (40%, n=48), pro-
fessional (38.3%, n=46), or skilled (21.7%, n=26). Many
adolescents smoked (58.3%, n=74) or used to smoke (25.2%,
n=32). Other characteristics are summarised in table 1. All
were sexually active; 18.1% were of young gynaecological age
(,3.5 years), and almost half described themselves as not
fully developed (less than Tanner stage 5 for breast and pubic
hair).

Prevalence of genital tract infections
The three most common adolescent infections were HPV
DNA (64.4%), BV (33.9%), and chlamydia (26.8%) (table 2).
Of the 58 HPV DNA positive samples, 55.2% (32) could be
typed, showing 28 high risk types (16, 18, 31, 33), five low
risk types (6/11), and one dual high and low risk type.
Multiple genital infections were common; 56.9% (33) of
adolescents with HPV DNA had at least one co-infection.

Risk factors associated with chlamydia, HPV, and BV
Risk factors significantly associated with lower risk of all
three infections were breast maturity, gynaecological age,
long menstrual cycles (oligomenorrhoea), and professional
parental occupation (table 3). A new partner after drinking or
drug use significantly increased the risk of all infections, as
did vaginal cleansing. Gynaecological age (but not breast
stage, ectopy, or long cycles) remained a significant predictor
of the three infections (OR=0.7, 0.6 to 09; p=0.008) after
controlling for age, number of sex partners and eight other
behavioural risk factors (cf table 3).
Several behavioural factors showed significant differences

between infections. Smoking was a positive risk factor for
chlamydia and BV, but a negative risk factor for HPV
(p=0.007). A recent new partner was associated with a
higher risk of HPV and BV, but a lower risk of chlamydia
(p=0.024). Sex during a menstrual period was associated
with a higher risk of BV (p=0.003), but not chlamydia or

Table 2 Prevalence of genital tract infections among adolescents attending genitourinary
medicine clinics

Infection % (No) 95% CI

HSV-2 (antibodies) 4.3 (116) 1.4 to 9.8
HSV-1/HSV-2 (viral shedding) 3.9 (127)* 1.3 to 8.9
HPV DNA 64.4 (90)� 53.7 to 74.3
Ano-genital warts 16.9 (89) 9.8 to 26.3
Chlamydia 26.8 (127) 19.3 to 35.4
Gonorrhoea 1.6 (127) 0.2 to 5.6
Candidiasis 6.3 (127) 0.3 to 12.0
Bacterial vaginosis 33.9 (127) 25.7 to 42.8
Trichomoniasis 3.1 (127) 0.9 to 7.9
Syphilis 0.0 (127) 0.0 to 2.9
No infection 15.6 (90) 8.8 to 24.7
Single infection 43.3 (90) 32.9 to 54.2
Two or more infections 44.1 (90) 34.0 to 55.3

*Includes two girls who did not give swabs because of painful herpes lesions.
�HPV screening started after 3 months.

Table 3 Individual and pooled risk factors for chlamydia, HPV and bacterial vaginosis

Risk factor

Chlamydia HPV BV
Pooled estimate (three
infections) Heterogeneity*

OR (95% CI)� OR (95% CI)� OR (95% CI)� OR (95% CI)�� p Value p Value

Parental occupation�
Professional Reference
Semiskilled 3.6 (1.0 to 12.8) 0.8 (0.2 to 2.5) 1.9 (0.7 to 5.2) 1.7 (0.8 to 3.5)
Unskilled/unemployed 4.9 (1.6 to 14.8) 1.4 (0.5 to 3.7) 1.5 (0.6 to 3.7) 2.1 (1.2 to 4.0) 0.043 0.20

Ever smoked� 1.2 (0.4 to 3.6) 0.1 (0.0 to 0.9) 2.5 (0.8 to 8.0) 1.0 (0.5 to 2.0) 0.97 0.006
Frequency of sex** � 1.0 (0.6 to 1.7) 1.3 (0.7 to 2.4) 2.0 (1.1 to 3.4) 1.4 (1.0 to 2.0) 0.065 0.18
New partner after drugs/alcohol� 1.9 (0.8 to 4.3) 3.4 (1.4 to 8.5) 1.3 (0.6 to 2.7) 2.0 (1.2 to 3.4) 0.009 0.20
New partner in last 3 months� 0.3 (0.1 to 0.9) 2.2 (0.8 to 6.4) 1.3 (0.6 to 2.9) 1.0 (0.6 to 1.8) 0.98 0.013
Practised sex during period� 0.9 (0.4 to 2.1) 0.6 (0.2 to 1.5) 3.3 (1.5 to 7.2) 1.3 (0.8 to 2.3) 0.30 0.008
Cleansed vagina after sex� 2.2 (0.9 to 5.3) 2.2 (0.7 to 6.4) 2.5 (1.1 to 5.9) 2.3 (1.4 to 3.9) 0.002 0.96
Condom at last sex� 0.3 (0.1 to 0.9) 1.0 (0.4 to 2.3) 0.8 (0.4 to 1.7) 0.6 (0.4 to 1.1) 0.089 0.20
Gynaecological age** 0.7 (0.5 to 0.9) 0.8 (0.6 to 1.0) 0.8 (0.6 to 1.0) 0.7 (0.6 to 0.9) 0.001 0.50
Emergency contraception (last
12 months)

2.5 (1.1 to 5.9) 0.7 (0.3 to 1.7) 0.9 (0.4 to 1.8) 1.2 (0.7 to 2.0) 0.54 0.054

Breast stage (Tanner)** 0.6 (0.3 to 1.1) 0.6 (0.3 to 1.2) 0.6 (0.4 to 1.1) 0.6 (0.4 to 0.9) 0.082 0.98
Ectopy present 1.7 (0.7 to 3.7) 0.8 (0.3 to 2.0) 2.2 (1.0 to 4.7) 1.6 (0.9 to 2.7) 0.086 0.22
Cycle regularity (days)

21–42 Reference
,20 2.2 (0.7 to 7.0) 0.9 (0.2 to 3.6) 2.0 (0.6 to 6.2) 2.0 (0.6 to 6.2)
.42 (oligomenorrhoea) NA 0.3 (0.1 to 1.8) 0.3 (0.0 to 2.6) 0.3 (0.0 to 2.6) 0.027 0.21
‘‘irregular’’ 0.7 (0.2 to 2.3) 3.5 (0.7 to 17.8) 0.5 (0.2 to 1.6) 1.4 (0.6 to 3.0)

�Univariate logistic regression.
��Pooled estimate of the risk of infection assuming the risks of the three infections do not differ (multivariate logistic regression).
*Significance level of a test that the risks are not homogeneous across the three infections. Significance suggests that the three infections may have different
responses to the risk factor.
**Entered as continuous variables. Gynaecological age is expressed as risk per year, frequency of sex is grouped into three categories: (1, 1–4, and .4 times
per week.
�Variables entered into the adjusted analysis, together with calendar age and lifetime number of partners.
NA, not computable because of zero events.
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HPV. In univariate analyses, use of emergency con-
traception was associated with increased chlamydia risk
(p=0.024) and using condoms at last sex with lower risk
(p=0.015).

Correlations with E3G and P3G hormonal
concentrations
Altogether, 49 adolescents not using hormonal contracep-
tives collected a home fertility monitor. Of these 19 failed to
collect any data, two became pregnant, and three developed
oligo-amenorrhoea. Of 25 adolescents completing the study,
cycles of 10 (40%) were normal, eight (32%) disturbed
ovulatory, and seven (28%) anovulatory.
Correlations between median sex steroid hormone con-

centrations, and presence or absence of biological character-
istics and genital tract infections were assessed. Adolescents
who were chlamydia positive were more likely to have
elevated P3G concentrations (Mann-Whitney U test: p=
0.05). BMI was inversely correlated with P3G concentrations
(Spearman: r=20.40; p=0.05). There were no significant
correlations of the biological factors listed in table 3, or
genital infections (chlamydia, HPV DNA, BV) with median
E3G concentrations.

DISCUSSION
In this study of adolescents attending genitourinary medicine
clinics, younger gynaecological age was associated with a
high risk of genital infections. Adolescents with oligo-
menorrhoea, a menstrual disorder associated with ovulatory
dysfunction,17 had a lower overall risk.
This study was unique because it investigated biolo-

gical risk markers, whereas most research has focused
on sexual risk behaviour and young age.18 One exception
was a study in racially diverse adolescents, which reported
a significant fall in vaginal pH as gynaecological age
increased.19 Vaginal pH could account for increased risk
of BV in less mature adolescents. Biological susceptibility
was inferred by previous studies that could not account for
a disproportionate risk of sexually transmitted infections
among female adolescents,20 and in studies finding high
infection rates among adolescents with a history of few
sexual partners.3 In our study, the high infection rate was
not explained by recent onset of sexual activity,21 although
the timing of onset is critical. We suggest that a sexually
active 18 year old with late menarche may be more
susceptible to multiple infections than a sexually active
15 year old with early menarche.
We also assessed menstrual cycle patterns and hormonal

concentrations in a subgroup of 25 adolescents not using
contraception. Among these, 60% had disturbed menstrual
cycles. The sample size was insufficient for subgroup analysis
of menstrual patterns and infection rates, reflecting the
difficulties of following up a high risk population who
frequently used contraceptives. Contraceptives help to nor-
malise menstrual cycle patterns, and in the total sample,
contraceptive use (except emergency contraception) did not
significantly increase the risk for any infection end point.
Analysis of hormone concentrations identified an association
between higher P3G and chlamydia. This was of interest
because in the total sample, adolescents who had used
emergency contraception, containing levonorgestrel, in the
past 12 months, had a 2.5 times increased risk of chlamydia.
This could be the result of unprotected sex as condom use
was protective (table 3). However, none of seven adolescents
with oligomenorrhoea, a menstrual disorder associated with
lower progesterone levels, was chlamydia positive (table 3).
C trachomatis preferentially infects endocervical columnar cells
present on the ectocervix, and these cells bind progesterone

at high levels.22 These results suggest that higher progester-
one levels increase chlamydia risk.
Self assessment of maturity stages may have been less

accurate than clinical assessment and the selection criteria
excluded older adolescents with early menarche. Early
maturers (,12 years) have elevated oestrogen levels, a faster
rate of pubertal progression than late maturers,4 achieve
regular menstrual patterns sooner, tend to be heavier,23 and
have lower pregnanediol levels.24 This profile could contribute
to reduced biological susceptibility to genital infections for a
given exposure rate. Black girls experience menarche earlier
than white girls25 and future studies should be large enough
to stratify by gynaecological age and ethnicity.
Whereas young gynaecological age increased susceptibility

to all three infections, behavioural risk factors were often
infection specific. Other associations may have been detected
had we elicited histories of different types of sexual practice
(for example, anal sex) or verified sexual histories. The lower
risk of chlamydia in adolescents with a new recent partner
might be explained by a lower prevalence of chlamydia in
adolescent male partners or by higher condom use with new
partners. Condoms may be more protective against chlamy-
dia than HPV, which can appear at sites not covered by the
condom.26 Smoking, a marker for high risk behaviour, is also
anti-oestrogenic.27 Smoking protected against HPV infection
in this and a previous US cohort study.28 Future studies might
explore whether perceptions of size (for example, breast
development and weight) influence partner selection, sexual
behaviour, and infection risk.

Implications
Adolescents exposed to genital infections at younger gynae-
cological ages are highly susceptible. Exposure to multiple
infections is a consequence of risky sexual behaviour and was
characteristic of these adolescents. Co-infections with HPV
were frequent. Elevated levels of the cytokine IL-12 have
been detected in adolescents concomitantly infected with
both HPV and one or more STIs.29 Presence of HPV may
influence the magnitude of immune protection in the genital
tract. Associations between multiple infections, gynaecologi-
cal age, and long term sequelae need to be investigated in
longitudinal studies. Age at first sexual intercourse has
declined, which potentially increases the proportion of
adolescents exposed before maturity. Gynaecological age is
a useful marker of adolescent risk and we recommend its
inclusion in clinical assessment.
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20 Buvé A, Weiss HA, Laga M, et al. The epidemiology of gonorrhoea,
chlamydia infection and syphilis in four African cities. AIDS
2001;15(Suppl 4):S79–88.

21 Collins S, Mazloomzadeh S, Winter H, et al. High incidence of cervical human
papillomavirus infection in women during their first sexual relationship.
Br J Obstet Gynaecol 2002;109:96–8.

22 Jacobson DL, Peralta L, Graham NMH, et al. Histologic development of
cervical ectopy. Relationship to reproductive hormones. Sex Transm Dis
2000;27:252–58.

23 Tanner JM. Growth at adolescence, 2nd ed. Oxford: Blackwell Scientific
Publications, 1962.

24 Windham GC, Elkin E, Fenster L, et al. Ovarian hormones in premenopausal
women: variation by demographic, reproductive and menstrual cycle
characteristics. Epidemiology 2002;13:675–84.

25 Freedman DS, Khan LK, Serdula MK, et al. Relation of age at menarche to
race, time period, and anthropometric dimensions. The Bogalusa Heart Study.
Pediatrics 2002:110 (www.pediatrics.org/cgi/content/fall/110/4/e43).

26 Manhart LE, Koutsky LA. Do condoms prevent genital HPV infection, external
genital warts or cervical neoplasia? A meta-analysis. Sex Transm Dis
2002;29:725–35.
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