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Objectives: To evaluate point prevalence vaginal yeast colonisation and symptomatic vaginitis in middle
adolescents and to identify relation of these yeast conditions with reproductive hormones, sexual activity,
sexual behaviours, and associated local immunity.
Methods: Middle adolescent females (n = 153) were evaluated for sexually transmitted infections (STIs),
asymptomatic yeast colonisation, and symptomatic vulvovaginal candidiasis (VVC) by standard criteria.
Also evaluated were local parameters, including vaginal associated cytokines, chemokines, and
antibodies, vaginal epithelial cell antifungal activity, and Candida specific peripheral blood lymphocyte
responses. Correlations between yeast colonisation/vaginitis and local immunomodulators, reproductive
hormones, douching, sexual activity, condom use, and STIs were identified.
Results: Rates of point prevalence asymptomatic yeast colonisation (22%) were similar to adults and
similarly dominated by Candida albicans, but with uncharacteristically high vaginal yeast burden. In
contrast with the high rate of STIs (18%), incidence of symptomatic VVC was low (,2%). Immunological
properties included high rates of Candida specific systemic immune sensitisation, a Th2 type vaginal
cytokine profile, total and Candida specific vaginal antibodies dominated by IgA, and moderate vaginal
epithelial cell anti-Candida activity. Endogenous reproductive hormones were in low concentration. Sexual
activity positively correlated with vaginal yeast colonisation, whereas vaginal cytokines (Th1, Th2,
proinflammatory), chemokines, antibodies, contraception, douching, or condom use did not.
Conclusion: Asymptomatic vaginal yeast colonisation in adolescents is distinct in some ways with adults,
and positively correlates with sexual activity, but not with local immunomodulators or sexual behaviours.
Despite several factors predictive for VVC, symptomatic VVC was low compared to STIs.

ulvovaginal candidiasis (VVC), caused by Candida
species, is an opportunistic fungal infection that is
common in women of childbearing age.1 Although VVC
in pre-menarchal and post-menopausal women is rare, there
are several exogenous factors that predispose menarchal
women to acute VVC, including several hormonal modulations associated with pregnancy, luteal phase of the
menstrual cycle, oral contraceptive use, hormone replacement therapy (HRT), and non-hormonal factors such as
antibiotic use and uncontrolled diabetes mellitus.2 There is
also a population of women (5–10%) that suffer from
recurrent VVC (RVVC) with no known predisposing factors,
hormonal or otherwise. Cell mediated immunity (CMI) by T
helper (Th) 1 type responses is generally considered to be
associated with resistance to mucosal candidiasis, whereas
Th2 type responses are associated with susceptibility to
infection.3–5 At the vaginal mucosa, local rather than systemic
immunity is critical for protection against infection, although
confirmed protective roles for CMI or humoral immunity
have not been established.
Considerable information is known about asymptomatic
vaginal yeast colonisation, systemic immune sensitisation to
C albicans, and immunomodulators (that is, cytokines,
antibodies) in vaginal secretions of healthy adult women
during all stages of the menstrual cycle as well as in women
with RVVC.6–9 Although the specific adaptive immune
aberration or dysfunction responsible for susceptibility to
RVVC has yet to be identified, it was recently reported that
vaginal epithelial cell anti-Candida activity, which is postulated to represent an innate host defence mechanism,10 was
reduced in women with RVVC, potentially representing a
contributing factor to RVVC.10

Adolescent females represent a menarchal population that
is newly influenced by reproductive hormones and is also
extremely susceptible to sexually transmitted infections
(STIs).11 In fact, an estimated three million adolescents
acquire an STI annually in the United States.12 The new
influence of reproductive hormones in adolescents that
causes vast changes in tissues may also increase the
susceptibility to VVC. Accordingly, the purpose of the present
study was to characterise symptomatic and asymptomatic
yeast colonisation, reproductive hormones, Candida specific
systemic immunity, and vaginal immunity in adolescent
females, and to identify correlations between these parameters and vaginal yeast carriage.

MATERIALS AND METHODS
Participants/specimen collection
Enrolment was based on attendance at an adolescent health
clinic for multiple reasons (oral contraception, symptoms,
pregnancy testing, attendance with a friend, etc) and
participants were enrolled into a study conducted through
the Mid-America Adolescent Sexually Transmitted Disease
Clinical Research Center between May 1999 and September
2001. Having an STI or symptoms was not a prerequisite.
Informed consent was obtained from all participants as well
as permission from the accompanying parent/guardian for
entry into the study. All procedures were followed in the
conduct of clinical research in accordance with the institutional review boards at Louisiana State University Health
Sciences Center (LSUHSC), New Orleans, LA, and Indiana
University Medical Center, Indianapolis, IN. Participants
were enrolled and the specimens were collected at Indiana
University Medical Center. Specimens were subsequently

Sex Transm Infect: first published as 10.1136/sti.2002.003855 on 30 January 2004. Downloaded from http://sti.bmj.com/ on November 12, 2019 by guest. Protected by copyright.

ORIGINAL ARTICLE

Vaginal yeasts, vaginitis, and immunity in adolescents

C trachomatis and T vaginalis, and four with C trachomatis and
N gonorrhoeae). Total rate of STIs was 18%, which is consistent
with published reports.12

Identification of stage of menstrual cycle
Stage of menstrual cycle, excluding those on Depo-Provera,
was verified by oestradiol and progesterone concentrations in
sera by radioimmunoassay (RIA) at the clinical endocrinology laboratory in the Division of Reproductive Endocrinology
at the Detroit Medical Center, Detroit, MI. Local cellular
maturation indices from a vaginal smear stained by the
Papanicolaou technique were also evaluated for epithelial cell
morphology. The epithelial cells were identified as basal,
intermediate, or superficial by viewing 10 fields/slide. Results
showed that 34% of vaginal smears exhibited superficial
epithelial cells. Normal ranges in the menstrual cycle for
superficial epithelial cells are follicular phase (20%), ovulatory phase (70%), and luteal phase (60%). The mean
oestrogen level was 80.4 pg/ml (range 5–269.9 pg/ml) and
the mean progesterone level was 2.4 ng/ml (range 0.21–
21.7 ng/ml). Normal ranges in the menstrual cycle for
oestrogen are: follicular phase (50–250 pg/ml), ovulatory
phase (.350 pg/ml), and luteal phase (200–350 pg/ml).
Normal ranges in the menstrual cycle for progesterone are
follicular phase (1–3 ng/ml), ovulatory phase (2–3 ng/ml),
and luteal phase (.8 ng/ml).
Systemic immune responses
PBMC proliferation was conducted as previously described.7
PBMCs were cultured in serum free AIM V lymphocyte media
(Gibco, Grand Island, NY, USA) supplemented with glutamine and either C albicans heat killed blastospores (HKB), C
albicans soluble cytoplasmic substances (SCS) (kind gift of
Judith Domer, Appalachian State University, Boone, NC,
USA), or phytohaemagglutinin (PHA) (Sigma-Aldrich, St.
Louis, MO, USA). After incubation for 6 hours at 37˚C, 5%
CO2, the cells were harvested onto glass fibre filter paper and
the incorporated radioactivity was measured by liquid
scintillation (Beckman Instruments, Fullerton, CA, USA).
Data were expressed as proliferation indices (mean counts
per minute (cpm) for stimulated cells/mean cpm for nonstimulated cells).
Immunomodulators

Cytokines and chemokines
Cytokines and chemokines in vaginal lavages were quantified
by capture ELISA (BD Pharmingen, San Diego, CA, USA)
according to manufacturer’s instructions and as previously
described.9 Absorbance was read at 450 nm using an
automated plate reader (Bio-Tek Instruments, Winooski,
VT, USA). Cytokine and chemokine concentrations were
expressed as pg/ml. The total protein content was determined
for each vaginal lavage sample using the BCA protein assay
kit (Pierce Chemical, Rockford, IL, USA) and bovine serum
albumin (BSA) as the standard (Sigma-Aldrich, St Louis,
MO, USA).9 Concentrations for each sample were extrapolated from the standard curve and expressed as mg/ml. All
cytokines and chemokines were ultimately normalised to
total protein in the sample and expressed as pg/mg protein.

Total antibodies
Total IgA and IgG immunoglobulin concentrations in vaginal
lavages were quantified for each sample by ELISA as
previously described.9 Total antibody concentrations were
expressed as ng/mg protein.

Candida specific antibodies
The procedure for Candida specific antibody detection was
similar to that for cytokines and total antibodies, except the
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shipped overnight to LSUHSC where they were processed and
analysed.
Specimens collected from enrolled subjects included a
vaginal lavage, vaginal swab, endocervical swab, vaginal
smears, and blood (30 ml) by venepuncture into Vacutainer
CPT cell preparation tubes or red top tubes (without EDTA)
(Becton Dickinson, Sparks, MD, USA). All specimens were
collected at scheduled visits by a provider. The vaginal lavage
was collected after a 30–40 second aspiration with 5 ml of
non-pyrogenic sterile saline. An endocervical brush was used
in the vagina before lavage and lateral swab to facilitate the
release of sloughing vaginal epithelial cells. The lavage fluid
was processed as previously described9 and stored at 270˚C
until use. The lavage cell pellet was stored at 270˚C in
cryopreservative medium (50% fetal bovine serum (FBS),
30% RPMI 1640 medium, and 20% DMSO; Gibco, Grand
Island, NY, USA) until use. The vaginal swab was plated on
Candida Chromagar (ChroMagar, Paris, France) and incubated at 37˚C for 48 hours. Green colony forming units (cfu)
were further evaluated for germ tube formation (evidence for
C albicans) in FBS for 2–3 hours in a 37˚C water bath. Nongerm tube forming colonies were speciated using API 20 AUX
(bioMerieux, Hazelwood, MO, USA). Subjects were considered to have VVC if fungi were observed in the KOH
smear, the subject was positive for signs and symptoms of
vaginitis (assessed by a provider), and had a positive vaginal
smear culture. One vaginal smear was spray fixed and stained
by the Papanicolaou technique. The second vaginal smear
was Gram stained. Blood in CPT tubes were centrifuged
(1000 g) before being shipped to LSUHSC. Upon arrival,
peripheral blood mononuclear cells (PBMCs) were washed
twice with Hanks balanced salt solution (HBSS) (Gibco,
Grand Island, NY, USA) and enumerated using trypan blue
dye exclusion. Serum was collected from clotted blood
following centrifugation and stored at 270˚C until use.
Subjects were asked to complete a detailed questionnaire
including information on sexual behaviours, contraceptive
use, and demographics. Enrolled middle adolescent females
(n = 153) had a mean age of 15.4 (SD 0.9) (ages ranged from
14–17; 14 years of age (n = 29), 15 years of age (n = 53), 16
years of age (n = 52), 17 years of age (n = 19)) and were
predominantly African-American (85%) (14% white, 1%
Hispanic). Hormonal contraceptive methods used by the
adolescent cohort were surveyed. Of those enrolled, 39 (29%)
subjects were using progesterone contraception (DepoProvera), 29 (21%) were using an oestrogen form of oral
contraception, 62 (49%) reported not using any form of
hormonal contraception, and two (1%) reported using both
Depo-Provera and an oestrogen form of oral contraception.
The participants were asked to report on sexual activity
(vaginal intercourse) and the interval of time from the last
sexual intercourse. Results indicated that 84% of the cohort
was sexually active at the time of testing. Data on condom
use were available for 82 subjects and stratified into three
groups: having used condoms for every sexual intercourse
(always; n = 38), having used condoms for some incidences
of sexual intercourse (sometimes; n = 21), or having never
used condoms for any sexual intercourse (never; n = 23).
Data on douching were available for 146 subjects and 53
reported having douched ever. Bacterial vaginosis (BV),
identified by Nugent score from vaginal Gram stain,13 was
detected in 33% (36/108) of available subjects. C trachomatis, T
vaginalis, and N gonorrhoeae were identified by polymerase
chain reaction (PCR) using the Amplicor and the Cobas
Amplicor tests from endocervical swabs.14–16 In all, 104
subjects tested negative for any STI, six tested positive for
T vaginalis, four tested positive for N gonorrhoeae, and 10 tested
positive for C trachomatis. Some tested positive for more than
one STI (one with N gonorrhoeae and T vaginalis, two with
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Epithelial cell growth inhibition of C albicans
A 3H glucose incorporation assay was employed.10 Enriched
epithelial cells from all patients with sufficient numbers of
cells were tested independently. C albicans blastoconidia and
epithelial enriched cells at various effector to target (E:T)
ratios (40:1 to 1.25:1), along with Candida and epithelial cells
cultured alone (controls), were incubated for 9 hours at 37˚C,
5% CO2 in the presence of 1 mCi [3H] glucose. Following
incubation, cultures were harvested and incorporated 3H
glucose was measured by liquid scintillation. Percentage
growth inhibition was calculated as follows: 1 [(mean cpm
experimental well – mean cpm effector cell wells)/mean cpm
C albicans wells]6100.

proliferation in response to Candida HKB and SCS. Results
showed that 95% of the adolescents tested responded to one
or both Candida antigens with a proliferation index of at least
3.0. The mean proliferation index (PI) for HKB was 52.5 (8.2)
with 95% of enrollees with positive responses and for SCS
was 28.9 (4.8) with 84% of enrollees with positive responses.
Responses to PHA, used as a quality control for the culture
conditions, showed 100% of enrollees had positive responses
(data not shown).
Vaginal epithelial cell antifungal activity
Anti-Candida activity by vaginal epithelial cells was examined
for 70 non-colonised subjects with sufficient cellular recovery. Results showed a dose response with a mean of ,26%
growth inhibition at a 40:1 effector to target (E:T) ratio,
,20% at a 20:1 E:T ratio, ,14% at a 10:1 E:T ratio, and ,9%
at E:T ratios of 5:1 and lower.
Vaginal associated immunomodulators

Antibodies
Statistics
Contingency table analysis including point and interval
estimates and odds ratios investigating the association of
potential risk factors with the presence of colonisation was
performed using the x2 test. The unpaired Student’s t test was
used to analyse the immunological parameters. Significant
differences were defined a p value of ,0.05. Not all subjects
had sufficient specimens for testing or the samples became
limiting for some tests. The sample size for each parameter,
however, represented all available specimens.

RESULTS
Vaginal yeast colonisation
Asymptomatic vaginal yeast colonisation was detected in 22%
(34/153) of participating adolescents. Of these 34 subjects, 31
(91%) were colonised with C albicans, two (6%) were
colonised with C glabrata, and one (3%) was colonised with
C tropicalis. Two subjects were colonised with both C albicans
and C glabrata. Semiquantitative vaginal yeast burden showed
that 53% had low level colonisation (,200 cfu/swab culture),
18% had intermediate (200–1000 cfu/swab culture), and 29%
had high level colonisation (.1000 cfu/swab culture)
(table 1). In those sexually active (n = 118), vaginal yeast
colonisation was detected in 24%, compared to only 4% of
those not sexually active (n = 24) (table 2). The number of
sexual partners did not affect the percentage of those
colonised (data not shown). Of those sexually active,
colonisation was not affected by condom use, douching, or
hormonal contraception (table 2). There was no association
between the presence of colonisation and bacterial vaginosis.
Finally, 22% of those with an STI (n = 7/32) exhibited yeast
colonisation, which was equally distributed between low and
high levels of fungal burden. Two individuals (1.3%) had
symptomatic vaginitis, both of which were sexually active
with one taking progesterone contraception. Neither subject
had BV.
Candida immune sensitisation
Subjects that complied with blood withdrawal (n = 63) were
tested for Candida specific systemic responsiveness by PBMC
Table 1

www.stijournal.com

The vast majority of available vaginal samples (,98%) had
detectable concentrations of both total lavage and Candida
specific antibodies. Total and Candida specific IgA antibodies
were in higher concentrations than IgG antibodies (fig 1).
Total and Candida specific IgA and IgG concentrations for
those with and without yeast colonisation was not significantly different.

Cytokines
Th1 (IL 2, IL-12, IFN-c) and Th2 (IL-4, IL-10, TGF-b) type
cytokines were detectable (above the sensitivity of the assay)
in ,79% of available samples with Th1 type cytokines
dominated by IL-2 and Th2 type cytokines dominated by
TGF-b (fig 2). Th1 type cytokines were generally in lower
concentrations and varied less than Th2 type cytokines.
Proinflammatory cytokines (IL-6, IL-1a, TNF-a) were present
in all of the samples tested and were dominated by IL-1.
Chemokines (IL-8, RANTES, MCP-1) (fig 3) were present in
,75% of the available samples and were dominated by IL-8.
Concentrations of Th1 and Th2 type cytokines and chemokines in those with or without vaginal yeast colonisation
were not significantly different (figs 2 and 3).

DISCUSSION
This study was conducted to gather information on asymptomatic and symptomatic vaginal yeast colonisation and
vaginal immunity in female adolescents who are newly
influenced by reproductive hormones; and to identify a
relation between the presence of vaginal yeast carriage and
sexual behaviours, reproductive hormones, and local immunomodulators. In the first part of the study, a microbiological
survey showed that adolescents were colonised asymptomatically with yeast at a rate of 22%. Compared to adults, this
represents the high end of the normal range reported as 15–
25%,2 and is considerably higher than the 17% reported in a
recent adult study from this laboratory9 and 11% from a
recent European study.18 Adolescents, like adults,18 19 are
colonised most frequently with C albicans (85–90%) followed
by C glabrata. An interesting observation in the adolescent
population was the relatively high vaginal fungal burden in

Asymptomatic vaginal yeast colonisation/speciation in adolescents
Species (% subjects)

Vaginal fungal burden (cfu) (% subjects)

No

% colonised

C albicans

Non-albicans

,200

200–500

500–1000

.1000

153

22

91

9

53

10

8

29

Sex Transm Infect: first published as 10.1136/sti.2002.003855 on 30 January 2004. Downloaded from http://sti.bmj.com/ on November 12, 2019 by guest. Protected by copyright.

plates were coated with Candida soluble cytoplasmic substances (SCS).17 Because commercial Candida specific antibodies were not available to use as the standard, data were
expressed as optical density (OD) and normalised to the OD
for total immunoglobulin of that isotype for each sample.
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Behaviour

Condition (% colonisation)

Sexual activity
Condom use
Douching
Contraceptive use

Yes (24)
Always (32)
Yes (26)
Oestrogen (15)

No (4)
Sometimes (23)
No (20)
Progesterone (26)

Never (39)
None (15)

Odds ratio (CI)*

p Value

7.2 (2.3 to 22.1)
1.143 (0.696 to 1.878)
1.398 (0.633 to 3.086)
0.541 (0.18 to 1.626)

0.0001
NS
NS
NS

CI = confidence interval; NS = not significant.

those asymptomatically colonised (,50% with .500 cfu/swab
culture). This is considerably higher than adults in which
.70% had ,100 cfu/swab with no more than 20% with
.500 cfu/swab.18 Despite the high asymptomatic fungal
burden in adolescents, point prevalence of symptomatic
vaginitis was extremely low (,2%). Longitudinal analysis
of the adolescents for .3 years showed consistent yeast
colonisation and confirmed low rates of VVC (,4%) (Fidel, in
preparation). A recent point prevalence study in adults
showed a 6.3% rate of symptomatic VVC.18 Interestingly,
there was no association between oestrogen contraception
and VVC, which although controversial, is generally considered to be a predisposing factor for VVC in adults.20 There
was also no association between reduced vaginal yeast
colonisation or VVC and progesterone contraception as
reported previously.21 22 In fact, one of the two subjects with
VVC was on Depo-Provera.
The high levels of asymptomatic vaginal fungal burden in
adolescents may be attributed to sexual activity, as sexually
active adolescents (84% of the cohort) were more likely to

Figure 1 Total and Candida specific antibodies in cervicovaginal
lavage fluid. Cervicovaginal lavage fluid from adolescents were
evaluated for total (n = 96) (A) and Candida specific (n = 91) (B) IgA and
IgG by ELISA and stratified by those with or without detectable vaginal
yeast colonisation. Concentrations of total IgA and IgG are expressed as
mean (SEM) normalised to total protein (ng/mg). Results for Candida
specific IgA and IgG are expressed as mean optical density (OD) of
Candida specific antibody (Ig) normalised to the corresponding OD
for total antibody of that isotype (SEM) (OD for Candida specific
antibody/OD for total antibody).

have vaginal yeast colonisation than those not sexually
active. Although a report showed a similar relation in adults,
this is the first of its kind for adolescents.21 Several exogenous
factors were also examined for a correlative relation to yeast
colonisation including presence of an STI, BV, douching,
condom use, and contraceptive use. None showed any
association with the prevalence of detectable vaginal yeast
colonisation. Other parameters evaluated were Candida
immune sensitisation and vaginal epithelial cell antiCandida activity that we recently reported in mice,23 macaques,24 and adult women.10 Candida immune sensitisation in
adolescents which resulted in a 95% rate of positive PBMC
responses to Candida antigen is virtually identical to what is
seen for adults.7 Similarly, the presence of Candida specific
IgG and IgA in vaginal secretions from nearly all subjects
tested is consistent with adults.7 In contrast, vaginal
epithelial cell anti-Candida activity which exhibited a ,26%
growth inhibition rate at a 40:1 E:T ratio in non-colonised
adolescents is at the low end of normal for healthy adults at
each stage of the menstrual cycle.10 Levels of activity may be
higher in those colonised, but the assay at present can only be
tested on those not detectably colonised. We postulate that
this activity may represent an innate host defence mechanism to control yeast commensalism and infection. If so, it
may be expected that adolescents would be at higher risk for
VVC, and that this relatively low anti-Candida activity might
contribute to the high vaginal yeast burden.
With regard to immunomodulators in vaginal secretions,
Th1 and Th2 type cytokines measured in CVL showed a
predominant Th2 type cytokine profile unlike the Th0/Th1
type profile reported for adults.9 The level of TGF-b, a potent
downregulatory cytokine,25 is higher than that observed in
adults at the follicular stage of the menstrual cycle, but
comparable to that observed under higher influence of

Figure 2 Vaginal associated cytokines in cervicovaginal lavage fluid.
Lavage fluids from adolescents (n = 97) were evaluated for Th1 type
(IFN-c, IL-2, and IL-12), Th2 type (IL-4, IL-10, and TGF-b), and
proinflammatory (IL-1a, IL-6, and TNF-a) cytokine concentrations by
ELISA and stratified by those with or without detectable vaginal yeast
colonisation. The figure shows mean concentrations (SEM) normalised to
total protein (pg/mg).
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Table 2 The influence of select adolescent behaviours on vaginal yeast colonisation
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oestrogen and progesterone (ovulatory and luteal stages of
the menstrual cycle).9 Proinflammatory cytokines in adolescents are predominated by IL-1a and IL-6 and chemokines
are predominated by IL-8, which is similar to adults.9 A final
distinction to adults was total immunoglobulins in vaginal
secretions where levels of IgA were higher than IgG, which is
contrary to several reports for adults.7 26 27 Vaginal yeast
colonisation did not appear to have any effect or influence on
vaginal cytokines, chemokines, or antibodies.
Taken together, the presence of systemic and local immune
sensitisation to Candida would suggest some level of protection against Candida infection. This is consistent with the low
incidence of Candida vaginitis. However, this would not have
been predicted based on the Th2 type vaginal cytokines
(associated with susceptibility to Candida infections,3 28 the
high vaginal fungal burden in a large number of those tested,
and the relatively low epithelial cell anti-Candida activity. In
fact, high vaginal fungal burden has been directly associated
with symptoms in adults.29 Thus, adolescents appear to
possess strong protective mechanisms that withstand high
vaginal yeast burden without triggering symptomatic infection. However, at present, it is unclear what contributes to
the protection. Cell mediated immunity is possible although
the majority of studies to date suggest little if any role for T
cells against Candida at the vaginal mucosa.30 Other possibilities include high concentrations of putative ‘‘protective’’
antibodies31 32 in adolescent vaginal secretions, high levels of
proinflammatory cytokines that may override the effects of
Th2 type cytokines, and/or low levels of endogenous
reproductive hormones.33 34
Overall, the present study provides much needed vaginal
microenvironment and immunological information on a
middle adolescent population fairly naive to reproductive
hormones. While there were several similarities to adults,
several distinctions were also observed.7 Among these
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Key messages
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VVC is low in adolescents compared with STIs or BV
Adolescents can have high vaginal fungal burden in
the absence of symptoms of vaginitis
There is no association between yeast colonisation and
local vaginal immunity in adolescents
Sexual activity is positively correlated with vaginal
yeast colonisation in adolescents

www.stijournal.com

Authors’ affiliations

M M Barousse, P L Fidel, Department of Microbiology, Immunology, and
Parasitology, Louisiana State University, Health Sciences Center, New
Orleans, LA, USA
B J Van Der Pol, D Fortenberry, D Orr, Department of Medicine,
Division of Infectious Diseases, Indiana University School of Medicine,
Indianapolis, IN, USA
This paper was presented in part at the 101st General Meeting of
American Association for Microbiology, May 2001, Orlando, Florida,
USA abstract F140).

REFERENCES
1 Hurley R, De Louvois J. Candida vaginitis. Postgrad Med J 1979;55:645–7.
2 Sobel JD. Pathogenesis and treatment of recurrent vulvovaginal candidiasis.
Clin Infect Dis 1992;14(suppl 1):S148–53.
3 Romani L, Cenci E, Mencacci A, et al. T helper cell dichotomy to Candida
albicans: implications for pathology, therapy, and vaccine design. Immunol
Res 1995;14:148–62.
4 Cenci E, Mencacci A, Spaccapelo R, et al. T helper cell type 1 (Th1)- and Th2like responses are present in mice with gastric candidiasis but protective
immunity is associated with Th1 development. J Infect Dis
1995;171:1279–88.
5 Romani L, Puccetti P, Bistoni F. Biological role of Th cell subsets in candidiasis.
In: Romagnani S, ed. Th1 and Th2 cells in health and disease. Farmington, CT:
Karger, 1996:114–37.
6 Fidel PL Jr, Lynch ME, Redondo-Lopez V, et al. Systemic cell-mediated immune
reactivity in women with recurrent vulvovaginal candidiasis (RVVC). J Infect
Dis 1993;168:1458–65.
7 Fidel PL Jr, Ginsburg KA, Cutright JL, et al. Vaginal-associated immunity in
women with recurrent vulvovaginal candidiasis: Evidence for vaginal Th1-type
responses following intravaginal challenge with Candida antigen. J Infect Dis
1997;176:728–39.
8 Hobbs JR, Briden D, Davidson F, et al. Immunological aspects of candidal
vaginitis. Proc R Soc Med 1977;70:11–14.
9 Fidel PL Jr, Barousse M, Espinosa T, et al. Local immune responsiveness
following intravaginal challenge with Candida antigen in adult women at
different stages of the menstrual cycle. Med Mycol 2003;(in press).
10 Barousse MM, Steele C, Dunlap K, et al. Growth Inhibition of Candida
albicans by human vaginal epithelial cells. J Infect Dis 2001;184:1489–93.
11 Cates WJ. Epidemiology and control of sexaully transmitted diseases in
adolescents. In: Schydlower M, Shafer MA, eds. AIDS and other sexually
transmitted diseases. Philadelphia: Hanly & Belfus, 1990:409–27.
12 Eng T, Butler W. The hidden epidemic: confronting sexually transmitted
diseases. Washighton, DC: National Academy Press, 1997.
13 Burton JP, Reid G. Evaluation of the bacterial vaginal flora of 20
postmenopausal women by direct (Nugent score) and molecular (polymerase
chain reaction and denaturing gradient gel electrophoresis) techniques. J Infect
Dis 2002;186:1770–80.
14 Martin DH, Cammarata C, Van der Pol B, et al. Multicenter evaluation of
Amplicor and automated Cobas Amplicor CT/NG tests for Neisseria
gonorrhoeae. J Clin Micro 2000;38:3544–9.
15 Van der Pol B, Quinn TC, Gaydos CA, et al. Multicenter evaluation of the
Amplicor and automated Cobas A£ CT/NG tests for detection of Chlamydia
trachomatis. J Clin Micro 2000;38:1105–12.
16 Van Der Pol B, Williams JA, Smith NJ, et al. Stability of vaginal swabs for
detection of chlamydia, gonorrhea, and trichomonas by polymerase chain
reaction. 4th European Chlamydia Meething, Helsinki, Finland. 2000.

Sex Transm Infect: first published as 10.1136/sti.2002.003855 on 30 January 2004. Downloaded from http://sti.bmj.com/ on November 12, 2019 by guest. Protected by copyright.

distinctions were an extremely low incidence of VVC in the
presence of high levels of asymptomatic vaginal colonisation
suggesting a strong resistance to vaginal Candida infections
between the ages of 14 and 17. While it remains unclear as to
what factors are most critical in protection against Candida
infections, when better understood, perhaps the factors
involved in resistance to VVC in adolescents could be
duplicated in adults by immunotherapy in an effort to reduce
the incidence of adult VVC or RVVC.

Vaginal yeasts, vaginitis, and immunity in adolescents

27
28
29
30
31
32
33
34

arms of the immune system in the female reproductive tract. In: Ogra PL,
Mestecky JJ, Lamm ME, eds. Handbook of mucosal immunity. San Diego:
Academic Press, 1994:705–18.
Mestecky J, Russel MW. Mucosal immunoglobulins and their contrabution to
defence mechanisms: an overview. Biochem Soc Trans 1997;25:457–62.
Romani L. Immunology of invasive candidiasis. In: Calderone R, ed. Candida
and candidiasis. Washington, DC: ASM Press, 2002:223–41.
Hopwood V, Crowley T, Horrocks CT, et al. Vaginal candidosis: relation
between yeast counts and symptoms and clinical signs in non-pregnant
women. Genitourin Med 1988;64:331–4.
Fidel PL Jr, Sobel JD. Host defense against vaginal candidiasis. In:
Calderone R, ed. Candida and candidiasis. Washington, DC: ASM Press,
2002:193–209.
Casadevall A. Antibody immunity and invasive fungal infections. Infect Immun
1995;63:4211–18.
Han Y, Riesselman MH, Cutler JE. Protection against candidiasis by an
immunoglobulin G3 (IgG3) monoclonal antibody specific for the same
mannotriose as an IgM protective antibody. Infect Immun 2000;68:1649–54.
Sobel JD. Epidemiology and pathogenesis of recurrent vulvovaginal
candidiasis. Am J Obstet Gynecol 1985;152:924–35.
Sobel JD. Pathogenesis and epidemiology of vulvovaginal candidiasis. Ann
NY Acad Sci 1988;544:547–57.

Clinical Evidence—Call for contributors
Clinical Evidence is a regularly updated evidence based journal available worldwide both as
a paper version and on the internet. Clinical Evidence needs to recruit a number of new
contributors. Contributors are health care professionals or epidemiologists with experience in
evidence based medicine and the ability to write in a concise and structured way.

Currently, we are interested in finding contributors with an interest in
the following clinical areas:
Altitude sickness; Autism; Basal cell carcinoma; Breast feeding; Carbon monoxide poisoning;
Cervical cancer; Cystic fibrosis; Ectopic pregnancy; Grief/bereavement; Halitosis; Hodgkins
disease; Infectious mononucleosis (glandular fever); Kidney stones; Malignant melanoma
(metastatic); Mesothelioma; Myeloma; Ovarian cyst; Pancreatitis (acute); Pancreatitis
(chronic); Polymyalgia rheumatica; Post-partum haemorrhage; Pulmonary embolism;
Recurrent miscarriage; Repetitive strain injury; Scoliosis; Seasonal affective disorder;
Squint; Systemic lupus erythematosus; Testicular cancer; Varicocele; Viral meningitis; Vitiligo
However, we are always looking for others, so do not let this list discourage you.

Being a contributor involves:

N
N
N
N
N

Appraising the results of literature searches (performed by our Information Specialists) to
identify high quality evidence for inclusion in the journal.
Writing to a highly structured template (about 2000–3000 words), using evidence from
selected studies, within 6–8 weeks of receiving the literature search results.
Working with Clinical Evidence Editors to ensure that the text meets rigorous
epidemiological and style standards.
Updating the text every eight months to incorporate new evidence.
Expanding the topic to include new questions once every 12-18 months.

If you would like to become a contributor for Clinical Evidence or require more information
about what this involves please send your contact details and a copy of your CV, clearly
stating the clinical area you are interested in, to Claire Folkes (cfolkes@bmjgroup.com).

Call for peer reviewers
Clinical Evidence also needs to recruit a number of new peer reviewers specifically with an
interest in the clinical areas stated above, and also others related to general practice. Peer
reviewers are health care professionals or epidemiologists with experience in evidence based
medicine. As a peer reviewer you would be asked for your views on the clinical relevance,
validity, and accessibility of specific topics within the journal, and their usefulness to the
intended audience (international generalists and health care professionals, possibly with
limited statistical knowledge). Topics are usually 2000–3000 words in length and we would
ask you to review between 2–5 topics per year. The peer review process takes place
throughout the year, and our turnaround time for each review is ideally 10–14 days.
If you are interested in becoming a peer reviewer for Clinical Evidence, please
complete the peer review questionnaire at www.clinicalevidence.com or contact Claire
Folkes(cfolkes@bmjgroup.com).

www.stijournal.com

Sex Transm Infect: first published as 10.1136/sti.2002.003855 on 30 January 2004. Downloaded from http://sti.bmj.com/ on November 12, 2019 by guest. Protected by copyright.

17 Wozniak KL, Wormley FL Jr , Fidel PL Jr. Candida-specific antibodies during
experimental vaginal candidiasis in mice. Infect Immun 2002;70:5790–9.
18 Bauters TGM, Dhont MA, Temmerman MIL, et al. Prevalence of vulvovaginal
candidiasis and susceptibility to fluconazole in women. Am J Obstet Gynecol
2002;187:569–74.
19 Sobel JD. Vaginal infections in adult women. Sex Transm Dis
1990;74:1573–601.
20 Hector RF, Domer JE, Carrow EW. Immune responses to Candida albicans in
genetically distinct mice. Infect Immun 1982;38:1020–8.
21 Foxman B. The Epidemiology of vulvovaginal candidiasis: risk factors.
Am J Public Health 1990;80:329–31.
22 Odds FC, Webster CE, Mayuranathan P, et al. Candida concentrations in the
vagina and their association with signs and symptoms of vaginal candidosis.
J Med Vet Myc 1988;26:277–83.
23 Steele C, Ozenci H, Luo W, et al. Growth inhibition of Candida albicans by
vaginal cells from naive mice. Medical Mycology 1999;37:251–60.
24 Steele C, Ratterree M, Fidel PL Jr. Differential susceptibility to experimental
vaginal candidiasis in macaques. J Infect Dis 1999;180:802–10.
25 Taylor BN, Saavedra M, Fidel PL Jr. Local Th1/Th2 cytokine production
during experimental vaginal candidiasis. Med Mycol 2000;38:419–31.
26 Wira CR, Richardson J, Prabhala R. Endocrine regulation of mucosal
immunity: effect of sex hormones and cytokines on the afferent and efferent

53

