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Abstract
Objective-To determine if HPV detec-
tion or the size of a tampon specimen is
affected by the menstrual cycle.
Materials-Two hundred and eighty
women bet*een 18-35 years of age
attending a gynaecology clinic at The
Royal Women's Hospital were enrolled.
Each woman completed a questionnaire
on the risk factors of HPV infection and
provided a tampon specimen. Specimens
were analysed for the presence of HPV
DNA (polymerase chain reaction with the
Li consensus primers) after the pellet
volume and number ofcells was assessed.
Results-The mean age ofthe 298 women
enrolled in this study was 27X0 years (SD
4.5, range 18-35). Ninety two (30'9¶%) of
the tampon specimens were positive for
HPV using the Li consensus primer. The
detection of HPV DNA was not associ-
ated with the quartiles of the menstrual
cycle (p = 0.32). Both the pellet volume
and the number of cells from a tampon
specimen were greater during the mid
cycle, although this was significant for
the pellet volume only (p = 0'002 and 0-1
respectively). The pellet volume was not
significantly associated with other vari-
ables assessed by the questionnaire. The
number of cells from a tampon specimen
increased with the numbers of life time
sexual partners (p = 0.02) and was higher
for a single marital status (p = 0.0008).
Conclusion-The timing ofthe menstrual
cycle effects the size of tampon speci-
mens but not the probability of detecting
HPV DNA.

(Genitourin Med 1994;70:171-174)

Introduction
Recent reports indicate that a single genital
specimen may underestimate the true preva-
lence of HPV infection. This is illustrated by
one study of 21 women where the point
prevalence of HPV type 16 (14-3-33-3%) was

lower than the cumulative prevalence
(66.7%).' Intermittent detection of HPV is
also reported by other investigators.23

Fluctuations in hormone levels associated
with the menstrual cycle may affect the detec-
tion of HPV. For example, oestrogen pro-
motes cellular differentiation and exfoliation
of the superficial cells, while progesterone
causes these cells to agglutinate and exfoliate
at the intermediate or less differentiated

layer.4 As the differentiated cells contain the
largest amount of complete HPV virions, it is
possible that changes in these hormones may
influence the chance of detecting HPV during
the menstrual cycle.5 A number ofmore direct
mechanisms by which hormonal changes may
influence HPV expression have been sug-
gested, and include hormonal perturbation of
the immune response, and steroid-responsive
regulation ofHPV activity.67
Our earlier study did not identify HPV

more commonly at different times of the men-
strual cycle although the prevalence of HPV
was too low for meaningful conclusions to be
drawn.8 Using a population with a higher
expected prevalence of HPV, our aim was to
determine if HPV detection or the size of a
tampon specimen varied during the menstrual
cycle.

Methods
The study population was selected from
women attending a gynaecology clinic at The
Royal Women's Hospital Melbourne,
between September 1992 and February 1993.
Women were considered eligible for the study
if they were between 18-35 years of age, used
tampons and spoke English. During this
period, 620 women were between 18 and 35
years of age, but 69 of these did not speak
English. Of the remaining 551, 383 were
approached by a research nurse before they
left the clinic. Sixty eight of these women did
not use tampons, leaving 315 eligible women,
of whom 298 agreed to participate. The
women whom the research nurse approached
(n = 383) were marginally younger than those
whom she did not approach (n = 168) (26.9
years v 27-8 years, p = 0.05). This study
formed part of a larger project assessing the
risk factors for HPV among tampon users
(unpublished observations Fairley et al). The
research protocol was approved by the Ethics
Committee at The Royal Women's Hospital
and each woman gave written informed con-
sent.
Each woman completed a self answer ques-

tionnaire, and provided a single tampon spec-
imen (in/out specimen). The tampon was
placed in a container with 15 ml of transport
medium (TM) (transport medium; 10 mM
Tris-HCl, 50 mM EDTA, 150 mM NaCl.
0.1% NaN,. pH 7.5). The questionnaire
inquired about factors known to be associated
with HPV detection including: age, details of
the menstrual cycle, marital status, education,
smoking, past and current pregnancy, past
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and current Papanicolaou smear result, use of
oral contraceptive pill, age at first intercourse,
and the number of life time sexual partners.
Detailed analysis of how these variables are
associated with the presence of HPV DNA is
presented elsewhere (unpublished observa-
tions, Fairley et al.). The quartile of the men-
strual cycle during which the specimens were
collected was calculated by dividing the day of
the cycle by the average length of each partic-
ular woman's cycle. If this figure was greater
than one it was not possible to determine the
quartile of the cycle.

HPVDNA detection
The cells were dislodged from the tampons by
squeezing and the volume of fluid measured.
A drop was then placed on a Neubauer count-
ing chamber to determine the number of cells
per ml. The number of cells in the sample was
calculated by multiplying the number of cells
per ml by the volume of the pre-spun sample.
The remaining sample was pelleted by cen-
trifugation. The "pellet volume" refers to the
visualised volume of the spun pellet as mea-
sured in calibrated centrifige tubes. Cell
pellets were then stored at -20C until analy-
sis. DNA was extracted from a 25 ,u aliquot
of the cell pellet by protein K digestion fol-
lowed by phenol-chloroform extraction using
Contamination Safe mini-DNA Extraction
Kit (Salus Scientific. VIC. Australia).9 A 2 ul
aliquot (l/25th) of this was then subjected to
DNA amplification. All sample preparation
and subsequent polymerase chain reaction
(PCR) was carried out in a class H biohazard
hood in a room separate from that for analysis
ofPCR products.
The PCR and subsequent probing was car-

ried out under conditions described by
Resnick et al, with minor modifications.'0
Briefly, the reaction was set in a 50 pl volume
and subjected to 35 cycles with 1 minute for
each step. All specimens were amplified with
HPV Li consensus primer set (MY09-MY1 1)
and fl-globin primer set (GH20-PC04).10
Southern blotting was carried out using 10 pl
of PCR products and probed by y32P-ATP
labelled HPV Li generic probe.'0

Cervical cells from previously tested and
HPV negative patients were interposed among
specimens throughout DNA extraction and
PCR to serve as negative controls. In addition

a reaction mixture without DNA was included
in every PCR run. Positive controls were
HeLa cells and cloned HPV DNA type
6,11,16 and 18.

Statistical methods
A chi square or Fisher's exact test was used to
determine significant differences between cate-
gorical variables. For continuous variables a t
test or Mann-Whitney test was used or an
analysis of variance (ANOVA) or Kruskal-
Wallis test, if more than two variables were
being assessed. A Spearman rank correlation
was used to determine the relationship
between the pellet volume and number of
cells. Multiple regression was used to deter-
mine if the number of cells in a tampon speci-
men was independently -related to a single
marital status and the number of lifetime sex-
ual partners.

Results
The mean age of the 298 women enrolled in
this study was 27-0 years (SD 4.5, range
18-35). Tampon specimens were available
from all patients but questionnaires were not
returned from eight patients. Ninety two
(30.9%) specimens were positive for HPV
using the Li consensus primers. The propor-
tion of samples with HPV DNA detected
(26-46%) was not significantly different dur-
ing any quartile of the menstrual cycle (p =
0-15 if those where the quartile of the cycle
could not be determined are included and p =

0.31 if this group is excluded) (table 1).
The size of the cell pellet and number of

cells from a tampon specimen were closely
associated (Spearman correlation coefficient,
0.58, p < 00001). Both the pellet volume
and the number of cells from a tampon speci-
men were greater during the mid cycle,
although this was significant for the pellet vol-
ume only (p = 0.002 and 0.1 respectively)
(table 1). The difference between the pellet
volume during each quartile of the menstrual
cycle was investigated. A p value of 0.008
(0.05/6 = 0 008) was used as a significant
level to account for the effect of repeating the t
test six times. Quartile (Q) 1 v Q2 and Ql v

Q3 were different at this level of significance,
while Ql v Q4, Q2 v Q3, Q2 v Q4 and Q3 v

Q4 were not different (p = 0.003, 0-001,

Table 1 HPV result, pellet volume and number of cells in tampon specimen during different quartdes of the menstrual
cycle

HPV HPV Mean peUet Mean number
Quartle of Positive* Negative Number volume of cellst
menstrual cycle (%) (%) n = 298 (x12ml) SD (x 1O5per ml) SD

Qi 20 (38) 33 (62) 53 4-3 3-3 3-0 2-6
Q2 18 (33) 37 (67) 55 6-6 3-7 4-6 4.0
Q3 14 (28) 37 (73) 51 6-7 3.9 4.7 5-3
Q4 17 (46) 20 (54) 37 5-7 3-2 4-1 2-8
Not determinable 27 (26) 75 (74) 102 5-5 3-6 3-7 2-7

SD = Standard Deviation.
* The p value for difference in the proportion positive for HPV DNA in the 4 quartiles of the menstrual cycle is 0-31 and 0-15 if those
with no determinable cycle time are included.
t One way ANOVA was used to determine if there was a significant difference in the mean pellet volume or number of cells from
tampons specimens, during different quartile of the menstrual cycle (p = 0-02, p = 0- 10 respectively).
* percentage for postive and negative in each quartile.
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Table 2 Pellet volume and number of cellsfrom tampons ofwomen with different characteristics

Mean pellet Mean number
Sub category volume of cells

Categorical variables or number (ml X 1(2) p value (X10') p value

Marital status Married or defacto 5.5 0-17 3-3 0-0008
Single or separated 6-1 4-5

Smoking Now 5-4 0-50 3.9 0.54
Not now 6-0 3-8

Educational level Not completed high
school 5-4 0-22 3-6 0-72
Completed high 6-0 4-1
school.

Oral contraceptive Current use 6-1 0-21 4-2 0-21
Not using 5-5 3-7

Pregnancy Ever 5-5 0-11 3-8 0-24
Never 6-3 4-1

Previously abnormal
Papanicolaou smear Ever 6-3 0-20 3-8 0-98

Never 5-6 3-8
Most recent
Papanicolaour normal Normal 5.9 0.07 3.9 0.07

Abnormal 4-2 2-7
HPV status Positive 6-3 0-17 4-4 0-09

Negative 5-5 3-6
Age (year)*
620 27 5-5 0.70 4-6 0-6
21-25 81 6-0 3-7
26-30 107 5-4 3.9
31-35 74 5-8 3.7
Life time sexual
partners*
1-2 91 5-1 0-13 3-1 0-02
3-4 66 5-6 3-8
5-6 43 6-3 4-3
>6 69 6-3 4-6

Mann-Whitney test was used to test for a difference between the above groups.
* ANOVA used to determine if a significant difference existed.

0 05, 0.68, 0.37, 017 respectively). The pel-
let volume was not significantly associated
with any other variables assessed by the ques-
tionnaire (table 2).
The differences between the number of

cells in different quartiles was not investigated
further as there was no significant difference
between these as a group (p = 0 1). However,
the number of cells from a tampon specimen
increased with the numbers of life time sexual
partners (p = 0 02) and was higher for a single
marital status (p = 00008) (table 2). These
two variables were included together in a mul-
tiple regression model and were indepen-
dently associated with the number of cells.

Discussion
The findings of this study confirm our previ-
ous observations indicating that the pellet vol-
ume of a tampon specimen, but not HPV
detection, vary during the menstrual cycle."
The number of cells from a tampon specimen
did not significantly change during the men-
strual cycle although a trend to larger samples
during the middle of the cycle was apparent.

In our study there was no difference in the
prevalence of HPV among women whose
samples were obtained at different times dur-
ing the menstrual cycle. This is in keeping
with our previous study where tampons col-
lected weekly, for 4 weeks, were consistently
positive or negative in the same women.
Similar results to our own were obtained in a

cross sectional study of 427 women who had
cervical scrapes analysed by filter in situ
hybridisation (HPV types 6,1 1,16,18).12 In
this study the proportion of samples positive
varied from 78% during week 1 or 3 to 84%

during week 4 (p = 0.8, for difference in the
proportion with HPV detected at different
weeks).'2 Interestingly, in that study, speci-
mens with inadequate DNA were more com-
mon in the first week of the menstrual cycle,
coinciding with the lowest pellet volume and
number of cells in our study (p < 0.05).12 In
that study however this finding was restricted
only to women who were using the oral con-
traceptive pill.'2

In contrast, another study suggested that
HPV detection was more likely during the
second half of the menstrual cycle.' In this
study, 21 women were sampled every 5 weeks
for a year and HPV 16 was detected more
commonly in the second half of the cycle (p =
0005).' This study however differed from
ours, as only HPV 16 was assessed, while we
used the Li consensus primers which detect
over 20 HPV types.'4 If fluctuations in HPV
detection occur only with HPV 16 then we
would not be expected to have detected this.

Inhibition of the PCR reaction by contami-
nating blood may occur if samples are col-
lected during the first week of the menstrual
cycle."3 In our study, HPV detection was not
less in the first quartile of the cycle, although it
is possible that higher detection during this
period was concealed by partial inhibition.
Schneider et al, however, did report HPV
detection less commonly during the first half
of the cycle (includes the first week).'
The greater number the cells in tampon

specimens from single women, or those with
more lifetime sexual partners, was unex-
pected. It is possible that this finding repre-
sents a chance association although against
this is the relatively low p values for these
associations (0.0008 and 0.02). In addition a
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similar trend was also apparent in the pellet
volume, although this was not significant.
One could postulate a number of different
mechanisms which could account for a
greater number of cells being associated with
single women, or those with more lifetime
sexual partners. These may include the fre-
quency of intercourse, inflammatory condi-
tions or perhaps greater exposure to sexually
transmissible organisms.
Under certain circumstances, the associa-

tion between the size of a tampon specimen
and single women, or those with more lifetime
sexual partners, may exaggerate the relation-
ship between these two variables and HPV.
This is because these two variables are them-
selves strongly associated with HPV.15 Thus,
if a technique whose sensitivity is dependent
on the presence of adequate DNA is used,
and the amount ofDNA obtained from single
women or those with more sexual partners is
greater, then the association between HPV
and these two variables may be exaggerated.
In contrast when a technique which requires
little DNA is used (such as PCR) the size of
the sample obtained should not influence the
chance of detecting HPV.8
The influence of the menstrual cycle on the

detection of HPV DNA remains uncertain
with inconsistent results from published stud-
ies. Future studies should include information
on when during the menstrual cycle samples
are collected in an attempt to clarify this issue.
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