




C trachomatis DNA in women with ectopic pregnancy

Table 2 List ofprimers used for human ,B globin PCR and chlamydial PCRs

Length of amplimer
Primers and probes Reference Nucleotide sequences (bp)

Human 1B globin PCR
BGPCO3-1 (sense primer) 36 5'-ACACAACTGTGTCACTAGC-3'
BGPCO5 (antisense primer) * 5'-GAAACCCAAGAGTCTTCTCT-3' 209
BGPCO6 (antisense primer) * 5'-CATCAGGAGTGGACAGATCC-3' 326

C trachomatis plasmid PCR 31, 32 201
CTP1 (sense primer) 5'-TAGTAACTGCCACTTCATCA-3'
CTP2 (antisense primer) 5'-TTCCCCTTGTAATTCGTTGC-3'
PCTP5 (probe) 5'-ATCTCATTACCATGCATTAGCAGCTATCCA-3'

C trachomatis ompl PCR 34 320
CM2A (sense primer) 5'CCAAGCCTTATGATCGACGG-3'
CM3A (antisense primer) 5'-GAATACATCAAAACGATCCC-3'

* Primers were selected by computer analysis with PC/gene software (release 6.7, EMBL35, uGenbank 77-35, IntelliGenetics
Inc, Mountain View CA, USA).

previously.2930 Briefly, the cover slip was re-
moved by xylene in a sterile container and the
cells were scraped off separately with sterile
blades. Cells were washed once with xylene
and twice with ethanol. The pellets were air
dried and lysed in the lysate buffer containing
50mM Tris-HCl (pH 6&4), 20mM EDTA,
1-3% wt/vol Triton-X 100, and 5-25 M gu-
anidinium thiocynate for 2 h at room tem-
perature. DNA released in the lysate was bound
to activated silica (50 1l Silica, Fluka, 1 g/ml
suspension in 0 1 N HCG). After washing twice
with wash buffer (50mM Tris-HCl, pH 6-4,
plus 5-25 M guanidinium thiocynate) and once
with 70% ethanol, the pellets were air dried
and the DNA was recovered in 200 gl Tris-
HCI (pH 8 3) at 58°C. Ten microlitres were
used for PCR.

POLYMERASE CHAIN REACTION
Each specimen was subjected to human 1
globin PCR to check for the suitability of the
processed sample for PCR purposes. Two
different P globin PCRs were used, amplifying
either 209 bp or 326 bp DNA fragments
equivalent to the fragment lengths generated
by the chlamydial plasmid PCR3'- and ompl
PCR,34 respectively. The ompl PCR was per-
formed in order to detect a possible plasmid-
free C trachomatis strain which is so far de-
scribed as a laboratory strain." The primer
sequences and the fragment lengths of gen-
erated PCR products are listed in table 2.
PCR was performed in a final volume of 50 gl
containing of 50mM KC1, lOmM Tris-HCl
(pH 8.3), 200 jM of each deoxynucleotide
(dATP, dTTP, dGTP, and dCTP), 1-5mM
MgCl2, 1 U of Taq DNA polymerase (Am-
plitaq, Perkin Elmer), and either 25pmol of
each P globin primer or 50 pmol for each
chlamydial primer. The PCR amplification
consisted of a DNA denaturation at 95°C for
4 min followed by 40 cycles of amplification
which were performed with a thermocycler
(Biomed). Each cycle consisted ofdenaturation
at 95°C for 1 min, annealing at 55°C for 1
min, and chain elongation at 72°C for 1-5 min.
The final elongation was extended for another
4 min. Human placental DNA (100ng) was
used as a positive control for 1 globin PCR.
Dilution series of C trachomatis serovar L2
DNA, corresponding to 0 01, 0 1, and 1 in-
clusion forming units, were used as positive

controls for chlamydial PCRs. An additional
positive control using a paraffin embedded sal-
pingectomy tissue derived from a patient with
C trachomatis salpingitis was used for PCR
performed with paraffin embedded tissues. An
additional C trachomatis positive cervical smear
was used for PCR performed with cervical
smears. Distilled water instead of DNA was
used as negative control. Finally, 10 gl of the
PCR products were analysed by 1-5% agarose
gel electrophoresis. C trachomatis plasmid PCR
products were further analysed by Southern
blot hybridisation using an internal oligo-
nucleotide (table 1) end labelled with [r-32P]-
ATP.3' Chlamydial ompl PCR products were
hybridised with a cocktail probe consisting of
random primer labelled with [o-32P]-dCTP
ompl PCR products derived from 15 C trach-
omatis reference strains for detection ofC trach-
omatis. 3

Results
In the 48 salpingectomy specimens (from 37
women) which we examined, 1 globin PCR
generated a 209bp fragment in 45 samples
processed by direct proteinase K digestion,
while afterDNA extraction the three remaining
samples also became positive. C trachomatis
DNA was found by plasmid PCR in only one
of these 1 globin PCR positive tubal tissues
(table 1). The 1 globin PCR generating a
326 bp was successful in 33 of the 48 tissues
examined. However, in these 1 globin positive
(326 bp) samples no additional samples were
found to be positive by the ompl PCR, amp-
lifying a 320 bp fragment. Positive controls for
chlamydial PCRs using a dilution series of C
trachomatis serovar L2 DNA had a sensitivity
corresponding to 0 01 inclusion forming units
after Southern blot hybridisation in both
chlamydial PCRs. The positive control, using
C trachomatis positive salpingectomy tissue, was
positive in both PCRs. In addition, plain
paraffin sections cut between two cases and
processed for PCR simultaneously remained
negative.

All cervical specimens (cell suspensions and
smears) were positive by 13 globin PCR gen-
erating a 209 bp fragment. Six ofthe 58 cervical
specimens, derived from five women, were
found to contain C trachomatis DNA by plasmid
PCR (table 1). In addition, 15 ofthe 19 cervical
cell suspension and 35 of the 39 smears were
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positive by 326 bp 1 globin PCR. However, no
additional positive samples were found by ompl
PCR (320 bp). The positive control using a C
trachomatis positive cervical smear was found
to be positive in all chlamydial PCRs performed
with cervical smears.

All 18 endometrial biopsies examined were
suitable for PCR amplification of a 13 globulin
fragment of 209 bp using either direct pro-
teinase K digestion (n = 13) or DNA extraction
(n = 5). C trachomatis DNA was found by
plasmid PCR in three biopsies from three
different women (table 1). In addition, 13 of
the 18 biopsies were positive for 326 bp a globin
PCR, but no additional positive samples were
found by ompl PCR (320 bp).

Table 1 summarises the results of 37 ectopic
pregnancy cases in which the presence of C
trachomatis DNA was sought by PCR in the
salpingectomy tissues, the endometrial bi-
opsies, or the cervical specimens in relation to
the time intervals between the sampling.
The histological picture ofthe salpingectomy

specimens was that of a mild round cell in-
filtrate consisting of lymphocytes and some
plasma cells. In two of these cases there was
admixture with eosinophilic granulocytes. In
19 of the tubal specimens, plical conglutination
or fibrosis was present (table 2). The specimen
that was positive for C trachomatis also
showed plical conglutination, fibrosis, and
some lymphocyte and plasma cell infiltration
(table 2, case 1). All cervical smears showed
PAP I or II cytomorphology. No endometrial
specimens showed any sign of inflammation.

Discussion
In this study we found that the PCR can be
successfully applied for the detection ofC trach-
omatis DNA in paraffin embedded tissues and
archival cervical smears, indicating that this
technique could be very useful for the retro-
spective analysis of the role of C trachomatis in
late complications such as ectopic pregnancy.
Because of damage to the DNA templates as
a result of fixation or storage, the fragment
length in PCR amplification is restricted. In
this study, fragments of up to 326 bp could
be efficiently amplified in the majority of the
specimens. The incorporation of the 13 globin
PCR was therefore important for a reliable
interpretation of the chlamydial PCR data.
As shown in this study, C trachomatis DNA

was not, or only sporadically (1/48), present in
salpingectomy tissues at the time of ectopic
pregnancy. These PCR results rule out the
possibility of infection with a non-cultivable
form of C trachomatis, as has been suggested
by others,2325 and are in agreement with those
studies reporting that direct isolation ofC trach-
omatis by cell culture from the salpingectomy
specimens of ectopic pregnancies was not
successful.'3222 In addition, infections with
plasmid-free C trachomatis strains, so far only
described as a laboratory strain,35 can also be
ruled out, since no additional positivity was
found by ompl PCR. The sporadic incidence
of C trachomatis infection found in tubal tissues
of ectopic pregnancy and the high seropositivity

found by others7'-1 probably reflects episodes
of C trachomatis infection in the past. Indeed,
C trachomatis DNA was found in preceding
genital specimens (cervical specimens or en-
dometrial biopsies) in six of the 37 women
with ectopic pregnancy (table 1). Although the
numbers ofC trachomatis positive specimens are
small, the increasing incidence of C trachomatis
infection is reflected in the increasing time span
before ectopic pregnancy: in 31% of women
(five of 16) C trachomatis DNA was detected in
cervical or endometrial specimens taken more
than three years before the salpingectomy, while
it was detected in only 9% of the women (three
of 33) whose specimens were taken within three
years of the ectopic pregnancy (table 1). This
may still underestimate the incidence ofC trach-
omatis in earlier specimens, since only a limited
number of specimens taken more than three
years before the ectopic pregnancy were avail-
able for testing. Nevertheless, the women with
ectopic pregnancy investigated in this study
were mostly in their early thirties, and the
high incidence ofC trachomatis genital infection
(31 %) occurred while they were in their twen-
ties. This 31% percent of women who had C
trachomatis in one or more genital specimens
in the past is more than three times as high as
the prevalence rate of 8-9% found in a large
group of age adjusted asymptomatic women
and pregnant women (Lan J et al, manuscript
in preparation). Furthermore, the women in-
vestigated in this study may already have had
tubal damage caused by C trachomatis in their
twenties, though it remained unnoticed for a
long time because of postponed pregnancy.
These data suggest that early C trachomatis
infection makes an important contribution to
the later development of ectopic pregnancy, as
generally accepted on the basis of the sero-
logical data.7-'5 It is of particular interest that
C trachomatis positivity was found only in the
endometrial biopsies (three of the four speci-
mens) taken more than three years before
salpingectomy (table 1). Although the study
numbers are small, these data support the
hypothesis that early C trachomatis infections
ascending to the upper genital tract (endo-
metrium and fallopian tubes) play an important
role in the pathogenesis of a substantial number
of ectopic pregnancies.

In conclusion, this study showed that in the
vast majority of ectopic pregnancies C trach-
omatis was not present in the fallopian tubes at
the time of the disease. However, the fact that
a substantial number of women with ectopic
pregnancy had cervical and endometrial C
trachomatis infections in the past indicates that
ectopic pregnancy is in part the result of a
previous episode of C trachomatis infection,
resulting in a scarred fallopian tube and sub-
sequently leading to ectopic pregnancy.
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