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In order to ascertain the microbiological quality of stored semen specimens processed for artificial insem-
ination by a donor (AID), we developed a PCR assay targeting the chlamydial plasmid to detect Chlamydia
trachomatis in semen. The lower limit of detection of this assay corresponded to 2.5 to 5 elementary bodies per
ml of semen. A total of 669 cryopreserved ejaculates from 97 asymptomatic donors were tested for C. trachomatis
infection. Twelve ejaculates, originating from four donors, were found to be positive, indicating a 4% prevalence
of C. trachomatis infection among the donor population studied. Cross-contamination between the cryopre-
served specimens in the storage container was studied by typing using sequence analysis of PCR-amplified
omp1 genes of the strains. Two donors were infected with serovar E, one was infected with serovar F, and one
was infected with serovar K. For two donors, the duration of C. trachomatis positivity could be assessed. One
donor donated C. trachomatis-positive semen for at least 4 successive months, and the other did so for at least
16 months. The occurrence of C. trachomatis infection in cryopreserved donor semen indicates that ejaculates
from donors not tested for a C. trachomatis infection just prior to donation should be tested for infection by a
direct test such as the PCR described here. Direct testing of semen specimens will detect not only donors with
an active infection but also C. trachomatis-infected ejaculates already stored and will thus improve the
microbiological quality of AID, since discrepancies in the presence of C. trachomatis in urine and semen
specimens have been reported.

Chlamydia trachomatis infections are the most prevalent
bacterial sexually transmitted diseases worldwide (11). It has
been estimated that there are approximately 4 million new C.
trachomatis infections each year in the United States (7). A C.
trachomatis infection, if not treated in an early stage, can lead
to severe sequelae, such as pelvic inflammatory disease, ectopic
pregnancy, and tubal infertility (16). However, 50 to 80% of
infected men and women are asymptomatic (9, 16, 32). This
high number of unrecognized infected individuals provides the
reservoir for spreading the infection to men and women via
sexual contact. In addition, women may also contract C. tra-
chomatis infection after artificial insemination by a donor
(AID) (20, 26). Considering the high prevalence of C. tracho-
matis infections worldwide, guidelines have been formulated to
prevent the transmission of C. trachomatis infections through
AID (2, 3). According to the recommendations of the Amer-
ican Society for Reproductive Medicine (2) and the European
Society for Human Reproduction and Embryology (3), semen
donors should be screened by testing of either urethral, urine,
or semen specimens for C. trachomatis.

A variety of DNA amplification methods to detect C. tra-
chomatis in urethral, urine, and cervical specimens are cur-
rently available and have appeared to be far more sensitive
than cell culturing or antigen detection (4). These methods are
now widely used in diagnostic laboratories for screening high-
risk populations for C. trachomatis infection and donors pro-
viding semen for AID (4).

However, it has been reported that C. trachomatis was not
detected in urinary or urethral specimens despite its presence

in testicular specimens (10, 14). In addition, our semen bank
contains large numbers of cryopreserved ejaculates from do-
nors for whom no corresponding urethral or urine specimens
have been tested.

As part of the quality requirements for human tissues pro-
cessed for therapeutic purposes, we developed a PCR assay to
detect C. trachomatis in semen specimens. This PCR was used
to detect and to type C. trachomatis in stored semen specimens.

(The results of this study were presented in part at the 39th
Interscience Conference on Antimicrobial Agents and Chemo-
therapy, San Francisco, Calif., September 1999 [abstr. no.
1739, 1999], and at the annual meeting of the American Soci-
ety for Reproductive Medicine, Toronto, Ontario, Canada,
September 1999 [abstr. no. 227, 1999].)

MATERIALS AND METHODS

Semen samples. Semen samples collected between 1984 and 1999 are stored in
the Center for Reproductive Medicine, Academic Medical Center. In total, 669
ejaculates, donated by 97 men between 20 and 45 years old, were divided into
aliquots in 0.25-ml straws with egg yolk, human sperm preservation medium (15),
or SpermFreeze (Fertipro NV, Breemeng, Belgium). Straws were cryopreserved
in liquid nitrogen and stored in a single container.

C. trachomatis EB preparation. C. trachomatis biovar Lymphogranuloma ve-
nereum L2/434/Bu was obtained from P. B. Wyrick, East Tennessee State Uni-
versity, Johnson City (originally provided by C. C. Kuo and S. P. Wang, Univer-
sity of Washington, Seattle). Bacteria were propagated in McCoy cells (CRL
1696; American Type Culture Collection) according to standard procedures (21),
and elementary bodies (EBs) were released from the cells by sonication in a
water bath at 60 W for 5 min (Branson 2200; Bransonic, Shelton, Conn.). Host
cell debris was removed by centrifugation at 500 3 g for 10 min, and EBs were
concentrated by centrifugation at 12,000 3 g for 30 min. Pellets were washed
twice with 0.02 M phosphate buffer (pH 7.2) containing 0.2 M sucrose and 0.73
mg of glutamine per ml (SPG), resuspended in SPG, divided into aliquots, and
stored at 270°C. The number of EBs was quantified using direct immunofluo-
rescence (Microtrak; Syva, San Jose, Calif.).

Purification of DNA from semen specimens. Duplicate semen samples of 50
ml, derived from one straw, were processed. Prior to DNA extraction, 250 EBs
(strain L2/434/Bu; Advanced Biotechnologies Inc., Columbia, Md.) (5 EBs per ml
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of semen) were added to one of the two samples as a positive control for lysis,
DNA extraction efficiency, and inhibition of the PCR. Then, both samples were
subjected to DNA extraction by the silica-guanidinium thiocyanate (GuSCN)
procedure using buffer L6 and 20 ml of size-fractionated silica particles (6). DNA
was eluted in 100 ml of sterile water. For comparison, DNA of some semen
samples was also extracted in the presence of buffer L7A (5).

PCR to assess C. trachomatis infection in semen (C-PCR). Primers, purified by
high-pressure liquid chromatography, were obtained from Perkin-Elmer (PE;
Nieuwekerk a/d IJssel, The Netherlands). The primers used for amplification of
a 201-bp fragment of the cryptic chlamydial plasmid were CTP1 and CTP2
(Table 1); this primer pair has been described previously (12). The final reaction
mixture (50 ml) contained 20 ml of eluate (the equivalent of 10 ml of semen); 100
ng of each primer; 1.25 U of Taq DNA polymerase (Promega); 0.5 U of Am-
perase (PE); 10 mM Tris-HCl (pH 8.3); 50 mM KCl; 2.0 mM MgCl2; dATP,
dGTP, and dCTP each at a concentration of 200 mM; and 400 mM dUTP (PE).
PCRs were performed with a Trio thermoblock (Biometra, Göttingen, Germany)
as follows: 5 min at 50°C; 5 min at 95°C; 40 cycles each consisting of 1 min at
95°C, 1 min at 55°C, and 2 min at 72°C; and a final elongation step of 10 min at
72°C. Semen samples previously testing negative were simultaneously processed
with other samples and served as a negative control for the extraction procedure.
Water and chlamydial DNA from strain L2/434/Bu were used as negative and
positive controls, respectively, for the reaction mixture. All controls were used
every 10 samples.

Detection of PCR products. PCR was carried out using the same reagent
mixture for nonspiked as well as for spiked samples, and amplicons were loaded
on the same gel and detected simultaneously by Southern hybridization. Twenty
microliters of the PCR product, the equivalent of 4 ml of semen, was analyzed by
1% agarose gel electrophoresis and Southern blot hybridization. The DNA was
transferred to a Zeta probe membrane (Bio-Rad) by vacuum blotting. The blot
was saturated with a 23 SSC solution (13 SSC is 0.315 M NaCl plus 0.015 M
sodium citrate) in 0.2 M Tris-HCl (pH 7.5). DNA was cross-linked to the
membrane by exposure to UV light for 5 min. Hybridizations were performed
using the digoxigenin (DIG) detection system (Roche Diagnostics, Almere, The
Netherlands). The C. trachomatis plasmid PCR products were probed with a
specific internal probe, CTP5 (12) (Table 1), end labeled with DIG. After
hybridization, the blot was washed and processed further with the DIG detection
system, and chemiluminescent signals were detected on Royal X-Omat film
(Eastman Kodak Co., Rochester, N.Y.) using intensifying screens.

Assessment of the detection limit of the C-PCR. In order to determine the
detection limit of the C-PCR, 10 semen samples from 10 donors, found negative
for C. trachomatis by the C-PCR, were pooled, and 100 ml was spiked with 1,000
EBs. Then, serial twofold dilutions were made using the C. trachomatis-negative
pooled semen. For each dilution, DNA was extracted from 50 ml of semen and
subjected to PCR, and amplicons were detected by Southern hybridization.

PCR targeting the C. trachomatis omp1 gene (M-PCR). Two semen samples
from a positive ejaculate were processed separately for the M-PCR. DNA was
extracted from 100 ml of the C. trachomatis-positive semen samples by the
silica-GuSCN procedure (6). The omp1 gene was amplified by nested PCR using
primers described previously (23) (Table 1). The primer pair MOMP108-
RVS1163 was used in the first PCR. This primer pair amplifies a 1.2-kb fragment
of the omp1 gene. The reaction mixture (50 ml) contained 20 ml of eluate; 100 ng
of each primer; 1.25 U of Taq DNA polymerase; 10 mM Tris-HCl (pH 8.3); 50
mM KCl; 2.0 mM MgCl2; and dATP, dGTP, dCTP, and dTTP (PE) each at a
concentration of 200 mM. PCRs were performed with a thermocycler as follows:
5 min at 95°C; 40 cycles each consisting of 30 s at 95°C, 30 s at 55°C, and 1 min
at 72°C; and a final elongation step of 10 min at 72°C. The nested PCR product
was generated by using primer pair MOMP87-RVS1095 (23) (Table 1) and 1 or
10 ml from the first PCR product as a template. PCR conditions were essentially

as described above. The omp1 gene fragment so obtained from approximately 1.1
kb contains the four variable domains on which the typing of C. trachomatis is
based (31).

omp1 amplicon cloning. The amplicons obtained from the C. trachomatis-
positive semen samples were loaded on a 1% agarose gel, gel purified (Qiaex;
Qiagen Inc., Chatsworth, Calif.), cloned into the TA vector pCR2.1, and trans-
formed into Escherichia coli Top10F9 cells (Invitrogen, Groningen, The Nether-
lands). Recombinants were selected by blue-white screening and ampicillin re-
sistance. Insert sizes were checked by performing a standard colony PCR with the
universal 221M13 and M13Reverse primers (PE). In brief, a portion of one
colony was resuspended in 100 ml of distilled water, boiled for 10 min, and
centrifuged for 1 min at maximum speed in an Eppendorf table centrifuge; 2.5 ml
of the supernatant was used as a template in a 25-ml PCR mixture. Two inde-
pendent recombinant clones from each transformation were subjected to se-
quence analysis.

Fluorescence-based sequencing. The recombinant clones containing an almost
full-size omp1 gene were used as templates for sequencing with either fluores-
cence dye-labeled universal M13 primers or dye terminators and internal omp1
primers (Table 1). Analysis was performed on an automatic sequencer (model
373), according to the instructions supplied by Applied Biosystems Incorporated
(Foster City, Calif.). Multiple sequence alignments and database similarity
searches were performed using CLUSTAL W (25) and the BLASTN algorithms
(1), respectively.

Nucleotide sequence accession numbers. The nucleotide sequence data have
been deposited in the EMBL/GenBank/DDBJ nucleotide sequence databases
under the accession numbers AF265237, AF265238, AF265239, and AF265240.

RESULTS
Detection limit of the C-PCR. Using the silica-GuSCN pro-

cedure with buffer L6 for lysis and DNA extraction, it was
possible to detect the equivalent of 10 to 20 EBs on the blot
(Fig. 1). Since the equivalent of 4 ml of semen was loaded on
the gel, a detection limit of 2.5 to 5 EBs per ml of semen was
achieved. Some variation in the strength of the signals ob-
tained between experiments was observed (Fig. 1). Using
buffer L7A instead of buffer L6 in the silica-GuSCN procedure
(5) did not improve the detection limit of the C-PCR (Fig. 1).

Assessment of C. trachomatis in semen samples present in
the semen bank by the C-PCR. A total of 669 semen samples,
derived from 97 donors, were blindly assessed for the presence
of C. trachomatis by the C-PCR. Duplicate semen samples, to
one of which EBs were added as a positive control, were
processed. The semen samples supplied with EBs yielded a
positive signal on the blot, indicating successful DNA extrac-
tion and amplification. Again, some variation in the strength of
the signals obtained was observed (data not shown).

Twelve (1.8%) of the 669 nonspiked semen samples yielded
a positive signal on the blot, indicating the presence of C.
trachomatis DNA. At least two or more additional semen sam-
ples from these 12 C-PCR-positive ejaculates were also posi-
tive. Decoding of the C. trachomatis-positive ejaculate speci-

TABLE 1. Oligonucleotides used in this study

Primer Purpose 59339 Sequence (reference)a Positions

CTP1 C-PCR TAGTAACTGCCACTTCATCA (12) 2939–2958b

CTP2 C-PCR TTCCCCTTGTAATTCGTTGC (12) 3139–3120b

CTP5 Probe ATCTCATTACCATGCATTAGCAGCTATCCA (12) 3077–3106b

MOMP108 M-PCR GGCCATTAATTGCTACAGGACATCTTGTC (23) 6867–6839c

RVS1163 M-PCR CGGAATTGTGCATTTACGTGA (23) 5585–5605c

MOMP87 M-PCR TGAACCAAGCCTTATGATCGACGGA (23) 6673–6649c

RVS1095 M-PCR GCAATACCGCAAGATTTTCTAGATTTCATC (23) 5681–5710c

OMP334 Sequencing CAYATGCARGAYGCWGA (this study) 6426–6410c

ROMP388 Sequencing ACATCAAARCGATCCCA (this study) 6356–6372c

OMP625 Sequencing TTAGGSGCTTCWTTC (this study) 6135–6121c

ROMP715 Sequencing CCWACATAYCCTTTMGG (this study) 6029–6045c

ROMP856 Sequencing CCYTACATTGGAGTTA (this study) 5904–5889c

a Y is C or T, R is A or G, W is A or T, S is C or G, and M is A or C.
b Positions according to the nucleotide numbering of Comanducci et al. (8).
c Positions according to the nucleotide numbering of the complete genome sequence of C. trachomatis strain D/UW-3/CX (22).
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mens revealed that the C. trachomatis-positive samples were
obtained from four donors (encoded K23, H38, V12, and B38).

Duration of C. trachomatis infection. The results of C-PCR
testing of all of the ejaculates obtained from the four positive
donors over time were used to study the persistence of infec-
tion. Donor K23 donated between November 1989 and Feb-
ruary 1997 six ejaculates. Only two ejaculates, donated in Oc-
tober 1990 and January 1991, were C-PCR positive,
demonstrating that donor K23 carried C. trachomatis for at
least four successive months (Fig. 2). Donor H38 provided 13
ejaculates between June 1995 and May 1999, of which 8, do-
nated between January 1997 and April 1998, were found C.
trachomatis positive. Therefore, the duration of the infection
was at least 16 months (Fig. 2). From donor V12, only two
ejaculates were left in the semen bank. The first ejaculate,
donated in July 1990, represented the positive ejaculate. The
last ejaculate, donated in March 1999, was negative. From
donor B38, only one ejaculate was still present; it was found C.
trachomatis positive by the C-PCR (Fig. 2).

Sequence analysis of the chlamydial omp1 gene. C. tracho-
matis can be discriminated into several serovars on the basis of
reactions with monoclonal antibodies against epitopes of
Omp1. These serovars can also be identified by sequencing of
omp1 (31). To assess whether cross-contamination had oc-
curred from C. trachomatis-positive semen samples during
storage in liquid nitrogen, the serovars of C. trachomatis
present in semen samples from donors B38 and V12, from
whom only one C. trachomatis-positive ejaculate each was
available, and the serovars present in the first and last C.
trachomatis-positive semen samples from donors K23 and H38
were determined by sequencing of omp1. From each processed
semen sample, two independent recombinant clones contain-
ing the omp1 insert were sequenced in order to study whether
sequence errors had occurred. Alignment of the two indepen-
dent sequences revealed that they were always identical, indi-
cating that sequence errors had not occurred. The ejaculate
from donor B38 and both ejaculates from donor H38 con-
tained omp1 sequences corresponding to C. trachomatis sero-
var E. The omp1 sequence found in the positive ejaculate from
donor V12 represented serovar F, and the two ejaculates from
donor K23 both contained omp1 sequences representing sero-
var K. The omp1 sequence of C. trachomatis L2/434/Bu, the
strain used as a positive control throughout the study, was not
found in any of the positive ejaculates.

DISCUSSION

We developed and evaluated a PCR assay (C-PCR) to assess
C. trachomatis infection in semen specimens processed for
artificial insemination. A total of 669 semen samples, donated
by 97 donors participating in an AID program, were examined
for C. trachomatis infection by the C-PCR. Twelve positive
ejaculates originating from four donors were identified, indi-
cating a prevalence of 4% among the donor population stud-
ied.

By using semen samples spiked with a quantified amount of
purified C. trachomatis EBs, the lower limit of detection of the
assay was found to range between 2.5 and 5 EBs per ml of
semen. The observed range of the detection limit and the
variation in the strength of the signals obtained between ex-
periments are most likely not due to variation in the DNA
extraction efficiency. We used the silica-GuSCN procedure (6)
to extract DNA from semen specimens. This procedure has
been acknowledged for its potency in the removal of inhibitory
substances in a variety of clinical specimens interfering with
PCR (5, 17, 30). All spiked samples were clearly positive,
indicating that the silica-GuSCN procedure (6) can also be
successfully used to extract C. trachomatis DNA from semen
specimens. Spiking with purified EBs may have caused the
variation in the strength of the signals obtained. It is well
known that EBs have a strong tendency to form aggregates
(21). Although stocks were subjected to sonication in order to
reduce the number of aggregates, new aggregates could have
been formed during the time span between sonication and
addition to the semen samples, leading to an uneven distribu-
tion of EBs in the SPG stock solutions used. This problem
could have easily been avoided by using naked plasmid DNA
instead of EBs, but we chose to use EBs to control the effi-
ciency of lysis of EB particles. With this approach, the detec-
tion limit obtained was similar to that previously reported by
Van den Brule et al. (26). These investigators used cloned C.
trachomatis plasmid DNA to spike semen samples and ob-
tained a detection limit of between 10 and 100 copies of target
plasmid DNA, corresponding to 1 to 10 EBs per ml of semen,
assuming a plasmid copy number of 10 (24). Therefore, the

FIG. 1. Lower limit of detection of C. trachomatis EBs. With buffer L6 (rows
a and b) or buffer L7A (rows c and d), DNA was purified from 50 ml of semen
containing 500, 250, 125, 62.5, or 0 EB particles. One-fifth of the extracted DNA
was subjected to PCR, and the equivalent of 4 ml of semen was loaded on an
agarose gel, blotted, and analyzed by Southern hybridization. Numbers above the
lanes represent the numbers of EBs added per microliter of semen. Results from
two representative experiments carried out in duplicate (a and b; c and d) are
shown.

FIG. 2. Persistence and clearance of asymptomatic C. trachomatis infection
in semen samples, as demonstrated by the C-PCR. Semen samples from all
ejaculates (obtained from donors B38, V12, K23, and H38) previously testing
positive were analyzed in retrospect by the C-PCR. C-PCR-positive ejaculates
are indicated by filled squares; negative ejaculates are indicated by open squares.
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GuSCN procedure used to lyse the EBs and to extract the
DNA is very efficient for semen samples infected with C. tra-
chomatis.

Samples from 12 ejaculates were found positive for C. tra-
chomatis by the C-PCR. Since cracking of or spilling from
straws with C. trachomatis-infected semen during processing
and cryopreservation may occur, leading to contamination of
the liquid nitrogen and cross-contamination of other straws
(13), we determined the serovars of the C. trachomatis strains
found in the positive ejaculates. Three different serovars were
identified, indicating that the semen samples of at least three
donors were C. trachomatis positive prior to storage. Serovar E
was found to be present in two straws from the single ejaculate
from donor B38 and in two straws from two ejaculates from
donor H38. The second ejaculate from this donor was obtained
16 months after the first ejaculate. Taking into consideration
that serovar E is one of the most prevalent C. trachomatis
serovars in The Netherlands (18, 28), it is not surprising that
strains of serovar E were present in the ejaculates from two of
the four infected donors. In addition, the eight positive ejacu-
lates from donor H38, donated in 16 consecutive months, as
well as the three straws from the positive ejaculate from donor
B38 were consistently C-PCR positive. Among the remaining
660 ejaculates in the same container, two ejaculates, from
donor K23, were infected with serovar K, and one ejaculate,
from donor V12, was infected with serovar F. The finding that
the other 657 ejaculates were not infected indicates that cross-
contamination of straws during processing and cryopreserva-
tion had not occurred.

The 4% prevalence of asymptomatic C. trachomatis infection
among the donor population in this study is in accordance with
the recent reported prevalences (2.3 to 4.7%) of C. trachomatis
infection among men in The Netherlands in age groups similar
to the age group of the donors tested here (27, 29). Transmis-
sion of C. trachomatis due to insemination with infected semen
has been reported (20, 26). Whether such transmission also
occurred in our recipient population was addressed, but no
conclusive data were obtained.

The European Society for Human Reproduction and Em-
bryology recommends testing of urine, urethral, or semen spec-
imens from donors for C. trachomatis infection before they
enter the AID program as well as at the end of the donation
period (3). Of the 97 donors investigated in this study, 40 were
tested in 1995 for C. trachomatis infection by the ligase chain
reaction with urine specimens (LCx; Abbott Laboratories,
North Chicago, Ill.). None of these 40 donors, who were ac-
tively participating in the AID program in 1995, tested positive
then. Donors V12, B38, and K23 were not tested in 1995
because they either had stopped participating in the AID pro-
gram or were not actively donating when urine testing was
done. In 1995, donor H38 tested negative by the urine LCx.
Results of C-PCR tests of semen donated in 1995 as well as
after April 1998 were also negative, but semen samples ob-
tained during this period were positive. This information indi-
cates that screening at entry and at the end of the donation
period does not guarantee a C. trachomatis-free interval.
Whether screening at 6-month intervals, as suggested by the
American Society for Reproductive Medicine (2), does exclude
infected ejaculates is questionable, since molecular evidence of
infection after antibiotic treatment is erased after 1 month
(19). Therefore, we strongly recommend that stored ejaculates
from donors not tested for C. trachomatis infection just prior to
donation should be tested for C. trachomatis infection by a
direct test such as the C-PCR. Testing of the specimens them-
selves will detect not only donors with active infection but also

C. trachomatis-infected ejaculates already stored and will thus
improve the microbiological quality of AID.
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