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Sensitive detection and typing of Chlamydia
trachomatis using nested polymerase chain
reaction

E H Frost, S Deslandes, D Bourgaux-Ramoisy

Abstract
Objectives-A method based on a nested
polymerase chain reaction (PCR) was
developed to detect and to type
Chlamydia trachomatis from low titre
samples by amplifing a large portion of
the major outer membrane protein gene.
The sensitivity of this procedure was
evaluated in urogenital clinical samples
in comparison with culture.
Specimens-A series of 787 urogenital
specimens, including 37 (4.7%) positive
by culture, together with 227 other sam-
ples that had been found to yield less
than 25 chlamydial inclusions in culture
were tested.
Methods-Samples were pelneted, resus-
pended in 1 mM NaOH, heated and
amplified without further purification.
After 40 cycles of PCR, 1 jul of product
was amplified by a further 30 cycles of
PCR using a second set ofprimers nested
within the initial pair. Positives were
detected by agarose gel electrophoresis
and confirmed by repeating the PCR
analyses and determining the serovar of
both amplified samples by restriction
fragment length polymorphism.
Results-Nested PCR allowed detection
of 96% and culture 77% of positives with
only three samples repeatedly positive by
PCR but considered false positives
because a different serovar was identified
in the two amplifications. Of culture-
positive samples with less than 11
chlamydia inclusion-forming-units 97%
could be detected by nested PCR and
most still gave a positive signal when
diluted hundred fold.
Conclusions-Nested PCR provided the
basis for a very sensitive C trachomatis
detection and typing strategy. Repetition
and typing positive samples facilitated
detection of false-positive PCR speci-
mens resulting from contamination of
the PCR process or any reagent except
the original sample.

(Genitourin Med 1993;69:290-294)

Introduction
Chlamydia trachomatis, an obligate intra-
cellular bacterium, is probably the most
common cause of urethritis, cervicitis and
trachoma and, thus, optimal sensitivity and
specificity in the diagnosis of this micro-
organism has a high priority in global health

strategies. The current method of reference,
culture, although highly specific, has a sensi-
tivity of only 75-80% and requires cell cul-
ture facilities.' Similar sensitivities are
obtained for antigen detection procedures
using ELISA or immunofluorescence for-
mats. However, confirmatory or blocking
tests are required to improve the specificity of
antigen detection.2 The polymerase chain
reaction (PCR) has recently been employed
to detect the major outer membrane protein
(MOMP) gene,'8 the ribosomal RNA gene9
and a specific plasmid6'9-6 of C trachomatis in
urogenital or ocular samples. Only two of
these studies, however, analysed more than
300 clinical samples714 and none examined
100 positive specimens.
Although extremely sensitive, PCR proce-

dures are more prone to false-positive results
through contamination or "carryover" from
positive specimens, in all but the most dedi-
cated research laboratories.'7 Algorithms to
confirm chlamydia PCR-positive samples are,
hAoever, ill-defined. Most studies that
employ ELISA7 1214 or immunofluorescence5 " 15
to confirm PCR-positive, culture-negative
specimens conclude that PCR is more sensi-
tive than these other detection schemes or
culture limiting their value as confirmatory
tools. Only five recent studies have employed
the ideal confirmatory approach which
involves using a second PCR directed against
a different target to confirm initial PCR
results.6 9 14 16 18

In the present study we have employed a
second PCR directed against the same target
to confirm initial results.

In virtually all PCR studies, the target
sequences of the positive control and all posi-
tive samples are identical, which makes it
impossible to probe the origins of contamina-
tion. We, and others, have previously report-
ed on the amplification of a large portion of
the MOMP gene for typing of C trachomatis
isolates4 19-21 and proposed that carryover
could be readily identified when resulting in
the generation of a series of similar serovars.
These procedures4 1921 lacked the sensitivity
allowing detection of small numbers of
chlamydial particles as maximal amplification
by PCR (about 109 fold) will not generate the
1010 DNA molecules necessary for visualiza-
tion of fragments in ethidium bromide-
stained gels. Others have recently employed
nested PCR approaches5 822 or a second series
of PCR with the same primers67 to amplify
the single copy MOMP gene whereas the
multiple-copy plasmid found in virtually all
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C trachomatis isolates can be identified by a
single series of PCR.'4
We are presently reporting a nested PCR

procedure using two pairs of primers that
allow sensitive detection and typing of C tra-
chomatis. This procedure has been evaluated
by screening 787 clinical samples in parallel
with culture and by testing 227 known cul-
ture-positive samples with less than 25 inclu-
sions in culture.

Materials and methods
Patients All samples received by the
Microbiology Laboratory of the Centre
Hospitalier Universitaire de Sherbrooke
(CHUS) between 17 June, 1991 and 18 July
1991 and between 2 December, 1991 and 23
January, 1992 were analysed by culture and
by PCR. In addition, samples identified as
having less than 11 or from 11 to 25 inclu-
sions in culture were accumulated and stored
frozen at -70°C in 1989, 1990 and 1991.
The samples from men and women had been
submitted in 2SP for culture of C trachomatis
largely from three clinics: a STD referral
clinic (229 patients), a family planning clinic
(317 patients) and 241 outpatients visiting
the CHUS, the majority of whom were preg-
nant women being screened at their first pre-
natal visit.

Culture of C trachomatis Cervical samples
were taken with a Zeismyr Cytobrush
(International Cytobrush, Hollywood, Fa),
urethral samples with a PN/UR (Prolabs,
Richmond Hill, Ontario) cotton-tipped alu-
minium swab, after removing secretions when
present. The swab or cytobrush tip was cut
off into 2SP transport media and sent, on ice,
to the laboratory where it was frozen at
-70°C prior to inoculation of 0.3 ml aliquots
by centrifugation at 2000 g for 1 h onto cov-
erslips in shell vials seeded 3 days previously
with McCoy cells (Ortho, Markham,
Ontario). After three days in medium con-
taining 1 pg/ml of cycloheximide, inclusions
were revealed by immunoperoxidase staining
(Ortho).
PCR sample preparation DNA was

extracted from residual 2SP medium by mix-
ing with an equal volume (0.3 ml) of 2 mM
NaOH and centrifuging at 14,000 rpm for 5
min in a microfuge. The pellet was resus-
pended in 10pl of 1 mM NaOH except on
rare occasions when 20-50 p1 of 1 mM
NaOH was employed because visual inspec-
tion of the pellet indicated cellular material in
excess of the equivalent of 105 McCoy cells.
The sample was heated at 80°C for 10 min.
PCR primers The first primer pair4 was:

primer 1, ATGAAAAAACTCTTGAAA-
TCGG and pimer 2, GATTTTCTAGA
(T,C)TTCAT(T,C)TTG with the 3'
nucleotides being at positions 22 and 1048
respectively in the MOMP gene sequence of
C trachomatis serovar L,.23 The second primer
pair was: primer 3, GGGAATCCTGCT-
GAACCAAG and primer 4, AATTG-
CAA(G,C)GA(A,G)ACGATTTG with the
3' nucleotides being at positions 95 and 1027

respectively.2' They were synthesised on a
Pharmacia Gene Assembler by the
Laboratory of Molecular Biology (Faculty of
Medicine, University of Sherbrooke).
PCR cycling Aliquots of 5 p1 of sample in

50pI of PCR buffer (Amersham, Oakville,
Ontario), including 1.25 units of hot tub
polymerase (Amersham), 200 pM dNTP
(Pharmacia, Montreal, Quebec) and 1 pM
primers, were denatured initially for 1.5 min
at 94°C and then submitted to 39 cycles of
reannealing for 5 min at 55°C, elongation for
3 min at 72°C and denaturation for 1 min at
94°C. The final step included reannealing for
5 min and elongation for 10 min. A 1 p1 sam-
ple was subjected to an analogous series of 30
cycles of PCR using the nested primer pair.
Ten p1 of amplified product were analysed on
1% agarose gels (100 volts, 2 h) and stained
with ethidium bromide. Positive samples
were typed by restriction fragment length
polymorphism analysis (RFLP) on 10% poly-
acrylamide gels (170 volts, 3 h) as previously
described4 except that the product of primers
3 and 4 rather than 1 and 2 was digested with
restriction endonucleases.
PCR anticontamination measures. 17 Pre-

paration and analysis of samples were
performed in separate rooms using separate
supplies and appliances. Plugged microtitra-
tion tips were employed for all steps prior to
final sample analysis. The reaction mixture
for the second PCR was assembled in the
sample preparation room and the product of
the first PCR amplification step added in a
functioning fume hood in the sample analysis
room using a micropipetter and plugged tips
dedicated specifically for this purpose. All
runs contained a genetically-engineered posi-
tive control (see Results) as well as negative
controls. A second 5 p1 aliquot of the sample
preparation was analysed by PCR when the
first gave a positive result. Micropipetters
were decontaminated weekly by a procedure
devised by Dr L Delbecchi (unpublished)
involving incubations in pancreatic DNase
(100 U/ml) and peroxide (30 volumes) prior
to rinsing in water and ethanol and final dry-
ing.

Results
When attempting to amplify C trachomatis
DNA from 26 samples with less than 50
inclusions in culture with a single pair ofPCR
primers (1 and 2), sufficient DNA for typing
could only be obtained from three (12%). A
second series of PCR with primers 3 and 4
performed on a 1 pl1 aliquot of the first ampli-
fication reaction allowed detection of 24 of
these 26 samples by visualisation of an ampli-
fication product predicted from the sequence
of serovar L2 MOMP23 to be 971 bp and thus
99 bp shorter than that produced by primers
1 and 2.4 Other serovars should give slightly
larger or smaller amplification products,24 but
the differences were too small to be detected.
This nested PCR procedure was employed to
amplify DNA from C trachomatis, from
Chlamydia pneumoniae and from two
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Table Comparison of culture and nested PCR to detect
C trachomatis in 787 urogenital specimens

True True
posirivet negative

PCR positive* 46 3
negative 2 736

Culture positive 37 0
negative 11 739

*Samples were considered PCR-positive if 2 aliquots analysed
separately both gave an amplified DNA product of approxi-
mately 970 bp after nested PCR amplification.
tSamples were considered true positives if culture was positive
or if PCR was positive and analysis of the PCR-amplified
DNA revealed the same C trachomatis serovar on both amplifi-
cations.

Chlamydia psittaci samples. All 15 serovars of
C trachomatis could be detected but the other
chlamydia species tested could only be
detected if initially present in large amounts.
In preliminary studies most of the false-posi-
tive samples we observed had a product iden-
tical to the positive control (an L2 serovar).
This positive control was subsequently modi-
fied by digesting it with the restriction
enzyme HhaI, ligating together the two frag-
ments carrying homology to the primers and
amplifying the joint fragment using primer 1
and primer 2. The resulting product, trun-
cated by 378 bp, was employed as a positive
control.
Our original sample preparation proce-

dure,4 employing detergents and proteinase
K, occasionally gave negative amplification
results when diluted samples were spiked
with the positive control, probably because
some residual protease activity survived the
heat denaturation step and inactivated the
DNA polymerase. A simple sample prepara-
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Figure AluI and MspI digestion products of nested polymerase chain reaction
amplified major outer membrane protein genefrom clinical samples ofeach of the
Chlamydia trachomatis serovars (identified above the lanes) identified in this stud
Fragments were separated on a 10% polyacrylamide gel and stained with silver. S
H and Ia are indistinguishable in this analysis but can be differentiated when dige.
restriction endonucleases Fnu4HI and HindIII.4 A molecular weight ladder is at ti

and the right.

tion procedure was then adopted that
involved only addition of dilute alkali, pellet-
ing chlamydia and cell debris in a microfuge,
resuspending in dilute alkali and heating 10
min at 80°C. This procedure was satisfactory
for samples containing cellular material
equivalent to 105 McCoy cells as well as those
with no cellular material.

This nested PCR procedure was used (see
table) to screen 787 consecutive samples that
had already given unequivocal results by cul-
ture (37 positive and 750 negative). PCR
identified 49 samples that were repeatedly
positive. The chlamydial serovar was identi-
fied by RFLP in the amplified DNA from the
49 positives. Among the samples with positive
PCR results, only three gave a different
serovar between initial and repeat determina-
tions and were considered negative. The 46
specimens that could be repeated and yielded
the same serovar (21 serovar E, 8 serovar D,
6 serovar F, 3 serovar K, 2 serovar J, 2
serovar Ia and 1 each of serovars C, G, H and
L2-see fig) were considered true positives for
C trachomatis and included 35 of the 37 cul-
ture-positives, the remaining two culture-
positive specimens having given negative
results on the initial PCR screening (but did
reveal C trachomatis DNA when a second
aliquot was analysed-1 E and 1 D serovar).
Thus, of the 48 specimens deemed positive
for C trachomatis, PCR detected 46 (96%)
and culture 37 (77%). PCR identified as
positive three specimens which were sub-
sequently considered negative as they had
divergent serovars and culture was negative
indicating a specificity of 736/739 or 99-6%
(table).

In order to refine further the limit of sensi-
tivity of this PCR procedure, 227 samples
with less than 25 inclusions in culture,
including 141 with 10 or fewer inclusions,

_ were examined. C trachomatis DNA was
amplified from 221 (97.4%) specimens
including 137 (97.2%) of those with less than
11 inclusions. This sensitivity is similar to
that observed with the consecutive specimens
even though most (23/37) of the latter had
more than 25 inclusions in culture, including

_ the two samples negative by PCR. The sensi-
tivity of nested PCR was further defined by
diluting specimens with 10 or fewer inclu-
sions in culture. After 100-fold dilution, 19 of
20 samples were positive. Of interest, mixed
infections were detected in three of the sam-
ples with less than 11 inclusions.

Prior to the use of pipette tips with a cot-
ton plug to prepare and analyse samples, an
episode of contamination was observed that
highlighted the usefulness of typing. In a
series of 72 samples, five of which were posi-
tive in culture, 24 were found to contain
chlamydial DNA by PCR. Typing the ampli-
fied DNA revealed a K serovar in 18 of the
19 culture-negative, PCR-positive, specimens
in this series of specimens. After decontami-

ry. nation of the micropipetters and subsequent
'erovars use of pipette tips with cotton plugs, no fur-
eleft ith ther episodes of multiple samples positive for

a rare serovar were observed.
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Discussion
The nested PCR procedure described in this
report provided a sensitive and specific means
for the detection of C trachomatis in urogeni-
tal specimens as attested by analysis of over
1000 clinical specimens including 264
positive by culture. It has been shown that
most discrepant results between culture and
ELISA or direct immunofluorescence
involved samples with few inclusions in
culture.25 The sensitivity of this procedure
was thus evaluated on samples yielding 25
or fewer inclusions in culture and indeed
included 141 samples that produced 10 or
fewer inclusions in culture and still found a
sensitivity of 97.2%. As similar levels of sensi-
tivity were observed in samples with few or
many inclusions, it could be presumed that
there were still abundant, detectable DNA
molecules in samples with 10 or fewer inclu-
sions in culture and that the limit of sensitivi-
ty of this PCR procedure could be ascribed to
inhibitory substances in the sample rather
than to paucity of DNA molecules. Indeed,
even after 100-fold dilution, we found that
most samples with 10 or fewer inclusions in
culture were still positive by nested PCR.
This sensitivity allowed detection of C tra-
chomatis in samples negative by culture and
permitted an approximation of the sensitivity
of our culture system at 77%. Other authors
have reported similar limits for culture.' Blind
passage would probably have improved the
sensitivity of our culture procedure.26
The nested PCR procedure reported here

is the first method that allowed determination
of all C trachomatis serovars in culture-nega-
tive or weakly positive specimens. PCR pro-
tocols that amplify single-copy MOMP gene
sequences with a single series of PCR have
been shown to lack the sensitivity necessary
to detect small numbers of chlamydial organ-
isms4-7 19-22 and thus could not be used to
differentiate C trachomatis serovars in weakly
positive or culture-negative specimens by
either RFLP4 19-22 or direct DNA sequenc-
ing.2728 A very recent report used nested-PCR
to distinguish trachoma serovars of C tra-
chomatis by amplification with serovar-specific
primers and direct DNA sequencing.8 C
psittaci strains have also been characterised by
nested-PCR.22

It is now well-recognised that antigen-
detection methods, such as ELISA, require
confirmation.2 Ideally this confirmation
involves repeating initial positives and then
testing them for a different antigen or
employing a blocking procedure. Only very
recently have approaches to PCR confirma-
tion based on a second PCR directed towards
a different target been evaluated,691416 8 pre-
vious studies having occasionally confirmed
PCR with less-sensitive DFA or EIA proce-
dures7 11 121415 or simply not attempted to vali-
date PCR-positives.3 51013 Our nested PCR
technique would be an ideal second assay
to confirm samples deemed positive for
C trachomatis by PCR directed towards a dif-
ferent target. Indeed, the plasmid detection
format, which requires only a single PCR

step, would be a rapid, less-expensive, screenr-
ing step. The nested PCR procedure
described here, although more costly because
it requires two steps of PCR, could confirm
plasmid-positive samples because of its excel-
lent sensitivity towards a different target and
simultaneously provide useful additional
information from positive specimens.

In most PCR applications all positive sam-
ples as well as the positive control have exact-
ly the same sequence making it impossible to
distinguish contaminated from true-positive
samples. Determination of serovar permitted
recognition of contamination in our initial
screening by PCR. This ability to identify
false-positives and trace their origin indicated
that repeating initial positives (as is regularly
performed in ELISA) and using a positive
control that is different from the target DNA
will greatly reduce, although not entirely
eliminate, false positives. The number of false
positives could be further reduced by typing
amplified DNA and accepting as positive only
those specimens yielding the same serovar on
repeat PCR amplifications. Although this
approach would not reveal contamination of
the original sample, it would identify contam-
ination of any of the other reagents or manip-
ulations involved in nested PCR.
The ability to type C trachomatis is a valu-

able tool, not only for epidemiological studies
but also for confirmation of positive results
obtained by virtually any other method.
Although the procedure for RFLP typing out-
lined here is relatively simple and does not
require radioisotopes, it might prove even
simpler for a clinical laboratory to confirm
and type with non-radioactive probes directed
at individual C trachomatis serovars.
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