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Abstract
Objective—Molecular biology techniques
such as polymerase chain reaction (PCR)
and ligase chain reaction (LCR) are
routinely used in research for detection of
C trachomatis DNA in synovial samples,
and these methods are now in use in some
clinical laboratories. This study aimed at
determining the method best suited to
molecular diagnosis of C trachomatis by
examining four standard DNA prepara-
tion methods using chlamydia spiked
synovial tissue and chlamydia infected
monocytes.
Methods—Synovial tissue from a chlamy-
dia negative patient with rheumatoid
arthritis was spiked with defined numbers
of C trachomatis elementary bodies (EB).
Purified human peripheral monocytes
from normal donors were infected with
the organism at a multiplicity of infection
1:1 in vitro and harvested after four days.
DNA was prepared from all samples by
four methods: (1) QIAmp tissue kit; (2)
homogenisation in 65°C phenol; (3) incu-
bation at 97°C; (4) proteinase K digestion
at 97°C. DNA from methods 1 and 2 was
subjected to PCR using two diVerent
primer sets, each targeting the C tracho-
matis omp1 gene. LCR was done on DNA
prepared by each method.
Results—In synovial tissue samples spiked
with EB, and in monocytes persistently
infected with the organism, preparation of
template using the QIAmp tissue kit
(method 1) and the hot phenol extraction
technique (method 2) allowed sensitive
detection of C trachomatis DNA. These
methods also produced template from
both sample types for LCR. DNA pre-
pared by heat denaturation (method 3)
allowed only low sensitivity chlamydia
detection in LCR and did not work at all
for PCR. Proteinase K digestion plus heat
denaturation (method 4) gave template
that did not allow amplification in either
PCR or LCR assays.
Conclusions—The sensitivity of detection
for C trachomatis DNA in synovial tissue
by PCR and LCR depends strongly on the
method used for preparation of the ampli-
fication template. LCR targeting the
multicopy chlamydial plasmid and two
nested PCR assay systems targeting the
single copy omp1 gene showed roughly

equivalent sensitivity. Importantly, tem-
plate preparation method and the specific
PCR primer system used for screening
must be optimised in relation to one
another for highest sensitivity.
(Ann Rheum Dis 2001;60:140–145)

The intracellular bacterial parasite Chlamydia
trachomatis has long been associated with the
pathogenic process ending in reactive arthritis
(ReA) and Reiter’s syndrome (RS; reviewed by
Köhler et al1). Standard laboratory culture of
synovial tissue for the organism, however, as
well as direct fluorescent antibody screening
(DFA), are often negative.2 3 Our observations
indicate that synovial culture negativity for
chlamydia results primarily from the paucity of
new infectious elementary bodies (EB) pro-
duced by the organism during persistent syno-
vial infection.4 5 We also showed that DFA
negativity of chlamydia infected synovium
results from the selective downregulation of
expression of the omp1 gene encoding the
chlamydial major outer membrane protein
during persistent infection6; this protein is the
target of most monoclonal antibodies (mAbs)
used in DFA.

Regardless of the unusual molecular genetic
characteristics adopted by persistent synovial C
trachomatis, it is clear from our observations
and those of others that the number of bacterial
cells present in the inflamed joints of patients
with ReA/RS can be extremely low.7 For this
reason, and because of the culture negativity
and DFA negativity of most samples, polymer-
ase chain reaction (PCR), and, more recently,
ligase chain reaction (LCR), screening systems
have become the preferred methods used in
research laboratories to assess the presence of
chlamydia in synovial materials. For PCR,
some commercial systems are available for
clinical laboratory use in chlamydia detection
(for example, Amplicor), though at least some
of these have been shown to be less sensitive
than PCR assays designed for research use
(APH, unpublished observations). At present,
however, no standardised system for chlamydia
directed PCR screening has been adopted by
groups participating in arthritis studies; that is,
each laboratory prepares DNA from clinical or
other samples by its own method, and primer
systems and the chlamydia DNA sequences
targeted, vary widely among research groups.
This is also true for LCR analysis targeting
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chlamydial DNA, though commercial LCR
systems do exist and are in use.

Any brief survey of the literature relating to
ReA/RS indicates that the percentage of patient
samples that are PCR positive (or LCR
positive) for C trachomatis DNA varies among
laboratories.8 9 To some extent this variation is
due to the fact that some laboratories analyse
DNA from synovial fluid (SF), whereas others
use template prepared from synovial tissue. We
previously examined which DNA preparation
method provides the best template for PCR
analyses of DNA from SF samples10 (see also
“Discussion”), and our results were consistent
with those of other groups that noted the
relevance of optimised template preparation
techniques for analysis of SF.11–13 However,
Branigan et al have reported that synovial tissue
allows higher sensitivity than SF in detection of
C trachomatis.8 We therefore analysed synovial
tissue using both samples spiked with C tracho-
matis EB, and persistently infected human
monocytes, to define the optimal template
preparation method(s) for molecular analyses.
We also tested two diVerent but commonly
used PCR assays, and a commercial LCR
assay, to define which template preparation
method provides the best amplification sub-
strate for each assay type. The results presented
here indicate that it is critically important to
optimise the DNA preparation method and the
specific primer system together to achieve the
highest sensitivity in both PCR and LCR.

Methods
SYNOVIAL TISSUE SAMPLES

Multiple synovial tissue samples were procured
from a patient with rheumatoid arthritis (RA)
by a standard biopsy procedure using a Parker-
Pearson needle.14 DNA prepared from a
portion of this sample was analysed by PCR
before addition of EB (see below), to ensure
that it was PCR negative for chlamydia DNA.

PREPARATION OF CHLAMYDIA

C trachomatis EB (serovar K) were cultured in
Hep-2 cells as described.15 Serovar K was cho-
sen because it causes urogenital infection and
has been shown to induce ReA. EB were puri-
fied in a discontinuous gradient of Urografin
(Schering, Berlin, Germany) by ultracentrifu-
gation, as described.15 EB so prepared were
resuspended in 1 ml sucrose phosphate buVer
(0.01 M sodium phosphate, 0.25 M sucrose, 5
M L-glutamic acid pH 7.2; Sigma, St Louis,
USA) and stored at −80°C. Each preparation
was analysed by titration on Hep-2 cells and
subsequent indirect immunoperoxidase assay,
then adjusted to 2 × 107 infection forming units
(IFU)/ml. IFU represent the number of infec-
tive chlamydia in a given sample. The EB stock
was diluted 100-fold, aliquoted, and stored at
−80°C. For each assay, one aliquot was thawed
and further diluted in 0.9% NaCl, 0.5 mg/ml
bovine serum albumin (BSA) for use.

ADDITION OF ELEMENTARY BODIES TO SYNOVIAL

TISSUE BEFORE ANALYSIS

Spiking of synovial tissue samples with known
numbers of EB was done as described.6 8

Briefly, aliquots of pure EB were thawed and
diluted to 20, 30, 40, 60, 80 IFU/10 µl. Three
slides were made from each dilution, and each
was analysed by immunofluorescence to deter-
mine the number of chlamydia EB/IFU in each
dilution; the murine mAb used in these deter-
minations was from the Micro-Trak system
(Syva Corp, Palo Alto, CA, USA). Samples
were analysed using an epifluorescence micro-
scope (Leitz, Wetzlar, Germany). On average,
13 particles corresponded to 1 IFU in each
dilution (slope = 13; r2 = 0.45; p=0.0001). EB
in known numbers were added to synovial tis-
sue samples (5 mg/sample) in a 10-fold
decreasing series ranging from 105 to 10−2 per
synovial sample. One tissue sample containing
no added EB was processed in each experiment
as a negative control. After addition of EB to
tissue samples, each preparation was centri-
fuged at 60 000 × g for 30 minutes at 4°C, and
the resulting pellet was processed by the diVer-
ent methods for total DNA preparation given
below.

PERSISTENT INFECTION OF MONOCYTES; SERIAL

DILUTIONS

For some experiments, human peripheral
monocytes were prepared from volunteer
blood samples by the standard method, as
described.16 17 These monocytes were infected
with C trachomatis K serovar at a multiplicity of
infection 1:1 (that is, 1 chlamydia EB/
monocyte). The relative number of chlamydia
infected monocytes in each preparation was
determined as above for the EB. Briefly,
aliquots of infected cells were analysed by
immunofluorescence to determine the number
of infected monocytes in each preparation; the
murine mAb used in these determinations
again was from the Micro-Trak system (Syva
Corp, Palo Alto, CA, USA). Samples were
analysed with an epifluorescence microscope.
On average, approximately 1% of monocytes
was infected in each preparation analysed. At
four days after infection the cells were har-
vested, serially diluted in 10-fold steps in 0.9%
NaCl + 0.5 mg/ml BSA, then mixed with syno-
vial biopsy tissue. Infected monocytes were
processed by each of the four DNA preparation
methods used in the EB studies.

DNA PREPARATION METHODS

Total DNA was prepared from each spiked
synovial tissue sample and from chlamydia
infected human monocytes by each of four dif-
ferent methods, then resuspended in 50 µl of
TE buVer (10 mM Tris-HCl pH 8, 1 mM
EDTA); 5 µl of each DNA preparation was
used for each PCR or LCR analysis.

Method 1 used the commercial DNA purifi-
cation kit supplied by Qiagen (Qiagen GmbH,
Hilden, Germany) and designated the QIAmp
tissue kit; preparations were done according to
the manufacturer’s instructions. Briefly, the
synovial tissue/EB pellets were incubated in the
supplied lysis buVer containing proteinase K at
55°C overnight. DNA was isolated over the
column supplied, then eluted, and precipitated
overnight at −70°C in three volumes 100%
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ethanol; DNA so prepared was resuspended in
50 µl TE buVer.

Method 2 was the standard method of
preparation by tissue homogenisation in hot
buVered phenol.6 8 18 Briefly, samples were
minced while still frozen and promptly homog-
enised in a Dounce containing 1 ml phenol
plus 0.5 ml of aqueous buVer (25 mM
Tris-HCl pH 8; 10 mM EDTA, 100 mM
NaCl, 0.5% sodium dodecyl sulphate) pre-
heated to 65°C. After homogenisation, mix-
tures were centrifuged, and the aqueous phase
containing nucleic acids was collected, then
extracted twice with chloroform:isoamyl alco-
hol (24:1). Total DNA was obtained by
precipitation in ethanol and resuspension in 50
µl TE buVer.

Method 3 simply involved sample incubation
at 97°C for 15 minutes in a water bath,
followed by resuspension in LCR reaction
buVer (see below).

Method 4 consisted of sample digestion with
proteinase K (concentration not given in the
kit) in lysis buVer supplied in the QIAmp tissue
kit overnight, followed by incubation at 97°C
for 15 minutes and resuspension in LCR reac-
tion buVer. Five independent repeats of each of
the four extraction methods were done, using
independent serial dilutions of EB and infected
monocytes in each case.

PCR AND LCR ANALYSES

Template DNA from both synovial tissue/EB
mixtures and chlamydia infected human
monocytes as prepared by methods 1 and 2 was
subjected to PCR analyses using two diVerent,
independently developed primer sets. The first
primer system (set 1) targets the C trachomatis
major outer membrane protein gene (omp1), as
described by Bobo et al19; all assays were done
using conditions described by Kuipers et al.20

The second primer system (set 2) targets a dif-
ferent DNA sequence within the C trachomatis
omp1 gene and was developed in one of our
laboratories (APH); that system, and the
conditions for its use, have been described.6 8 18

Primers used in both PCR assays were synthe-
sised by BRL (Gaithersburg, MD, USA). All
amplifications were done in an MJ PT-100
thermocycler (Watertown, MA, USA). The
LCR system used for the present analyses was
the standard commercial kit supplied by Abbot
Laboratories (Abbot Park, IL, USA). The
oligonucleotides used by this kit target the 7
kbp plasmid of C trachomatis; LCR reactions
were done as specified by the manufacturer.

STATISTICAL ANALYSIS

Definition of the number of EB relative to IFU
was done by standard regression analysis. For
PCR and LCR assays, determination of the
statistical significance of sensitivity relations for
the diVerent extraction methods using the two
primer sets was made by the Kruskal-Wallis
test, followed by the Mann-Whitney U test. A
value of p<0.05 was considered significant in
all such analyses. EB measured by immuno-
fluorescence were the basis for determining
sensitivity. Because some EB may become dis-
rupted during isolation, the amount of chlamy-
dia DNA present in each sample may be some-
what higher than given here. However, because
all analyses were performed with the same
stock of EB, comparative analysis is justified.
For comparison, sensitivity is given for each
method as the number of EB detected per
sample.

Results
SENSITIVITY OF CHLAMYDIA DIRECTED PCR

SCREENING FOR ELEMENTARY BODY DNA AS A

FUNCTION OF TEMPLATE PREPARATION METHOD

The control PCR analyses displayed in fig 1
(lanes C1 and C2 in each panel) show that the
synovial tissue sample used in the spiking
experiments given below was negative for C
trachomatis omp1 DNA with each of the two
primers systems. Using template DNA pre-
pared by the QIAmp tissue kit (method 1) and
amplified by PCR primer set 1, we repeatedly
found as few as 10 EB/sample in assays of five
independent serial dilutions (table 1; fig 1A).
With DNA prepared through hot phenol
(method 2) and amplified with the same prim-
ers, sensitivity was approximately 100 EB/
sample analysed (four assays 100 EB/sample,
one assay 10 EB/sample; fig 1B); this diVerence
was not significant (p=0.589). Interestingly,
the DNA prepared by method 1 and amplified
using set 2 primers showed a lower sensitivity
(100 EB/sample; four assays 100 EB/ sample,

Figure 1 Representative polymerase chain reaction sensitivities in detection of C
trachomatis in synovial tissue samples spiked with elementary bodies (EB) using template
DNA prepared by the QIAmp tissue kit (method 1) and homogenisation in hot phenol
(method 2), with set 1 and set 2 primers. (A) DNA preparation method 1 with primer set
1; (B) DNA preparation method 2 with primer set 1; (C) DNA preparation method 1 with
primer set 2; (D) DNA preparation method 2 with primer set 2. Assays were performed as
given in “Methods”; amplification product size in base pairs (bp) is given at the right. In
each panel lanes C1 and C2 used template DNA from synovial tissue of the patient with
rheumatoid arthritis without added EB, and primer sets 1 and 2, respectively. The positive
(+) control and negative (−) control lanes contained pure EB DNA and water only,
respectively, as amplification template.
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739 bp

152 bp

152 bp
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Table 1 Sensitivity of polymerase chain reaction for the detection of C trachomatis in
synovial tissue depending on the sample preparation and primer set used. Synovial tissue
was spiked either with isolated elementary bodies (EB) or with C trachomatis persistently
infected monocytes

C trachomatis EB detected C trachomatis infected monocytes detected

QIAmp kit Hot phenol QIAmp kit Hot phenol

Set 1 primer 10 100 1 1
Set 2 primer 100 1 10 10

142 Freise, Gérard, Bunke, et al

www.annrheumdis.com

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/ard.60.2.140 on 1 F
ebruary 2001. D

ow
nloaded from

 

http://ard.bmj.com/


one assay 10 EB/ sample) than the same DNA
amplified with set 1 primers (fig 1C; not
significant, p=0.945). Conversely, DNA pre-
pared by method 2 and amplified with primer
set 2 was routinely able to detect a single
EB/sample in each of five repetitions of the
experiment (fig 1D). Again, however, the
diVerence was not significant (p=0.620); com-
parison of the sensitivity of the template
prepared through hot phenol with set 1 v set 2
primers also showed no significant diVerence
(p=0.366). DNA prepared by either simple
incubation of spiked tissue samples at 97°C
(method 3) or extensive proteinase K digestion
combined with high temperature incubation
(method 4) were not assayable by PCR because
of the buVer constituents in the preparative
mixture. Thus PCR template DNA prepared
by the QIAmp tissue kit gave slightly higher
sensitivity with set 1 primers than with set 2
primers, and template prepared by the hot
phenol method showed the reverse. However,
both methods produced high quality DNA for
use as template in PCR amplifications.

SENSITIVITY OF CHLAMYDIA DIRECTED LCR

SCREENING FOR ELEMENTARY BODY DNA AS A

FUNCTION OF TEMPLATE PREPARATION METHOD

The LCR assay used in these studies is a com-
mercial kit currently in use in some clinical
laboratories. Template DNA prepared by

method 1 gave a routine sensitivity of approxi-
mately 100 EB/sample (three assays 100 EB/
sample, one assay 10 EB/ sample, one assay 1
EB/sample), whereas using template prepared
by method 2 we were able to detect about 10
EB with this assay system (table 2; p>0.05).
Treatment of the spiked tissue samples with
high temperature incubation alone (method 3)
produced template that gave a sensitivity of
about 100 EB/sample in each of five prepara-
tions analysed; this diVerence was not signifi-
cant when compared with LCR results using
DNA prepared by method 1 (p>0.05), but it
was significant when compared with results
using DNA prepared through hot phenol
(p<0.01). Because the digestion buVers used
for proteinase K treatment in method 4
included constituents that precluded LCR
amplification, template prepared by this
method gave no result. Thus as with the PCR
analyses above, the sensitivity of molecular
diagnosis of chlamydia by LCR is influenced by
the means used to prepare amplification
template from clinical samples.

SENSITIVITY OF CHLAMYDIA DIRECTED PCR AND

LCR SCREENING FOR RETICULATE BODY DNA AS A

FUNCTION OF TEMPLATE PREPARATION METHOD

Chlamydia EB are the extracellular form of the
organism, and they possess an extremely dura-
ble cell wall. During synovial infection the
organism is present in joint tissue, primarily in
the intracellular, reticulate body-like form,
which lacks a substantial cell wall. To deter-
mine whether the methods used for DNA
preparation from EB are equally eVective in
template preparation from intracellular
chlamydia, serially diluted, cultured human
peripheral monocytes persistently infected
with C trachomatis were mixed with synovial
biopsy samples. These were processed by each
of the four DNA preparation methods above;
as in the EB directed studies, template DNA
from methods 1 and 2 were subjected to PCR
using primer sets 1 and 2; template prepared by
each of the four methods was subjected to LCR
also. Using the QIAmp tissue kit and set 1 PCR
primers, we detected chlamydia DNA from
one infected monocyte (table 1; fig 2A),
whereas set 2 primers only identified 10
infected host cells (fig 2C); this was not signifi-
cantly diVerent. Template DNA from hot phe-
nol treatment gave a sensitivity of one infected
monocyte with set 1 PCR primers (fig 2B), and
10 infected cells with set 2 primers (fig 2D),
again not significantly diVerent.

LCR analyses showed a sensitivity of one
infected monocyte in analyses using template
DNA prepared by either method 1 or 2 (table
2). Template prepared by method 3 gave an
LCR detection threshold of 10 infected cells;
template from method 4 preparation gave no
product in LCR assays.

Discussion
Use of chlamydia targeted screening DNA
amplification assays is common in research
laboratories studying ReA/RS, among other
diseases, and use of commercially available
amplification assays targeting this and other

Table 2 Sensitivity of ligase chain reaction for the
detection of C trachomatis in synovial tissue depending on
the sample preparation. Synovial tissue was spiked either
with isolated elementary bodies (EB) or with C trachomatis
persistently infected monocytes

Method
C trachomatis EB
detected

C trachomatis infected
monocytes detected

1 100 1
2 10 1
3 100 10
4 — —

Figure 2 Representative polymerase chain reaction (PCR) sensitivities in detection of C
trachomatis using chlamydia infected monocytes in synovial tissue samples and template
DNA prepared by the QIAmp tissue kit (method 1) as well as homogenisation in hot
phenol (method 2), with set 1 and set 2 primers. (A) DNA preparation method 1 with
primer set 1; (B) DNA preparation method 2 with primer set 1; (C) DNA preparation
method 1 with primer set 2; (D) DNA preparation method 2 with primer set 2. Assays were
performed as given in “Methods”; amplification product size in base pairs (bp) is given at
right. In each panel lanes C1 and C2 PCR was done using the set 1 and set 2 primers,
respectively, and template DNA from synovial tissue of the patient with rheumatoid
arthritis without added EB. The positive (+) control and negative (−) control lanes
contained pure EB DNA and water only, respectively, as amplification template.
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organisms is becoming more common in clini-
cal laboratories. The commercial assay sys-
tems, both PCR and LCR based, include
detailed instructions and materials for stand-
ardised template preparation, amplification,
and product analysis, and thus these systems
normally provide reasonably reliable and re-
peatable screening results. The systems are,
however, usually developed for use in detection
of chlamydia in anatomical contexts other than
synovial materials, such as urine. Our own
experience with two of the commercial chlamy-
dia directed PCR systems indicates that
although they are quite specific in their target-
ing, they lack the sensitivity routinely obtained
in research derived assays (APH, unpublished
observations). For the most part, however, the
sensitivity of assays used by researchers has not
been standardised, and most target diVerent
chromosomal and/or plasmid DNA sequences
from the organism. Moreover, virtually every
laboratory employs a diVerent method for
preparation of template DNA for the amplifi-
cation process. This diversity of assay and pre-
parative systems has led to diversity in results
for the overall percentage of patients with
ReA/RS positive for chlamydia DNA in
synovium. We recently showed that DNA sam-
ple preparation method is crucial in PCR
analysis of SF, underlining the need for optimi-
sation and standardisation.10 Other groups
have also noted that optimised sample prepara-
tion and the choice of the molecular technique
greatly influence the sensitivity of detection of
C trachomatis in joint material. For example,
Wilkinson et al developed optimised DNA
extraction methods and PCR before analysis of
SF samples,13 and Bas et al demonstrated the
eVect on assay sensitivity of diVerent template
preparation techniques.12

Recently, PCR based analysis of synovial tis-
sue for C trachomatis was shown to give higher
sensitivity than a similar analysis of SF.8 To
define the importance of the template prepara-
tion method in the success/sensitivity of ampli-
fication assays, we prepared DNA from syno-
vial tissue/EB mixtures by four standard
methods: (1) the QIAmp tissue kit, (2) hot
phenol/homogenisation, (3) incubation of
tissue/EB mixtures at high temperature, and
(4) high temperature incubation combined
with proteinase K digestion. We tested DNA
prepared by each method in two independently
developed PCR systems targeting the same
chlamydial gene, and in a commercial LCR
system.

The results of our study show that the
template preparation method does influence
the overall sensitivity of the ensuing amplifica-
tion process, and in some cases determines
whether any amplification product at all is
obtained. DNA prepared by the QIAmp kit or
by homogenisation through hot phenol yielded
template that gave a reasonably sensitive,
though not absolutely equivalent, detection of
target sequences in both PCR and LCR assays,
using DNA from both tissue/EB mixtures and
chlamydia infected monocytes mixed with
synovial tissue as starting material. PCR and
LCR assays of DNA from infected monocytes

gave somewhat higher sensitivity than the
identical assays of tissue/EB mixtures, of
course, because reticulate body-like forms
undergoing active, intracellular vegetative
growth lack the strong cell wall characteristic of
EB. In contrast, high temperature incubation,
the method recommended for preparation of
urine before PCR, either alone or with protein-
ase K digestion, of tissue/EB mixtures or C tra-
chomatis infected monocytes produced tem-
plate that was unusable in PCR, primarily
because of the buVer components required.
For LCR, high temperature incubation alone
produced template that allowed reasonable
sensitivity in repeated assays, but similar incu-
bation combined with proteinase K digestion
gave template that yielded no LCR product at
all from any starting material. Thus although
these methods are mechanically simple to per-
form, they are probably not the methods of
choice for template production for either PCR
or LCR.

Commercial nucleic acid preparation kits are
used by many laboratories for template prepa-
ration, and the Qiagen product is among the
most commonly used among those. Our results
confirm that DNA prepared by this method
works well for both PCR and LCR, as
expected. The hot phenol method for DNA
preparation was among the first described in
the literature, and it is still the preferred
template preparation method in one of our
laboratories (APH). This method, although
somewhat laborious and time consuming, is
absolutely reliable, produces template of high
quality, and generally gives somewhat higher
yields than any of several commercial DNA
preparation kits (data not shown). In our study
template prepared through hot phenol worked
about as well overall for both PCR and LCR as
that made through the Qiagen product. Thus
there seems to be no major advantage to DNA
template preparation by either the QIAmp tis-
sue kit or homogenisation in hot phenol for the
PCR analyses used in this study (but see
below). Given its simplicity, reliability, and
non-requirement for toxic chemicals, the Qia-
gen kit should probably be considered the best
preparation method for routine diagnostic pur-
poses, and the hot phenol method the best
technique for template to be used for research
purposes. However, in other experiments
currently in progress we have compared RNA
prepared by a Qiagen kit with that derived from
DNaseI digestion of total nucleic acids from
hot phenol homogenisation of chlamydia in-
fected monocytes, in reverse transcriptase PCR
analyses targeting various C trachomatis tran-
scripts. The results of these initial experiments
seem to indicate that RNA prepared by the lat-
ter method gave more reliable cDNA prepara-
tions, and therefore more sensitive detection, in
these assays. Thus whereas DNA prepared by
the commercial kit and through hot phenol are
more or less equivalent for PCR analysis, the
RNA given by the older, more laborious
method may be better than that given by the
commercial product. We are now in the process
of defining precisely how diVerent the quality
and recovery of RNA is from these two
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approaches. Nevertheless, consistent with our
previous observations for SF, hot phenol/
homogenisation and the commercial kit per-
formed best for DNA extraction.10 However,
compartment-specific modifications (that is,
for SF and synovial tissue) of these two meth-
ods are needed for highest sensitivity. EVorts
are currently being made in our laboratories to
develop an optimised overall method for
template preparation and analysis which will
perform well for clinical samples from both SF
and tissue.

The data shown in tables 1 and 2 indicate
that PCR and LCR analyses targeting C
trachomatis DNA sequences have roughly the
same sensitivity, given constant template input
into the assays. This must be understood in
terms of the specific target DNA sequences
specified for each screening system—that is,
the single copy omp1 gene in both nested PCR
assays studied here v the multicopy chlamydial
plasmid for the LCR system. An LCR system
targeting the plasmid probably should show a
somewhat higher sensitivity in chlamydia
detection than a non-nested PCR based assay
targeting a single copy gene sequence, because
the plasmid is present in a copy number 10- to
20-fold higher than that of single copy genes in
each chlamydial cell. It is because both PCR
systems examined here were nested that the
sensitivity of the commercial LCR system
roughly matched that of the two omp1 directed
PCR systems. However, the template prepara-
tion method proved to be an important factor
in the sensitivity of chlamydia detection by
LCR, as it did for PCR, as discussed next.

We were surprised to find that the detailed
sensitivity of the two diVerent PCR assay
systems varied somewhat with template prepa-
ration method, at least as defined in our EB
spiking and infected monocyte experiments.
The reason(s) for this diVerence in sensitivity is
not at all clear to us, but it cannot be related to
the source of PCR primers (that is, the
company synthesising those primers), because
both primer sets were prepared by the same
source at the same time. Nor can the diVerence
be ascribed to the use of diVerent thermo-
cyclers, because again all amplification reac-
tions were done in the same machine, or to the
buVers, DNA polymerase, or other compo-
nents used in the amplifications themselves.
Regardless of the precise reason(s) for the
observed diVerences in sensitivity, however, the
results presented here indicate that to achieve
maximum sensitivity in PCR screening assays,
some care must be taken to optimise use of the
chosen primer set in relation to the template
preparation method. Although we did not test
other commonly used C trachomatis directed
systems or other primer systems, or any of the
several other commercial kits for template
preparation from tissue or other sources, we
suspect that this dictum will be true for them as
well as for the systems examined here.
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