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Abstract
Aims-To evaluate the use of a duplex
polymerase chain reaction (PCR) assay
for the simultaneous detection ofNeisseria
gonorrhoeae and Chlamydia trachomatis
in clinical samples.
Methods-Genital swab specimens were
obtained from both China (203 swabs) and
Hong Kong (202 swabs). N gonorrhoeae
and C trachomatis were detected in each
specimen with a number of tests including
enzyme immunoassays (IDEIA) and PCR
assays using both single and double primer
pairs. The primer pair for Ngonorrhoeae
was derived from the cppB gene on its
cryptic plasmid and the PCR product was
390 base pairs long. For C trachomatis,
the PCR product was 473 base pairs long,
resulting from amplification ofa sequence
in the common 7*4 kilobase plasmid pres-
ent in all serovars. For N gonorrhoeae,
PCR results were also compared with those
obtained by culture and Gram's smear of
the discharges.
Results-For the 203 specimens collected
in China, similar numbers of positive res-
ults (177) were obtained by both Gonozyme
and duplex PCR for the detection of N
gonorrhoeae. No discrepant results were
found among the cultured specimens when
Gonozyme and duplex PCR were com-
pared. C trachomatis was detected in 47
specimens by duplex PCR, but was de-
tected in only 28 by IDEIA. Of the 202
Hong Kong specimens, 46 were positive
for Ngonorrhoeae, detected byboth Gono-
zyme and duplex PCR; 34 were positive
for C trachomatis, 25 of which were de-
tected by IDEIA and the remainder by
duplex PCR.
Conclusions-The duplex PCR assay is a
satisfactory diagnostic tool for the sim-
ultaneous detection ofNgonorrhoeae and
C trachomatis in clinical swab samples.
Further evaluation is suggested.
(J7 Clin Pathol 1995;48:101-104)
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Conventional diagnosis of gonorrhoea relies
on culture and demonstration of intracellular

Gram negative diplococci in Gram smears of
genital discharge or swabs.' However, some
Neisseria gonorrhoeae strains are susceptible to
the concentrations of vancomycin used in the
selective medium and hence the recovery rate
is less than 100%.2 Rapid methods for diag-
nosing gonorrhoea using enzyme immunoassay
(EIA)-for example, Gonozyme (Abbott
Laboratories, Chicago, USA), have recently
been evaluated and showed reasonably high
sensitivity (87-98&5%) and specificity (94-
100%) when compared with culture.3-5 A poly-
merase chain reaction (PCR) using primers
derived from the integrated regions of the cppB
gene of Ngonorrhoeae has also been described.6

Chlamydia trachomatis has gained widespread
recognition because of its role in the aetiology
of non-gonococcal urethritis.7 Conventional
diagnosis of C trachomatis relies on tissue cul-
ture.8 Although culture is reliable and specific,
it is labour intensive, expensive, and not
routinely available in most laboratories. With
the advent of highly specific monoclonal anti-
body and immunological techniques, C trach-
omatis can be detected in clinical material by
direct immunofluorescence for the presence
of elementary bodies.9 Recently, EIAs for the
detection of C trachomatis antigen have been
developed.'0-13 Although less sensitive than im-
munofluorescence, EIA has advantages in that
it is less subjective as results are read by
machine and do not require skilled microscopy
techniques. The IDEIA enzyme immuno-
sorbent assay (Dako Diagnostics Ltd., High
Wycombe, UK) was reported to be more sensi-
tive than other commercially available EIA
kits'4 and even more sensitive than a DNA
probe test kit, although IDEIA failed to dis-
tinguish between chlamydial species.'5 Poly-
merase chain reactions for the detection of C
trachomatis have also been developed.' 1-8
This paper describes the development of a

duplex PCR assay using one pair of gonococcal
primers (Ho 1 and Ho3) and one pair of
chlamydial primers (CT2A and CT2B) for the
simultaneous detection of the two organisms
in one assay. As results of gonococcal culture
are subject to many variable factors and culture
of the swab specimens collected for this study
was performed at different laboratories, culture
results were not reliable enough to be used as
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standards. Although culture for C trachomatis
is reliable and specific, tissue culture facilities
are not available in our laboratory. Because of
this, the Gonozyme assay and IDEIA, which
are reported to have reasonably high sensi-
tivities and specificities for the detection of
N gonorrhoeae and C trachomatis, respectively,
were used as gold standards instead of culture.
Furthermore, EIAs are independent ofthe pres-
ence of viable organisms and results are not
affected by transportation.

Methods
Between September 1991 and November 1992,
203 clinical specimens were collected from
patients attending the Sexually Transmitted
Disease clinic in Guangzhou, China. Urethral
swabs from men and cervical swabs from
women were collected if the patients were sus-
pected ofhaving gonorrhoea-that is, if a Gram
smear of the discharge material showed intra-
cellular Gram negative diplococci or numerous
pus cells. Two swabs were collected from each
patient. The first swab was used for gonococcal
culture which was carried out in China. The
other swab was inserted into an Abbott's en-
zyme immunoassay transport medium tube and
maintained at - 20°C except during transport.
Each swab was then suspended in 1 ml of
specimen dilution buffer (supplied with the
Gonozyme kit), 0-2 ml of which was used for
the Gonozyme assay, 0-5 ml for DNA ex-
traction for the PCR assay, and 0-2 ml for the
IDEIA.
Swab specimens were also collected from

202 patients attending a social hygiene clinic
in Hong Kong between January and April 1993
irrespective of their clinical diagnosis. Three
urethral/cervical swabs were collected from
each patient. Gram smear of the discharge
material was examined before being inoculated
onto Modified Thayer Martin agar, incubated
in a candle jar, and then transported daily to
another laboratory for culture. Swabs collected
for the present study were placed in the trans-
port medium and frozen at - 20°C until use.
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Figure 1 Endonuclease digestion ofPCR products. Lane 1, DNA size marker 0Xl 74-
HaeIII; lanes 2, 4, and 6, PCR products (390 base pairs) ofN gonorrhoeae; lanes 3, 5,
and 7, DNA fragments (250 and 140 base pairs) of MspI digested PCR products; lanes
8, 10, and 12, PCR products (473 base pairs) ofC trachomatis; lanes 9, 11, and 13,
DNA fragments (292 and 181 base pairs) of TaqI digested PCR products.

One swab was used for the Gonozyme assay
and DNA extraction for the PCR assay, while
the other was used for the IDEIA.
The Gonozyme assay was carried out ac-

cording to the manufacturer's instructions. For
the IDEIA, those swabs collected from China
were already suspended in Gonozyme speci-
men dilution buffer. The tubes were vortex
mixed for at least one minute and 200 ptl of the
suspending solution was centrifuged at high
speed (13 000 rpm) for 10 minutes. Super-
natant fluid was then aspirated and the pelletwas
resuspended in freshly prepared IDEIA working
transport medium (supplied with the kit). Swabs
collected in Hong Kong for IDEIA were sus-
pended in IDEIA working transport medium
and were vortexed for at least one minute. Sub-
sequent procedures were carried out according
to the manufacturer's instructions.

DNA AMPLIFICATION
The collected swabs were suspended in Gono-
zyme specimen dilution buffer. They were vor-
texed for at least one minute before 500,l of
each specimen was aspirated and centrifuged
at high speed (13 000 rpm) for 10 minutes.
The supematant was removed and the pellet
was resuspended in 500 pl sterile distilled water
and re-centrifuged. The pellet was then sus-
pended in 50 dl 1 x PCR buffer (50mM KCl,
10 mMTRIS, pH 8 3, 100 1tg/ml bovine serum
albumin, l- 5 mM MgCl2) with 4-5% Tween 20
and proteinase K (200 jig/ml). The suspension
was incubated at 50-60°C for one hour, then
heated to 95°C for 10 minutes to inactivate
proteinase K. The suspension was then ready
for the PCR assay or kept at - 70°C for future
use.

PCR ASSAY FOR N GONORRHOEAE
PCR amplification for N gonorrhoeae was per-
formed with the Hol and Ho3 primers ac-
cording to the protocol described by Ho et al.6
The amplified product was a 390 base pair
fragment. This fragment, if digested with 5
units of MspI (Boehringer, Mannheim, Ger-
many) at 37°C for two hours, gives two base
pair fragments (250 and 140) (fig 1).

PCR ASSAY FOR C TRACHOMATIS
DNA amplification for C trachomatis was car-
ried out according to the protocol described by
0stergaard et al. 16 The second primer set CT2A
(5'-CGCATGCAAGATATCGAGTATGCGT-
TGTTAGG-3') and CT2B (5'-GACCGG-
CCTCTAGCGCTGCG-3') was used. The
amplified product was 473 base pairs long.
This fragment, when digested with TaqI
(Boehringer) at 37°C for two hours, gives two
base pair fragments (292 and 181) (fig 1).

DUPLEX PCR ASSAY
When comparing the cycle parameters for the
respective PCR assays for N gonorrhoeae and C
trachomatis, the temperatures used for the two
assays were similar but the duration of each
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Duplex PCR for detecting N gonorrhoeae and C trachomatis

Table 1 Performance of duplex PCR for the detection ofN gonorrhoeae using the Gonozyme assay and culture as standards

Gonozyme assay Culture

Positive Negative Positive Negative

China Hong Kong China Hong Kong Total China Hong Kong China Hong Kong Total

PCR positive 177 46 0 0 223 139* 19 0 27 185
PCR negative 0 0 26 156 182 3** 0 15** 156 174
Total 223 182 405 161 198 359
* All tested positive with the Gonozyrne assay; ** all tested negative with the Gonozyme assay.

Table 2 Performance of duplex PCR for the detection of
C trachomatis using IDEIA as the standard

IDEIA positive IDEIA negative

China Hong Kong China Hong Kong Total

PCR positive 28 25 19 9 81
PCR negative 0 0 156 168 324

Total 53 352 405

cycle was longer for C trachomatis amplif
The cycle conditions for C trachomat
tested on known gonococcal positive spe
using Hol and Ho3 as primers and al
specimens showed the expected 390 bE
fragment with no apparent diminishes
tivity. For the duplex PCR assay, th
cycle parameters used for PCR assa)
trachomatis were used. For the 203 spe
collected in China, 177 specimens N

gonorrhoeae positive on both the duple
and single primer pair PCR. For C trac)
however, 47 were positive on the single
pair PCR while only 40 were positive on
PCR. Under the conditions used, there
to be competition between the gonococ
chlamydial primers, with the chlamydia
ers appearing to be less competitive.
timise the assay conditions, the conceni
of the four nucleotides (dNTPs) wei
increased from 200 to 300 ,uM and the <
of Taq polymerase was increased from
4 0 units. Ten cycles were first run M
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Figure 2 PCR results of representative samples from patients positive for N gono
and C trachomatis infection. Lane 1, DNA size marker oXJ 74-HaeIII; lanes 2-
products (390 base pairs) of clinical samples containing N gonorrhoeae; lanes 6-

products (473 base pairs) of clinical samples containing C trachomatis; lanes 10-
PCR products of clinical samples containing both N gonorrhoeae and C trachoma

ication.
is were
!cimens
1 tested
ase pair
i sensi-
erefore,
ys of C
!cimens
were N

primer set CT2A and CT2B to increase the
number of available templates and hence com-
petitiveness for the subsequent cycles. This was
then followed by a further 35 cycles after the
addition of the Hol and Ho3 primer set. With
these new cycle parameters and assay con-
ditions, all of the seven previously negative
specimens were positive. These assay con-
ditions were then used for specimens collected
in Hong Kong and the results were satisfactory.
All PCR assays were carried out with usual
precautions taken to prevent cross con-
tamination. Positive controls, containing target
DNA sequences of control strains of N
gonorrhoeae and C trachomatis and a negative
control-that is, a reagent control, containing
all the necessary components for PCR except
template DNA, were included in each run.

-x PCR Results
zomatis, Results ofthe PCR for Ngonorrhoeae compared
primer with those for the Gonozyme assay and culture
duplex are presented in table 1. The results of PCR
seemed and IDEIA for C trachomatis are shown in table
cal and 2. The duplex PCR results compared well with
il prim- the single PCR assays. Moreover, when co-
To op- infection occurred, as indicated by the Gono-
trations zyme and IDEIA PCRs, two bands, 390 and
re each 473 base pairs long, respectively, were detected
amount in all cases (fig 2).
i 2 5 to There were three swab specimens from the
vith the China series which were culture positive but

PCR negative for N gonorrhoeae. A previous
study"9 has demonstrated that plasmid free
strains synthesise the polypeptide product of
the cppB gene. However, successful use of the
Ho 1 and Ho3 primers with plasmid free strains
has not been conclusively demonstrated as yet.
PCR was therefore performed on gonococci
from the three cultures in question, which all
produced a 390 base pair fragment (fig 2),
indicating that the negative PCR assay results
were not caused by the absence of the cppB
gene. In the case of the China specimens the
culture swab was always taken first. It seems

- 390 likely therefore that these three negative results
resulted from the second swab failing to collect
sufficient antigen orDNA for detection byPCR
and the Gonozyme assay, respectively.

Discussion
The results with the Hong Kong series were
somewhat different with respect to the pro-

rrhoeae portion of results on culture, although the res-
-S PCR ults obtained with the Gonozyme assay and
13, PCR are comparable (table 1). This was prob-
itis. ably because the samples were transported to
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a remote laboratory for incubation, resulting
in a low success rate.

In contrast to N gonorrhoeae, duplex PCR
for C trachomatis was significantly more sensi-
tive than the immunological method-that is,
the IDEIA. It is possible, however, that PCR
positive results obtained in IDEIA negative
samples could be false positives. However, the
specimens were all from symptomatic in-
dividuals from a high risk population. Pre-
cautions against cross contamination were
adequate as none of the patients negative for
Ngonorrhoeae infection on the Gonozyme assay
were positive on PCR. Therefore, PCR is sig-
nificantly more sensitive for the detection of C
trachomatis than IDEIA.
The specimens from the China series were

highly selected in that they were all showed
Gram negative intracellular diplococci or
numerous pus cells on initial Gram smears.
This probably explains the much higher in-
cidence of positive results in that group com-
pared with the Hong Kong group.
The results of this study suggest that duplex

PCR is a useful, reasonably rapid, and cost-
effective test for detecting N gonorrhoeae and C
trachomatis, especially where sampling is carried
out in locations remote from laboratory facil-
ities. Culture methods for C trachomatis are
time-consuming and expensive, and the ability
to screen for two pathogens in a single test is
clearly advantageous. The results of this study
suggest that it may be possible to develop
multiple PCRs for urethral pathogens. Possible
differences in competitiveness between primer
pairs must be considered when establishing
the parameters for duplex and multiple PCR
assays. PCR, however, as with the im-
munological methods, does not provide in-
formation on antibiotic sensitivities or permit
the detection of immunological markers and
therefore cannot be a substitute for culture.
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