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Abstract

Introduction: Chlamydia trachomatis and Neisseria gonorrhoeae are the most common causes of sexually transmitted disease in Senegal and
worldwide. Molecular techniques have become the standard for their detection, and due to the frequency of co-infections, these tests can
detect both agents and can be used on urine samples, vaginal swabs, or endocervical samples. In developing countries, the use of these
molecular techniques is very limited and there is a need for evaluations of these techniques to be done.

Methodology: A total of 181 samples were tested with the Abbott RealTime CT/NG assay and compared with the Roche Cobas Amplicor
CT/NG assay. Specimens were collected from the key population of men having sex with men (urine, n = 60), female sex workers (genital
swabs, n = 60) and from women visiting the laboratory for a gynecological checkup (urine, n = 60 and endocervical samples, n = 61).
Results: The agreement between the two techniques was 98.90% with a Kappa coefficient of 0.98. A sensitivity of 93.3%, a specificity of
100%, a positive predictive value of 100%, and a negative predictive value of 93.3% were found for both Chlamydia trachomatis and
Neisseria gonorrhoeae.

Conclusion: These results showed that both methods are similar and suitable for the detection of CT/NG in all types of samples examined in
this study.
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Introduction

Chlamydia trachomatis (CT) and Neisseria
gonorrhoeae (NG) are two of the most common
bacterial causes of sexually transmitted infections
(STIs) in the world [1], with a high incidence of new
cases in developing countries [2,3]. These infections
are often asymptomatic, especially in women. When
untreated, they can lead to serious consequences such
as pelvic inflammatory disease, ectopic pregnancy,
and infertility [4,5]. Therefore, the early and accurate
diagnosis of symptomatic and asymptomatic patients
is essential for preventing complications and to control
the spread of infection [6]. Currently, the benefits of
diagnosis and the treatment options for these
infections are well understood [7]. Since the advent of
PCR testing, which is based on the detection and
identification of specific DNA sequences, molecular
techniques used for diagnosing CT and NG infections
have become the best diagnostic methods in developed
countries [8,9].

Considering the frequency of co-infection, these
tests have the advantage of detecting both agents
[7,10-12] and can be used on both urine and
endocervical samples [12-16]. In developing countries
such as Senegal, the use of these molecular techniques
is limited and there is a need to evaluate their
performance.

The Abbott RealTime CT/NG assay is a real-time
PCR method used for the direct qualitative detection
of the plasmid DNA of Chlamydia trachomatis (CT)
and the genomic DNA of Neisseria gonorrhoeae (NG)
in endocervical or vaginal specimens, urethral
samples, and urine samples from symptomatic or
asymptomatic individuals. This technique was recently
introduced into our laboratory and needed to be
compared with our previously used platform, the
Roche Cobas Amplicor CT/NG assay. Thus, this study
evaluated the performance of the Abbott RealTime
CT/NG assay for the detection of Chlamydia
trachomatis and Neisseria gonorrhoeae in vaginal,
endocervical, and urine samples.
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Methodology
Sample collection

This study examined a total of 181 samples, which
included 120 urine samples, 48 self-vaginal swabs,
and 13 endocervical swabs. The 120 urine samples
were collected from 60 men who have sex with men
(MSM) and from 60 consenting women who visited
the laboratory for a gynecological checkup. The 13
endocervical swabs came from the same population of
women, and the 48 vaginal swabs were collected from
female sex workers (FSWs). The samples from the
FSWs and MSM were collected during the National
Survey of Combined Surveillance of STIs and
HIV/AIDS (ENSC 2007) and the Epidemiological
Survey of MSM in 2007, respectively. They were
selected based on their positive results with the Roche
Cobas Amplicor and were complemented by 60
negative samples. The endocervical specimens were
transported in 1 mL of the in vitro specimen transport
media (STM) and the urine samples were transported
in sterile tubes without any additives. All specimens
were stored at -20°C until the time of testing. All
samples were tested using two methods: the Roche
Cobas Amplicor CT/NG assay and the Abbott
RealTime CT/NG assay.

Roche Cobas Amplicor CT/NG assay

The Roche Cobas Amplicor CT/NG assay is a
qualitative test performed in vitro for detecting the
DNA of Chlamydia trachomatis and/or Neisseria
gonorrhoeae in urogenital samples using the Cobas
Amplicor automated analyzer. Additionally, this test
allows for the detection of an internal control and can
provide information about the presence of inhibitors.
The target sequences of this test are the cryptic
plasmid of Chlamydia trachomatis (207 base pairs)
and the DNA methyl-transferase gene of Neisseria
gonorrhoeae (201 base pairs). The assay consists of
four steps: preparation of the sample, PCR
amplification of the target DNA by complementary
biotinylated primers, hybridization of amplicons with
oligonucleotide probes, and detection of amplification
products linked to the probe by a colorimetric
determination.

Briefly, sample preparation begins with the cold
lysis of 50 pL of endocervical or vaginal fluid (in
transport medium) or 500 pL of urine using a
chaotropic agent, followed by DNA precipitation with
alcohol at -70°C. DNA amplification and detection
were performed on the Cobas Amplicor analyzer as
recommended by the manufacturer. The assay allows
for the simultaneous amplification of the bacterial
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pathogen DNA (CT or NG) and the internal control
(IC). A master mix contained a specific pair of
biotinylated primers for the DNA of the bacterial
pathogens and for the IC. The amplified DNA was
detected using oligonucleotide probes specific to the
target, which allowed for the independent
identification of the bacterial pathogen amplicons and
the IC. The results were interpreted using the optical
density values (OD) of the sample and the IC, as
measured at a 660 nm wavelength. The sample was
considered negative if it had an OD of CT and/or NG
< 0.2 and an OD of IC > 0.2. The sample was
considered positive if it had an OD of NG > 0.2 or an
OD of CT > 0.8 with any OD value of the IC. To
confirm positive NG results, all positive samples were
re-tested in duplicate.

When a sample had an OD of CT and/or NG that
was < 0.2 and an OD of IC that was < 0.2, inhibitors
were present in the sample and another aliquot was
retested. Vaginal or endocervical samples that
contained inhibitors were diluted by 1/10 and retested
after heating at 56°C for 10 minutes if the OD of IC
remained < 0.2. In contrast, urine samples that
contained inhibitors were retested without treatment. If
the OD of CT ranged between 0.2 and 0.8 with any
value of the IC, the result was equivocal and the test
was repeated in duplicate.

Abbott RealTime CT/NG assay

The Abbott RealTime CT/NG assay performed on
an m2000 Abbott system is a qualitative test that
includes the extraction of a DNA target in combination
with an amplification-detection in real time. The assay
targets a conserved region of the cryptic plasmid of C.
trachomatis (102 base pairs) and a highly conserved
region of the Opa gene of N. gonorrhoeae (122 base
pairs).

The m2000 Abbott system consists of two
instruments: the m2000sp, an automatic nucleic acid
extractor, and the m2000rt, which ensures both
amplification and detection in real time. Briefly, using
the m2000sp instrument, 400 pL of urine, endocervical
or vaginal fluid were used for DNA extraction. The
DNA extract obtained was added to a 96-well
microplate before being mixed with the master mix.
This plate was then sealed and manually transferred
onto the m2000rt thermocycler, which ensured both
the amplification and real-time detection of DNA
using oligonucleotide probes that were labeled with
fluorescence. The probes generated no signal unless
specifically bound to the amplified product. The
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m2000rt automatically interpreted and provided the
results.

One replicate of the negative control and two
replicates of the cutoff positive control were required
with each analysis. For each bacterial pathogen tested
(CT or NG), the software calculated the mean target
cycle number (CN) using the control thresholds, and
then added a predetermined number of cycles to this
mean to generate the decision cycle threshold called
the CO. If the tested sample generated a cycle number
less than or equal to the CO, the sample was denoted
as positive and a numerical result higher than or equal
to zero was reported. The numerical result (called
delta cycle or DC) was the difference in cycles
between the CO and the CN of the sample. When the
numerical value of DC was high, the number of targets
in the analyzed sample is more important. A sample
denoted as negative in CT and a reported cycle
number exceeding the decision cycle value were
required for retesting. For negative samples that
showed no amplification, the default value -1 was
assigned to CN and DC. All tests were performed
according to the manufacturer's instructions. Figures 1
and 2 present CT and NG real time PCR amplification
curves.

Analytical sensitivity

According to the manufacturer, the limit of the
detection claimed by the Abbott RealTime CT/NG
assay is 320 copies of Chlamydia trachomatis (CT)
target DNA and 320 copies of Neisseria gonorrhoeae
(NG) target DNA per assay. The assay targets the
Chlamydia trachomatis cryptic plasmid (present at

Figure 1. Chlamydia trachomatis (CT) amplification curves
(internal control curves in grey; target curves in black) by
Abbott RealTime CT/NG assay
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approximately 7 to 10 copies per Chlamydia
organism) and the multicopy opacity gene of Neisseria
gonorrhoeae (repeated up to 11 times per organism).
Thus, 320 copies of target DNA are equivalent to
approximately 30 to 40 organisms per assay.

Statistical analysis

To evaluate the performance of the Abbott
RealTime CT/NG assay, the Roche Cobas Amplicor
was used as the reference method. Statistical analysis
was performed using the module StatCalc Epi Info,
version 5.3. The confidence intervals were 95% and
were calculated using a normal distribution. The
diagnostic accuracy of the Abbott RealTime CT/NG
assay was assessed using sensitivity (Se), specificity
(Sp), positive predictive value (PPV) (the number of
true positives / [true positives + false positives]) and
negative predictive value (NPV) (the number of true
negatives / [true negatives + false negatives]). To
determine the degree of concordance between the two
techniques, a non-parametric Kappa test was used.
Kappa allows for estimation and takes into account the
chance of agreement or disagreement between
qualitative judgments that are matched to detect and
quantify the degree of agreement and to interpret the
results. The possible Kappa values range from +1 for
perfect agreement, 0 for the absence of agreement, and
-1 in the case of full discordance [15].

Figure 2. Neisseria gonorrhoeae (NG) amplification curves
(internal control curves in grey; target curves in black) by
Abbott RealTime CT/NG assay
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Results
Comparison of Cobas Amplicor and Abbott RealTime
by target population and sample type

From the 181 samples tested with the Abbott
RealTime and the Cobas Amplicor, two urine samples
from the group of MSM were discordant: one for the
detection of CT (MSM1181u) and another for the
detection of NG (MSM1031u). This outcome gave an
overall agreement percentage between the two assays
of 99.5% (180/181) for each of the two bacterial
agents. The two discordant samples were positive by
the Cobas Amplicor assay and negative by the Abbott
RealTime method, with a concordance percentage of
98.90% (179/181) between the two techniques. In
summary, the Abbott RealTime assay identified 14
infections including 9 mono-infections of each agent
CT and NG and 5 dual infections, while the Cobas
Amplicor assay identified 15 infections — one
additional mono-infection to those already detected by
Abbott as showed in Table 1 and Table 2. Among
these positive samples, 5 cases of co-infection with CT
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and NG were identified by each technique and these
co-infections were from the same patients (4 MSM
and 1 FSW) (Table 3).

In the samples collected from women visiting the
laboratory (n = 60 urine and n = 13 swabs), neither the
Abbott RealTime nor the Cobas Amplicor assay
detected an infection, representing an agreement of
100% between the two tests.

For the 48 self-vaginal swab samples from female
sex workers, the two tests were in 100% agreement
and showed 1 case (2%) of co-infection with CT and
NG and 2 cases (4.16%) of isolated NG infection
(Table 3). Therefore, the comparison between Abbott
RealTime and Cobas Amplicor assays give almost
identical results for each of these two bacterial
pathogens with a Kappa coefficient of 1, a sensitivity
of 100%, a specificity of 100%, a positive predictive
value of 100%, and a negative predictive value of
100%.

For the 60 urine samples obtained from MSM, the
two tests were in 96.66% agreement (58/60) for both

Table 1. Contingency table of C. trachomatis in urine and vaginal samples

Abbott RT . Cobas Amplicor _ Total
Positive Negative
Positive 14 0 14
Negative 1 166 167
Total 15 166 181

Sensibility: 93.3% IC 95% [64.2-99.6] ; Specificiy: 100% IC 95% [71.2-100] ; Positive predictive value: 100% IC 95% [71.7-100] ; Negative predictive

value : 93.3% IC 95% [66-99.7] ; Kappa coefficient : 0.98

Table 2. Contingency table of N. gonorrhoeae in urine and vaginal samples

Abbott RT . Cobas Amplicor , Total
Positive Negative
Positive 14 0 14
Negative 1 166 167
Total 15 166 181

Sensibility: 93.3% IC 95% [64.2-99.6] ; Spécificity: 100% IC 95% [71.2-100] ; Positive predictive value: 100% IC 95% [71.7-100] ; Negative predictive

value: 93.3% IC 95% [66-99.7] ; Kappa coefficient : 0.98

Table 3. C. trachomatis and N. gonorrhoeae cases of infections and co-infections identified by Abbott RT and Cobas

Amplicor
Abbott RT Cobas Amplicor
MSM FSW MSM FSW
(n=60) (n=48) (n=60) (n=48)
Isolated CT Infection 9 0 10 0
Isolated NG Infection 7 2 8 2
Co-infection 4 1 4 1
Table 4. Effect of inhibitors in invalid results
Cobas Amplicor Abbott RT
First test 12 8
Second test 21 0
Third test 0 NA

NA: not applicable
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CT and NG detection, with two discordant samples
(positive by the Cobas Amplicor assay and negative by
the Abbott RealTime assay). Indeed, the Abbott
RealTime assay identified 9 cases of isolated CT
infection, 7 cases of isolated NG infection, and 4 cases
of co-infection with CT and NG, while the Cobas
Amplicor assay detected 10 cases of isolated CT
infection, 8 cases of isolated NG infection, and 4 cases
of co-infection with CT and NG (Table 3). Statistical
analysis of the data yielded a Kappa coefficient of 0.98
for each bacterial agent.

Performance of the Abbott RealTime assay

An evaluation of the performance of the Abbott
RealTime assay resulted in the following values for
both CT and NG: sensitivity of 93.3% (CI 95%: 64.2-
99.6); specificity of 100% (CI 95%: 71.2-100); PPV of
100% (CI 95%: 71.7-100); and NPV of 93.3% (CI
95% 66-99.7).

Furthermore, there were frequent instances of
inhibitors in the tests using the Cobas Amplicor on
endocervical samples. In self-vaginal swab samples
from FSWs, 25% (12/48) of the current results showed
the presence of inhibitors after the first test, 44%
(21/48) after the second test, and the remainder
underwent a third test. In contrast, with the m2000,
83% (40/48) of the results were effective after the first
test and the presence of inhibitors was removed in the
second test (Table 4).

Discussion

The positive CT and NG samples analyzed in this
study were collected from epidemiological surveys
conducted in 2007 among FSWs and MSM, who were
considered high-risk groups, and the results from the
Cobas Amplicor system had detected 25 positive
samples in this data set. In fact, the incidence and
prevalence of CT and NG infections are quite high in
these groups because of their vulnerability to infection.
In Senegal, the prevalences of CT and NG were 4%
and 7.1% in registered FSWs [16] and 4.1% and 5.4%
among MSM [17], respectively. In contrast, neither
CT nor NG was found in the samples of women who
visited the laboratory. This may be due to the small
sample size (60 patients) or the low prevalence of CT
and NG in the general population (0.3% and 0.2%,
respectively, in Senegal) [14]. The final results show
excellent agreement between the results of the two
assays for both CT and NG (K = 0.94 for both
bacterial pathogens).

For endocervical and self-vaginal swab samples,
identical results were observed between the two assays
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after several re-tests of some samples; this may have
been due to the presence of inhibitors. The similarity
in the data may be related to our small sample size
because discordances in data from larger data sets
have previously been identified [10-12,18]. Indeed, an
overall agreement of 98.5% between the results from
the Abbott RealTime and Roche Cobas Amplicor
assays in the diagnosis of CT on cervical swab
samples was reported in 96.3% (26/27) of the positive
results and in 100% (40/40) of the negative results
[12]. Similarly, previous testing of endocervical swabs
samples with the Abbott RealTime and Roche Cobas
Amplicor assays showed an agreement of CT
positivity of 98.8% (confidence interval 95%: 97.5%-
99.5%), CT negativity of 98.5% (96.8% to 99.3%),
NG positivity of 96.6% (88.3% to 99.1%), and NG
negativity of 99.8% (99.2% to 99.9%) [10]. However,
a discrepancy between the results of the two assays
was observed for the detection of CT in 12 samples,
with specifically six positive by the Cobas Amplicor
assay and negative by the Abbott RealTime method
that became negative after retesting with the Cobas
Amplicor assay. All discrepant samples were
confirmed to be negative by a third assay [10]. The
low occurrence of inhibitors during analysis with the
Abbott RealTime assay may be due to the additional
heating step during the extraction, which helps to
overcome this potential problem.

For the 120 urine samples, only two discrepancies
were noted, all of which were in the MSM population.
With the same type of sample, the Abbott RealTime
assay already demonstrated an excellent ability to
detect NG and CT with a sensitivity and specificity
greater than 96% and 99% for NG and 92% and 99%
for CT, respectively, when compared with the BD
Probe Tec ET and Aptima Combo 2 assay (AC2)
[7,11]. Comparison with other assays, including the
Roche Cobas Amplicor, also demonstrated the quality
of the Abbott RealTime CT/NG assay for analyzing
urine samples [10,12].

Conclusions

The evaluation of the Abbott RealTime CT/NG
assay for the qualitative detection of Chlamydia
trachomatis and Neisseria gonorrhoeae in comparison
with the Roche Cobas Amplicor showed good
agreement between the results from the two assays,
regardless of the type of sample. The Abbott RealTime
assay is more specific and has a low rate of inhibition,
which makes it more sensitive than the Cobas
Amplicor assay, especially for vaginal and
endocervical samples. In addition, the automation of
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DNA extraction, which reduces the number of manual
steps and reduces the risk of contamination that is
inherent in gene amplification techniques, is a suitable
method to use in the diagnosis of Chlamydia
trachomatis and Neisseria gonorrhoeae. However, the
high cost of the nucleic acid extractor and reagents
may limit its routine use, especially in countries with
limited resources.
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