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Chlamydia trachomatis is the most common sexually trans-
mitted bacterial infection worldwide, with the highest 
prevalence in sexually active young women. Since most 
chlamydial infections are asymptomatic, facilitating the 
transmission of the pathogen in the population, regular 
screening is recommended for at-risk sexually active in-
dividuals. Hence, a sensitive, specific, inexpensive diag-
nostic test that can be executed efficiently and quickly to 
yield results would be helpful. In this study, we evaluated 
the performance (sensitivity and specificity) of the Chla-
mydia Rapid Test Device, an inexpensive rapid test based 
on immunochromatographic analysis. We then compared 
these results to those obtained using real-time PCR, the 
gold standard for C. trachomatis testing. Seminal fluid and 
urine specimens of male subjects were tested.

SUMMARY

The rapid test was applied to 220 seminal fluid samples, 
showing a sensitivity of 0%. On the other hand, used in 
114 urine specimens, the rapid test showed 37.5% and 
100% sensitivity and specificity, respectively. Hence, the 
Chlamydia Rapid Test Device was shown to be insuffi-
ciently sensitive to be recommended as a screening test 
and diagnostic method for the detection of C. trachomatis 
in symptomatic and asymptomatic subjects. Finally, the 
present investigation showed an infection prevalence of 
5% calculated using seminal fluid, with a mean age of 28 
years.
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n INTRODUCTION

Chlamydia trachomatis is one of the most com-
mon causative agents of sexually transmitted 

infections (STI) worldwide that can lead to pelvic 
inflammatory disease, ectopic pregnancy, and in-
fertility [1-5]. Different genotypes of C. trachomatis 

exist: genotypes A, B, and C, are associated with 
trachoma; genotypes D-K with conjunctivitis and 
genito-anal infections; genotypes L1-L3 with lym-
phogranuloma venereum, an emerging disease in 
Europe and other high-income countries, especial-
ly among human immunodeficiency virus (HIV)-
infected men who have sex with men. Moreover, 
infection by L genotypes may result in more in-
vasive disease compared to other genotypes since 
L1–L3 strains have tropism not only for the epithe-
lial surfaces but also for the lymphatic tissues [6, 7].
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The World Health Organization (WHO) reports 
that over 100 million new cases of C. trachomatis 
occur annually worldwide, most frequently in 
geographical areas characterized by poor hygien-
ic conditions. In particular, the Western Pacific 
Region and the Americas recorded the highest in-
cidence of chlamydial infections in both men and 
women (respectively 39 and 30 million new cases 
per year) [8, 9]. C. trachomatis infections represent 
the most common notifiable sexually transmitted 
infection both in the US, which reported about 
1,600,000 cases in 2017, and in Europe, where 
about 409,000 cases were reported in 2017 across 
26 EU/EEA member countries, with the United 
Kingdom accounting for 56% of those cases [10].
Regarding C. trachomatis infections and gender, 
it was reported that in women, 70-80% of geni-
tal tract infections with C. trachomatis are asymp-
tomatic; however, 15-40% ascend to the upper 
genital tract, which can lead to severe sequelae, 
including pelvic inflammatory disease, infertil-
ity and ectopic pregnancy [11]. In men, approxi-
mately 50% of chlamydial infections are asymp-
tomatic and are also a potential source of infection 
in women [12]. In addition, these asymptomatic 
infections can cause urinary tract inflammation, 
sperm DNA damage, and acute epididymitis. 
Since the infection can persist for up to four years 
in couples, it could affect their fertility. Overall, in 
both sexes, most reported cases of C. trachomatis 
involve young people between the ages of 15 and 
24, particularly those who engage in risky sexual 
behaviors, men who have sex with men, and in-
dividuals who tend to change partners frequently 
or have multiple partners [13, 14].
Since most chlamydial infections are asymptom-
atic, regular screening is recommended for at-risk 
sexually active individuals [15, 16]. Such a screen-
ing system would require a diagnostic test that is 
sensitive, specific, and inexpensive, which can be 
executed easily and yield results rapidly.
The purpose of this study was to evaluate whether 
a commercially available rapid test based on the 
immunochromatographic principle (Chlamydia 
Rapid Test Device) could represent a useful diag-
nostic tool for the identification of C. trachomatis. 
The rapid test was applied to different biological 
samples collected in a diagnostic laboratory from 
male subjects that required the specific analyses, 
and the results were then compared to those ob-
tained with the nucleic acid amplification test, 

considered the gold standard for C. trachomatis 
diagnosis.

n SUBJECTS AND METHODS

Study population 
Between April 2018 and January 2019, 220 male 
subjects, ranging from 15 to 67, who were tested 
at the Biolab Clinical Analysis Laboratory, Pesaro 
(Central Italy), provided samples after signing a 
consent form approved by the laboratory direc-
tor. In detail, 37 were between 15 and 24 years 
old (16.81%), and 5 of them tested positive for C. 
trachomatis infection, 56 were between 25 and 34 
years old (25.45%), and 4 of them were positive 
for the infection, while 70 were between 35 and 44 
years old (31.81%) and within this age group no 
subjects positive for infection were found; finally, 
57 individuals were over 45 years old (25.90%), 
and two men only tested positive for the infection 
(Figure 1). The status (symptomatic or asymptom-
atic) of the subjects was not requested for privacy.

Specimen collection
Self-collected seminal fluid samples were ob-
tained from each of the participants. After fluidi-
fication, the samples were divided into two parts: 
half was used for immunochromatographic anal-
ysis (rapid test) and the other half was used for 
biomolecular analysis (real-time PCR). Samples 
for the rapid test were stored at 2-8°C and ana-
lyzed within 72 h of the collection, whereas sam-
ples for real-time PCR analysis were stored in a 
freezer at a temperature between -15°C and - 30°C 
until processing. Before beginning the immuno-
chromatographic and biomolecular analyses, the 
samples were stored in a thermostat at room tem-
perature (15°C - 25°C). 
Self-collected first-pass urine (20 ml) specimens 
obtained from the subjects were stored at 2 - 8°C 
and analyzed within 24 h of the collection. 

Real-time PCR assay
Genomic DNA was extracted from 0.5 ml of semi-
nal fluid and 20 ml of urine and purified using the 
QIAsymphony DSP Virus/Pathogen Midi system 
(Qiagen), which performs a fully automated pu-
rification of nucleic acids using magnetic particle 
technology that consists of four phases: lysis, 
bonding, washing and elution.
The Rotor-Gene Q Mdx 5plex HRM subsequently 
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amplified the extracted DNA (Qiagen) performed 
using the artus CT/NG QS-RGQ kit (Qiagen). The 
kit allows the amplification of two specific targets, 
a 66 pb region of the C. trachomatis genome and an 
86 pb region of the cryptic plasmid.

Immunochromatographic assay
The Chlamydia Rapid Test Device (Innovacon) is 
a rapid chromatographic immunoassay that uses 
antibodies specific to the LPS antigen of chlamyd-
ia in biological samples (cervical and urethral 
swabs, urine). In order to extract antigens from 
chlamydia cells, urine samples (20 mL), following 
the addition of distilled water, were centrifuged 
at 3,000 rpm for 15 minutes. HCL 0.2 N (solution 
A) was then added to the urine pellet, mixing to 
homogenize the suspension. Finally, 0.2 M NaOH 
(solution B) was added and shaken by vortexing. 
During testing, the extracted antigen solution re-
acts with a chlamydia antibody that is coated onto 
particles. The mixture migrates up to react with 
the second chlamydia antibody on the membrane, 
generating a colored line in the test line region 
(positive result). 
The semen sample, which had not been centri-
fuged, was put in contact first with Reagent A and 
then with Reagent B using a sterile swab, and the 
extracted solution was dispensed into the mem-
brane to allow the generation of a colored line, as 
reported for urine samples.

n RESULTS 

In this study, 220 male subjects, ranging in age 
from 15 to 67, voluntarily undergoing an analysis 
of seminal fluid to evaluate the presence of a geni-
tal infection, were sampled after signing a consent 
form. The median age of the participants was 36.5 
years (range: 15-67 years).
In the first set of experiments (Sampling A), 106 
seminal fluid samples were assessed for the pres-
ence of C. trachomatis, comparing the performance 
characteristics of real-time PCR and the rapid test. 
A total of three subjects (2.83%) tested positive for 
the infection using PCR, while none of the sub-
jects tested positive using the rapid test (Table 1). 
Given the disappointing sensitivity results (0%) 
of the rapid test in seminal fluid, both the seminal 
fluid and urine of an additional 114 subjects were 
sampled (Sampling B). Considering all 220 seminal 
fluid samples (106 from sampling A, 114 from sam-

pling B), the results showed that 11 (9.64%) and 0 
(0%) of the subjects tested positive for C. trachomatis 
using the PCR and rapid test, respectively (Table 1).
The rapid test applied to the 220 seminal fluid 
samples showed a sensitivity of 0% (IC 0.00-28.4). 
Of the 114 specimens from sampling B, 3 (2.63%) 
tested positive using the rapid assay evaluated in 
urine samples and 8 (7%) using the PCR evalu-
ated in seminal fluid samples (Table 1); hence, the 
sensitivity of the rapid test applied to urine sam-
ples was 37.5% (IC, 8.52-75.5), whereas its speci-
ficity was 100% (IC, 96.5-100.0).
Having adopted the real-time PCR as the refer-
ence method for the diagnosis of C. trachomatis 
infection, a positive PCR result for the sample 
was considered as positive for infection. Thus, 
the prevalence of C. trachomatis in seminal fluid 
samples was 5 % (n=11/220, 95% CI 4.4-11.6).
The median age of the infected subjects was 28 
years. The highest prevalence (13.5 %) was found 
in the 15-24 age group, followed by the 25-34 age 
group (7.14 % prevalence) (Figure 1).

Table 1 - Clinical performance of Chlamydia Rapid Test 
Device (rapid test) versus real-time PCR.

Seminal fluid (sampling A)

Real-time PCR

Positive Negative
Total 

subjects

Rapid 
test

Positive 0 0 0

Negative 3 103 106

Total subjects 3 103 106

Seminal fluid (sampling A+B)

Real-time PCR

Positive Negative
Total 

subjects

Rapid 
test

Positive 0 0 0

Negative 11 209 220

Total subjects 11 209 220

Urine (sampling A+B)

Real-time PCR

Positive Negative
Total 

subjects

Rapid 
test

Positive 3 0 3

Negative 5 106 111

Total subjects 8 106 114
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Of the 11 subjects infected with C. trachomatis, 4 
(36%) were coinfected with Ureaplasma urealiticum 
and 2 (18%) with Candida albicans, as shown by 
sperm culture (not shown).

n DISCUSSION 

C. trachomatis infection is asymptomatic in most 
cases in both sexes and, if untreated, often leads 
to complications. It would therefore be useful to 
implement an adequate screening system for both 
women and men that offers a diagnostic test free 
of charge to those considered at risk, with the aim 
of reducing the spread of infection. This kind of 
screening program requires a sensitive, specific, 
inexpensive diagnostic test that can be executed 
easily and yield results quickly.
Currently, numerous laboratory techniques are 
used for the diagnosis of C. trachomatis, starting 
from different types of biological samples such 
as urethral swabs, cervical swabs, seminal fluid, 
and urine (Table 2). Rapid diagnostic tests have 
recently been developed for the detection of C. 
trachomatis antigens [17-19]. The antigenic speci-
ficities characteristic of chlamydiae are repre-
sented by MOMP (the main protein of the outer 
membrane), by LPS (a genus specific lipopolysac-
charide), by membrane proteins rich in cysteine 
(CRP), by thermo shock proteins (HSP) and by a 
membrane lipoprotein called MIP that stimulates 
the production of antibodies with neutralizing 
activity. Rapid immunochromatographic tests 

generally detect the bacterial LPS antigen [20, 21]. 
The main advantage of these tests consists in their 
extreme rapidity of execution and, consequently, 
their ability to yield a qualitative result in about 
30 min. The present study was therefore under-
taken to evaluate the performance characteristic 
(sensitivity and specificity) of a rapid, inexpen-
sive test based on immunochromatographic anal-
ysis, comparing its results to those obtained using 
real-time PCR, the gold standard in C. trachomatis 
testing. Furthermore, this study aims to evaluate 
whether the rapid test can be validated for the de-
tection of C. trachomatis in the seminal fluid used 
for sperm culture, thus avoiding the collection of 
urine specimens.
Our results clearly show that the rapid test based 
on immunochromatographic analysis is not suit-
able for detecting of C. trachomatis in semen since 
none of the samples tested positive (sensitivity 
0%), whereas 11 samples were found to be posi-
tive using real-time PCR as a reference method. 
Thus, seminal fluid cannot be considered a valid, 
reliable alternative to the matrices provided by 
the kit (urine and urethral swabs). The discordant 
results between the rapid test and PCR assay may 
stem from the fact that the small volume of semi-
nal fluid used in the test (0.5 ml) was insufficient 
for the detection of antigens, while it may have 
been sufficient for a method that involves nucleic 
acid amplification and thus allows a precise di-
agnosis even in those samples, such as seminal 
fluid, in which the pathogen may have little or 

Figure 1 - Prevalence of the in-
fection sustained by Chlamyd-
ia trachomatis by age group. 
The values relating to the 
number of tested subjects are 
shown on the left, while the 
prevalence values, expressed 
as a percentage, are shown 
on the right.
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zero viability or a very low microbial charge [22]. 
This finding agrees with the Centers for Disease 
Control and Prevention (CDC) and the Sexually 
Transmitted Infections (STI) diagnostic laboratory 
recommendations that state that infection with C. 
trachomatis should be diagnosed using susceptible 
and specific nucleic acid amplification tests [3]. 
Furthermore, real-time PCR also allows the quan-
tification of the amplification product [17, 18]. 
Our assessment of the sensitivity of the rapid test 
applied to urine samples showed a diagnostic 
performance (37.5%) that was well below that re-
ported by the manufacturers (91%). The difference 
in sensitivity between the rapid test performed 
on different samples, 0% and 37.5% in semen and 
urine, respectively, is probably due to differences 
in the bacterial loads in these samples. However, 
in any case, in the present study, the Chlamydia 
Rapid Test Device showed insufficient sensitivity 
to be recommended as a screening test and diag-
nostic tool to detect C. trachomatis in symptomatic 
and asymptomatic subjects. Furthermore, this 
rapid test is not useful for determining the out-
come of treatments because antigens may persist 
following antibiotic therapy.
Although real-time PCR is currently the gold 
standard for the diagnosis of C. trachomatis, nucle-
ic acid amplification techniques, however, have 
some disadvantages, including their relatively 
high cost and the fact that they must usually be 

performed in central laboratories, which involves 
the transport of samples and a consequent delay 
in the communication of results (about 3-5 days). 
Hence, given the high frequency of asymptom-
atic subjects, it would be useful to develop rapid 
screening tests with greater specificity and sen-
sitivity to manage the spread of the infection in 
the population. Such tests would be beneficial in 
areas where access to nucleic acid amplification 
tests may be limited.
Finally, the prevalence of infection in the sample 
group assessed in the present study was 5% when 
calculated based on seminal fluid testing, with a 
higher prevalence (13.5%) in the 15-24 age group, 
and 7% when calculated based on urine sample 
testing. In both cases, however, prevalence is in 
agreement with the Italian national data, and 
since the aim of this study was to evaluate the per-
formance of diagnostic kits, the prevalence data 
are weakly indicative. The findings in this study 
are subject to some limitations. First, the small 
volume of seminal fluid obtained from patients 
compromises antigen detection, resulting in low 
sensitivity of diagnosis. Secondly, for privacy rea-
sons, the health status of the subject is unknown, 
making impossible the correlation between C. tra-
chomatis and symptoms.
In conclusion, real-time PCR is currently the gold 
standard for the diagnosis of C. trachomatis, and 
the work also suggests that systematic screening 

Table 2 - Diagnostic tests for C. trachomatis.

Diagnosis Description Pros/cons

Cultural method Inclusion bodies identification 
(48-72 hours)

↑ High sensitivity and selectivity
↓ High variability 

IFA Immunofluorescence test by the 
use of a fluorescein-conjugated 
monoclonal antibody

↑ Rapid diagnosis (45 min)
↓ Low sensitivity

EIA/ELISA Immunoenzymatic tests for 
antigens (e.g. LPS, MOMP, …)

↑ Automatization
↓ Low sensitivity

PCR-based tests (NAAT) Amplification of C. trachomatis 
DNA 

↑ High sensitivity and precise diagnosis with null/low 
amount of viable bacteria

↓ High cost and specialized personnel required

Immunochromatographic 
tests

Detection of specific antigens ↑ Rapid tests and low costs
↓ Low sensitivity

Microimmunofluorescence 
Tests (MIFT)

Detection of specific antibodies ↑ Useful for chronic, invasive infection or re-infection

Cytologic analysis Colorimetric detection 
of inclusion bodies 
(May- Grunwald Giemsa) 

↑ Useful for ocular infection
↓ Low sensitivity (not recommended for genital  

or conjunctival infections
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that is still focused exclusively on women should 
also be extended to men considered at risk to help 
further reduce the spread of infection. 
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