
 

 

 

Review of Chlamydia trachomatis viability methods:
assessing the clinical diagnostic impact of NAAT
positive results
Citation for published version (APA):

Janssen, K. J. H., Dirks, J. A. M. C., Dukers-Muijrers, N. H. T. M., Hoebe, C. J. P. A., & Wolffs, P. F. G.
(2018). Review of Chlamydia trachomatis viability methods: assessing the clinical diagnostic impact of
NAAT positive results. Expert Review of Molecular Diagnostics, 18(8), 739-747.
https://doi.org/10.1080/14737159.2018.1498785

Document status and date:
Published: 01/01/2018

DOI:
10.1080/14737159.2018.1498785

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.1080/14737159.2018.1498785
https://doi.org/10.1080/14737159.2018.1498785
https://cris.maastrichtuniversity.nl/en/publications/83dd5685-ac63-4977-a352-e878ec43a336


Full Terms & Conditions of access and use can be found at
https://www.tandfonline.com/action/journalInformation?journalCode=iero20

Expert Review of Molecular Diagnostics

ISSN: 1473-7159 (Print) 1744-8352 (Online) Journal homepage: https://www.tandfonline.com/loi/iero20

Review of Chlamydia trachomatis viability methods:
assessing the clinical diagnostic impact of NAAT
positive results

Kevin J. H. Janssen, Jeanne A. M. C. Dirks, Nicole H. T. M. Dukers-Muijrers,
Christian J. P. A. Hoebe & Petra F. G. Wolffs

To cite this article: Kevin J. H. Janssen, Jeanne A. M. C. Dirks, Nicole H. T. M. Dukers-Muijrers,
Christian J. P. A. Hoebe & Petra F. G. Wolffs (2018) Review of Chlamydia�trachomatis viability
methods: assessing the clinical diagnostic impact of NAAT positive results, Expert Review of
Molecular Diagnostics, 18:8, 739-747, DOI: 10.1080/14737159.2018.1498785

To link to this article:  https://doi.org/10.1080/14737159.2018.1498785

Published online: 19 Jul 2018.

Submit your article to this journal 

Article views: 376

View related articles 

View Crossmark data

https://www.tandfonline.com/action/journalInformation?journalCode=iero20
https://www.tandfonline.com/loi/iero20
https://www.tandfonline.com/action/showCitFormats?doi=10.1080/14737159.2018.1498785
https://doi.org/10.1080/14737159.2018.1498785
https://www.tandfonline.com/action/authorSubmission?journalCode=iero20&show=instructions
https://www.tandfonline.com/action/authorSubmission?journalCode=iero20&show=instructions
https://www.tandfonline.com/doi/mlt/10.1080/14737159.2018.1498785
https://www.tandfonline.com/doi/mlt/10.1080/14737159.2018.1498785
http://crossmark.crossref.org/dialog/?doi=10.1080/14737159.2018.1498785&domain=pdf&date_stamp=2018-07-19
http://crossmark.crossref.org/dialog/?doi=10.1080/14737159.2018.1498785&domain=pdf&date_stamp=2018-07-19


REVIEW

Review of Chlamydia trachomatis viability methods: assessing the clinical diagnostic
impact of NAAT positive results
Kevin J. H. Janssena*, Jeanne A. M. C. Dirksa*, Nicole H. T. M. Dukers-Muijrersa,b, Christian J. P. A. Hoebea,b

and Petra F. G. Wolffsa

aDepartment of Medical Microbiology, Care and Public Health Research Institute (CAPHRI), Maastricht University Medical Center (MUMC+), Maastricht,
The Netherlands; bDepartment of Sexual Health, Infectious Diseases and Environmental Health, South Limburg Public Health Service, Heerlen, The
Netherlands

ABSTRACT
Introduction: Chlamydia trachomatis (chlamydia) is the most commonly diagnosed bacterial sexually
transmitted infection (STI) worldwide. The advancement of molecular techniques has made chlamydia
diagnostics infinitely easier. However, molecular techniques lack the information on chlamydia viability.
Where in routine diagnostics the detection of chlamydia DNA or RNA might suffice, in other patient
scenarios, information on the viability of chlamydia might be essential.
Areas covered: In this review, the authors discuss the specific strengths and limitations of currently
available methods to evaluate chlamydia viability: conventional cell culture, messenger RNA (mRNA)
detection and viability-PCR (V-PCR).

PubMed and Google Scholar were searched with the following terms: Chlamydia trachomatis, Treatment
failure, Anal chlamydia, Microbial viability, Culture, Viability-PCR, Messenger RNA, andMolecular diagnostics
Expert commentary: Several techniques are currently available to determine chlamydia viability and
thus the clinical relevance of a positive test result in clinical samples. Depending on the underlying
research question, all three discussed techniques have their merits when testing for viability. However,
mRNA methods show the most promise in determining the presence of a true infection, in case the
chlamydia reticulate body can be specifically detected. Further research is needed to understand how
to best apply viability testing in current chlamydia diagnostics.
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1. Introduction

Chlamydia trachomatis (chlamydia) is the most common bac-
terial sexually transmitted infection (STI) globally. A total num-
ber of 131 million new cases of chlamydia infections occurred
in adults worldwide in 2012 [1]. Chlamydia trachomatis strains
can be divided into three biovars, based on clinical implica-
tions and pathogenesis, and can be further subtyped into
serological variants (serovars); the ocular trachoma biovar (ser-
ovar A-C), genital biovar (serovar D-K), and the invasive lym-
phogranuloma venereum (LGV) biovar (serovar L1-L3) [2]. The
clinical picture is highly variable, and ranges from virtually no
symptoms to symptoms of urethritis, intermenstrual bleeding,
and vaginal or urethral discharge [3]. Complications arise
mostly in women where chlamydia can result in pelvic inflam-
matory disease (inflammation of female reproductive organs),
which in turn can lead to chronic abdominal pain, ectopic
pregnancy and tubal factor infertility [3].

Chlamydia is an obligate intracellular microorganism, and
requires its host for essential nutrients. Its life cycle consists of
two main stages: a spore-like form which can exist outside
host cells and infect new cells, the so-called elementary body
(EB), and the replicating, intracellular form known as the

reticulate body (RB). The chlamydia life cycle can enter a
third stage when exposed to certain stressors, like interferon
gamma, penicillin or iron-depletion, where the organism is
metabolically active, but does not divide and continues to
increase in size. This stage is called an aberrant body (AB) [4].

The diagnosis of chlamydia has changed much in the last
decades. Where chlamydia was initially diagnosed using cell-
culture, now it is diagnosed via nucleic acid amplification tests
(NAATs). Current commercially available NAATs target chlamy-
dia DNA or RNA with high specificity (>99%) and sensitivity
(>90%), and are theoretically able to detect a single copy of
target sequence [5–8]. Chlamydia testing can be performed
using urine, vaginal swabs, cervical swabs, oral swabs and anal
swabs. Self-collected samples (i.e. urine, vaginal swabs and
anal swabs) have been validated to be equally suitable as
compared to specimens collected by a clinician [9–12]. With
the advancement of molecular techniques the diagnosis has
become easier, but it also exposed the sheer number of
people infected; a number which is still increasing to date [1].

The clinical relevance of a chlamydia infection diagnosedwith
culture is apparent, and the patient will receive immediate treat-
ment. Usually, a chlamydia positive NAAT result will also be
interpreted as evidence of a chlamydia infection and thus be
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considered clinically relevant. As a direct consequence the
patient will receive treatment. There are, however, patient sce-
narios where the clinical interpretation of a chlamydia positive
NAAT test is unclear. In such cases, it would be beneficial to
determine the viability of chlamydia to assess if an actual infec-
tion is present. This viability cannot be assessed with the cur-
rently used routine NAAT. The viability has been defined as the
ability to live, and certain criteria must be met: able to maintain
membrane integrity (protection from external environment),
active metabolism (self-maintenance/energy uptake and pro-
duction of proteins) and reproduction (culturability) [13].

In the following paragraphs, three patient scenarios will be
described where viability testing could provide new insights
regarding the clinical diagnostic impact of chlamydia NAAT
positive results.

The first scenario in which the clinical implication of NAAT
positive results are unclear is the persistent detection of chlamydia
after treatment. Several reports have demonstrated that there is
constant or intermittent detection of chlamydia DNA after first-line
treatment, even in patient groups with a very low risk of re-
infection [14–17]. The clinical relevance of these positive tests is
unknown, and it is unclear whether this represents a persistent
infection or is due to the detection of remnant DNA originating
from dead chlamydia. As a result, a test-of-cure for chlamydia after
treatment is currently not recommended [18–20].

The second scenario in which the clinical implication of
NAAT positive results are unclear concerns women with a
concurrent genital and anal infection. Recent studies have
indicated that anal chlamydia infections are much more com-
mon in women than was previously thought. Of all women
with a genital infection, 33–83% has a concurrent anal infec-
tion [21–26], and 71–95% of women with an anal infection has
a concurrent genital infection [22,25,27–30]. Notably, the
majority of these women did not report anal intercourse or
the use of anal toys as a possible source of infection [29].
Possible explanations include underreporting of anal sex, con-
tamination in the laboratory, contamination during self-sam-
pling (e.g. accidentally touching the vagina or perineum
before sampling anally), inoculation of the rectum with chla-
mydia (no infection -yet, but superficial presence of bacteria),
and a ‘true’ infection through auto-inoculation via seepage of
infected vaginal secretions [21,25] or via the digestive tract
[31,32]. Here, it needs to be determined if the detected bac-
teria are alive, and if so, whether this represents a true (intra-
cellular) infection or not. These answers are particularly critical
as the treatment for a genital infection differs from the treat-
ment of an anal infection in most countries [18–20].

Finally, for the third scenario, it has been demonstrated that
chlamydia infections may clear spontaneously, or they may
persist for several months or years [33–35]. It is currently
unclear exactly what determines if an infection will be resolved,
but it is known that infections with a low bacterial load are
cleared more easily [36,37]. These studies were performed with
NAAT, so it is unknown whether low loads are remains of
bacteria already eliminated by the immune system or if they
are viable bacteria. Also in this scenario the assessment of the
viability of chlamydia could provide crucial answers [38].

The abovementioned cases are encountered in daily prac-
tice and illustrate the need for viability assessment. Several

methods have been proposed to evaluate the viability of
microorganisms based on the above mentioned viability cri-
teria. Here, we review the specific strengths and limitations of
currently available methods to evaluate chlamydia viability:
conventional cell culture, mRNA detection, and viability-PCR.
In all three methods, specimen collection and transport con-
ditions should be optimized to retain chlamydia viability until
laboratory assessment.

2. Chlamydia viability assays

2.1. Culture

Bacterial culture is the most conventional method applied in
medical microbiology laboratories for the isolation of many
pathogens. Furthermore, culture methods are extensively
applied to demonstrate the ability (or inability) of a microor-
ganism to multiply in predetermined culture medium and
laboratory conditions. Also for viability assessment in chlamy-
dia, culturing is still the gold-standard methodology, as it
assesses all necessary criteria (membrane integrity, active
metabolism and reproduction).

Chlamydia is an obligatory intracellular bacterium that
requires host cells for reproduction, whichmakes it a challenging
organism to cultivate. Chlamydia was initially propagated in
embryonated hen eggs and later in a more convenient tissue
culture system [39]. Today, most commonly used host cell types
for the propagation of chlamydia are the HeLa-229 cells derived
from human cervical adenocarcinoma and the McCoy cells
derived from mouse fibroblasts [40]. Host cell infection is usually
facilitated by centrifugation assisted inoculation or pretreating
host cells with diethylaminoethyl-dextran, both altering host cell
membranes to enhance EB adhesion and entry [41]. To further
increase culture sensitivity, culture medium of inoculated mono-
layers is supplementedwith cyclohexamide. Cyclohexamide inhi-
bits eukaryotic protein synthesis but has no effect on
prokaryotes, allowing chlamydia to outcompete host cells for
the acquisition of nutrients and preventing host-cell overgrowth
[42,43]. Following an incubation period of 48–72 h, the infected
cells are usually fixed and stained with fluorescently labeled
monoclonal antibodies targeting chlamydia genus specific lipo-
polysaccharides or biovar-specific targets such as themajor outer
membrane protein (MOMP) [44]. Chlamydia culture has mainly
been correlated to clinical parameters like symptoms, but has
also been used as a test-of-cure [17].

2.1.1. Strengths and limitations
The observation of typical intracytoplasmic inclusions together
with the specific fluorescently stained chlamydia contributes
to the high specificity of culture methods, which approaches
100% specificity (Table 1). Therefore, chlamydia culture fol-
lowed by immunofluorescence microscopic evaluation is the
traditional gold standard method for the diagnosis of chlamy-
dia infection and represents the definitive method for the
evaluation of viability [45]. However, traditional culture meth-
ods are also known for their relative low sensitivity compared
to modern NAATs, which has been reported to be as low as
50% [46,47]. This sensitivity may be further reduced by culture
overgrowth by commensal bacteria [47]. Recently, however,
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Shao et al. demonstrated an increased culture sensitivity by
performing additional in vitro passages compared to standard
protocols and reported a culture sensitivity of 80% after three
blind culture passages [48], but this will lengthen the time to
diagnosis even more. Culture methods have mostly long turn-
around times of at least 24 h and up to 3 days post infection
without additional in vitro passages and with its labor inten-
sive and demanding procedure, chlamydia culturing is not
available in most routine laboratory settings.

2.2. Detection of messenger-RNA

The introduction of NAAT expanded the toolbox of medical
microbiology laboratories to diagnose chlamydia infections
with high sensitivity and specificity. However, NAAT cannot
differentiate between DNA originating from viable and dead
bacteria. In contrast, messenger-RNA (mRNA) molecules are
known to be short-lived, with half-lives in the range of min-
utes, and thus detection of mRNA represents the presence of
viable (metabolically active) bacteria [49].

RNA-based approaches have been applied in various
research fields, on a wide variety of microorganisms, and by a
diversity of laboratory methods, of which reverse transcriptase
(RT)-PCR is the most commonly applied method to evaluate
gene expression levels [50–52]. The RT-PCR method globally
consists of two stages: first the extracted RNA is converted to
complementary DNA (cDNA) using reverse transcriptase.
Subsequently, the cDNA serves as template for amplification
and detection of target genes by PCR or quantitative PCR.

Several approaches have been described which implemen-
ted detection of mRNA as a marker for chlamydia viability.
Generally, these approaches can be used to address two
important knowledge gaps regarding the diagnosis of an
ongoing infection: it is unknown (i) whether the detected
chlamydia are viable or not and (ii) in which stage of the life
cycle (EB, RB or AB) the detected chlamydia are.

First, to be able to use mRNA as a marker of viability it is
necessary to monitor the decay rates of mRNA in chlamydia.
Ferreira et al. [53] demonstrated a large variability in the decay
rate (expressed as a half-life time [t1/2]) of chlamydia mRNA,
with a maximum of ~5000 min (majority <65 min), which
varied greatly per chlamydia strain. This contrasts with that
of other (facultative intracellular) bacteria which have shown a
maximum of ~35 min. In spite of the variable decay rate,
researchers have implemented mRNA as a viability marker to
monitor anti-chlamydia treatment efficiency [54–59]. Studies
on chlamydia susceptibility usually applied multiple targets
encoding heat-shock protein 60 (HSP60; groEL), unprocessed
16S rRNA (16S precursor rRNA), or genes encoding for one of
the outer membrane proteins (omcA, omcB). To our knowl-
edge, there are no studies that have applied chlamydia mRNA
as a test of cure in clinical samples.

Regarding the second knowledge gap, mRNA detection
has been used to study gene expression during the different
life stages of chlamydia [60–62]. During the chlamydia life
cycle, three temporal stages of gene expression have
become apparent: Early expressed genes (detection at 2 h
post infection) encode for proteins involved in EB to RBTa
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differentiation, such as 16S rRNA and rpoB (β subunit of RNA
polymerase). Typical genes of which expression is initiated at
mid-cycle stage (6-12h post infection) encode for proteins
involved in growth and replication of RBs, such as ompA
(encoding for MOMP) and incA (inclusion membrane pro-
tein). Late-cycle genes (20 h post infection) typically encode
for proteins involved in RB to EB differentiation, such as hctA
(histone H1 homologue) and omcB (outer membrane pro-
tein). In ABs, proteins for division and replication are down-
regulated (such as omcA and omcB) while stress-proteins
(such as HSP60) are upregulated [63].

2.2.1. Strengths and limitations
The main strengths of the use of mRNA for determination of
chlamydia viability are the shorter time to results when com-
pared to culture as well as the high specificity and sensitivity
of this method. Furthermore, this approach can detect the
transcription of life-stage-specific genes, which is not possible
with other methods.

However, due to its chemically labile composition, working
with mRNA as a template can be challenging. RNA is more
susceptible for degradation by heat than DNA and should be
kept on ice during the complete workflow. Moreover, RNA can
be degraded easily by ribonuclease (RNAse) activity, thus the use
of RNAse inhibitors is highly recommended [64]. In addition,
caution must be taken when interpreting results, as RNA purifi-
cation methods do not always completely eliminate genomic
DNA which can result in false positive results. Furthermore, there
is no consensus on how long mRNA persists after chlamydia
death, and how much this differs between different tran-
scripts [53].

2.3. Viability-PCR

NAATs are known to amplify the targeted nucleic acids with-
out discriminating between DNA originating from viable or
dead bacteria. However, implementation of membrane-
impermeable DNA intercalating dyes (e.g. propidium mono-
azide; PMA) as a sample preparation step before conducting
NAAT has shown to be a promising approach for the selective
detection of viable bacteria. In this approach, called viability-
PCR (V-PCR), the distinction between viable and dead bacteria
is based on membrane integrity. V-PCR consists of incubating
the sample with a DNA intercalating dye which can only pass
compromised membranes. Upon photoactivation, the DNA
intercalating dye irreversibly binds to the exposed DNA,
which in turn prevents amplification by PCR [65–67].
Subsequently, the observed difference in bacterial load
between the PMA treated and untreated sample correlates
with the bacterial viability in the original sample. The amount
of dead bacteria is greater with increasing differences in the
observed cycle of quantification values (Cq).

Nogva et al. utilized ethidium monoazide (EMA) as a sample
treatment agent, which upon photoactivation binds covalently
to DNA and subsequently prevents amplification of exposed
DNA [66,68]. Although this method showed promising results
in different bacterial species [65,69–71], EMA treatment can
result in loss of more than half of the genomic DNA of viable
cells [67]. Therefore, the newly developed viability dye

propidium monoazide (PMA) has been introduced as an alter-
native viability dye [67]. Since, V-PCR has been successfully
applied in the detection of viable microorganisms in clinical
[72], food [73–75], and environmental samples [76–78].

To this date, only one study by our group implemented the
V-PCR method to assess chlamydia viability in clinical samples
[79]. V-PCR showed that the majority (64%) of vaginal swabs
taken before treatment, contained 10% or more viable chlamy-
dia. However, one–third (34%) of the samples contained <1%
viable bacteria [79]. Furthermore, it has been demonstrated that
V-PCR results correlate with the results of chlamydia culture
[Manuscript in preparation]. While these studies have shown
that V-PCR is a feasible and valid method to assess chlamydia
viability in anal and genital swab samples, validation of this
method for other sample types is still needed. This method is
currently being applied in a large multicenter follow-up study in
the Netherlands (FemCure study) to study chlamydia viability in
women after treatment [80].

2.3.1. Strengths and limitations
V-PCR has been successfully implemented as a chlamydia
viability assay, it combines the ability to distinguish viable
from dead bacteria with the high sensitivity, specificity, and
short turnaround time of NAAT. Furthermore, V-PCR is an easy
to use method, as only a short sample preparation step is
needed in addition to the normal routine workflow.

The main limitation of this approach is that viability is solely
based on membrane integrity. It has been demonstrated that
bacterial viability can be lost without a direct effect onmembrane
permeability, resulting in a potential overestimation of viability.
Cangelosi et al. [81] reviewed how surfactants and oxidative
disinfectants directly results in membrane damage, while antibio-
tics indirectly cause loss of membrane integrity over hours or
days. Furthermore, there is a risk of underestimation of viability
when the bacterial load in a sample is close to the limit of
detection. V-PCR is based on the Cq difference in two samples,
where the removal of free DNA by PMA-treatment may increase
the resulting Cq value. In samples with a low bacterial load how-
ever, this shift in Cq value may exceed the detection limit of the
qPCR, resulting in the absence of a signal. Consequently, it is
unclear whether the sample contains an undetectable amount
of viable bacteria, or no viable bacteria at all.

3. Conclusion

To date, three different methodologies are being used in
research settings to assess chlamydia viability: i.e. culture,
detection of mRNA and V-PCR. None of these methods are
used in practice yet as a test-of-cure or to assess viability for
patient management.

Chlamydia culture represents a highly specific method for
chlamydia viability, and is still the gold standard. It assesses all
viability-criteria simultaneously: membrane integrity, active
metabolism and reproduction. An additional advantage of
culture techniques is the possibility of downstream analysis
on isolated clinical strains such as antimicrobial resistance
monitoring and genotyping. Therefore, maintaining laboratory
expertise in chlamydia culture is still needed.
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The detection of mRNA shows promising results as a poten-
tial marker for chlamydia viability, as it can be used to assess
active metabolism. Its half-life is relatively short (minutes-
hours) and as such is regarded as a marker of viability and it
can be used to establish the presence of certain stages in the
chlamydia life cycle. However, the sample handling can be
challenging. Future studies should investigate the mRNA
degradation time, to establish when mRNA can reliably be
used to test viability, and which targets are most appropriate.

In recent years, V-PCR has been implemented for the via-
bility assessment in a wide variety of organisms including
chlamydia. V-PCR demonstrates an intact membrane as a
proxy of bacterial viability, but here too it needs to be estab-
lished at what time chlamydia membranes become permeable
after loss of viability, and if this differs between antibiotics.

In short, mRNA and V-PCR are promising alternatives for
traditional cell culture when assessing chlamydia viability.

4. Expert commentary

The advancement of molecular techniques has made the diag-
nosis of chlamydia infections infinitely easier when compared to
the time when chlamydia diagnoses were based on tissue cul-
ture. However, the drawback of this development is the lack of
information on chlamydia viability. Whereas in routine diagnos-
tics, the detection of chlamydia DNA or RNA might suffice, in
other patient scenarios, information on the viability of chlamydia
might be essential. In fact, there are overall two knowledge gaps
that can be identified regarding chlamydia viability: it is
unknown (i) whether the detected chlamydia are viable or
dead and (ii) if the detection of a chlamydia genome represents
a true infection or not. When addressing issues such as the
persistence of chlamydia after treatment or in the case of a
test-of-cure, the answer to the question whether the bacteria
are alive, will by itself provide the necessary information. For
example, when replicating bacteria are detected after treatment
this is strongly indicative of treatment failure. All three currently
used techniques to assess chlamydia viability (i.e. cell culture,
mRNA, and V-PCR) can effectively address this issue, provided
sampling and transport conditions has not diminished potential
chlamydia viability. The choice of technique ultimately depends
on the availability of culture facilities and laboratory expertise.

There are however, other clinical questions that need addi-
tional information in order to be answered. For example, when
considering the clinical relevance of anal chlamydia detection in
women, the answer lies in establishing whether women are
indeed infected with chlamydia or whether NAAT positivity
represents the superficial presence of chlamydia. Establishing
that chlamydia is alive, will only provide part of the answer and
proof or indication of the presence of infection is needed, rather
than the presence of living bacteria. There are several
approaches one could envision to indicate the presence of infec-
tion. Using immunofluorescent staining to detect intracellular
chlamydia (i.e. detection of RBs) in tissue biopsies would provide
the ultimate proof that a chlamydia infection is present.
However, due to its invasiveness and low sensitivity this method
is rarely used. The specific detection of RBs using other methods,
could be equally valuable. Themost promisingmethod to date is
the detection of life-stage specific mRNA. Different studies have

already shown differential expression of certain mRNAs in vitro
[60–62]. However, to our knowledge, this method has not yet
been able to make the distinction between RB and EB, or speci-
fically detect RBs, in clinical samples.

A completely different approach could be to detect human
markers of infection. However, there are to date no specific
biomarkers which can be used to prove the presence of a
chlamydia infection, but mucosal antibodies have been inves-
tigated in this light [82].

In short, several techniques exist to determine viability and
thus the clinical relevance of a positive NAAT result in clinical
samples. When the question of viability arises it is important to
distinguish two aspects: the chlamydia viability and the pre-
sence or absence of a chlamydia infection. Each aspect can be
investigated by a distinct technique. All three techniques have
their merits when testing for viability, but mRNA shows the
most promise in determining the presence of a true infection,
in case RB can be specifically detected.

5. Five-year view

The field of chlamydia viability testing has only recently gained
more attention, when clinically relevant questions beyond the
scope of routine diagnostics, needed to be answered. When
foreseeing the future in this growing area, there are two impor-
tant issues to consider. First of all, which technologies can be
further developed or might enter the field, and second of all,
how can current or future technologies for chlamydia viability
testing impact diagnosis and treatment policies.

Looking at which technologies might impact the field in the
future, it is clear that the developments regarding V-PCR and
mRNA detection are highly promising. Both methods have the
potential to be automated, which is a valuable aspect for the
implementation in a high throughput workflow or a point-of-
care setting. However, several questions still need to be
answered: for V-PCR more information is needed about when
the chlamydia membrane becomes permeable. While in the
area of mRNA detection results on how long mRNA persists in
the human body need to be corroborated, and further research
is needed to show which gene(s) would be most suitable as a
marker of chlamydia viability as well as for differentiation or
detection of the specific chlamydia life-stages in clinical sam-
ples. While these technologies have already shown much pro-
mise in the field of chlamydia viability, other techniques could
also be employed in the future. Several techniques have been
successfully applied to other microorganisms. Such techniques
include, the use of propidium iodide in combination with flow
cytometry, and bioluminescence assays to determine ATPase
activity, or the use of human local tissue markers such as
antibodies [82] or excreted vesicles [83,84].

Regarding the future of viability testing in chlamydia, it is
also important to consider how viability testing might impact
the field of chlamydia diagnosis and treatment. In this review
we have addressed three patient scenarios. Looking at the
clinical relevance of anal chlamydia detection in women, it is
clear that studies assessing whether this detection indicates
true infections can directly impact patient care. According to
current guidelines, women are only tested for anal chlamydia
when showing symptoms or when indicating having anal sex
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[18–20]. However, studies have shown that anal chlamydia
detection is as common in women without these indications
as it is in women with such testing indications [21–26,28].
When anal chlamydia detection is shown to be associated
with true infections, anal NAAT testing would likely become
part of the recommended testing routine.

It is known that chlamydia infections can be subject to
natural clearance. A recent study using V-PCR suggested that
a significant proportion of samples from chlamydia positive
women attending an STI clinic showed less than 1% viable
chlamydia [79]. Currently, all NAAT-positive patients are receiv-
ing antibiotic treatment regardless of the chlamydia viability
status. Perhaps, in the future when rapid viability testing
methods such as mRNA detection or V-PCR are more widely
implemented, patients with no evidence of viable chlamydia
will no longer require antibiotic therapy.

Finally, viability testing could have an even stronger impact in
the follow-up of persistent chlamydia detection after treatment.
Currently, performing a test-of-cure is not recommended due to
the prolonged detection of chlamydia DNA or RNA after treat-
ment. If, research would show that viable chlamydia can be
detected in such cases, treatment regimens could be directly
impacted as this is a strong indication of treatment failure.
Furthermore, performing a test-of-cure could be introduced
when chlamydia detection could be combined with viability
testing. With the introduction of mRNA detection or V-PCR,
sensitivemethods have become available that can be implemen-
ted in high-throughput routine diagnostics in the near future.

Key issues

● Bacterial viability is based on three criteria: membrane
integrity, active metabolism, and reproduction, which can
be assessed through culture.

● Chlamydia trachomatis cell culture has a notoriously low
sensitivity, which is why current diagnostics is based on
nucleic acid amplification tests (NAAT). Because NAAT can-
not make the distinction between viable and non-viable
bacteria, alternative methods are being investigated, such
as messenger RNA (mRNA) or viability-PCR (V-PCR).

● mRNA is produced by metabolically active bacteria, and has
been used to differentiate different life stages of the chla-
mydia life cycle. However, it is technically demanding, and
it is unknown how long mRNA can persist in the human
body after chlamydia death.

● V-PCR prevents the amplification of bacteria with compro-
mised membranes, thus providing a measure of the viable
bacteria in a sample. It has been shown to correlate to
chlamydia viability in vitro, but needs to be validated in larger
clinical studies. Here too, it is unknown how long membranes
remain intact in the human body after chlamydia death.

● Chlamydia viability assays may in the future be applied as a
molecular test-of-cure after treatment, or to assess the viabi-
lity in diagnostic samples. Differentiating elementary bodies
from reticulate bodies could provide valuable insights into
the relevance of positive anal chlamydia NAATs.

● With the introduction of mRNA detection or V-PCR, sensitive
methods have become available that can be implemented in
high-throughput routine diagnostics in the near future.
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