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Submitted: 2021-11-15 Diagnosis of Neisseria gonorrhoeae infection is needed for patient therapy and
Accepted :2022-01-12 for reducing this bacterial transmission in the population. The culture method

is a gold standard method for N. gonorrhoeae detection, however, it has low
sensitivity. Among molecular methods with high sensitivity and specificity,
SYBR Green real-time PCR is the potential method for N. gonorrhoeae detection.
In this study, we developed an SYBR Green real-time PCR-based system assay
for N. gonorrhoeae detection. Several PCR conditions were optimized and
analyzed including primer annealing temperature, DNA template volume, the
limit of detection (LoD), cross-reaction with others (bacteria, viruses, fungus,
and protozoa), and quality assurance. The results showed that the annealing
temperature and DNA template volume were 60°C and 5 uL, respectively. The
LoD was 29 DNA copies corresponding to 3 bacterial cells per reaction. No
cross-reaction was detected for other bacteria, viruses, fungus, and protozoa.
The external quality assurances enrolled in 2019 and 2021 showed 100%
concordance. The preliminary testing for clinical samples was also 100%
concordance. In conclusion, the SYBR Green real-time PCR-based system assay
developed in this study is promising for application in clinical laboratories.

ABSTRAK

Diagnosis infeksi Neisseria gonorrhoeae diperlukan untuk pengobatan pasien
dan untuk menurunkan peneyebarannya dalam populasi. Metode kultur
merupakan standar emas untuk deteksi N. gonorrhoeae, namun sensitivitasnya
rendah. Di antara metode molekular dengan sensitivitas dan spesifisitas tinggi,
SYBR Green real-time PCR adalah metode yang potensial untuk deteksi N.
gonorrhoeae. Dalam penelitian ini sebuah metode pengujian berbasis SYBR
Green real-time PCR telah dikembangkan. Beberapa kondisi PCR dioptimasi
dan dianalisis termasuk suhu annealing primer, volume templat DNA, limit
deteksi (LoD), reaksi silang dengan mikroorganism lain seperti bakteri,
virus, jamur, dan protozoa serta uji jaminan kualitasnya. Hasil penelitian
menunjukkan suhu primer annealing dan volume DNA templat berturut-turut
adalah 60 °C dan 5 pL. Batas deteksi (LoD) DNA adalah 29 salinan atau sekitar 3

Keywords: sel bakteri per reaksi. Tidak ada reksi silang dengan bakteri lain, virus, jamur,
Neisseria gonorrhoeae; dan protozoa. Kesesuaian pemantapan mutu eksternal yang diikutkan pada
PCR; tahaun 2019 dan 2021 mencapai 100%. Pengujian tahap awal untuk sampel
SYBR Green; klinis juga menunjukkan hasil 100%. Dapat disimpulkan, pengembangan
sensitivity; metode pengujian berbasis SYBR Green real-time PCR dalam penelitian ini
specificity menjanjikan untuk diaplikasikan dalam laboratorium klinis.
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INTRODUCTION

Gonorrhea is a sexually transmitted
disease (STD) caused by Neisseria
gonorrhoeae.! In the male, the disease
is usually symptomatic such as urethral
discharge, dysuria, and testicular
pain.? In females, gonorrhea is often
asymptomatic and the individuals
may not be aware of it.?* However,
some individuals are symptomatic
such as vaginal discharge, dysuria,
lower abdominal and/or rectal pain,
dyspareunia, and abnormal uterine
bleeding.? Untreated gonorrhea in
females can cause pelvic inflammatory
disease that will lead to chronic pelvic
pain and cause infertility and ectopic
pregnancy.>*

In 2016, WHO reported 87 million
new cases occurred among adolescents
and adults aged 15-49 years worldwide,
with a global rate of 20 per 1000
women and 26 per 1000 men.® The
highest prevalence of gonorrhea in the
African region was 1.9% (women) and
1.6% (men), followed by other regions,
namely America was 0.9% (women) and
0.8% (men), Western Pacific was 0.9%
(women) and 0.7% (men), and Europe
was 0.3% in women and men.® In Europe,
ECDC reported 100.673 confirmed
gonorrhea cases in 2018. The highest
rates (>30/100000 population) were
reported in the United Kingdom, Ireland,
Denmark, and Norway. Meanwhile,
the lowest rates (<1 per 100 000) were
reported in Bulgaria, Croatia, Cyprus,
Poland, and Romania.” In the United
States, there were 616.392 gonorrhea
cases in 2019, which prevalence in men
is higher than in women.® In South-
East Asia, gonorrhea had decreased by
two-thirds, from 118 million in 1990 to
39 million in 2012.21° In Indonesia, the
prevalence of gonorrhea is still high in
asymptomatic cases in men (56.2%),
women (33.0%), and trans-women
(10.8%).1

To prevent and reduce gonorrhea

transmission, screening, and testing of
risk populations should be addressed.'?
Early diagnosis is important to perform
for asymptomatic and symptomatic
individuals.’* There are some
microbiological methods to support the
diagnosis of gonorrhea, such as culture
(gold standard), microscopy, biochemical
test, chromogenic enzyme substrate
test, immunoassay, and nucleic acid
method.’>* The ideal diagnostic test
for screening N. gonorrhoeae should be
sensitive, specific, easy to use, rapid, and
affordable.?

Among those alternatives, nucleic
acid amplification technologies (NAATS)
based on the real-time Polymerase
Chain Reaction (qPCR) method are the
best solution. It is a rapid, sensitive,
and specific method to identify the N.
gonorrhoeae infection.'?* There are
two types of qPCR assays, SYBR Green
and Tagman probe. The Tagman probe
assay is based on double (fluorescence
and quencher) labeled oligonucleotide,
whereas the SYBR Green assay is based
on the binding of the florescent dye to
dsDNA.?> Both methods are sensitive
and specific to detect a specific gene
target.’® However, SYBR Green is simpler
and more economical than the Tagman
probe assay.'” Therefore, in this study
we developed an assay system based on
SYBR Green qPCR for the detection of N.
gonorrhea.

MATERIALS AND METHODS
Clinical specimen

Twenty cervical swab samples
(Collection of Clinical Microbiology
Laboratory, Faculty of Medicine
Universitas Indonesia) were used for
a preliminary trial of the optimized
assay system developed in this study.
The 10 samples have been confirmed as
N. gonorrhoeae positive and the other
10 samples have been confirmed as N.
gonorrhoeae negative. The confirmation



test was conducted by VITEX 2 NH
(BioMerieux). This study was approved
by the Ethics Committee, Faculty of
Medicine, Universitas Indonesia (KET-
667/UN2.F1/ ETIK/PPM.00.02/2020).

Positive control

Genomic DNA of N. gonorrhoeae
ATCC 43069 was used as a positive
control for optimization of SYBR Green
qPCR assay developed in this study.

DNA extraction

DNA extractions from cervical swab
samples and isolate N. gonorrhoeae ATCC
43069 were performed by using QIAamp
DNA Mini Kit (Qiagen) according to the
manufacturer’s instruction, with 40 pL
final elution. The extracted DNA samples
were stored at -35°C.

Primers

Forward (5’-GTT GAA ACA CCG CCC
GG-3’) and reverse (5’-CGG TTT GAC CGG
TTA AAA AAA GAT-3’) primers were used
in qPCR assay as reported by Geraarts-
Peters et al.'®

SYBR Green qPCR assay

The qPCR Assay was performed by
the following formulation (20 pL of re-
action volume): 1x SensiFAST SYBR No-
ROX Mix (Bioline, Cat. no: BIO-98005),
0.3 uM each of primer, and 4 pl of DNA
template. The thermal cycles were per-
formed by the following condition (LC96,
Roche): 95°C for 3 min; 45 cycles at 95°C
for 10 sec, 60°C for 30 sec, and 72°C for 30
sec; and temperature melting (Tm) anal-
ysis following standard machine setting
(LC96, Roche).

Optimization of primer annealing
temperature and DNA template

volume

To obtain the optimal primer
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annealing temperature, a PCR gradient
wasperformedusing arange ofannealing
temperatures (54, 55.5, 58, 60.7, 62.9, and
64°C). A comparison of DNA template
volume was performed to know the
possible PCR inhibitor contained in elute
solution of the DNA extraction result. The
PCR inhibitor analysis was performed by
comparing the DNA template volumes of
3,4,and 5 pul.

Limit of detection (LoD)

LoD of the qPCR was determined
by serial dilution of DNA concentration.
Minimal DNA detection was defined as
the lowest DNA concentration which can
be detected by the qPCR. To obtain the
DNA copy number as LoD, Avogadro’s
calculator was used (cels.uri.edu/gsc/
cndna.html).
Cross-reaction over other
microorganisms

The potential cross-reaction of the
gPCR assay was evaluated against bacte-
ria, fungi, viruses, and protozoa.
Internal and external
assurance

quality

Internal quality assurance of qPCR
assay was conducted by using negative
and positive controls of N. gonorrhoe-
ae ATCC 43069 DNA genomes. External
quality assurance was assessed by QCMD
EQA Management System (Scotland, The
United Kingdom) in 2019 and 2021.

RESULTS
SYBR Green qPCR assay

To obtain the optimal reaction
formulation and condition, several
parameters were optimized, including
annealing temperature, DNA template
volume, LoD, and potential cross-
reaction with other microbes. Based
on the annealing temperature analysis
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result, the melting peaks resulting
from temperatures 55.5 (E), 58 (C), and
60.7°C (D) showed the overlapped peaks
(FIGURE 1A). Considering the specificity
of primers, we set the annealing

temperature at 60°C. For DNA template
A

volume, the melting peak from the DNA
template volume of 5 pL. was slightly
above the melting peak from that of 4 pL
(FIGURE 1B); therefore, we set the DNA
template volume at 5 pL.
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FIGURE 1. The qPCR results. A) th

e gradient annealing temperatures of 54

(A), 55.5(B), 58 (C), 60.7 (D), 62.9 (E), and 64°C (F). B) the DNA
template volumes of 3 (A), 4 (B), and 5 ul (C).

The specificity of the primers used
in the qPCR was in silico analyzed on
Primer-BLAST GenBank. The results
showed that the primers only bind
with the N. gonorrhoeae (data not
shown) target gene. Consistently, the
qPCR assay was specifically detected
N. gonorrhoeae with no cross-reaction
with other organisms such as bacteria

M. leprae, Bordetella pertussis, C.
pneumonia, Helicobacter phylori,
Legionella pneumophilae, Leptospira,
Mycoplasma pneumonia, Salmonella
enterica, Streptococcus pneumonia),
fungi (Pneumocystis jirovecii), viruses
(Cytomegalovirus, Herpes Simplex Virus,
Epstein-Barr Virus, Varicella Zoster
Virus, Influenza A & B, Rubella virus),

(V. meningitidis, Mycobacterium
tuberculosis, Chlamydia trachomatis,

and protozoa (Toxoplasma) (FIGURE 2).
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FIGURE 2. The qPCR Results (top [melting curve] and bottom
[melting dynamic] images) for bacteria, viruses,
fungi, and protozoa. A: The qPCR Result for the
positive control (DNA genome of N. gonorrhoeae
ATCC 49226). B: The qPCR Results for microbes
(bacteria, viruses, and fungi) and protozoa.
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The LoD of qPCR showed a highly
sensitive assay, namely 25 x 10°ng DNA
(FIGURE 3). Estimation using Avogadro’s
formulation, the 25 x 10 ng DNA

Meiting Poake
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yielded 29 DNA copies. Based on the
number of opa gene alleles (11 copies)
in N. gonorrhoeae (18), the LoD was thus
corresponding to 3 cell/reaction.

ted o)

5580
S8
= i BB

2 40 B
%35!0 D%

i 300
250
§ 2160

£ 150 E——

)
g e
DSeD
DD

_nl"'r._-__.

el S —_

mﬂnmmmﬁ:ul

B OB R R M % 82 2 O W
enpetahue [T

FIGURE 3. The qPCR result for determining the limit of
detection (LoD). This assay was still able to detect
the DNA at 25x10°ng. A-F: 25x10°5, 25x107, 25x10%,
25x10°%, 25x101% and 25x10'*ng DNA respectively.

External quality assurance

Tovalidate the qPCR optimized in this
study, we enrolled the external quality
assurance in 2019 and 2021 by QCMD
EQA Management System (Scotland, The
United Kingdom). The results showed
score 0, meaning the testing agreement
of 100% (FIGURE 4).

Individual n-c.uamneissemgnrmenuu‘] QC D
Report ECA Programme /

Conioge Gl Moy Oulews  bwpalpe Geise  Rawel Libin sty
it gl 4 Jl gy N R i 3]

Cori Padel Mambar it Bridiidowti

Ctncion |Cusitatie)

———— . e

o
B Ty

N of Sty A Lot P aiag W

Preliminary trial for the clinical
specimen

For preliminary testing, 20 cervical
swab samples were used. The results
showed 100% concordance with 10
positive- and 10 negative-confirmed
samples (FIGURE 5).
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FIGURE 4. External quality assurance reports enrolled in 2019 and 2021. The score 0 is
100% concordance (The higher score, the higher discordance).
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FIGURE 5. Preliminary test results for 10 positive (left)- and 10 negative
(right)-confirmed samples. A: Positive control of N. gonorrhoeae
ATCC 43069. B: Melting dynamic for 10 N. gonorrhoeae positive
samples. C: Melting dynamic for 10 N. gonorrhoeae negative

samples.

DISCUSSION

For the development and
establishment of PCR assay on the
laboratory scale, many factors affect
the sensitivity and specificity of the
PCR assay, including primer design, PCR
composition, annealing temperature,
and PCR inhibitor.*?! In this study, we
optimized annealing temperature and
DNA template volume. The optimal
annealingtemperatureisthetemperature
in which the primers attach to the DNA
sequence targets completely, leading to
high DNA amplification efficiency.!* Low
annealing temperature could amplify
non-specific DNA fragments, whereas
too high annealing temperature could
reduce the PCR product purity due to
poor annealing of primers.!°

The Optimal DNA template volume
is important to reduce the PCR inhibitor
available in the DNA solution of DNA
extraction. The inhibitor influences
the efficiency of Taqg DNA polymerase
in  incorporating  deoxynucleoside
triphosphate when the DNA strand is
synthesized. = The inhibitor analysis
is highly important, particularly for
clinical samples, such as respiratory,
feces, sputum, and other body fluids
(cerebrospinal fluid, blood, urine, saliva,
etc.).?? Various extraction DNA methods

have a different performances to
diminish the possible inhibitor in clinical
samples; thus each new method has to be
optimized.?

Another important factor that
affected the PCR  performance,
particularly PCR specificity is primer
design. In this study, we used primers
specific to the opa gene that have been
reported by Geraats-Peters et al.'* Based
on in silico and in vitro analysis, the
primers were only reacted with the N.
gonorrhoeae target gene, and no cross-
reaction with bacteria, viruses, fungi, and
protozoa that might cause the possible
false-positive results. It indicates that
the qPCR assay system developed in this
study has high specificity.

Besides specificity, the LoD also
affects the PCR performance. An
important factor affecting the PCR LoD
is the target gene.** There are several
genes used for N. gonorrhea PCR,
including opa, 16S rRNA, porA, cppB,
and CMT genes.?* The opa gene is the
conserved region and encodes proteins
with physiological function.'® Moreover,
the N. gonorrhoea genome has multiple
copies (about 11 alleles) of opa gene,'®
thus leading the PCR to be more sensitive
than other genes with fewer copies.
Geraats-Peters reported that the opa
gene-based PCR is more sensitive than



16S rRNA.* Other study also report that
opa gene has higher sensitivity than
porA pseudogene.?* The cppB gene and
CMT gene have wide range sensitivity
because of lacking the genes in certain
N. gonorrhea strains.?>?¢ The CMT gene is
less specific because can cross-react with
commensal Neisseria species.?® Thus, the
cppB and CMT genes are not suitable for
N. gonorrhoeae detection.

The LoD of qPCR developed in this
study was 29 DNA copies (25x 107 pg)
corresponding to 3 bacterial cells per
reaction. This LoD is more sensitive
than what has been reported by Verma
et al, namely 0.4 pg (16S rRNA and opa
genes) and 4 pg (porA pseudogene) DNA
of N. gonorrhoeae.** For internal quality
control, this study used N. gonorrhoeae
ATCC 43069 as positive control and
nuclease-free water as the negative
control. N. gonorrhoeae ATCC 43069 is
often used as a reference strain in the
diagnosis of N. gonorrhoea infection.?”
For external quality assurance (QCMD,
Scotland, United Kingdom), the assay
developed in this study had score 0
(100% concordance) in 2019 and 2021.
Based on the preliminary trial for 20
clinical samples, the assay showed 100%
concordance. Overall, the data indicate
that the SYBR Green gqPCR-based assay
system developed in this study is highly
promising for clinical laboratories
application.

CONCLUSION

We conclude that an SYBR Green
qPCR-based assay system that was
developed in this study has high
sensitivity and specificity for N.
gonorrhoeae detection. This assay also
can be applied to cervical swab samples.
However, larger cervical swab samples
are required for further analysis. Also,
this qPCR is needed to evaluate some
types of samples such as urine, urethral
swab, and other clinical samples.

Yasmon A, et al., Development of a SYBR Green...

ACKNOWLEDGMENT

This study was supported by Unit
Kerja Khusus Pelayanan dan Pengabdian
kepada Masyarakat (UKK-PPM), the
Laboratory of Clinical Microbiology,
Faculty of Medicine, Universitas
Indonesia.

REFERENCES

1. Suay-Garcia B, Pérez-Gracia MT.
Neisseria gonorrhoeae infections.
Pathogens 2020; 9(8):647.
https://doi.org/10.3390/pathogens9080647

2. Piszczek J, St Jean R, Khaliq Y.
Gonorrhea: Treatment update for an
increasingly resistant organism. Can
Pharm ] 2015; 148(2):82-9.
https://doi.org/10.1177/1715163515570111

3. Martin-Sanchez M, Fairley CK, Ong]]J,
Maddaford K, Chen MY, Williamson
DA, et al. Clinical presentation of
asymptomatic and symptomatic
women who tested positive for
genital gonorrhoea at a sexual health
service in Melbourne, Australia.
Epidemiol Infect 2020; 148:e240.
https://doi.org/10.1017/
S0950268820002265

4. Centers for Disease Control and
Prevention (CDC). Gonorrhea - CDC
Fact Sheet. 2017 June [cited 2021 Aug
22]. Available from https://www.cdc.
gov/std/gonorrhea/Gonorrhea-FS.
pdf

5. World Health Organization (WHO).
Multi-drug resistant gonorrhoea.
2020 November 6 [cited 2021 Aug 28].
Available from https:/www.who.
int/news-room/fact-sheets/detail/
multi-drug-resistant-gonorrhoea

6. Rowley ], Hoorn SV, Korenromp
E, Low N, Unemo M, Abu-Raddad
L], et al. Chlamydia, gonorrhoea,
trichomoniasis and syphilis: Global
prevalence and incidence estimates,
2016. Bull World Health Organ 2019;
97(8):548-62.



] Med Sci, Volume 54, Number 1, 2022 January:1-9

10.

11.

12.

https://doi.org/10.2471/BLT.18.228486
European Centre for Disease
Prevention and Control (ECDC).
Gonorrhoea Annual Epidemiological
Report for 2018. Stockholm, May
2020.
https://www.ecdc.europa.eu/sites/
default/files/documents/gonorrhoea-
annual-epidemiological-
report-2018.pdf

Centers for Disease Control
and Prevention (CDC). National
Overview - Sexually Transmitted
Disease Surveillance, 2019. 2021
April 13 [cited 2021 Aug 28].
Available from https://www.cdc.gov/
std/statistics/2019/overview.htm
World Health Organization (WHO).
Moving ahead on elimination of
Sexually Transmitted Infections
(STIs) in WHO South-East Asia
Region - progress and challenges.
2019; 37:725-38.
https://apps.who.int/iris/
handle/10665/330031

Sharma M, Rewari BB, Aditama
TY, Turlapati P, Dallabetta G, Steen
R. Control of sexually transmitted
infections and global elimination
targets, south-east asia region. Bull
World Health Organ 2021; 99(4):304-11.
https://doi.org/10.2471/
BLT.20.254003

Hananta IPY, van Dam AP, Bruisten
SM, Van Der Loeff MFS, Soebono
H, De Vries HJC. Gonorrhea in
Indonesia: High prevalence of
asymptomatic urogenital gonorrhea
but no circulating extended
spectrum cephalosporins-resistant
Neisseria gonorrhoeae strains in
Jakarta, Yogyakarta, and Denpasar,
Indonesia. Sex Transm Dis 2016;
43(10):608-16.
https://doi.org/10.1097/
OLQ.0000000000000510

Meyer T, Buder S. The laboratory
diagnosis of Neisseria gonorrhoeae:
current testing and future demands.
Pathogens 2020; 9(2):91.

13.

14.

15.

16.

17.

18.

https://doi.org/10.3390/
pathogens9020091

Geraats-Peters CWM, Brouwers M,
Schneeberger PM, Van Der Zanden
AGM, Bruisten SM, Weers-Pothoff G,
et al. Specific and sensitive detection
of Neisseria gonorrhoeae in clinical
specimens by real-time PCR. J Clin
Microbiol 2005; 43(11):5653-9.
https://doi.org/10.1128/
JCM.43.11.5653-5659.2005

Ng LK, Martin IE. The laboratory
diagnosis of Neisseria gonorrhoeae.
Can ] Infect Dis Med Microbiol 2005;
16(1):15-25.
https://doi.org/10.1155/2005/323082
Tajadini M, Panjehpour M,
Javanmard SH. Comparison of SYBR
Green and TagqMan methods in
quantitative real-time polymerase
chain reaction analysis of four
adenosine receptor subtypes. Adv
Biomed Res 2014; 3(1):85.
https://doi.org/10.4103/2277-
9175.127998

Maeda H, Fujimoto C, Haruki Y,
Maeda T, Kokeguchi S, Petelin
M, et al. Quantitative real-
time PCR wusing TaqMan and
SYBR Green for Actinobacillus
actinomycetemcomitans,
Porphyromonas gingivalis, Prevotella
intermedia, tetQ gene and total
bacteria. FEMS Immunol Med
Microbiol 2003; 39(1):81-6.
https://doi.org/10.1016/S0928-
8244(03)00224-4

Kumar B, Kumar P, Rajput R, Daga
MK, Khanna M. OL-055 Evaluation
of SYBR Green I and TagMan real-
time PCR chemistries for specific
detection of influenza A viruses. Int ]
Infect Dis 2011; 15(7):S33.
https://doi.org/10.1016/S1201-
9712(11)60117-3

Bhat KS, Gibbs CP, Barrera O,
Morrison SG, Jahnig F, Stern A, et
al. The opacity proteins of Neisseria
gonorrhoeae  strain MS11 are
encoded by a family of 11 complete



19.

20.

21.

22.

23.

genes. Mol Microbiol 1991; 5(8):1889-
901.

h t t p s / |/ d o i
org/10.1111/j.1365-2958.1991.th00813.x
Rychlik W, Spencer W], Rhoads
RE. Optimization of the annealing
temperature for DNA amplification
in vitro. Nucleic Acids Res 1990;
18(21):6409-12.
https://doi.org/10.1093/nar/18.21.6409
Pruvot M, Kamyingkird K,
Desquesnes M, Sarataphan N,
Jittapalapong S. The effect of the
DNA preparation method on the
sensitivity of PCR for the detection
of Trypanosoma evansi in rodents
and implications for epidemiological
surveillance efforts. Vet Parasitol
2013; 191(3-4):203-8.
https://doi.org/10.1016/j.
vetpar.2012.09.010

Chuang LY, Cheng YH, Yang
CH. Specific primer design for
the polymerase chain reaction.
Biotechnol Lett 2013; 35(10):1541-9.
https://doi.org/10.1007/s10529-013-1249-8
Schrader C, Schielke A, Ellerbroek L,
Johne R. PCR inhibitors - occurrence,
properties and removal. ] Appl
Microbiol 2012; 113(5):1014-26.
https://doi.org/10.1111/j.1365-
2672.2012.05384.x

Sidstedt M, Radstrom P, Hedman J.
PCR inhibition in qPCR, dPCR and
MPS—mechanisms and solutions.
AnalBioanal Chem 2020;412(9):2009-
23.
https://doi.org/10.1007/s00216-020-
02490-2

Yasmon A, et al., Development of a SYBR Green...

24. Verma R, Sood S, Bala M, Mahajan N,

25.

26.

27.

28.

Kapil A, Sharma VK, et al. Evaluation
of an opa gene-based nucleic acid
amplification test for detection of
Neisseria gonorrhoeae in urogenital
samples in North India. Epidemiol
Infect 2012; 140(11):2110-6.
https://doi.org/10.1017/
S0950268811002883

Bruisten SM, Noordhoek GT, Van
Den Brule AJC, Duim B, Boel CHE, El-
FaouziK, et al. Multicenter validation
of the cppB gene as a PCR target for
detection of Neisseria gonorrhoeae. ]
Clin Microbiol 2004; 42(9):4332-4.
https://doi.org/10.1128/
JCM.42.9.4332-4334.2004

World Health Organization (WHO).
Laboratory diagnosis of sexually

transmitted infections, including
human immunodeficiency virus.
2013.

Chui L, Chiu T, Kakulphimp J, Tyrrell
GJ. A comparison of three real-time
PCR assays for the confirmation of
Neisseria gonorrhoeae following
detection of N. gonorrhoeae using
Roche COBAS AMPLICOR. Clin
Microbiol Infect 2008; 14(5):473-9.
https://doi.org/10.1111/j.1469-
0691.2008.01950.x

Chen L, Shin DJ, Zheng S, Melendez
JH, Gaydos CA, Wang T. Direct-qPCR
assay for coupled identification and
antimicrobial susceptibility testing
of Neisseria gonorrhoeae. ACS Infect
Dis 2018; 4(9):1377-84.
https://doi.org/10.1021/
acsinfecdis.8b00104



