Diagnostic Microbiology and Infectious Disease 93 (2019) 299-304

Diagnostic Microbiology and Infectious Disease

journal homepage: www.elsevier.com/locate/diagmicrobio

Contents lists available at ScienceDirect

Multiplex TagMan real-time PCR platform for detection of Neisseria
gonorrhoeae with decreased susceptibility to ceftriaxone

Check for
updates

Lihong Zhao 2, Aihua Liu °, Ruiying Li ¢, Shuping Zhao **

@ Department of Clinical Laboratory, Tai'an Central Hospital, Tai'an 271000, China
b Central Laboratory, Tai'an Central Hospital, Tai'an 271000, China
€ Department of Gynaecology, Tai'an Central Hospital, Tai'an 271000, China

ARTICLE INFO

ABSTRACT

Article history:

Received 15 August 2018

Received in revised form 18 October 2018
Accepted 22 October 2018

Available online 31 October 2018

Keywords:

Neisseria gonorrhoeae
Decreased susceptibility
Ceftriaxone

Multiplex

Real-time

PCR

A multiplex TagMan real-time PCR platform was developed in this study for combined detection of opa and/or
porA genes (identification of N. gonorrhoeae) and the key mutations (Ala501Val/Thr/Pro, and/or Gly545Ser) in
penicillin-binding protein 2 (PBP2) associated with decreased susceptibility to extended-spectrum cephalospo-
rins (ESCs). Firstly, the specificities of the TagMan probes/primers for the multiplex TagMan real time PCR
platform were confirmed by Basic Local Alignment Search Tool (BLAST) analysis. Then the multiplex PCR plat-
form was performed on 77 isolates with decreased susceptibility to ceftriaxone (CRO) and 100 isolates with
full susceptibility to CRO under universal optimized reaction conditions. As a result, based on cultivation-based
matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) and antimicrobial
susceptibility testing in vitro, the multiplex platform had a sensitivity of 100% and a specificity of 95.0% for iden-
tifying cultured isolates of Neisseria gonorrhoeae (N. gonorrhoeae, NG, GC) with decreased susceptibility to CRO.
When directly screening N. gonorrhoeae with decreased susceptibility to CRO from clinical urogenital swabs,
the multiplex platform offered a sensitivity of 96.1% and a specificity of 95.0%. Therefore, on the basis of sample
culture and antimicrobial susceptibility testing in vitro, the multiplex TagMan real time PCR platform has been
proven to be a sensitivity of 100% and a specificity of 95.0% useful tool for screening cultured isolates of

N. gonorrhoeae with decreased susceptibility to CRO, which can be finished within 2 days.

© 2018 Published by Elsevier Inc.

1. Introduction

Up till now, the extended-spectrum cephalosporins (ESCs) such as
ceftriaxone (CRO) are recommended for empirical antimicrobial mono-
therapy of gonorrhea in many countries and areas of the world. However,
Neisseria gonorrhoeae (N. gonorrhoeae, NG, GC) isolates with decreased
susceptibility to the ESCs have been reported worldwide, especially in
China due to the extensive use of the ESCs (Chen et al,, 2016; Gianecini
et al., 2017; Gong et al., 2016; Nakayama et al., 2016; Thakur et al., 2017).

The molecular mechanisms of decreased susceptibility to the ESCs in
N. gonorrhoeae are complicated. The substitutions of A311V, G542S,
P551S/L, 1312M, and V316 T in penicillin-binding protein 2 (PBP2) in
N. gonorrhoeae were suggested to be associated with decreased suscep-
tibility to CRO in early studies (Takahata et al., 2006; Whiley et al.,
2010). Later studies revealed that these mutations were present in
both CRO-susceptible (CRO®) and CRO-decreased-susceptible (CROP)
isolates, having little effect on decreased CRO susceptibility (Liang
et al,, 2016; Unemo and Shafer, 2014). Recent studies have demon-
strated that the key mutations associated with decreased susceptibility
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to ESCs include Ala501Val/Thr/Pro, and/or Gly545Ser (relatively specific
for mosaic penA alleles) in PBP2 in clinical isolates of N. gonorrhoeae
(André et al.,, 2016; Bharat et al.,, 2015; Chen et al., 2016; Gianecini et al.,
2017; Gong et al., 2016; Tomberg et al,, 2017; Valentina et al,, 2016).

Currently, multiplex TagMan real time PCR is a rapid and reliable
method that can identify microbes and simultaneously detect genetic
factors associated with antimicrobal resistance in microbes (Kumari
et al., 2018; Peterson et al., 2015; Tabrizi et al., 2017; Valentina et al.,
2016). Therefore, a multiplex TagMan real-time PCR platform was de-
veloped in this study for combined detection of opa and/or porA genes
(identification of N. gonorrhoeae) and the key mutations (Ala501Val/
Thr/Pro, and/or Gly545Ser) in PBP2 associated with decreased suscepti-
bility to ESCs (Vahidnia et al., 2015; Valentina et al., 2016).

2. Materials and methods
2.1. Patients, specimens, and isolates

A total of 897 N. gonorrhoeae isolates were collected from patients
with gonorrhea in 30 major hospitals in Tai'an, Qingdao, Yantai, Weihai,

Linyi, Jining, Binzhou, Liaocheng, Zibo, Rizhao, Dezhou, and Jinan of
Shandong Province in China during 2013-2017. The age range of the
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patients was from 18 to 49 years (mean, 27.7 years), and the ratio of
male to female patients was 10:1. The urethral swabs were collected
from the male patients with penile discharges and/or dysuria. The cervi-
cal swabs were collected from the female patients with vaginal dis-
charges. Urine specimens were not collected and any co-infection
with CT was not detected. Sterile cotton-tipped swabs were inserted ap-
proximately 2-4 cm into the urethra and rotated for 3-5 seconds for
male patients. Sterile cotton-tipped swabs were inserted approximately
1-2 cm into the cervix and rotated for 10-20 seconds for female pa-
tients. The swabs were immediately placed in sterile tubes and sent to
Clinical Microbiology Laboratory for culture, and then stored at
—20 °C within 18 hours of collection for direct testing after half a year
later. Testing personnel were blinded to results of culture and antibiotic
susceptibility testing.

N. gonorrhoeae isolates were cultured on the chocolate agar plates
added with PolyViteX and vancomycin (Oxoid Limited, Basingstoke,
UK) in a 5% CO, incubator at 35 °C and relative humidity of 85% for 24
to 48 h. Identification of N. gonorrhoeae was achieved by using matrix-
assisted laser desorption ionization-time of flight mass spectrometry
(MALDI-TOF MS) (Autobio Diagnostics Co, Ltd, Zhengzhou, China).
N. gonorrhoeae isolates were preserved in the sterilized skimmed milk
at —70 °C.

2.2. Antimicrobial susceptibility testing

Penicillin (PEN), tetracycline (TET), ciprofloxacin (CIP), ceftriaxone
(CRO), cefixime (CFM), azithromycin (AZM), and spectinomycin (SPE)
were purchased from Oxoid Limited (Basingstoke, Hants, UK). The mini-
mal inhibitory concentration (MIC; mg/L) values of PEN, TET, CIP, CRO,
CFM, AZM, and SPE were determined using the agar dilution method rec-
ommended by the Clinical and Laboratory Standards Institute (CLSI)
(CLSI, 2015). The beta-lactamase production was identified using
nitrocefin solution (Oxoid, Basingstoke, Hants, England). ATCC 49226
and N. gonorrhoeae WHO reference strains G, L, M, O were used as quality
controls for MIC determinations (Unemo et al., 2009). All the results were
interpreted according to the breakpoints stated by the CLSI except
AZM and CRO, which were interpreted according to the breakpoints
stated by the European Committee on Antimicrobial Susceptibility Testing
(EUCAST) (www.eucast.org) criteria (Breakpoint tables for interpretation
of MICs and zone diameters, 2017). Notably, the MIC data for CRO that
were greater than or equal to the CLSI MIC breakpoint of 0.25 mg/L
(MICs 20. 25 mg/L) were also interpreted by the CLSI criteria. CRO MICs
of >0.125 mg/L were defined as decreased susceptibility to CRO by
WHO in 2012 (World Health Organization, 2012).

2.3. DNA isolation

Genomic DNA from colonies or clinical specimens was extracted and
purified by Wizard Genomic DNA Purification Kit (Promega Wizard,
USA) according to the manufacturer's instructions. The extracted DNA
was stored at —20 °C for later use.

24. The control strains

The N. gonorrhoeae control strains included WHO reference strains
G, L, M, O, strain TA0011, strain TA0787, strain F89, and strain ATCC
49226. WHO reference strain L harbored an Ala501Val substitution in
PBP2. TA0O11 strain, isolated in Tai'an of China in November 8, 2013,
harbored an Ala501Thr substitution (non-mosaic XVIII allele) in PBP2
(Zhao et al., 2018). TA0787 strain, isolated in Jinan of China in Septem-
ber 7, 2014, harbored a Gly545Ser substitution (mosaic penA pattern
XXXIV allele) in PBP2 (Zhao et al., 2018). F89 strain carried a Gly545Ser
substitution (mosaic penA pattern XXXIV allele) with an additional
Ala501Pro substitution (Valentina et al.,, 2016). Twenty strains of non-
gonococcal Neisseria species as negative control strains were cultured
using the same procedures for culturing N. gonorrhoeae as described

above in the Clinical Microbiology Laboratory in Tai'an Central Hospital.
They were identified using the same MALDI-TOF MS (Autobio Diagnos-
tics Co., Ltd. as for identification of N. gonorrhoeae. They were preserved
in the sterilized skimmed milk at —70 °C for later use.

2.5. Development of a multiplex TagMan real-time PCR platform

The primers and TagMan probes for the multiplex TagMan real time
PCR platform were designed by using Primer Express, version 3.0 (Applied
Biosystems, Foster City, CA, USA), and synthesized by Sangon Biotech Co.
Ltd. (Shanghai, China). They were summarized in Table 1. The specificities
of the TagMan probes/primers were confirmed by using Basic Local Align-
ment Search Tool (BLAST) (https://blast.ncbi.nlm.nih.gov/Blast.cgi) analy-
sis, and the multiplex PCR platform was performed on 77 isolates with
decreased susceptibility to CRO and 100 isolates with full susceptibility to
CRO under universal optimized reaction conditions.

Each 20 L reaction mixture contained 0.4 M of each primer, 0.3 M
of TagMan probe, 1x TagMan genotyping master mix (Life Technolo-
gies, USA), and 20 ng of genomic DNA (gDNA). Experiments were run
on the ViiA™ 7 Real Time PCR instrument (Life Technologies). Amplifi-
cation reactions were carried out as follows: denaturation at 95 °C for
10 min, and then 40 cycles of denaturation at 95 °C for 20 s, annealing
at 60 °Cfor 15 s, and extension at 72 °C for 15 s. Results were considered
positive if they had a cycle threshold (Ct) value of <35 (Severin et al.,
2013) and a relative fluorescence of probe minus the baseline (ARn)
value of >0.5 (Peterson et al., 2015).

To evaluate the developed multiplex TagMan real-time PCR, all the
screened 77 decreased-CRO-susceptibility isolates harboring Ala501Val/
Thr/Pro, and/or Gly545Ser substitutions were detected by the multiplex
platform. Meanwhile, 100 randomly-selected full-CRO-susceptibility iso-
lates without Ala501Val/Thr/Pro and Gly545Ser substitutions were used
as the control.

2.6. PenA gene sequencing and NG-MAST analysis

The primers for amplifying PBP2 were designed and synthesized by
Sangon Biotech Co. Ltd. (Table S1). Briefly, 50 L of reaction mixture
contained 1 pL DNA template (100 ng/uL), 1 uL each primer (10 pmoL/L),
1 uL dNTP (10 mM), 5 pL 10 x PCR Buffer (without Mg2™), 5 pL MgCI2
(25 mM), 0.5 pL Tag DNA Polymerase (5 U/uL; Sangon Biotech.), and
35.5 UL sterile deionized water. PCR was performed as follows: denaturation
at 95 °C for 3 min; and then 35 cycles of denaturation at 94 °C for 30 s,
annealing at 55-60 °C for 35 s, and extension at 72 °C for 40~50 s; with a
final extension at 72 °C for 5-8 min. The purified amplified products were
sequenced by Sangon Biotech on an ABI 3730 XL automatic sequencer (Ap-
plied Biosystems, USA). The sequences were analyzed and aligned with the
analogous sequences of wild-type PBP2 in N. gonorrhoeae (LM306, GenBank
accession no. M32091) by using BLAST.

The N. gonorrhoeae isolates with decreased susceptibility to CRO were
genotyped by N. gonorrhoeae multiantigen sequence typing (NG-MAST)
method, and the PorB and tbpB were amplified using primers and ampli-
fication parameters as previously described (Martin et al., 2004).

2.7. Data management and statistical analysis

The sensitivities and specificities of the in-house multiplex TagMan
real-time PCR platform with their corresponding 95% confidence intervals
(CIs) were calculated using the statistical software SPSS version 22.0
(SPSS, Chicago, IL, USA).

3. Results

3.1. Antimicrobial resistance and NG-MAST analysis

Of the 897 N. gonorrhoeae isolates analyzed, 77 (8.58%) isolates exhib-
ited decreased susceptibility to CRO (MICs: 0.125-0.50 mg/L) (Table S2),
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Table 1

301

Target genes and mutations, primers/TaqMan probes, purpose and affected antibiotics, and multiplex combinations for the real-time PCR platform.

Target and mutations Primers/TaqMan probes sequences

Amplicon lengths (bp)

Purpose and affected antibiotics Multiplex type

opa F (5'-AACGCATTACCCACGATTATCC-3')

R (5'-TGTTTCTGCCATCATCGCTTACC-3")
Probe (5’-AACCAACCGCTCCAGG-3')

F (5'-ATCCGACCCGCAATTTGTT-3")

R (5'-TCCCGCATATCCGCTTCCTT-3)

Probe (5'-CAATCAGTCTCCAATTAC-3')

F (5'-ACCGCGCAAGTTCGTCAA-3')

R (5'-TATGGCTACCGCCACAATCAC-3')
Probe (5'-TTATGCCTCCAACAAAC-3')

F (5'-CGAGGCAAAGGCATATTCAAAG-3')

R (5'-TCTAGCGCCGACATCGAAAC-3')
Probe A501V (5’-AATCGACCGTGCGCGA-3)
F (5'-CGAGGCAAAGGCATATTCAAAG-3')

R (5'-TCTAGCGCCGACATCGAAAC-3')
Probe A501T (5/-ATCGACCACGCGCGAG-3")
F (5'-CGAGGCAAAGGCATATTCAAAG-3')

R (5'-TCTAGCGCCGACATCGAAAC-3')
Probe A501P (5'-ATTGCGTACCTCGCGCGG-3")

porA

penA G545S

penA A501V

penA A501T

penA A501P

98

107

106

112

112

112

NG species identification Triplex 1
NG species identification Triplex 1
Decreased susceptibility to CRO Triplex 1
Decreased susceptibility to CRO Triplex 2
Decreased susceptibility to CRO Triplex 2
Decreased susceptibility to CRO Triplex 2

and the remaining 820 isolates showed full susceptibility to CRO (MICs:
0.004-0.063 mg/L). Among them, 8 isolates (0.89%) had CRO MICs that
were greater than or equal to the CLSI MIC breakpoint of 0.25 mg/L
(Table S2) and they were re-tested to confirm their phenotypes. Among
the 77 isolates with decreased susceptibility to CRO, one showed suscep-
tibility to CFM (MIC: 0.063 mg/L), and the other 76 isolates showed de-
creased susceptibility to CFM (MICs: 0.25-0.50 mg/L) (Table S2).

Among the 77 patients infected with N. gonorrhoeae with decreased
susceptibility to CRO, 69 patients infected with N. gonorrhoeae (CRO
MICs: 0.125 mg/L) were cured by CRO with increased dose of 500 mg
per day. The other 8 patients infected with N. gonorrhoeae with CRO
MICs greater than or equal to the CLSI MIC breakpoint of 0.25 mg/L
(CRO MICs: 0. 25-0.5 mg/L) were cured by cefoperazone/sulbactam
with a dose of 1.5 g per day.

By NG-MAST, 77 isolates with decreased susceptibility to CRO were
divided into 39 different NG-MAST STs. The most frequent STs were
17,547 (n = 4) and 15,143 (n = 4). Of the 39 different STs, 6 STs
were represented by three isolates, 20 STs were represented by two iso-
lates, and 11 STs were represented by one isolate. Of the 39 STs, 6 STs,
which have not been previously described, are waiting for newly
assigned by Curator of Web of NG-MAST (Table S3).

3.2. Validation of the multiplex TagMan real-time PCR platform

All the N. gonorrhoeae control strains were correctly identified by the
presence of the opa and/or porA genes by the multiplex TagMan real
time PCR. WHO reference strain L was correctly identified by the pres-
ence of the Ala501Val substitution in PBP2. TAO787 strain was correctly
identified by the presence of the Gly545Ser substitution in PBP2, and the
TA0011 strain was correctly identified by the presence of the Ala501Thr
substitution in PBP2. F89 strain was correctly identified by the presence
of both Gly545Ser and Ala501Pro substitutions. None of the Gly545Ser
and Ala501Val/Thr/Pro substitutions were identified in PBP2 in WHO
reference strains G, M, O, and ATCC 49226.

3.3. Detection limits of the Multiplex TagMan real-time PCR

To assess the detection limits of the multiplex PCR platform, 10-fold se-
rial dilutions of 10° to 10 copies/mL gDNA of WHO L, F89, and TA0011
strains were tested 10 times for each by the platform. The detection limits
of the multiplex PCR ranged from 10 to 10® copies/mL gDNA (Table S4).

3.4. Cross-reactions with nongonococcal Neisseria Spp.

To assess the cross-reactions with nongonococcal Neisseria spp., a
panel of 7 different nongonococcal Neisseria species including

3 N. meningitidis strains, 3 N. mucosa strains, 3 N. subflava strains,
3 N. sicca strains, 3 N. lactamica strains, 3 N. flava strains, and
2 N. bacilliformis strains were tested by the multiplex TagMan real
time PCR. In all the 20 strains of nongonococcal Neisseria species, none
of the opa and porA genes, and Gly545Ser and Ala501Val/Thr/Pro substi-
tutions were identified. This demonstrated that there were no cross-
reactions with nongonococcal Neisseria spp. observed in the multiplex
PCR platform (Table 2).

3.5. Detection of the cultured isolates

Culture-based antimicrobial susceptibility testing showed that 77 of
897 isolates were decreased susceptibility to CRO (MICs:
0.125-0.50 mg/L). To evaluate the multiplex TagMan real-time PCR
platform, these 77 isolates were detected by the multiplex platform.
At the same time, the multiplex TagMan PCR detected 100 isolates
with full susceptibility to CRO (MICs: 0.004-0.032 mg/L) as the control.
All the N. gonorrhoeae control strains were included in each run.

Overall, all the 77 cultured isolates of N. gonorrhoeae with decreased
susceptibility to CRO were correctly identified by the multiplex real-
time PCR platform. Meanwhile, in 95 of 100 cultured isolates of
N. gonorrhoeae with full susceptibility to CRO, none of the Gly545Ser
and Ala501Val/Thr/Pro substitutions in PBP2 were identified. Therefore,
compared to standard GC diagnostic method-bacterial culture and
culture-based antimicrobial susceptibility testing, the multiplex plat-
form had a sensitivity of 100% (95% Cl, 97.2-100%) and a specificity of
95.0% (95% CI, 89.9-99.7%) for identifying cultured isolates of
N. gonorrhoeae with decreased susceptibility to CRO. In details, the mul-
tiplex real-time PCR not only correctly identified the cultured isolates as
N. gonorrhoeae with 100% sensitivity and 100% specificity, but also of-
fered sensitivities of 100% and specificities of 98.0-100% for identifying
the mutations associated with decreased susceptibility to CRO from the
cultured isolates (Table 2). Furthermore, the mutations in PBP2 associ-
ated with decreased susceptibility to CRO, identified by the multiplex
real-time PCR, were confirmed by DNA sequencing (Table S2).

3.6. Direct detection of the clinical urogenital swabs

On the basis of culture-based MALDI-TOF MS and antimicrobial sus-
ceptibility testing and sequencing, 11 Gly545Ser substitutions, 51
Ala501Val substitutions, and 18 Ala501Thr substitutions were con-
firmed in the 77 N. gonorrhoeae positive clinical urogenital swabs con-
taining the above-described mutations, associated with decreased
susceptibility to CRO (Table 2).
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Table 2
Performance of the multiplex TagMan real time PCR platform in characterizing 77 N. gonorrhoeae isolates and their corresponding swabs from Shandong, China, during 2013-2017.
Purpose or Targets or Isolates NG with decreased NG with full Nongonococcal Sensitivity® (95% CI€) Specificity® (95% CI°)
affected antibiotic mutations or susceptibility to susceptibility to Neisseria species
Swabs CRO (n = 77; CRO (n = 100; strains? (n = 20)
MICs: MICs:
0.125-0.5 mg/L)  0.004-0.032 mg/L)
Positive Negative Positive Negative Positive Negative
Species identification opa and/or Isolates 77 0 100 0 0 20 100% (98.8-100%) 100% (89.4-100%)
porA Swabs 77 0 100 0 0 20 100% (98.8-100%) 100% (89.4-100%)
Decreased susceptibility to  Gly545Ser Isolates 11 66 1 99 0 20 100% (81.3-100%) 99.0% (86.2-100%)
CRO Swabs 11 66 1 99 0 20 100% (81.3-100%) 99.0% (86.2-100%)
Ala501Val Isolates 51 26 2 98 0 20 100% (95.8-100%) 98.0% (94.4-100%)
Swabs 49 28 2 98 0 20 96.1% (89.1-99.6%) 98.0%
(94.4-100%)
Ala501Thr Isolates 18 59 2 98 0 20 100% (88.3-100%) 98.0% (94.4-100%)
Swabs 17 60 2 98 0 20 94.4% (79.5-100%) 98.0% (94.4-100%)

2 The 20 nongonococcal Neisseria species strains were only used for calculating the specificity of the multiplex TagMan real time PCR for species identification of N. gonorrhoeae.
b Specificity was the probability that an isolate categorized as being sensitive to CRO was identified as negative by the multiplex real time PCR; sensitivity was the probability that an
isolate categorized as showing decreased susceptibility to CRO was identified as positive by the multiplex real time PCR.

€ (I, confidence interval.

In the present study, the above-described 77 N. gonorrhoeae positive
clinical urogenital swabs were directly detected by the multiplex real-
time PCR platform. Simultaneously, the above-described 100 clinical
urogenital swabs containing N. gonorrhoeae with full susceptibility to
CRO were detected as the control. DNA was extracted from the clinical
urogenital swabs and subsequently added to the multiplex PCR reaction
mixture.

Overall, 74 of 77 above-described N. gonorrhoeae positive clinical
urogenital swabs were correctly identified by the multiplex real-time
PCR platform. Meanwhile, in 95 of 100 clinical urogenital swabs con-
taining N. gonorrhoeae with full susceptibility to CRO, none of the
Gly545Ser substitution and Ala501Val/Thr/Pro substitutions in PBP2
were identified. Therefore, the multiplex platform offered a sensitivity
of 96.1% (95% CI, 90.7-99.2%) and a specificity of 95.0% (95% CI, 89.9-
99.7%) for identifying N. gonorrhoeae with decreased susceptibility to
CRO from clinical urogenital swabs. In details, the multiplex real-time
PCR not only correctly identified N. gonorrhoeae in the clinical urogenital
swabs with 100% sensitivity and 100% specificity, but also offered sensi-
tivities of 94.4-100% and specificities of 98.0-100% for directly identify-
ing the mutations associated with decreased susceptibility to CRO in
N. gonorrhoeae from clinical urogenital swabs (Table 2).

4. Discussion

Currently, the N. gonorrhoeae isolates with decreased susceptibility
and resistance to ESCs spread rapidly and seriously threaten the public
health globally (Jiang et al.,, 2017; Papp et al,, 2017; Peng et al., 2017).
Treatment failures with CRO for gonorrhea patients occur frequently
due to infection of the N. gonorrhoeae with decreased susceptibility to
CRO (Barbee, 2014; Gu et al.,, 2014; Katz et al., 2017). In this study,
8.58% (77/897) of N. gonorrhoeae isolates exhibited decreased suscepti-
bility to CRO (MICs >0.125 mg/L). Moreover, the most prevalent STs
associated with decreased susceptibility to CRO in this district were
17,547 and 15,143, which were different from those reported in other
districts in China (Chen et al., 2016, Liang et al., 2016, Jiang et al.,
2017) and other countries in the world (Gianecini, et al., 2017; Papp
et al.,, 2017, Peterson et al., 2015). The level (8.58%) of decreased
susceptibility to CRO in this district was similar to those of three other
cities in China reported: Hefei (11.1%, in 2014-2015) (Jiang et al,,
2017), Changsha (11.9%, in 2015) (Peng et al., 2017) and Shanghai
(7-13%, in 2008-2013) (Gu et al., 2014). However, it was much lower
than that of Nanning city in China reported (32.9%, in 2000-2012,
P<0.001) (Zhu et al., 2014). It was also similar to one report in Hawaii
in 2016, who said five of 61 (8.20%) N. gonorrhoeae isolates had MICs of
0.125-0.25 mg/L for ceftriaxone (Papp et al., 2017). In addition, it was

much lower than another report from USA CDC confirmatory laborato-
ries who said five of eight N. gonorrhoeae isolates had MICs of
0.125 mg/L for ceftriaxone (Katz et al., 2017).

At present, a majority of clinical microbiology laboratories in China
use CLSI MIC guidelines for interpreting the results of the antibiotic sus-
ceptibility tests. However, CLSI MIC guidelines have no resistance
breakpoint for AZM against N. gonorrhoeae. Furthermore, in EUCAST
MIC guidelines, the resistance breakpoint for CRO (MIC of >0.125 mg/L)
against N. gonorrhoeae is lower than that (MIC of >0.25 mg/L) in CLSI
guidelines. In general, the lower resistance breakpoint for CRO in
EUCAST MIC guideline is chosen to be used for interpreting the MIC
data for CRO. However, when CRO MICs are greater than or equal to the
CLSI MIC breakpoint of 0.25 mg/L, the MIC data for CRO are also
interpreted by the CLSI criteria.

The detection of N. gonorrhoeae with decreased susceptibility to CRO
is very complicated since the mechanism of decreased susceptibility to
CRO in N. gonorrhoeae is usually involved in multiple gene mutations
(Peterson et al., 2015; Valentina et al., 2016). Latest studies have
shown that the key mutations associated with decreased susceptibility
to CRO concentrate on penA gene in N. gonorrhoeae (André et al., 2016;
Bharat et al., 2015; Chen et al., 2016; Gianecini et al., 2017; Gong et al.,
2016; Tomberg et al.,, 2017; Valentina et al., 2016). The detection limits
of the in-house multiplex TagMan real-time PCR platform were lower
than those of a previous study (103 to 10* gDNA copies/reaction)
(Valentina et al., 2016), ranging between 102 and 10> copies/mL. The
multiplex platform had a very high sensitivity of 100% and a very high
specificity of 95.0% for screening the N. gonorrhoeae with decreased
susceptibility to CRO from the cultured isolates. Even when directly
screening N. gonorrhoeae with decreased susceptibility to CRO from
clinical urogenital swabs, the multiplex platform still had a high sensi-
tivity 0of 96.1% and a high specificity of 95.0%. Only two swabs containing
a single Ala501Val substitution in PBP2 and one swab containing a sin-
gle Ala501Thr substitution in PBP2 in N. gonorrhoeae were not correctly
identified, that might be due to very low loads of N. gonorrhoeae in these
clinical samples (Valentina et al., 2016). Therefore, on the basis of sam-
ple culture and antimicrobial susceptibility testing in vitro, the in-house
multiplex TagMan real time PCR platform has been proven to be a sen-
sitivity of 100% and a specificity of 95.0% useful tool for screening cul-
ture isolates of N. gonorrhoeae with decreased susceptibility to CRO,
which can be finished within 2 days.

The current standard method used for GC diagnostic testing in China
is bacterial culture and culture-based antimicrobial susceptibility test-
ing. The current standard method in China takes approximately 3-4
days for confirming infections of N. gonorrhoeae. By the multiplex TagMan
real time PCR platform, the time taken for confirmation of N. gonorrhoeae
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infections can be shortened to approximately 1 or 2 days. Therefore, the
multiplex TagMan real time PCR is a simple and rapid tool for confirming
infections of N. gonorrhoeae with decreased susceptibility to CRO.
Presently, PCR-based testing has been the gold standard test for
N. gonorrhoeae and Chlamydia for many years in many developed coun-
tries in the world (Peterson et al., 2015, Vahidnia et al., 2015, Valentina
et al,, 2016). However, concurrent culture still should be encouraged,
even though it takes longer time and lacks sensitivity, because generating
isolates for antimicrobial susceptibility test is very important to under-
standing the resistance profiles of isolates circulating locally and region-
ally. In addition, patients infected with N. gonorrhoeae with decreased
susceptibility to CRO should increase CRO dose from 250 to 500 mg like
other areas in China (Chen et al,, 2014, Gu et al,, 2014, Zhu et al,, 2014),
or use spectinomycin (Zhao et al., 2018) or cefoperazone/sulbactam in-
stead of using CRO. Meanwhile, due to the potential loss of effective and
readily available treatment options, there is an immediate need to find
out new alternative antimicrobial agents for treating N. gonorrhoeae infec-
tions (Singh et al,, 2018, Zhao et al., 2018).

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.diagmicrobio.2018.10.013.
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