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Introduction

Neisseria gonorrhoeae (N. gonorrhoeae) is the causative agent 
of gonorrhoeae and is reported to be among one of the most 
prevalent bacterial sexually transmitted infections (STIs) globally.1 
N. gonorrhoeae has the remarkable ability to acquire antibiotic 
resistance through molecular mutations, creating a worldwide 
public health concern.2-4 This STI is included in the World Health 
Organization’s (WHO) global priority list of antibiotic-resistant 
bacteria as it has developed resistance to every antimicrobial 
drug recommended for treatment since the introduction of the 
sulphonamides in the 1930s.5 

A 2018 WHO global surveillance study revealed that 87 million 
new infections occurred in adolescents and adults between the 
ages of 15 to 49, in 2016, with sub-Saharan Africa displaying the 
highest incidence for N. gonorrhoeae.6,7 South African studies 
have previously reported prevalence rates for N. gonorrhoeae 
of 3–11% in women.1,8,9 A study conducted in women attending 
antenatal care had recently reported a prevalence of 1.3% 

for N. gonorrhoeae.10 Untreated N. gonorrhoeae infections are 
associated with adverse outcomes such as reproductive health 
issues, obstetric morbidity, and the acquisition of Human 
Immunodeficiency Virus (HIV) and other STIs.1,7,11-19 

N. gonorrhoeae has been reported to be asymptomatic, thereby 
allowing the survival of this microorganism to persist.20 The global 
emergence of drug resistance in N. gonorrhoeae to previous and 
current antibiotic treatments is a public health concern since 
this infection may become untreatable.21-23 This microorganism 
has phenotypic variability through the differential expression 
of existing parts of the microorganism’s genome as well as 
genotypic variation through acquiring and incorporating new 
genetic material by conjugation or transformation.20 Another 
important characteristic is the antigenic variability that  
N. gonorrhoeae acquires through obtaining genetic material from 
other organisms which contributes to its various mechanisms 
of resistance.24 This demonstrates that continuous surveillance 
of the emerging resistance or susceptibility patterns of this 
pathogen is critical. 
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It has been previously reported that plasmid-mediated 
penicillinase-producing N. gonorrhoeae (PPNG) are β-lactamase 
producing and associated with three plasmid types that confer 
penicillin resistance (Asian, African and Toronto types).21,25,26 
Tetracycline resistant N. gonorrhoeae (TRNG) is conferred by 
the tetM gene which is harboured by two conjugative plasmids 
(American and Dutch).21,25,26 Ciprofloxacin resistance has been 
frequently linked to the gyrA and parC mutations, with predom-
inance of the Ser-91 gyrA status.9,20,27 A transfer of the rpsE gene 
allele encoding the mutant ribosomal protein S5 (RPS5) results 
in a substitution mutation of Thr-24 → Pro, subsequently dis-
rupting the binding of spectinomycin to the ribosomal target 
and thereby promoting resistance.28 High-level azithromycin 
resistance has recently been observed in association with 
mutations in the mef efflux pump gene, and the mtrR regulatory 
and mtrCDE structural genes.29,30 Point mutations in the 23S rRNA 
region have previously been described to confer azithromycin 
resistance.31 Resistance towards third-generation cephalosporins 
such as cefixime and ceftriaxone has been observed in 
many countries, including South Africa.2 A recombination of 
gonococcal penA with penA genes of commensal Neisseria 
species produces a mosaic-like penA structure, associated with 
conferring this resistance.32,33 Alternatively, modifications in mtrR 
and porB are associated with decreased drug accumulation.34

Antimicrobial resistance (AMR) studies on N. gonorrhoeae have 
been based on minimum inhibition concentration (MIC) by using 
culture. However, maintaining the viability of N. gonorrhoeae is 
a challenge due to unsuccessful growth, poor transportation 
and storage.35 Detection of resistance targets and mutations 
without the need for culture serves as a much more attractive 
alternative for AMR studies. In this study, pregnant women had 
provided paired endocervical swabs for culture and molecular 
assessments. DNA was extracted from both the cultured samples 
and the primary endocervical swabs. The paired extracted DNA 
was used to detect gene targets and identify determinants 
associated with resistance to penicillin, tetracycline, ciprofloxacin, 
spectinomycin, azithromycin, cefixime and ceftriaxone by the 
real-time polymerase chain reaction (RT-PCR). The aim of this 
study was to compare the primary swab to the cultured isolates 
for the detection of N. gonorrhoeae AMR determinants. To date, 
there have been no published South African studies that have 
investigated the sensitivity of the primary endocervical swab 
against culture for the detection of AMR determinants in this 
pathogen. 

Materials and methods

Study setting and population

The study population included 307 pregnant women (n = 307) 
from the antenatal clinic of the King Edward VIII Hospital (KEH) 
in Durban, KwaZulu-Natal. The study population was recruited 
between November 2018 and July 2019. Eligibility of participants 
was based on the following aspects: women who were 18 years 
and older; willingness to provide informed consent; willingness 
to provide data on sexual behaviour, demographics and 
clinical history by completing a structured questionnaire; and 

willingness to undergo a pelvic examination to provide two 
endocervical swab samples. 

Sample collection and processing

Each participant underwent a pelvic examination conducted 
by a gynaecologist and paired endocervical swab samples 
were collected. The first swab was placed in an Amies charcoal 
transport media (LASEC, South Africa) immediately after col-
lection. The second swab was placed in a dry sterile tube. Both 
swabs were stored at room temperature before being processed 
at the School of Clinical Medicine’s Research Laboratory, UKZN. 
The swabs were processed within four hours of sample collection. 
The dry swab was immersed in 2 ml of phosphate buffered saline 
(pH 7.4) and vortexed to dislodge the sample material from swab, 
after which the cervical fluid was stored at -20 °C until further 
molecular analysis. The vortexed swab was discarded.36 

Culture detection of N. gonorrhoeae

The swabs from the Amies charcoal transport medium were 
plated onto New York City Agar plates and incubated for 24 to 
48 hours at 37 °C in the presence of 5% CO2.36 Suspected colonies 
were sub-cultured onto Chocolate Agar plates and incubated for 
a further 24 hours in the presence of 5% CO2 at 37 °C. To confirm 
the identity of the isolates, Gram staining, oxidase, catalase and 
superoxol tests were conducted.36 

Preparation of culture DNA for extraction

Culture-confirmed clinical isolates were re-plated onto Chocolate 
Agar plates. A set of WHO reference strains were also plated from 
storage at -80 °C. The culture plates were incubated for 24 hours 
at 37 °C in the presence of 5% CO2. Following growth on the Agar 
plate, an inoculum with 1 ml Brain-Heart Infused Broth (LASEC, 
South Africa) was then prepared for both the clinical isolates and 
the WHO reference strains. These samples were incubated for 30 
minutes at 37 °C in the presence of 5% CO2. 

DNA extraction from cultured isolates

The inoculum was then used for the isolation of genomic DNA 
using the Wizard Genomic DNA Purification Kit (Promega 
Corp., Madison, United States of America) according to the 
manufacturer’s guide. A NanoDrop spectrophotometer 
(ThermoFisher Scientific, South Africa) was used to assess the 
concentration and purity of the extracted DNA. The extracted 
DNA was stored at -20 °C until further use.

DNA isolation from the endocervical sample

The stored cervical fluid samples were retrieved from the 
freezer, allowed to thoroughly thaw and then subjected to DNA 
extraction. The suspension was centrifuged at 14 000 rpm for 
10 min and the supernatant was discarded. Recovered pellets 
were then subjected to a DNA extraction method using the 
PureLink Microbiome Kit (ThermoFisher Scientific, Waltham, 
Massachusetts, United States of America), according to the 
manufacturer’s instructions. A NanoDrop spectrophotometer 
(ThermoFisher Scientific, South Africa) was used to assess the 
concentration and purity of the extracted DNA.
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Detection of N. gonorrhoeae from the endocervical 
sample 

The pre-designed commercially available TaqMan quantitative 

PCR (qPCR) assay, specifically for N. gonorrhoeae (Assay ID: 

Ba04646252_s; ThermoFisher Scientific, United States of 

America), was used for the detection of this pathogen. Briefly, each 

reaction comprised 2.5 µl of Fast Start 4x probe master mix, 0.5 

µl FAM-labelled probe/primer mix and 2 µl sample DNA in a final 

volume of 5 µl. Amplification was performed on a QuantStudioTM 

5 Real-Time PCR System with 1 cycle at 95 °C for 30 seconds 

followed by 45 cycles of denaturation (95 °C for 30 seconds) 

and annealing (60 °C for 30 seconds). Amplified fluorescent 

products were detected at completion of the annealing period. 

The raw fluorescent data that was automatically generated by 

the QuantStudioTM 5 Real-Time PCR System software-included 

cycling threshold (CT) values. 

Detection of molecular markers/genes associated with 
antimicrobial resistance 

The sequences of the primers used for the detection of the in-

dividual genes are shown in Table I. A no template control was 

used as a negative control and the WHO reference strains were 

used as a positive control to confirm validity of the PCR results. 

Conventional PCR was performed for all gene targets in a final 

volume of 25 µl and comprised 12.5 µl DreamTaq PCR Mastermix 

2x (ThermoFisher Scientific, United States of America), 0.5 µl 

of each (10  µM) primer, 2 µl template DNA and nuclease free 

water. PCR amplicons were separated on a 1% agarose gel 

by electrophoresis and visualised using a UV transilluminator 

(GeneGenius, Syngene, Maryland, United States of America). 

Detection of azithromycin resistance determinants

The 23S rRNA gene was amplified in order to identify mutations 
that are responsible for conferring azithromycin resistance (see 
Table I). Amplification was performed at an initial denaturation 
of 95 °C for 5 minutes, followed by 30 cycles of 95 °C for 1 minute 
(denaturation), 60 °C for 1 minute (annealing) and 72 °C for 1 
minute (extension). A final extension step at 72 °C for 5 minutes 
was included. 

Detection of cefixime and ceftriaxone resistance 
determinants

The penA and por genes were amplified to identify resistant de- 
terminants for cefixime and ceftriaxone. Primers PA1 and PA2 
were used for the amplification of the penA gene (Table I). 
Amplification was performed with an initial denaturation of 
95 °C for 3 minutes, followed by 30 cycles of 95 °C for 1 minute 
(denaturation), 48 °C for 1 minute (annealing) and 72 °C for 
1 minute (extension) and a final extension step at 72 °C for 5 
minutes. 

The PorB1 and PorB2 primers were used for the amplification of 
the por gene (Table I). Amplification was performed at an initial 
denaturation of 95 °C for 5 minutes, followed by 30 cycles of 95 
°C for 1 minute (denaturation), 56 °C for 1 minute (annealing) and 
72 °C for 1 minute (extension). A final extension step at 72°C for 
5 minutes was included. 

Detection of spectinomycin resistance determinants

The rpsE gene was amplified to identify spectinomycin resistant 
determinants (Table I). Cycling conditions included initial denat-
uration of 95 °C for 1 minute, followed by 30 cycles of 95°C for 1 
minute (denaturation), 48°C for 1 minute (annealing) and 72°C 

Table I: Primer sequences and targeted genes for the antibiotic resistant determinants investigated in this study

Antibiotic Primer name Primer sequence (5’–3’) Targeted gene Reference
sequence/positive control 

Azithromycin gonrRNA-F ACGAATGGCGTAACGATGGCCACA Point mutations in 23S rRNA 
regions in allele 2 (37)

WHO-Y

23S 
rRNAR-allele 2

GCGACCATACCAAACACCCACAGG

Cefixime and 
Ceftriaxone

PA1 CGATATGATCGAACCTGG penA gene (38) WHO-Y

PA2 ACAATCTCGTTGATACTCG

Cefixime and 
Ceftriaxone

PorB1 AAAGGCCAAGAAGACCTCGGC por gene (38) WHO-Y

PorB2 GAGAAGTCGTATTCCGCACCG

Spectinomycin 5S-F TGGCAAAACATGA AATTGAAG rpsE gene (39) NG 3.1 30S ribosomal 
protein S5 (Genbank 
accession: KF021592)

5S-R GCCATGGTTAACTCCCAAAA

Penicillin G GC1F AACTCACGGACAAAATCACGG β-lactamase producing 
plasmid (25)

-

GC2F CACCTATAAATCTCGCAAGCC

GC3R AACGCAAGCAGGACGAAATC

GC4R CCTCCACCTTCATCCTCAGC

Tetracycline TetMF ACTGTTGAACCGAGYAAACCT TetM gene (25) -

TetMR TCTATCCGACTATTTGGACGACG

Ciprofloxacin GyrAF CGGCGCGTACTGTACGCGATGCA Gyrase A gene (26) WHO-Y

GyrAR ATGTCTGCCAGCATTTCATGTGAGA
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for 1 minute (extension) and a final extension step at 72°C for 5 
minutes. 

Detection of penicillin resistance determinants

A multiplex PCR was used to detect β-lactamase-producing 
plasmid types using 0.25 ul (10 µM) of each primer, with 
protocols previously described by Luwang25 and Tanaka26. The 
reaction mixture consisted of 5 µl of template DNA together 
with all the reagents previously mentioned. The PCR cycling con-
ditions included an initial denaturation at 94 °C for 5 minutes, 
followed by 35 cycles each consisting of denaturation at 94 °C 
for 30 seconds, annealing at 58 °C for 1 minute, extension at  
72 °C for 1 minute and 30 seconds and a final extension at 72 °C 
for 10 minutes. 

Detection of tetracycline resistance determinants

Tetracycline resistance plasmid types were detected by PCR 
using the primers as shown in Table I. The PCR cycling conditions 
included an initial denaturation at 94 °C for 5 minutes, followed 
by 35 cycles each consisting of denaturation at 94 °C for 30 
seconds, annealing at 56 °C for 1 minute, extension at 72 °C for 
1 minute and 30 seconds and a final extension at 72 °C for 10 
minutes. Detection of the specific plasmid type was performed 
by digestion of the PCR amplicon with HinfI (New England 
Biolabs, United States of America). The digests were incubated 
at 37 °C for 1 hour followed by heat inactivation at 80 °C for 20 
minutes and visualised on a 1.5% agarose gel.

Detection of ciprofloxacin resistance determinants 

The GyraAF and GyrAR primers were used for the amplification 
reactions. Cycling conditions included an initial denaturation 
at 94 °C for 5 minutes, followed by 35 cycles each consisting of 
denaturation at 94 °C for 30 seconds, annealing at 60 °C for 1 
minute, extension at 72 °C for 1 minute and 30 seconds and a 
final extension at 72 °C for 10 minutes. Detection of the Ser-91 
mutation which confers ciprofloxacin resistance was performed 
by digestion of the PCR amplicon with HinfI (New England 
Biolabs, United States of America). The digests were incubated 
at 37 °C for 1 hour followed by heat inactivation at 80 °C for 20 
minutes and visualised on a 1.5% agarose gel. 

Sequencing of PCR amplicons to confirm identify and 
alignment

To confirm the identity of the PCR amplicons and identify 
mutations responsible for conferring resistance, Sanger 
sequencing was performed. The samples were sequenced at 
Inqaba Biotechnological Industries in Pretoria, South Africa. 
Sequencing was performed on an ABI3500XL genetic analyser 
and the raw sequence data was edited using Chromas software 
V2.6.5 (Technelysium, Queensland, Australia). The identity of the 
edited sequences was confirmed using the National Center for 
Biotechnology Information (NCBI) Basic Local Alignment Search 
Tool (BLAST). Nucleotide sequences were translated using the 
ExPASy translate tool (https://web.expasy.org/translate/). In 
order to identify resistance conferring mutations, a multiple 
sequence alignment was performed using ClustalW (https://
www.genome.jp/tools-bin/clustalw). The alignment included 

WHO reference strains which are resistant to the named 
antibiotics (carrying the mutations) and the paired culture and 
endocervical swab samples. 

Results

Detection of N. gonorrhoeae by culture and PCR

Of the 307 samples tested in this study, only six samples tested 
positive for culture. A total of 24 samples tested positive for  
N. gonorrhoeae with the qPCR assay. The six samples which 
were positive for culture also fell within the qPCR positives 
group. Since this study was designed to directly compare the 
culture swabs to the endocervical swabs for the detection of 
AMR determinants, the current analysis included only the six 
culture samples and six paired endocervical swab samples  
(n = 6). The phenotypic resistance profiles for the six culture 
positive isolates were conducted previously (Supplementary 
Figure 1). The phenotypic results from the previous study showed 
that all isolates were penicillin resistant (12–64 mg/L). The 
isolates also were observed to have intermediate (1 mg/L) and 
resistant (1.9–32 mg/L) profiles to tetracycline and ciprofloxacin 
resistance was observed for five of the six isolates (1.16–3 mg/L). 
All isolates were susceptible to spectinomycin, azithromycin, 
cefixime and ceftriaxone. 

Identification of mutations associated with 
azithromycin resistance 

The 23S rRNA was amplified in all cultured samples and five of 
the six endocervical swab samples. The PCR amplicons were 
confirmed to be the N. gonorrhoeae strain 32380 23S ribosomal 
RNA gene, complete sequence (Genbank number: KT954110.1). 
Figure 1 represents the sequence alignment for the WHO 
reference strain and selected paired culture and endocervical 
samples. The mutations that are responsible for conferring 
resistance to azithromycin were absent in the clinical samples 
analysed; however, these were present in the WHO reference 
strain. The WHO reference strain exhibited a C → T nucleotide 
substitution which has been associated with azithromycin re-

The 23S rRNA was amplified in all cultured samples and five of the six endocervical swab 
samples. The PCR amplicons were confirmed to be the N. gonorrhoeae strain 32380 23S 
ribosomal RNA gene, complete sequence (Genbank number: KT954110.1). Figure 1 
represents the sequence alignment for the WHO reference strain and selected paired culture 
and endocervical samples. The mutations that are responsible for conferring resistance to 
azithromycin were absent in the clinical samples analysed; however, these were present in the 
WHO reference strain. The WHO reference strain exhibited a C → T nucleotide substitution 
which has been associated with azithromycin resistance (see Figure 1). This was in line with 
the observed phenotypic resistance profile previously conducted on these isolates, in which 
none of the clinical isolates were azithromycin resistant; however, the WHO reference strain 
was resistant.  
 

 
Figure 1: ClustalW multiple sequence alignment for the identification of point 
mutations in 23S rRNA regions in alleles 2 for azithromycin resistance 
C: culture DNA, E: endocervical DNA, WHO-Y: positive control.  
The presence of the mutation (C → T) is shown as highlighted text.  
Identification of mutations associated with cefixime/ceftriaxone resistance  
The por and penA genes were amplified in all cultured samples and five of the six 
endocervical swab samples. For the penA amplicons, the sequencing results confirmed its 
identity to be Penicillin-binding protein 2, partial [Neisseria gonorrhoeae] GenBank number: 
AFJ54623.1. Similarly for por, the amplicons were confirmed to be porin [Neisseria 
gonorrhoeae] Genbank number: WP_057321029.1.  
According to Figure 2, mutations in the por gene responsible for resistance to cefixime and 
ceftriaxone was absent in the clinical samples. However, the WHO reference strain was 
observed to have deletions of tyrosine, lysine and histidine amino acids and substitutions of 
the following amino acids: Gln → Tyr, Val → Ala, Ala → Gly, Ala → Val and Asn → Gln 

G180E ----------------TGTGA-GATGCAATCTACCCGCTGCTAGACGGAAAGACCCCGTG 
G176C -CGAGGTTGAAGTGGTTGTGAAGATGCAATCTACCCGCTGCTAGACGGAAAGACCCCGTG 
WHO-Y ------TTGAAGTGGTTGTGAAGATGCAATCTACCCGCTGCTAGACGGAAAGACCCCGTG 
G176E ---AATTTGAAGTGGTTGTGAAGATGCA-TCTACCCGCTGCTAGACGGAAAGACCCCGCG 
 ***** ****** ***************************** * 
 
G180C AACCTTTACTGTAGCTTTGCATTGGACTTTGAAGTCACTTGTGTAGGATAGGTGGGAGGC 
G180E AACCTTTACTGTAGCTTTGCATTGGACTTTGAAGTCACTTGTGTAGGATAGGTGGGAGGC 
G176C AACCTTTACTGTAGCTTTGCATTGGACTTTGAAGTCACTTGTGTAGGATAGGTGGGAGGC 
WHO-Y AACTTTTACTGTAGCTTTGCATTGGACTTTGAAGTCACTTGTGTAGGATAGGTGGGAGGC 
G176E AACCTTTACTGTAGCTTTGCATTGGACTTTGAAGTCACTTGTGTAGGATAGGTGGGAGGC 
 *** ******************************************************** 
 
G180C TTGGAAGCAGAGACGCCAGTCTCTGTGGAGTCGTCCTTGAAATACCACCCTGGTGTCTTT 
G180E TTGGAAGCAGAGACGCCAGTCTCTGTGGAGTCGTCCTTGAAATACCACCCTGGTGTCTTT 
G176C TTGGAAGCAGAGACGCCAGTCTCTGTGGAGTCGTCCTTGAAATACCACCCTGGTGTCTTT 
WHO-Y TTGGAAGCAGAGACGCCAGTCTCTGTGGAGTCGTCCTTGAAATACCACCCTGGTGTCTTT 
G176E TTGGAAGCAGACACGCCAGTCTCAGTGGAGTCGTCCTTGAAATACCACCCTGGTGTCTTT 
 *********** *********** ************************************ 
 
G180C GAGGTTCTAACCCAGACCCGTCATCCGGGTCGGGGACCGTGCATGGTAGGCAGTTTGACT 
G180E GAGGTTCTAACCCAGACCCGTCATCCGGGTCGGGGACCGTGCATGGTAGGCAGTTTGACT 
G176C GAGGTTCTAACCCAGACCCGTCATCCGGGTCGGGGACCGTGCATGGTAGGCAGTTTGACT 
WHO-Y GAGGTTCTAACCCAGACCCGTCATCCGGGTCGGGGACCGTGCATGGTAGGCAGTTTGACT 
G176E GAGGTTCTAACCCAGACCCGTCATCCGGGTCGGGGACCGCGCATGGTAG----------- 
 *************************************** *********  

 
Figure 1: ClustalW multiple sequence alignment for the identification 
of point mutations in 23S rRNA regions in alleles 2 for azithromycin 
resistance
C – culture DNA, E – endocervical DNA, WHO-Y – positive control 
The presence of the mutation (C → T) is shown as highlighted text
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sistance (Figure 1). This was in line with the observed phenotypic 

resistance profile previously conducted on these isolates, in 

which none of the clinical isolates were azithromycin resistant; 

however, the WHO reference strain was resistant. 

Identification of mutations associated with cefixime/
ceftriaxone resistance 

The por and penA genes were amplified in all cultured samples 

and five of the six endocervical swab samples. For the penA 

amplicons, the sequencing results confirmed its identity to 

be Penicillin-binding protein 2, partial [Neisseria gonorrhoeae] 
GenBank number: AFJ54623.1. Similarly for por, the amplicons 

were confirmed to be porin [Neisseria gonorrhoeae] Genbank 

number: WP_057321029.1. 

According to Figure 2, mutations in the por gene responsible for 

resistance to cefixime and ceftriaxone was absent in the clinical 

samples. However, the WHO reference strain was observed to 

have deletions of tyrosine, lysine and histidine amino acids and 

substitutions of the following amino acids: Gln → Tyr, Val → Ala, 

Ala → Gly, Ala → Val and Asn → Gln (Figure 2). This also links 

to the previous phenotypic resistance profile of the isolates in 
which none of the six culture positives showed resistance to 
either antibiotic. 

Similarly, sequences obtained from the PCR for the penA gene 
showed multiple substitution mutations (Arg → Met, Gly → Thr, 
Glu → Asp, Ile → Val, Asn → Ser, Arg → Gln, Pro → Lys, Ala → Val, 
Val → Glu, Leu → Val, Gln → Lys, Glu → Ala, Arg → Lys, Glu → 
Lys, Pro → Ala, Ala → Pro, Asn → Tyr, Gly → Ala, Gky → Ser, Ile → 
Asn, Met → Tyr, Ser → Gln, Asn → Glu, Ser → Phe, Thr → Asp, Lys 
→ Gln, Pro →Ala) in the WHO reference strain, which were not 
present in the clinical samples (Figure 3).

Identification of mutations associated with 
spectinomycin resistance 

The rpsE gene, which carries mutations associated with 
spectinomycin resistance, was amplified in all the culture 
samples and five of the six endocervical swab samples. The 
amplicons were confirmed to be N. gonorrhoeae strain 3mut_
SPC 30S subunit ribosomal protein S5 (rpsE) gene, Genbank 
number: GU395615.1. For this antibiotic, there was no available 
WHO reference strain which was resistant to spectinomycin, 
therefore the alignment was conducted using the rpsE sequence 
of the N. gonorrhoeae strain NG 3.1 30S ribosomal protein S5 
(Genbank accession: KF021592) which carries the mutation for 
spectinomycin resistance.28 A substitution mutation (Thr-24 
→ Pro) was observed in the KF021592 strain with no mutation 
observed in either the culture or the endocervical sequences 
(Figure 4). This is in keeping with the AMR data on these isolates 
as resistance to spectinomycin was not observed.

Identification of penicillin, tetracycline and 
ciprofloxacin resistance determinants

The β-lactamase producing plasmid, tetM gene and gyraseA 
gene was shown to be present in all the clinical samples tested. 
The correlation of the PCR assays for the individual genes be-
tween the swabs compared to the cultured isolates was 100%. 
The sensitivity of the PCR assays with both sample types was 
determined using the following formula:40 [number of true 
positives/(number of true positives+number of false negatives)] 
x100

The tetM gene was shown to be carried on the American type-
tetM conjugative plasmid (Genbank number: GU479464.1). The 

(see Figure 2). This also links to the previous phenotypic resistance profile of the isolates in 
which none of the six culture positives showed resistance to either antibiotic.  
 

 
Figure 2: ClustalW multiple sequence alignment for identification of mutations in por 
gene for cefixime/ceftriaxone resistance 
C: culture DNA, E: endocervical DNA, WHO-Y: positive control.  
The presence of the mutations are shown as highlighted text.  
Similarly, sequences obtained from the PCR for the penA gene showed multiple substitution 
mutations (Arg → Met, Gly → Thr, Glu → Asp, Ile → Val, Asn → Ser, Arg → Gln, Pro → 
Lys, Ala → Val, Val → Glu, Leu → Val, Gln → Lys, Glu → Ala, Arg → Lys, Glu → Lys, 
Pro → Ala, Ala → Pro, Asn → Tyr, Gly → Ala, Gky → Ser, Ile → Asn, Met → Tyr, Ser → 
Gln, Asn → Glu, Ser → Phe, Thr → Asp, Lys → Gln, Pro → Ala) in the WHO reference 
strain, which were not present in the clinical samples (see Figure 3). 
 

G176C MAKREHRYLSARYDSPEFAGFSGSVQYAPKDNSGSNGESYHVGLNYQNSGFFAQYAGLFQ 
G176E MAKREHRYLSARYDSPEFAGFSGSVQYAPKDNSGSNGESYHVGLNYQNSGFFAQYAGLFQ 
G180E MAQREHRYLSVRYDSPEFAGFSGSVQYAPKDNSGSNGESYHVGLNYRNNGFFAQYAGLFQ 
G180C MAQREHRYLSVRYDSPEFAGFSGSVQYAPKDNSGSNGESYHVGLNYRNNGFFAQYAGLFQ 
WHO-Y MAQREHRYLSVRYDSPEFAGFSGSVQYAPKDNSGSNGESYHVGLNYRNNGFFAQYAGLFQ 
 **:*******.***********************************:*.*********** 
 
G176C RYGEGTKKIEYDNQTYSVPSLFVEKLQVHRLVGGYDNNALYVSVAAQQQDAKLYGTWRAN 
G176E RYGEGTKKIEYDNQTYSVPSLFVEKLQVHRLVGGYDNNALYVSVAAQQQDAKLYGTWRAN 
G180E RYGEGTKKIEYKHQVYSIPSLFVEKLQVHRLVGGYDNNALYVSVAAQQQDAKLYGAKKAN 
G180C RYGEGTKKIEYKHQVYSIPSLFVEKLQVHRLVGGYDNNALYVSVAAQQQDAKLYGAKKAN 
WHO-Y RYGEGTKMEG---YAYNIPSLFVEKLQVHRLVGGYDNNALYASVAAQQQDAKLYGAMSGN 
 ******* .*.:***********************.*************: .* 
 
G176C SHNSQTEVAATAAYRFGNLTPRVSYAHGFKGSVHSADYDNTYDQVVVGAEYDFS 
G176E SHNSQTEVAATAAYRFGNLTPRVSYAHGFKGSVHSADYDNTYGPSGCRCGI--- 
G180E SHNSQTEVAATAAYRFGNVTPRVSYAHGFKGTVDSADHDNTYDQVVVGAEYDFS 
G180C SHNSQTEVAATAAYRFGNVTPRVSYAHGFKGTVDSADHDNTYDQVVCRCGIRLL 
WHO-Y SHNSQTEVAATVAYRFGNVTPRVSYAHGFKGTVDDANHRQYLRPSGCRCGIRLL 
 ***********.******:************:*..*:: : .  
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Identification of mutations associated with spectinomycin resistance  
The rpsE gene, which carries mutations associated with spectinomycin resistance, was 
amplified in all the culture samples and five of the six endocervical swab samples. The 
amplicons were confirmed to be N. gonorrhoeae strain 3mut_SPC 30S subunit ribosomal 
protein S5 (rpsE) gene, Genbank number: GU395615.1. For this antibiotic, there was no 
available WHO reference strain which was resistant to spectinomycin, therefore the 
alignment was conducted using the rpsE sequence of the N. gonorrhoeae strain NG 3.1 30S 
ribosomal protein S5 (Genbank accession: KF021592) which carries the mutation for 
spectinomycin resistance.28 A substitution mutation (Thr-24 → Pro) was observed in the 
KF021592 strain with no mutation observed in either the culture or the endocervical 
sequences (see Figure 4). This is in keeping with the AMR data on these isolates as resistance 
to spectinomycin was not observed. 
 
 

G176E --------------------------------MQKSSNVGTSKLSARFGAEEMYDFYHEL 
G176C --------------------------------MQKSSNVGTSKLSARFGAEEMYDFYHEL 
G51C --------------------------------MQKSSNVGTSKLSARFGAEEMYDFYHEL 
G51E --------------------------------MQKSSNVGTSKLSARFGAEEMYDFYHEL 
WHO-Y MQPIHSIPCLTKSGSATVQDTHVYPTLDVRGIMQKSSNVGTSKLSAMFTPKEMYDFYHDL 
 ************** * .:*******:* 
 
G176E GIGVRMHSGFPGETAGLLRNWRRWRPIEQATMSFGYGLQLSLLQLARAYTALTHDGVLLP 
G176C GIGVRMHSGFPGETAGLLRNWRRWRPIEQATMSFGYGLQLSLLQLARAYTALTHDGVLLP 
G51C GIGVRMHSGFPGETAGLLRNWRRWRPIEQATMSFGYGLQLSLLQLARAYTALTHDGVLLP 
G51E GIGVRMHSGFPGETAGLLRNWRRWRPIEQATMSFGYGLQLSLLQLARAYTALTHDGVLLP 
WHO-Y GVGVRMHSGFPGETAGLLRSWRRWQKIEQATMSFGYGLQLSLLQLARAYTVLTHDGELLP 
 *:*****************.****: ************************.***** *** 
 
G176E LSFEKQAVAPQGKRIFKESTAREVRNLMVSVTEPGGTGTAGAVDGFDVGAKTGTARKLVN 
G176C LSFEKQAVAPQGKRIFKESTAREVRNLMVSVTEPGGTGTAGAVDGFDVGAKTGTARKLVN 
G51C LSFEKQAVAPQGKRIFKESTAREVRNLMVSVTEPGGTGTAGAVDGFDVGAKTGTARKLVN 
G51E LSFEKQAVAPQGKRIFKESTAREVRNLMVSVTEPGGTGTAGAVDGFDVGAKTGTARKLVN 
WHO-Y VSFEKQAVAPKGKRVIKASTAKKVRELMVSVTEAGGTGTAGAVDGFDVGAKTGTPRKLVN 
 :*********:***::* ***::**:*******.********************.***** 
 
G176E GRYVDNKHVGTFIGFAPAKNPRVIVAVTIDEPTAHGYYGGVVAGPPFKKIMGGSLNILGI 
G176C GRYVDNKHVGTFIGFAPAKNPRVIVAVTIDEPTAHGYYGGVVAGPPFKKIMGGSLNILGI 
G51C GRYVDNKHVGTFIGFAPAKNPRVIVAVTIDEPTANGYYGGVVAGPPFKKIMGGSLNILGV 
G51E GRYVDNKHVGTFIGFAPAKNPRVIVAVTIDEPTANGYYGGVVAGPPFKKIMGGSLNILGV 
WHO-Y GRYVDYKHVATFIGFAPAKNPRVIVAVTIDEPTANGYYSGVVAGPPFKKNYGRQPEHLGH 
 ***** ***.************************:***.********** * . : **  
 
G176E SPTKPLT-AAAVKTPS 
G176C SPTKPLT-APAVKTPS 
G51C SPTKPLTNVAAVKTPS 
G51E SPTKPLTNVAAVKTPS 
WHO-Y FPDQA----------- 
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multiplex PCR for the β-lactamase-producing plasmid carried 
the N. gonorrhoeae strain African-TEM 1-MIC16 plasmid PJD5, 
complete sequence (Genbank Number: MK973084.1). The PCR 
amplicons corresponding to the gyraseA gene was confirmed to 
be the gyraseA gene from N. gonorrhoeae, DNA gyrase subunit 
A, partial [N. gonorrhoeae] (Genbank number: APU93729.1). The 
Ser-91 mutation which was detected by digestion of the gyraseA 
PCR amplicon with HinfI was shown to be present in both the 
culture and the endocervical swab samples of five of the six 
sample pairs. The presence of the digestion pattern matched the 
AMR results since there was one isolate which was susceptible to 
ciprofloxacin and, hence, did not carry the mutation.

Discussion

N. gonorrhoeae is one of the most prevalent STIs globally and 
has acquired AMR to various antibiotics used in its treatment 
over the years. Data on plasmid types and antibiotic resistant 
genes illustrates that this pathogen harbours are fundamental 
for monitoring the emergence and spread of antibiotic 
resistance.41,42 The majority of studies conducted in previous 
years have focused on the detection of AMR to antibiotics using 
culture-based techniques.43-45 In this study, a total of six isolates 
of N. gonorrhoeae were detected by culture-based assays. 
However, 24 samples tested positive for this pathogen when 
detected from the endocervical swabs using qPCR. Based on the 
low recovery rate of isolates with culture, this study investigated 
the performance of the endocervical swabs against the cultured 
isolates for the detection of AMR patterns. Specific genes that 
carry mutations associated with resistance to azithromycin, 
cefixime, ceftriaxone, spectinomycin and ciprofloxacin were 
investigated. The presence of plasmids that carry the resistance 
determinants for penicillin G and tetracycline were also 
investigated. 

Specific mutations associated with the 23S rRNA are responsible 
for low- and high-level resistance mutations to azithromycin 
and erythromycin.12,37,46,47 In this study, a C → T nucleotide 
substitution was observed only for the WHO azithromycin 
resistant strain. However, it was absent in the paired culture and 
swab samples. This finding correlates well with the AMR profile for 
these isolates which showed a lack of resistance to azithromycin 
(Supplementary Figure 1). There was a good correlation (83%) 
between the cultured isolates and endocervical swabs for 
detecting the 23S rRNA for further mutation scanning.

Specific mutations in the penA and por gene have been as-
sociated with resistance to cefixime and ceftriaxone.7 There 
was a good correlation (83%) between the cultured isolates 
and endocervical swabs for detecting the por gene. However, 
mutations associated with cefixime and ceftriaxone resistance 
was absent in the study samples. The mutations (Gln → Tyr, Val 
→ Ala, Ala → Gly, Ala → Val and Asn → Gln) were detected in the 
WHO reference strain indicating the high sensitivity of the PCR 
and DNA sequencing assays for detecting the desired mutations 
from the endocervical swab samples. Similarly, another study 
reported on the following amino acid substitutions: Gly-101 → 
Lys, Ala-102 → Asp, Gly-101 → Lys, Ala-102 → Asn, Gly-101 →Asn 

and Ala-102 → Asp.38,48 These mutations are often associated 
with a decrease in permeability to penicillin, cephalosporins and 
ciprofloxacin.49,50 The mutation scan was also 100% correlated 
with the AMR results for the isolates since none of the isolates 
were resistant to cefixime or ceftriaxone. 

A previous study that investigated mutations in the penA mosaic 
allele (PBP 2) which showed reduced susceptibility to cefixime 
and ceftriaxone in N. gonorrhoeae revealed that a substitution 
of Ala-501 → Val was the cause of this reduced susceptibility.48,51 
Upon further investigation, that study revealed that the PBP 2 
pattern XVII contained an Ala-501 → Val substitution which 
was confirmed by a modelling study to cause a conformational 
alteration of the β-lactam binding pocket leading to a reduction 
in susceptibility to cephems.51 Our findings are similar to other 
studies since the Ala → Val substitution was detected in the 
WHO reference strain.51 No mutations were observed with paired 
culture and endocervical samples despite yielding successful  
PCR and DNA sequencing results. The lack of resistance 
conferring mutations correlates well with the AMR patterns for 
the isolates since susceptibility to cefixime and ceftriaxone was 
observed in these isolates (Supplementary Figure 1).

Resistance to spectinomycin is associated with mutations in the 
rpsE gene.28 This study used the N. gonorrhoeae strain NG 3.1 
30S ribosomal protein S5 (Genbank accession: KF021592) as the 
positive control to determine spectinomycin resistance. A study 
conducted by Ilina et al.28 illustrated that the spectinomycin 
resistant strain (N. gonorrhoeae strain NG 3.1 30S ribosomal 
protein S5 [Genbank accession: KF021592]) carried a substitution 
mutation of Thr-24 → Pro. The culture and endocervical swab 
samples investigated in this study lacked these mutations 
indicating spectinomycin susceptibility. There was a good 
correlation between the PCR and sequencing assays for both 
sample types. 

Ciprofloxacin resistance has been frequently associated with 
the gyraseA and parC mutations, with predominance of the Ser-
91 gyraseA mutation.9,20,27 The presence of the Ser-91 mutation 
(identified by restriction digestion analysis) was present in 
both the cultured and endocervical samples. PCR detection 
and restriction analysis of the gyraseA gene can be used as a 
future method to track ciprofloxacin resistance from primary 
endocervical swabs especially in countries where ciprofloxacin is 
still used for the treatment of gonorrhoea. 

A recent study conducted in South Africa by Rambaran et 
al.44 showed tetracycline resistance to be associated with 
the presence of the tetM gene carried on a plasmid. The 
paired cultured and endocervical swab samples contained 
the American plasmid variant of the tetM gene (identified by 
restriction digestion analysis). This is in keeping with recent 
findings from 2019 which showed that 90% of an investigated 
population contained the American plasmid variant, supporting 
the premise that the American plasmid variant of the tetM gene 
originated on the African continent.44,53-55 Our findings confirm 
that surveillance for tetracycline resistance can be investigated 
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from primary endocervical swabs since the molecular assays are 
in concordance with the AMR results for this antibiotic. 

N. gonorrhoeae strains with plasmid-mediated resistance to 
penicillin contain plasmids with a blaTEM-1 gene, encoding a TEM-
1-type β-lactamase.7 This enzyme hydrolyses the amide bond of 
penicillin and renders the penicillin inactive.7 The multiplex PCR 
employed in this study was successful in detecting the African 
type β-lactamase plasmid in both cultured and endocervical 
swab samples. The presence of the African type plasmid is in 
accordance with previous findings from South Africa.43 The PCR 
results are also in concordance with the AMR results for this 
antibiotic. 

Conclusion

This comparative study for cultured and endocervical swab 
samples demonstrated the ability of endocervical samples to, 
in future, track emerging patterns of antimicrobial resistance 
in N. gonorrhoeae since it correlated well with the cultured 
samples. This approach minimises the need to culture isolates 
which require more stringent measure for sample collection, 
transportation, processing and maintaining viability of the 
gonococcus. Since the results of the molecular assays correlated 
well with AMR phenotypic results, tracking emerging patterns of 
resistance from the molecular level using only the endocervical 
swabs may serve as an attractive future research direction. This 
study was limited by the small sample size (six isolates). Therefore, 
it is recommended that future studies should attempt to obtain 
more isolates. Future studies on the molecular determinants for 
AMR should also consider investigating samples collected from 
different infection sites and not be subjected to endocervical 
samples only. Despite this limitation, our study was successful 
in tracking resistance using molecular determinants from the six 
paired samples.
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Figure S1: Etest™ data of emerging antimicrobial susceptibility/resistance patterns in 
N. gonorrhoeae  
Patterns of resistance and susceptibility were determined by the 2019 EUCAST breakpoints.  
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