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Abstract: Neisseria gonorrhoeae is an aetiological agent of gonorrhoea, which is a sexually transmitted disease (STD), a public health chal-
lenge worldwide. Gonorrhoea is undoubtedly a serious health risk, especially for women, due to its often asymptomatic course and the
possibility of upper genital tract complications such as pelvic inflammatory disease (PID), which can result in infertility. The data show
that the diagnostic method for N. gonorrhoeae should be specific, simple, sensitive, rapid and inexpensive. Currently, phenotypic identifi-
cation methods have been dominated by NAAT methods, which allow detection and identification of gonococcus directly in the clinical
specimen. However, up today molecular methods do not allow full determination of drug susceptibility.
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1. Introduction

Neisseria gonorrhoeae is a Gram-negative diplococ-
cus called gonococcus. It belongs to the genus Neisseria
and the family Neisseriaceae. N. gonorrhoeae is an obli-
gate human pathogen, the aetiological agent of gonor-
rhoea. Another human pathogenic species of this family
is N. meningitidis. In contrast, eight commensal species
are part of the human microbiome (N. cinera, N. elon-
gata, N. flavescens, N. lactamica, N. mucosa, N. polysac-
charea, N.sicca, N.subflava), colonizing mainly the
mucous membranes of the upper respiratory tract,
genitourinary tract, and anal area. Commensal Neisse-
ria species can be opportunistic pathogens for humans
(Humbert and Christodoulides 2019).

Gonorrhoea is a sexually transmitted disease that
spreads through direct contact with secretions. Infec-
tion can also occur through vertical transmission from
infected mother to child during childbirth. Gonorrhoea
is an acute or chronic disease that develops mainly in

the columnar and transitional epithelium of the lower
genitourinary tract. It less commonly affects the anus,
pharynx, conjunctiva, or cornea. The squamous epithe-
lium is less susceptible to infection (Bignell et al. 2013).

In Poland, gonococcal infection has been subject to
mandatory reporting since 1948. This time, the recorded
incidence was about 180 cases per 100,000 people.
Polish data on gonorrhoea epidemiology come from
annual reports published by the National Institute of
Public Health - National Institute of Hygiene (NIZP
PZH, www.pzh.gov.pl). Since 2014, data on gonococci
isolated in Poland are presented in ECDC reports of the
Euro-GASP program (ECDC 2022). Since the 1980s,
there has been a decline in reported incidence, from
87.6 per 100,000 in 1981 to 9.7 in 1992 and less than
2 per 100,000 in 2000 (Mlynarczyk-Bonikowska et al.
2014). In 2014, only 458 cases were reported in Poland,
with an incidence of 1.19 per 100,000, and in 2021, only
287 cases of gonorrhoea were reported, with an inci-
dence of 0.75 per 100,000. After the Covid-19 pandemic
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in 2022, 630 cases of gonorrhoea were reported, with
an incidence of 1.67 per 100,000. In 2023, there was
twice an increase in cases — 1372, indicating 3,64 per
100,000. But still, the number of registered gonorrhoea
in Poland is low compared to the European average.
However, the Polish data may be underestimated sig-
nificantly (NIZP PZH - PIB 2022, ECDC 2022). Glob-
ally, the number of cases is increasing. According to
WHO, more than 82.4 million cases of gonorrhoea
were reported in 2020, which ranks it as the second
most common bacterial sexually transmitted disease
after Chlamydia trachomatis infection (WHO 2021).
According to epidemiological reports from the E.U.
area, incidence has increased from 6.6 per 100,000
in 2009 to 31.6 per 100,000 in 2019 (ECDC 2023). In
the U.S., an even higher incidence rate was found in
2020: 206.5 per 100,000, and there was a further increase
of 4.6% in 2021. This may be due to better epidemio-
logical surveillance (Rowley etal. 2019; WHO 2021,
ECDC 2023).

The clinical picture of N. gonorrhoeae infection in
men and women differs fundamentally. The first symp-
toms of infection usually appear within a week after
sexual intercourse (usually between 3-7 days). In men,
acute urethritis develops that is difficult to overlook,
with the presence of a mucopurulent discharge (>80%
of cases), as well as dysuria (> 50%). The asymptomatic
infections in men are rare (< 10%). In untreated patients,
a complication of prolonged infection can be testicu-
lar inflammation, epididymitis, and prostatitis (Bignell
etal. 2013). In women, N. gonorrhoeae infection mainly
affects the cervical canal or urethra, causing gonococ-
cal cervicitis or urethritis, respectively. The disease can
present as a change in the type of vaginal discharge
(about 50%), lower abdominal pain (<20%), or dysu-
ria (10-15%). In women, the symptoms of infection are
much milder than in men. In more than 50% of cases,
the infection in women is asymptomatic, resulting in a
lack of recognition and treatment and the development
of different complications. The main sequel of gonor-
rhoea infection in women worth to be listed is Bar-
tholin’s gland inflammation, pelvic inflammatory dis-
ease (PID) involving the endometrium, fallopian tubes
and ovaries, perianal abscesses, ovarian abscess, tubal
factor infertility (TFI), ectopic pregnancy, Fitz-Hugh-
Curtis syndrome (FHCS), perihepatitis. An unrecog-
nized infection also facilitates the transmission of the
pathogen to sexual partners. An ascending gonococcal
infection involving the upper urogenital tract devel-
ops in 10-20% of cases. Consequently, it can be threat-
ened with disseminated gonococcal infection (DGI)
and gonococcal arthritis in both sexes (Mroczkowski
1998; Bignell et al. 2013; Workowski et al. 2021). Gono-
coccal infection may be the reason for infertility glob-
ally (Chemaitelly et al. 2021).

Noteworthy is the significant difference in the num-
ber of strains isolated from women and men, possibly
due to differences in the clinical picture of this infection
in both sexes and its epidemiology. According to ECDC’s
2020 reports (ECDC 2022), between 2014 and 2020,
among all strains analyzed for resistance, isolates from
women ranged from 14.7% to 18.2%. In 2019, the report-
ing of gonorrhoea cases in men and women in Europe
was 48 per 100,000 population and 16 per 100,000 pop-
ulation, respectively, resulting the male-to-female ratio
of gonorrhoea reported cases 3 to 1. In Poland, the male-
to-female ratio of reported gonorrhoea was almost ten
times higher, as high as 29 to 1 (ECDC 2023). It is noted
that gonococcal strains isolated from men come from
two groups of patients — heterosexual men and men
who have sex with men (Xiridou et al. 2015; Sdanchez-
Buso etal. 2022). As mentioned above, there has been
an increase in gonococcal infections between 2010
and 2019 among both men and women, but the high-
est increase has been in the group of men who have
sex with men (ECDC 2023). The observed significant
differences in the detection of gonococcal infections in
men and women in Poland compared to European data
may, therefore, be the result of an underestimation of
the prevalence of Polish infections among heterosexual
partners and the more frequent performance of diagnos-
tic tests in men who have sex with men due to increased
awareness of such risks in these individuals.

In both sexes, the picture of gonococcal infection is
different. The often asymptomatic or nonspecific course
of infection in the vagina and cervix can be easily over-
looked by female patients. Gonococcal infections are
more easily detected, diagnosed, and treated correctly
in men who report to specialists with severe symptoms
of infection. The question arises as to what other fac-
tors may be associated with the lower rates of infection
recorded in women. The issue requires further research
based on epidemiological and clinical patient data.

2. Diagnosis of gonococcal infection

The diagnosis of gonorrhoea is based on the detec-
tion of gonococci or their genetic material in swabs
taken from the genitourinary tract, anus, pharynx, and
conjunctival sac, using culture or molecular methods
based on nucleic acid amplification NAATs (Nucleic
Acid Amplification Tests) (Fig.1). The gold standard
for diagnosis of gonococcal infection for many years
was a culture of N. gonorrhoeae, which has now been
replaced mainly by molecular methods (CDC 2014).
However, it should be noted that at the current stage of
diagnostic development, only classical microbiological
culture methods allow the complete determination of
drug susceptibility of clinical strains of N. gonorrhoeae.
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Fig. 1. Methods used in the diagnosis of N. gonorrhoeae.

2.1. Microscopy

Microscopically, N. gonorrhoeae is a Gram-negative
diplococcus with a diameter of 0.6 to 1 pm, arranged in
characteristic pairs resembling coffee beans. It does not
have a capsule and does not produce spores.

Direct Gram-stained microscopic preparation should
always be performed for purulent or mucopurulent
urethral discharge in men, a symptom of gonococcal
urethritis. Observing numerous polymorphonuclear
leucocytes (PMNs) and Gram-negative gonococci within
or closely associated with some PNMs in the micro-
scopic image is diagnostically significant and allows
us to identify gonococcal infection in clinically symp-
tomatic men. In this case, if the preparation is appro-
priately performed and evaluated by an experienced
microbiologist, the microscopic examination has high
sensitivity (90-95%) and specificity (95-100%) (Janda
and Gaydos 2007). However, direct microscopic exami-
nation has shown low sensitivity (<55%) in diagnosing
asymptomatic men. It is also the case for the diagnosis
of cervicitis (sensitivity <50%) and rectal inflammation
(sensitivity <40%). Hence, direct examination of Gram-
stained preparation of smears from the vagina, cervical
canal, pharynx, or rectum has no diagnostic significance
(Bignell et al. 2013). Methylene blue (M.B.) stain may
also establish the intracellular location of gonococci in
leucocytes (PMNs) of male urethral exudate accompa-
nying gonococcal urethritis (Workowski 2021).

2.2. Culture methods

N. gonorrhoeae is an aerobic bacterium with high
nutritional requirements, is oxidase- and catalase-
positive and oxidizes only glucose to acid. It requires
an energy source of glucose, pyruvate or lactate and

the presence of cysteine to grow on culture media.
Because of changes in metabolic pathways, some iso-
lates show special growth requirements for amino
acids, purines, and pyrimidines (Ng and Martin 2005;
Quillin etal. 2018).

The culture of gonococci requires special nutrient-
rich growth media and selective media that inhibit the
growth of other microorganisms on human mucous
membranes. The pathogen grows at a temperature of
35-37°C in an atmosphere with up to 5-10% CO, and
increased humidity. Gonococci outside the host are sen-
sitive to environmental factors. They die within hours
at temperatures above 40°C. The bacteria are sensitive
to drying, light and low concentrations of disinfect-
ants. Collected clinical materials should be inoculated
into culture media as soon as possible. Culture media
with added animal protein are used, primarily choco-
late agar, modified Thayer-Martin (MTM) medium,
Roiron medium, Martin-Lewis (ML) medium, GC-Lect
agar and New York City (NYC) agar. MTM, ML, and
GC-Lect media based on chocolate agar are supple-
mented with growth factors (e.g., IsoVitalex, PolyVitex,
and Kellog supplement). NYC medium is a transpar-
ent medium based on peptone, corn starch with yeast
extract, horse plasma and lyophilized horse erythro-
cytes. Roiron medium contains, among others, enzy-
matic casein hydrolysate, horse plasma and glucose.
Antibiotics and antimycotics are added to selective
media to inhibit the growth of commensal microor-
ganisms present in clinical materials. Vancomycin and
colimycin inhibit Gram-positive and Gram-negative
microorganisms, respectively, trimethoprim Proteus
species, while nystatin, amphotericin B or anisomycin
have antifungal effects (Janda and Gaydos 2007).

For urogenital tract specimens, cultures for N. gonor-
rhoeae are usually conducted in parallel on Columbia
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agar with the addition of 5% sheep blood, chocolate agar
without any selection factors, and selective medium
with the selection factors mentioned above. An example
of a selective medium is chocolate agar with polyvitex
with the addition of vancomycin, colimycin, ampho-
tericin and trimethoprim (Chocolate + PVS + VCAT).
Basal media without the addition of antibiotics are nec-
essary to ensure the growth of those few N. gonorrhoeae
strains that show sensitivity to antibiotics present in
selective media. On chocolate agar, gonococci grow
after a 24- to 48-hour culture as small, round, smooth
colonies of greyish-beige colour or clear and shiny,
0.5 to 2 mm in diameter. Their morphology depends on
the number of in vitro passages. Fine, elevated colonies
are associated with the production of pili.

Further morphotypes appear during passages on
solid media, variants of larger diameter, flat colonies,
often with irregular edges. Under the influence of phase
changes of Opa surface proteins, dull and iridescent
variants appear. Due to the different types of colonies,
cultures on chocolate agar can give the impression of
a mixed culture (Janda and Gaydos 2007).

2.3. Species identification

After a 24-48 hour incubation, the characteristic
small grey-beige or transparent colonies of N. gonor-
rhoeae grown on chocolate agar or selective medium
require isolation to identify the species level and deter-
mine drug susceptibility. Identification by classical
microbiological methods is based on the evaluation
of colony morphology on chocolate medium, finding
of Gram-negative diplococci in a Gram-stained slide,
confirmation of the ability to produce oxidase, cata-
lase, and the results of biochemical tests, considering
carbohydrate degradation and enzymatic activity. The
bacterium oxidizes glucose and does not metabolize
maltose, sucrose, fructose or lactose. It shows proli-
iminopeptidase (PIP) activity, while it does not have
B-galactosidase nor y-glutamylaminopeptidase activ-
ity, unlike N. lactamica and N. meningitidis. The specific
enzymatic activity is used to identify N. gonorrhoeae in
manual enzyme chromogenic assays such as API NH
- bioMerieux, Gonochek IT — TCS Biosciences, Neisseria
PET - BioConnections (Alexander et al. 2005; Meyer
and Buder 2020). The automated system VITEK 2
(bioMerieux) also uses biochemical traits for species
identification of N. gonorrhoeae. A modern identifica-
tion method by which gonococci can be reliably identi-
fied is MALDI-TOF (Matrix-Assisted Laser Desorption/
Ionization — Time Of Flight) mass spectrometry (Ilina
et al. 2009; Cassagne et al. 2011; Carannante et al. 2015;
van Belkum et al. 2013; Morrel et al. 2018), which analy-
ses the protein profile, mainly of the microbe’s ribosomal
proteins. 16S rRNA gene sequencing can also be used

for species identification of N. gonorrhoeae. A fragment
of the rplF gene (413 pz), encoding the L6 50S ribosomal
protein, is a suitable genetic target for differentiating this
species (Bennett et al. 2014).

2.3.1. VITEK 2

VITEK 2 Compact (bioMerieux, France) is an auto-
mated system commonly used by clinical laboratories
for routine microbiological diagnosis. Using dispos-
able NH ID cards with 30 different substrates for bio-
chemical and enzymatic reactions, identification of
N. gonorrhoeae is possible. NH ID cards provide reliable
identification results for six clinically relevant species
of the Neisseria genus: N. gonorrhoeae, N. meningitidis,
N. cinerea, N. elongata, N. lactamica and N. sicca. The
panel of biochemical reactions assays the distribution
of sugars and the activity of 7 peptidases: arginine,
lysine, leucine, tyrosine, L-proline, phenylalanine and
alanine-phenylalanine-proline. The assay requires mul-
tiplying the strain and making a suspension of bacteria
with a density equivalent to 2.7-3.3 of the McFarland
scale from fresh, preferably from an 18-24 hour cul-
ture on chocolate medium. The identification process
takes about 6 hours. Results are generated through
the system’s database, with specific confidence levels
and percentage probability ranges reflecting the com-
pliance level with species-typical responses. Ranges
>96%, 93-95%, 89-92%, and 85-88% correspond to
species identification at excellent, very good, good, and
acceptable levels. The “low distinction” results when
2 or 3 species show an identical numerical pattern. In
such cases, the percentage probability of species iden-
tification is subjected to the manual selection of one of
the options. Inconclusive results, when a given numeri-
cal pattern corresponds to more than three taxonomic
groups or is atypical, require repetition after verifying
the purity of the sample. Biochemical methods have
been widely used for years in identifying N. gonorrhoeae
(Alexander et al. 2005; Meyer and Buder 2020). It was
important for microbiological diagnostics that in 2000,
mutants with a deletion in the pip gene appeared. These
strains did not express proline aminopeptidase (PIP),
an enzyme the presence of which is a differentiating
feature in biochemical tests. The spread of gonococci
not producing PIP was reported in England, Denmark,
Australia, and New Zealand after 2000. Such strains
showed high genetic relationships (Unemo et al. 2007).

2.3.2. MALDI-TOF

Matrix-Assisted Laser Desorption/Ionization — Time
Of Flight (MALDI-TOF) mass spectrometry for analyz-
ing the protein profile, mainly of the microbial riboso-
mal proteins, is increasingly used in routine microbial
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diagnostics (Ilina et al. 2009; Cassagne et al. 2011; van
Belkum et al. 2013; Carannante et al. 2015; Morrel ef al.
2018). This system uses laser energy to desorb biomol-
ecules that co-crystallize with the matrix and ionize
them. The matrix plays a key role in this process. Posi-
tively charged ions are accelerated in the electric field
of the device’s through-tube at a speed proportional to
their mass and reach the detector at different time inter-
vals. According to the Time Of Flight (TOF) measured
in nanoseconds, the signal value obtained, converted
to the ion’s molecular mass ratio to its electric charge
(m/z), creates a specific pattern of spectral peaks.

The value of the identification index can take point
values from 0 to 3, which are logarithms of the spec-
tra’s consistency values. Scores above 2, consistent with
“A” that excludes a mixed bacterial population, indicate
high confidence in species identification. A score of
2,300 to 3,000 is a reliable identification of microorgan-
ism to the species level, a score of 2,000-2,299 is a reli-
able identification to the genus level and a highly prob-
able species identification result, values of 1,700-1,999
indicate a probable identification result to the genus
level, and below 1,699 indicate an unreliable identifica-
tion result. The usefulness of mass spectrometry in the
identification of N. gonorrhoeae has been described in
papers by other authors (Schweitzer etal. 2016; Ilina
et al. 2009; Carannante et al. 2015; Buchanan et al. 2016;
Morrel etal. 2018). Buchanan et al. (2016) conducted
a retrospective analysis of the identification results of
1,090 gonococci by two methods: manual, biochemical
using API NH assays (bioMerieux) and spectrometric
using the SepsiTyper® system (Bruker) or VITEK® MS
(bioMerieux), estimated the positive predictive value
for the MALDI TOF method at 99.3%. Morel etal.

noted the need for cautious interpretation of gonococ-
cal identification results for strains isolated from non-
genital infections due to the presence of commensal
species of the genus Neisseria (Morrel etal. 2018).
Strains that do not produce PIP and the arylamidases
TyrA and APPA and do not oxidase glucose were incor-
rectly identified by the VITEK 2 biochemical method
but correctly by the MALDI TOF method (Bruker)
(Plakhova et al. 2020; Nosov et al. 2022).

2.4. Molecular methods

According to the Centers for Disease Control and
Prevention (CDC), NAAT methods are currently rec-
ommended for diagnosing and screening gonococcal
infections among men and women (Table I). They have
high sensitivity and specificity and the added advan-
tage of simultaneously detecting other sexually trans-
mitted diseases (Chlamydia trachomatis, Mycoplasma
genitalium, Trichomonas vaginalis). Examples of NAATs
that detect N.gonorrhoeae approved by the Food
and Drug Administration (FDA) for clinical use are
shown in Table I (CDC 2014; Low and Unemo 2016).
Recommendations for transporting protected swabs for
gonorrhoea diagnosis by molecular methods are less
restrictive compared to culture methods. Any delay
in inoculation of materials into appropriate microbio-
logical media can adversely affect the result of N. gonor-
rhoeae culture.

In contrast, this is not the case with NAAT meth-
ods. Longer sample storage time does not impair the
method sensitivity. The very high sensitivity of molecu-
lar methods, associated with the ability to multiplicate

Table I
FDA-approved molecular diagnostic tests for the clinical diagnosis of gonorrhea, based on CDC Recommendations (2014)

NAAT test Producer Method Molecular targets
detected pathogens N. gonorrhoeae
Aptima NG assay N. gonorrhoeae | (Hologic/Gen-Probe, SanDiego, California) | TMA Speqﬁc regton .Of 165 rRNA, different
than in the Aptima Combo 2 assay
Aptima Com.bo 2 assay (Hologic/Gen-Probe, SanDiego, California) | TMA | Specific region of 16S rRNA
C. trachomatis, N. gonorrhoeae
Abbott Real Tlme 2000 CT/NG Abbott Molecular Inc. Des Plaines, Illinois | qPCR | 48 bp sequence within the Opa gene
C. trachomatis, N. gonorrhoeae
Cobas CT/NG Roche Molecular Diagnostics, Branchburg, pCR | tWo sequences within the fragment
C. trachomatis, N. gonorrhoeae New Jersey DR 9A and DR 9B (DR - direct repeat)
BD ProbeTec ET CT/GC Ch 1 pili . i
Ampliefied DNA assay Becton Dickinson, Sparks, Maryland SDA romosoma piin gene-inverting
. protein homolog
C. trachomatis, N. gonorrhoeae
BD ProbeTec NG Q N. gonorrhoeae | Becton Dickinson, Sparks, Maryland SDA Chromosomal pilin gene-inverting
protein homolog
Xpert CT/NC,; Assay Cepheid, Sunnyvale, California qPCR | two specific chromosomal DNA sequence
C. trachomatis, N. gonorrhoeaes

TMA - Transcription-mediated amplification, SDA - Strand displacement amplification, qPCR - Real-Time Polimerase chain reaction
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even single copies of target DNA or RNA, allows diag-
nostic use of samples with low bacterial loads, such as
the initial urine stream or vaginal swabs. On the other
hand, due to the high sensitivity, there is the possibil-
ity of false-positive results, such as in cases of cross-
reactions with genetic material from other species of
the genus Neisseria or patients just after treatment, due
to the persistence of the pathogen’s DNA in the body.
With molecular techniques, it is essential to strictly
control the course of laboratory procedures to ensure
the reliability of test results.

Most importantly, all safeguards should be used to
prevent contamination of the laboratory environment
with pathogen amplicons, the presence of which can
be a source of false positives. Control of the efficiency
of isolation, amplification and detection process of the
pathogen’s DNA is ensured by using so-called positive
controls, and each time, the inclusion of negative con-
trol, i.e. sterile water, verifies the possibility of contami-
nation of, for example, reagents or the environment.
To date, the development and good standardization
of molecular methods have improved the diagnosis
of gonococcal infections but have not enabled routine
determination of drug susceptibility.

2.5. The importance of drug susceptibility assessment

Antimicrobial resistance (AMR) of N. gonorrhoeae
has a multifactorial basis, both chromosomal and plas-
mid-mediated (Unemo ef al. 2016; Unemo and Shafer
2014). The drug susceptibility profiles of gonococci and
plasmid and chromosomal resistance prevalence vary
by geographic region and change over time. The increas-
ing antimicrobial resistance of the pathogen is a global
problem and requires constant monitoring (Tapsall
etal. 2009; Town etal. 2020). With the introduction
of sulfonamides and then penicillin for the treatment of
gonorrhoea in the 1930s, N. gonorrhoeae has acquired
resistance to successive groups of antibiotics formerly
used in therapeutic regimens: sulfonamides, penicil-
lin, tetracyclines, fluoroquinolones (Ohnishi et al. 2011;
Unemo and Shafer 2014; Grad et al. 2016). Third-gen-
eration cephalosporins, along with azithromycin or tet-
racycline, appeared in treatment recommendations, but
the use of these antibiotics may soon prove less effective
or even ineffective (Grad et al. 2016; Martin et al. 2016;
Martin et al. 2019). Strains with a wild-type phenotype
regarding drug susceptibility, which do not show resist-
ance or reduced sensitivity to antibiotics, have become
increasingly rare. Multidrug-resistant strains emerge
worldwide, such as those with Multi Drug Resistance
(MDR) or Extensively Drug-Resistant (XDR) pheno-
types. N. gonorrhoeae strains with the MDR phenotype
are defined as resistant or with reduced sensitivity to
one of the antibiotics recommended for current empiric

therapy (i.e., cefixime, ceftriaxone or azithromycin)
with resistance to two other therapeutic groups (e.g.,
fluoroquinolones or tetracyclines). In contrast, strains
with extensive drug resistance, XDR N. gonorrhoeae, are
understood to be resistant or with reduced sensitivity to
both recommended drugs, with concurrent resistance
to two other antibiotic groups (Tapsall et al. 2009). In
2011, the first case of treatment failure of gonorrhoeal
pharyngitis caused by a strain with the XDR phenotype
was described in Japan (Ohnishi ef al. 2011). Europe’s
first ceftriaxone-resistant gonococcal strains were iso-
lated in France in 2010 (Unemo et al. 2012) and Spain in
2011 (Carnicer-Pont et al. 2012). They showed pheno-
typic and genotypic similarity (NG-MAST 1407, MLST
ST1901). In 2018, XDR strains emerged in the UK. and
Australia, resistant to ceftriaxone and with high azithro-
mycin resistance (=256 mg/l) (Eyre et al. 2017; Whiley
etal. 2018; Jennison etal. 2019). Due to the inreas-
ing resistance of gonococci, the WHO presented the
“Global Action Plan to Control the Spread and Prevent
Antibiotic Resistance of N. gonorrhoeae” (WHO 2012),
and in 2017, N. gonorrhoeae was included in the list
of bacterial pathogens for which there is a particular
need for new drugs (WHO 2021). The drug susceptibil-
ity of gonococci is monitored mainly through widely
conducted national and international surveillance
programs: WHO-Global GASP (Gonococcal Antimi-
crobial Surveillance Programme) (Unemo et al. 2019),
Euro GASP (Cole etal. 2013), US-GISP (Gonococcal
Isolate Surveillance Project) (Grad et al. 2016), Canadian
GASP (Martin et al. 2019), Australian AGSP (Australian
Gonococcal Surveillance Programme) (Lahra et al. 2015),
UK GRASP (Gonococcal Resistance to Antimicrobials
Surveillance Programme) (Unemo et al. 2020).

2.5.1. Antimicrobial susceptibility determination
methods

Drug susceptibility testing of N. gonorrhoeae iso-
lates, according to current recommendations of the
European Committee on Antimicrobial Susceptibility
Testing (EUCAST) as well as Clinical and Laboratory
Standards Institute (CLSI), requires the determina-
tion of values of minimum inhibitory concentrations
- MIC (mg/1). Two determination methods are rec-
ommended: the WHO’s preferred method of serial
antibiotic dilutions in agar (Unemo etal. 2013) or
gradient strips. The antibiotic gradient strip method
combines the diffusion method with the serial dilution
method, requiring the use of media recommended by
the strip manufacturer (Unemo etal. 2013; Liu et al.
2015; Papp et al. 2018). The range of MIC limits appli-
cable in U.S. and European recommendations differs
slightly (Tab.II). A reference strain of N. gonorrhoeae
ATCC 49226 is recommended for quality control of
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Table II.
MIC breakpoint range for N. gonorrhoeae according
to EUCAST recommendations v 12.0 2023.01.01 and CLSI 2020

MIC limit values (mg/1)
(aﬁl?rtel\]?il;)ttilcfn) VEII;COI;E)L CLSI2020
W >0 <W >0

Penicillin (P) 0,06 1,0 0,06 2,0
Cefixime (CFM) 0,125 0,125 0,25 -
Ceftriaxone (CRO) 0,125 0,125 0,25 -
Cefotaxime (CTX) 0,125 0,125 0,5 -
Azithromycin (AZM)*| 1,0 (ECOFF) 1,0 -
Ciprofloxacin (CIP) 0,03 0,06 0,06 1,0
Tetracycline (T) 0,5 0,5 0,25 2,0
Spectinomycin (SPT) 64,0 64,0 32,0 128,0

Azitromycin* - According to EUCAST v.12.0 recommendations for azi-
thromycin, it is possible to provide MIC values (mg/1) without a sensitive/
resistant interpretation. The ECOFF value (epidemiological cut-off value)
is 1.0 mg/l, in the case of MIC value <1 mg/l, azithromycin can be used in
combination with another active antibiotic. MIC value >1 mg/l indicates
the presence of acquired resistance mechanisms.

the procedure. Determination of MIC values for pen-
icillin-resistant strains, according to EUCAST recom-
mendations, should be extended by testing the ability
to produce penicillinase using the cephinase assay.
Nitrocefin (a chromogenic cephalosporin) paper discs
allow the detection of penicillinase activity in live
N. gonorrhoeae isolates, thanks to the disc’s colour
change from yellow to red. The colour reaction results
from the hydrolysis of the amide bond in the p-lactam
ring of cephalosporin by bacterial B-lactamase.

Routinely used in microbiological diagnostics to
determine drug susceptibility, the disk-diffusion method
is not recommended for gonococci but can be used due
to limited resources. Interpretation of drug susceptibil-
ity results based on zones of inhibition around anti-
biotic discs is presented by CLSI (https://clsi.org) (Singh
etal. 2012, Mal et al. 2016).

2.6. Genotypic analysis methods

Over the past 30 years, several methods have been
developed to analyze the genetic diversity of N. gonor-
rhoeae strains. They aim to identify polymorphisms at
a single locus, several loci, or even the entire genome.
The variability of gonococcal strains was assessed based
on patterns of electrophoretically separated strands of
amplified DNA, which allowed the demonstration
of, among others, different plasmid profiles (PPA - Plas-
mid Profile Analysis), restriction fragment length poly-
morphism (RFLP/PFGE pulse electrophoresis method),
ribotyping and Opa protein typing (Unemo and Dil-
lon 2011). The use of sequencing techniques allowed

the differentiation of gonococci initially for the porB
gene (Bash et al. 2005; Liao et al. 2009), and then, after
expanding the scope, gave the possibility to type sev-
eral loci. Nowadays the most popular molecular typing
schemes are MLST (Maiden etal. 1998), NG-MAST
(Martin et al. 2004), NG-STAR (Demczuk et al. 2017).
The whole genome sequencing method (WGS) is now
playing an increasingly important role in epidemiologi-
cal and phylogenetic studies, as well as in monitoring
antibiotic resistance of gonococci. This method certainly
facilitates surveillance of circulating N. gonorrhoeae
strains in an epidemiological context (Eyre et al. 2018;
Harris et al. 2018; Sanchez-Busé et al. 2019; Sanchez-
Busé etal. 2022). The Multi-Locus Sequence Typ-
ing (MLST) method is based on the sequencing of
7 housekeeping genes: abcZ (putative ABC transpor-
ter), adenylate kinase (adk), aroE (shikimate dehydro-
genase), fumC (fumarate hydratase), gdh (glucose-
6-phosphate dehydrogenase), pdhC (pyruvate dehydro-
genase subunit), pgm (phosphoglucomutase) (Maiden
2008). Sequence type relatedness analysis allowed us
to define MLST CC clonal complexes grouping related
clonal lines. With the same scheme being used to type
other species in the human genus Neisseriaceae, the
pathogenic N. meningitidis and the commensal N. lac-
tamica, the MLST database is a valuable source of data
for genetic analyses within the genus and broad studies
in an evolutionary context over the long term (Maiden
2008; Harrison et al. 2020). As of June 2022, the Pub-
MLST database contained 16700 ST types for the genus
Neisseria. The PubMLST website is maintained by the
Department of Zoology at Oxford University (Jolley
etal. 2018). N.gonorrhoeae Multi-Antigen Sequence
Typing (NG-MAST) method is based on the sequencing
of two highly variable loci within the porB (490 bp) and
tbpB (390 bp) genes, which encode two N. gonorrhoeae
membrane proteins: porin B (PorB) and transferrin
binding protein (tbpB), respectively. The combination
of both loci allows the determination of the Sequence
Type (ST). NG-MAST STs are grouped into geno-
groups for phylogenetic and epidemiological analysis
(Chisholm et al. 2013). The NG-MAST method is widely
used worldwide. The website https://pubmlst.org con-
tains the current database for typing with this method.
As of May 2023, 12735 porB and 3147 tbpB alleles and
21490 ST profiles of N. gonorrhoeae have been published
on the site (Jolley et al. 2018). N. gonorrhoeae Sequence
Typing for Antimicrobial Resistance (NG-STAR) is the
typing scheme that considers seven chromosomal deter-
minants of N. gonorrhoeae resistance to f-lactam anti-
biotics, macrolides, fluoroquinolones and tetracyclines.
The method requires sequencing of the following loci:
penA, mtrR, porB, ponA, gyrA, parC and 23S rRNA
and is consistent with classical Sanger sequencing and
WGS (Demczuk et al. 2017). The unique sequence of
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each gene is assigned an allele number, while the com-
bination of alleles of seven genes allows to determine
the sequence type of NG-STAR. Sequences can be ana-
lyzed and compared through an online application in
a publicly available database (https://ngstar.canada.ca/)
maintained by the Public Health Agency of Canada and
the National Microbiology Laboratory. As of May 2023,
5259 ST types of N. gonorrhoeae have been published on
the NG-STAR database website. NG-STAR typing allows
analysis of strain relatedness, tracking of clonal lineage
development and monitoring of antibiotic resistance
(Golparian et al. 2021).

2.7. Rapid diagnostic tests

Today’s challenge is to develop a quicker, more
straightforward, and more sensitive diagnostic method
to detect N. gonorrhoeae infection (Bignell et al. 2013;
Li etal. 2019). Both standard methods for identifying
N. gonorrhoeae - NAAT or culturing of the pathogen
prove expensive and require specialized laboratory
equipment, making its use in low- and middle-income
countries much limited or impossible.

In 2004, the WHO drew attention to the urgent need
for rapid diagnostic tests for bacterial sexually transmit-
ted diseases. The ASSURED criteria were established to
determine the characteristics that such a diagnostic test
should have. First and foremost, it is to be affordable,
sensitive and specific, avoiding false results. In addition,
it is to be user-friendly, i.e., simple to perform, with
a minimum number of steps and requiring no advanced
training. Moreover, the test must be fast and durable
to survive various transportation conditions. It should
also require no additional equipment (Land et al. 2019).

Rapid gonococcal diagnostic tests are emerging on
the market. Such tests allow bypassing the multi-step
and lengthy identification of the pathogen. Most often,
they consist of a carrier such as a cassette, frequently
containing all the reagents necessary for analysis,
in which the collected sample is placed directly and
inserted into the appropriate analyzer. These tests allow
rapid identification of the pathogen for up to 30 min-
utes. However, they have limitations. First, not every
test will prove suitable for every type of sample.

One rapid diagnostic test is Xpert CT/NG, which
uses the GeneXpert platform (Cepheid). It is a real-
time in vitro PCR performed directly from the collected
sample. The FDA approves the test for use in urine,
vaginal, cervical, rectal, and pharynx samples. It shows
a sensitivity and specificity between 86-99% (Herbst
De Cortina et al. 2016; Doernberg et al. 2019). Another
rapid test is binx health io CT/NG (binx health, INC),
a PCR-based qualitative test consisting of a stationary
device and easy-to-use coffers. The waiting time for the
result is about 30 minutes. As of 2019, the FDA has

authorized the use of this test in vaginal swab samples.
In vaginal samples, its high sensitivity and specificity
of 96-97.7% was stated (Van Der Pol and Gaydos 2021;
Gaydos et al. 2013). The Truelab Preal Time micro PCR
system (Molbio Diagnostics Pvt Ltd) is a rapid semi-
quantitative PCR-based test. The entire process involves
sample collection and an automated extraction system.
Then, the nucleic acid is transferred to an analyzer chip
using a fluorophore-capturing optical sensor for deter-
mination. Analysis results are available after about an
hour. The test is not FDA-certified (Nair et al. 2016).
The STI Array test (Randox Biosciences) requires
the Vivalytic Analyzer (Bosch Healthcare Solutions),
a device that enables quantitative PCR reaction, to per-
form the assay. It comes with a coffer containing all
the necessary reagents for the analysis (Adamson et al.
2020). A different type of assay is loop-mediated iso-
thermal amplification (LAMP). It is a reliable, low-cost,
sensitive, rapid technique for amplifying nucleic acids.
It has been widely used to identify pathogens, includ-
ing SARS-CoV-2, Mycobacterium tuberculosis and Bru-
cella (Shete et al. 2019). DNA polymerase in the LAMP
method can effectively amplify target genes at 58-69°C
(Notomi et al. 2000). The N. gonorrhoeae - LAMP-PNB
assay combines isothermal amplification with a poly-
mer nanoparticle-based biosensor. The entire identi-
fication process takes about 60 minutes (Wong et al.
2018; Chen et al. 2021). The documented development
of rapid diagnostic methods for N. gonorrhoeae infec-
tion is insufficient. There is still a need for specific, sen-
sitive assays that are simple and inexpensive.

2.8. Therapy of uncomplicated gonorrhoea

According to current European recommenda-
tions for treating uncomplicated gonorrhoea in adults,
ceftriaxone is administered intramuscularly in a sin-
gle dose of 1g (Unemo etal. 2021). In CDC recom-
mendations for anogenital and pharyngeal infections,
the dose of ceftriaxone depends on the patient’s body
weight (500 mg for individuals <150kg and 1g for
individuals >150kg). If chlamydial infection has not
been excluded, chlamydia should be treated with doxy-
cycline 100 mg orally twice daily for seven days, except
for pregnant patients for whom a single dose of azithro-
mycin 1g is reccommended. An alternative treatment
for uncomplicated gonococcal infections of the urethra
or anus is intramuscular gentamicin in a single dose of
240 mg with azithromycin (2 g) or a single oral dose
of cefixime (800 mg). In cases of gonococcal throat
infections with an allergy to ceftriaxone, CDC recom-
mends consultation with an infectious disease specialist
to choose alternative therapy. The treatment regimen
is the same for HIV-positive patients. Abstaining from
sexual activity is necessary during treatment and for
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seven days afterwards. According to recommendations,
all patients diagnosed with gonorrhoea should also be
tested for other STIs, including chlamydia, syphilis,
and HIV. Recent sex partners of diagnosed persons
should be referred for testing and presumptive treat-
ment (Workowski et al. 2021).

3. Conclusion

Gonococcal infection, a sexually transmitted disease
caused by N. gonorrhoeae, is a public health challenge
worldwide. Initially, the primary method of identify-
ing this pathogen was using microscopy. Microscopy is
a sensitive enough diagnostic method only in men with
clinical urethritis symptoms. Unfortunately, in the case
of swabs taken from the vagina, cervical canal, phar-
yngeal or rectum, the microscopic slide has no diag-
nostic significance. Currently, culture and phenotypic
identification methods have been dominated by NAAT
methods, which allow the detection and identification
of the species directly in the clinical specimen. How-
ever, today’s molecular methods do not allow for the
complete determination of drug susceptibility. This
makes empirical therapy predominate over targeted
therapy in the treatment of gonorrhoea. The reason for
deviating from classical culture methods in diagnos-
ing gonorrhoea is the biology of the pathogen, its high
growth requirements, and the sensitivity of gonococci
to the conditions of sample transport and incubation
of clinical materials.

The increasing antimicrobial resistance of N. gonor-
rhoeae is a global problem and requires constant mon-
itoring. Although determining MIC values by serial
dilutions or using antibiotic-gradient strips is costly
and time-consuming, taking a minimum of 3 days, it
is still irreplaceable despite attempts to construct an
assay detecting gonococcal resistance at the molecular
level. Difficulties in developing a suitable molecular
method for antimicrobial susceptibility determination
of N. gonorrhoeae relate to the nature of this pathogen,
its variability, and precisely the multifactorial, complex
genetic basis of resistance. An additional problem is
that clinical specimens such as swabs taken from the
genitourinary tract, pharynx or rectum are microbe-
rich material, which creates the possibility of cross-
reactions in molecular tests.

A steadily increasing number of gonococcal infec-
tions are being reported globally, also in low- and
middle-income regions. The problem in poor areas is
often the lack of proper diagnosis of gonorrhoea due to
the shortage of medical equipment and even electric-
ity. Hence, considering the difficulties of developing
countries, a specific, sensitive, rapid, and inexpensive
method of gonorrhoea diagnosis is highly needed.

Gonorrhoea is undoubtedly a severe health risk,
especially for women, due to its often asymptomatic
course and the possibility of upper genital tract com-
plications such as PID, which can result in infertility.
Gonorrhoea infection prevalence in infertile popula-
tions was several folds higher than that for the general
population globally, according to the meta-analysis by
Chemaitelly etal. (2021). Prophylaxis using immuni-
zation is unavailable, as attempts to develop an effec-
tive vaccine have failed. Screening is not routinely
performed in the population. Because of these facts,
the epidemiology of N.gonorrhoeae infection and
drug resistance should be monitored continuously, as
infection surveillance and antibiotic therapy are the
only means of controlling gonorrhoea in the current
situation. It is necessary to use the approved, sensitive
diagnostic methods and rational treatment of gonococ-
cal infections based on recommendations and reliable
knowledge of medical microbiology and pharmacology.
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