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Abstract: The gonorrhoea caused by the bacterium Neisseria gonorrhoeae remains a major global
public health problem with high morbidity. Gonorrhoea can affect both women and men, being
more prevalent in sexually active young individuals. Even after infection from N. gonorrhoeae,
many patients may remain asymptomatic, making the diagnosis and adequate treatment of the
disease difficult. The treatment and control of gonorrhoea have been difficult in recent years in most
populations, being an example of how behavioural, social, and demographic factors can influence
the epidemiology of an infectious disease. The emergence of strains of N. gonorrhoeae resistant to
multiple antimicrobials, especially to extended-spectrum cephalosporins, indicates that gonorrhoea
has the potential to become untreatable in the current reality of treatment options, especially in places
that have a high prevalence of gonococcal infections. The loss of available and effective treatment
options can lead to significant increases in new cases of the disease, as well as increased morbidity
and mortality. This review provides an overview of current therapeutic options for gonorrhoea, as
well as ongoing experimental studies and clinical trials with new antigonococcal agents.
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1. Introduction

Sexually transmitted infections (STIs) are among the most important public health
problems worldwide [1]. Although the magnitude of the STIs is not known, it is believed
that, in developing countries, it is one of the main reasons for seeking healthcare services [2].
In the year 2020, the World Health Organisation (WHO) estimated ~374 million annual
cases worldwide, i.e., a daily average of ~1 million cases per year of the four curable STTs,
syphilis (~129 million), gonorrhoea (~82 million), syphilis (~7.1 million), and trichomoniasis
(~156 million) [3].

STIs have consistently been a matter of concern for decades now. The AIDS epidemic
and the advent of dating apps have helped bring to light the significant public health threat
posed by STIs [4,5].

Gonorrhoea is the third most prevalent STI, and its control is globally challenging,
particularly due to antimicrobial resistance and poor antimicrobial stewardship, being
an example of the influence that social, behavioural, and demographic factors exert on
the epidemiology of STIs [6]. Gonorrhoea is an infectious disease of global distribution,
transmitted almost exclusively by sexual or perinatal contact, caused by the bacterium N.
gonorrhoeae which has adapted to be an exclusive pathogen of Homo sapiens. It is capable
of producing localised urogenital, rectal, oropharyngeal, and systemic diseases. Although
the highest incidence occurs in developing countries, rates of the disease are high in
developed countries, and numbers have remained high in recent years with an increasing
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trend, especially among marginalised vulnerable populations associated with ethnicity or
sexual orientation [7]. The cause for high rates of gonorrhoea may be related to numerous
factors, including a large number of cases where the disease is asymptomatic, especially in
males [8], self-medication [9,10], and the difficulty in access to screening tests, especially in
developing countries [11], in addition to cultural factors, where many people fail to seek
medical care for fear of being discriminated against [12,13].

Clinical Presentation of Gonorrhoea

In men, the typical clinical manifestations of acute urethritis begin after an average
incubation period of ~2-5 days [14]. In symptomatic infections, symptoms may initially
present as a tingling sensation/itchy urethra, with dysuria; ~2 to 3 days later, there is
a mucous urethral discharge, which quickly becomes purulent mucus, yellow-green in
colour, with abundant and spontaneous elimination. The edges of the urethral meatus
may become swollen and the mucosa erythematous. Swelling of the foreskin may occur,
and inflammatory phimosis may develop. Often, the incubation period in gonorrhoea
is shorter compared to nongonococcal urethritis, dysuria may be more prominent, and
urethral discharge may be more profuse and purulent [15]. A small proportion of men with
urethral gonorrhoea may be asymptomatic or oligosymptomatic. This fact can be related
to the type of infecting strain; some serotypes are more associated with asymptomatic
infections [16].

In women, the endocervical canal is the primary site of gonococcal infection. The
urethra, rectum, and Bartholin’s glands may also be affected with disease progressing
with minimal symptoms characterised by a scarce, milky discharge, often imperceptible
by the patient [15]. In many cases, this lack of symptoms may preclude clinical diagnosis
of gonorrhoea in women; however, when associated with anamnesis, it can increase the
chances of suspecting the infection [17]. In addition, an infection can lead to inflammation
of the fallopian tubes and ovaries, which, when left untreated, may characterise the pelvic
inflammatory disease, representing the most important complication of gonococcal disease
in women [18]. During pregnancy, gonorrhoea is associated with first-trimester miscarriage,
preterm birth, and infant mortality [15,17].

2. Treatment of Gonorrhoea

The treatment of patients with gonococcal urethritis should be started early, to inter-
rupt the chain of transmission, reduce the discomfort of clinical manifestations, and prevent
systemic complications of the infection [19]. However, it should be considered that antimi-
crobial susceptibility patterns vary according to the geographic area or population studied
and fluctuate over time, and the treatment recommendation should be monitored according
to antimicrobial resistance and surveillance data, where available [20]. A worrying factor
related to STIs is the increase in the identification/occurrence of strains of N. gonorrhoeae
resistant to multiple antibiotics, which reduces treatment options [21]. In this scenario,
constant laboratory monitoring and replacement of therapeutic recommendations becomes
necessary, requiring the use of more expensive drugs. This fact has financial repercussions,
and these antibiotics with higher costs are often inaccessible in developing countries where
the highest incidence of the disease is found [22,23].

The control of gonorrhoea is an essential public health issue, requiring an integrated
approach in which the provision of effective treatment is essential to interrupt the trans-
mission chain and reduce the impact of the disease [24,25]. Gonorrhoea requires contin-
uous and efficient surveillance of resistance [26]. Regional information is important for
adapting treatment regimens to different geographic regions, and it is insufficient and
unacceptable to rely on data obtained from other regions to arrive at the best treatment
option [27,28]. Many people who have gonorrhoea may have no symptoms; therefore, a
timely diagnosis is required through routine screening for gonorrhoea, with rapid and
effective treatment [17,28].
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The antimicrobial treatment performed in many countries is empirical therapy, at the
first health visit for the management of N. gonorrhoeae infection, with a dual therapy of
antibiotics, mainly a third-generation cephalosporin and a macrolide (Table 1) [17,29,30].
In settings where local resistance data are not available, the empirical first-line therapy for
uncomplicated anogenital and pharyngeal gonorrhoea comprises a dual regimen, with a
single dose of ceftriaxone or cefixime plus azithromycin. This dual therapy was introduced
to resolve the problem of frequent Chlamydia trachomatis coinfection, in addition to the fact
that combination therapy can reduce the emergence of antimicrobial resistance [26,30].

The divergence between the use of monotherapy and dual therapy in the first-line
treatment for gonorrhoea has been accentuated in recent years, in view of the increasing
report of strains resistant to cephalosporins and azithromycin [31,32]. The justification for
the dual approach is to address coinfection by C. trachomatis, which occurs in 10-40% of
individuals with urogenital gonorrhoea, as well as a hypothetical benefit of reducing the
onset and/or spread of antimicrobial resistance (particularly resistance to ceftriaxone) in N.
gonorrhoeae [25,30,33,34].

Protocols for the treatment of gonorrhoea show significant differences across countries,
taking into account drug availability and local evidence of susceptibility of N. gonorrhoeae
to antimicrobials (Table 1). For the treatment of uncomplicated gonococcal infection, the
Brazilian protocol recommends the combination therapy of ceftriaxone 500 mg (IM), plus
azithromycin 1 g (PO), both in a single dose for uncomplicated gonococcal infections. The
CDC recommends monotherapy with ceftriaxone 500 mg (IM) in a single dose [35-38].

To stop the chain of transmission of gonorrhoea, it is critical that the sexual partners of
infected people are treated. Therefore, this information must be passed on to the patient
with gonorrhoea, while providing communication tools. The sexual partner must be
instructed to seek a health unit, and, when arriving at the health service, the partner must
be considered to have the same infection that affected the index case, even if there is no
sign or symptom, and receive the same treatment. Sexual partnerships of pregnant women
with gonorrhoea and pregnant partners of people with gonorrhoea who do not respond to
communication for treatment should be prioritised for active search [15].

In the US, the treatment of sexual partners, known as expedited partner therapy
(EPT) is recommended in 43 states, which is achieved through the IM administration of
ceftriaxone 500 mg. Despite the high financial cost involved, treating sexual partners
is extremely important; studies show that approximately 30% of gonorrhoea cases are
asymptomatic [39,40].

No robust studies were found that calculate the total effective costs; however, in a
study carried out in the United States where quality-adjusted life-years (QALYs) were used
as a parameter, the value found was less than 13,000 USD for women regardless of age,
independent of percentage of partners who sought service from the same payer [39,41],
where this value for a QALY is considered low [42].



Venereology 2022, 1

238

Table 1. Summary of current guidelines for the treatment of Neisseria gonorrhoeae recommended by the WHO, CDC, and Brazilian and UK governments.

Therapeutic Scheme in a Single Dose

WHO Brazil CDC EUA UK
Ceftriaxone 250 mg
intramuscular (IM)
+
. . 1 3 HARAAA
Amthrom%l;; 1 g orally Alternative Regimens: Alternative Regimens
Cefixime 400 mg orally . Gentamicin 240 mg IM Cefixime 400 mg orally
+ Ceftriaxone 500 mg IM for . +
. . S . + Ceftriaxone 1 g IM **** . .
Azithromycin 1 g orally persons weighing <150 kg Azithromvein 2 o orall Azithromycin 2 g orally
Uncomplicated gonococcal Ceftriaxone 500 mg IM Y & y OR OR
infection of the cervix, If recent local resistance + OR Gentamicin 240 mg IM
urethra, or rectum data confirming Azithromycin 1 g orally *** +

If ceftriaxone

Ciprofloxacin 500 mg orally

susceptibility to the Ceftriaxone 1 g IM for dministration is not P Azithromycin 2 g orally
antimicrobial: persons weighing >150 kg * ad stration 1s no OR
available or not feasible: . .
Spectinomycin 2 g
Ceftriaxone 250 mg IM - . +
OR Cefixime 800 mg orally Azithromycin 2 g orally
Cefixime 400 mg orally
OR
Spectinomycin 2 g IM
Ceftriaxone 250 mg IM
+
Azithromycin 1 g orally
OR -
Cefixime 400 mg orally Ceftriaxone 500 mg IM for Cefixime 4(_)'—0 mg orally
+ . persons weighing <150 kg ** Ceftriaxone 1 g IM **** . .
Uncomplicated gonococcal Azithromycin 1 g orally Ceftr1axoniSOO mg IM OR OR Az1throm}811;1 2 g orally

infection of the pharynx

If recent local resistance
data confirming
susceptibility to the
antimicrobial:

Ceftriaxone 250 mg IM

Azithromycin 1 g orally ***

Ceftriaxone 1 g IM for
persons weighing >150 kg
%

Ciprofloxacin 500 mg orally

HEAEAE

Gentamicin 240 mg IM
+
Azithromyecin 2 g orally

* If chlamydjial infection has not been excluded, providers should treat for chlamydia with doxycycline 100 mg orally 2 times/day for 7 days. ** If chlamydial infection is identified when
pharyngeal gonorrhoea testing is performed, treat for chlamydia with doxycycline 100 mg orally 2 times/day for 7 days. *** In case of chlamydia or mycoplasma infection, treat with
azithromycin 1 g single dose OR doxycycline 100 mg orally 2 times/day for 7 days (except pregnant). **** When antimicrobial susceptibility is not known prior to treatment. ***** When
antimicrobial susceptibility is known prior to treatment, with care recommendations. ****** Alternative regimens may be given because of allergy, needle phobia, or other absolute or

relative contraindications.
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2.1. Current Treatment Options for Multidrug-Resistant N. gonorrhoeae

In recent years, the number of strains of N. gonorrhoeae resistant to multiple drugs has
increased, which has reduced the therapeutic options [43]. Sulphonamides were introduced
as the first therapy for gonorrhoea during the 1940s; however, sulphonamide-resistant
strains were isolated 4 years later in 1944 [44]. Sulphonamides bind to bacterial dihy-
dropteroate synthase (DHPS) enzymes, inhibiting folic acid synthesis [45]. Sulphonamide
resistance may be mediated by excessive synthesis of p-aminobenzoic acid, which dilutes
the antimicrobial agent, or by alterations in the folP gene [43]. DHPS changes result in
significantly reduced affinity for sulphonamides and bacteriostatic activity [45].

In 1943, penicillin began to be used for the treatment of gonorrhoea, and it soon became
the treatment of choice as gonococci were highly susceptible to penicillin [46,47]. However,
in 1946, the first cases of N. gonorrhoeae resistant to high doses of penicillin (1.6 million units)
were reported [43]. The resistance to beta-lactams described so far is mediated by genes
located on chromosomes or plasmids. The most frequent plasmid resistance mechanism
occurs via blaTEM-1, which encodes a TEM-1 beta-lactamase enzyme that opens the beta-
lactam ring, rendering penicillin inactive [48]. The chromosomal resistance mechanism of
N. gonorrhoeae against beta-lactams is due to mutations in penicillin-binding proteins (PBPs).
These changes increase the efflux and decrease the bacteria’s permeability to beta-lactams.
The most frequent mutations occur in the penA, ponAl, penB, penC, and mtrR genes, which
encode PBP2, which is the main target for beta-lactam antibiotics, consequently decreasing
the susceptibility of N. gonorrhoeae to penicillin [49].

The mechanisms of chromosome-mediated penicillin resistance are not fully under-
stood. Some mechanisms already elucidated include mutations in the promoter region of
the mtrR gene resulting in overexpression of the MtrC-MtrD-MtrE efflux pump, reduced
permeability of the outer membrane protein PorB1b, probable mutations in pilQ, the gene
which encodes secretory proteins, and mutations in penA, which promote modifications in
PBP2, decreasing the rate of penicillin acylation, in addition to creating the PBP2 mosaic,
which reduces susceptibility and/or contributes to treatment failure with cefixime and
ceftriaxone, as well as the determinant porA, which encodes mutations in PBP1, action
similar to the penA determinant [50-52] (for a more detailed review of the mechanisms of
resistance to beta-lactams, consult the article [53]).

Tetracycline was introduced in the 1950s to target patients allergic to penicillin [54].
Tetracyclines act by reversibly binding to the 30S subunit of the ribosome, blocking the
binding of transfer RNA, preventing protein synthesis, resulting in a bacteriostatic ef-
fect [55]. The resistance of N. gonorrhoeae to tetracycline is chromosomally mediated and
results from a combination of three genetic mutations that resemble beta-lactam resistance
(i) mtrR mutation, which results in the overexpression of efflux pump MtrC-MtrD-MtrE,
(ii) the penB determinant, which results in a porin mutation that decreases the influx of
tetracycline into the cell, and (iii) the rps] allele, which encodes an altered form of ribosomal
protein [56]. Of the mechanisms described, the rps/1 determinant is the only one specific
(to date) for tetracycline resistance, making it the first specific resistance gene identified for
this antimicrobial in chromosomally mediated tetracycline-resistant gonococcal strains.

In the mid-1980s, fluoroquinolones, especially ciprofloxacin, became widely used for
the treatment of gonorrhoea [43]. Quinolones act by inhibiting DNA gyrase and topoiso-
merase IV, two essential topoisomerases for DNA replication, transcription, recombination,
and repair, resulting in bactericidal activity [57]. As with the previously described antibiotic
classes, a few years after their use on a global scale, strains resistant to fluoroquinolones
have been described worldwide. Currently, three mechanisms of resistance to quinolones
have been described: (i) mutations that alter drug targets, (ii) mutations that reduce
drug accumulation, and (iii) plasmids that protect bacterial cells from the lethal effects of
quinolones [58]. In 2007, ciprofloxacin left the list of drugs recommended by the CDC for
the treatment of gonorrhoea.
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Following the disuse of fluoroquinolones, most countries changed their therapeutic
guidelines, including the use of third-generation cephalosporins as first-line therapy for the
treatment of gonorrhoea [59]. Like other beta-lactam antibiotics, cephalosporins interfere
with peptidoglycan cell-wall synthesis via inhibition of PBPs. Thus, via the inhibitory
action on cell-wall synthesis, the bacterium undergoes osmotic lysis. The mechanisms of
resistance to cephalosporins are related to the penA mosaic that encode PBP2s enzymes
with a reduced rate of PBP2 acylation [60].

As described above the primary problem with treatment of gonorrhoea is the continual
development of multidrug-resistant strains of N. gonorrhoeae, combined with the lack of
development of new antimicrobials [61]. The process of developing new antibiotics is
expensive and laborious, since, for each drug that reaches the market as a successful drug,
the industry often has to screen a high number of compounds. Another aggravating
factor, compared to continuous-use drugs, is that developing new antibiotics, which will be
used in exceptional cases of infections and for a short period of time, is not economically
viable. Therefore, companies are failing to invest in the selection and development of new
antibiotics, unless they receive state incentives.

In view of the scenario described above, alternative regimens with ciprofloxacin may
be an option if the strain is considered susceptible after phenotypic or genetic testing [62].
Alternatives include high-dose (2 g) azithromycin monotherapy or spectinomycin, and
gentamicin (both together with high-dose azithromycin) [35]. A study conducted in Brazil
indicated the absence of N. gonorrhoeae isolates resistant to spectinomycin and gentamicin,
showing that these two antimicrobials are potential treatment options for current cases
of therapeutic failure [63]. Similar results for the efficacy of gentamicin were found in a
study conducted in China [64]. In isolates of N. gonorrhoeae with decreased susceptibility
or resistance to extended-spectrum cephalosporins (ESCs), ertapenem was considered
effective [65].

It is worth remembering that some of the second-line drugs used to treat gonorrhoea
have significant adverse effects, such as fluoroquinolones, which can cause disabling and
permanent side-effects in tendons, muscles, joints, and the central and peripheral nervous
system [40]. Another second-line drug used is gentamicin, and, although no adverse effects
have been reported in the treatment of gonorrhoea, given that the treatment is performed
in a single dose [41], it is well reported that aminoglycosides can cause ototoxicity and
nephrotoxicity [42].

The control of gonorrhoea is an essential issue in public health, requiring an integrated
approach where the provision of effective treatment is essential to interrupt the chain
of transmission and reduce the impact of the disease [66]. Knowledge of the sensitivity
patterns of this microorganism is essential to establish the best form of treatment. Without
this effort, there is a risk that gonorrhoea will become intractable [67-69]. In view of this,
the generation and maintenance of national and international programs aimed at control,
awareness, and treatment would contribute to a reduction in the incidence and spread of
resistant strains of N. gonorrhoeae. The ideal would be the creation and implementation
of surveillance systems and/or improvement of existing programs, especially in low-
income countries, with the objective of collecting epidemiological data on gonorrhoea in
each country, region, and/or economic block, since population characteristics can directly
influence resistance patterns. In addition, information sharing should be improved at a
global level, thus allowing better options for personalised control and treatment to be
found [32,70,71].

2.2. Development of New Therapies against N. gonorrhoeae

The development and validation of new drugs require significant time and financial
investment, with new antimicrobials often having insufficient efficacy during clinical
trials [72]. In addition, research and development of new drugs for the treatment of
gonorrhoea and other STIs are relatively scarce when compared to other diseases. By
way of comparison, there are 133 studies on gonorrhoea registered on ClinicalTrials.gov,
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196 for chlamydia, 86 for syphilis, 44 for trichomoniasis, and 3628 studies for type 1
diabetes mellitus.

There are currently only three molecules with antigonococcal agents at various stages
of clinical development, solithromycin, for which a phase III study was recently completed,
and gepotidacin and zoliflodacin, which completed a phase II trial.

Solithromycin is a new oral fluoroketolide developed by Cempra, Inc. that targets
prokaryotic ribosomes, being active against fastidious Gram-positive and Gram-negative
bacteria, including N. gonorrhoeae, C. trachomatis, and Mycoplasma genitalium. Solithromycin
is quite active against intracellular bacteria as it has the ability to accumulate in the intracel-
lular medium [73]. The current status of this compound is a phase III trial completed in
2019, where orally administered solithromycin was tested in a noninferiority trial against
intramuscular ceftriaxone in combination with oral azithromycin in patients with uncom-
plicated gonorrhoea [74]. However, the current development status of the drug is unknown
as Cempra, Inc has gone through several merger and incorporation processes.

Gepotidacin is a new antibiotic for oral and intravenous use, developed through a
public—private partnership between GlaxoSmithKline (GSK), US government’s Biomedical
Advanced Research and Development Authority, and the Defence Threat Reduction Agency,
which acts by inhibiting bacterial topoisomerase type II, of the new triazaacenaphthylene
class of antibacterial. Gepotidacin inhibits bacterial DNA gyrase and topoisomerase IV via
a different mechanism of action from that of quinolones. Gepotidacin is a broad-spectrum
antibiotic active against multidrug-resistant bacteria such as MRSA, ESBL-producing En-
terobacteriaceae, and N. gonorrhoeae [75]. In 2019, GSK started phase III studies, called
EAGLE-1 (project BTZ116577) and EAGLE-2 (project 204989), which did not have their
data published. However, we believe the findings were promising given that it announced,
in March 2022, phase I pharmacokinetic studies in healthy volunteers (ClinicalTrials.gov
identifier NCT05271799).

Zoliflodacin is the first representative of a new class of antibiotics called spiropyrim-
idinetriones, developed by Entasis Therapeutics. Its mechanism of action is through
gyrase/topoisomerase II inhibition, with binding sites different from those of fluoro-
quinolones. It has potent activity against N. gonorrhoeae, C. trachomatis, M. genitalium,
and other atypical bacteria [76]. Currently, phase III clinical trials with zoliflodacin have
been carried out in a partnership between Entasis with the Global Antibiotic Research and
Development Partnership (GARDP) (ClinicalTrials.gov identifier NCT03959527).

3. Conclusions

The treatment of gonorrhoea, as well as other STIs, has been a challenge, since its
spread has been favoured due to the increase in unprotected sex. In addition, the indiscrimi-
nate use of antibiotics during the COVID-19 pandemic has raised concerns about increasing
selective pressure on N. gonorrhoeae, which may contribute to the rapid emergence and
spread of resistant strains of bacteria. Therefore, a joint effort between public and private
initiatives is essential for the search and development of new antibiotics. In addition to
more investments in medical education, since STIs are preventable diseases, investments in
educational campaigns are necessary to raise awareness among the general population.

Author Contributions: Conceptualization, O.N.S. and J.L.R.M..; writing—original draft preparation,
O.N.S,; writing—review and editing, ]. L.R.M., EM.H.P, S.A.O., O.N.S. and FA.C.G,; visualization,
J.LR.M,; supervision, O.N.S.; project administration, O.N.S. and J.L.R.M. All authors have read and
agreed to the published version of the manuscript.

Funding: This research received no external funding.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.



Venereology 2022, 1 242

References

1.  Gerbase, A.C.; Rowley, ].T.; Mertens, T.E. Global Epidemiology of Sexually Transmitted Diseases. Lancet 1998, 351, S2-5S4.
[CrossRef]

2. Nguyen, S.H.; Dang, AK,; Vu, G.T.; Nguyen, C.T.; Le, TH.T,; Truong, N.T.; Hoang, C.L.; Tran, T.T.; Tran, T.H.; Pham, H.Q,; et al.
Lack of Knowledge about Sexually Transmitted Diseases (STDs): Implications for STDs Prevention and Care among Dermatology
Patients in an Urban City in Vietnam. Int. J. Environ. Res. Public Health 2019, 16, 1080. [CrossRef] [PubMed]

3. WHO. Sexually Transmitted Infections (STIs). Available online: https://www.who.int/news-room/fact-sheets/detail /sexually-
transmitted-infections-(stis) (accessed on 23 June 2022).

4. Belda, W,; Shiratsu, R.; Pinto, V. Approach in Sexually Transmitted Diseases. An. Bras. Dermatol. 2009, 84, 151-159. [CrossRef]

5. Queiroz, A.A.FL.N.; Matos, M.C.B.; Aratjo, TM.E.; Reis, RK; Sousa, AFL. Infec¢oes Sexualmente Transmissiveis e Fatores
Associados Ao Uso Do Preservativo Em Usuarios de Aplicativos de Encontro No Brasil. Acta Paul. Enferm. 2019, 32, 546-553.
[CrossRef]

6.  Abraha, M.; Egli-Gany, D.; Low, N. Epidemiological, Behavioural, and Clinical Factors Associated with Antimicrobial-Resistant
Gonorrhoea: A Review. F1000Research 2018, 7, 400. [CrossRef]

7. Kirkcaldy, R.D.; Weston, E.; Segurado, A.C.; Hughes, G. Epidemiology of Gonorrhea: A Global Perspective. Sex. Health 2019, 16,
401-411. [CrossRef]

8.  Budkaew, J.; Chumworathayi, B.; Pientong, C.; Ekalaksananan, T. Prevalence and Factors Associated with Gonorrhea Infection
with Respect to Anatomic Distributions among Men Who Have Sex with Men. PLoS ONE 2019, 14, €0211682. [CrossRef]

9. Aslam, A; Zin, C.S.; Ab Rahman, N.S.; Gajdacs, M.; Ahmed, S.I.; Jamshed, S. Self-Medication Practices with Antibiotics and
Associated Factors among the Public of Malaysia: A Cross-Sectional Study. Drug. Healthc. Patient Saf. 2021, 13, 171-181. [CrossRef]

10. Anderson, K. Self-Medication by Patients Attending a Venereal Diseases Clinic. Br. J. Vener. Dis. 1966, 42, 44-45. [CrossRef]

11.  Ferreyra, C.; Redard-Jacot, M.; Wi, T.; Daily, J.; Kelly-Cirino, C. Barriers to Access to New Gonorrhea Point-of-Care Diagnostic
Tests in Low- and Middle-Income Countries and Potential Solutions: A Qualitative Interview-Based Study. Sex. Transm. Dis. 2020,
47,698-704. [CrossRef]

12.  Morris, J.L.; Lippman, S.A.; Philip, S.; Bernstein, K.; Neilands, T.B.; Lightfoot, M. Sexually Transmitted Infection Related Stigma
and Shame among African American Male Youth: Implications for Testing Practices, Partner Notification, and Treatment. AIDS
Patient Care STDS 2014, 28, 499-506. [CrossRef] [PubMed]

13.  Quillin, S.J.; Seifert, H.S. Neisseria gonorrhoeae Host-Adaptation and Pathogenesis. Nat. Rev. Microbiol. 2018, 16, 226-240. [CrossRef]

14. Bignell, C.; Unemo, M. 2012 European Guideline on the Diagnosis and Treatment of Gonorrhoea in Adults. Int. |. STD AIDS 2013,
24,85-92. [CrossRef]

15. de Lannoy, L.H,; Silva, R.J.d.C.d.; Janior, E.P.N.; de Oliveira, E.C.; Gaspar, P.C. Brazilian Protocol for Sexually Transmitted
Infections, 2020: Infections That Cause Urethral Discharge. Rev. Soc. Bras. Med. Trop. 2021, 54, €2020633. [CrossRef] [PubMed]

16. Gottwald, C.; Schwarz, N.G.; Frickmann, H. Sexually Transmitted Infections in Soldiers—a Cross-Sectional Assessment in German
Paratroopers and Navy Soldiers and a Literature Review. Eur. ]. Microbiol. Immunol. 2019, 9, 138-143. [CrossRef] [PubMed]

17. Workowski, K.A.; Bachmann, L.H.; Chan, P.A; Johnston, C.M.; Muzny, C.A,; Park, I.; Reno, H.; Zenilman, J.M.; Bolan, G.A.
Sexually Transmitted Infections Treatment Guidelines,2021. MMWR Recomm. Rep. 2021, 70, 1-187. [CrossRef]

18.  Darville, T. Pelvic Inflammatory Disease Due to Neisseria gonorrhoeae and Chlamydia Trachomatis: Immune Evasion Mechanisms
and Pathogenic Disease Pathways. J. Infect. Dis. 2021, 224, S39-546. [CrossRef]

19. Barbera, M.].; Serra-Pladevall, J. Gonococcal Infection: An Unresolved Problem. Enferm. Infecc. Microbiol. Clinica Engl. Ed. 2019,
37,458-466. [CrossRef]

20. Salmerodn, P; Vifado, B.; El Ouazzani, R.; Herndndez, M.; Barbera, M.].; Alberny, M.; Jané, M.; Larrosa, N.; Pumarola, T.;
Hoyos-Mallecot, Y.; et al. Antimicrobial Susceptibility of Neisseria gonorrhoeae in Barcelona during a Five-Year Period, 2013 to 2017.
Eurosurveillance 2020, 25, 1900576. [CrossRef]

21. Mlynarczyk-Bonikowska, B.; Majewska, A.; Malejczyk, M.; Miynarczyk, G.; Majewski, S. Multiresistant Neisseria gonorrhoeae: A
New Threat in Second Decade of the XXI Century. Med. Microbiol. Immunol. 2020, 209, 95-108. [CrossRef]

22. Fernandez-Lopez, L.; Reyes-Urueiia, J.; Conway, A.; Saz, J.; Morales, A.; Quezadas, J.; Baroja, ].; Rafel, A ; Pazos, A.; Avellaneda,
A.; et al. Antimicrobial Resistance Point-of-Care Testing for Gonorrhoea Treatment Regimens: Cost-Effectiveness and Impact on
Ceftriaxone Use of Five Hypothetical Strategies Compared with Standard Care in England Sexual Health Clinics. Eurosurveillance
2020, 25, €1900402. [CrossRef]

23.  Yang, F; Yan, J. Antibiotic Resistance and Treatment Options for Multidrug-Resistant Gonorrhea. Infect. Microbes Dis. 2020, 2,
67-76. [CrossRef]

24. Tapsall, ]. Current Concepts in the Management of Gonorrhoea. Expert Opin. Pharmacother. 2002, 3, 147-157. [CrossRef] [PubMed]

25. Unemo, M.; Seifert, H.S.; Hook, E.-W.; Hawkes, S.; Ndowa, F,; Dillon, J.A.R. Gonorrhoea. Nat. Rev. Dis. Prim. 2019, 5, 1-23.
[CrossRef] [PubMed]

26. Weston, E.J.; Wi, T.; Papp, J. Strengthening Global Surveillance for Antimicrobial Drug—Resistant Neisseria gonorrhoeae through the
Enhanced Gonococcal Antimicrobial Surveillance Program. Emerg. Infect. Dis. 2017, 23, S52. [CrossRef]

27. Stover, J.A.; Kheirallah, K.A.; Delcher, P.C.; Dolan, C.B.; Johnson, L. Improving Surveillance of Sexually Transmitted Diseases

through Geocoded Morbidity Assignment. Public Health Rep. 2009, 124, 65-71. [CrossRef]


http://doi.org/10.1016/S0140-6736(98)90001-0
http://doi.org/10.3390/ijerph16061080
http://www.ncbi.nlm.nih.gov/pubmed/30917565
https://www.who.int/news-room/fact-sheets/detail/sexually-transmitted-infections-(stis)
https://www.who.int/news-room/fact-sheets/detail/sexually-transmitted-infections-(stis)
http://doi.org/10.1590/S0365-05962009000200008
http://doi.org/10.1590/1982-0194201900076
http://doi.org/10.12688/f1000research.13600.1
http://doi.org/10.1071/SH19061
http://doi.org/10.1371/journal.pone.0211682
http://doi.org/10.2147/DHPS.S331427
http://doi.org/10.1136/sti.42.1.44
http://doi.org/10.1097/OLQ.0000000000001238
http://doi.org/10.1089/apc.2013.0316
http://www.ncbi.nlm.nih.gov/pubmed/25133501
http://doi.org/10.1038/nrmicro.2017.169
http://doi.org/10.1177/0956462412472837
http://doi.org/10.1590/0037-8682-633-2020
http://www.ncbi.nlm.nih.gov/pubmed/34008729
http://doi.org/10.1556/1886.2019.00023
http://www.ncbi.nlm.nih.gov/pubmed/31934366
http://doi.org/10.15585/mmwr.rr7004a1
http://doi.org/10.1093/infdis/jiab031
http://doi.org/10.1016/j.eimc.2018.12.008
http://doi.org/10.2807/1560-7917.ES.2020.25.42.1900576
http://doi.org/10.1007/s00430-019-00651-4
http://doi.org/10.2807/1560-7917.ES.2020.25.43.1900402
http://doi.org/10.1097/IM9.0000000000000024
http://doi.org/10.1517/14656566.3.2.147
http://www.ncbi.nlm.nih.gov/pubmed/11829728
http://doi.org/10.1038/s41572-019-0128-6
http://www.ncbi.nlm.nih.gov/pubmed/31754194
http://doi.org/10.3201/EID2313.170443
http://doi.org/10.1177/00333549091240S210

Venereology 2022, 1 243

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.

51.

52.

53.

54.

Yaesoubi, R.; Cohen, T.; Hsu, K.; Gift, T.L.; Cyr, S.B.S.; Salomon, J.A.; Grad, Y.H. Evaluating Spatially Adaptive Guidelines for the
Treatment of Gonorrhea to Reduce the Incidence of Gonococcal Infection and Increase the Effective Lifespan of Antibiotics. PLoS
Comput. Biol. 2022, 18, €1009842. [CrossRef]

WHO. WHO Guidelines for the Treatment of Neisseria gonorrhoeae; World Health Organisation: Genebra, Switzerland, 2016.
Unemo, M.; Golparian, D.; Eyre, D.W. Antimicrobial Resistance in Neisseria Gonorrhoeae and Treatment of Gonorrhea. Methods
Mol. Biol. 2019, 1997, 37-58. [CrossRef]

Eyre, D.W,; Sanderson, N.D.; Lord, E.; Regisford-Reimmer, N.; Chau, K.; Barker, L.; Morgan, M.; Newnham, R.; Golparian,
D.; Unemo, M.; et al. Gonorrhoea Treatment Failure Caused by a Neisseria gonorrhoeae Strain with Combined Ceftriaxone and
High-Level Azithromycin Resistance, England, February 2018. Euro Surveill. 2018, 23, 1800323. [CrossRef]

Machado, H.D.M.; Martins, ].M.; Schérner, M.A.; Gaspar, P.C.; Bigolin, A.; Ramos, M.C.; Ferreira, W.A.; Pereira, G.FE.M.; Miranda,
A.E.; Unemo, M.; et al. National Surveillance of Neisseria gonorrhoeae Antimicrobial Susceptibility and Epidemiological Data of
Gonorrhoea Patients across Brazil, 2018-2020. JAC-Antimicrob. Resist. 2022, 4, dlac076. [CrossRef]

Unemo, M.; Workowski, K. Dual Antimicrobial Therapy for Gonorrhoea: What Is the Role of Azithromycin? Lancet. Infect. Dis.
2018, 18, 486—488. [CrossRef]

Willie, B.; Sweeney, E.L.; Badman, S.G.; Chatfield, M.; Vallely, A.J.; Kelly-Hanku, A.; Whiley, D.M. The Prevalence of Antimicrobial
Resistant Neisseria gonorrhoeae in Papua New Guinea: A Systematic Review and Meta-Analysis. Int. |. Environ. Res. Public Health
2022, 19, 1520. [CrossRef] [PubMed]

St. Cyr, S.; Barbee, L.; Workowski, K.A.; Bachmann, L.H.; Pham, C.; Schlanger, K.; Torrone, E.; Weinstock, H.; Kersh, E.N.; Thorpe,
P. Update to CDC’s Treatment Guidelines for Gonococcal Infection, 2020. Morb. Mortal. Wkly. Rep. 2020, 69, 1911-1916. [CrossRef]
Brazil, M.d.S. Protocolo Clinico e Diretrizes Terapéuticas Para Atengio Integral As Pessoas Com Infecgdes Sexualmente Transmissiveis
(ISTs); Ministério da Saude Publisher: Brasilia, Brasil, 2021; pp. 1-215.

Jamison, C.D.; Coleman, ].S.; Mmeje, O. Improving Women’s Health and Combatting Sexually Transmitted Infections Through
Expedited Partner Therapy. Obstet. Gynecol. 2019, 133, 416-422. [CrossRef] [PubMed]

Gift, T.L.; Kissinger, P.; Mohammed, H.; Leichliter, ].S.; Hogben, M.; Golden, M.R. The Cost and Cost-Effectiveness of Expedited
Partner Therapy Compared with Standard Partner Referral for the Treatment of Chlamydia or Gonorrhea. Sex. Transm. Dis. 2011,
38, 1067-1073. [CrossRef] [PubMed]

Grosse, S.D.; Teutsch, S.M.; Haddix, A.C. Lessons from Cost-Effectiveness Research for United States Public Health Policy. Annu.
Rev. Public Health 2007, 28, 365-391. [CrossRef]

Baggio, D.; Ananda-Rajah, M.R. Fluoroquinolone Antibiotics and Adverse Events. Aust. Prescr. 2021, 44, 161-164. [CrossRef]
[PubMed]

Ross, ].D.C.; Brittain, C.; Cole, M.; Dewsnap, C.; Harding, J.; Hepburn, T.; Jackson, L.; Keogh, M.; Lawrence, T.; Montgomery,
A.A; et al. Gentamicin Compared with Ceftriaxone for the Treatment of Gonorrhoea (G-ToG): A Randomised Non-Inferiority
Trial. Lancet 2019, 393, 2511-2520. [CrossRef]

Kahlmeter, G.; Dahlager, J.I. Aminoglycoside Toxicity-a Review of Clinical Studies Published between 1975 and 1982. J. Antimicrob.
Chemother. 1984, 13 (Suppl. A), 9-22. [CrossRef]

Unemo, M.; Shafer, WM. Antimicrobial Resistance in Neisseria gonorrhoeae in the 21st Century: Past, Evolution, and Future. Clin.
Microbiol. Rev. 2014, 27, 587-613. [CrossRef]

Kampmeier, R.H. Introduction of Sulfonamide Therapy for Gonorrhea. Sex. Transm. Dis. 1983, 10, 81-84. [CrossRef] [PubMed]
Yun, MK,; Wu, Y,; Li, Z.; Zhao, Y.; Waddell, M.B.; Ferreira, A.M.; Lee, R.E.; Bashford, D.; White, S.W. Catalysis and Sulfa Drug
Resistance in Dihydropteroate Synthase: Crystal Structures Reveal the Catalytic Mechanism of DHPS and the Structural Basis of
Sulfa Drug Action and Resistance. Science 2012, 335, 1110-1114. [CrossRef] [PubMed]

Mahoney, J.E,; Ferguson, C.; Buchholtz, M.; Van Slyke, C.J. The Use of Penicillin Sodium in the Treatment of Sulfonamide.
Resistant Gonorrhoea in Men. A Preliminary Report. Am. J. Syph. 1943, 27, 525-528.

Van Slyke, C.J.; Arnold, R.C.; Buchholtz, M. Penicillin Therapy in Sulfonamide-Resistant Gonorrhea in Men. Am. |. Public Health
Nations. Health 1943, 33, 1392-1394. [CrossRef]

Phillips, I. Beta-Lactamase-Producing, Penicillin-Resistant Gonococcus. Lancet 1976, 2, 656—657. [CrossRef]

Zapun, A.; Contreras-Martel, C.; Vernet, T. Penicillin-Binding Proteins and Beta-Lactam Resistance. FEMS Microbiol. Rev. 2008, 32,
361-385. [CrossRef]

Warner, D.M,; Folster, ].P.; Shafer, WM.; Jerse, A.E. Regulation of the MtrC-MtrD-MtrE Efflux-Pump System Modulates the in
Vivo Fitness of Neisseria gonorrhoeae. . Infect. Dis. 2007, 196, 1804-1812. [CrossRef]

Helm, R.A.; Barnhart, M.M.; Seifert, H.S. PilQ Missense Mutations Have Diverse Effects on PilQ Multimer Formation, Piliation,
and Pilus Function in Neisseria gonorrhoeae. J. Bacteriol. 2007, 189, 3198-3207. [CrossRef]

Egli, K.; Roditscheff, A.; Fliickiger, U.; Risch, M.; Risch, L.; Bodmer, T. Molecular Characterization of a Ceftriaxone-Resistant
Neisseria gonorrhoeae Strain Found in Switzerland: A Case Report. Ann. Clin. Microbiol. Antimicrob. 2021, 20, 1-4. [CrossRef]
Rostamian, M.; Chegene Lorestani, R.; Jafari, S.; Mansouri, R.; Rezaeian, S.; Ghadiri, K.; Akya, A. A Systematic Review and
Meta-Analysis on the Antibiotic Resistance of Neisseria Meningitidis in the Last 20 Years in the World. Indian . Med. Microbiol.
2022, 40, 323-329. [CrossRef]

Reyn, A.; Korner, B.; Bentzon, M.W. Effects of Penicillin, Streptomycin, and Tetracycline on N. gonorrhoeae Isolated in 1944 and in
1957. Br. J. Vener. Dis. 1958, 34, 227-239. [CrossRef] [PubMed]


http://doi.org/10.1371/journal.pcbi.1009842
http://doi.org/10.1007/978-1-4939-9496-0_3/COVER/
http://doi.org/10.2807/1560-7917.ES.2018.23.27.1800323
http://doi.org/10.1093/jacamr/dlac076
http://doi.org/10.1016/S1473-3099(18)30162-2
http://doi.org/10.3390/ijerph19031520
http://www.ncbi.nlm.nih.gov/pubmed/35162547
http://doi.org/10.15585/MMWR.MM6950A6
http://doi.org/10.1097/AOG.0000000000003088
http://www.ncbi.nlm.nih.gov/pubmed/30741802
http://doi.org/10.1097/OLQ.0b013e31822e9192
http://www.ncbi.nlm.nih.gov/pubmed/21992986
http://doi.org/10.1146/annurev.publhealth.28.021406.144046
http://doi.org/10.18773/austprescr.2021.035
http://www.ncbi.nlm.nih.gov/pubmed/34728881
http://doi.org/10.1016/S0140-6736(18)32817-4
http://doi.org/10.1093/jac/13.suppl_A.9
http://doi.org/10.1128/CMR.00010-14
http://doi.org/10.1097/00007435-198304000-00007
http://www.ncbi.nlm.nih.gov/pubmed/6362039
http://doi.org/10.1126/science.1214641
http://www.ncbi.nlm.nih.gov/pubmed/22383850
http://doi.org/10.2105/AJPH.33.12.1392
http://doi.org/10.1016/S0140-6736(76)92466-1
http://doi.org/10.1111/j.1574-6976.2007.00095.x
http://doi.org/10.1086/522964
http://doi.org/10.1128/JB.01833-06
http://doi.org/10.1186/s12941-021-00456-5
http://doi.org/10.1016/j.ijmmb.2022.05.005
http://doi.org/10.1136/sti.34.4.227
http://www.ncbi.nlm.nih.gov/pubmed/13618566

Venereology 2022, 1 244

55.

56.

57.

58.
59.

60.
61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Chopra, L; Roberts, M. Tetracycline Antibiotics: Mode of Action, Applications, Molecular Biology, and Epidemiology of Bacterial
Resistance. Microbiol. Mol. Biol. Rev. 2001, 65, 232-260. [CrossRef] [PubMed]

da Costa-Lourengo, A.P.R.; dos Santos, K.T.B.; Moreira, B.M.; Fracalanzza, S.E.L.; Bonelli, R.R. Antimicrobial Resistance in
Neisseria Gonorrhoeae: History, Molecular Mechanisms and Epidemiological Aspects of an Emerging Global Threat. Brazilian |.
Microbiol. 2017, 48, 617-628. [CrossRef]

Drlica, K.; Zhao, X. DNA Gyrase, Topoisomerase IV, and the 4-Quinolones. Microbiol. Mol. Biol. Rev. 1997, 61, 377-392. [CrossRef]
[PubMed]

Jacoby, G.A. Mechanisms of Resistance to Quinolones. Clin. Infect. Dis. 2005, 41 (Suppl. 2), S120-5126. [CrossRef]

Lewis, D.A. Global Resistance of Neisseria Gonorrhoeae: When Theory Becomes Reality. Curr. Opin. Infect. Dis. 2014, 27, 62—67.
[CrossRef] [PubMed]

Suay-Garcia, B.; Pérez-Gracia, M.T. Future Prospects for Neisseria gonorrhoeae Treatment. Antibiotics 2018, 7, 49. [CrossRef]
Dutescu, L.A,; Hillie, S.A. Encouraging the Development of New Antibiotics: Are Financial Incentives the Right Way Forward? A
Systematic Review and Case Study. Infect. Drug Resist. 2021, 14, 415-434. [CrossRef]

Fifer, H.; Saunders, J.; Soni, S.; Sadiq, S.T.; FitzGerald, M. 2018 UK National Guideline for the Management of Infection with
Neisseria gonorrhoeae. Int. . STD AIDS 2020, 31, 4-15. [CrossRef]

Martins, J.M.; Scheffer, M.C.; Machado, H.D.M.; Schorner, M.A.; Golfetto, L.; dos Santos, T.M.; Barazzetti, FH.; de Albuquerque,
V.C.B,; Bazzo, M.L. Spectinomycin, Gentamicin, and Routine Disc Diffusion Testing: An Alternative for the Treatment and
Monitoring of Multidrug-Resistant Neisseria gonorrhoeae? J. Microbiol. Methods 2022, 197, 106480. [CrossRef]

Li, X.; Le, W.; Lou, X.; Wang, B.; Genco, C.A.; Rice, PA.; Su, X. In Vitro Efficacy of Gentamicin Alone and in Combination with
Ceftriaxone, Ertapenem, and Azithromycin against Multidrug-Resistant Neisseria gonorrhoeae. Microbiol. Spectr. 2021, 9, e00181211.
[CrossRef] [PubMed]

Li, X.; Le, W.; Lou, X.; Genco, C.A.; Rice, P.A.; Su, X. In Vitro Activity of Ertapenem against Neisseria gonorrhoeae Clinical Isolates
with Decreased Susceptibility or Resistance to Extended-Spectrum Cephalosporins in Nanjing, China (2013 to 2019). Antimicrob.
Agents Chemother. 2022, 66, €0010922. [CrossRef] [PubMed]

Ghosh, S.; Bornman, C.; Zafer, M.M. Antimicrobial Resistance Threats in the Emerging COVID-19 Pandemic: Where Do We
Stand? J. Infect. Public Health 2021, 14, 555-560. [CrossRef] [PubMed]

Abdelmalek, SM.A; Mousa, A. Azithromycin Misuse during the COVID-19 Pandemic: A Cross-Sectional Study from Jordan.
Infect. Drug Resist. 2022, 15, 747-755. [CrossRef] [PubMed]

Freires, ML.S.; Junior, O.M.R. Bacterial Resistance to Indiscriminate Use of Azithromycin versus COVID-19: An Integrative Review.
Res. Soc. Dev. 2022, 11, €31611125035. [CrossRef]

Derbie, A.; Mekonnen, D.; Woldeamanuel, Y.; Abebe, T. Azithromycin Resistant Gonococci: A Literature Review. Antimicrob.
Resist. Infect. Control 2020, 9, 138. [CrossRef]

Yakobi, S.H.; Pooe, O.].; Yakobi, S.H.; Pooe, O.]. Antimicrobial Resistance of Neisseria gonorrhoeae in Sub-Saharan Populations.
Bacteria 2022, 1, 96-111. [CrossRef]

Unemo, M. Current and Future Antimicrobial Treatment of Gonorrhoea0-the Rapidly Evolving Neisseria gonorrhoeae Continues to
Challenge. BMC Infect. Dis. 2015, 15, 1-15. [CrossRef]

Yildirim, O.; Gottwald, M.; Schiiler, P.; Michel, M.C. Opportunities and Challenges for Drug Development: Public—Private
Partnerships, Adaptive Designs and Big Data. Front. Pharmacol. 2016, 7, 461. [CrossRef]

Lemaire, S.; Van Bambeke, E; Tulkens, PM. Cellular Accumulation and Pharmacodynamic Evaluation of the Intracellular Activity
of Cem-101, a Novel Fluoroketolide, against Staphylococcus Aureus, Listeria Monocytogenes, and Legionella Pneumophila in
Human Thp-1 Macrophages. Antimicrob. Agents Chemother. 2009, 53, 3734-3743. [CrossRef]

Fernandes, P.; Craft, ].C. Phase 3 Trial of Treating Gonorrhoea with Solithromycin. Lancet Infect. Dis. 2019, 19, 928. [CrossRef]
Jacobsson, S.; Golparian, D.; Scangarella-Oman, N.; Unemo, M. In Vitro Activity of the Novel Triazaacenaphthylene Gepotidacin
(GSK2140944) against MDR Neisseria gonorrhoeae. J. Antimicrob. Chemother. 2018, 73, 2072-2077. [CrossRef] [PubMed]

Bradford, P.A.; Miller, A.A.; O'Donnell, J.; Mueller, ].P. Zoliflodacin: An Oral Spiropyrimidinetrione Antibiotic for the Treatment
of Neisseria Gonorrheae, Including Multi-Drug-Resistant Isolates. ACS Infect. Dis. 2020, 6, 1332-1345. [CrossRef] [PubMed]


http://doi.org/10.1128/MMBR.65.2.232-260.2001
http://www.ncbi.nlm.nih.gov/pubmed/11381101
http://doi.org/10.1016/j.bjm.2017.06.001
http://doi.org/10.1128/MMBR.61.3.377-392.1997
http://www.ncbi.nlm.nih.gov/pubmed/9293187
http://doi.org/10.1086/428052
http://doi.org/10.1097/QCO.0000000000000025
http://www.ncbi.nlm.nih.gov/pubmed/24275696
http://doi.org/10.3390/antibiotics7020049
http://doi.org/10.2147/IDR.S287792
http://doi.org/10.1177/0956462419886775
http://doi.org/10.1016/j.mimet.2022.106480
http://doi.org/10.1128/Spectrum.00181-21
http://www.ncbi.nlm.nih.gov/pubmed/34668731
http://doi.org/10.1128/aac.00109-22
http://www.ncbi.nlm.nih.gov/pubmed/35491832
http://doi.org/10.1016/j.jiph.2021.02.011
http://www.ncbi.nlm.nih.gov/pubmed/33848884
http://doi.org/10.2147/IDR.S351827
http://www.ncbi.nlm.nih.gov/pubmed/35264858
http://doi.org/10.33448/rsd-v11i1.25035
http://doi.org/10.1186/s13756-020-00805-7
http://doi.org/10.3390/bacteria1020009
http://doi.org/10.1186/s12879-015-1029-2
http://doi.org/10.3389/fphar.2016.00461
http://doi.org/10.1128/AAC.00203-09
http://doi.org/10.1016/S1473-3099(19)30430-X
http://doi.org/10.1093/jac/dky162
http://www.ncbi.nlm.nih.gov/pubmed/29796611
http://doi.org/10.1021/acsinfecdis.0c00021
http://www.ncbi.nlm.nih.gov/pubmed/32329999

	Introduction 
	Treatment of Gonorrhoea 
	Current Treatment Options for Multidrug-Resistant N. gonorrhoeae 
	Development of New Therapies against N. gonorrhoeae 

	Conclusions 
	References

