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Abstract

A review of the most recent and updated literature on the current global situation of
Neisseria Gonorrhoeae infections is presented. According to the Center for Disease Control
and Prevention (CDC), Neisseria Gonorrhoeae infection is one of the most important
threats of antibiotic resistance in the United States and the world. In 1970 the first reports
of resistance by isolating penicillinase-producing strains were identified and more recently,
ceftriaxone-resistant N. gonorrhoeae strains have appeared. In Mexico, so far, there are no
reports of ceftriaxone-resistant Neisseria gonorrhoeae; however, the first report dates from
1987 where De la Cruz and collaborators reported that up to 26.3% of gonorrhea isolates
from 148 patients were penicillinase-producing strains. The emergence of N. Gonorrhoeae
strains resistant to relatively modern and very useful antibiotics in daily medical practice
raises awareness of the clinical and microbiological landscape in which we find ourselves,
that is why alternative therapies such as vaccines and new drugs with antibiotic potential
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Introduction and epidemiology

A review of the most recent and updated literature on the current
global situation of Neisseria Gonorrhoeae infections is presented.
Gonorrhea is a sexual transmission disease (STD),! caused by the so
called superbug®® Neisseria gonorrhoeae, which is an intracellular
Gram-negative diplococcus that primarily and exclusively infects
human mucosa and may secondarily, spread to other tissue types.**
The disease is associated with high morbidity and socioeconomic
consequences**® and remaining to be a public health problem
worldwide.*”"! The groups most at risk of acquiring this infection are
adolescents, older adults and men who have sex with men (MSM),
among others. MSM have been a very important core group since the
1980s, first with the spread of TetM-expressing N gonorrhoeae and,
second, with the dissemination of fluoroquinolone-resistant N
gonorrhoeae.”” According to Lewis DA (2013), MSM-associated
sexual networks have been critical to the spread of gonococci resistant
to third generation extended spectrum cephalosporins. As well,
military personnel, travellers, drugs users, young adults, older man
and members of street gangs have also been linked to the transmission
of antimicrobial-resistant gonorrhea.'>® There was also found an
association between resistant infections and heterosexual men.'* In
2016, 376 million new curable sexually transmitted diseases were
reported, with gonorrhea being a major one, just below C. Trachomatis,
with an estimated 87 million new cases in 2016 in people aged 15-
49415 The estimated incidence of gonorrhea in women is 20/1000 and
in men 26/1000.'® Globally, there are estimated 78 million cases of

gonorrhea infection occurring per year.!” Global prevalence increased
from 0.8 to 0.9% in women and from 0.6 to 0.7% in men."

The United States Centers for Disease Control and Prevention
(CDC) reported about 400,000 NG cases in 2015, but estimates
nearly 820,000 total infections annually due to the underreporting of
asymptomatic undetected cases.!” The estimated risk of transmission is
higher when having unprotected sex, and the estimated probability of
transmission varies based on the type of sexual practice, being about
50% per penis-to-vaginal sex act, 20% vaginal-to-penis each act,
63% urethral-to-pharynx, 9% pharyngeal-to-urethral, 84% urethral-
to-rectum and only 2% rectal-to-urethral.'® Risky sexual practices
(sex without a condom) during international travel can encourage the
spread of resistant gonorrhea strains around the world.'*"* Gonorrhea
has an incredible ability to adapt to the host and evade its immune
system, which can lead to limited immunity, therefore individuals
can become repeatedly infected. As well as states of antimicrobial
resistance.'®? Signs and symptoms can range from asymptomatic
infection (more common in women), rectal infections, pharyngeal
infections, cervicitis,'® transurethral discharge, and dysuria to
disseminated forms when untreated, such as pelvic inflammatory
disease in women, epididymitis in males and infertility’> gonococcal
arthritis, and even meningitis.?! Chorioamnioitis, premature rupture
of membranes, premature birth or first trimester abortions?? and
congenital blindness in offspring® also may occur. This infection also
enhances the transmission of HIV.?
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The diagnosis of this pathology is mainly clinical; however, IDSA
and FDA guidelines recommend nucleic acid amplification (NAATS)
as the standard method for confirmatory diagnosis.”*?¢ Nevertheless
nucleic acid-based amplification testing methods cannot measure
antimicrobial susceptibility.” Thus enhanced molecular diagnostics
that distinguish among N. gonorrhoeae infections with antimicrobial
resistance versus reduced susceptibility, are needed to help guide
antibiotic treatment."”?? The importance of timely diagnosis lays,
in addition to avoiding disseminated forms of gonococcus, in the
prevention of non-curable sexually transmitted infections such as HIV
and HBV since gonococcal infection creates a state of vulnerability for
the acquisition of these latter infections.'®** Control of gonorrhea relies
on prevention, appropriate diagnostics and effective antimicrobial
treatment.”'?” First-line treatment of this infection is standardized
worldwide; for uncomplicated gonococcal infections without reported
resistance, WHO and CDC recommend dual therapy with ceftriaxone
250mg (IM) + azithromycin 1gr (orally), both single dose. As an
alternative regimen to ceftriaxone, they recommend cefixime 400mg
in a single dose.”*?** When faced with a clinical failure scenario and
with reports of resistance, they propose a regimen with higher doses
of ceftriaxone (500mg) and azithromycin (2gr), even taking into
consideration gentamicin and spectinomycin, both accompanied by
azithromycin.!'8*

In Europe, probably because of the greater number of cases of
multidrug resistance presented by the gonococcus'** a higher dose
regimen (500mg ceftriaxone plus azithromycin 2g) is used as first-
line treatment.® The United Kingdom, on the other hand, proposes
a more aggressive treatment regimen (1g of ceftriaxone), probably
because despite the few reports of resistance, there has been a gradual
increase in the WCC to 0.125mg/l. In the UK, azithromycin is not
considered as part of the initial treatment because, according to
evidence, the synergy of both drugs (in vitro) to ensure effectiveness is
inconclusive. As an alternative, once susceptibility is known, the use
of quinolones is recommended despite the 36.4% resistance reported
in 2017." In Mexico, a single dose of ceftriaxone 500 mg is used as a
first-line treatment for genital gonococcal infection in adults, plus 1g
of azithromycin, considering as an alternative regime cefixime 400mg
in a single dose plus azithromycin 1g.*!

Overview of antimicrobial susceptibility and
resistance transition in the world

Sulfonamides, developed in the 1930s, were one of the first widely
used classes of antibiotics, but had a relatively short life as gonococcal
therapy because resistance emerged within 10 years of their
introduction.”® The first truly remarkably effective antigonococcal
agent, penicillin G, was introduced in 1943 and was effective for about
40 years (albeit by repeated increases in the dose).? Over the course of
those 4 decades the minimum inhibitory concentration (MIC) gradually
rose along with the recommended dose of penicillin for gonorrhea
treatment. By the late 1980s, penicillin stopped to be an adequate
treatment, and almost at the same time resistance to tetracyclines
(alternative therapy), also appeared. Third-generation cephalosporins
and quinolones became the recommended therapies in the late 1980s,
but resistance to quinolones emerged rapidly, originally in East and
Southeast Asia. By the mid-1990s quinolone-resistant gonorrhea was
detected in North America. By 2006, 39% of gonorrhea isolates from
MSM in the United States were quinolone resistant, and quinolones
were removed from the CDC gonorrhea treatment guidelines. Since
2006, the CDC has recommended only one class of antimicrobials as
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a first line therapy for gonorrhea: the cephalosporins.® More than 30
years after the first report of N. Gonorrhoae with multi-drug resistance
and the establishment of the Gonococcal Isolate Surveillance Project
(GISP), to monitor trends in antimicrobial resistance, the CDC has
labeled N. Gonorrhoeae infections as a threat because of the incidence
of resistant strains infections in the United States and the world.'*"
A strain of N. Gonorrhoeae is defined as multidrug-resistant (MDR)
when resistance or reduced susceptibility to a first-line drug (extended
spectrum cephalosporines or spectomycin) is associated with at least
two other families of antimicrobials. Extreme drug-resistant (XDR)
strains are defined as those resistant or with decreased susceptibility to 2
first-line medicines and at least three other antimicrobials (macrolides,
fluoroquinolones, penicillin’s, tetracycline, aminoglycosides, and
carbapenems). The first XDR strain was isolated from a sex worker in
Japan but it was not associated with further transmissions.'*!

Further back in time, in 1970, a penicillinase-producing strain of
gonococcus was described, plasmid-mediated mechanisms (Figure
1), which confer a high level of antimicrobial resistance.***” Other
acquired resistance mechanisms have been described for Neisseria
gonorrhoeae antibiotic flow pumps for multiple antibiotics, which
have been studied and considered as therapeutic targets.*® Resistance
can also be acquired by point mutations, horizontal gene transfer,
and alternating drug bindin 1g." Exposure of Neisseria spp. to
antimicrobials can result in the selection of resistant strains, due to
spontaneous gene mutations and/or acquisition of whole or parts of
resistance genes. The commensal Neisseria spp. frequently inhabits
the human body and, consequently, is exposed more frequently to
antimicrobials than the transiently acquired gonococcus. This way,
resistance may emerge in commensal Neisseria spp., which act as a
reservoir of AMR genes that can be readily transferred to gonococci
through transformation.” Early in the previous decade, increased
resistance to azithromycin in the UK was described in other parts of
the world and by 2017 resistance was found in 9.2% (14) of all strains
associated with disease to other families of antibiotics (sulphonamides
and quinolones).”!

In 2016, 83% of GISP member countries reported at least
one isolate of azithromycin-resistant N. Gonorrhoeae, and 49%
reported decreased susceptibility to cefixime and 22% with reduced
susceptibility to ceftriaxone.'® In the GISP, a prospective study was
carried out in which the resistance of N. Gonorrhoeae was determined
from September 1987 to December 1988, obtaining that up to
16.8% of the isolates presented chromosome-mediated resistance
to penicillin, tetracycline or cefoxitin, however, all the isolates
were sensitive to ceftriaxone.*® A 30% of the member countries of
the antimicrobial surveillance program that conducted gonococcal
susceptibility testing for cephalosporins reported that more than 5%
had a decreased susceptibility to broad-spectrum cephalosporins.
Fifty-nine countries reported resistance to ciprofloxacin.?* To support
international surveillance of gonococcal resistance, the World
Health Organization (WHO) founded Gonococcal Antimicrobial
Surveillance Program (GASP) in 1990. From 2009 to 2014, the total
number countries reporting to GASP increased from 56 to 77. Of
the 77 countries reporting to GASP, 66% reported isolates with any
resistance/decreased susceptibility of N. gonorrhoeae to cefixime
or ceftriaxone, 81% with any resistance/decreased susceptibility of
NG to AZI, and 97% with any resistance/decreased susceptibility to
ciprofloxacin, for at least 1 year from 2009 to 2014. Notably, there are
large gaps in data on AMR NG in Africa, Central America (extending
up to Mexico), and the Middle East with adjacent countries in Asia.'
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Overview of antimicrobial susceptibility and
transition of resistance in the world

83% of GISP member countries
report at least 1 isolate resistant
to azithromycin, 49% report a
decrease in susceptibility to
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Figure | Plasmid-mediated mechanisms.

More recently, worldwide strains of Neisseria gonorrhoeae have
appeared to be resistant to the first line treatment, ceftriaxone.*’ In
2018 in Canada there was reported a case of gonococcus resistant to
this drug, as well as a heterosexual couple in southwestern France, the
3 cases molecularly identified by nucleic acid amplification test and
corresponded to a genetic resistance multilocus previously identified
and originated in Japan (FC428) (1903/NG-MAST 3435/NGSTAR
233).4144This FC428 strains are susceptible to azithromycin. In March
2018, there was reported the first strain of gonorrhoea isolated from
a heterosexual man in the United Kingdom, named A2543 that was
resistant to both, ceftriaxone and azithromycin.*'** The probability
of resistance increases when only a single gene mutation is required
to change to a resistant phenotype, and less likely when multiple
mutation sites are needed, which is why it has taken the gonococcus
so long to develop such resistance.*® In February 2020, it was reported
that several alterations in the bacterial genome of gonococcus are
necessary to express resistance.” In October 2019, in Ghana, the penA
gene was sequenced in several gonorrhea isolates, finding resistance
to tetracyclines in 100% to ciprofloxacin in 81.8% and an isolate
with a MIC at high cefixime (0.75pug/ml) which contained a penA-34
mosaic allele. A study conducted in China and published in January
2020, analyzed 3 strains of gonorrhea with resistance to ceftriaxone
and found a new penA gene mosaic allele (penA-121,001), reflecting
genetic combination, the authors concluded, that commensal strains of
Neisseria (N. Cinerea, N. Perflava) may serve as resistance mediators
in gonococcus.'s. Fluoroquinolones are no longer considered by the
CDC as a therapeutic option for gonorrhea infection, as they can be
up to 90% resistant.'® The average time between the introduction of a
new antimicrobial drug and the first report of bacterial resistance to it,
varies depending on the antimicrobial in question, being ceftriaxone
the drug with the longest time since its introduction to the market
to the first report of treatment failure (30 years).**#¢ In 2018 the first
broad-spectrum beta-lactamase (BLEE) was discovered in a Neisseria

reported to have extended to more families of antibiotics
(macrolides, sulfonamides and quinolones).

= In Mexico. Itis reported 10.39% decrease in susceptibility
to antibiotics (mtrR).

gonorrhoeae strain.*’ However, the strain described was sensitive to
ceftriaxone, which may result in a possible further development of
this resistance mechanism by this diplococcus.

In México...

In Mexico, so far, there are no reports of gonococcus resistance to
ceftriaxone. However, the first report on this subject dates from 1987
where De la Cruz and cols. reported that up to 26.3% of gonorrhea
isolates from 148 patients were penicillinase producers and up to
4.7% had chromosome-mediated resistance.*® Similarly, Conde-Glez
et al® report gonorrhea strains resistant to spectinomycin, ampicillin,
penicillin, erythromycin, chloramphenicol, and tetracyclines in
frequencies from 9 to 41.3%; however, they do not identify strains
resistant to cephalosporins (cefotaxime).* The most recent Mexican
study was conducted by Escobedo Guerra et al. in 2018, which found
that up to 10.39% of 60 samples positive for N. Gonorrhoeae had
a mutation for reduced susceptibility to antibiotics in the mtrR gene
promoting the region of the mtrCDE locus.® However, this study did
not perform resistance testing with the different antibiotics to confirm
or disprove resistance in the bacteria. Although existing antimicrobial
resistance surveillances in some hospitals in Mexico, these studies
are focused on one or few organisms and a limited set of tested
antibiotics.”!

Discussion

Galeno in 130 B.C. coined the term gonorrhea (which means in
Greek “outflow or seed”) by the mistaken impression of considering
the discharge to be spermatorrhea. This disease was described for
the first time, already in modern times (1879), by the German doctor
Albert Neisser, who had the note the constant presence of a particular
bacterium with cocoid morphology, in purulent discharges of
infected patients.*> Although the first reports of gonorrhea resistance
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to antimicrobials were found in 1970, it was not until 1986 that the
Gonococcal Isolation Surveillance Project (GISP) was created, which
reports alarming rates of resistance to multiple families of antibiotics
considered as first-line treatment, which makes it necessary to
find alternative therapies for this infection. Around the world, the
emergence of these new N. Gonorrhoae strains with resistance to
several families of antimicrobials challenges the ease with which
this infection is treated so far. Although there are no recent reports
of ceftriaxone resistance in Mexico, we can find studies that show
that gonococcus is not completely sensitive, it already presents
genetic mutations associated with resistance to some drugs, even
though they are not currently considered the first line, should be
given more attention by Mexican physicians and researchers and
should serve as an alert to carry out more susceptibility studies in
the country. Increasing Neisseria gonorrhoeae resistance to extended-
spectrum cephalosporins (ESCs), the last remaining option for first-
line empirical monotherapy, poses an urgent public health threat.
However, the genetic basis of reduced susceptibility to ceftriaxone
is not completely understood: while most ceftriaxone resistance in
clinical isolates is caused by target site mutations in pend, porB,
and mtrR genes some isolates lack these mutations. So gene/protein
mutations cannot entirely explain the mechanism of ESC-resistance
in N. gonorrhoeae.'53-3

Singh A and collaborators, in their 2020 research underpin ESC
resistance is conferred by mosaic variants of penicillinbinding protein
2 (PBP2) that have diminished capacity to form acylated adducts with
cephalosporins.”’ In the global overview and emerging resistance in
which we find ourselves, several proposals arise for the saving of first-
line antibiotics against gonococcal infection, such as that put forward
by A.K. Zienkiewies et al*® in September 2019, which proposes the
carrying out of new tests to identify susceptibility to second-line
antibiotics such as quinolones and in this way deal with growing
resistance to ceftriaxone.*® Even suggesting carbapenems (Ertapenem),
gepotidacin, and zoliflodacin (which are still in clinical development)
as potential treatments for extremely drug-resistant gonorrhea
(XDR).*63%5% In this way Public Health England reported on a man
who had acquired multidrugresistant N gonorrhoeae. This isolate of N
gonorrhoeae showed high-level resistance to azithromycin as well as
to the last remaining recommended first-line antibiotic (ceftriaxone)
needing the use of a broadspectrum carbapenem antibiotic
(ertapenem). In the absence of the mass availability of a new drug for
N gonorrhoeae in the near future, an increase in ceftriaxone resistance
might lead to consideration of routine use of carbapenems, given their
high in-vitro activity and history of safety and tolerability. However,
the implications of a shift to a carbapenems such as ertapenem as
first-line empirical therapy for N gonorrhoeae are multiple.*® The
Zienkiewicz AK et al*® study found out that discriminatory point of
care testing for drug sensitivity in both patients and their partners can
result in a 70% decrease in ceftriaxone use.™

Novel, nontraditional therapeutic, and vaccine approaches to
combat MDR NG infection are currently being investigated.' The
possibility of a vaccine against gonococcal infection has been raised
at various times, and this interest has recently increased due to the
growing emergence of gonorrhea strains that are resistant to first-line
drugs. Nevertheless, a wide variation of gonococcal surface antigens
and other factors in the immune response against N. gonorrhoeae
undermines the possibility of the development of this therapeutic
resource. However, several studies have made increasingly plausible
efforts to create a prototype vaccine with the development of infection
models based on genetically modified cell lines.®® A study in New
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Zealand found decreased rates of gonorrhea after a mass immunization
campaign against meningococcus B, but the importance of this cross-
immunization is not entirely clear.'® In the face of the growing wave of
resistance, prevention in ethnic groups is key (transsexual population,
homosexuals, indigenous populations and sex workers),'® is one of
the most powerful therapeutic weapons, promoting condom use,
guaranteeing access to health services in marginalized communities,
diagnostic and susceptibility testing will always be the most effective
and safe way to address the health problem we face. In December
2019 Alhashimi et al?® discovered that salicylamide, an analgesic and
antipyretic drug, has antimicrobial activity against 40 different strains
of Neisseria gonorrhoeae, in addition to having a synergistic effect
with ceftriaxone, azithromycin and quinolones, this tributary to amide
and hydroxyl groups that are among its components and to which
antibiotic activities are attributed.?

Other therapeutic approaches include: FH/Fc fusion molecules
and monoclonal antibodies. A fusion protein has been engineered
that on the one hand binds to a complement regulator binding site,
present on all gonococci, called factor H, and, on the other hand,
possesses an Fc domain that engages complement and kills the
organism. Solithromycin is a 4th-generation macrolide and the
first fluoroketolide. It exhibits in vitro activity against a number
of urogenital pathogens including NG, Chlamydia trachomatis,
Mycoplasma spp., and Ureaplasma spp." Another immunotherapeutic
molecule under development for gonorrhea treatment is the chimeric
(mouse/human) 2C7 antibody. It has been tested, intravaginally and
parenterally, in the mouse animal model. Because this antibody and
FH/Fc target different sites on the organism, their combination may
be additive. The 2C7 epitope, against which the 2C7 antibody was
developed, forms the basis for a novel gonococcal vaccine.' Bradford
P & Miller A O’Donnell J & Mueller J°' describe Zoliflodacin, the
first drug in a novel class of topoisomerase inhibitors for the treatment
of uncomplicated gonorrhea and it has shown potent in vitro activity
against 100 gonococcal isolates and a lack of cross-resistance to
other antibiotic classes. Because its mechanism of action is distinct
from fluoroquinolones, they hypothesized that zoliflodacin will be
effective in treating fluoroquinolone resistant infections.'*! Recently
in March-April 2020, there was reported by Pool J. and collaborators
that methyldopa and carbamazepine, prevented and cured cervical
cell infection by multidrug-resistant gonococci by blocking the
gonococcal-Complement Receptor 3 I-domain interaction.®.
Elkashif A & Seleem M> investigated auranofin as a potential novel
antigonorrheal agent. Which in combination with azithromycin,
ceftriaxone, cefixime or tetracycline showed an additive effect against
four N. gonorrhoeae strains, suggesting the possibility of using
auranofin in dual therapy. And was found superior to ceftriaxone
in reducing the secretion of the pro-inflammatory cytokine IL-8
by endocervical cells infected with N. Gonorrhoeae.”® Although
those novel therapeutic and preventive approaches provide hope in
curtailing gonococcal infections, more research and development will
be required to deliver an approved, affordable treatment for Neisseria
gonorrhea resistant strains.

Conclusion

The emergence of N. Gonorrhoeae strains resistant to relatively
modern and very useful antibiotics in daily medical practice raises
awareness of the clinical and microbiological landscape in which
we find ourselves, and the advent of the transformation of hitherto
relatively controlled infectious problems into real public health
problems. It is necessary to consider alternative therapies such
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as vaccines and new drugs with antibiotic potential that address
emerging resistance, including conducting susceptibility studies in a
standardized manner for all patients prone to this infection or with a
clinical or microbiological diagnosis of gonorrhea and thus, identify
resistant cases.

Financing
There was no funding.

Conflicts of interest

The authors declare that they have no conflict of interest.

Acknowledgments

To Cecilia Maidé Pinto Espafa for the support provided for the
realization of the format of the image included.

References

1. Joan S, Schwarcz SK, Zenilman JM, et al. National Surveillance of
Antimicrobial Resistance in Neisseria gonorrhoeae. JAMA. 2015:19-23.

2. Unemo M, Nicholas RA. Emergence of multidrug-resistant,
extensively drug-resistant and untreatable gonorrhea. Future Microbiol.
2012;7(12):1401-1422.

3. Quillin SJ, Seifert HS. Neisseria gonorrhoeae host adaptation and
pathogenesis. Nat Rev Microbiol. 2018;16(4):226-240.

4.  Edwards JL, Apicella MA. The Molecular Mechanisms Used by Neisseria
gonorrhoeae To Initiate Infection Differ between Men and Women. Clin
Microbiol Rev. 2004;17(4):965-981.

5.  Da Costa-Lourengo APR, Barros Dos Santos KT, Moreira BM, et al.
Antimicrobial resistance in Neisseria gonorrhoeae: history, molecular
mechanisms and epidemiological aspects of an emerging global threat.
Braz J Microbiol. 2017;48(4):617-628.

6. Ohnishi M, Golparian D, Shimuta K, et al. Is Neisseria gonorrhoeae
initiating a future era of untreatable gonorrhea?: detailed characterization
of the first strain with high-level resistance to ceftriaxone. Antimicrob
Agents Chemother. 2011;55(7):3538-3545

7. Unemo M, Dillon JA. Review and international recommendation of
methods for typing neisseria gonorrhoeae isolates and their implications
for improved knowledge of gonococcal epidemiology, treatment, and
biology. Clin Microbiol Rev. 2011;24(3):447.

8. Vandepitte J, Hughes P, Matovu G, et al. High prevalence of ciprofloxacin-
resistant gonorrhea among female sex workers in Kampala, Uganda
(2008-2009). Sex Transm Dis. 2014;41(4):233-237.

9. Tapsall J. Antibiotic Resistance in Neisseria gonorrhoeae. CID.
2005:41(4):S263-S2268.

10. Hill S, Masters T, Wachter J. Gonorrhea - an evolving disease of the new
millennium. Microb Cell. 2016;3(9):371-389.

11. Diao N, Yan G, Yang Y, et al. Comparative Proteomics of Extended-
Spectrum  Cephalosporin-Resistant Neisseria gonorrhoeae Isolates
Demonstrates Altered Protein Synthesis, Metabolism, Substance
Transport, and Membrane Permeability. Front Microbiol. 2020;11:169.

12.  Lewis DA. The role of core groups in the emergence and dissemination
of antimicrobial-resistant N gonorrhoeae. Sex Transm Infect.
2013;89(4):iv47-51.

13. Fuertes de Vega I, Baliu-Piqué C, Bosch J, et al. Risk factors for
antimicrobial-resistant Neisseria gonorrhoeae and characteristics
of patients infected with gonorrhea. Enferm Infecc Microbiol Clin.
2018;36(3):165-168.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Soni S, Horner P, Rayment M, et al. BASHH. National guideline for the
management of infection with Neisseria gonorrhoeae and Mycoplasma
genitalium ( 2018 ). 2019;1-25.

Verhoeven E, Abdellati S, Nys P, et al. Construction and optimization of a
‘NG Morbidostat’ - An automated continuous-culture device for studying
the pathways towards antibiotic resistance in Neisseria gonorrhoeae.
F1000Res. 2019;8:560.

Kirkcaldy RD, Weston E, Segurado AC, et al. Epidemiology of
gonorrhoea: A global perspective. Sex Health. 2019;16(5):401-11.

Martin I, Sawatzky P, Allen V, et al. Multidrug-resistant and extensively
drug-resistant Neisseria gonorrhoeae in Canada, 2012-2016. Can
Commun Dis Rep. 2019;45(2-3):45-53.

Tien V, Punjabi C, Holubar MK. Antimicrobial resistance in sexually
transmitted infections. J Travel Med. 2019;27(1):1-11.

Cristillo AD, Bristow CC, Torrone E, et al. Antimicrobial Resistance in
Neisseria gonorrhoeae: Proceedings of the STAR Sexually Transmitted
Infection—Clinical Trial Group Programmatic Meeting. Sex Transm Dis.
2019;46(3):e18-¢25.

Unemo M, Shafer WM. Antibiotic resistance in Neisseria gonorrhoeae:
origin, evolution, and lessons learned for the future. Ann N Y Acad Sci.
2011;1230:E19-E28.

Teliz Sanchez MH, Solchaga Rosas J, Adame Benitez B, et al. Prevencion,
diagnostico, tratamiento y referencia de la gonorrea en el primer y seguno
nivel de atencion. Catdlogo maestro de guias de practica clinica. 2014;1—
63.

European Centre for Disease Prevention and Control. Response plan
to control and manage the threat of multidrug-resistant gonorrhoea in
Europe. Stockholm: ECDC; 2012.

Jorge-Berrocal A, Mayta-Barrios M, Fiestas-Solérzano V. Resistencia
antimicrobiana de Neisseria gonorrhoeae en Pert. Rev Peru Med Exp
Salud Publica. 2018;35(1):155-156.

Miller JM, Binnicker MJ, Campbell S, et al. A Guide to Utilization of
the Microbiology Laboratory for Diagnosis of Infectious Diseases: 2018
Update by the Infectious Diseases Society of America and the American
Society for Microbiology. 2018;30338(6):1-94.

Le Fevre ML. Screening for Chlamydia and Gonorrhea: U.S. Preventive
Services. Task Force Recommendation Statement. Ann Intern Med.
2014;161(12):1-10.

Alhashimi M, Mayhoub A, Seleem MN. Repurposing Salicylamide for
Combating Multidrug-Resistant Neisseria gonorrhoeae. Antimicrob Agets
Chemother. 2019;63(12):1-14.

Kularatne RS, Niit R, Rowley J, et al. Adult gonorrhea, chlamydia and
syphilis prevalence, incidence, treatment and syndromic case reporting in
South Africa: Estimates using the Spectrum-STI model, 1990-2017. PLoS
One. 2018; 13(10):¢0205863.

Whiley D, Goire N, Lahra M, et al. The ticking time bomb: escalating
antibiotic resistance in Neisseria gonorrhoeae is a public health disaster in
waiting. J Antimicrob Chemother. 2012:67(9):2059-2061.

Lewis DA. The role of core groups in the emergence and dissemination
of antimicrobial-resistant N gonorrhoeae. Sex Transm Infect. 2013;89
(4):iv47-51.

Conde CJ, Uribe F. Gonorrea: la perspectiva clasica y la actual. Salud

Publica de México. 1997;39(6):1-2.

Lefebvre B, Martin I, Demczuk W, et al. Ceftriaxone-Resistant Neisseria
gonorrhoeae, Canada, 2017. Emerg Infect Dis. 2018; 24(2):381-382.

Ko KKK, Chio MTW, Goh SS, et al. First Case of Ceftriaxone-Resistant
Multidrug-Resistant Neisseria gonorrhoeae in Singapore. Antimicrob
Agents Chemother. 2019;63(5):¢02624-18.

Citation: Angel ST, Elizabeth GC, Patricia RSD, et al. Neisseria Gonorrhoeae infection, current state of antimicrobial susceptibility. Literature review. | Bacteriol

Mycol Open Access. 2020;8(4):117—-122. DOI: 10.15406/jbmoa.2020.08.00283


https://doi.org/10.15406/jbmoa.2020.08.00283
https://pubmed.ncbi.nlm.nih.gov/23231489/
https://pubmed.ncbi.nlm.nih.gov/23231489/
https://pubmed.ncbi.nlm.nih.gov/23231489/
https://pubmed.ncbi.nlm.nih.gov/29430011/
https://pubmed.ncbi.nlm.nih.gov/29430011/
https://pubmed.ncbi.nlm.nih.gov/15489357/#:~:text=Abstract,initiate infection exhibit gender specificity.&text=This is in part the,the lower female genital tract.
https://pubmed.ncbi.nlm.nih.gov/15489357/#:~:text=Abstract,initiate infection exhibit gender specificity.&text=This is in part the,the lower female genital tract.
https://pubmed.ncbi.nlm.nih.gov/15489357/#:~:text=Abstract,initiate infection exhibit gender specificity.&text=This is in part the,the lower female genital tract.
https://pubmed.ncbi.nlm.nih.gov/28754299/
https://pubmed.ncbi.nlm.nih.gov/28754299/
https://pubmed.ncbi.nlm.nih.gov/28754299/
https://pubmed.ncbi.nlm.nih.gov/28754299/
https://pubmed.ncbi.nlm.nih.gov/21576437/
https://pubmed.ncbi.nlm.nih.gov/21576437/
https://pubmed.ncbi.nlm.nih.gov/21576437/
https://pubmed.ncbi.nlm.nih.gov/21576437/
https://pubmed.ncbi.nlm.nih.gov/21734242/
https://pubmed.ncbi.nlm.nih.gov/21734242/
https://pubmed.ncbi.nlm.nih.gov/21734242/
https://pubmed.ncbi.nlm.nih.gov/21734242/
https://pubmed.ncbi.nlm.nih.gov/24622633/
https://pubmed.ncbi.nlm.nih.gov/24622633/
https://pubmed.ncbi.nlm.nih.gov/24622633/
https://academic.oup.com/cid/article/41/Supplement_4/S263/289315
https://academic.oup.com/cid/article/41/Supplement_4/S263/289315
https://pubmed.ncbi.nlm.nih.gov/28357376/
https://pubmed.ncbi.nlm.nih.gov/28357376/
https://www.frontiersin.org/articles/10.3389/fmicb.2020.00169/full
https://www.frontiersin.org/articles/10.3389/fmicb.2020.00169/full
https://www.frontiersin.org/articles/10.3389/fmicb.2020.00169/full
https://www.frontiersin.org/articles/10.3389/fmicb.2020.00169/full
https://pubmed.ncbi.nlm.nih.gov/24243880/
https://pubmed.ncbi.nlm.nih.gov/24243880/
https://pubmed.ncbi.nlm.nih.gov/24243880/
https://pubmed.ncbi.nlm.nih.gov/28094065/
https://pubmed.ncbi.nlm.nih.gov/28094065/
https://pubmed.ncbi.nlm.nih.gov/28094065/
https://pubmed.ncbi.nlm.nih.gov/28094065/
https://f1000research.com/articles/8-560
https://f1000research.com/articles/8-560
https://f1000research.com/articles/8-560
https://f1000research.com/articles/8-560
https://pubmed.ncbi.nlm.nih.gov/31505159/
https://pubmed.ncbi.nlm.nih.gov/31505159/
https://pubmed.ncbi.nlm.nih.gov/31015818/#:~:text=Data were analyzed by applying,%25%2C 19%2F18%2C768).
https://pubmed.ncbi.nlm.nih.gov/31015818/#:~:text=Data were analyzed by applying,%25%2C 19%2F18%2C768).
https://pubmed.ncbi.nlm.nih.gov/31015818/#:~:text=Data were analyzed by applying,%25%2C 19%2F18%2C768).
https://pubmed.ncbi.nlm.nih.gov/31840758/
https://pubmed.ncbi.nlm.nih.gov/31840758/
https://pubmed.ncbi.nlm.nih.gov/30363025/#:~:text=The goal of the Sexually,and technology and priorities and
https://pubmed.ncbi.nlm.nih.gov/30363025/#:~:text=The goal of the Sexually,and technology and priorities and
https://pubmed.ncbi.nlm.nih.gov/30363025/#:~:text=The goal of the Sexually,and technology and priorities and
https://pubmed.ncbi.nlm.nih.gov/30363025/#:~:text=The goal of the Sexually,and technology and priorities and
https://pubmed.ncbi.nlm.nih.gov/22239555/
https://pubmed.ncbi.nlm.nih.gov/22239555/
https://pubmed.ncbi.nlm.nih.gov/22239555/
https://cenetec-difusion.com/gpc-sns/?p=484
https://cenetec-difusion.com/gpc-sns/?p=484
https://cenetec-difusion.com/gpc-sns/?p=484
https://cenetec-difusion.com/gpc-sns/?p=484
https://www.ecdc.europa.eu/en/publications-data/response-plan-control-and-manage-threat-multi-and-extensively-drug-resistant
https://www.ecdc.europa.eu/en/publications-data/response-plan-control-and-manage-threat-multi-and-extensively-drug-resistant
https://www.ecdc.europa.eu/en/publications-data/response-plan-control-and-manage-threat-multi-and-extensively-drug-resistant
http://www.scielo.org.pe/pdf/rins/v35n1/a24v35n1.pdf
http://www.scielo.org.pe/pdf/rins/v35n1/a24v35n1.pdf
http://www.scielo.org.pe/pdf/rins/v35n1/a24v35n1.pdf
https://www.idsociety.org/practice-guideline/laboratory-diagnosis-of-infectious-diseases/
https://www.idsociety.org/practice-guideline/laboratory-diagnosis-of-infectious-diseases/
https://www.idsociety.org/practice-guideline/laboratory-diagnosis-of-infectious-diseases/
https://www.idsociety.org/practice-guideline/laboratory-diagnosis-of-infectious-diseases/
https://www.acpjournals.org/doi/10.7326/M14-1981
https://www.acpjournals.org/doi/10.7326/M14-1981
https://www.acpjournals.org/doi/10.7326/M14-1981
https://aac.asm.org/content/63/12/e01225-19/article-info
https://aac.asm.org/content/63/12/e01225-19/article-info
https://aac.asm.org/content/63/12/e01225-19/article-info
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0205863
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0205863
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0205863
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0205863
https://pubmed.ncbi.nlm.nih.gov/22604449/
https://pubmed.ncbi.nlm.nih.gov/22604449/
https://pubmed.ncbi.nlm.nih.gov/22604449/
https://pubmed.ncbi.nlm.nih.gov/24243880/
https://pubmed.ncbi.nlm.nih.gov/24243880/
https://pubmed.ncbi.nlm.nih.gov/24243880/
https://saludpublica.mx/index.php/spm/article/view/6047
https://saludpublica.mx/index.php/spm/article/view/6047
https://wwwnc.cdc.gov/eid/article/24/2/17-1756_article#:~:text=Ceftriaxone is one of the,) (2%E2%80%936).
https://wwwnc.cdc.gov/eid/article/24/2/17-1756_article#:~:text=Ceftriaxone is one of the,) (2%E2%80%936).
https://aac.asm.org/content/63/5/e02624-18
https://aac.asm.org/content/63/5/e02624-18
https://aac.asm.org/content/63/5/e02624-18

Neisseria Gonorrhoeae infection, current state of antimicrobial susceptibility. Literature review

33.
34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

CDC. 2015 Sexually transmitted diseases treatment guidelines. 2015.

Rovirola CH, Spiteri G, Sabidé M, et al. Antimicrobial resistance in
Neisseria gonorrhoeae isolates from foreign- born population in the
European Gonococcal Antimicrobial Surveillance Programme. Sex
Transm Infect. 2020;96(3):1-7.

Bignell C, Unemo M. 2012 European Guideline on the Diagnosis and
Treatment of Gonorrhoea in Adults. Int J STD AIDS. 2013;24(2):85-92.

Lewis DA. New treatment options for Neisseria gonorrhoeae in the era of
emerging antimicrobial resistance. Sex Health. 2019;16(5):449-56.

Shaskolskiy B, Dementieva E, Kandinov I, et al. Resistance of Neisseria
gonorrhoeae isolates to beta-lactam antibiotics (benzylpenicillin and
ceftriaxone) in Russia, 2015-2017. PLoS One. 2019;14(7):¢0220339.

Chitsaz M, Booth L, Blyth MT, et al. Multidrug resistance in Neisseria
gonorrhoeae: Identification of functionally important residues in the mtrd
efflux protein. MBio. 2019;10(6):1-14.

Joan S, Schwarcz SK, Zenilman JM, et al. National Surveillance of
Antimicrobial Resistance in Neisseria gonorrhoeae. JAMA. 2015:19-23.

Gianecini R, Oviedo C, Stafforini G, et al. Neisseria gonorrhoeae
Resistant to Ceftriaxone and Cefixime, Argentina. Emerg Infect Dis.
2016;22(6):1139-1141.

Berenger BM, Demczuk W, Gratrix J, et al. Genetic Characterization
and Enhanced Surveillance of Ceftriaxone-Resistant Neisseria
gonorrhoeae Strain, Alberta, Canada, 2018. Emerg Infect Deseases/CDC.
2019;25(9):1660-1667.

Poncin T, Merimeche M, Braille A, et al. Two cases of multidrug-resistant
Neisseria gonorrhoeae related to travel in south-eastern Asia, France, June
2019. Euro Surveill. 2019;24(36):1-4.

Lefebvre B, Martin I, Demczuk W, et al. Ceftriaxone-Resistant Neisseria
gonorrhoeae, Canada, 2017. Emerg Infect Dis. 2018; 24(2):381-382.

Chen SC, Han Y, Yuan LF, et al. Identification of Internationally
Disseminated Ceftriaxone-Resistant Neisseria gonorrhoeae Strain FC428,
China. Emerg Infect Dis. 2019;25(7):1427-1429.

Whiley DM, Jennison A, Pearson J, et al. Genetic characterisation of
Neisseria gonorrhoeae resistant to both ceftriaxone and azithromycin.
Lancet Infect Dis. 2018;18(7):717-718.

Davalos M. Cefalosporinas de tercera generacion. Boletin de la Sociedad
Peruana de Medicina Interna. 1998;11(1).

Mtynarczyk- Bonikowska B, Majewska A, Malejczyk M, et al
Multiresistant Neisseria gonorrhoeae: a new threat in second decade of
the XXI century. Med Microbiol Immunol. 2020;209(2):95-108.

De la Cruz R, Conde-Gonzalez C, Calderon J, et al. Neisseria Gonorrhoeae
resistente a la penicilina en la Ciudad de México. Bol of Saint Panam.
1987;103(5):472-4717.

49.

50.

SI.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Copyright:

©2020 Angel etal. 122

Conde-Glez CJ, Calderén E, Echaniz G, et al. Serogroup specificity and
antimicrobial susceptibilities of neisseria gonorrhoeae isolated in Mexico
city. J Antimicrob Chemother. 1988;21(4):413-416.

Escobedo-Guerra MR, Katoku-Herrera M, Lopez-Hurtado M, et al. Use of
the mtrR Gene for Rapid Molecular Diagnosis of Neisseria Gonorrhoeae
and Identification of the Reduction of Susceptibility to Antibiotics in
Endocervical Swabs. Mol Diagn Ther. 2018;22(800):361-368.

Hill S, Masters T, Wachter J. Gonorrhea - an evolving disease of the new
millennium. Microb Cell. 2016;3(9):371-389.

Conde CJ, Uribe F. Gonorrea: la perspectiva clasica y la actual. Salud
Publica de México. 1997;39(6):1-2.

Palace SG, Wang Y, Rubin D, et al. RNA polymerase mutations cause
cephalosporin resistance in clinical Neisseria gonorrhoeae isolates. eLife.
2020;9:e51407.

Chen SC, Hu LH, Zhu XY, et al. Gonococcal urethritis caused by a
multidrug resistant Neisseria gonorrhoeae strain with high-level resistance
to spectinomycin in China. Emerg Microbes Infect. 2020;9(1):517-519.

Elkashif A, Seleem MN. Investigation of auranofin and gold-containing
analogues antibacterial activity against multidrug-resistant Neisseria
gonorrhoeae. Sci Rep. 2020;10(1):5602.

Demczuk W, Sidhu S, Unemo M, et al. Neisseria gonorrhoeae Sequence
Typing for Antimicrobial Resistance, a Novel Antimicrobial Resistance
Multilocus Typing Scheme for Tracking Global Dissemination of N.
gonorrhoeae Strains. J Clin Microbiol. 2017;55(5):1454—1468.

Singh A, Turner JM, Tomberg J, et al. Mutations in penicillin-binding
protein 2 from cephalosporin-resistant Neisseria gonorrhoeae hinder
ceftriaxone acylation by restricting protein dynamics. J Biol Chem. 2020
1295(21):7529-7543.

Zienkiewicz AK, Verschueren Van Rees N, Homer M, et al. Agent-
based modelling study of antimicrobial-resistant Neisseria gonorrhoeae
transmission in men who have sex with men: Towards individualised
diagnosis and treatment. Sex Health. 2019;16(5):514-522.

MacFadden D, Lipsitch M, Olesen S, et al. Multidrug-resistant Neisseria
gonorrhoeae: implications for future treatment strategies. Lancet Infect
Dis. 2018;18(6):599.

Russell MW, Jerse AE, Gray-Owen SD. Progress Toward a Gonococcal
Vaccine: The Way Forward. Front Immunol. 2019;10:2417.

Bradford PA, Miller AA, O’Donnell J, et al. Zoliflodacin: An oral
spiropyrimidinetrione antibiotic for the treatment of Neisseria
gonorrhoeae, including multi-drug resistant isolates. ACS Infect Dis. 2020.

Poole J, Day CJ, Haselhorst T, et al. Repurposed Drugs That Block the
Gonococcus-Complement Receptor 3 Interaction Can Prevent and Cure
Gonococcal Infection of Primary Human Cervical Epithelial Cells. mBio.
2020;11(2):e03046-03419.

Citation: Angel ST, Elizabeth GC, Patricia RSD, et al. Neisseria Gonorrhoeae infection, current state of antimicrobial susceptibility. Literature review. | Bacteriol
Mycol Open Access. 2020;8(4):1 17—-122. DOI: 10.15406/jbmoa.2020.08.00283


https://doi.org/10.15406/jbmoa.2020.08.00283
https://www.cdc.gov/std/tg2015/gonorrhea.htm
https://sti.bmj.com/content/96/3/204
https://sti.bmj.com/content/96/3/204
https://sti.bmj.com/content/96/3/204
https://sti.bmj.com/content/96/3/204
https://pubmed.ncbi.nlm.nih.gov/24400344/
https://pubmed.ncbi.nlm.nih.gov/24400344/
https://pubmed.ncbi.nlm.nih.gov/31292063/
https://pubmed.ncbi.nlm.nih.gov/31292063/
https://pubmed.ncbi.nlm.nih.gov/31344102/#:~:text=gonorrhoeae isolates to beta%2Dlactam antimicrobials (benzylpenicillin and ceftriaxone).&text=Resistance to benzylpenicillin remained high,%2D1 mg%2FL).
https://pubmed.ncbi.nlm.nih.gov/31344102/#:~:text=gonorrhoeae isolates to beta%2Dlactam antimicrobials (benzylpenicillin and ceftriaxone).&text=Resistance to benzylpenicillin remained high,%2D1 mg%2FL).
https://pubmed.ncbi.nlm.nih.gov/31344102/#:~:text=gonorrhoeae isolates to beta%2Dlactam antimicrobials (benzylpenicillin and ceftriaxone).&text=Resistance to benzylpenicillin remained high,%2D1 mg%2FL).
https://mbio.asm.org/content/10/6/e02277-19#:~:text=gonorrhoeae involved in resistance to,MtrD multidrug resistance efflux pump.&text=Identification of functionally important residues and substrate%2Dprotein interactions of,treatment of multidrug%2Dresistant go
https://mbio.asm.org/content/10/6/e02277-19#:~:text=gonorrhoeae involved in resistance to,MtrD multidrug resistance efflux pump.&text=Identification of functionally important residues and substrate%2Dprotein interactions of,treatment of multidrug%2Dresistant go
https://mbio.asm.org/content/10/6/e02277-19#:~:text=gonorrhoeae involved in resistance to,MtrD multidrug resistance efflux pump.&text=Identification of functionally important residues and substrate%2Dprotein interactions of,treatment of multidrug%2Dresistant go
https://pubmed.ncbi.nlm.nih.gov/27191699/
https://pubmed.ncbi.nlm.nih.gov/27191699/
https://pubmed.ncbi.nlm.nih.gov/27191699/
https://pubmed.ncbi.nlm.nih.gov/31407661/
https://pubmed.ncbi.nlm.nih.gov/31407661/
https://pubmed.ncbi.nlm.nih.gov/31407661/
https://pubmed.ncbi.nlm.nih.gov/31407661/
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.36.1900528
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.36.1900528
https://www.eurosurveillance.org/content/10.2807/1560-7917.ES.2019.24.36.1900528
https://wwwnc.cdc.gov/eid/article/24/2/17-1756_article#:~:text=Ceftriaxone is one of the,) (2%E2%80%936).
https://wwwnc.cdc.gov/eid/article/24/2/17-1756_article#:~:text=Ceftriaxone is one of the,) (2%E2%80%936).
https://pubmed.ncbi.nlm.nih.gov/30900979/#:~:text=In 2016%2C we identified a,of the ceftriaxone%2Dresistant clones.
https://pubmed.ncbi.nlm.nih.gov/30900979/#:~:text=In 2016%2C we identified a,of the ceftriaxone%2Dresistant clones.
https://pubmed.ncbi.nlm.nih.gov/30900979/#:~:text=In 2016%2C we identified a,of the ceftriaxone%2Dresistant clones.
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(18)30340-2/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(18)30340-2/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(18)30340-2/fulltext
https://sisbib.unmsm.edu.pe/bvrevistas/spmi/v11n1/cefalosporinas.htm
https://sisbib.unmsm.edu.pe/bvrevistas/spmi/v11n1/cefalosporinas.htm
https://link.springer.com/article/10.1007/s00430-019-00651-4
https://link.springer.com/article/10.1007/s00430-019-00651-4
https://link.springer.com/article/10.1007/s00430-019-00651-4
https://iris.paho.org/handle/10665.2/17935
https://iris.paho.org/handle/10665.2/17935
https://iris.paho.org/handle/10665.2/17935
https://academic.oup.com/jac/article/21/4/413/695720
https://academic.oup.com/jac/article/21/4/413/695720
https://academic.oup.com/jac/article/21/4/413/695720
https://pubmed.ncbi.nlm.nih.gov/29589256/
https://pubmed.ncbi.nlm.nih.gov/29589256/
https://pubmed.ncbi.nlm.nih.gov/29589256/
https://pubmed.ncbi.nlm.nih.gov/29589256/
https://pubmed.ncbi.nlm.nih.gov/28357376/#:~:text=Epidemiology%2C incidence and prevalence%3A Gonorrhea,100 cases per 100%2C000 population.
https://pubmed.ncbi.nlm.nih.gov/28357376/#:~:text=Epidemiology%2C incidence and prevalence%3A Gonorrhea,100 cases per 100%2C000 population.
https://saludpublica.mx/index.php/spm/article/view/6047
https://saludpublica.mx/index.php/spm/article/view/6047
https://elifesciences.org/articles/51407
https://elifesciences.org/articles/51407
https://elifesciences.org/articles/51407
https://pubmed.ncbi.nlm.nih.gov/32116136/
https://pubmed.ncbi.nlm.nih.gov/32116136/
https://pubmed.ncbi.nlm.nih.gov/32116136/
https://www.nature.com/articles/s41598-020-62696-3
https://www.nature.com/articles/s41598-020-62696-3
https://www.nature.com/articles/s41598-020-62696-3
https://pubmed.ncbi.nlm.nih.gov/28228492/
https://pubmed.ncbi.nlm.nih.gov/28228492/
https://pubmed.ncbi.nlm.nih.gov/28228492/
https://pubmed.ncbi.nlm.nih.gov/28228492/
https://pubmed.ncbi.nlm.nih.gov/32253235/
https://pubmed.ncbi.nlm.nih.gov/32253235/
https://pubmed.ncbi.nlm.nih.gov/32253235/
https://pubmed.ncbi.nlm.nih.gov/32253235/
https://pubmed.ncbi.nlm.nih.gov/31476277/
https://pubmed.ncbi.nlm.nih.gov/31476277/
https://pubmed.ncbi.nlm.nih.gov/31476277/
https://pubmed.ncbi.nlm.nih.gov/31476277/
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(18)30274-3/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(18)30274-3/fulltext
https://www.thelancet.com/journals/laninf/article/PIIS1473-3099(18)30274-3/fulltext
https://pubmed.ncbi.nlm.nih.gov/31681305/
https://pubmed.ncbi.nlm.nih.gov/31681305/
https://pubs.acs.org/doi/10.1021/acsinfecdis.0c00021
https://pubs.acs.org/doi/10.1021/acsinfecdis.0c00021
https://pubs.acs.org/doi/10.1021/acsinfecdis.0c00021
https://mbio.asm.org/content/11/2/e03046-19
https://mbio.asm.org/content/11/2/e03046-19
https://mbio.asm.org/content/11/2/e03046-19
https://mbio.asm.org/content/11/2/e03046-19

	Title
	Abstract
	Keywords
	Introduction and epidemiology 
	Overview of antimicrobial susceptibility and resistance transition in the world 
	In México 

	Discussion
	Conclusion
	Financing
	Conflicts of interest 
	Acknowledgments
	References
	Figure 1

