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Dear Editor,
The growing rates of Neisseria gonorrhoeae resistance to

antibiotics is a major threat to public health worldwide, as
recent cases of gonorrhea are becoming increasingly diffi-
cult to treat. Gonorrhea is a highly prevalent sexually trans-
mitted disease caused by a strict human pathogen known
for its ability to adapt to and evade the defensive responses
of the host immune system, which is the primary reason
for the capability of causing repeated infections in humans
(1). The bacteria primarily infect the urogenital tract but
might also infect the anal and oral cavity. If left untreated,
it might cause complications, such as pelvic inflammatory
disease, epididymitis, and infertility (2).

Numerous antibiotics have been produced since the
1930s to combat gonococcal infections; however, alarm-
ingly, the bacterial strains have progressively developed
resistance to almost all of them. Penicillin was an effec-
tive first-line drug for gonorrhea treatment in the early
1940s; nevertheless, within 10 - 15 years, the susceptibil-
ity of the bacteria to this drug dropped quickly due to
chromosomal mutations and the acquisition of penicillin-
resistant genes (1). By the 1970s, high-level resistance to
penicillin was reported in Africa and Asia. Furthermore,
by the 1980s, there was a spike in treatment failures world-
wide (1). Between the 1940s and 1960s, other antibiotics,
such as macrolides, aminoglycosides, and tetracycline,
were produced and used (1). During this period, fluoro-
quinolones were very effective in gonorrhea treatment;
however, gonococcal strains resistant to these drugs also
quickly emerged, and by 2007 such strains had spread to
various countries worldwide, automatically limiting the
use of fluoroquinolones for gonorrhea treatment (3).

The third-generation cephalosporins, cefixime, and
ceftriaxone became the next first-line drugs for gonorrhea

treatment due to their high efficacy (1). However, cefixime-
resistant strains have been recently reported in Japan and
Europe and will most likely spread globally (4). This alarm-
ing multidrug resistance (MDR) exhibited by N. gonor-
rhoeae has led to the bacteria being termed “superbugs”
by the Centers for Disease Control and Prevention (CDC)
(1). Currently, the recommended treatment for gonococ-
cal infections by the CDC is a combination therapy involv-
ing a single dose of 250 mg ceftriaxone administered in-
tramuscularly and a single dose of 1 g azithromycin given
orally (5). This has proven to be highly effective in gonor-
rhea treatment, as the combined action of both antibiotics
is enough to clear out the infection, even for strains resis-
tant to either of the drugs.

Unfortunately, some gonococcal strains have been
identified with an increased minimum inhibitory concen-
tration (MIC) for both azithromycin and ceftriaxone. In
2016, eight isolates of N. gonorrhoeae extracted from seven
patients in Hawaii, USA, had extremely high MICs of > 256
µg/mL for azithromycin and 0.125 - 0.25µg/mL for ceftriax-
one (6), indicating that these isolates developed resistance
to the combination therapy. Genetic analysis showed that
these isolates were closely related and might have come
from a single strain circulating locally (6). Additionally, an
isolate resistant to both azithromycin and ceftriaxone was
discovered in a patient with gonococcal pharyngitis in the
United Kingdom after treatment failure using a combina-
tion therapy of 1 g azithromycin and 500 mg ceftriaxone
(6). This is problematic as the azithromycin-ceftriaxone
dual therapy is the last resort for gonorrhea treatment
and indicates the possibility of gonorrhea becoming un-
treatable in the nearest future. A recent update from the
CDC advises against the continuous use of azithromycin-
ceftriaxone dual therapy due to concerns about the pos-
sible adverse effects it could cause to commensal organ-
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isms and other bacterial pathogens usually resident in hu-
mans as microflora (7). Observing the low incidence of
drug resistance to ceftriaxone, the CDC currently recom-
mends only ceftriaxone (500 mg intramuscular dose) as
the treatment for gonorrhea infections (7).

In light of the above-mentioned findings, it is neces-
sary to seek alternatives to antibiotics for gonorrhea treat-
ment, as the constant use of antibiotics finally yields an-
tibiotic resistance. Some promising alternatives include
the use of bacteriophages, phage lytic enzymes, predatory
bacteria, and antimicrobial peptides. Studies on bacterio-
phages have shown their effectiveness in decreasing bacte-
rial load in infections (8); therefore, they could be suitable
for gonorrhea treatment. Phage lytic enzymes extracted
from bacteriophages have been used in studies to treat Es-
cherichia coli infections in mice and can be experimented
with for N. gonorrhoeae infections (8). Certain antimicro-
bial peptides called Bacteriocins have been extracted from
probiotic bacteria, with the similar ability of antibiotics to
target and destroy certain parts of a pathogenic bacteria
cell, utilizing different mechanisms (9).

Further research can be carried out on their suitabil-
ity for gonococcal infections. Studies using predatory
bacteria, such as Micavibrio spp. and Bdellovibrio spp.,
have shown that they possess the ability to prey on gram-
negative multidrug-resistant bacteria without causing any
harm to the host (10); therefore, their predatory action
could be used against N. gonorrhoeae, which is also a gram-
negative MDR organism. Moreover, great attention has
been channeled toward the use of herbs for gonorrhea
treatment. Various studies have proven that herbal reme-
dies, such as garlic, apple cider vinegar, goldenseal, Aloe
vera, and numerous others, are effective in resolving gono-
coccal infections (11). Such herbal products can be further
investigated, processed, and purified pharmaceutically to
develop new drugs with potent action against multidrug-
resistant gonorrhea.

A common advantage of these alternatives is their
specificity for particular disease-causing bacteria without
harming other host commensal microbes. On the flip
side, the disadvantage is that none of them is as potent
as traditional antibiotics; consequently, they might need
to be administered as adjuncts to antibiotics. Further-
more, these alternatives are still under research and de-
velopment; therefore, the potential of utilizing them for
the treatment of MDR diseases is still far-off, despite sig-
nificant progress. The development of a gonorrhea vac-
cine has also been tried; to date, four gonorrhea vaccine
candidates have been developed in human clinical trials;
however, none of them has shown substantial protective
results (12). Interestingly, the serogroup B vaccine MeNZB
used against Neisseria meningitidis showed a 31% effective-

ness against gonorrhea infection in vaccinated subjects.
This is because N. meningitidis and N. gonorrhoeae are ge-
netically similar organisms, despite causing different dis-
eases (12). Although MeNZB is not currently available, a
similar vaccine called Bexsero was produced, which also
showed the same cross-protection against gonorrhea (12).
Such vaccines give hope that the production of an effective
gonorrhea vaccine could be possible but requires further
research and development efforts to make it a reality.

In summary, the MDR of N. gonorrhoeae is a global med-
ical challenge that should be tackled urgently, or we could
face the possibility of gonorrhea becoming untreatable.
A possible solution could be using antibiotic alternatives
for treatment, as this would help reduce the rate of antibi-
otic use and subsequently decrease gonococcal resistance.
Several budding alternatives are being looked into, each
with its own advantages and disadvantages. No single al-
ternative might completely replace antibiotics; neverthe-
less, they have shown promising results. There is a need to
strengthen efforts in the research and development of suit-
able alternatives for gonorrhea treatment.
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