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Background: Pharyngeal infection is more difficult to diagnose and treat than genital or
rectal infection and can act as a reservoir for gonococcal infection. We determined the
prevalence of pharyngeal gonorrhea in Korean men with urethritis and analyzed the mo-
lecular characteristics and antimicrobial susceptibility of the isolates.

Methods: Seventy-two male patients with symptoms of urethritis who visited a urology
clinic in Wonju, Korea, between September 2016 and March 2018 were included. Urethral
and pharyngeal gonococcal cultures, antimicrobial susceptibility testing, Neisseria gonor-
rhoeae multi-antigen sequence typing (NG-MAST), and multiplex real-time PCR (mRT-PCR)
were performed.

Results: Among the 72 patients, 59 tested positive for gonococcus by mRT-PCR. Of these
59 patients, 18 (30.5%) tested positive in both the pharynx and urethra, whereas 41
tested positive only in the urethra. NG-MAST was feasible in 16 out of 18 patients and re-
vealed that 14 patients had the same sequence types in both urethral and pharyngeal
specimens, whereas two patients exhibited different sequence types between the urethra
and pharynx. Of the 72 patients, 33 tested culture-positive. All patients tested positive only
in urethral specimens, except for one patient who tested positive in both. All culture-posi-
tive specimens also tested positive by mRT-PCR. All isolates were susceptible to azithromy-
cin and spectinomycin, but resistance rates to ceftriaxone and cefixime were 2.9% and
14.7%, respectively.

Conclusions: The prevalence of pharyngeal gonorrhea in Korean men with gonococcal
urethritis is as high as 30.5%, highlighting the need for pharyngeal screening in high-risk
groups. Ceftriaxone is the recommended treatment for pharyngeal gonorrhea.
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the number of newly infected patients reached 82.4 million

worldwide, with high numbers in the Western Pacific region

Gonorrhea, the second most common bacterial sexually trans-
mitted disease, is caused by Neisseria gonorrhoeae. In 2020,

https://doi.org/10.3343/alm.2024.0025

(23.2 million) and South-East Asia regjon (21.2 million) [1]. Glob-
ally, the incidence and prevalence of gonorrhea have been
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steadily increasing over the past few decades but have declined
since 2016. However, in South-East Asia, they are still on the
rise, and there is growing concern about the recent global in-
crease in drug-resistant N. gonorrhoeae [2].

Most infections are limited to the primary site, but if not prop-
erly treated, complications such as pelvic inflammation, infertil-
ity, and ectopic pregnancy in women and epididymitis and orchi-
tis in men can occur in addition to simple urethritis. Moreover,
gonorrhea can promote the spread of human immunodeficiency
virus. In 0.5%-3% of patients with gonorrhea, disseminated in-
fection occurs [3]. Gonococcal infection is asymptomatic in 10%
of men and most women, and preventive vaccines are lacking;
therefore, proper diagnosis and treatment may be key to reduc-
ing gonococcal infection and complications [2].

Pharyngeal infection is more difficult to diagnose and treat
than genital or rectal infection and can act as a reservoir for
gonococcal infection because symptoms are rare [4]. In particu-
lar, gonococcal infection can be transmitted through oropharyn-
geal practices such as rimming, kissing, and using saliva as a lu-
bricant for anal sex [5]. Furthermore, the pharynx is prone to
treatment failure because of its anatomical characteristics,
which contribute to a reduced concentration of antimicrobial
agents compared with other regions. Moreover, commensal
Neisseria species can readily exchange genetic material in the
pharynx, which can lead to resistance to cephalosporin. There-
fore, appropriate treatment of pharyngeal infections is crucial to
prevent the emergence and spread of multidrug-resistant N.
gonorrhoeae [6].

The pharyngeal gonococcal infection rate in women with ure-
thritis is as low as 2%-5% [7]; however, up to 20% [7] or as high
as 25%-31% [8, 9] of women with cervical gonorrhea are co-in-
fected in the pharynx. An Australian study reported that the inci-
dence of urogenital and pharyngeal gonorrhea more than dou-
bled and tripled between 2009 and 2015, respectively [10]. We
investigated the prevalence of pharyngeal gonorrhea in Korean
men with urethritis and analyzed the molecular characteristics
and antimicrobial susceptibility of the isolates.

MATERIALS AND METHODS

Specimen collection

Seventy-two male patients with symptoms of urethritis, such as
dysuria or urethral discharge, who visited Lee’s Urology Clinic in
Wonju, Korea, between September 2016 and March 2018 were
enrolled in this study. Pharyngeal and urethral specimens were
collected in pairs from all patients. This study was approved by

538

Roh KH, et al.
Pharyngeal gonorrhea in male urethritis in Korea

the Institutional Review Board for Human Research, Yonsei Uni-
versity College of Medicine, Severance Hospital (IRB 4-2016-
0359).

Specimen transportation

The specimens were immediately transported to Wonju Sever-
ance Christian Hospital, Wonju, Korea, located 5 mins (1.6 km)
away. Transgrow medium used for specimen transportation was
prepared with V-C-N-T inhibitor (Becton Dickinson) containing
hemoglobin, IsoVitaleX (Becton Dickinson), and vancomycin, co-
listin, nystatin, and trimethoprim in GC agar base (Becton Dick-
inson). The medium was dispensed into screw-cap tubes, al-
lowed to solidify in a horizontal position, and incubated in CO--
enriched air. BD CultureSwab MaxV (+) (Becton Dickinson, Cock-
eysville, MD, USA) was used for genetic detection of gonococci,
Chlamydia trachomatis, and Mycoplasma genitalium, and stored
at -70°C.

Culture and detection of sexually transmitted pathogens
For gonococcal isolation, primary cultures were established us-
ing modified Thayer-Martin medium (Becton Dickinson) at
Wonju Severance Christian Hospital. Species were identified us-
ing the Vitek Neisseria-Haemophilus Identification (NHI) system
(bioMérieusx, Marcy—I’Etoile, France) and matrix-associated laser
desorption ionization-time of flight mass spectrometry (MicroFlex
LT, Bruker Daltonics GmbH, Bremen, Germany). All isolates were
stored at -70°C in 20% skimmed milk (Difco, Detroit, MI, USA)
before testing. Major sexually transmitted pathogens (C. tracho-
matis, M. genitalium, and N. gonorrhoeae) were detected using
multiplex real-time PCR (mRT-PCR) (Real-Q Hexa-STI kit; BioSe-
woom, Seoul, Korea).

Analysis of the molecular epidemiology of N. gonorrhoeae
We studied the molecular epidemiology of the isolates obtained
through N. gonorrhoeae culture or mRT-PCR-positive specimens.
The allele numbers and sequence types of the por and tbpB
genes were determined using N. gonorrhoeae multi-antigen se-
quence typing (NG-MAST) [11] and the PubMLST database
(https://pubmilst.org/bigsdb?db =pubmlst_neisseria_seqdef&
page =sequenceQuery, updated on August 2023). Phylogenetic
analysis of each gene was performed using the neighbor-joining
method in Molecular Evolutionary Genetics Analysis (MEGA v.11)
[12].

Antimicrobial susceptibility testing of N. gonorrhoeae
Antimicrobial susceptibility was tested using the agar dilution

https://doi.org/10.3343/alm.2024.0025
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method according to CLSI guidelines [13]. Briefly, ~10* colony-
forming units of each isolate were added to 1% IsoVitaleX in GC
Il agar plates using a Steer’s replicator (Craft Machine, Chester,
PA, USA), and the plates were incubated in a 5% CO2-enriched
atmosphere at 35°C for 24 hrs. European Committee on Antimi-
crobial Susceptibility Testing (EUCAST) breakpoints for penicillin,
ceftriaxone, cefixime, spectinomycin, tetracycline, ciprofloxacin,
and azithromycin, and the Calibrated Dichotomous Sensitivity
(CDS) breakpoint for gentamicin were used to determine mini-
mum inhibitory concentrations (MICs). We used the Etest (bio-
Meérieux) for ceftriaxone to confirm the MIC distribution for three
breakpoints and the cefinase disk test for penicillinase-produc-
ing N. gonorrhoeae (PPNG).

RESULTS

Prevalence of pharyngeal gonorrhea
Among the 72 patients with suspected urethritis, 59 patients
tested positive for gonococcus by mRT-PCR, 13 tested C. tracho-
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matis-positive, and five tested M. genitalium-positive. Among the
59 patients who tested gonorrhea-positive, 18 (30.5%) tested
positive both in the pharynx and urethra, whereas 41 tested
positive only in the urethra (Table 1). Of the 72 patients, 33
tested culture-positive. All patients tested culture-positive only in
urethral specimens, except for one patient who tested positive
in both. All culture-positive specimens tested positive by mRT-
PCR.

Molecular epidemiological characteristics

We compared the NG-MAST sequence types of the strains and/
or specimens in 16 out of 18 patients who were identified as
having coinfection of the pharynx and urethra. The most com-
mon sequence type was ST14678 (por8529, tbpB455) (Table
2). In 14 patients, the pharynx and urethra harbored the same
sequence types. However, two patients (Nos. 3 and 4) had dis-
tinct sequence types in both sites, and patient 4 was the sole
patient who tested culture-positive in both sites. In this patient,
not only were the sequence types in the two specimens differ-

Table 1. Numbers of patients who carried N. gonorrhoeae, C. trachomatis, and M. genitalium according to mRT-PCR results

Pattern Site Neisseria gonorrhoeae Chlamydia trachomatis Mycoplasma genitalium N patients

1 Pharynx + - - 12
Urethra ¥ - -

2 Pharynx + - - 3
Urethra + + -

3 Pharynx + - - 2
Urethra + - +

4 Pharynx + - - 1
Urethra * i +

5 Pharynx - - - 35
Urethra ¥ - -

6 Pharynx - - - 6
Urethra + + -

7 Pharynx - - - 2
Urethra - + -

8 Pharynx - - - 1
Urethra - i +

9 Pharynx - - + 1
Urethra - - -

10 Pharynx - - - 9
Urethra - - -

Total 59 13 5 72

Abbreviation: mRT-PCR, multiplex real-time PCR.

https://doi.org/10.3343/alm.2024.0025
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Table 2. Comparison of Neisseria gonorrhoeae multi-antigen sequence typing (NG-MAST) sequence types in pharyngeal and urethral speci-

mens in patients with pharyngeal gonorrhea

Pharynx Urethra

No. case

ST por thpB ST por tbpB
1 8043 206 455 8043 206 455
2 14678 8529 455 14678 8529 455
3 8043 206 455 14678 8529 455
4 12535 5185 597 15865 5185 110
5 2066 1042 328 2066 1042 328
6 14678 8529 455 14678 8529 455
7 14678 8529 455 14678 8529 455
8 15866 9264 455 15866 9264 455
9 2958 1785 110 2958 1785 110
10 14678 8529 455 14678 8529 455
11 2958 1785 110 2958 1785 110
12 14678 8529 455 14678 8529 455
13 14678 8529 455 14678 8529 455
14 12535 5185 597 12535 5185 597
15 15864 9263 186 15864 9263 186
16 15098 8782 455 15098 8782 455

Abbreviation: ST, sequence type.
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Fig. 1. Phylogenetic analysis of the por (A) and tbpB (B) genes using the maximum likelihood method (MEGA v.11). Dots represent different
strains isolated from pharyngeal and urethral specimens. In panel A, the dots correspond to the por genes from patient 3 in Table 2, and in

panel B, they correspond to the tbpB genes from patient 4.

ent, but the antibiotic susceptibility results of the cultures also
diverged, confirming these were distinct strains. Phylogenetic
analysis showed that the strains were not genetically related

(Fig. 1).
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Antimicrobial susceptibility

Antimicrobial susceptibility was investigated for 34 isolates (33
from the urethra and one from the pharynx) from 33 patients
(Table 3). None of the N. gonorrhoeae isolates was resistant to
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Table 3. Antimicrobial susceptibility of N. gonorrhoeae (N=34)
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o MIC (mg/L) Antimicrobial susceptibility (%)*

Antibiotic

Range MICso MICoo S | R
Penicillin* 0.12->128 2 64 0 441 55.9
Ceftriaxone <0.008-0.25 0.03 0.12 971 29
Cefixime <0.008-0.5 0.06 0.5 85.3 14.7
Spectinomycin 8-64 16 32 100 0 0
Gentamicin' 2-16 4 8 52.9 471 0
Tetracycline* 0.5-32 2 32 0 8.8 91.2
Ciprofloxacin 1-32 8 16 0 0 100
Azithromycin 0.06-0.5 0.25 0.5 100 0 0

*There were 10 penicillinase-producing N. gonorrhoeae isolates, and 12 N. gonorrhoeae isolates with high-level resistance to tetracycline.

The CDS breakpoint was applied for gentamicin.
*EUCAST 13.1 breakpoints were applied for all antibiotics except gentamicin.
Abbreviations: S, susceptible; I, intermediate; R, resistant.

spectinomycin; the MIC range, MICso value, and MICy value
were 8-64, 16, and 32 mg/L, respectively. The ceftriaxone and
cefixime resistance rates were 2.9% and 14.7%, respectively.
The MICy values (range) of ceftriaxone and cefixime were 0.12
mg/L (£0.008-0.25 mg/L) and 0.5 mg/L (<£0.008-0.5 mg/L),
respectively. The cefixime and ceftriaxone MIC distributions for
isolates detected in both urine and the pharynx and in urine
alone showed similar patterns (Supplemental Data Table S1). All
isolates were susceptible to azithromycin. The MIC value for
azithromycin was 0.06-0.5 mg/L. All isolates were resistant
(55.9%) or intermediate resistant (44.1%) to penicillin G. The
proportion of PPNG was 29.4% (10/34). Most isolates were re-
sistant to tetracycline (91.2%), with 12/34 (35.3%) showing
high-level resistance. All isolates were resistant to ciprofloxacin,
and none were resistant to gentamicin. Five cefixime-resistant
isolates (14.7%) were also resistant to tetracycline and ciproflox-
acin and had relatively high ceftriaxone MICs (0.16-0.47 mg/L).

Treatment of gonorrhea

Among the 59 patients with mRT-PCR-confirmed gonorrhea in-
fection, 33 received ceftriaxone (1 g intramuscularly (IM)), 17 re-
ceived spectinomycin (2 g IM), four received ribostamycin (1 g
IM), and four had unclear medical records. Additionally, one pa-
tient did not receive an injection and took only 100 mg of doxy-
cycline orally for 14 days. Twelve (36.4%) of the patients who re-
ceived ceftriaxone, four (23.6%) of those who received spectino-
mycin, and the patients who received doxycycline revisited the
clinic because their symptoms did not resolve. In contrast, none
of the patients who received ribostamycin returned to the clinic.
Excluding the patients with unclear medical records, 17 out of

https://doi.org/10.3343/alm.2024.0025

55 patients (30.9%) revisited the clinic after treatment. Only one
patient who showed resistance to ceftriaxone did not revisit.
There was no significant correlation between antibiotic suscepti-
bility and return to the clinic.

DISCUSSION

Considering that the sexual behavior of young generations has
recently changed and quasi-sexual intercourse is prevalent, at-
tention should be paid to pharyngeal gonorrhea as a dissemina-
tion source. Although some patients complain of a sore throat
and cervical lymphadenopathy [14], symptoms of pharyngeal
gonorrhea generally do not appear in both men and women.
Therefore, pharyngeal gonorrhea is more difficult to treat and
control than genital or anorectal infection [15] and can be si-
lently transmitted through saliva and throat inoculation [5].

The pharyngeal gonorrhea rates differ among studies and
population groups. In a study by Javanbakht, et al. [16], among
young people who had oral sex, 27% had gonococcal infection,
28% had pharyngeal gonorrhea alone, and 27% had both uro-
genital and pharyngeal infections [16]. Therefore, the authors
emphasized the importance of screening for pharyngeal gonor-
rhea. Chan, et al. [17] reported that the prevalence of pharyn-
geal gonorrhea was 2.1% in heterosexual women, 2.2% in het-
erosexual men, and 4.6% in men who had sex with men. In a
study of heterosexual men in Japan, the prevalence of pharyn-
geal gonorrhea was 11.9% among patients with urethritis [9].
Moreover, of the patients with gonorrhea caused by urethral in-
fection, 25.0% had a concomitant pharyngeal infection [9].

In our study, the pharyngeal gonorrhea rate in gonococcal ure-
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thritis in the general population in Korea was 31%, which is
higher than that in heterosexual men in Japan [9]. According to
data provided by the Korean National Health Insurance Service,
as of 2016, among 450,000 patients with total urethritis,
15,218 patients were diagnosed as having gonococcal urethri-
tis, but only six patients were diagnosed as having pharyngeal
gonorrhea [18]. These findings suggest that many cases of pha-
ryngeal gonorrhea may go unnoticed or unreported because of
the lack of confirmation in patients with gonococcal urethritis,
and screening for pharyngeal gonorrhea should be implemented
in cases where gonorrhea is suspected, even in the general pop-
ulation.

Besides the exemption of pharyngeal sampling, the low recov-
ery rate of pharyngeal gonococcal cultures is a reason for the
underestimation of pharyngeal gonorrhea. The laboratory
method of choice for gonorrhea is culture; however, it is subject
to specimen collection techniques and transport conditions.
Moreover, in men, pharyngeal specimens have substantially
lower sensitivity than urethral discharge specimens. Although
not yet regulatory approved, the nucleic acid amplification test
(NAAT) is two- to five-fold more sensitive than culture in detect-
ing pharyngeal gonorrhea, and it is gradually replacing culture
[19]. In our study, N. gonorrhoeae was detected using mRT-PCR
in 59 patients. However, only 34 gonococcal strains were iso-
lated from cultures, only one of which was isolated from the
pharynx. This is similar to previous findings [20]. As RT-PCR is
preferred over culture for diagnosing pharyngeal gonorrhea,
false positives owing to residual DNA in the body must be con-
sidered when determining a cure. As for the follow-up period,
Hananta, et al. [21] reported that NAAT yielded a gonococcal
persistence of 4.6% after one week of treatment with ceftriax-
one 500 mg, which decreased to 1.0% after two weeks; there-
fore, they recommended testing-of-cure after two weeks of treat-
ment.

Another problem with pharyngeal gonorrhea is that it is more
difficult to treat than genital gonorrhea. Currently, there are no
antimicrobial agents with a cure rate of >90% in pharyngeal
gonorrhea [22]. In the pharynx, antibiotics do not maintain an
adequate concentration for a sufficient time [6]. Particularly,
spectinomycin has a low therapeutic effect on pharyngeal gon-
orrhea, and the treatment efficacy in sex workers or homosexual
people, in whom pharyngeal gonorrhea is common, is limited
[23]. Because of the low permeability of antimicrobial agents in
the pharyngeal region, the treatment failure rate of pharyngeal
gonorrhea is close to 60%, and the possibility of treatment fail-
ure for asymptomatic pharyngeal gonorrhea is high [24]. In Ko-
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rea, spectinomycin is still available; however, additional antibiot-
ics such as azithromycin should be concomitantly used for pha-
ryngeal gonorrhea when spectinomycin is used to treat genital
gonorrhea because of the 31% prevalence of pharyngeal gonor-
rhea in gonococcal urethritis. The test-of-cure for pharyngeal in-
fections should be strengthened, and guidelines for follow-up to
ensure proper antimicrobial treatment and for test-of-cure are
urgently needed. The same issues should be considered when
gentamicin is used for gonococcal treatment.

In one case report, ceftriaxone was not effective in treating
pharyngeal gonorrhea despite the isolate being susceptible to
ceftriaxone, which suggests that pharmacokinetic factors play a
major role in treatment failure [25]. In the present study, ceftri-
axone susceptibility, according to the EUCAST breakpoint, was
97%. However, the MICs of nine out of 11 strains (82%) from pa-
tients with pharyngeal gonorrhea exceeded 0.016 mg/L, which
is in line with the MIC of ceftriaxone in a rare treatment-failure
case of pharyngeal gonorrhea [26]. Therefore, even when MIC
test results suggest susceptibility to ceftriaxone, the possibility
of treatment failure must be considered. Moreover, in two of our
cases, NG-MAST sequence types differed between pharyngeal
and urethral specimens, indicating that independent infections
can occur at different sites and the possibility of treatment fail-
ure remains even when one isolate tests susceptible.

One limitation of our study was that the treatment effect in
our patients was determined based on the presence of clinical
follow-up in the urologic clinic, where no revisit was necessary if
symptoms improved. However, some patients may have visited
another hospital when symptoms persisted. Therefore, assess-
ing the effectiveness of a treatment based solely on revisits is
unreasonable. Second, the molecular test used in our study was
not certified by the authority for use in the diagnosis of pharyn-
geal gonorrhea. However, referring to the NG-MAST results, the
molecular test results appeared to be sufficiently reliable. Fi-
nally, the prevalence of gonococcal infection in patients with
urethritis symptoms reportedly is approximately 30% [27]. How-
ever, because we focused on oropharyngeal gonococcal co-in-
fections, we only included patients with specific urethritis symp-
toms (urethral pain, dysuria, and purulent urethral discharge)
suggestive of gonococcal infection at the time of specimen col-
lection, resulting in a relatively high gonococcal infection rate.

In conclusion, the prevalence of pharyngeal gonorrhea in Ko-
rean men with gonococcal urethritis in the general population is
high at 30.5%, and pharyngeal screening is more widely re-
quired even in heterosexual men or women with urogenital gon-
orrhea. Confirmed cases of pharyngeal gonorrhea are preferably
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treated with ceftriaxone, currently the best option, followed by
NAAT confirmation two weeks into the treatment.

SUPPLEMENTARY MATERIALS

Supplementary materials can be found via https://doi.
org/10.3343/alm.2024.0025
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