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Neisseria gonorrhoeae is one of the most common bacterial sexually 

transmitted infections (STIs), causing approximately 87 million new 

infections worldwide.[1] Cases of gonorrhea are increasing in many 

countries; in 2018, there were over 580,000 cases reported to the U.S. 

Centers for Disease Control and Prevention (CDC), representing an increase 

of over 60% since 2014.[2] Men who have sex with men (MSM) have been 

disproportionately affected by gonorrhea. In the United States, MSM at CDC 

surveillance sites were estimated to have experienced a 375% increase in 

gonorrhea incidence from 2010 - 2018.[2] 

Antimicrobial resistance (AMR) in N. gonorrhoeae is an urgent global health 

threat. The pathogen is listed among the top 5 AMR threats by the CDC. N. 

gonorrhoeae is considered a high-priority pathogen by the World Health 

Organization.[3, 4] The CDC estimates there are 550,000 drug-resistant N. 

gonorrhoeae infections in the United States each year, approximately half of 

all new infections.[3] The bacterium has developed resistance to every class 

of antibiotics used for treatment. In December 2020, the CDC removed 

azithromycin from the treatment recommendation due to increasing 

incidence of azithromycin resistance and increased the recommended 

ceftriaxone dose from 250mg to 500mg intramuscular injection.[5] Other 

countries have also moved towards higher-doses of ceftriaxone as 

monotherapy for gonorrhea.[6-8] Resistance to ceftriaxone is increasing 

worldwide and treatment failures have been documented.[9-11] Those 



treatment failures serve as dire warnings that the era of untreatable 

gonorrhea is near.

While oropharyngeal N. gonorrhoeae infections rarely cause symptoms or 

lead to significant morbidity, the oropharynx is an important site of infection.

The oropharynx is considered to play a major role in the development of AMR

in N. gonorrhoeae. The oropharynx is home to other commensal Neisseria 

species, which can harbor genetic antibiotic resistance elements developed 

through prior exposures to antibiotics[12-14]. The mixing of related bacterial 

species in the oropharynx creates an ideal environment for the transfer of 

antibiotic resistance through horizontal gene transfer and is postulated to be 

the primary mechanism for resistance to the extended spectrum 

cephalosporins.[15-17] In that way, the commensal Neisseria species can 

serve as a reservoir of resistance for N. gonorrhoeae. In addition, antibiotic 

concentrations in the oropharynx are sub-optimal, which makes pharyngeal 

infections more difficult to eradicate and can lead to selection pressure for 

clones with increased minimum inhibitory concentrations to antibiotics.[17] 

Verified gonorrhea treatment failures to ceftriaxone have all involved 

pharyngeal infections. [9, 10, 18] The selection pressure exerted can be for 

both N. gonorrhoeae, as well as other commensal bacteria in the oropharynx,

whereby overuse and misuse of antibiotics increases the resistome.[12, 15, 

19] 



While oropharyngeal infections are known to contribute to gonorrhea 

transmission,[20] there is ongoing debate whether control of oropharyngeal 

infections can reduce community transmission. Key to that discussion is the 

duration pharyngeal gonococcal infection and time to spontaneous 

clearance. 

Until now, few studies investigating the natural history and duration of 

gonococcal infection have been performed. One study from 1979 included 17

patients with pharyngeal gonorrhea that were followed every other week 

with pharyngeal cultures for a total of 12 weeks; 41% were positive at 6 

weeks and all cultures were negative at 12 weeks.[21] Subsequently, a 

retrospective study of 60 patients with untreated pharyngeal gonorrhea who 

were cultured at 2-7 days following identification of infection found that 44% 

of patients were culture-positive 7-days later.[22] More recently, a 

systematic review used an epidemiologic approach to estimate the duration 

of infection as a quotient of prevalence by incidence. Based upon two studies

of pharyngeal gonorrhea in MSM in Australia[23] and the U.S.,[24] the 

estimated median duration of infection was 16.2 – 19.7 weeks.[25] 

In this issue of Clinical Infectious Diseases, Barbee and colleagues set out to 

determine the duration of pharyngeal gonococcal infection based upon the 

detection of gonococcal nucleic acid.[26] In a well-designed, prospective 

cohort study, the authors enrolled MSM to participate in a 48-week study, 



which included weekly, self-collected pharyngeal specimens for N. 

gonorrhoeae testing. The study included in-person enrollment and exit visits,

while pharyngeal specimens were self-collected at home. Participants 

received weekly reminders to perform the specimen collection and to 

complete online surveys to assess sexual behavior. Self-collected specimens 

were mailed to the laboratory, where they were immediately frozen at -80C. 

Testing was performed after study completion using the Aptima Combo 2 

assay (Hologic Inc., San Diego, CA). Infections were defined as incident if 

there were ≥2 consecutive weekly tests positive for N. gonorrhoeae nucleic 

acid; clearance was defined as ≥2 consecutive negative weekly tests. 

Infections were censored if they were present in the final week of the study, 

if the subject was lost-to-follow-up, or if a positive test followed anti-

gonococcal treatment.

The authors enrolled 140 men, of whom 28 (20%) were excluded due to not 

performing any at-home procedures. The remaining 112 men were followed 

for a median of 39 weeks and contributed a total of 70.5 person-years of 

follow-up. In that period, there were 21 incident pharyngeal infections among

19 men. The estimated incidence was 31.7 per 100 person-years (95% CI: 

20.7 – 48.6). The estimated median duration of untreated pharyngeal 

gonococcal infection was 16.3 weeks (95% CI: 5.1 – 19.7 weeks). The authors

found 25 single-positive specimens among 22 men during the study period. If



those “blips” were included as infections, the duration of infection would 

have decreased to 10 weeks.

The estimated duration of infection reported by Barbee et al. was twice as 

long as prior reports based on culture, but similar to estimates based on 

epidemiologic analysis (16.2 – 19.7 weeks).[21, 22, 25] The duration of 

infection lends support to the argument that the oropharynx might serve as 

an important reservoir of infection and can contribute to ongoing 

transmission. However, the benefit of screening for oropharyngeal 

gonococcal infections, both on community prevalence and transmission, 

remain unknown. Establishing a benefit for a screening program is important,

as no program is without cost and potential harms. Increasing screening and 

treatment could increase antimicrobial consumption and further the 

development of AMR.[27-29] Clinical trials are needed to address this 

important public health question. Community randomized trials could be one 

approach, where different screening intervals are evaluated for their impact 

on community prevalence of N. gonorrhoeae and the development of AMR. 

Additionally, given the overlap of STIs and HIV infection, different screening 

approaches could be incorporated into new HIV prevention trials (e.g. – HIV 

Prevention Trials Network), whereby existing research infrastructure could be

leveraged to investigate STI screening in the relevant population.



While the Barbee et al. study was rigorously conducted and represents the 

largest dataset to date on the natural history of pharyngeal gonorrhea, there

were limitations. The sensitivity of nucleic-acid amplification tests (NAATs) 

are far superior than culture and improve the detection of pharyngeal 

infection.[30] Still, they are not without drawbacks, which are related to the 

increased sensitivity and the inability to differentiate between positive test 

results detecting viable bacteria and those detecting remnant nucleic acids 

from non-viable bacteria. Several factors can contribute to the difficulty in 

interpreting a positive NAAT for N. gonorrhoeae, including recent gonorrhea 

treatment or recent sexual exposures, which can result in detectable nucleic 

acid from non-viable bacteria, or a contaminated clinic or laboratory 

environment. As the authors note, the potential for detection of RNA from 

non-viable bacteria might have led to an overestimation of infection 

duration. The effect was likely small and the estimated duration of infection 

is consistent with the prior epidemiologic estimates.[25] 

Clinicians might wonder, how can we determine which positive results 

represent a true infection, and thus require antibiotic treatment, and which 

positive results represent remnant nucleic acids from non-viable organisms 

and should not be treated? That is an important question, especially 

considering the expansion of screening for pharyngeal infections. In 2020, 

the updated CDC gonorrhea treatment guidelines recommend performing a 

test-of-cure 7-14 days following treatment for pharyngeal gonorrhea.[5] Data



suggest that 5-10% of treated pharyngeal infections will still have detectable

gonococcal nucleic acid at that time, but whether that positive result 

represents persistent infection is unclear.[31-34] The new test-of-cure 

recommendation occurs in the context of increasing antibiotic resistance 

with the goal of identifying pharyngeal gonorrhea treatment failures. Viability

assays have been developed for other bacteria, including Chlamydia 

trachomatis.[35] Newer diagnostic approaches (e.g. - various DNA dyes) and 

different molecular targets (e.g. – mRNA or rRNA) have been employed to 

determine bacterial viability.[36] Future research is needed to develop a N. 

gonorrhoeae viability assay, which would aid efforts aimed at antibiotic 

stewardship, the interpretation of clinical test results, and the detection of 

true clinical treatment failure.



References:

1. Rowley J, Vander Hoorn S, Korenromp E, et al. Chlamydia, gonorrhoea, 
trichomoniasis and syphilis: global prevalence and incidence 
estimates, 2016. Bull World Health Organ 2019; 97(8): 548-62P.

2. Centers for Disease Control and Prevention. Sexually Transmitted 
Disease Surveillance 2018. Atlanta: US Department of Health and 
Human Services, 2019.

3. Centers for Disease Control and Prevention. Antibiotic resistance 
threats in the United States, 2019. Report. Atlanta, GA: 
http://dx.doi.org/10.15620/cdc:82532, 2019.

4. Tacconelli E, Carrara E, Savoldi A, et al. Discovery, research, and 
development of new antibiotics: the WHO priority list of antibiotic-
resistant bacteria and tuberculosis. The Lancet Infectious Diseases 
2018; 18(3): 318-27.

5. St. Cyr S, Barbee L, Workowski KA, et al. Update to CDC's Treatment 
Guidelines for Gonococcal Infection, 2020. MMWR Morbidity and 
Mortality Weekly Report 2020; 69(50): 1911-6.

6. Fifer H, Saunders J, Soni S, Sadiq ST, FitzGerald M. 2018 UK national 
guideline for the management of infection with Neisseria gonorrhoeae. 
Int J STD AIDS 2020; 31(1): 4-15.

7. Wang Q-Q, Zhang R-L, Liu Q-Z, et al. National Guidelines on Diagnosis 
and Treatment of Gonorrhea in China (2020)#. International Journal of 
Dermatology and Venereology 2020; 3(3): 129-34.

8. Japanese Society for Sexually Transmitted Diseases. Guidelines for the 
diagnosis and treatment of sexually transmitted diseases 2011. Jpn J 
Sex Transm Dis 2011; 22Suppl: 52–9.

9. Fifer H, Natarajan U, Jones L, et al. Failure of Dual Antimicrobial 
Therapy in Treatment of Gonorrhea. N Engl J Med 2016; 374(25): 
2504-6.

10. Eyre DW, Sanderson ND, Lord E, 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(27).

11. Unemo M, Seifert HS, Hook EW, Hawkes S, Ndowa F, Dillon J-AR. 
Gonorrhoea. Nature Reviews Disease Primers 2019; 5(1): 79.

12. Dong HV, Pham LQ, Nguyen HT, et al. Decreased Cephalosporin 
Susceptibility of Oropharyngeal Neisseria Species in Antibiotic-using 
Men Who Have Sex With Men in Hanoi, Vietnam. Clin Infect Dis 2019; 
70(6): 1169-75.

13. Furuya R, Tanaka M, Onoye Y, et al. Antimicrobial resistance in clinical 
isolates of Neisseria subflava from the oral cavities of a Japanese 
population. Journal of Infection and Chemotherapy 2007; 13(5): 302-4.

14. Laumen JGE, Van Dijck C, Abdellati S, et al. Markedly Reduced 
Azithromycin and Ceftriaxone Susceptibility in Commensal Neisseria 

http://dx.doi.org/10.15620/cdc:82532


Species in Clinical Samples From Belgian Men Who Have Sex With Men.
Clin Infect Dis 2021; 72(2): 363-4.

15. Unemo M, Shafer WM. Antimicrobial Resistance in Neisseria 
gonorrhoeae in the 21st Century: Past, Evolution, and Future. Clin 
Microbiol Rev 2014; 27(3): 587-613.

16. Dong HV, Klausner JD. Neisseria gonorrhoeae resistance driven by 
antibiotic use. Nat Rev Urol Vol. 16. England, 2019:509-10.

17. Lewis DA. Will targeting oropharyngeal gonorrhoea delay the further 
emergence of drug-resistantNeisseria gonorrhoeaestrains? Sex Transm
Infect 2015; 91(4): 234-7.

18. 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): 3538-45.

19. Kenyon CR, Schwartz IS. Effects of Sexual Network Connectivity and 
Antimicrobial Drug Use on Antimicrobial Resistance in Neisseria 
gonorrhoeae. Emerg Infect Dis 2018; 24(7): 1195-203.

20. Bernstein KT, Stephens SC, Barry PM, et al. Chlamydia trachomatis and
Neisseria gonorrhoeae Transmission from the Oropharynx to the 
Urethra among Men who have Sex with Men. Clin Infect Dis 2009; 
49(12): 1793-7.

21. Wallin J, Siegel MS. Pharyngeal neisseria gonorrhoeae: coloniser or 
pathogen? BMJ 1979; 1(6176): 1462-3.

22. Hutt DM. Epidemiology and Treatment of Oropharyngeal Gonorrhea. 
Ann Intern Med 1986; 104(5): 655.

23. Templeton DJ, Jin F, McNally LP, et al. Prevalence, incidence and risk 
factors for pharyngeal gonorrhoea in a community-based HIV-negative 
cohort of homosexual men in Sydney, Australia. Sex Transm Infect 
2010; 86(2): 90-6.

24. Morris SR, Klausner JD, Buchbinder SP, et al. Prevalence and Incidence 
of Pharyngeal Gonorrhea in a Longitudinal Sample of Men Who Have 
Sex with Men: The EXPLORE Study. Clin Infect Dis 2006; 43(10): 1284-
9.

25. Chow EPF, Camilleri S, Ward C, et al. Duration of gonorrhoea and 
chlamydia infection at the pharynx and rectum among men who have 
sex with men: a systematic review. Sexual Health 2016; 13(3): 199-
204.

26. Barbee LA, Soge OO, Khosropour CM, et al. The Duration of Pharyngeal 
Gonorrhea: A Natural History Study. Clin Infect Dis 2021; 73(4): 575-
82.

27. Kenyon C. Does intense STI screening cause or prevent antimicrobial 
resistance in STIs? It depends on one’s underlying epistemology. A 
viewpoint. Sexually Transmitted Diseases 2020; Publish Ahead of.

28. Kenyon C, Laumen J, Van Dijck C. Could intensive screening for 
gonorrhoea/chlamydia in PrEP cohorts select for resistance? Historical 



lessons from a mass treatment campaign in Greenland. Sexually 
Transmitted Diseases 2019.

29. Fingerhuth SM, Bonhoeffer S, Low N, Althaus CL. Antibiotic-Resistant 
Neisseria gonorrhoeae Spread Faster with More Treatment, Not More 
Sexual Partners. PLoS Pathog 2016; 12(5): e1005611.

30. Page-Shafer K, Graves A, Kent C, Balls JE, Zapitz VM, Klausner JD. 
Increased sensitivity of DNA amplification testing for the detection of 
pharyngeal gonorrhea in men who have sex with men. Clin Infect Dis 
2002; 34(2): 173-6.

31. Hananta IPY, De Vries HJC, Van Dam AP, Van Rooijen MS, Soebono H, 
Schim Van Der Loeff MF. Persistence after treatment of pharyngeal 
gonococcal infections in patients of the STI clinic, Amsterdam, the 
Netherlands, 2012–2015: a retrospective cohort study. Sex Transm 
Infect 2017; 93(7): 467-71.

32. Bissessor M, Whiley DM, Fairley CK, et al. Persistence of Neisseria 
gonorrhoeae DNA following treatment for pharyngeal and rectal 
gonorrhea is influenced by antibiotic susceptibility and reinfection. Clin
Infect Dis 2015; 60(4): 557-63.

33. Beymer MR, Llata E, Stirland AM, et al. Evaluation of Gonorrhea Test of 
Cure at 1 Week in a Los Angeles Community-Based Clinic Serving Men 
Who Have Sex With Men. Sex Transm Dis 2014; 41(10): 595-600.

34. Sultan B, Benn P, Schembri G, et al. Test of cure study: a feasibility 
study to estimate the time to test of cure (TOC) for Neisseria 
gonorrhoeae and Chlamydia trachomatis infections. Sex Transm Infect 
2020; 96(6): 402-7.

35. Janssen KJH, Hoebe CJPA, Dukers-Muijrers NHTM, Eppings L, Lucchesi 
M, Wolffs PFG. Viability-PCR Shows That NAAT Detects a High 
Proportion of DNA from Non-Viable Chlamydia trachomatis. PLoS One 
2016; 11(11): e0165920.

36. Baymiev AK, Baymiev AK, Kuluev BR, et al. Modern Approaches to 
Differentiation of Live and Dead Bacteria Using Selective Amplification 
of Nucleic Acids. Microbiology 2020; 89(1): 13-27.




