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“An extraordinary claim requires extraordinary proof.” - Marcello Truzzi

In this issue of Sexually Transmitted Diseases, Zhang and colleagues make two bold
assertions. First, they conclude that kissing accounts for over 70% of gonorrhea in men who
have sex with men (MSM). Second, they suggest that a mouthwash with high efficacy
against oropharyngeal N. gonorrhoeae could substantially reduce the overall gonorrhea
prevalence in MSM. Although anecdotal reports of N. gonorrhoeae transmission through
kissing exist, conventional wisdom is that gonorrhea transmission through kissing happens
rarely, if at all. It is important to clarify that Zhang and colleagues present no empirical
evidence of transmission by Kissing. Instead, they conclude that kissing must be an
important mode of transmission because otherwise their model could not replicate current
data on oropharyngeal gonorrhea prevalence among MSM in Australia. Although
mathematical models such as that of Zhang and colleagues are vital to the field of STD
research, a common limitation of these models is a scarcity of data to inform their
construction.

For science to advance, however, we must be open to new ideas and challenges to
conventional wisdom. In fact, over the past decades, we have come to understand that
oropharyngeal gonorrhea is more common and more likely to be transmitted to other
anatomic sites than was previously thought. Thus, it is conceivable that oropharyngeal
infections could play a key role in sustaining gonorrhea in MSM via Kissing, as suggested by
Zhang and colleagues. If so, it is also plausible that a mouthwash with efficacy against
oropharyngeal gonorrhea could have a notable population-level impact on gonorrhea. One of
the most useful contributions of their modeling exercise is to highlight the numerous
unanswered questions related to how a mouthwash-based intervention may affect
community-level gonorrhea prevalence. Below, we identify several areas of inquiry that are
critical to the development of a more lucid epidemiology of gonorrhea.
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What is the duration of infection for N. gonorrhoeae?

An understanding of oropharyngeal N. gonorrhoeae infectivity and the duration of infection
is critical to inform valid and robust models. Several studies have identified oropharyngeal
N. gonorrhoeae using both culture and nucleic acid amplification tests (NAAT)L. However
much less is known about the duration of infection at different anatomic sites, including the
oropharynx, or about relative infectivity. While recent studies have shown that
oropharyngeal infections can infect male urethras?—4, nearly all data related to site-specific
infectivity were published before 1982 and based on culturel:>6 . Furthermore, as illustrated
in a review by Chow/, data on duration of infection are sparse.

How likely is N. gonorrhoeae transmission from the oropharynx other
anatomic sites?

Nearly all of the data on N. gonorrhoeae transmission is limited to heterosexual populations.
Early studies estimated the per-contact risk of transmission from infected female genitals to
male urethra as approximately 22%8°, and approximately 75% from infected male urethras
to female genitals1®11, Hui et al list transmission probabilities for various sex acts and
directionality of risk per unprotected sex acts for MSM, but these probabilities were derived
from rectal and oropharyngeal gonorrhea prevalence among MSM in Australial? (rather than
based in empirical transmission data), and employed extrapolations of penile-vaginal data to
anal sex transmission probabilities. Understanding the risk of infection with exposure to N.
gonorrhoeae at all anatomic sites is important for properly measuring the ways in which
gonorrhea moves through a population.

Very few studies have addressed oropharyngeal N. gonorrhoeae transmission to other
anatomic sites. Hook and Handsfield note that such transmission has been thought to be rare,
but also note that there is evidence of transmission from the oropharynx to the urethra
among MSM13, In a study conducted in the Seattle STD clinic, receiving fellatio was one of
the strongest predictors of urethritis among MSM4. Yet, a study in the Philippines found
that among more than 2,600 cases of gonococcal urethritis, only 46 cases occurred due to
likely oral-genital transfer of N. gonorrhoeaet. We are not aware of any published reports on
the transmission of N gonorrhoeae from the oropharynx to female sex partners through
cunnilingus. In the HIM study, Jin and colleagues found an association between receptive
oral-anal exposure and the risk of rectal N. gonorrhoeae infection1®. However, in a German
study of over 2,200 MSM, receptive oral-anal sex was not found to be a risk factor for rectal
N. gonorrhoeae*®. Studies conducted in the 1970s reported cases of possible oropharyngeal
to oropharyngeal transfer of N. gonorrhoeae, although most were small and used culture-
based diagnostic methods®7. Importantly, Wiesner et al note, “There were no pairs of
heterosexual or homosexual partners who had simultaneous oropharyngeal infection as the
only manifestation of gonococcal disease™.

Data on isolation of N. gonorrhoeae in the saliva are sparse. Hallgvist and Lindgren found
only 2 positive saliva samples out of 24 patients with culture-confirmed oropharyngeal .
gonorrhoeae'8. However, in a study of 51 patients with culture-confirmed oropharyngeal .
gonorrhoeae infections, 34 (66.7%) also had positive saliva cultures!®. A more recent study
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found that 18% of MSM with oropharyngeal culture positive N. gonorrhoeae infections had
culture positive saliva specimens, and 97% had NAAT positive saliva specimens2’. Data are
most limited on the potentially infectious role of saliva. In a study by Chow et al, using
partner’s saliva for lubricant was associated with rectal gonorrhea. However, the analysis
appears to have included both MSM who did not use saliva for anal sex and MSM who did
not report anal sex at all as the referent groups, and did not control for number of sexual
partners2. In a study by Dudareva-Vizule et al, MSM were asked about using a partner’s
saliva as lubricant with three possible responses (yes, no, did not remember); in
multivariable analysis, only “did not remember” was associated with rectal gonorrheal6.

How much population-level gonorrhea is attributable to oropharyngeal

infections?

Again, limited data are available with respect to the prevalence and incidence of
oropharyngeal gonorrhea, as well as the population-level impact of transmissions from an
infected oropharynx. Incidence of oropharyngeal . gonorrhoeae has been estimated to be
11.2 per 100 per-years among high-risk MSM in a community sampleZ2 and 0.16 per 100
person-years in a clinic-based sample23; prevalence among high-risk MSM seen at STD
clinics is between 5 and 15%%6:24-26_ Retrospective record reviews have suggested that
transmission from the oropharynx to the male urethra is potentially important2427, and one
case-control analysis estimated the proportion of symptomatic gonococcal urethritis
attributable to oral sex to be 34%3.

Does mouthwash kill infectious N. gonorrhoeae in the oropharynx?

To date, only one study has investigated the effect of mouthwash on oropharyngeal
gonorrhea. Led by Chow et al.28, this study investigated the effect of two alcohol-based
mouthwashes compared with saline against N. gonorrhoeae, both in vitro and in a small
randomized controlled trial among 58 MSM who were culture-positive when returning for
treatment for pharyngeal gonorrhea. The authors found an inhibitory effect of both products
in vitro at dilutions of 1:2 and 1:4 against a single wild-type isolate of N. gonorrfioeae. The
study also demonstrated that rinsing and gargling with alcohol-based mouthwash for one
minute significantly reduced the proportion of MSM who were culture-positive for
gonorrhea on the posterior oropharynx or tonsillar fossae (84% vs. 52%, P=0.013) or
tonsillar fossae alone (90% vs. 57%, P=0.016) compared with saline, while culture-positivity
at the posterior oropharynx alone (70% vs. 57%, P=0.28) did not reach statistical
significance. Although these results suggested that alcohol-based mouthwash may have
some inhibitory effect against . gonorrhoeae, it remains unknown whether mouthwashes
(alcohol and non-alcohol based) can kill infectious N. gonorrhoeae in the oropharynx. In the
randomized trial portion of the study, MSM were tested by culture only five minutes after
using mouthwash or saline, and it is unknown whether the observed effect would have
persisted for a longer duration. Furthermore, the variation in effect observed by pharyngeal
site, with a non-significant effect in the posterior oropharynx, suggests that mouthwash may
not successfully eliminate infection by N. gonorrhoeae in the oropharynx or its transmission
to partners. A double-blind randomized clinical trial of mouthwash to prevent \.
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gonorrhoeae is currently ongoing, although both the intervention and control mouthwashes
used are alcohol-free.2% A better understanding of the specific components of mouthwashes
that may inhibit A. gonorrhoeae is needed.

Conclusions

The hypotheses proposed by Zhang and colleagues are indeed provocative. Their collective
work suggesting that a mouthwash intervention may reduce the duration of oropharyngeal
gonorrhea among MSM is novel and innovative. However, estimating the population impact
of a mouthwash intervention is more tenuous. Science is open to challenges to the norm, but
requires well-documented and clear justifications and assumptions. The modeling exercise
by Zhang et al illustrates the dearth of much-needed data on the epidemiology of
oropharyngeal gonorrhea. Until a more comprehensive understanding of the key questions
we outline above is developed, we advise caution in drawing specific inferences from
mathematical models about kissing as a mode of gonorrhea transmission and the population-
level effects of a mouthwash intervention.

References

1. Tice AW Jr, Rodriguez VL. Pharyngeal gonorrhea. JAMA. 1981; 246(23):2717-9. [PubMed:
6796704]

2. Bernstein KT, Stephens SC, Barry PM, Kohn R, Philip SS, Liska S, Klausner JD. 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. [PubMed: 19911970]

3. Barbee LA, Khosropour CM, Dombrowski JC, Manhart LE, Golden MR. An estimate of the
proportion of symptomatic gonococcal, chlamydial and non-gonococcal non-chlamydial urethritis
attributable to oral sex among men who have sex with men: a case-control study. Sex Transm Infect.
2016; 92(2):155-60. [PubMed: 26297719]

4. Marcus JL, Kohn RP, Barry PM, Philip SS, Bernstein KT. Chlamydia trachomatis and Neisseria
gonorrhoeae transmission from the female oropharynx to the male urethra. Sex Transm Dis. 2011,
38(5):372-3. [PubMed: 21183864]

5. Wiesner PJ, Tronca E, Bonin P, Pedersen AH, Holmes KK. Clinical spectrum of pharyngeal
gonococcal infection. N Engl J Med. 1973; 288(4):181-5. [PubMed: 4264580]

6. Sackel SG, Alpert S, Fiumara NJ, Donner A, Laughlin CA, McCormack WM. Orogenital contact
and the isolation of Neisseria gonorrhoeae, Mycoplasma hominis, and Ureaplasma urealyticum
from the pharynx. Sex Transm Dis. 1979; 6(2):64-8. [PubMed: 115097]

7. Chow EP, Camilleri S, Ward C, Huffam S, Chen MY, Bradshaw CS, Fairley CK. Duration of
gonorrhoea and chlamydia infection at the pharynx and rectum among men who have sex with men:
a systematic review. Sex Health. 2016; 13(3):199-204. [PubMed: 26886136]

8. Holmes KK, Johnson DW, Trostle HJ. An estimate of the risk of men acquiring gonorrhea by sexual
contact with infected females. Am J Epidemiol. 1970; 91(2):170-4. [PubMed: 5416250]

9. Hooper RR, Reynolds GH, Jones OG, Zaidi A, Wiesner PJ, Latimer KP, Lester A, Campbell AF,
Harrison WO, Karney WW, Holmes KK. Cohort study of venereal disease. I: the risk of gonorrhea
transmission from infected women to men. Am J Epidemiol. 1978; 108(2):136—44. [PubMed:
707474]

10. Platt R, Rice PA, McCormack WM. Risk of acquiring gonorrhea and prevalence of abnormal
adnexal findings among women recently exposed to gonorrhea. JAMA. 1983; 250(23):3205-9.
[PubMed: 6417362]

11. Lin JS, Donegan SP, Heeren TC, Greenberg M, Flaherty EE, Haivanis R, Su XH, Dean D, Newhall
WJ, Knapp JS, Sarafian SK, Rice RJ, Morse SA, Rice PA. Transmission of Chlamydia trachomatis

Sex Transm Dis. Author manuscript; available in PMC 2018 May 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Bernstein et al.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Page 5

and Neisseria gonorrhoeae among men with urethritis and their female sex partners. J Infect Dis.
1998; 178(6):1707-12. [PubMed: 9815223]

Hui B, Fairley CK, Chen M, Grulich A, Hocking J, Prestage G, Walker S, Law M, Regan D. Oral
and anal sex are key to sustaining gonorrhoea at endemic levels in MSM populations: a
mathematical model. Sex Transm Infect. 2015; 91(5):365-9. [PubMed: 25596192]

Hook, EW., 3rd, Handsfield, HH. Gonococcal infections in the adult. In: Holmes, KK.Sparling,
PF.Stamm, WE.Piot, P.Wasserheit, JN.Corey, L.Cohen, M., Watts, DH., editors. Sexually
Transmitted Diseases. 4th. McGraw Hill; 2008.

Lafferty WE, Hughes JP, Handsfield HH. Sexually transmitted diseases in men who have sex with
men. Acquisition of gonorrhea and nongonococcal urethritis by fellatio and implications for
STD/HIV prevention. Sex Transm Dis. 1997; 24(5):272-8. [PubMed: 9153736]

Jin F, Prestage GP, Mao L, Kippax SC, Pell CM, Donovan B, Cunningham PH, Templeton DJ,
Kaldor JM, Grulich AE. Incidence and risk factors for urethral and anal gonorrhoea and chlamydia
in a cohort of HIVV-negative homosexual men: the Health in Men Study. Sex Transm Infect. 2007;
83(2):113-9. [PubMed: 17005541]

Dudareva-Vizule S, Haar K, Sailer A, Wisplinghoff H, Wisplinghoff F, Marcus U, Group Ps.
Prevalence of pharyngeal and rectal Chlamydia trachomatis and Neisseria gonorrhoeae infections
among men who have sex with men in Germany. Sex Transm Infect. 2014; 90(1):46-51. [PubMed:
23920398]

Willmott FE. Transfer of gonococcal pharyngitis by kissing? Br J Vener Dis. 1974; 50(4):317-8.
[PubMed: 4424151]

Hallgvist L, Lindgren S. Gonorrhoea of the throat at a venereological clinic. Incidence and Results
of Treatment. Br J Vener Dis. 1975; 51(6):395-7. [PubMed: 1218364]

Hutt DM, Judson FN. Epidemiology and treatment of oropharyngeal gonorrhea. Ann Intern Med.
1986; 104(5):655-8. [PubMed: 2938529]

Chow EP, Tabrizi SN, Phillips S, Lee D, Bradshaw CS, Chen MY, Fairley CK. Neisseria
gonorrhoeae Bacterial DNA Load in the Pharynges and Saliva of Men Who Have Sex with Men. J
Clin Microbiol. 2016; 54(10):2485-90. [PubMed: 27413195]

Chow EP, Cornelisse VJ, Read TR, Lee D, Walker S, Hocking JS, Chen MY, Bradshaw CS, Fairley
CK. Saliva use as a lubricant for anal sex is a risk factor for rectal gonorrhoea among men who
have sex with men, a new public health message: a cross-sectional survey. Sex Transm Infect. 2016

Morris SR, Klausner JD, Buchbinder SP, Wheeler SL, Koblin B, Coates T, Chesney M, Colfax GN.
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. [PubMed: 17051493]

Ota KV, Fisman DN, Tamari IE, Smieja M, Ng LK, Jones KE, Diprima A, Richardson SE.
Incidence and treatment outcomes of pharyngeal Neisseria gonorrhoeae and Chlamydia
trachomatis infections in men who have sex with men: a 13-year retrospective cohort study. Clin
Infect Dis. 2009; 48(9):1237-43. [PubMed: 19323630]

Patton ME, Kidd S, Llata E, Stenger M, Braxton J, Asbel L, Bernstein K, Gratzer B, Jespersen M,
Kerani R, Mettenbrink C, Mohamed M, Pathela P, Schumacher C, Stirland A, Stover J, Tabidze I,
Kirkcaldy RD, Weinstock H. Extragenital gonorrhea and chlamydia testing and infection among
men who have sex with men—STD Surveillance Network, United States, 2010-2012. Clin Infect
Dis. 2014; 58(11):1564-70. [PubMed: 24647015]

Park J, Marcus JL, Pandori M, Snell A, Philip SS, Bernstein KT. Sentinel surveillance for
pharyngeal chlamydia and gonorrhea among men who have sex with men—San Francisco, 2010.
Sex Transm Dis. 2012; 39(6):482—4. [PubMed: 22592836]

Kent CK, Chaw JK, Wong W, Liska S, Gibson S, Hubbard G, Klausner JD. Prevalence of rectal,
urethral, and pharyngeal chlamydia and gonorrhea detected in 2 clinical settings among men who
have sex with men: San Francisco, California, 2003. Clin Infect Dis. 2005; 41(1):67-74. [PubMed:
15937765]

Schwartz MA, Lafferty WE, Hughes JP, Handsfield HH. Risk factors for urethritis in heterosexual
men. The role of fellatio and other sexual practices. Sex Transm Dis. 1997; 24(8):449-55.
[PubMed: 9293607]

Sex Transm Dis. Author manuscript; available in PMC 2018 May 24.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Bernstein et al.

Page 6

28. Chow EP, Howden BP, Walker S, Lee D, Bradshaw CS, Chen MY, Snow A, Cook S, Fehler G,
Fairley CK. Antiseptic mouthwash against pharyngeal Neisseria gonorrhoeae: a randomised
controlled trial and an in vitro study. Sex Transm Infect. 2017; 93(2):88-93. [PubMed: 27998950]

29. Chow EPF, Walker S, Hocking JS, Bradshaw CS, Chen MY, Tabrizi SN, Howden BP, Law MG,
Maddaford K, Read TRH, Lewis DA, Whiley DM, Zhang L, Grulich AE, Kaldor JM, Cornelisse
VJ, Phillips S, Donovan B, McNulty AM, Templeton DJ, Roth N, Moore R, Fairley CK. A
multicentre double-blind randomised controlled trial evaluating the efficacy of daily use of
antibacterial mouthwash against oropharyngeal gonorrhoea among men who have sex with men:
the OMEGA (Oral Mouthwash use to Eradicate GonorrhoeA) study protocol. BMC Infect Dis.
2017; 17(1):456. [PubMed: 28659133]

Sex Transm Dis. Author manuscript; available in PMC 2018 May 24.



	What is the duration of infection for N. gonorrhoeae?
	How likely is N. gonorrhoeae transmission from the oropharynx other anatomic sites?
	How much population-level gonorrhea is attributable to oropharyngeal infections?
	Does mouthwash kill infectious N. gonorrhoeae in the oropharynx?
	Conclusions
	References

