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Introduction

An estimated 358 million new cases of the four most common curable sexually transmitted 

infections (STIs) – the three bacterial pathogens, Chlamydia trachomatis, Neisseria 
gonorrhoeae, Treponema pallidum, plus the parasite Trichomonas vaginalis – are acquired 

worldwide annually.[1–3] Globally, the burden of STIs is greatest in low- and middle-income 

countries (LMIC), and the overlapping epidemics of HIV and STIs have been recognized 

since the earliest days of the HIV epidemic.[3–8] The majority of new HIV infections occur 

in sub-Saharan Africa,[9] and sexually active African women (particularly those under age 

30) face disproportionate HIV risk, accounting for more than half of new infections on that 

continent, and with incidence rates that are often double their male age-mates.[10–12] The 

consequences of bacterial STIs on sexual and reproductive health can be significant and 

long-term through sequelae including pelvic inflammatory disease (PID), chronic pelvic 

pain, tubal infertility, pregnancy complications, fetal and neonatal death, and heightened 

susceptibility to HIV.[3, 5, 6, 13, 14] These consequences - physical, psychological, and social - 

of STIs are overwhelmingly borne by women.[15, 16]

Current STI control strategies for women in low- and middle-income 

countries

In most LMIC, STI prevention efforts are limited to condoms, treatment of symptomatic 

cases to reduce complications and interrupt transmission, partner notification and treatment, 
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and abstinence. For many women in such settings, the impact of those strategies is limited in 

several ways. First, strategies like partner testing or notification rely heavily or exclusively 

on partner participation, which may not be feasible; in some instances, these strategies risk 

intimate partner violence.[17–19] Second, sexual intercourse is often neither predictable nor 

under the control of many women in LMIC, limiting the impact of STI prevention strategies 

like condom use or abstinence. Third, standard STI control strategies utilize syndromic 

management, which relies on the detection of symptomatic cases only and has very limited 

sensitivity (27–61%) for diagnosis of STIs in women.[20, 21] Indeed, the use of syndromic 

management strategies creates a management paradox with high rates of untreated 

asymptomatic STIs and increased potential for selection of resistant organisms and 

disruption of the vaginal microbiome by low-specificity, broad-spectrum, empiric 

treatments.[21] Thus, in many LMIC settings, STI control programs, designed principally to 

prevent sequelae of symptomatic STIs and interrupt transmission when possible, tend to be 

reactive rather than preventive.

STIs in the context of PrEP

In resource-rich settings, the past decade has seen an unprecedented rise in the incidence of 

bacterial STIs, with the largest increases among men who have sex with men (MSM), 

coinciding with the scale-up of pre-exposure prophylaxis (PrEP) for HIV,[22–24] recognition 

of antiretroviral treatment as prevention (including dissemination of the concept of 

undetectable = untransmittable [U=U]),[25, 26] increased detection due to increased STI 

testing, and changing trends in condom use and sexual mixing patterns.[27, 28] Specifically, 

the role of PrEP in influencing changes in sexual behavior and increased risk for STI 

acquisition among MSM using PrEP is a source of substantial scientific and public health 

debate.[22] PrEP reduces incident HIV,[29] but is not expected to prevent bacterial STIs, 

including gonorrhea, chlamydia, or syphilis, and studies from multiple resource-rich settings 

have revealed high incidences of these STIs, with low incidence of HIV, among MSM taking 

PrEP[22, 23, 30] and MSM in general in the PrEP era, although whether and to what degree 

PrEP has contributed to such rises is not clear. STI control efforts, with a focus on increasing 

testing, have been reinvigorated for MSM in resource-rich settings, and novel STI 

interventions for MSM are being developed.[31–33]

Because of shared sexual risk factors, PrEP guidelines include recommendations for regular 

STI screening for PrEP users, but diagnostic screening is not available in most healthcare 

settings in many LMIC.[34, 35] Thus, few data are available on rates of curable STIs among 

women who would benefit from or who have initiated PrEP, although women bear the 

highest risk of consequences from untreated bacterial STIs; indeed, even in resource-rich 

settings, very little data are available for STI rates for cisgender women, as most PrEP 

programs focus on MSM and transgender women.[36, 37] In LMIC, recent data from a 

limited number of pivotal PrEP studies contribute some of the only information about both 

STI prevalence and incidence among women in Eastern and southern Africa (Table 1).[38–41] 

These STI rates (C. trachomatis acquisition in excess of 20% per year and N. gonorrhoeae 
greater than 10% per year) in women presenting for PrEP in Africa are extraordinarily high 

and comparable to those arising during PrEP era among MSM in North America, Australia, 

and Europe.[42] Thus, even before widespread introduction of PrEP in Africa, women have 
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reached rates comparable to STI crisis among MSM, and there is concern that rates could 

increase even further in parallel with PrEP scale-up. Data are not yet available to triangulate 

PrEP use, behavioral risk compensation, and STI risk among women living in Africa.

STI prevention in the setting of rising antibiotic resistance

Rising antimicrobial resistance is a global threat. Multi-drug resistant N. gonorrhoeae is a 

prominent example of this growing international public health issue, with 66% of countries 

reporting some resistance to extended-spectrum cephalosporins between 2009–2014, and 

risk of untreatable cases in the near future - based on the forecast of diffuse resistance to 

beta-lactams, macrolides, and tetracyclines.[43–47] In addition to mounting fears over multi-

drug resistant gonorrhea, there are now hints of drug resistance in other curable STIs, 

including syphilis and Mycoplasma genitalium.[48–51] Importantly, and in contrast, C. 
trachomatis has never been reported to express resistance, but is theoretically possible based 

on rare Chlamydia suis resistance documented in pigs.[52–54] In sub-Saharan Africa, 

antimicrobial resistance data are more sparse but the few data that exist suggest rates of 

resistance to first line empiric therapies as high as other settings (Table 2).[43–45, 55–59] New 

antibiotics are in development and under evaluation for the treatment of N. gonorrhoeae 
infections with varying success.[60–62] In the era of rising resistance, new prevention and 

treatment approaches are needed, particularly ones that limit resistance-inducing antibiotic 

exposure.

Strategies for STI prevention: opportunities for STI/HIV combination 

prevention for women

The global epidemic of STIs in women demands new prevention approaches for curable 

STIs through timely diagnosis and treatment of women and their partners, with abstinence or 

condom use during treatment to prevent reinfection by partners, or by averting infections in 

the first place. New strategies are emerging that offer opportunities for research and program 

delivery of combination STI/HIV prevention (Table 3).[21, 63–68]

Point-of-care testing

In resource-rich settings, etiologic screening with high-sensitivity testing done on 

asymptomatic individuals is the backbone of STI control, detecting the bulk of infections 

that result in ongoing STI dissemination.[69, 70] Even in such settings there are important 

limitations to screening, including laboratory result turnaround time, loss to follow up, 

reinfection, and the fact that testing is principally about secondary prevention.[71] While 

high-sensitivity nucleic acid amplification tests revolutionized STI diagnosis, usually such 

testing is costly and requires specialized laboratory facilities. The use of point-of-care (POC) 

STI testing has the potential to improve access to STI screening as well as detection and 

prevention of antibiotic resistant infections through POC molecular detection of key 

mutations and immediate treatment of specific pathogens.[72, 73] POC testing could thus be 

useful for both LMIC and resource-rich settings. Early POC assays lacked sensitivity and 

did not generate substantial enthusiasm.[74, 75] In contrast, a ‘near POC’ machine, Cepheid 

GeneXPert, has recently been validated for POC molecular testing for N. gonorrhoeae and 
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C. trachomatis with high sensitivity (97.4–98.7%) and specificity (99.4–99.9%).[76–78] 

GeneXPert macines are already widely available in LMICs for diagnosis of Mycobacterium 
tuberculosis, but the high cost per test (approximately $16/test) and 90 minute wait time are 

important limitations for its use.[79] Newer POC technology by binx health (formally Atlas 

Genetics) with faster (less than 30 minute) time to results was recently validated with 

modestly lower sensitivity (84%) and high specificity (99%) for detecting C. trachomatis in 

a pilot analysis,[80] with plans to release a combined, rapid POC test for C. trachomatis, N. 
gonorrhoeae, T. vaginalis, and M. genitalium. In addition to advances in POC testing, 

ongoing trials of binx health rapid tests for home-use provides encouraging possibility for 

LMIC if affordable. To scale screening for asymptomatic but pathogenic STIs in LMIC, 

real-time, sensitive STI tests,[73] standardized self testing strategies,[72] and cost-

effectiveness studies are needed. In addition, bulk purchase guarantees and price 

negotiations by donors, which facilitated widespread use of HIV self-testing, and 

implementation studies incorporation of diagnostic STI testing in resource-constrained 

settings are needed.

Expedited partner therapy (EPT)

The high incidence of STIs in heterosexual women is likely due in part to reinfection,[81] 

indicating that syndromic management is insufficient for treating asymptomatic cases and 

cases in sexual partners. One way reinfection can be addressed is through partner treatment; 

however, getting partners to present to clinic is a global challenge. Expedited partner therapy 

(EPT) or provider-assisted partner therapy are proven solutions.[64, 82] EPT, in which 

patients who have a diagnosed STI are supplied with additional treatment to deliver to their 

partner(s), is recognized in the US as a useful public health strategy when treating male 

partners of women with chlamydia or gonorrhea.[31, 83] One small study in South Africa 

found high rates of acceptability and successful reduction of C. trachomatis, N. gonorrhoeae, 

and T. vaginalis,[78] and recent studies completed in several African countries have found 

EPT and partner notification to be acceptable with on-going trials exploring impact on STI 

recurrence.[84]

Periodic presumptive STI treatment

Periodic presumptive STI treatment has been tested in a number of settings, in different 

ways. Several trials have tested periodic empiric therapy for STIs among female sex workers 

in LMIC, often as a strategy to reduce acquisition of HIV.[65, 85, 86] Community level 

interventions with periodic mass treatment for STIs have also been evaluated; these found 

limited effects on the incidence of HIV but showed some reductions in STIs.[87–91] A 

systematic review of data from studies done in 10 countries across Africa and Asia reported 

that periodic presumptive therapy could result in a 40–60% reduction in N. gonorrhoeae and 

a 47–62% reduction in C. trachomatis.[92] WHO recommends time-limited periodic 

presumptive STI treatment for sex worker populations with high STI prevalence;[93] 

however, neither mass treatment nor presumptive therapy have been implemented at scale 

due to concerns about lack of specificity and risk of generation of antibiotic resistance.[92]
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Doxycycline post-exposure prophylaxis

A recent open-label clinical trial randomized 232 MSM taking PrEP for HIV prevention in 

France (IPERGAY) to take 200 mg doxycycline as an STI post-exposure prophylaxis (PEP) 

following condomless sex versus no doxycycline, finding a 47% relative reduction in new 

bacterial STIs with doxycycline PEP.[67] The reduction was as a result of large decreases in 

new cases of C. trachomatis (70%) and T. pallidum (73%). There was no reduction in N. 
gonorrhoeae, perhaps in part due to high levels of tetracycline resistance in Europe. These 

results have spurred global debate about the potential role of antibiotic PEP for STI 

prevention.[94] The use of antibiotics to prevent infections is an established intervention – for 

example, doxycycline is used after tick exposure in areas of high Lyme disease prevalence 

and as malaria or leptospirosis prophylaxis for travelers.[95–97] Trials of doxycycline PEP are 

being launched among MSM on PrEP and MSM living with HIV[98] to provide additional 

data on effectiveness and antimicrobial resistance. There are several upcoming trials of 

doxycycline PEP in US, France, and Australia[99] as well as one trial among Kenyan 

women.[100] Use of doxycycline PEP has potential for efficacy in populations with high 

chlamydia incidence and sequelae, such as women in LMIC. It is not yet known if 

doxycycline will be accepted, tolerated, and effective as a post-exposure prophylaxis for 

sexually active African women and the impact on antimicrobial resistance. These concerns 

about potential benefits and risks of doxycycline PEP are reminiscent of concerns raised in 

the early days of PrEP development (Table 4). On the other hand, similar to acceptability 

and importance of emergency contraception for women to reduce the risk of unwanted 

pregnancies,[101, 102] if doxycycline is demonstrated to have high effectiveness, safety, and 

acceptability, it could be a significant female-controlled intervention to reduce risk of STIs.

STI vaccines

Vaccine development for STIs is an international priority outlined in the WHO global 

roadmap in 2013; however, no vaccines are currently available to prevent bacterial STIs.[103] 

Early stages of N. gonorrhoeae and C. trachomatis vaccine development are ongoing,
[104–108] and a C. trachomatis vaccine is entering phase 2 trials. Interestingly, a recent 

retrospective analysis of persons who presented with any type of STI in New Zealand found 

that those who had received a Neisseria meningitidis B vaccine had a 31% reduction in N. 
gonorrhoeae compared to those who had not received the meningitis vaccine.[68] Recent 

evaluation of immune response in mice following meningococcal vaccination indicates that 

attenuated outer membrane vesicle vaccines elicit gonococcal antibodies.[68, 109] These 

intriguing results, which need replication in other settings and with more controlled study 

designs, suggest that licenced meningococcal B vaccines containing outer membrane antigen 

could have the potential to modestly reduce gonorrhea rates and suggests the possibility for a 

gonococcal specific vaccine in the future.[110]

PrEP roll out is an opportunity for improving STI services

PrEP will continue to scale up to meet international targets for ending the HIV epidemic,
[111, 112] and given the high rates of bacterial STIs in Africa, treating and preventing STIs 

will continue to be relevant even as longer-acting PrEP formulations become available. The 

STI epidemic must be addressed and PrEP roll-out provides an opportunity to impact both 
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HIV and STI rates in sexually active African women. PrEP users are an ideal population for 

STI prevention efforts – they have demonstrated engagement in prevention, have high risk 

for STI exposure, have regular encounters with clinical services, take medication for 

prevention, and ideally could undergo periodic STI screening as part of PrEP services. Since 

2017, several African countries have developed national PrEP guidelines for young women, 

and many additional African countries are expected to follow. International donor funds have 

generally not supported public health implementation of STI services integrated within HIV 

treatment and prevention programs, but the opportunity may be ripe now. Integration of 

PrEP and STI prevention within comprehensive sexual health care services are needed for 

greater program efficiency both to improve STI control but could also have benefits for 

identification and retention of potential PrEP candidates.

Conclusion

At a time of rising STI incidence and STI antibiotic resistance rates, traditional approaches 

to STI control are unlikely to be sufficient in controlling these epidemics. Young women are 

at risk for severe, lasting effects from pelvic inflammation, including infertility, chronic 

pelvic pain, or pregnancy complications. In sub-Saharan Africa, sexually active young 

women have a very high prevalence of asymptomatc bacterial STIs in addition to HIV, with 

significant risk of long-term reproductive health consequences. There is an urgent need to 

address this syndemic in young African women. New strategies for detection, treatment, and 

prevention of STIs should be emphasized in research and policy, and the current increase in 

promotion and availability of PrEP creates an important and timely opportunity to introduce 

combination STI/HIV prevention.

Acknowledgments

Funding: US National Institutes of Health (P30AI027757, R01MH095507, T32AI007044) and the US Agency for 
International Development/PEPFAR (AID-OAA-A-15-00034). The views are those of the authors and not the 
funding agencies.

References

1. Newman L, Rowley J, Vander Hoorn S, Wijesooriya NS, Unemo M, Low N, et al. Global Estimates 
of the Prevalence and Incidence of Four Curable Sexually Transmitted Infections in 2012 Based on 
Systematic Review and Global Reporting. PLoS One 2015; 10(12):e0143304. [PubMed: 26646541] 

2. WHO. GLOBAL HEALTH SECTOR STRATEGY ON SEXUALLY TRANSMITTED 
INFECTIONS 2016–2021 TOWARDS ENDING STIs. WHO Bullitin 2016.

3. WHO. Report on global sexually transmitted infection surveillance 2015. World Health 
Organization 2016.

4. MacLachlan E, Baganizi E, Bougoudoga F, Castle S, Mint-Youbba Z, Gorbach P, Parker K, Ryan 
CA. The feasibility of integrated STI prevalence and behaviour surveys in developing countries. Sex 
Transm Dis 2002; 78:187–189.

5. Steen R, Elvira Wi T, Kamali A, Ndowa F. Control of sexually transmitted infections and prevention 
of HIV transmission: mending a fractured paradigm. Bulletin of the World Health Organization 
2009; 87(11):858–865. [PubMed: 20072772] 

6. CDC. Sexually Transmitted Infections in Developing Countries: Current Concepts and Strategies on 
Imporving STI Prevention, Treatment, and Control. Center for Disease Control 2008.

Stewart et al. Page 6

AIDS. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



7. Oliver VO, Otieno G, Gvetadze R, Desai MA, Makanga M, Akelo V, et al. High prevalence of 
sexually transmitted infections among women screened for a contraceptive intravaginal ring study, 
Kisumu, Kenya, 2014 Int J STD AIDS 2018:956462418782810.

8. Terris-Prestholt F, Vyas S, Kumaranayake L, Mayaud P, Watts C. The costs of treating curable 
sexually transmitted infections in low- and middle-income countries: a systematic review. Sex 
Transm Dis 2006; 33(10 Suppl):S153–166. [PubMed: 17003680] 

9. Cherutich P, Kaiser R, Galbraith J, Williamson J, Shiraishi RW, Ngare C, et al. Lack of knowledge 
of HIV status a major barrier to HIV prevention, care and treatment efforts in Kenya: results from a 
nationally representative study. PLoS One 2012; 7(5):e36797. [PubMed: 22574226] 

10. UNAIDS. THE GAP REPORT. In; 2015.

11. Kamali A, Price MA, Lakhi S, Karita E, Inambao M, Sanders EJ, et al. Creating an African HIV 
clinical research and prevention trials network: HIV prevalence, incidence and transmission. PLoS 
One 2015; 10(1):e0116100. [PubMed: 25602351] 

12. De Cock KM, Jaffe HW, Curran JW. The evolving epidemiology of HIV/AIDS. Aids 2012; 
26(10):1205–1213. [PubMed: 22706007] 

13. Stephens AJ, Aubuchon M, Schust DJ. Antichlamydial antibodies, human fertility, and pregnancy 
wastage. Infect Dis Obstet Gynecol 2011; 2011:525182. [PubMed: 21949601] 

14. Masese LN, Graham SM, Gitau R, Peshu N, Jaoko W, Ndinya-Achola JO, et al. A prospective 
study of vaginal trichomoniasis and HIV-1 shedding in women on antiretroviral therapy. BMC 
Infect Dis 2011; 11:307. [PubMed: 22047086] 

15. Hoenderboom BM, van Benthem BHB, van Bergen J, Dukers-Muijrers N, Gotz HM, Hoebe C, et 
al. Relation between Chlamydia trachomatis infection and pelvic inflammatory disease, ectopic 
pregnancy and tubal factor infertility in a Dutch cohort of women previously tested for chlamydia 
in a chlamydia screening trial. Sex Transm Infect 2019; 95(4):300–306. [PubMed: 30606817] 

16. Davies B, Turner KME, Frolund M, Ward H, May MT, Rasmussen S, et al. Risk of reproductive 
complications following chlamydia testing: a population-based retrospective cohort study in 
Denmark. Lancet Infect Dis 2016; 16(9):1057–1064. [PubMed: 27289389] 

17. Schwartz RM, Bruno DM, Augenbraun MA, Hogben M, Joseph MA, Liddon N, et al. Perceived 
financial need and sexual risk behavior among urban, minority patients following sexually 
transmitted infection diagnosis. Sex Transm Dis 2011; 38(3):230–234. [PubMed: 20852453] 

18. Goyette MS, Mutiti PM, Bukusi D, Wamuti BM, Otieno FA, Cherutich P, et al. Brief Report: HIV 
Assisted Partner Services Among Those With and Without a History of Intimate Partner Violence 
in Kenya. J Acquir Immune Defic Syndr 2018; 78(1):16–19. [PubMed: 29406431] 

19. Schaffer EM, Agot K, Thirumurthy H. The Association Between Intimate Partner Violence and 
Women’s Distribution and Use of HIV Self-Tests With Male Partners: Evidence From a Cohort 
Study in Kenya. J Acquir Immune Defic Syndr 2017; 76(3):e85–e87. [PubMed: 28746166] 

20. Zemouri C, Wi TE, Kiarie J, Seuc A, Mogasale V, Latif A, et al. The Performance of the Vaginal 
Discharge Syndromic Management in Treating Vaginal and Cervical Infection: A Systematic 
Review and Meta-Analysis. PLoS One 2016; 11(10):e0163365. [PubMed: 27706174] 

21. Verwijs MC, Agaba SK, Sumanyi JC, Umulisa MM, Mwambarangwe L, Musengamana V, et al. 
Targeted point-of-care testing compared with syndromic management of urogenital infections in 
women (WISH): a cross-sectional screening and diagnostic accuracy study. Lancet Infect Dis 
2019; 19(6):658–669. [PubMed: 31031172] 

22. Nguyen VK, Greenwald ZR, Trottier H, Cadieux M, Goyette A, Beauchemin M, et al. Incidence of 
sexually transmitted infections before and after preexposure prophylaxis for HIV. Aids 2018; 
32(4):523–530. [PubMed: 29239887] 

23. Traeger MW, Cornelisse VJ, Asselin J, Price B, Roth NJ, Willcox J, et al. Association of HIV 
Preexposure Prophylaxis With Incidence of Sexually Transmitted Infections Among Individuals at 
High Risk of HIV Infection. JAMA 2019; 321(14):1380–1390. [PubMed: 30964528] 

24. Montano MA, Dombrowski JC, Dasgupta S, Golden MR, Manhart LE, Barbee LA, et al. 
Differences in sexually transmitted infection risk comparing preexposure prophylaxis users and 
propensity score matched historical controls in a clinic setting. Aids 2019; 33(11):1773–1780. 
[PubMed: 31149948] 

Stewart et al. Page 7

AIDS. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



25. Cohen MS, Gay CL. Treatment to prevent transmission of HIV-1. Clin Infect Dis 2010; 50 Suppl 
3:S85–95. [PubMed: 20397961] 

26. Rendina HJ, Parsons JT. Factors associated with perceived accuracy of the Undetectable = 
Untransmittable slogan among men who have sex with men: Implications for messaging scale-up 
and implementation. J Int AIDS Soc 2018; 21(1).

27. Golden MR, Stekler J, Hughes JP, Wood RW. HIV serosorting in men who have sex with men: is it 
safe? J Acquir Immune Defic Syndr 2008; 49(2):212–218. [PubMed: 18769346] 

28. Holt M, Lea T, Mao L, Kolstee J, Zablotska I, Duck T, et al. Community-level changes in condom 
use and uptake of HIV pre-exposure prophylaxis by gay and bisexual men in Melbourne and 
Sydney, Australia: results of repeated behavioural surveillance in 2013–17. Lancet HIV 2018; 
5(8):e448–e456. [PubMed: 29885813] 

29. Baeten JM, Donnell D, Ndase P, Mugo NR, Campbell JD, Wangisi J, et al. Antiretroviral 
prophylaxis for HIV prevention in heterosexual men and women. N Engl J Med 2012; 367(5):399–
410. [PubMed: 22784037] 

30. Brown AE, Mohammed H, Ogaz D, Kirwan PD, Yung M, Nash SG, et al. Fall in new HIV 
diagnoses among men who have sex with men (MSM) at selected London sexual health clinics 
since early 2015: testing or treatment or pre-exposure prophylaxis (PrEP)? Euro Surveill 2017; 
22(25).

31. Mmeje O, Wallett S, Kolenic G, Bell J. Impact of expedited partner therapy (EPT) implementation 
on chlamydia incidence in the USA. Sex Transm Infect 2018; 94(7):545–547. [PubMed: 
28515200] 

32. Golden MR, Katz DA, Dombrowski JC. Modernizing Field Services for Human Immunodeficiency 
Virus and Sexually Transmitted Infections in the United States. Sex Transm Dis 2017; 44(10):599–
607. [PubMed: 28876325] 

33. Eaton LA, Kalichman SC, Kalichman MO, Driffin DD, Baldwin R, Zohren L, et al. Randomised 
controlled trial of a sexual risk reduction intervention for STI prevention among men who have sex 
with men in the USA. Sex Transm Infect 2018; 94(1):40–45. [PubMed: 28404766] 

34. CDC. Preexposure prophylaxis for the prevention of HIV infection in the United States–2017 
Update: a clinical practice guideline. In; 2017.

35. Hodges-Mameletzis I, Dalal S, Msimanga-Radebe B, Rodolph M, Baggaley R. Going global: the 
adoption of the World Health Organization’s enabling recommendation on oral pre-exposure 
prophylaxis for HIV. Sex Health 2018; 15(6):489–500. [PubMed: 30496718] 

36. Raifman JR, Schwartz SR, Sosnowy CD, Montgomery MC, Almonte A, Bazzi AR, et al. Brief 
Report: Pre-exposure Prophylaxis Awareness and Use Among Cisgender Women at a Sexually 
Transmitted Disease Clinic. J Acquir Immune Defic Syndr 2019; 80(1):36–39. [PubMed: 
30531295] 

37. Sales JM, Steiner RJ, Brown JL, Swartzendruber A, Patel AS, Sheth AN. PrEP Eligibility and 
Interest Among Clinic- and Community-Recruited Young Black Women in Atlanta, Georgia, 
USA. Curr HIV Res 2018; 16(3):250–255. [PubMed: 30062969] 

38. Baeten JM, Palanee-Phillips T, Brown ER, Schwartz K, Soto-Torres LE, Govender V, et al. Use of 
a Vaginal Ring Containing Dapivirine for HIV-1 Prevention in Women. N Engl J Med 2016; 
375(22):2121–2132. [PubMed: 26900902] 

39. Matovu Kiweewa F, Brown E, Mishra A, Nair G, Palanee-Phillips T, Mgodi NM, et al. Acquisition 
of sexually transmitted infections among women using a variety of contraceptive options: A 
prospective study among high-risk African women. Submitted 7 2018 2018.

40. Morton J, Bukusi E, Delany-Moretlwe S, Bekker LG, Omollo V, Travill D, et al. High prevalence 
of curable STIs among young women initiating PrEP in Kenya and South Africa. In:AIDS 2018: 
22nd International AIDS Conference Amsterdam, Netherlands; 2018.

41. Travill D, Delany-Moretlwe S, Bekker LG, Bukusi E, Rousseau E, Omollo V, et al. Sexual 
behavior and PrEP uptake among young African women in a demonstration project about PrEP 
delivery. In: AIDS 2018: 22nd International AIDS Conference Amsterdam, Netherlands; 2018.

42. CDC. New CDC analysis shows steep and sustained increases in STDs in recent years. In. CDC 
Newsroom Releases; 2018.

Stewart et al. Page 8

AIDS. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



43. Cehovin A, Harrison OB, Lewis SB, Ward PN, Ngetsa C, Graham SM, et al. Identification of 
Novel Neisseria gonorrhoeae Lineages Harboring Resistance Plasmids in Coastal Kenya. J Infect 
Dis 2018; 218(5):801–808. [PubMed: 29701830] 

44. Kularatne R, Maseko V, Gumede L, Kufa T. Trends in Neisseria gonorrhoeae Antimicrobial 
Resistance over a Ten-Year Surveillance Period, Johannesburg, South Africa, 2008(−)2017. 
Antibiotics (Basel) 2018; 7(3).

45. Wi T, Lahra MM, Ndowa F, Bala M, Dillon JR, Ramon-Pardo P, et al. Antimicrobial resistance in 
Neisseria gonorrhoeae: Global surveillance and a call for international collaborative action. PLoS 
Med 2017; 14(7):e1002344. [PubMed: 28686231] 

46. Soge OO, Salipante SJ, No D, Duffy E, Roberts MC. In Vitro Activity of Delafloxacin against 
Clinical Neisseria gonorrhoeae Isolates and Selection of Gonococcal Delafloxacin Resistance. 
Antimicrob Agents Chemother 2016; 60(5):3106–3111. [PubMed: 26976873] 

47. Lahra MM, Ryder N, Whiley DM. A new multidrug-resistant strain of Neisseria gonorrhoeae in 
Australia. N Engl J Med 2014; 371(19):1850–1851. [PubMed: 25372111] 

48. Read P, Tagg KA, Jeoffreys N, Guy RJ, Gilbert GL, Donovan B. Treponema pallidum Strain Types 
and Association with Macrolide Resistance in Sydney, Australia: New TP0548 Gene Types 
Identified. J Clin Microbiol 2016; 54(8):2172–2174. [PubMed: 27194693] 

49. Kanai M, Arima Y, Nishiki S, Shimuta K, Itoda I, Matsui T, et al. Molecular Typing and Macrolide 
Resistance Analyses of Treponema pallidum in Heterosexuals and Men Who Have Sex with Men 
in Japan, 2017. J Clin Microbiol 2019; 57(1).

50. Sweeney EL, Trembizki E, Bletchly C, Bradshaw CS, Menon A, Francis F, et al. Levels of 
Mycoplasma genitalium Antimicrobial Resistance Differ by Both Region and Gender in the State 
of Queensland, Australia: Implications for Treatment Guidelines. J Clin Microbiol 2019; 57(3).

51. Maduna LD, Laumen JG, Radebe O, Kock MM, Peters RP. Failure of syndromic management due 
to drug-resistant Mycoplasma genitalium infection in South Africa: a case report. Int J STD AIDS 
2019:956462418820745.

52. Sandoz KM, Rockey DD. Antibiotic resistance in Chlamydiae. Future Microbiol 2010; 5(9):1427–
1442. [PubMed: 20860486] 

53. Schautteet K, De Clercq E, Miry C, Van Groenweghe F, Delava P, Kalmar I, et al. Tetracycline-
resistant Chlamydia suis in cases of reproductive failure on Belgian, Cypriote and Israeli pig 
production farms. J Med Microbiol 2013; 62(Pt 2):331–334. [PubMed: 23105027] 

54. Borel N, Regenscheit N, Di Francesco A, Donati M, Markov J, Masserey Y, et al. Selection for 
tetracycline-resistant Chlamydia suis in treated pigs. Vet Microbiol 2012; 156(1–2):143–146. 
[PubMed: 22036200] 

55. Mehta SD, Maclean I, Ndinya-Achola JO, Moses S, Martin I, Ronald A, et al. Emergence of 
quinolone resistance and cephalosporin MIC creep in Neisseria gonorrhoeae isolates from a cohort 
of young men in Kisumu, Kenya, 2002 to 2009. Antimicrob Agents Chemother 2011; 55(8):3882–
3888. [PubMed: 21606224] 

56. Fayemiwo SA, Muller EE, Gumede L, Lewis DA. Plasmid-mediated penicillin and tetracycline 
resistance among Neisseria gonorrhoeae isolates in South Africa: prevalence, detection and typing 
using a novel molecular assay. Sex Transm Dis 2011; 38(4):329–333. [PubMed: 21042234] 

57. WHO. Global action plan to control the spread and impact of antimicrobial resistance in Neisseria 
gonorrhoeae In: Report on global sexually transmitted infection surveillance. Geneva: World 
Health Organization; 2018.

58. Cao V, Ratsima E, Van Tri D, Bercion R, Fonkoua MC, Richard V, et al. Antimicrobial 
susceptibility of Neisseria gonorrhoeae strains isolated in 2004–2006 in Bangui, Central African 
Republic; Yaounde, Cameroon; Antananarivo, Madagascar; and Ho Chi Minh Ville and Nha 
Trang, Vietnam. Sex Transm Dis 2008; 35(11):941–945. [PubMed: 18724270] 

59. Vandepitte J, Hughes P, Matovu G, Bukenya J, Grosskurth H, Lewis DA. High prevalence of 
ciprofloxacin-resistant gonorrhea among female sex workers in Kampala, Uganda (2008–2009). 
Sex Transm Dis 2014; 41(4):233–237. [PubMed: 24622633] 

60. Taylor SN, Marrazzo J, Batteiger BE, Hook EW 3rd, Sena AC, Long J, et al. Single-Dose 
Zoliflodacin (ETX0914) for Treatment of Urogenital Gonorrhea. N Engl J Med 2018; 
379(19):1835–1845. [PubMed: 30403954] 

Stewart et al. Page 9

AIDS. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



61. Chen MY, McNulty A, Avery A, Whiley D, Tabrizi SN, Hardy D, et al. Solithromycin versus 
ceftriaxone plus azithromycin for the treatment of uncomplicated genital gonorrhoea 
(SOLITAIRE-U): a randomised phase 3 non-inferiority trial. Lancet Infect Dis 2019.

62. Taylor SN, Morris DH, Avery AK, Workowski KA, Batteiger BE, Tiffany CA, et al. Gepotidacin 
for the Treatment of Uncomplicated Urogenital Gonorrhea: A Phase 2, Randomized, Dose-
Ranging, Single-Oral Dose Evaluation. Clin Infect Dis 2018; 67(4):504–512. [PubMed: 
29617982] 

63. Schillinger JA, Kissinger P, Calvet H, Whittington WL, Ransom RL, Sternberg MR, et al. Patient-
delivered partner treatment with azithromycin to prevent repeated Chlamydia trachomatis infection 
among women: a randomized, controlled trial. Sex Transm Dis 2003; 30(1):49–56. [PubMed: 
12514443] 

64. Golden MR, Whittington WL, Handsfield HH, Hughes JP, Stamm WE, Hogben M, et al. Effect of 
expedited treatment of sex partners on recurrent or persistent gonorrhea or chlamydial infection. N 
Engl J Med 2005; 352(7):676–685. [PubMed: 15716561] 

65. Kaul R, Kimani J, Nagelkerke NJ, Fonck K, Ngugi EN, Keli F, et al. Monthly antibiotic 
chemoprophylaxis and incidence of sexually transmitted infections and HIV-1 infection in Kenyan 
sex workers: a randomized controlled trial. JAMA 2004; 291(21):2555–2562. [PubMed: 
15173146] 

66. Bolan RK, Beymer MR, Weiss RE, Flynn RP, Leibowitz AA, Klausner JD. Doxycycline 
prophylaxis to reduce incident syphilis among HIV-infected men who have sex with men who 
continue to engage in high-risk sex: a randomized, controlled pilot study. Sex Transm Dis 2015; 
42(2):98–103. [PubMed: 25585069] 

67. Molina JM, Charreau I, Chidiac C, Pialoux G, Cua E, Delaugerre C, et al. Post-exposure 
prophylaxis with doxycycline to prevent sexually transmitted infections in men who have sex with 
men: an open-label randomised substudy of the ANRS IPERGAY trial. Lancet Infect Dis 2018; 
18(3):308–317. [PubMed: 29229440] 

68. Petousis-Harris H, Paynter J, Morgan J, Saxton P, McArdle B, Goodyear-Smith F, et al. 
Effectiveness of a group B outer membrane vesicle meningococcal vaccine against gonorrhoea in 
New Zealand: a retrospective case-control study. Lancet 2017; 390(10102):1603–1610. [PubMed: 
28705462] 

69. Weiss KM, Jones JS, Anderson EJ, Gift T, Chesson H, Bernstein K, et al. Optimizing Coverage vs 
Frequency for Sexually Transmitted Infection Screening of Men Who Have Sex With Men. Open 
Forum Infect Dis 2019; 6(10):ofz405. [PubMed: 31667198] 

70. Moore MS, Golden MR, Scholes D, Kerani RP. Assessing Trends in Chlamydia Positivity and 
Gonorrhea Incidence and Their Associations With the Incidence of Pelvic Inflammatory Disease 
and Ectopic Pregnancy in Washington State, 1988–2010. Sex Transm Dis 2016; 43(1):2–8. 
[PubMed: 26656441] 

71. Wingrove I, McOwan A, Nwokolo N, Whitlock G. Diagnostics within the clinic to test for 
gonorrhoea and chlamydia reduces the time to treatment: a service evaluation. Sex Transm Infect 
2014; 90(6):474. [PubMed: 25118322] 

72. Toskin I, Blondeel K, Peeling RW, Deal C, Kiarie J. Advancing point of care diagnostics for the 
control and prevention of STIs: the way forward. Sex Transm Infect 2017; 93(S4):S81–S88. 
[PubMed: 29223966] 

73. Peeling RWW, Mabey D. Point-of-care tests to reduce the burden of sexually transmitted 
infections. Lancet Infect Dis 2019; 19(6):570–571. [PubMed: 31036512] 

74. Gaydos C, Hardick J. Point of care diagnostics for sexually transmitted infections: perspectives and 
advances. Expert review of anti-infective therapy 2014; 12(6):657–672. [PubMed: 24484215] 

75. Badman SG, Causer LM, Guy R, Tabrizi SN, Francis F, Donovan B, et al. A preliminary evaluation 
of a new GeneXpert (Gx) molecular point-of-care test for the detection of Trichomonas vaginalis. 
Sex Transm Infect 2016; 92(5):350–352. [PubMed: 26702132] 

76. Jacobsson S, Boiko I, Golparian D, Blondeel K, Kiarie J, Toskin I, et al. WHO laboratory 
validation of Xpert((R)) CT/NG and Xpert((R)) TV on the GeneXpert system verifies high 
performances. APMIS 2018; 126(12):907–912. [PubMed: 30456870] 

Stewart et al. Page 10

AIDS. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



77. Causer LM, Guy RJ, Tabrizi SN, Whiley DM, Speers DJ, Ward J, et al. Molecular test for 
chlamydia and gonorrhoea used at point of care in remote primary healthcare settings: a diagnostic 
test evaluation. Sex Transm Infect 2018; 94(5):340–345. [PubMed: 29748180] 

78. Garrett NJ, Osman F, Maharaj B, Naicker N, Gibbs A, Norman E, et al. Beyond syndromic 
management: Opportunities for diagnosis-based treatment of sexually transmitted infections in 
low- and middle-income countries. PLoS One 2018; 13(4):e0196209. [PubMed: 29689080] 

79. Herbst de Cortina S, Bristow CC, Joseph Davey D, Klausner JD. A Systematic Review of Point of 
Care Testing for Chlamydia trachomatis, Neisseria gonorrhoeae, and Trichomonas vaginalis. Infect 
Dis Obstet Gynecol 2016; 2016:4386127. [PubMed: 27313440] 

80. Widdice LE, Hsieh YH, Silver B, Barnes M, Barnes P, Gaydos CA. Performance of the Atlas 
Genetics Rapid Test for Chlamydia trachomatis and Women’s Attitudes Toward Point-Of-Care 
Testing. Sex Transm Dis 2018; 45(11):723–727. [PubMed: 29771869] 

81. Hosenfeld CB, Workowski KA, Berman S, Zaidi A, Dyson J, Mosure D, et al. Repeat infection 
with Chlamydia and gonorrhea among females: a systematic review of the literature. Sex Transm 
Dis 2009; 36(8):478–489. [PubMed: 19617871] 

82. Kissinger P, Brown R, Reed K, Salifou J, Drake A, Farley TA, et al. Effectiveness of patient 
delivered partner medication for preventing recurrent Chlamydia trachomatis. Sex Transm Infect 
1998; 74(5):331–333. [PubMed: 10195027] 

83. Gift TL, Kissinger P, Mohammed H, Leichliter JS, Hogben M, Golden MR. The cost and cost-
effectiveness of expedited partner therapy compared with standard partner referral for the 
treatment of chlamydia or gonorrhea. Sex Transm Dis 2011; 38(11):1067–1073. [PubMed: 
21992986] 

84. Taleghani S, Joseph-Davey D, West SB, Klausner HJ, Wynn A, Klausner JD. Acceptability and 
efficacy of partner notification for curable sexually transmitted infections in sub-Saharan Africa: A 
systematic review. Int J STD AIDS 2019; 30(3):292–303. [PubMed: 30396318] 

85. Steen R, Vuylsteke B, DeCoito T, Ralepeli S, Fehler G, Conley J, et al. Evidence of declining STD 
prevalence in a South African mining community following a core-group intervention. Sex Transm 
Dis 2000; 27(1):1–8. [PubMed: 10654860] 

86. Holmes KK, Johnson DW, Kvale PA, Halverson CW, Keys TF, Martin DH. Impact of a gonorrhea 
control program, including selective mass treatment, in female sex workers. J Infect Dis 1996; 174 
Suppl 2:S230–239. [PubMed: 8843253] 

87. Grosskurth H, Mosha F, Todd J, Mwijarubi E, Klokke A, Senkoro K, et al. Impact of improved 
treatment of sexually transmitted diseases on HIV infection in rural Tanzania: randomised 
controlled trial. Lancet 1995; 346(8974):530–536. [PubMed: 7658778] 

88. Kamali A, Quigley M, Nakiyingi J, Kinsman J, Kengeya-Kayondo J, Gopal R, et al. Syndromic 
management of sexually-transmitted infections and behaviour change interventions on 
transmission of HIV-1 in rural Uganda: a community randomised trial. Lancet 2003; 
361(9358):645–652. [PubMed: 12606175] 

89. Gregson S, Adamson S, Papaya S, Mundondo J, Nyamukapa CA, Mason PR, et al. Impact and 
process evaluation of integrated community and clinic-based HIV-1 control: a cluster-randomised 
trial in eastern Zimbabwe. PLoS Med 2007; 4(3):e102. [PubMed: 17388666] 

90. Wawer MJ, Sewankambo NK, Serwadda D, Quinn TC, Paxton LA, Kiwanuka N, et al. Control of 
sexually transmitted diseases for AIDS prevention in Uganda: a randomised community trial. 
Rakai Project Study Group. Lancet 1999; 353(9152):525–535. [PubMed: 10028980] 

91. Gray RH, Wabwire-Mangen F, Kigozi G, Sewankambo NK, Serwadda D, Moulton LH, et al. 
Randomized trial of presumptive sexually transmitted disease therapy during pregnancy in Rakai, 
Uganda. Am J Obstet Gynecol 2001; 185(5):1209–1217. [PubMed: 11717659] 

92. Steen R, Chersich M, Gerbase A, Neilsen G, Wendland A, Ndowa F, et al. Periodic presumptive 
treatment of curable sexually transmitted infections among sex workers: a systematic review. Aids 
2012; 26(4):437–445. [PubMed: 22095197] 

93. WHO. Periodic presumptive treatment for sexually transmitted infections: experience from the 
field and recommendations for research. In. World Health Organization; 2008.

Stewart et al. Page 11

AIDS. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



94. Golden MR, Handsfield HH. Preexposure prophylaxis to prevent bacterial sexually transmitted 
infections in men who have sex with men. Sex Transm Dis 2015; 42(2):104–106. [PubMed: 
25585070] 

95. Nadelman RB, Nowakowski J, Fish D, Falco RC, Freeman K, McKenna D, et al. Prophylaxis with 
single-dose doxycycline for the prevention of Lyme disease after an Ixodes scapularis tick bite. N 
Engl J Med 2001; 345(2):79–84. [PubMed: 11450675] 

96. Tan KR, Magill AJ, Parise ME, Arguin PM, Centers for Disease C, Prevention. Doxycycline for 
malaria chemoprophylaxis and treatment: report from the CDC expert meeting on malaria 
chemoprophylaxis. Am J Trop Med Hyg 2011; 84(4):517–531. [PubMed: 21460003] 

97. Chusri S, McNeil EB, Hortiwakul T, Charernmak B, Sritrairatchai S, Santimaleeworagun W, et al. 
Single dosage of doxycycline for prophylaxis against leptospiral infection and leptospirosis during 
urban flooding in southern Thailand: a non-randomized controlled trial. J Infect Chemother 2014; 
20(11):709–715. [PubMed: 25172777] 

98. Identifier NCT03980223, Evaluation of Doxycycline Post-exposure Prophylaxis to Reduce 
Sexually Transmitted Infections in PrEP Users and HIV-infected Men Who Have Sex With Men. 
In: ClinicalTrialsgov June 10 ed. Bethesda (MD): National Library of Medicine (US); 2019.

99. Grant JS, Stafylis C, Celum C, Grennan T, Haire B, Kaldor J, et al. Doxycycline prophylaxis for 
bacterial sexually transmitted infections. Clin Infect Dis 2019.

100. Doxycycline PEP for Prevention of Sexually Transmitted Infections Among Kenyan Women 
Using HIV PrEP. In: ClinicalTrialsgov Identifier: NCT04050540. ClinicalTrials.gov; 2019.

101. Raymond EG, Shochet T, Drake JK, Westley E. What some women want? On-demand oral 
contraception. Contraception 2014; 90(2):105–110. [PubMed: 24835831] 

102. Chin-Quee D, L’Engle K, Otterness C. Prospects for coitally-dependent hormonal contraception: 
perspectives from women in urban Kenya and Nigeria. J Fam Plann Reprod Health Care 2014; 
40(3):170–176. [PubMed: 24099978] 

103. Gottlieb SL, Deal CD, Giersing B, Rees H, Bolan G, Johnston C, et al. The global roadmap for 
advancing development of vaccines against sexually transmitted infections: Update and next 
steps. Vaccine 2016; 34(26):2939–2947. [PubMed: 27105564] 

104. Jiao H, Yang H, Zhao D, Chen J, Zhang Q, Liang J, et al. Design and immune characterization of 
a novel Neisseria gonorrhoeae DNA vaccine using bacterial ghosts as vector and adjuvant. 
Vaccine 2018; 36(30):4532–4539. [PubMed: 29914847] 

105. Edwards JL, Jennings MP, Seib KL. Neisseria gonorrhoeae vaccine development: hope on the 
horizon? Curr Opin Infect Dis 2018; 31(3):246–250. [PubMed: 29601324] 

106. Russi RC, Bourdin E, Garcia MI, Veaute CMI. In silico prediction of T- and B-cell epitopes in 
PmpD: First step towards to the design of a Chlamydia trachomatis vaccine. Biomed J 2018; 
41(2):109–117. [PubMed: 29866599] 

107. Hafner LM, Timms P. Development of a Chlamydia trachomatis vaccine for urogenital infections: 
novel tools and new strategies point to bright future prospects. Expert Rev Vaccines 2018; 
17(1):57–69. [PubMed: 29264970] 

108. Identifier NCT03926728, Safety and Immunogenicity of a Chlamydia Vaccine CTH522 
(CHLM-02). In: ClinicalTrialsgov. April 24 ed. Bethesda (MD): National Library of Medicine 
(US); 2019.

109. Beernink PT, Ispasanie E, Lewis LA, Ram S, Moe GR, Granoff DM. A Meningococcal Native 
Outer Membrane Vesicle Vaccine With Attenuated Endotoxin and Overexpressed Factor H 
Binding Protein Elicits Gonococcal Bactericidal Antibodies. J Infect Dis 2019; 219(7):1130–
1137. [PubMed: 30346576] 

110. Sami L, Gottlieb AJ, Sinead Delany-Moretlwe, Carolyn Deal, and Giersing Birgitte K. Advancing 
vaccine development for gonorrhoea and the global sexually transmissible infection vaccine 
roadmap. Sex Health 2019; in press.

111. Stover J, Bollinger L, Izazola JA, Loures L, DeLay P, Ghys PD, et al. What Is Required to End 
the AIDS Epidemic as a Public Health Threat by 2030? The Cost and Impact of the Fast-Track 
Approach. PLoS One 2016; 11(5):e0154893. [PubMed: 27159260] 

Stewart et al. Page 12

AIDS. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://ClinicalTrials.gov


112. Cremin I, McKinnon L, Kimani J, Cherutich P, Gakii G, Muriuki F, et al. PrEP for key 
populations in combination HIV prevention in Nairobi: a mathematical modelling study. Lancet 
HIV 2017; 4(5):e214–e222. [PubMed: 28233660] 

Stewart et al. Page 13

AIDS. Author manuscript; available in PMC 2021 April 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Stewart et al. Page 14

Table 1.

High STI rates among sexually active African women (18 to 25 years old) in three PrEP cohorts

Chlamydia trachomatis Neisseria gonorrhoeae

MTN-020/ASPIRE (n= 2692)
(phase III microbicide trial)

S. Africa, Zimbabwe, Zambia, Malawi and Uganda

Prevalence = 12%
Incidence = 27% per 100 person-years

Prevalence = 4%
Incidence = 11% per 100 person-years

HPTN 082 (n=434)
(PrEP demonstration project)

S. Africa and Zimbabwe

Prevalence = 29%
Incidence = 33% per 100 person-years

Prevalence = 8%
Incidence = 14% per 100 person-years

POWER (n=284)
(PrEP implementation project)

S. Africa and Kenya

Prevalence = 26%
Incidence = 53% per 100 person-years

Prevalence = 10%
Incidence = 20% per 100 person-years

Note: Syphilis prevalence was <2% in these studies, with incidence <5% per 100 person-years – emphasizing that the burden of STIs in this 
population is cervical infections.
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Table 2.

Neisseria gonorrhoeae antimicrobial resistance prevalence in various African countries

Country Cephalosporins Fluoroquinolones Azithromycin Tetracyclines

Ghana45,57 <0.1% 74% 6–30% 100%

Kenya43, 45,55 11% 50% 2% 97%

Madagascar57,58 0.1–5% 71–100% <0.1% 94%

Malawi57 <0.1% 71–100% 6–30% 77%

South Africa44,45,56,57 0.1–5% 69% 6–30% 83%

Uganda45,59 0.1–5% 71–100% 71–100% 97%
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Table 3.

Summary of new intervention opportunities for the prevention of sexually transmitted bacterial infections.

Intervention Potential impact Key evidence

Point-of-care 
testing

Increased access and frequency of 
testing, improved return of results and 
initiation of treatment

A cross-sectional cohort, (n=705)21 found improved case finding and 
management of STIs in Rwandan women with or without symptoms with 
addition of point-of-care STI testing to risk screening algorithm

Expedited partner 
therapy

Secondary prevention through decreased 
reinfection

Two large RCT (n=1787)63 and (n=931)64 in the USA demonstrated a 
reduced risk of reinfection with patient-delivered partner treatment 
compared to referral

Periodic 
presumptive 
treatment

Secondary prevention through increased 
treatment of asymptomatic infections, 
potentially some primary prevention 
benefit with early dosing

A randomized, double-blind trial among Kenyan female sex workers 
(n=341)65 found a reduced incidence of N. gonorrhoeae, C. trachomatis, 
and T. vaginalis with a single monthly azithromycin dose

Doxycycline post-
exposure 
prophylaxis

Primary prevention of C. trachomatis 
and T. pallidum, less for N. gonorrhoeae 
expected given widespread resistance to 
tetracyclines globally

A pilot (n=30)66 of daily doxycycline in HIV+ MSM in USA followed by 
an RCT (n=232)67 of PrEP taking MSM in France, which found significant 
reduction of STIs (C. trachomatis and T. pallidum) with single dose 
doxycycline as post-exposure prophylaxis

STI vaccination Primary prevention, with candidates in 
preclinical and clinical development

One retrospective case-control study (n=14730)68 found 31% reduction in 
gonorrhea following Neisseria meningitidis B vaccine
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Table 4.

Parallels between questions relevant to HIV PrEP and to doxycycline PEP – balancing benefits, risks, and 

costs

PrEP for HIV prevention (circa 2007–2010, with 
some ongoing today) Question Doxycycline PEP for STI prevention (in 2019)

Can PrEP prevent HIV? What about in women? Efficacy Can doxycycline PEP prevent STIs? What about in women?

Is PrEP safe? Is it safe if women become pregnant? 
Does it cause sexual disinhibition? Safety Is doxycycline PEP safe to use? Does it cause sexual 

disinhibition?

Is PrEP an acceptable strategy for at-risk individuals/
populations? Acceptability Is doxycycline PEP an acceptable strategy for at-risk individuals/

populations, particularly African women?

Will women adhere to PrEP? Adherence Will women take doxycycline PEP?

Will HIV resistance develop? Will resistance 
undermine PrEP’s benefits at the population level? Resistance

Will antibiotic resistance develop as a result of doxycycline PEP? 
Will resistance undermine benefits at the population level and 
contribute to growing global antimicrobial resistance?

Is PrEP cost-effective? Is it affordable? Costs What are the costs of doxycycline PEP on top of PrEP? Is it cost-
effective?
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