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ABSTRACT

Objective: To determine the sexually transmitted infection (STI) vaccine research priorities of global lead-
ers in STI vaccine research, development, and service provision.
Methods: Global representatives attending the STI Vaccines: Opportunities for Research, Development, and
Implementation symposium preceding the STI & HIV World Congress in 2019 were invited to complete an
electronic survey. We asked participants to rank items by importance/priority for STI vaccine develop-
ment for the following areas of focus: specific STIs (gonorrhea, chlamydia, syphilis, herpes, and trichomo-
niasis), broad research domains (basic science, funding, communication, program planning, and vaccine
hesitancy), and specific research activities related to these domains. We calculated weighted value scores
based on the ranking (e.g., first, second, third) and the total number of responses in order to produce a
ranked list of the priorities.
Results: A total of 46 out of 97 (44%) symposium attendees responded to the survey. Gonorrhea was iden-
tified as the STI that should be prioritized for vaccine development, followed by syphilis with weighted
value scores of 3.82 and 3.37, respectively, out of a maximum of five. Basic science (and vaccine devel-
opment) was the domain ranked with the highest priority with a weighted value score of 4.78 out of
six. Research activities related to basic science and vaccine development (including pre-clinical and clin-
ical trials, and surveillance measures) and increased funding opportunities were the most highly ranked
activities in the “STI vaccine development” and “research domains and activities” categories.
Conclusion: Global leaders in attendance at the STI Vaccines symposium prioritized continued scientific
work in vaccine development and program planning. Gonorrhea was identified as the highest priority
infection, followed by syphilis.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CCBY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Sexually transmitted infections (STIs) are prevalent across the
globe and contribute to a significant burden of disease for individ-
uals and health care systems, with an estimated one million new
STIs acquired globally every day [1,2]. There is also a dispropor-
tionate burden in low- and middle-income countries (LMICs)
because of limited funding for STI testing, treatment, and surveil-
lance. In turn, this increases the risk of long-term morbidity and
complications associated with STIs, which can also exacerbate risk
and transmission of human immunodeficiency virus (HIV) [3]. Glo-
bal cost estimates for STI screening and treatment were previously
forecasted to be $4 billion dollars by 2021 (including bacterial STIs
and human papillomavirus [HPV], but not HIV). [4] Canadian costs
for screening, treatment, and sequalae of chlamydia and gonorrhea
infections has been modeled to cost over $178 million (in 2000s
CAD; not adjusted for inflation) [5].

Bacterial STIs can lead to varied downstream health conse-
quences, some of which are severe. If left untreated, chlamydia
and gonorrhea infections can lead to complications including pel-
vic inflammatory disease and infertility [3,6,7]. Syphilis infections
can affect any organ or tissue, including the nervous system [6].
In addition, congenital syphilis can have long-term health conse-
quences for a newborn, with possible outcomes including low birth
weight, neurological complications, and fetal demise [2,8]. If
appropriately screened for, detected, and treated, bacterial STIs
have traditionally been manageable and curable; however, due to
the significant threat of antimicrobial resistance (AMR), particu-
larly in gonorrhea, treatment options are becoming limited [9-
11] and new prevention methods are urgently needed. Primary
prevention methods like vaccines are also argued to be cost-
effective when considering health care costs of repeat or unde-
tected infections [12,13].

Currently, prophylactic vaccines are available against two viral
STIs: hepatitis B virus and specific serotypes of HPV. Phase 2 trials
for herpes simplex virus (HSV) candidates have been completed
but none have been approved for use to date [14,15]. For bacterial
STIs, vaccines are in various stages of development. A chlamydia
vaccine candidate has completed phase 1 trials [16], which is the
bacterial STI vaccine with the most progress thus far. Research
involving syphilis vaccine candidates is ongoing, with several
pathogen-specific, protein-based subunit vaccine candidates iden-
tified and being investigated in pre-clinical studies [17-20]. The
meningococcal B vaccine, 4C-MenB is also being investigated for
its possible cross-protection for gonorrhea, due to the close rela-
tionship between the causative organisms [21-23]. Systematically
gathering the perspectives of leaders in STIs and vaccine develop-
ment to summarize and establish priorities for future research and
STI vaccine program implementation and planning can help guide
resource allocation and prioritize STI pathogen-specific research.

The need for STI vaccines as a preventive tool in STI manage-
ment, and to address AMR, catalyzed the assembly of the Sexually
Transmitted Infection Vaccines: Opportunities for Research, Develop-
ment, and Implementation symposium preceding the STI & HIV
World Congress in Vancouver, Canada, in July 2019. Organized by
the Sexually Transmitted Infection Consortium of British Columbia
(STRIVEBC), the goal of the symposium was to gather global
thought leaders and experts in public health, service delivery,
and STI vaccine science to share research updates and open a dia-
logue about the current landscape and direction of STI vaccine
research and development. A full report of the symposium presen-
tations and discussions is available online [24]. The STI vaccine
roadmap [25] was a key influence in organizing the symposium
and developing the contents of this survey. The objective of this
study was to gather key insights from global leaders into STI vac-
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cine research and development priorities that could be beneficial
in reducing the global burden of STIs and their sequelae.

2. Methods
2.1. Setting & population

The STI Vaccines symposium was held July 14, 2019, in Vancou-
ver, Canada as a pre-conference event prior to the STI & HIV World
Congress [26], a joint conference meeting of the International Soci-
ety for Sexually Transmitted Diseases Research (ISSTDR) and the
International Union against Sexually Transmitted Infections
(IUSTI). Symposium attendees included international delegates
from multidisciplinary roles related to STI and HIV prevention,
clinical service provision, vaccinology, and research. Registration
for the symposium was open to all registered delegates of the
conference.

All registered attendees of the symposium were eligible to par-
ticipate in the survey and were emailed a link to the survey prior to
the symposium. The first page of the survey detailed informed con-
sent, where participants were informed that by completing the
survey, they were consenting for their responses to be used in data
analysis. This study was approved by the University of British
Columbia Research Ethics Board (H19-0141).

2.2. Survey distribution & data collection

All study data were collected and managed using REDCap elec-
tronic data capture tools hosted at the University of British Colum-
bia [27,28]. We received contact information from the conference
secretariat for registrants who consented to receive pre-
conference communications. The initial survey invitation was sent
out via email on July 11, 2019. Reminders were sent to non-
responders one and two weeks later. A link to the survey was avail-
able during the symposium, shared via handouts and on a pro-
jected slide during breaks. Accessing the survey via this link did
not require participants to enter any personal information, includ-
ing email addresses. This link was available for those who did not
consent to pre-conference communications or late registrants. This
link was also used to send the survey to symposium presenters and
STRIVEBC members, with reminders sent two and three weeks
after the symposium. The link was used for the presenters and con-
sortium members so that no email addresses were connected to
responses from these groups.

2.3. Survey contents

After completing demographic information (age, gender, occu-
pation, region and setting of work), participants ranked specific
STIs (gonorrhea, chlamydia, syphilis, herpes, and trichomoniasis),
broader domains of research, and specific activities related to each
domain. The content of the survey was derived from the content
areas in the STI vaccine roadmap developed by the World Health
Organization (WHO) [25], and supplemented by input from key
researchers in the field who were part of the study team. Partici-
pants were then asked to rank the top three specific activities they
thought should receive priority in basic science, pre-clinical and
clinical development (including activities around vaccine develop-
ment, dosing, target product profiles, clinical trials, and surveil-
lance and screening), funding (research grants, cost to the public,
government subsidies, fundraising), program planning (immuniza-
tion schedules, treatment protocols, health economics modelling,
optimal and efficient vaccine program rollout, determining which
governmental sector STI vaccines fall under [STI prevention and
control vs. immunization]), communication (information dissemi-
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nation, public vs. health care providers, the impact of social media),
and vaccine hesitancy (understanding of, the impact of, and strate-
gies to address vaccine hesitancy). Broad domains were ranked in
order of importance and all activities within the domains were
ranked. For specific activities, the top three items in each category
were ranked, so that only the items within each category were
rated in comparison to each other, and not across all activities pre-
sented. All questions included the opportunity for participants to
include comments for additional domains or activities. We asked
participants to consider the infections listed and exclude HIV from
their considerations in this activity, which aligns with the WHO STI
priorities [3]. A copy of the survey is available in Supplementary
File 1.

2.4. Data analysis

Identifying information (email addresses, location metadata)
was removed before exporting the study data from the REDCap
online platform. All data cleaning and analyses were performed
in SAS version 9.4 (SAS Institute, Cary NC). Demographic character-
istics were analyzed using descriptive statistics. We performed
weighted value calculations to generate scores for each ranked sur-
vey item. These were grouped into STI infections, broad research
domains, and specific research activities. The weighted value cal-
culation is:

(x1W1 + XaW5 + - - - + X, Wy ) /(total response count)

where x is the response count for the survey item (e.g., each infec-
tion) and w is the weight for the ranked position (counted in the
inverse of the ranked position; e.g., if a participant ranked an infec-
tion as their first choice, it was assigned the weighted value of five
to give that score the highest value in comparison to the other infec-
tions. Their second and third choices would be assigned a weighted
value of four and three, respectively). The total response count is
the number of responses per line (this is because in the activities
section, there were more options than ranks available to be
assigned, so that each item has a different total frequency of
responses) [29]. The weighted value calculation was used to
account for the varied number of responses per research activity,
as participants were forced to choose their top three, and therefore,
the total count per line (i.e., activity) is not consistent through all
activities.

3. Results

We sent 97 survey invitations and received 46 responses for a
response rate of 44%. Comparison between respondents and non-
respondents is not available, as all survey responses were anon-
ymized, with email addresses and date stamps removed before
analyses, and we did not have access to additional demographic
data for symposium registrants. Descriptive results of survey
respondents are presented in Table 1. Most participants identified
as female, and worked as public health professionals, clinicians, or
researchers in high income settings (Europe, North America).

3.1. Infection priorities

Gonorrhea ranked highest as the primary infection to be prior-
itized for STI vaccine research with a weighted value score of 3.82
out of 5.00. Syphilis and herpes followed, with scores of 3.37 and
3.17, respectively (Fig. 1). The proportions of respondents who
ranked the infections as their first priority were 37.8% for gonor-
rhea, 18.6% for syphilis, 19.0% for herpes, 14.0% for chlamydia,
and 7.5% for trichomoniasis.
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Table 1

Characteristics of survey respondents (n = 46).
Category n (%)
Occupation
Public health professionals and clinicians 17 (37.0)
Academic researchers and professionals 15 (32.6)
Trainees, post-docs, or students 8(17.4)
Government, granting, or non-profit affiliations or funding 4 (8.7)

agencies, government affiliations
Pharmaceutical industry leaders and researchers 2 (4.4)
Age
18-29 years old 7 (15.2)
30-39 years old 15 (32.6)
40-49 years old 9(19.6)
50-59 years old 9(19.6)
60 + years old 6 (13.0)
Gender
Female 34 (73.9)
Male 12 (26.1)
Region of work
North America, Europe, Australia 35(76.1)
South America, Middle East, Northern Africa, West/Central Africa, 6 (13.0)
South/East Africa

Asia, South Asia, Pacific Islands 5(10.9)
Income setting of work?
High income settings 23 (50.0)
Upper-middle income settings 5(10.1)
Lower-middle income settings 11 (23.9)
Low income settings 7 (15.2)

2 Income setting for work locations are as defined by the World Bank and World
Health Organization.

3.2. STI development domains and activities

Out of the five broad categories presented, participants were
asked to rank the categories presented in Fig. 2. The categories “ba-
sic science and, pre-clinical and clinical development”, followed by
“funding” were identified as top priorities.

Following the ranking of these research domains, participants
ranked the top three individual activities within each domain.
The top five overall research activities are presented in Fig. 3.
The full table of all ranked activities can be found in the Supple-
mentary File 2. Basic science, pre-clinical and clinical development
activities, including trials for vaccine development, were ranked as
the highest priority activity, followed by increasing funding oppor-
tunities specific to STI vaccine research. Other key activities iden-
tified as priorities were to develop interventions that address
vaccine hesitancy and to make reports and evidence available to
governments to encourage STI vaccine program implementation
(Fig. 3).

4. Discussion

Vaccinations against STIs offer real promise on the road to con-
trol and ultimately eradicate STIs. Understanding the priorities of
scientists and policy makers can help catalyze action, funding,
and policy in this dynamic field. The results of this survey, com-
pleted by experts in the field of STIs and vaccines, indicate that
gonorrhea is the disease that should receive priority for primary
prevention via an STI vaccine when compared to other infections.
This aligns with messaging from other groups of health researchers
and policy makers who advocate for gonococcal vaccine develop-
ment due to increasing AMR, and repeat infections [11,30]. Despite
decades of research, an effective vaccine to prevent gonococcal
infections has not yet been developed. This is in part attributed
to mutations of the organism and its protein structures, which
impacts a vaccines effectiveness when components of the vaccine
are developed to target specific protein complexes that then
mutate, rendering the vaccine less or ineffective against the patho-
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Fig. 1. Weighted value scores of ranked infections compared with the proportion of participants who ranked each infection as their first priority.
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Fig. 2. Weighted value scores for general domains related to STI vaccine research and development compared with the proportion of participants who ranked each domain as

their first priority.

gen [31]. This is further complicated by the inability of the human
immune system to generate natural immunity to the pathogen,
leading to repeat infections of the same strain of bacteria [31].
Mouse models have provided some insights into pathogenicity,
but long-term human trials to investigate long term gonorrhea
infections are not ethically possible [31]. Current research is look-
ing at the possibility of cross-protection for gonorrhea via the
meningococcal B vaccine, 4C-MenB. Two observational studies
have reported decreased gonorrhea rates in the general population
after campaigns of 4C-MenB vaccine, which was an unexpected
outcome of the 4C-MenB vaccination program [21,22]. The poten-
tial for cross-protection arises because of the close relationship
between Neisseria gonorrhoeae (the causative agent of gonorrhea)
and Neisseria meningitidis, including the presence of some of the
4C-MenB vaccine proteins in N. gonorrhoeae [23]. Due to the find-
ings of these observational studies, clinical trials in the United

States have begun at the University of North Carolina [32], and
National Institutes of Health funding has been announced for a sec-
ond clinical trial to be conducted by the University of Alabama [33]
in order to investigate the efficacy of using the 4C-MenB vaccine as
a preventive vaccine for gonorrhea infections.

This survey assessed priorities across five broad research and
development domains and activities. The results spanning these
different domains demonstrate that concurrent research and plan-
ning efforts across several areas of STI vaccine development is nec-
essary to drive STI vaccine development forward. The results of our
survey illustrated that several areas of STI vaccine development,
including continued pre-clinical and clinical work, increasing fund-
ing opportunities, and communication with government will need
to be considered synchronously. Although these scores do not vary
greatly, and are not necessarily surprising, the results illustrate
there is a need across all domains to further advance STI vaccine
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Fig. 3. Weighted value scores of specific STI vaccine research and development activities (top five overall activities).

research for development and implementation. The COVID-19 pan-
demic has clearly demonstrated that when there is a perceived and
wide-reaching need for vaccinations, research and development
through clinical trials is catalyzed. An influx of funding fueled clin-
ical trials through their stages, leading to a marketable vaccine
within one year of the pandemic’s emergence [34].

Respondents identified continued scientific efforts to develop
STI vaccines and increasing opportunities for STI vaccine-specific
funding as the top two activities (Fig. 2). However, the scores
across research domains and more specific activities indicate that
there was not one clear area identified by the respondents that
should be focused upon as a priority. Instead, our findings indicate
these elements of STI vaccine development may need to be concur-
rently explored. Two pathogens that provide context to the impor-
tance of continued dedication in these areas are syphilis and HSV.
Currently, there are several syphilis vaccine candidates in the pre-
clinical stage of development [17-20]. Continued funding is
needed to ensure that vaccine candidates showing promise in
pre-clinical studies progress to a phase 1 clinical trial. This is espe-
cially vital with so few researchers working on developing a vac-
cine for this pathogen. For HSV, therapeutic vaccines (for those
who have already been infected) have shown promising effects
on the reduction of viral shedding, symptoms, and transmission
between partners in phase 1 and 2 trials [14,15,35]. WHO preferred
product characteristics for both therapeutic and preventive HSV
vaccines were released in 2019 [36], but continued funding sup-
port is needed to progress the clinical development of these
vaccines.

In addition to the support for basic science and increased fund-
ing to further research on promising STI vaccine candidates, survey
respondents identified the need to understand and address vaccine
hesitancy, specifically the development of interventions to address
vaccine hesitancy in different populations as the third highest
ranked research activity (Fig. 3). Highlighting the urgency of this
issue, the WHO named vaccine hesitancy as one of the top threats
to global health in 2019 [37]. Understanding what fuels and drives
vaccine hesitancy is critical: vaccine hesitancy is a complex issue,
and reasons for vaccine hesitancy are heterogeneous within and

across populations. Based on experience with hepatitis B and
HPV vaccines, there will likely be barriers to other STI vaccine pro-
grams, and addressing these will be of critical importance [38]. A
message well received with the HPV vaccine was cancer preven-
tion [39]. Future STI vaccines could use messaging that highlights
the benefits of STl immunization to overall sexual and reproductive
health, as well as fertility, and the decreased need for frequent
diagnostic screening and medication to treat repeat infections. It
is essential that communication and public engagement occur
before vaccine implementation to increase acceptance and uptake.
Communication strategies used should also address the spread of
misinformation in the media by using engaging and factual scien-
tific communication. Our results demonstrate that experts working
in STI vaccine development see the importance of addressing STI
vaccine implementation considerations during all stages of the
vaccine development timeline.

4.1. Limitations

While these results include the input of international leaders
from different organizations, this was a convenience sample of
those attending the symposium. There are other researchers con-
tributing to this work globally who were not present. Less than half
of invited participants completed the survey, but as we did not
have information beyond contact emails for those who did not
complete the survey, we are unable to compare the characteristics
of the symposium attendees who participated in the survey and
those who did not. Additionally, the public link used to collect
responses on the day of the symposium does not allow us to com-
pare the demographics of those who were present, but chose not to
complete the survey (as the symposium was open to all Congress
attendees, regardless if they were previously registered or not).
Half of the respondents indicated that they work in high-income
settings, so further discussions in LMICs are necessary to ensure
that any STI vaccine and associated implementation program
developed is done with that region’s specific needs and capacity
in mind. Unequal attendance at academic conferences has been
documented. A recent systematic review by Velin and colleagues
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demonstrated that those from LMICs looking to attend global
health conferences faced inequities related to cost, visas, and lim-
ited speaking opportunities that were less commonly encountered
by attendees from HICs [40]. Given these limitations, the general-
izability of the results may be limited.

The sample size of the survey was small, limiting the available
power for further statistical analysis. The opinions and priorities of
this group of experts may not be representative of a broader net-
work who are involved in STI vaccine research. The weighted value
scoring of the specific activities was completed in comparison with
other activities in those categories (i.e., all basic science activities
were initially compared with other basic science activities to pro-
duce the score provided). It is possible that if all research activities
were presented in one list, and then subsequently ranked, the
resulting scores would be different based on participant’s percep-
tions of the activities related to one another.

5. Conclusion

Despite available screening and treatment options, there are
still one million new STIs every day around the world [1]. Vaccines
as a primary prevention method for STIs are a promising tool to
help control the spread of these infections, reduce the burden of
disease, and reduce costs associated with subsequent treatment.
Dedicated efforts and funding are needed to continue advancing
the science and the associated program planning and development
for STI vaccines. Experts in clinical sciences, program implementa-
tion, and knowledge translation will benefit from continued collab-
oration in this growing and important field. Dedicated symposia
and working groups are valuable tools to continue moving this crit-
ical research forward. The priorities presented here, as identified
by this group of leading researchers, policy makers, and service
providers, should be noted by other public health leaders, funding
bodies, and governments. Coordinated efforts and planning should
be maintained to prepare for the use of these vaccines as they
become available. Overall, these findings contribute broadly to
STI vaccine development and can be used to elevate research prior-
ities going forward.

Declaration of Competing Interest

The authors declare the following financial interests/personal
relationships which may be considered as potential competing
interests: GO, LWS, RD, CC, JAB, MS, CSR, TG, MN are members of
the STRIVEBC consortium. The core team who completed the data
analysis and interpretation of results (KP, RD, LS, GO) did not com-
plete the survey. MS is supported via salary awards from the BC
Children’s Hospital Foundation, the Canadian Child Health Clinician
Scientist Program and the Michael Smith Foundation for Health
Research. MS has been an investigator on projects funded by Pfizer,
Merck, VBI Vaccines, Seqirus, Sanofi-Pasteur and GlaxoSmithKline.
All funds have been paid to his institute, and he has not received
any personal payments. RD has received fellowships from the Cana-
dian Immunization Research Network and Michael Smith Founda-
tion for Health Research. CSR received a fellowship from Michael
Smith Foundation for Health Research. All other authors have no
competing interests.

Acknowledgements

We would like to thank the STI & HIV 2019 World Congress for
the time and space to host this symposium, and for allowing the
survey to be distributed. Additional thanks to the symposium
attendees for completing this survey.

Vaccine: X 8 (2021) 100107
Contributions

GO conceived the study. All authors provided feedback on the
survey used. KP and AM prepared the surveys for administration
and data collection. KP and RD performed the data analysis. KP
wrote the first draft of the manuscript. All authors provided critical
revisions.

Funding

The University of British Columbia has provided operating
funds for the STRIVEBC consortium. STRIVEBC received a Institute
Community Support grant from CIHR Institute for Infection and
Immunity to host the STI Vaccines symposium. CIHR was not
involved in the design, data collection, or analysis of this work.

Appendix A. Supplementary material

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.jvacx.2021.100107.

References

[1] Rowley ], Vander Hoorn S, Korenromp E, Low N, Unemo M, Abu-Radded L],
et al. Chlamydia, gonorrhoea, trichomoniasis and syphilis: global prevalence
and incidence estimates, 2016. Bulletin of the World Health Organization;
2019.

[2] Report on global sexually transmitted infection surveillance 2015. Geneva,
Switzerland: World Health Organization; 2016.

[3] Global health sector strategy on sexually transmitted infections 2016-2021 -
Towards ending STIs. Geneva, Switzerland: World Health Organization; 2016.

[4] Korenromp EL, Wi T, Resch S, Stover |, Broutet N. Costing of national STI
program implementation for the global STI control strategy for the health
sector, 2016-2021. PLoS ONE 2017;12(1):e0170773.

[5] Smylie L, Lau P, Lerch R, Kennedy C, Bennett R, Clarke B, et al. The economic
burden of chlamydia and gonorrhea in Canada. Sexually Transmitted Infect
2011;87(1):A156.

[6] Canadian guidelines on sexually transmitted infections. Ottawa, ON: Expert
working group for the Canadian Guidelines on Sexually Transmitted Infections,
Public Health Agency of Canada; 2008. Contract No.: HP40-1/2010E-PDF.

[7] Report on sexually transmitted infections in Canada: 2013-2014. Centre for
Communicable Diseases and Infection Control, Infectious Disease Prevention
and Control Branch, Public Health Agency of Canada; 2017.

[8] Global strategy for the prevention and control of sexually transmitted
infections: 2006-2015. Geneva, Switzerland: World Health Organization;
2007.

[9] Kirkcaldy RD, Bolan GA, Wasserheit JN. Cephalosporin-resistant gonorrhea in
North America. JAMA 2013;309(2):185-7.

[10] Global action plan to control the spread and impact of antimicrobial resistance
in Neisseria gonorrhoeae. Geneva, Switzerland: World Health Organization;
2012.

[11] Wetzler LM, Feavers IM, Gray-Owen SD, Jerse AE, Rice PA, Deal CD. Summary
and recommendations from the National Institute of Allergy and Infectious
Diseases (NIAID) workshop “Gonorrhea vaccines: the way forward”. Clin
Vaccine Immunol 2016;23(8):656-63.

[12] Owusu-Edusei K, Chesson HW, Gift TL, Brunham RC, Bolan G. Cost-
effectiveness of Chlamydia vaccination programs for young women. Emerg
Infect Dis 2015;21(6):960-8.

[13] Garnett GP. The theoretical impact and cost-effectiveness of vaccines that
protect against sexually transmitted infections and disease. Vaccine 2014;32
(14):1536-42.

[14] Bernstein DI, Wald A, Warren T, Fife K, Tyring S, Lee P, et al. Therapeutic
vaccine for genital herpes simplex virus-2 infection: findings from a
randomized trial. ] Infect Dis 2017;215(6):856-64. , https://www.ncbi.nlm.
nih.gov/pubmed/28329211.

[15] Van Wagoner N, Fife K, Leone PA, Bernstein DI, Warren T, Panther L, et al.
Effects of different doses of GEN-003, a therapeutic vaccine for genital herpes
simplex virus-2, on viral shedding and lesions: Results of a randomized
placebo-controlled trial. ] Infect Dis 2018;218(12):1890-9.

[16] Abraham S, Juel HB, Bang P, Cheeseman HM, B DR, Cole T, et al. Safety and
immunogenicity of the chlamydia vaccine candidate CTH522 adjuvanted with
CAFO1 liposomes or aluminum hydroxide: a first-in-human, randomised,
double-blind, placebo-controlled, phase 1 trial. Lancet Infect Dis 2019.

[17] Centurion-Lara A, Castro C, Barrett L, Cameron C, Mostowfi M, Van Voorhis WC,
et al. Treponema pallidum major sheath protein homologue Tpr K is a target of
opsonic antibody and the protective immune response. ] Exp Med 1999;189
(4):647-56.


https://doi.org/10.1016/j.jvacx.2021.100107
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0020
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0020
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0020
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0025
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0025
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0025
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0045
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0045
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0055
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0055
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0055
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0055
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0055
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0060
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0060
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0060
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0065
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0065
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0065
https://www.ncbi.nlm.nih.gov/pubmed/28329211
https://www.ncbi.nlm.nih.gov/pubmed/28329211
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0075
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0075
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0075
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0075
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0085
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0085
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0085
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0085

K.M. Plotnikoff, R. Donken, L. Smith et al.

[18] Desrosiers DC, Anand A, Luthra A, Dunham-Ems SM, LeDoyt M, Cummings MA,
et al. TP0326, a Treponema pallidum B-barrel assembly machinery A (BamA)
orthologue and rare outer membrane protein. Mol Microbiol 2011;80
(6):1496-515.

[19] Kao WA, Pétrosova H, Ebady R, Lithgow KV, Rojas P, Zhang Y, et al.
Identification of Tp0751 (Pallilysin) as a Treponema pallidum vascular
adhesin by heterologous expression in the Lyme disease spirochete. Sci Rep
2017;7(1):1538.

[20] Lithgow KV, Hof R, Wetherell C, Phillips D, Houston S, Cameron CE. A defined
syphilis vaccine candidate inhibits dissemination of Treponema pallidum
subspecies pallidum. Nat Commun 2017;8:14273.

[21] De Serres G, Gariépy MC, Billard MN, Rouleau I Initial dose of a
multicomponent serogroup B Meningococcal vaccine in the Saguenay-Lac-
Saint-Jean region, Québec, Canada: an interim safety surveillance report.
Gouvernement du Québec; 2014. Contract No.: ISBN: 978-2-550-71653-2.

[22] Petousis-Harris H, Paynter ], 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):1603-10.

[23] Semchenko EA, Tan A, Borrow R, Seib KL. The serogroup B meningococcal
vaccine Bexsero elicits antibodies to Neisseria gonorrhoeae. Clin Infect Dis
2018.

[24] Sexually Transmitted Infection Vaccines: Opportunities for Development,
Research, and Implementation Symposium Report. Vancouver, Canada:
Sexually Transmitted Infection Vaccines Consortium (STRIVEBC); 2020.
[Available from: https://www.strivebc.org/publications-and-resources].

[25] Broutet N, Fruth U, Deal C, Gottlieb SL, Rees H. Vaccines against sexually
transmitted infections: the way forward. Vaccine 2014;32(14):1630-7.

[26] STI & HIV 2019 World Congress 2019 [Available from: http://
stihiv2019vancouver.com/].

[27] Harris PA, Taylor R, Thielke R, Payne ], Gonzalez N, Conde ]JG. Research
electronic data capture (REDCap) - a metadata-driven methodology and
workflow process for providing translational research informatics support. J
Biomed Inform 2009;42(2):377-81.

[28] Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O'Neal L, et al. The
REDCap consortium: Building an international community of software
platform partners. ] Biomed Inform 2019;95:103208.

Vaccine: X 8 (2021) 100107

[29] Upton G, Cook I. Weighted average (weighted mean) in A dictionary of
statistics. 3rd ed. Oxford, UK: Oxford University Press; 2014. p. 456.

[30] Gottlieb SL, Jerse AE, Delany-Moretlwe S, Deal C, Giersing BK. Advancing
vaccine development for gonorrhoea and the Global STI Vaccine Roadmap. Sex
Health 2019.

[31] Russell MW, Jerse AE, Gray-Owen SD. Progress toward a gonococcal vaccine:
the way forward. Front Immunol 2019;10:2417.

[32] Cg. Study to assess gonorrhoeae immune responses induced by a N.
Meningitidis vaccine (4CMenB). Identifier: NCT04094883. Bethesda, MD:
National Library of Medicine (US); 2019 [Available from:
https://clinicaltrials.gov/ct2/show/NCT04094883?term=bexsero&cond=
Gonorrhea&centry=US&draw=1&rank=1].

[33] Koplon S. NIH study to explore vaccine for gonorrhea prevention: UAB News;
23 Oct 2019 [Available from: https://www.uab.edu/news/health/item/10852-
nih-study-to-explore-vaccine-for-gonorrhea-prevention].

[34] Ball P. What the lightning-fast quest for COVID vaccines means for other
diseases. Nature 2021;589:16-8.

[35] Bernstein DI, Flechtner JB, McNeil LK, Heineman T, Oliphant T, Tasker S, et al.
Therapeutic HSV-2 vaccine decreases recurrent virus shedding and recurrent
genital herpes disease. Vaccine 2019;37(26):3443-50.

[36] WHO preferred product characteristics for herpes simplex virus vaccines.
Switzerland: World Health Organization; 2019.

[37] Ten threats to global health in 2019: World Health Organization; 2019.

[38] Jarrett C, Wilson R, Oeary M, Eckersberger E, Larson HJ, Hesitancy SWGoV.
Strategies for addressing vaccine hesitancy - a systematic review. Vaccine
2015;33(34):4180-90.

[39] Ogilvie G, Anderson M, Marra F, McNeil S, Pielak K, Dawar M, et al. A
population-based evaluation of a publicly funded, school-based HPV vaccine
program in British Columbia, Canada: parental factors associated with HPV
vaccine receipt. PLoS Med 2010;7(5):e1000270.

[40] Velin L, Lartigue JW, Johnson SA, Zorigtbaatar A, Kanmounye US, Truche P,
et al. Conference equity in global health: a systematic review of factors
impacting LMIC representation at global health conferences. BM] Glob Health
2021;6(1).


http://refhub.elsevier.com/S2590-1362(21)00024-3/h0090
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0090
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0090
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0090
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0095
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0095
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0095
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0095
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0100
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0100
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0100
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0110
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0110
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0110
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0110
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0115
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0115
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0115
https://www.strivebc.org/publications-and-resources
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0125
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0125
http://stihiv2019vancouver.com/]
http://stihiv2019vancouver.com/]
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0135
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0135
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0135
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0135
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0140
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0140
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0140
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0145
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0145
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0150
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0150
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0150
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0155
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0155
https://clinicaltrials.gov/ct2/show/NCT04094883%3fterm%3dbexsero%26cond%3dGonorrhea%26cntry%3dUS%26draw%3d1%26rank%3d1
https://clinicaltrials.gov/ct2/show/NCT04094883%3fterm%3dbexsero%26cond%3dGonorrhea%26cntry%3dUS%26draw%3d1%26rank%3d1
https://www.uab.edu/news/health/item/10852-nih-study-to-explore-vaccine-for-gonorrhea-prevention
https://www.uab.edu/news/health/item/10852-nih-study-to-explore-vaccine-for-gonorrhea-prevention
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0170
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0170
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0175
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0175
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0175
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0190
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0190
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0190
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0195
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0195
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0195
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0195
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0200
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0200
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0200
http://refhub.elsevier.com/S2590-1362(21)00024-3/h0200

	Priorities for sexually transmitted infection vaccine research and development: Results from a survey of global leaders and representatives
	1 Introduction
	2 Methods
	2.1 Setting & population
	2.2 Survey distribution & data collection
	2.3 Survey contents
	2.4 Data analysis

	3 Results
	3.1 Infection priorities
	3.2 STI development domains and activities

	4 Discussion
	4.1 Limitations

	5 Conclusion
	Declaration of Competing Interest
	ack15
	Acknowledgements
	Contributions
	Funding
	Appendix A Supplementary material
	References


