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ABSTRACT
Introduction A prototype lateral flow device detecting 
cytokine biomarkers interleukin (IL)- 1α and IL- 1β has 
been developed as a point- of- care test—called the 
Genital InFlammation Test (GIFT)—for detecting genital 
inflammation associated with sexually transmitted 
infections (STIs) and/or bacterial vaginosis (BV) in women. 
In this paper, we describe the rationale and design for 
studies that will be conducted in South Africa, Zimbabwe 
and Madagascar to evaluate the performance of GIFT and 
how it could be integrated into routine care.
Methods and analysis We will conduct a prospective, 
multidisciplinary, multicentre, cross- sectional and 
observational clinical study comprising two distinct 
components: a biomedical (‘diagnostic study’) and a 
qualitative, modelling and economic (‘an integration into 
care study’) part. The diagnostic study aims to evaluate 
GIFT’s performance in identifying asymptomatic women 
with discharge- causing STIs (Chlamydia trachomatis (CT), 
Neisseria gonorrhoeae (NG), Trichomonas vaginalis (TV) and 
Mycoplasma genitalium (MG)) and BV. Study participants 
will be recruited from women attending research sites 
and family planning services. Several vaginal swabs will 
be collected for the evaluation of cytokine concentrations 
(ELISA), STIs (nucleic acid amplification tests), BV (Nugent 

score) and vaginal microbiome characteristics (16S rRNA 
gene sequencing). The first collected vaginal swab will be 
used for the GIFT assay which will be performed in parallel 
by a healthcare worker in the clinic near the participant, and 
by a technician in the laboratory. The integration into care 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ A multicountry evaluation of a new low- cost, rapid 
point- of- care (POC) test detecting vaginal inflam-
mation to be conducted in three Sub- Saharan coun-
tries characterised by different sexually transmitted 
infection (STI)/bacterial vaginosis contexts.

 ⇒ Multidisciplinary approach, including social science, 
economic analysis and machine learning to inform 
how the GIFT device could be integrated into STI 
management algorithms for women.

 ⇒ The budget does not permit STI diagnosis using POC 
nucleic acid amplification testing in Madagascar, in 
contrast to South Africa and Zimbabwe, leading to 
delays in delivering the diagnostic results and pro-
viding treatment to the Malagasy study participants.

 ⇒ The user evaluation of the GIFT device does not in-
clude the evaluation nor quality assessment of the 
specimen extraction method.
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study aims to explore how GIFT could be integrated into routine care. Four 
activities will be conducted: user experiences and/or perceptions of the GIFT 
device involving qualitative focus group discussions and in- depth interviews 
with key stakeholders; discrete choice experiments; development of a 
decision tree classification algorithm; and economic evaluation of defined 
management algorithms.
Ethics and dissemination Findings will be reported to participants, 
collaborators and local government for the three sites, presented at 
national and international conferences, and disseminated in peer- 
reviewed publications.
The protocol and all study documents such as informed consent forms 
were reviewed and approved by the University of Cape Town Human 
Research Ethics Committee (HREC reference 366/2022), Medical 
Research Council of Zimbabwe (MRCZ/A/2966), Comité d’Ethique pour la 
Recherche Biomédicale de Madagascar (N° 143 MNSAP/SG/AMM/CERBM) 
and the London School of Hygiene and Tropical Medicine ethics committee 
(LSHTM reference 28046).
Before the start, this study was submitted to the  Clinicaltrials. gov public 
registry (NCT05723484).
Trial registration number NCT05723484.

INTRODUCTION
Sexually transmitted infections (STIs) continue to pose 
a significant health challenge globally, with over one 
million new cases reported daily. In 2020, approximately 
377 million new cases of the four most common STIs (Chla-
mydia trachomatis (CT), Neisseria gonorrhoeae (NG), syphilis 
and Trichomonas vaginalis (TV)) were documented, with 
over 70% occurring in low- income and middle- income 
countries (LMICs), particularly in Sub- Saharan Africa 
and Latin America.1

STIs impact women more than men, as women endure 
long- lasting consequences. Additionally, women are 
more susceptible to STIs than men due to anatomical 
and immunological differences.2 3 The composition of 
the vaginal microbiome also plays a crucial role in sexual 
and reproductive health. Optimal vaginal microbiota, 
predominantly composed of Lactobacillus species, main-
tains an acidic pH, sustaining the vaginal epithelial barri-
er’s integrity and preventing pathogen colonisation and 
invasion. However, various genetic, behavioural and envi-
ronmental factors can modulate this microbial composi-
tion and lead to bacterial vaginosis (BV) characterised by 
a decrease in protective Lactobacillus species along with an 
increase in bacterial diversity and vaginal pH.4–9

BV remains a persistent public health issue, with preva-
lences ranging from 20% to 30% globally, and higher rates 
observed in black populations compared with Caucasian 
or Asian populations.4 6 10 In Sub- Saharan African popula-
tions, prevalences are notably high (around 33%).10

Both STIs and BV induce elevated genital inflamma-
tion, marked by increased local production of proin-
flammatory cytokines and chemokines, irrespective of 
symptoms.7 11–15 Studies in Sub- Saharan African women 
cohorts have shown that common STIs such as CT, NG 
and TV significantly and consistently increased the 
concentrations of key genital tract cytokine biomarkers, 
including interleukin (IL)- 1α and IL- 1β.14 16 17 BV caused 
similar changes in these cytokine biomarkers, although 

was also shown to be associated with lower concentrations 
of the chemokine interferon-γ-induced protein of 10 kDa 
(IP- 10).12 18 19 Genital inflammation caused by STIs and 
BV has in turn been associated with increased risk for 
the acquisition of other STIs, including HIV- 1.20–25 This 
is particularly concerning in Sub- Saharan African coun-
tries, where a significant proportion of new HIV- 1 infec-
tions occur. The HIV- 1 prevalence among adults (15–49 
years) was estimated at 17.8% and 11% in South Africa 
and Zimbabwe, respectively in 2022. Women are dispro-
portionally affected by HIV than men, with young women 
(15–24 years) particularly vulnerable with prevalence 
rates estimated at 8.7% and 4.4% in South Africa and 
Zimbabwe, respectively.26

Both STIs and BV are also associated with other serious 
sexual and reproductive health complications, such as 
pelvic inflammatory disease which can lead to infertility 
and ectopic pregnancy and adversely affect a woman’s 
reproductive plans. For prevalent bacterial STIs and BV, 
intrauterine infection and/or vertical transmission to the 
unborn child or during birth can result in adverse preg-
nancy and birth outcomes, including preterm delivery, 
maternal and neonatal sepsis, low birth weight, pneu-
monia and conjunctivitis in the newborn.3 27

Despite the high prevalence of STIs and BV and their 
frequently asymptomatic nature, syndromic approaches 
remain the mainstay of management in LMICs.28 Imme-
diate testing and results delivery are crucial to facilitate 
prompt diagnosis and accurate treatment, reducing both 
STI transmission and infection progression.29–31 Conse-
quently, the inclusion of point- of- care (POC) tests has 
been highly recommended for the management of symp-
tomatic STIs.28 Recently, nucleic acid amplification- based 
near- patient STI diagnostics have become available,32 33 
but none of them fulfils the REASSURED (including user- 
friendly, rapid, robust, equipment- free and deliverable to 
end- users) criteria set out by WHO for POC tests.34

Genital inflammation has been associated with a signifi-
cantly increased risk of HIV acquisition in women and 
the presence of STIs driving this inflammation has been 
well- described among South African women.11 16 22 25 
To address the need for POC tests to improve STI/BV 
management for women in LMICs, Masson et al have 
focused on developing a POC lateral flow test to detect 
a combination of inflammation biomarkers (IL- 1α, IL- 1β 
and IP- 10), measured in lateral vaginal wall swabs, to 
improve BV and STI case finding in women compared 
with clinical signs.20 This Genital InFlammation Test 
(GIFT) screening tool aims to improve case detection to 
help identify women at increased risk of HIV infection 
and to enhance the sexual and reproductive health of 
women in countries where only syndromic management 
is available.

This study protocol outlines a study to be conducted 
in three countries (South Africa, Zimbabwe and Mada-
gascar) to evaluate the performance of the first- in- field 
GIFT prototype device and explore possible routes for 
integration into routine care.
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Purpose and study objectives
This multidisciplinary, cross- sectional, prospective and 
multicentric study has two distinctive substudies, a diag-
nostic evaluation and an integration into care study. Each 
sub- study has several objectives (table 1).

The diagnostic study aims to evaluate the performance 
of GIFT in identifying women with inflammatory STIs 
(including CT, NG, TV and MG) and BV and who may, 
therefore, be at higher risk of STI and HIV infection 
and potential reproductive complications. Syndromic 
management in the absence of any diagnostic testing 
misses all asymptomatic reproductive tract infections 
by definition, and GIFT may detect the presence of 
asymptomatic subclinical inflammation. Syndromic 
management guidelines currently call for women with 
cervicovaginal discharge to be treated for all reproduc-
tive tract infections that might cause such discharge, but 
studies have shown that a substantial proportion of these 
women do not have any infection.29 In this scenario, 
GIFT may prevent overtreatment of symptomatic women 
without infection.

The primary objective is to assess the sensitivity and 
specificity of the GIFT device at the point- of- care in 
non- pregnant sexually active women aged 18–35 years 

accessing family planning services in South Africa, 
Zimbabwe and Madagascar against nucleic acid amplifi-
cation tests (NAATs) for CT, NG, TV and MG plus BV by 
Nugent scoring (table 1). Secondary objectives include 
assessing the device’s predictive values; assessing perfor-
mance in each country separately; assessing perfor-
mance against syndromic management; assessing 
test reproducibility by comparing clinician- read and 
laboratory- read results (visual reading vs automated 
reader); and setting the device’s concentration cut- offs 
against gold standard cytokine concentrations (deter-
mined by ELISA).

The integrative part of the study aims to explore the 
feasibility, acceptability and cost- effectiveness of inte-
grating GIFT into routine care in LMICs. The specific 
objectives include: assessing the user- experience, usability 
and acceptability of the GIFT device at the POC; exam-
ining patient preferences for various STI management 
aspects to develop STI management algorithms; gener-
ation of algorithms that integrate the GIFT device to 
optimise case finding and STI/vaginal infection manage-
ment in women; and determine the cost- effectiveness and 
budget impact of the identified algorithms with the GIFT 
device.

Table 1 GIFT study objectives

Diagnostic study Integration into care study

Primary 
objective

To assess the sensitivity and specificity of the GIFT device at 
the point- of- care in South Africa, Zimbabwe and Madagascar

To evaluate how the GIFT device could be 
integrated into routine care

Secondary 
objectives

 ► To assess the predictive values of the GIFT device at the 
point- of- care

 ► To assess the performance of the GIFT device at the 
point- of- care

 ► To assess the performance of the device vs syndromic 
management without any laboratory testing (standard of 
care in South Africa, Zimbabwe and Madagascar)

 ► To determine the robustness of the device by comparing 
results read by clinicians with those read by laboratory 
professionals, and with the results obtained using an 
automated reader

 ► To evaluate the accuracy of the GIFT device by comparing 
the GIFT device results with ELISA results using previously 
validated concentration cut- offs as the gold standard, 
including validation of the GIFT cytokine concentration 
cut- offs for each cytokine biomarker

 ► To qualitatively and quantitatively assess the 
user experience, usability and acceptability 
of the GIFT device at the point of care

 ► To examine patient preferences for various 
STI management aspects (attributes) to 
inform the development of STI management 
algorithms that integrate the GIFT device

 ► To generate algorithms that integrate the 
GIFT device to optimise case finding and 
STIs/vaginal infection management in 
women, using the complete dataset from the 
study

 ► To determine the cost and budget impact 
of the identified screening or diagnostic 
algorithm with the GIFT device, and to 
model the cost- effectiveness of different 
strategies of integration of GIFT into care

Exploratory 
objectives

 ► Determine if other determinants (such as intermediate 
microbiota (Nugent 4–6), age, parity, sexual activity) 
improve the prediction of STI/BV status in women

 ► To use 16S rRNA gene sequencing and vaginal bacteria 
specific quantitative NAATs to evaluate the proportion 
of cases of genital inflammation explained by vaginal 
dysbiosis that was not diagnosed as an STI or BV by 
NAATs or Nugent scoring

 ► To explore the performance of the device in the presence 
of vaginal Candida spp colonisation

BV, bacterial vaginosis; GIFT, Genital InFlammation Test; NAAT, nucleic acid amplification test; STI, sexually transmitted infection.
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METHODS AND DESIGN
Study design
The diagnostic study will target women attending family 
planning services in each of the three study sites in South 
Africa, Zimbabwe, and Madagascar. A series of vaginal 
swabs will be collected by a midwife or nurse (figure 1).

The first swab will be used to test the performance 
of the GIFT device. For each woman, the GIFT will be 
performed twice and read four times: one GIFT will be 
performed at the clinical site near the participant and 
visually read by a midwife or study nurse and a second 
GIFT will be done and visually read by a technician in the 
laboratory. The GIFT assays carried out by the midwife/
study nurse and the laboratory technician will secondly 
be read using an automated lateral flow reader (Axxin, 
Fairfield, Australia) (figure 1). The GIFT device perfor-
mance in detecting (1) inflammation will be determined 
against cytokine ELISA; and (2) STIs/BV will be deter-
mined against the NAAT reference tests for CT, NG, TV 
and MG and Nugent scoring for BV (figure 1). All women 
will be offered treatment based on the on- site positive STI 
diagnostic results for CT, NG and TV. Additionally, treat-
ment for BV will be offered based on the Nugent score 
analysis and at the clinician’s discretion.

The integration into care study consists of four activ-
ities to determine how GIFT can be integrated in a 
feasible, acceptable and cost- effective way into routine 
care and national guidelines in South Africa, Zimbabwe 
and Madagascar (figure 2): (1) user experiences and/or 

perceptions of the GIFT device involving qualitative focus 
group discussions (FGDs) and in- depth interviews (IDIs) 
with key stakeholders; (2) discrete choice experiment 
(DCE); (3) development of a decision tree classifica-
tion algorithm; and (4) economic evaluation of defined 
management algorithms.

Study sites
The study will be performed in three countries: South 
Africa, Zimbabwe and Madagascar. In contrast to South 
Africa and Zimbabwe which are countries bearing a 
high burden of STIs, including HIV and BV,35–37 data on 
STI/BV prevalence are relatively scarce in Madagascar. 
BV, TV and cervical infections (CT and NG) prevalence 
measured in a large population sample of symptomatic 
Malagasy women (n=1066) were high at 53%, 24% and 
17%, respectively, suggesting a significant burden of STIs/
BV in the island.38 Finally, Madagascar is less affected by 
HIV with a prevalence<1%39 compared with South Africa 
and Zimbabwe, which were found to have an HIV- 1 prev-
alence among adults (15–49 years) in 2022 of 17.8% and 
11%, respectively.26

In South Africa, the study will be conducted at the 
Desmond Tutu Health Foundation (DTHF) Masiphu-
melele Youth Centre located in the South peninsula of 
Cape Town. The Masiphumelele Research Site has been 
recognised as a pioneer in HIV prevention and adoles-
cent research. The STI and BV diagnostic testing of the 
South African participants will be performed in their 

Figure 1 Schematic of the GIFT diagnostic study. The recruited women who meet the inclusion criteria and consent to 
participate in the GIFT study will be administered a questionnaire. Data will be recorded on CRFs in a paper or electronic (tablet) 
format by the clinical nurse followed by a gynaecological examination. Vaginal swabs are collected: the first collected swab will 
be used for two GIFT assays; the first GIFT will be performed at the bedside by the midwife/nurse and the second GIFT by the 
lab technician. Each of them will read visually their own performed GIFT (naked eye reading). The two respective GIFT assays 
will then be read using a lateral flow automated reader. The other collected swabs will be used for different laboratory assays 
for the evaluation of the GIFT performance. HIV testing on fingerpick blood will be also included at the end of the medical 
examination. The figure was created with BioRender. CRFs, case report forms; CT, Chlamydia trachomatis; GIFT, Genital 
InFlammation Test; MG, Mycoplasma genitalium; NG, Neisseria gonorrhoeae; TV, Trichomonas vaginalis.
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on- site laboratory. In addition, vaginal swabs collected at 
all three study sites will be tested for selected cytokines 
including IL- 1α, IL- 1β and IP- 10 by ELISAs and vaginal 
microbiome composition by 16S rRNA gene sequencing 
being conducted at the University of Cape Town (UCT), 
along with samples from the other two trial sites.

In Zimbabwe, the study will be conducted at the 
Spilhaus Family Planning Centre located in the capital 
Harare. The study site is run by the Zimbabwe National 
Family Planning Council (ZNFPC) in collaboration with 
the Zimbabwe Ministry of Health and Child Care. The 
study will be conducted by researchers from the Organi-
sation for Public Health Interventions and Development 
(OPHID), equipped with a skilled medical and technical 
team. The study site’s laboratory will perform the STI and 
BV diagnostic testing for Zimbabwean study participants.

In Madagascar, the study will be conducted at the 
Centre Hospitalier Universitaire de Gynécologie et 
d’Obstétrique Gynéco- Obstétricaux de Befelatanana 
(CHU- GOB), a public university hospital that specialises 
in obstetrics located in the capital of Madagascar, Anta-
nanarivo. Outpatient services include prenatal consul-
tations, family planning, obstetrics and gynaecology 
services. Due to the lack of recent data on STI/BV preva-
lence, a prestudy on CT, NG, TV and MG prevalence was 
conducted by the clinical and research team of Institut 
Pasteur Madagascar (IPM) from March to December 
2022 to confirm the feasibility of conducting the GIFT 
study in the CHU- GOB in Antananarivo. The prestudy 
confirmed the appropriateness of the clinical study site 
in terms of the study population’s number and STI and 
BV prevalence rates (results will be presented elsewhere).

The unit of experimental bacteriology (UBEX) at the 
IPM will be the study site’s laboratory in Madagascar for 
diagnostic testing. UBEX is also designated as the refer-
ence laboratory in the GIFT project for BV and STI (CT, 
NG, TV and MG) comparator testing, as well as quanti-
fication of lactobacilli and BV- associated bacteria using 

quantitative PCR and molecular testing for the detection 
of Candida spp, and Y chromosome.

Study participants and recruitment
The diagnostic study will enrol its participants from 
sexually active women aged 18–35 years attending family 
planning services in each of the study’s clinical sites, irre-
spective of the symptoms. Before study initiation, advice 
will be sought from local Community Advisory Boards 
(CABs) or similar committees on the study material to 
be shared with potential study participants. The boards 
will be regularly consulted regarding language to use for 
behavioural and other sensitive questions included in the 
questionnaires. A CAB is currently not existing in Mada-
gascar but will be installed as part of the study.

Due to the short recruitment period, sensitisation to the 
GIFT project will be extended in Antananarivo (Mada-
gascar) to the family planning services of surrounding 
primary healthcare centres. In South Africa, the clinical 
study site offers family planning services to young women 
till the age of 25, and women outside of the study site will 
be recruited to enrol women between 25 and 35 years 
old.

Women interested in the diagnostic study will be 
invited to participate based on the inclusion and exclu-
sion criteria detailed in table 2. Each woman will only be 
enrolled once.

In addition to eligible women participating in the 
diagnostic study, participants for the integration into 
care study will include healthcare professionals (HCPs) 
including nurses, midwives and matrons working at 
the clinical site where the diagnostic study is being 
conducted, women attending gynaecological consulta-
tions at the study clinic, local and regional policymakers, 
programmers, other opinion leaders, and decision- 
makers according to the inclusion and exclusion criteria 
(table 2).

Figure 2 Integration study activities. Description of the four activities that will be performed for the GIFT integration into care 
study for improving the STI/BV diagnosis and control in women: (1) user experiences and/or perceptions of the GIFT device 
involving qualitative focus group discussions and in- depth interviews with key stakeholders; (2) discrete choice experiments; 
(3) development of a decision tree classification algorithm and (4) economic evaluation of defined management algorithms. In 
addition to the women already participating to the GIFT diagnostic study, HCPs, policymakers, key opinion leaders and patients 
coming for consultation will be included in the study. BV, bacterial vaginosis; GIFT, Genital InFlammation Test; HCPs, healthcare 
professionals; STI, sexually transmitted infection.
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Sample size
A total number of 675 women (225 women per site) will 
be enrolled for the diagnostic evaluation of the prototype 
GIFT device. The sample size calculation is based on 7% 
precision, and an assumed sensitivity of 77% and a speci-
ficity of 71% of GIFT compared with NAATs for STIs and 
Nugent scoring for BV.40

No sample size calculations were performed for the 
qualitative research. A purposive sampling strategy will be 
adopted to reflect maximum variation, as feasible, across 
the sample. It is anticipated that the proposed number of 
participants per activity (FGDs and IDIs), per country, will 
enable adequate data to be collected and saturation to be 
reached in the thematic analysis.41 42 Data collection may 
be finalised before the planned sample size is reached, if 
saturation is reached first.

For the DCE component of the study, using econo-
metric criteria (including choice probability, confi-
dence level, accuracy level, attrition rate and number of 

choice tasks), subgroups of more than 30 individuals are 
required to conduct meaningful statistical analysis.43 44 
Because the DCE study will undertake subgroup analysis 
on four to five groups (including respondent age group, 
socioeconomic status, location of residence and experi-
ence with the GIFT device), up to 200 participants per 
site will be recruited for the DCE study, with a quarter 
of the participants recruited on the diagnostic study of 
the GIFT device, and reminder from women coming for 
gynaecological consultations at the study clinic.

No sample size calculation is needed for the decision 
tree algorithm study, which will use data from the diag-
nostic study. Equally, there are no sample size require-
ments for the economic evaluation.

Study procedures and data collection
Diagnostic study
The diagnostic study participant and sample flow from 
screening to laboratory results is described in figure 1 

Table 2 Inclusion and exclusion criteria for both diagnostic and integration into care studies

Diagnostic study Integration into care study

Inclusion criteria  ► 18–35 years old
 ► Willing and able to provide 
informed consent to participate 
in the study

 ► Self- reported to be sexually 
active

 ► Not pregnant (determined by 
pregnancy test)

 ► Accessing family planning 
service

For all who are willing and able to provide informed consent to 
participate in the study.

 ► User experiences/perceptions activity:
 – Local or regional policymakers, programmers and other opinion 

leaders and decision- makers
 – Healthcare professionals at health facilities—women who 

are eligible for the diagnostic study (including pregnant and 
menstruating women), but who are not part of the diagnostic 
study

 ► Discrete choice experiments: women who are eligible for the 
diagnostic study (including pregnant and menstruating women), 
who are either part of, or not part of, the diagnostic study

 ► Decision tree classification algorithm: data from diagnostic study 
participants

 ► Economic evaluation: healthcare professionals at health facilities 
involved in GIFT device implementation able to complete 
timesheets

Exclusion criteria  ► <18 years or >35 years
 ► Refusal by a participant to 
participate in the study

 ► Treatment for any STI/BV in the 
past 30 days

 ► Pregnancy
 ► Enrolled in a study that does 
not allow co- enrolment in other 
studies

For all who are not willing or able to provide informed consent to 
participate in the study

 ► User experiences/perceptions activity:
 – Non- relevant policymakers
 – Healthcare professionals at health facilities not included in 

diagnostic study
 – Women who are :

 – part of the diagnostic study
 – <18 years or >35 years
 – Treated for any STI/BV in the past 30 days
 – Pregnant
 – Enrolled in a study that does not allow co- enrolment in other 

studies
 ► Decision tree classification algorithm: participants for whom there 
are no diagnostic study data

 ► Economic evaluation: healthcare professionals not at study sites, 
not involved in GIFT device implementation and/or not able to 
complete timesheets

GIFT, Genital InFlammation Test.
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and detailed in online supplemental figure 1—Diagnostic 
study flow steps. After confirmation that participants 
were eligible for the study (table 2) and written informed 
consent obtained, enrolled women will be interviewed 
using a structured questionnaire with questions including 
demographics, sexual behaviour, hygiene habits, current 
medical and reproductive history, medication and symp-
toms. The data will be captured on paper or electronic 
case report forms (CRFs) (figure 1). The clinician, 
midwife or study nurse will perform a physical exam-
ination including a pelvic examination, and will collect 
fingerprick blood for HIV testing and vaginal swabs using 
regular flocked swabs (Copan, Italy) (figure 1 and online 
supplemental figure 1—Diagnostic study flow steps).

The first inserted swab will be eluted in buffer and the 
nozzle- sample (provided with the GIFT kit) will be applied 
to two prototype GIFT devices, one near the patient and 
the other in the laboratory (figure 1). A second swab will 
serve for cytokine ELISA testing, and a third swab for 
pH testing using a pH indicator strip and to prepare a 
vaginal smear slide for BV (figure 1). The next swabs will 
be collected and used for CT, NG and TV diagnosis in the 
laboratory, for reference STI testing including MG, quan-
titative NAAT of vaginal microbiome bacteria, the detec-
tion of Candida spp and Y chromosome for the presence 
of semen. The last two collected swabs will be used to 
characterise the vaginal microbiome by using 16S rRNA 
PCR and sequencing (figure 1).

Integration into care study
The integration study is composed of four activities 
aiming to understand how GIFT can be integrated into 
STI control (figure 2).

For the qualitative study assessing the user experience, 
usability and acceptability of the GIFT device at the point 
of care, data will be collected through IDIs and FGDs. 
Target groups will be: HCPs at the health facilities; local 
or regional policymakers, programmers, other opinion 
leaders and decision- makers; and women who are eligible 
for the diagnostic study (table 2), but who are not part of 
the diagnostic study. HCP participants will be identified 
through the diagnostic study sites and will be contacted 
directly to ask if they would be interested in participating. 
Policymakers recommended for inclusion through snow-
ball sampling will be contacted and asked if they would be 
interested in participating. All women presenting at the 
family planning service facilities for inclusion in the diag-
nostic study will be informed about the integration study. 
For the DCE, the study team will seek to recruit women 
participating and not- participating in the GIFT diagnostic 
study to explore heterogeneity in patient preferences for 
various STI attributes. For all population groups, those 
who agree to participate will provide written informed 
consent, separate from the diagnostic study.

For the decision tree classification algorithm, data 
will be obtained from the diagnostic study participants, 
and no additional participants will be recruited. For the 
economic evaluation, HCPs at health facilities involved 

in GIFT device implementation and able to complete 
timesheets will be recruited.

For the user experience activity (figure 2, activity 1), 
up to 10–12 IDIs and/or 1–3 FGDs will be conducted 
with policymakers, up to 8–10 IDIs and/or 3 FGDs will 
be conducted with HCPs, and up to 12–15 IDIs and/or 3 
FGDs will be conducted with women. FGDs will include 
participatory tools, such as card mapping. The FGDs 
with HCPs may additionally include role plays of how the 
providers would discuss the GIFT device with women, 
and how providers would discuss GIFT device results and 
subsequent care and management with women. IDIs will 
explore more detailed personal perceptions of the poten-
tial structures of integration.

User experience data (qualitative and FGDs) on the 
patient experience will help inform the development of 
attributes for the DCE (figure 2, activity 2). The DCE aims 
to identify the relative importance of factors influencing 
patients’ preferences for the use of GIFT devices. For the 
DCE study, face- to- face interviews using a questionnaire 
will be conducted, with the questionnaire asking respon-
dents to state preferences for hypothetical alternatives, 
each described by several attributes. A D- efficient design 
will be used to identify the choice tasks to present to 
respondents. Each choice task presents two STI screening 
test options that are defined using different levels of 
the attributes and then ask respondents to choose their 
preferred option, with an opt- out option available (to 
choose neither of the two options). The results of the 
DCE will inform the development of STI management 
algorithms that integrate the GIFT device, to increase the 
acceptability of the STI management programme.

A decision tree will be developed to classify symp-
tomatic and asymptomatic women using the following 
attributes: sociodemographic information, signs and 
symptoms, medical history, sexual behaviour, the GIFT 
output and vaginal pH. Different classifications will be 
tested by varying the combinations of the attributes and 
the number of levels of the tree. The algorithm will be 
developed using a training dataset (data from previous 
studies). After the development of the algorithm based 
on the training dataset, the algorithm will be tested on the 
data to be collected in the diagnostic study and refined if 
necessary. The algorithm will be designed to be as simple 
as possible (minimum number of nodes and minimum 
number of scenarios) and usable in routine practice. 
Finally, the management outcomes will be compared with 
those obtained with the WHO recommendations.

The economic evaluation (figure 2, activity 4) will 
involve the collection of cost and service utilisation data 
from a provider’s perspective at each of the clinical sites, 
using an ingredients- based approach. After obtaining 
approval from the facility and/or district, relevant facility 
management staff will be approached to share financial 
and other facility- level data. The cost and utilisation data 
will be collected from individual facility records and finan-
cial reports through cost data collection tools at each 
study site. The time that it takes to perform and analyse 
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the GIFT assay will be obtained from clinical study staff. 
The time required for the delivery of routine family plan-
ning and STI services will be assessed through timesheets 
completed by selected healthcare workers at the study 
sites. These data will be captured in the Provider Cost 
Data Collection Tool by data collectors. This activity will 
determine the cost and budget impact of the identified 
screening or diagnostic algorithm with the GIFT device 
and will model the cost- effectiveness of the different strat-
egies of integration of GIFT into care.

Laboratory procedures
The BV diagnosis will be obtained from a vaginal smear 
carried out with the third swab collected during the 
gynaecological examination (figure 1). The slide will be 
transferred from the clinic to the respective on- site labo-
ratory for Gram staining and Nugent scoring.40

CT, NG and TV diagnosis from collected vaginal swabs 
(figure 1) will be performed using the diagnostic tests 
available in each of the three sites. In South Africa and 
Zimbabwe, GeneXpert tests (Cepheid, Sunnyvale, USA) 
will be used for CT and NG detection, and TV detection 
will be performed with the OSOM trichomonas rapid 
test or TV GeneXpert test, depending on the availability. 
In Madagascar, the vaginal swabs will be tested by UBEX 
(IPM) using validated quantitative PCR (qPCR) protocols 
for CT, NG, and TV detection.45 46

The swabs collected for STI reference testing in South 
Africa and Zimbabwe will be shipped to the IPM (Mada-
gascar) for reference testing using validated qPCR,45–47 
vaginal bacteria- specific quantitative qPCR testing, molec-
ular detection of Candida spp and presence of semen (Y 
chromosome testing).

Three swabs per participant will be sent to the UCT, for 
cytokine ELISA measurement and 16S rRNA gene PCR 
and sequencing. The results obtained with the prototype 
GIFT device will be compared with the cytokine concen-
trations resulting from the ELISA measurements. 16S 
rRNA gene sequencing and Candida spp NAAT will be 
used to evaluate the proportion of cases of genital inflam-
mation that could be explained by vaginal bacterial or 
fungal dysbiosis, respectively.

All testing will be performed blinded to the clinical 
information and results obtained at each of the study 
sites, including the GIFT results.

The swabs will be stored in each study site at −80°C until 
shipment using dry ice to the respective laboratories as 
stipulated above.

Monitoring, quality assurance, and control
This study will be monitored per regulations applicable 
to diagnostic study, including International Committee 
on Harmonisation of Good Clinical Practice (ICH- GCP) 
and GCLP (Good Clinical Laboratory Practices) require-
ments, and sponsor- specific standard operating proce-
dures (SOPs). The diagnostic study will be monitored 
by the Epidemiology and Clinical Research Unit at the 
IPM. Routine monitoring will be conducted throughout 

the study and at the study closure. All laboratory activities 
including specimen transport, processing, testing, result 
reporting and storage will be conducted following clin-
ical trial quality requirements. The GCLP guidelines will 
be followed and the designated laboratories will perform 
testing according to the SOPs which will be documented 
in the analytical plan.

A batch of known negative and positive specimens for 
CT/NG, TV, pregnancy test and slides for Nugent scoring 
will be provided by the UBEX laboratory at IPM for 
external quality control. The external quality control will 
consist of three panels to be tested at the start, middle 
and end of the study or every 3 months. Before the use 
of the GIFT devices, a lot of validation will be performed 
using the quality control panel provided by the manufac-
turer according to the SOP.

Data management
The REDCap platform will be used as a clinical data 
management system (CDMS) for the clinical study. 
Depending on the organisation in each study site data will 
be collected partially or fully using paper CRF (pCRF) 
before being entered into REDCap daily. In addition, data 
may be collected and entered in real- time into REDCap 
using tablets.

The GIFT database will be managed by the Epidemi-
ology and Clinical Research Unit at the IPM. The quality 
and accuracy of CRF data transcription into the database 
will be verified weekly. Missing or overdue forms will be 
identified and tracked using the REDCap field comment 
log. A control script developed by the central data 
manager will check the double data entry, and any tran-
scription differences found will be noted. Status reporting 
including the list of inconsistencies will be done weekly by 
the central data management team. The weekly reports 
will also resume the progress of data collection and entry 
in each study site. All reports will be sent to the opera-
tional team for verification and correction of the data, if 
required.

External data sources not described on the CRF like 
cytokine ELISA data, the STI reference testing data, and 
16S rRNA sequencing data will be reconciled against the 
CDMS at the end of the study.

For the user experience study, FGD and IDI data will 
be audiorecorded and electronically transcribed into 
the national and/or local language of the study sites. 
The DCE questionnaire data will be captured electron-
ically using REDcap and securely stored on a password- 
protected computer. Data for the economic evaluation 
will be collected in a Provider Cost: Data Collection Tool, 
and timesheets will be completed in Excel by HCPs.

Data analysis
Diagnostic study
1. Primary analysis: sensitivity and specificity estimated 

of the GIFT device with 95% CIs using any positive 
etiological NAATs for STIs (CT, NG, TV and MG) or 
Nugent score result for BV as reference standards will 
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be calculated. Visual readings of the GIFT device per-
formed by the clinicians and technicians will be includ-
ed separately in this analysis.

2. Secondary analysis: positive and negative predictive val-
ues with 95% CIs of the GIFT device will be compared 
with the likelihood ratios using NAAT and Nugent 
scoring as reference standards overall and in each 
country (which may have different STI prevalence that 
will impact these predictive values).

The performance of the GIFT device will be compared 
with the performance of syndromic management for 
detecting STIs. Both methods (GIFT and syndromic 
management) will be compared with any positive results 
of NAAT (for CT, NG, TV and MG) and/or BV detected 
by Nugent scoring. Agreement between the GIFT device 
results read visually by both the clinician and the labo-
ratory technician and on an automated reader will be 
determined.

The concordance of band intensity results from the 
GIFT device and cytokine ELISA measurements will be 
analysed. This analysis will be used to optimise the cyto-
kine concentration cut- offs for interpretation of the GIFT 
device performance, in terms of sensitivity, specificity and 
predictive values.

The impact of additional characteristics and/or deter-
minants (such as intermediate microbiota, Candida, age, 
parity and sexual activity) on the prediction of STI/BV 
status in women and the impact on the accuracy of the 
device will be determined.

Integration into care study
For the user experience study, iterative thematic analysis 
will be applied to the IDI and FGD data, conducted by the 
qualitative research team. Sekhon’s framework of accept-
ability of healthcare interventions will be used.48

For the DCE, data will be analysed in STATA using the 
utility function modelled from two alternatives: a system-
atic (explainable) component and a random (unex-
plainable) component. To estimate the trade- offs that 
respondents are willing to make between attributes, will-
ingness to pay (WTP) for marginal improvements in attri-
butes will be estimated for all attributes. WTP estimates 
will be calculated as the ratio of the coefficient of interest 
to the negative of the coefficient on the attribute with 
continuous variables. Subgroup analyses will be under-
taken to investigate how preferences are influenced by 
demographic characteristics, residential area, socioeco-
nomic status and experience of POC testing.

The assessment of the decision tree classification algo-
rithm will be based on the accuracy of the classification 
compared with the results of the gold standard methods 
(NAATs and Nugent score). Following this classification, 
different scenarios of management will be tested: imme-
diate treatment, referral, re- evaluation and no treatment. 
These scenarios will be optimised in order to avoid under-
treatment and overtreatment by also considering imme-
diate specific rapid diagnosis tests (if available) or risk 
scores for immediate presumptive treatment.

For the economic evaluation, models will be developed 
in Microsoft Excel. For the cost analysis, an ingredient- 
based model will be constructed, and for the budget 
impact analysis, an expenditure- based model will be 
applied. A decision- analysis model to estimate the cost and 
health outcomes associated with different GIFT device 
implementation strategies will be developed. The main 
outcome will measure the effectiveness of each approach 
in correctly diagnosing an STI and/or BV in women, 
proxied by the sensitivity measure of the diagnostic test 
or approach, in comparison to the gold standard NAATs 
and Nugent scoring. Secondary outcomes such as the 
performance of the device vers syndromic management 
and the variation in device results when determined by a 
clinician, laboratory technician or an automated reader, 
will be assessed by means of scenario analyses. Univariate 
sensitivity analyses will be carried out to test the robust-
ness of the findings.

Ethics and dissemination
The study will be carried out according to the princi-
ples stated in the Declaration of Helsinki (as amended 
in Seoul in 2008) and any further updates, all applicable 
national and international regulations, and according to 
the most recent applicable principles of the GCP- ICH E6. 
All the participants will be informed about the diagnostic 
results. The choice of treatment for STIs or BV will be 
based on the current national guidelines in the three 
study sites. The protocol and all study documents such 
as informed consent forms were reviewed and approved 
by the UCT Human Research Ethics Committee (HREC 
reference 366/2022), Medical Research Council of 
Zimbabwe (MRCZ/A/2966), Comité d’Ethique pour la 
Recherche Biomédicale de Madagascar (N° 143 MNSAP/
SG/AMM/CERBM) and the London School of Hygiene 
and Tropical Medicine ethics committee (LSHTM refer-
ence 28046).

Findings will be reported to participants, collaborators 
and local government for the three sites, presented at 
national and international conferences and disseminated 
in peer- review publications.

Before the start, this study was submitted to the  Clini-
caltrials. gov public registry (NCT05723484).

Patient and public involvement
Before study initiation, we will engage with established 
local CABs or similar boards at each site. We will present 
the details of the study and ask for their input. According 
to the specific procedures in place in each site, we may 
allow the CAB to comment on the written protocol, the 
flyers and the posters. We will also ask the CAB for their 
feedback on the language used in the flyers, posters and 
informed consent forms. During the study, the study inves-
tigators will regularly attend CAB meetings to update on 
the progress of the study. We will also ensure that the CAB 
and the community are the first to receive the results of 
the study.
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DISCUSSION
Here, we have described the diagnostic and integration 
studies that will be used to validate the GIFT device as 
a proof- of- principle prototype for implementing a novel 
POC cytokine test to detect vaginal inflammation asso-
ciated with STIs and/or BV among women in differing 
clinical settings.

The development of low- cost rapid POC tests has 
become a major focus in the management of STIs/BV 
to replace or improve syndromic management widely 
adopted in Africa. The availability of these tests would 
offer all sexually active women the opportunity to be 
screened and treated. This may have particular benefit 
to women at high risk of STIs, including young women, 
pregnant women, female sex workers and those with HIV.

The results from the prospective diagnostic study will 
be closely combined with the results of the qualitative 
research, modelling and economic evaluation. The feasi-
bility and acceptability studies will inform how the GIFT 
device could be integrated into national guidelines. The 
GIFT feasibility study consists of a ‘user experience and 
GIFT perceptions’ prototype involving a large spectrum 
of people selected from the general population (HCPs, 
sexually active women, policymakers) that will help 
extend STI/BV screening into family planning services in 
primary healthcare services at affordable costs for LMICs, 
with the aim that women should know about their health 
without delaying their treatment. The qualitative part of 
the study will improve our understanding of the different 
key factors contributing to the successful implementation 
of a novel screening device for STIs and BV in LMICs.

Besides evaluating a POC test for screening of STIs and 
BV, this study will be among the first of its kind, focusing 
on STI/BV prevalence and risk factors including up to 
675 women mainly from urban areas in three sub- Saharan 
countries in different STI/BV contexts. The GIFT study 
will also improve our knowledge in both biological and 
molecular characterisation of the three most common 
STIs (CT, NG and TV) and MG in association with the 
different states of the vaginal microbiota and will provide 
new insights into the interplay between STI and BV.

Our study protocol has some limitations. First of all, the 
user evaluation of the GIFT device, evaluating the perfor-
mance of the device when applied by different types of 
users, does not include the evaluation of the extraction 
step. The extraction step of the vaginal swab will be 
performed by the medical staff only and not in parallel 
with a duplicate vaginal swab by a laboratory professional. 
Second, due to budget constraints, the STI diagnostic 
testing in Madagascar will be conducted by batch testing 
in the laboratory and not by POC NAAT testing as will be 
done in South Africa and Zimbabwe. Consequently, Mala-
gasy participants will receive their results and treatment, if 
needed, after a delay of up to 10 days. This delay in treat-
ment may facilitate further STI transmission. However, 
the study clinician may decide on presumptive treatment 
in alignment with the routine care practice in place.

In conclusion, the multidisciplinary study will be instru-
mental in developing strategies to improve STI and BV 
management in LMICs.
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