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Background:Genital inflammation associated with sexually transmitted infections

(STIs) and bacterial vaginosis (BV) is considered a key driver in the HIV

epidemic. A new rapid point-of-care test (POC) that detects genital inflammation

in women—Genital InFlammation Test (GIFT)—was recently developed by

researchers at the University of Cape Town. The objective of this study was to

establish the cost-e�ectiveness of this novel intervention relative to other relevant

screening and diagnostic strategies for the management of STIs and BV in women

seeking care in the public health sector in South Africa.

Methods: A decision analysismodel was developed for five di�erent screening and

diagnostic strategies forwomen incorporating syndromicmanagement, screening

with GIFT and using etiological diagnosis. A decision tree was constructed

using Microsoft Excel O�ce 365, and cost and e�ectiveness parameters were

obtained from published literature and market prices. The model incorporated

all clinic-level and treatment costs associated with diagnosing and treating a

single episode of disease. The e�ectiveness of each approach was proxied by its

sensitivity. One-way and threshold sensitivity analyses were conducted to test key

uncertainties and assumptions in the model.

Results: Screening with GIFT, and following with antibiotic treatment according

to syndromic management guidelines for GIFT-positive cases, was the most

cost-e�ective strategy with an incremental cost-e�ectiveness ratio (ICER) of USD

11.08 per women diagnosed with an STI(s) and/or BV and provided treatment.

This strategy resulted in lower rates of overtreatment compared to syndromic

management, but higher rates compared to etiological diagnosis using nucleic

acid amplification tests and microscopy. However, following a GIFT positive test

with etiological diagnosis prior to treatment did not increase the e�ectiveness, but

dramatically increased the cost.

Conclusion: Screening with GIFT and treating positive cases according to

syndromic management guidelines is the most cost-e�ective strategy for the

management of STIs and BV. GIFT has a potential to significantly improve the

management of STIs and BV in women by identifying asymptomatic women

and reducing their risk of HIV infection. This analysis presents a first step in
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establishing the cost-e�ectiveness of these interventions and paves the way for

further research to develop optimal context-specific implementation strategies.

KEYWORDS

HIV prevention, point-of-care testing, cost-e�ectiveness, bacterial vaginosis, sexually

transmitted infections

Background

Sexually transmitted infections (STIs) and bacterial vaginosis

(BV) represent a significant challenge to global public health.

In 2012 the World Health Organization (WHO) reported that

annually, around 499 million new cases of the four most common

curable STIs (Chlamydia trachomatis, Neisseria gonorrhoeae,

Trichomonas vaginalis and Syphilis infections) occurred globally

(1). Recent WHO estimates confirmed that the majority of these

occur in the developing world and that an annual incidence of 92

million new infections is accounted for in the African region alone

(2). Some studies have also estimated that up to 55% of women

in Sub-Saharan Africa have BV, which is considered a microbial

dysbiosis rather than an infection (3). STIs and BV are regarded

as one of the leading causes of disability adjusted life years lost in

women (4). If left untreated, STIs and BV can lead to various serious

sexual and reproductive complications, including increased risk of

HIV acquisition and transmission (4–7).

South Africa houses one of the largest burdens of curable STIs

in the world, with high prevalence in women who are at high risk

of HIV (8–10). Given that the public health sector serves around

84% of the population, the vast majority of this burden rests on the

South African National Department of Health (11). In the South

African public health system, as in many low and middle-income

countries (LMICs), most STIs and BV are managed syndromically,

rather thanwith resource-intensive etiological diagnosis (12). Using

the syndromic management approach developed by the WHO and

modified to fit the South African context, syndromes of a specific

STI or BV are identified according to pre-specified groups of signs

and symptoms. Patients are then provided with treatment that will

address the majority, or the most serious, of organisms typically

associated with the identified syndrome (see Appendix A.1) (12,

13).

Given that the majority of these infections and BV are

asymptomatic in women [estimates from South African studies

range from 75 to 88% (14–17)], most cases are missed under

the current standard of care since these women experience no

symptoms and thus seek no care (17, 18). The accuracy of

syndromic management is further undermined by the fact that

syndromes and signs of the different STIs and BV overlap (19).

Research done in South Africa suggests that nurses in the public

sector have limited knowledge regarding appropriate treatment for

the various syndromes (20, 21). Studies also report low specificity

Abbreviations: BV, Bacterial Vaginosis; GIFT, Genital Inflammation Test;

HIV/AIDS, Human Immunodeficiency Virus/ Acquired Immune Deficiency

Syndrome; LTFU, Lost to follow-up; POC, Point-of-care; WHO, World Health

Organization; STIs, Sexually Transmitted Infections; USD, United StatesDollar;

ZAR, South African Rand.

of this approach, resulting in overdiagnosis and overtreatment and

thus excessive use of antibiotics. The latter has implications for the

development of drug-resistant strains of various bacteria [like N.

gonorrhoeae (22)] which is a growing concern, globally (13, 19).

Globally and locally, there is thus a need to move away from

syndromic management and toward more effective management

strategies of STIs and BV. More specifically, there is an urgent need

to improve STI management for women in resource-constrained

settings (18, 23). Research also indicates that improvements in STI

management can significantly improve HIV prevention, especially

in settings where both HIV and curable STIs are prevalent

(17, 24, 25).

The gold standard for diagnosing STIs are laboratory-based

nucleic acid amplification tests (NAATs), and microscopic

identification through Nugent scoring for BV (26–28). These

methods are, however, expensive and resource-intensive,

making it unfeasible in resource-constrained settings (18).

Furthermore, it does not allow for immediate results and

requires that patients return to health care facilities to obtain

results and receive treatment. More transmissions may take

place during the waiting period. In addition, the proportion

of women who will return to the clinic is often very low [as

low as 11% in the African context (29, 30)], consequently

affecting treatment.

With the WHO’s ambitious goal of a 90% reduction in the

incidence of STIs and zero new infections by 2030, the improved

detection and treatment of asymptomatic STI and BV cases form a

key part of the organization’s STI prevention and control strategies.

In this context, the WHO has prioritized the development of

relevant point-of-care (POC) tests (1, 31). In South Africa, under

the new National Sexually Transmitted Infections Strategy, and as

part of the Western Cape’s Provincial Strategy Plan, zero new HIV

and STI infections also form part of the long-term vision for public

health in South Africa. This is within the context of the overarching

framework for health which strives toward achieving universal

coverage for all, and that prioritizes the health of vulnerable

populations (32, 33).

In reaction to growing concerns about the affordability

of etiological diagnosis of STIs and the performance of the

syndromic management approach in women, more rapid and

less expensive NAATs have been developed. Cepheid’s GeneXpert

CT/NG test is an example of a combined chlamydia and gonorrhea

POC NAAT from the USA that is commercially available in

South Africa. A similar assay has also been developed detecting

trichomoniasis; GeneXpert TV. These tests perform comparatively

well to laboratory basedNAATs and are ideally performed in on-site

laboratories associated with reproductive healthcare clinics, using

the GeneXpert system, and can present results in roughly 90min.

However, they are still relatively expensive in an LMIC context, and
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are thus not widely available on-site at most healthcare facilities

(17, 34, 35).

Recently, researchers at the University of Cape Town developed

GIFT (Genital InFlammation Test): a relatively inexpensive,

cytokine POC rapid test that detects inflammatory cytokine

biomarkers of an infection or BV in the female genital tract

(36). STIs and BV cause genital inflammation, regardless of other

symptoms such as vaginal discharge or genital ulcers being present

(6). The measurement of key inflammatory cytokine biomarkers

with a rapid POC test can thus potentially identify asymptomatic

cases that are otherwise missed and consequently, women who are

at an increased risk of acquiring and transmitting HIV (18). The

predictive value of the biomarkers has already between validated

in multiple cohorts in Africa (26) and the device is to be rolled

out in a cross-sectional validation study in Cape Town clinics to

evaluate and optimize its performance. It is critical that careful

consideration is given to the strategy for GIFT implementation in

parallel with syndromic management for women, in consultation

with key experts and national stakeholders. Several alternative

models for GIFT implementation are being considered: (1) as a test

and treat tool to identify asymptomatic women who can then be

treated immediately using guidelines similar to those used in the

vaginal discharge algorithm; or (2) as a triage tool to identify those

needing further etiologic testing (as part of a two-step algorithm)

which would reduce the number of etiologic tests that need to be

performed. For the purposes of this paper, we considered both of

these models.

Although there is a strong body of evidence on the costs and

cost-effectiveness of POC testing for STIs, the evidence is more

limited in low-resource settings, including Sub-Saharan Africa,

especially when considering curable STIs beyond screening for

syphilis in antenatal care (37). Furthermore, the cost-effectiveness

of this novel test has not yet been established. However, a cost

estimation for this intervention at clinics in Cape Town for

women aged 15–49 years, as well as a budget impact analysis

of implementing it in all primary health facilities across South

Africa, has been conducted by Kairu et al. (38). The findings

suggested that it could be affordable in the South African context

but might not be prioritized given the array of existing and novel

interventions and strained health budget. The incremental cost

per woman screened for genital inflammation during a family

planning visit was estimated to be USD 3.19 at a government-

funded clinic, USD 4.16 at a semi-private facility, and USD 4.79

at an NGO-funded facility, not including treatment (costs in 2016

USD). The additional annual expenditure estimates were USD

22,212,636, USD 8,327,176 and USD 7,245,775 in each sector,

respectively (costs in 2016 USD). This would amount to up to 17%

of the HIV/AIDS budget or 0.85% of the total health budget, when

provided at a government health facility. The annual expenditure

was based on an estimated coverage rate of 57%, proxied by the

contraceptive prevalence rate which reflects the number of women

attending family planning clinics. It was then adjusted for the

portion of the public attending either the public or private sector.

The public sector government clinic covers a much larger portion,

approximately 80%, henceforth the much higher estimate (38).

Consequently, a decision analysis model was developed

using cost and probability estimates from existing literature and

market prices to estimate the cost-effectiveness of five screening

and diagnostic strategies for the three highly prevalent curable

STIs in South Africa, C. trachomatis, N. gonorrhoeae and T.

vaginalis infections, and BV. These infections were considered

for the analysis due to both their high prevalence in South

Africa, but mainly their clear association with the increased

risk of HIV acquisition and transmission (36). The Health

Economic Evaluation Reporting Standards 2022 (CHEERS 2022)

has been used to ensure standardized analysis and transparent

reporting (39).

Methods

Decision analysis model

A static decision tree model (see Appendix A.2) was

constructed taking a provider’s perspective (South African

Department of Health) in Microsoft Excel Office 365 to estimate

the cost-effectiveness of five different screening and diagnostic

strategies for STIs and BV in women of reproductive age (15–49

years) entering the South African public health sector at primary

care level. Economic costs and clinical effectiveness were estimated

with the following screening and diagnostic strategies for C.

trachomatis, N. gonorrhoeae, T. vaginalis and BV:

1. Syndromic management of symptomatic women seeking

healthcare (standard of care).

2. Screening all women entering primary care facilities with

GIFT followed by management for GIFT-positive cases

using a similar antibiotic treatment approach to syndromic

management of vaginal discharge syndrome (GIFT-SM).

3. Screening with GIFT (triage approach), followed by testing

GIFT-positive cases with GeneXpert NG/CT and GeneXpert

TV assays and microscopy (GIFT-Xpert-Microscopy).

4. Screening with GeneXpert (NG/CT and TV) and microscopy

alone (Xpert-Microscopy) in health facilities.

5. Screening with gold standard laboratory testing (PCR-

Microscopy) at an off-site laboratory.

The model was constructed for a one-year period only and

no discount factor was thus applied to outcomes or costs. The

model was populated with the probabilities of events based on

estimates from published literature. These strategies were included

based on the primary GIFT study protocol and expert opinion

on the current circumstances and available technologies in the

public health sector (40). Model outcomes were compared using

incremental cost-effectiveness ratios (ICERs). In the model, the

latter was measured as the additional cost per women diagnosed

with an STI(s) and/or BV and put on treatment. Figure 1 shows the

sub-tree of the decision tree for model strategy 3: GIFT followed by

testing with GeneXpert.

Data

E�ectiveness
The effectiveness of each approach was estimated based on

the sensitivity and specificity of each approach, with the primary
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FIGURE 1

Extract from the full decision tree: GIFT, followed by GeneXpert and microscopy for GIFT positive, subtree. TP, true positive; FP, false positive; TN,

true negative; FN, false negative.

TABLE 1 Sensitivity and specificity of diagnostic tests and approaches and model strategies in detecting STIs and BV in reproductive aged women in

South Africa.

Diagnostic test /
Approach

Sensitivity Specificity Missed cases∗

(1-sensitivity)
Overtreatment
(1-specificity)

Reference

Syndromic management

Any discharge causing STI∗∗ 61.6% 45.4% 38.4% 54.6% (23)

CT 58.3% 44.7% 41.7% 55.3% (23)

NG 66.0% 45.2% 34.0% 54.8% (23)

TV 60.4% 45.6% 39.6% 54.4% (23)

BV 61.6% 46.0% 38.4% 54.0% (23)

GIFT for detecting genital

inflammation

77.0% 71.0% 23.0% 29.0% (26)

GeneXpert for detecting CT 100.0% 97.6% – 2.4% (41)

GeneXpert for detecting NG 100.0% 100.0% – – (41)

GeneXpert for detecting TV 96.4% 99.6% 3.6% 0.4% (42)

GeneXpert (average) 99.4% 99.5% 0.6% 0.5%

Laboratory PCR (CT, NG & TV) 100.0% 100.0% – – (28)

Microscopy (BV)† 100.0% 100.0% – – (28)

STI, Sexually transmitted infections; CT, C. trachomatis; NG, N. gonorrhoeae; TV, T. vaginalis.
∗Includes asymptomatic cases.
∗∗Includes BV.
†Laboratory- and clinic-based, no difference between the twoa .
aPersonal communication: Nigel Garret, 29 May 2019.

outcome being appropriate diagnosis and treatment administered.

The latter was proxied by the sensitivity measure of each diagnostic

test or approach. These parameters were obtained from published

literature and are shown in Table 1.

Where two or more tests are performed simultaneously in a

branch of the decision tree, such as GeneXpert and microscopy,

average effectiveness measures were used.

Model probabilities
The probability of events in the model was obtained from

published literature and are shown in Table 2. The proportion of

patients lost to follow-up (LTFU) in the laboratory testing arm was

based on published literature related to HIV testing in Africa as

no literature on LTFU rates for STI testing exists in these settings

(30). The prevalence of BV and the three STIs was based on

estimates from South African studies conducted on women in the

reproductive age. The overall, average disease prevalence of the

three STIs and BV was assumed in the model for simplification.

Costs
The cost of each subtree of the decision tree was based on

estimates obtained from published literatue and market prices

from external institutions such as the National Health Laboratory

Service (NHLS) and Cepheid. The model incorporated all clinic-

level capital and recurrent costs associated with each strategy

for diagnosing and treating a single episode of disease. All

screening strategies included the cost of a standard clinic visit and

treatment costs. In accordance with Kairu et al. (38), no additional
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TABLE 2 Base, low and high estimates of the probability of events in the

model.

Variable Low Base case High Reference

Disease prevalence∗

C. trachomatis 4.2% 15.4% 32.8% (2, 8, 14–17, 43–48)

N. gonorrhoeae 1.8% 5.9% 10.9%

T. vaginalis 3.0% 10.8% 20.3%

Bacterial

Vaginosis

33.7% 44.5% 53.0%

Lost to follow

up rate

11.0% 20.0% 49% (30)

∗Based on the average prevalence from 11 studies done in South Africa from 2011 to 2018.

programme start-up costs were included for GIFT strategies, expect

training of staff to administer the test. Where applicable, it also

included the cost of taking a specimen, operating a test assay and

obtaining results. Costing was done from the provider’s perspective

(South African Department of Health) and all costs were inflated

to 2019 ZAR and converted to USD based on the average exchange

rate for 2019 (USD 1 = R14.32). Unit cost data are presented in

Table 3.

The cost of a family planning visit and examination, as well as

screening with GIFT, was based on estimates from Kairu et al. (38).

The incremental cost associated with screening with GeneXpert

NG/CT and TV assays was mainly based on study by Stime et al.

(40). The cost of a standard family planning clinic visit was added

to this estimate since this was not included by Stime et al. (40).

The cost of laboratory testing was mainly obtained from the quoted

NHLS price since service is outsourced from the Department of

Health. The total unit cost, however, includes the cost of a standard

family planning clinic visit, collection of specimens as well as the

transport cost of two specimens.

The treatment regimens for syndromic management, for

strategies 1 and 2, were based on the guidelines for STI treatment

in South Africa. Given that syndromic management is mainly

followed in the public health sector, guidelines do not specify

treatment regimens for individual infections, but rather for

groups of infections with similar symptoms (see guidelines in

Appendix A.1). Therefore, drug regimens for individual infections,

for strategies 3–5, were obtained from (41). Drug costs were

obtained from the latest available master procurement catalog of

the Western Cape Department of Health at the time of analysis

(April 2019). In the based case scenario, the average treatment cost

was assumed for simplification.

Model assumptions

Only women in their reproductive age, ages 15–49 years, were

included following what was done for the GIFT costing study

(38). This age group typically carries the highest burden of social

and psychological consequences of STIs and are typically most

susceptible to STIs and BV (52). For syndromic management, it

was assumed that all women who have symptoms seek care and

accept consequent treatment. All screening strategies were based

TABLE 3 Cost of screening or diagnosis and treatment per patient in 2019

USD.

Variable Cost (USD)∗ Reference

Syndromic Management

Standard clinic visit∗∗ 13.84 (38)

Total unit cost 13.84

GIFT POC

Standard clinic visit∗∗ 13.84 (38)

Screening with

GIFT∗∗∗

3.48 (38)

Total unit cost 17.32

Multiplex PCR and Microscopy (o�-site laboratory)

Standard clinic visitU 13.84 (38)

Staff time and medical

consumablesψ
2.55 (38)

Testing with

quadruplex PCRΦ

30.55 (49)

Testing with

laboratory-based

microscopyΦ

2.98 (49)

Specimen transport¶ 1.32 (50)

Total unit cost 51.48

GeneXpert and Microscopy (on-site)

Standard clinic visit∗∗ 13.84 (38)

Microscopic

examination and

testing with

GeneXpert‡

67.06 [(40), Gwen Stephens

(see text footnote1)]

Total unit cost 80.90

Treatment costs

Azithromycin (C.

trachomatis)

0.61 (51)

Ceftriaxone and

Azithromycin (N.

gonorrhoeae)

0.95 (51)

Metronidazole (T.

vaginalis and BV)

0.11 (51)

Syndrome A

treatment†
0.91 (51)

Syndrome B

treatment‡
1.02 (51)

∗USD 1= ZAR14.32 (Average exchange rate 2019).
∗∗Includes all clinic level costs of standard clinic visit.
∗∗∗Includes cost of test assay, consumables, equipment, training and additional staff time.
ψAssumed to be same as for GIFT.
ΦOutsourced service, quoted price.
UIncludes only capital and overheads costs of standard clinic visit, rest included in cost

estimate from secondary source.
‡Includes cost of test assays, consumables, equipment, training and staff time.
¶For a single specimen transported from the clinic to the NHLS.
†According to South African Department of Health SM Vaginal Discharge algorithm: treat

for BV and/or vaginal candidiasis (Appendix A).
‡According to South African Department of Health SM Vaginal Discharge algorithm: treat

for C. trachomatis, N. gonorrhoeae, T. vaginalis and Mycoplasma genitalium (Appendix A).
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on opportunistic screening of any woman entering a primary

healthcare facility. It was assumed that all women accept the

screening tests and resulting treatment when administered.

In addition, several assumptions were made when using

and adapting relevant data from secondary sources. Firstly, the

effectiveness of GIFT was based on the sensitivity and specificity

found in the biomarker validation study, as it been established in

the field. The prevalence of diseases for the study population was

based on the average estimates from 11 studies conducted in South

Africa from 2011 to 2018. These studies were all based in different

study settings and included different age groups, although within

the bounds of 15–49 years, and they followed varying research

methodologies. The probabilities of the four diseases were then

averaged to arrive at a single estimate. It was also assumed that all

women who are symptomatic seek care and all who are offered a

screening test, would accept it.

Cost parameters were also collected from varying sources.

A standard clinic visit was included for all model comparators,

for which the costs were extracted from (38). Across non-GIFT

strategies, this was then combined with cost estimates from other

relevant sources. Cost sources for the different model comparators

also differed in the extent to which parameters were compounded

and methods used for estimation. The costing of staff time and

the inclusion of consumables were thus not standard across cost

estimates. Furthermore, laboratory testing was cost based on a

single quoted price received from the NHLS, while for GeneXpert,

Microscopy and GIFT unit costs were available.

Sensitivity analysis

We performed one-way sensitivity analyses to establish the

robustness of the results given the high variability of estimates

found in literature, uncertainties in the data and the assumptions

made in the model. Table 4 contains results from the base case

cost-effectiveness scenario. Key parameters were varied across a

reasonable range while holding all other parameters constant at

their base case values. These parameters included GIFT test cost,

staff time, GeneXpert test costs, GIFT sensitivity, lost to follow-

up rates, disease prevalence, health-seeking behavior and test

acceptance rates and syndromicmanagement sensitivity. Parameter

values were varied based on relevant values from the literature.

Refer to Table 5 for details on how variables were varied in the

sensitivity analysis.

We also performed a threshold analysis for GIFT sensitivity.

Lastly, four alternative decision trees in which the decision analysis

was modeled for each disease separately was constructed to test the

average disease probability and treatment costs assumptions made

in the base case decision tree.

Results

Base-case scenario

Screening with GIFT-SM was the most cost-effective strategy

in the base case scenario with an ICER of USD 11.08 per women

diagnosed and put on treatment. GIFT-Xpert-Microscopy, with an
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TABLE 5 The impact of one-way sensitivity analyses on the cost-e�ectiveness results in 2019 USD.

Incremental cost-e�ectiveness (USD)

GIFT-SM GIFT-Xpert-Microscopy PCR-Microscopy Xpert-Microscopy

Base case 11.08 Dominated∗ 108.48 125.49

Cost parameters

GIFT test assay

+50% 11.60 Dominated∗ 108.48 125.49

−50% 10.56 Dominated∗ 108.48 125.49

GIFT sta� time

+50% 13.46 Dominated∗ 108.48 125.49

+30% 12.51 Dominated∗ 108.48 125.49

GeneXpert test assays

+50% 11.08 Dominated∗ 108.48 164.54

−50% 11.08 Dominated∗ Dominated∗ 86.43

Probabilities

GIFT sensitivity

100% 6.48 Dominated∗ Dominated∗ Dominated∗

50% 77.87 Dominated∗ 108.48 125.49

Disease probabilities

11% 10.97 Dominated∗ 108.41 125.43

29% 11.21 Dominated∗ 108.56 125.56

LTFU

11% 11.08 Dominated∗ 86.00 125.49

49% 11.08 Dominated∗ Dominated∗ 125.49

Syndromic management sensitivity

+50% 39.96 Dominated∗ Dominated∗ 219.46

−50% 6.50 Dominated∗ 65.31 87.90

Patient behavior

Symptomatic women seeking care

58.8%∗∗ 14.67 Dominated∗ 111.76 127.61

70% 13.69 Dominated∗ 110.87 127.03

Acceptance of screening test

18.9% 2.09 Dominated∗ 108.48 125.49

25% 2.77 Dominated∗ 108.48 125.49

50% 5.54 Dominated∗ 108.48 125.49

70% 7.75 Dominated∗ 108.48 125.49

∗Eliminated through absolute dominance.
∗∗Survey included both male and female school learners.

ICER of USD 92.99, was absolutely dominated (more costly but

less effective than the previous less costly alternative) and thus

eliminated from the decision problem. Extended dominance, on the

other hand, is when an alternative is ruled out because it is equally

effective, but more costly or vice versa (53). The remaining two

strategies were also potentially cost-effective, but with much higher

ICERs than GIFT-SM of USD 108.48 and USD 125.49, respectively.

The relationship between the incremental cost and effectiveness

of each alternative and three hypothetical thresholds is shown in

Figure 2. All the ICERs appear in the first quadrant, revealing

that each comparator presents a possibly cost-effective option;

being both more effective but also more costly than syndromic

management; the comparator. The figure graphically shows that

GIFT-SM is the most cost-effective of the three, having the lowest
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FIGURE 2

Cost-e�ectiveness plane depicting base case ICERs and

hypothetical cost-e�ectiveness thresholds.

ICER. To make inference about the absolute cost-effectiveness of

alternatives in the decision-making context, a cost-effectiveness-

or willingness-to-pay (WTP) threshold is required. For a threshold

lower than USD 11.08 (red dotted line), none of the options would

be cost-effective. Similarly, for a threshold above USD 108.48 but

below USD 125.49 (green dotted line) both GIFT-SM and PCR-

Microscopy would be cost-effective.

Screening with GIFT would give an indication of genital

inflammation only, but not the exact infection causing

inflammation. As such, it would not be possible to tailor treatment

directly to an etiologic agent based on a GIFT positive test so

specificity of treatment would not be improved over syndromic

management, and there is a risk for overtreatment as there is for

syndromic management. However, the overall specificity of GIFT

for identifying women with any STI and/or BV is higher than

syndromic management, thus the proportion of women receiving

treatment even though they do not have an STI or BV would be

lower for GIFT. The GIFT strategies, however, show improvement

in terms of identifying cases that are typically missed under the

current standard of care (23% compared to 89.5%), albeit not as

effective as PCR, Xpert and microscopy. A triage algorithm for

GIFT, linking GIFT positive cases to etiological testing would

overcome some of these challenges but increase cost.

Sensitivity analysis

The cost of the GIFT test assay was varied 50% both ways to

account for possible fluctuations in the current quoted prices since

manufacturing is still underway. This rendered similar ICERs of

GIFT-SM to the base-case scenario with no changes in the relative

cost-effectiveness observed.

To account for possible underestimation of staff time costs,

given that GIFT has not been validated in a real-world setting,

this cost related to the GIFT strategies was varied upward across a

reasonable range. These variations revealed that GIFT-SM becomes

less cost-effective as staff costs are increased but that it remained

the most cost-effective strategy in the model.

The cost of the GeneXpert test assays and machine was also

varied simultaneously, both 50% upward and downward to account

for exchange rate variability (since the cost is based on prices

quoted in USD) and the possibility that the GeneXpert machines

can in some cases be provided to state institutions at subsidized

prices.1 With the upward variation, the relative cost-effectiveness of

the model strategies remained unchanged while Xpert-Microscopy

dominated PCR-Microscopy when the parameters were decreased

with 50%. In the latter case, GIFT-SM remained the most cost-

effective strategy, however.

Since the field-ready GIFT device has not yet been validated

in a clinical study, the base-case sensitivity of the device is

estimated from findings from the biomarker validation study

(54). Therefore, it is possible that the device might have a

different sensitivity in practice. GIFT sensitivity was consequently

decreased to 50% and increased to 100% to test this limitation. At

50% sensitivity the relative cost-effectiveness of the comparators

remained unchanged, although the ICER of GIFT-SM increased

substantially to USD 77.8. At 100% sensitivity, GIFT-SM was

only cost-effective model comparator. Evidently, this parameter

affects the cost-effectiveness conclusions and the absolute cost-

effectiveness of GIFT significantly and will thus affect whether it

would be considered a good investment, or priority, in comparison

to existing or other novel interventions.

STI/BV prevalence and LTFU were varied according to the

highest and lowest estimates found in the literature. At both

11 and 29% average STI/BV prevalence, the ICERs of each

model comparator did not change significantly from the base-

case scenario and the cost-effectiveness conclusions remained

the same. When the LTFU was varied to 49%, both GIFT-

Xpert-Microscopy and PCR-Microscopy were eliminated through

absolute dominance, but GIFT-SM remained the most cost-

effective. At the lowest LTFU estimate, 11%, the relative cost-

effectiveness of all the model strategies remained unchanged.

To account for uncertainty with regards to the effectiveness

of syndromic management in the South African setting, the

sensitivity of the approach was varied with both 50% upward,

and downward. With the downward adjustment, the GIFT-Xpert-

Microscopy was still dominated, and the relative cost-effectiveness

of the comparators remained unchanged although each ICER

lowered substantially with the ICER of GIFT-SM lowering to

USD 6.50. When adjusted upward, PCR-Microscopy was also

dominated and the remaining two ICERs, of GIFT-SM and Xpert-

Microscopy, increased substantially with GIFT-SM presenting an

ICER of USD 39.96.

Our model assumed that all women who have symptoms seek

care under syndromic management and that all women who are

screened accept the test administered to them. These assumptions

were tested based on other studies and estimates found in the

literature. Health care-seeking behavior among women in South

Africa remains limited and is typically more compromised in rural

compared to urban settings (55). Estimates from two sources were

used to test the health care seeking assumptions with further

one-way sensitivity analyses. Firstly, Sahin-Hodoglugil et al. (55)

produced a baseline estimate of 70% of women seeking care for

1 Personal communication: Gwen Stephens (Cepheid), 3 June 2019.
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TABLE 6 Results from separated decision trees in 2019 USD.

BV Incremental Cost (USD) Incremental e�ectiveness ICER (USD)

Syndromic management – – –

GIFT-SM 3.94 0.31 12.71

GIFT-Xpert-Microscopy 37.26 0.31 ∗

PCR-Microscopy 37.63 0.54 69.68

Xpert-Microscopy 67.06 0.54 ∗

CT Incremental Cost (USD) Incremental e�ectiveness ICER (USD)

Syndromic management – – –

GIFT-SM 3.59 0.63 5.69

GIFT-Xpert-Microscopy 27.69 0.63 ∗

PCR-Microscopy 37.42 0.66 56.61

Xpert-Microscopy 66.91 0.86 77.71

NG Incremental Cost (USD) Incremental e�ectiveness ICER (USD)

Syndromic management – – –

GIFT-SM 1.04 0.59 1.76

GIFT-Xpert-Microscopy 22.10 0.59 ∗

PCR-Microscopy 35.26 0.62 56.78

Xpert-Microscopy 54.95 0.82 66.94

TV Incremental Cost (USD) Incremental e�ectiveness ICER (USD)

Syndromic management – – –

GIFT-SM 3.78 0.59 6.39

GIFT-Xpert-Microscopy 26.37 0.56 ∗∗

PCR-Microscopy 37.60 0.62 60.55

Xpert-Microscopy 67.03 0.79 85.38

∗Eliminated through extended dominance.
∗∗Eliminated through absolute dominance.

STIs. Secondly, the National Survey on youth risk behavior was

utilized. This survey revealed that 58.8% of the study population

received treatment for a known STI (56). These variations did

not change the relative cost-effectiveness of any of the strategies

and GIFT-Xpert-Microscopy remained dominated. It did, however,

produce slightly higher ICERs for the remaining strategies than in

the base-case analysis, due to a decrease in the cost of the baseline

strategy; syndromic management.

The assumption on screening acceptability was tested by

introducing this parameter to the model and varying it based on

estimates used in two studies conducted in the United Kingdom,

due to the lack of reliable local estimates available for this study

setting (57, 58). Lower acceptability resulted in lower GIFT-

SM ICERs. This analysis, however, results in a paradox since

lower acceptance rates increases the cost-effectiveness of all three

strategies, but in reality, fewer health outcomes would be realized if

fewer women agree to be screened, as in these scenarios. This is due

to the structure of the model. Care should be taken in judging these

estimates. To optimize any screening intervention, acceptance rates

in the setting should be established and considered in its design.

A single threshold analysis revealed that the GIFT+SM strategy

would remain the most cost-effective unless the sensitivity of GIFT

were to decrease to below 48.76%. The individual decision tree

analyses (Table 6) revealed that GIFT-SM consistently remained

the most cost-effective strategies when looking at the diseases

individually. See Appendix A.3 for individual model parameters.

Discussion

Under the current standard of care, a significant proportion of

women with STIs and/or BV remain untreated, particularly when

using the vaginal discharge algorithms of syndromic management

largely due to the frequently asymptomatic nature of these

infections. In our model, we compared the cost and effectiveness of

four alternative STI and BVmanagement strategies to this standard

of care. These strategies weremodeled for women aged 15–49 years.

The results from the economic evaluation suggest that

the introduction of at least an annual screening for genital

inflammation with the rapid GIFT POC test for the target

population into the South African public health sector would be

the most cost-effective way to improve case detection of STIs and

BV, relative to other model comparators. Given the interaction

with HIV risk, reducing this burden could also significantly reduce
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HIV transmission and new infections. The introduction of this

screening approach could also identify high-risk women who can

be linked to pre-exposure prophylaxis programs for the prevention

of HIV. Early treatment and prevention of curable STIs such as

chlamydia and gonorrhea can lead to significant health gains in a

population (55).

There is no standard cost-effectiveness threshold in South

Africa but there have been attempts to estimate this. Woods et al.

estimated a threshold of USD 1,175–4,714 (in 2013 prices) per

disability-adjusted life year (DALY) averted (59), while Meyer-Rath

et al. estimated aWTP threshold of USD 547–872 per life year saved

(60). Edoka and Stacey estimated a threshold of ∼USD 3,015 per

DALY averted (in 2015 prices) (61). However, the results of this

study cannot be directly compared to these thresholds due to the

lack of a mutual ICER comparator. No definite conclusion on the

absolute cost-effectiveness can thus be made. Nonetheless, an ICER

of USD 11.08 per additional woman diagnosed and treated appears

low in the South African context.

The robustness of the cost-effectiveness results was tested in

various sensitivity analyses. The conclusion remained the same

in all the analyses with the ICER of GIFT-SM only increasing

or decreasing marginally and additionally, PCR-Microscopy

eliminated by dominance in four cases and Xpert-Microscopy in

one case. From the sensitivity analysis, testing the acceptance of

GIFT screening by women arises as an opportunity for further

study during the GIFT pilot study or other research in order to truly

establish whether the approach could improve STI management or

not. Furthermore, establishing the effectiveness of GIFT in the field

will be key in judging the appropriateness of the intervention.

Given that the field performance of GIFT-SM in terms of

overtreatment (if the test and treat model is considered) is yet to be

determined, it may be that PCR-Microscopy should be considered

in high-risk or high-burdened settings to enhance STI management

rather than test-and-treat. However, although GIFT-SM is the

least desirable in terms of overtreatment apart from syndromic

management (see Table 1), Passmore et al. and Lennard et al. note

that the other infections present in women that typically lead to

a false positive result with GIFT, such as Atopobuim, Prevotella,

Shuttleworthia and Aerococcus, are not detected by gold standard

STI and BV tests (62, 63). These organisms would, however, also

respond to the antibiotics administered. This would result in

unintended health gains not measured in this analysis.

From a budget impact perspective, Kairu et al. (38) found

that the national roll-out of an annual, opportunistic screening

intervention could be feasible, but that it would have to be

considered carefully given the trade-offs that would have to bemade

within the health budget to avail the required funds.

To limit start-up costs, GIFT screening could be introduced

alongside regular family planning visits, antenatal visits or HIV

testing programmes—key initiatives set out in South Africa’s

National Strategic Plan for HIV, TB and STIs 2017–2020 (32).

Alternatively, key populations could be identified for whom the

approach should be initiated. Such populations could include

women at high risk for STIs such as sex workers, pregnant

women, HIV-positive persons, younger women or women residing

in settings with known high disease prevalence. In this case,

register-based screening (target individuals are identified through

existing databases) could be useful or key screening questions could

be set up to identify these individuals as they enter healthcare

(opportunistic screening). Information system challenges might

arise, however, and additional costs might arise where systems

would need to be created or improved to ensure adequate record-

keeping of screening history or to identify high-risk individuals.

The study faced various challenges and limitations, with the

simplicity of the model of choice due to data constraints and the

use of secondary data from varying sources likely being the most

significant. As part of the first clinical study on the field-ready GIFT

device, this early cost-effectiveness model will be expanded and

more complex modeling will be explored, including incorporating

DALYs as outcome measure. The model was designed as a static,

decision tree analysis that did not include any sequelae or long-term

complications typically associated with STIs and BV nor did we

factor in persistence, recurrence or re-infections. This might likely

have led to the cost of having an STI or BV being underestimated.

Adverse drug events were also not included due to the short-term

nature of the analysis and would likely have underestimated the

cost of treatment. On the other hand, the model did not include the

potential benefits of HIV prevention through STI and BV treatment

or other positive effects of increased diagnosis and treatment on

STI/BV prevalence in the population over time. This may have led

to underestimation of effectiveness of the screening interventions.

To establish a more sophisticated, dynamic model that would

be able to inform decision-making more comprehensively, future

research should focus on estimating these parameters.

Furthermore, the effectiveness of GIFT was assumed to be the

sensitivity and specificity found in a biomarker validation study,

which may not be a true representation of the effectiveness that

would be yielded when implemented in the field. Although this

assumption was tested in the sensitivity analysis, implementation

challenges that may arise in the field may influence the model

outcomes more than captured in the analysis.

Conclusions

Although syndromic management remains the most affordable

approach to STI/BV care, it is not adequately dealing with the

massive STI and BV disease burden faced by South African women.

Screening with gold standard ormore rapid tests such as GeneXpert

and microscopy, on the other hand, provide more desirable

health outcomes in terms of women diagnosed and treated and

limit overtreatment, but these diagnostics remain expensive, while

GeneXpert is considered “near” POC rather than POC because

of the instrumentation needed. The results from the economic

evaluation suggest that the introduction of screening with the

rapid GIFT device in the South African public health sector would

be the most cost-effective way to improve STIs and BV care in

women while simultaneously having positive effects on the HIV-

epidemic. This analysis presents a first step in establishing the

cost-effectiveness of the various screening approaches. It reveals

that further research should be done to evaluate the feasibility of

different implementation options within this resource-constrained

setting. To enable the establishment of a more comprehensive

and dynamic model, future studies should focus on quantifying
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the effect that screening for STIs and BV would have on averted

HIV cases and STI disease probability. Furthermore, it would be

important to consider its consequent impact on the outcomes of the

decision model to enable a more comprehensive decision beyond

simply affordability.
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