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Facilitating Next- Generation Pre- Exposure 
Prophylaxis Clinical Trials Using HIV Recent 
Infection Assays: A Consensus Statement 
from the Forum HIV Prevention  
Trial Design Project
Neil Parkin1, Fei Gao2, Eduard Grebe3,4, Amy Cutrell5, Moupali Das6, Deborah Donnell2, Ann Duerr2, 
David V. Glidden4, James P. Hughes7, Jeffrey Murray8, Michael N. Robertson9, Joerg Zinserling10,  
Joseph Lau11, and Veronica Miller11,*  for the Forum for Collaborative Research Recency Assay 
Working Group

Standard- of- care HIV pre- exposure prophylaxis (PrEP) is highly efficacious, but uptake of and persistence on a 
daily oral pill is low in many settings. Evaluation of alternate PrEP products will require innovation to avoid the 
unpractically large sample sizes in noninferiority trials. We propose estimating HIV incidence in people not on PrEP 
as an external counterfactual to which on- PrEP incidence in trial subjects can be compared. HIV recent infection 
testing algorithms (RITAs), such as the limiting antigen avidity assay plus viral load used on specimens from 
untreated HIV positive people identified during screening, is one possible approach. Its feasibility is partly dependent 
on the sample size needed to ensure adequate power, which is impacted by RITA performance, the number of 
recent infections identified, the expected efficacy of the intervention, and other factors. Screening sample sizes to 
support detection of an 80% reduction in incidence for 3 key populations are more modest, and comparable to the 
number of participants in recent phase III PrEP trials. Sample sizes would be significantly larger in populations with 
lower incidence, where the false recency rate is higher or if PrEP efficacy is expected to be lower. Our proposed 
counterfactual approach appears to be feasible, offers high statistical power, and is nearly contemporaneous 
with the on- PrEP population. It will be important to monitor the performance of this approach during new product 
development for HIV prevention. If successful, it could be a model for preventive HIV vaccines and prevention of other 
infectious diseases.

The development of drugs for HIV treatment and HIV pre- 
exposure prophylaxis (PrEP) has been extraordinarily successful. 
Safe and well- tolerated fully suppressive antiretroviral therapy 
(ART) allows people living with HIV to live longer, healthier 
lives and prevents transmission of HIV to others. Antiretrovirals 
approved for PrEP can reduce the risk of infection to near zero 
if taken as prescribed by uninfected persons at risk for HIV and 
a key component of HIV prevention programs. HIV- incidence 
is generally declining in pandemic hotspots, such as eastern and 
southern Africa.1 Yet, new infections remain unacceptably high in 
many regions and subpopulations.2,3

UNAIDS reports 1.7 million new infections in 2020, primar-
ily among key populations: people who inject drugs, transgender 
women, sex workers, gay men, other men who have sex with men. 
These populations and their sexual partners accounted for 93% 

of new infections outside of sub- Saharan Africa and 35% within 
sub- Saharan Africa. Sub- Saharan women and girls continue to be 
at high risk of HIV- infection. Adolescent girls and young women 
represent 10% of the population yet account for 25% of all new 
HIV infections in this region.4,5

Tenofovir disoproxil fumarate with emtricitabine (TDF/
FTC) was approved for prevention by the US Food and Drug 
Administration (FDA) in 2012, followed by tenofovir alafenam-
ide with emtricitabine (TAF/FTC) in 2019. Long- acting cabo-
tegravir (cabotegravir extended- release injectable suspension) was 
approved in 2021. Only 1.3 million persons have benefited from 
these interventions, compared with the 3 million goal UNAIDS 
set for 2020.4,5 Challenges in meeting this goal include availability, 
low uptake, as well as adherence and persistence issues for many.5– 8 
In the United States, < 1% of sexually active adults in cities with 
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high HIV prevalence use PrEP, according to a 2021 Centers for 
Disease Control and Prevention (CDC) report.6

Individuals not receiving PrEP in the aforementioned groups 
continue to be at risk of HIV with incidence rates exceeding two 
to three infections per hundred person years. In a recent Johnson & 
Johnson AdVac platform- based mosaic HIV vaccine phase IIb trial 
(the Imbokodo trial) HIV incidence was 4.32 per 100 person- years 
of follow- up in the placebo arm among women enrolled in Malawi, 
Mozambique, South Africa, Zambia, and Zimbabwe. In 2 trials eval-
uating the preventive efficacy of neutralizing monoclonal antibodies, 
placebo incidence rates were 2.98, per 100 person- years of follow- up 
among men- who- have- sex- with- men (MSM) and transgendered 
women, and 3.10 per hundred person years in at- risk women in 
sub- Saharan Africa, respectively.7 These findings highlight the need 
for effective, safe, accessible, and implementable HIV prevention 
options among at- risk populations. Moreover, they emphasize the 
need for innovation in HIV prevention research to ensure that the 
standard- of- care is provided for all participants while allowing deter-
mination of efficacy, referred to as assay sensitivity of the trial.

Developing new HIV prevention options that can be delivered 
effectively globally will require innovation in trial design and collab-
oration across stakeholders. Support from the HIV- affected com-
munity at the global level is essential for new products to be tested in 
at- risk communities and accepted by policy makers for use.

The Forum for Collaborative Research (the Forum), a public- 
private partnership, brings together all stakeholders in a neutral and 
independent venue for open dialogue and deliberation to address 
issues in areas of unmet medical need in different disease areas, 
including HIV.9,10 HIV Forum members requested the Forum to 
facilitate consensus for innovative clinical trial designs to acceler-
ate access to effective and safe PrEP products meeting the needs 
of all at- risk individuals. Individuals participating in this project 
bring expertise from patients and at- risk community organizations, 
regulatory agencies, the World Health Organization (WHO), reg-
ulated industry, and HIV prevention clinical science and research.

Members reviewed the statistical and logistic challenges pre-
sented by traditional (superiority or noninferiority designs), re-
viewed elsewhere,11– 13 and explored the suitability of an external 
counterfactual approach. Traditional placebo arms represent the 
most accurate counterfactual estimate14; if a randomized placebo 
arm is not available, external counterfactual estimate of HIV- 
incidence among people not on PrEP could be derived using several 
approaches. For example, the use of rectal gonorrhea incidence as 
a predictor of HIV incidence in MSM not on PrEP was suggested 
as one possibility earlier on.15 A subsequent analysis to evaluate 
whether the correlation between rectal gonorrhea and HIV inci-
dence reported in ref. 15 might be useful to predict HIV incidence 
in a large MSM cohort that did not support this approach for 
MSM PrEP trials.16 Ongoing analyses are evaluating the usefulness 
of past- trial placebo cohorts (Miller, personal communication). An 
approach warranting further investigation is the adherence- efficacy 
relationship of emtricitabine and tenofovir fumarate to calculate 
HIV incidence in trials with this specific control arm.17 Other in-
formation sources might include surveillance and/or epidemiolog-
ical studies.18 In particular, cross- sectional incidence studies based 
on HIV recency assays19 are of interest.

Following several rounds of discussion, the Recency Assay 
Working Group was established and tasked with reviewing the fea-
sibility of HIV recency assays as one method to construct a coun-
terfactual (without use of PrEP) HIV incidence estimate for use as 
an external control in prevention trials. The review and discussion 
included assay type, statistical methods for sample size calculations 
for different epidemiological contexts, and general implementa-
tion strategies in studies of new PrEP products in different popu-
lations. This manuscript is the result of this review and discussion.

DRUG DEVELOPMENT AND REGULATORY CHALLENGES FOR 
SECOND GENERATION PREP PRODUCTS
The development of new PrEP products is challenged by the 
high efficacy and effectiveness of approved and tested interven-
tions.18,20– 25 As HIV seroconversion event rates decrease on ap-
proved PrEP regimens, sample sizes become prohibitively large for 
active- controlled trials assessing superiority or noninferiority.

The traditional pathway for approval of new drugs requires ade-
quate and well- controlled clinical trials,26 either placebo- controlled 
trials, or standard of care (SOC) controlled trials with superiority or 
noninferiority designs. Comparison against a placebo or no treat-
ment arm is no longer ethical in HIV prevention27 limiting tradi-
tional design options to superiority or noninferiority comparisons 
to the SOC. Such randomized trials require large sample sizes to 
achieve sufficient end points for statistical comparison. Whereas 
superiority trials may be feasible if the new agent has substantial ad-
vantages vs. SOC (e.g., improved adherence with long- acting PrEP 
agents), a noninferiority design is not an ideal option due to in-
consistent treatment effects of some approved regimens across sub-
populations and due to need for large sample sizes. For MSM and 
transgender women, the constancy assumption based on the orig-
inal placebo- controlled trial (demonstrating low efficacy)21 is no 
longer valid given the much higher efficacy observed with improved 
adherence25,28; for cisgender women, demonstration of efficacy vs. 
placebo was inconsistent and/or negligible in previous trials of oral 
drugs, precluding the estimation of reliable noninferiority margins.

In this article, we review a feasible path for the approval of new 
PrEP products using a counterfactual estimate based external con-
trol and describe how an HIV recency assay can contribute to de-
rive such an estimate.

USE OF EXTERNAL CONTROLS AND REGULATORY 
GUIDANCE
Regulatory guidance provides for use of concurrent or historic ex-
ternal controls for situations in which a traditionally controlled 
trials are not ethical and/or feasible.29 The International Council 
on Harmonization (ICH) E10 guidance discusses limitations 
and approaches for externally controlled trials. Control patients 
should be as similar as possible to the population receiving the 
study group and should be selected before performing compar-
ative analyses. If no single optimal external control exists, then 
multiple external controls should be used to draw inferences. 
The study group outcomes should be substantially superior to 
the most favorable control to conclude efficacy. A pertinent ex-
ample of the use of external controls in clinical trials supporting 
regulatory approval is the use of a historical reference as a control 
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in hormonal contraceptives trials. Many hormonal contracep-
tives have been approved in the United States and other coun-
tries using this approach.30 For PrEP trials, this entails building 
an external control to estimate what the HIV incidence would 
have been in the absence of PrEP (a counterfactual placebo es-
timate) to be able to conclude with confidence that an observed 
low incidence rate could be attributed to an investigational drug’s 
preventive efficacy, or whether the trial did not enroll sufficient 
numbers of high- risk individuals from those communities.

Ideally, the counterfactual HIV incidence estimate is informed 
by multiple data sources, including ongoing surveillance, epide-
miologic studies, and past trials performed in the same regions. 
Because of changing HIV demographics, a counterfactual estimate 
that is based on concurrent information is preferred.

DIFFERENTIATING BETWEEN RECENT AND CHRONIC HIV 
INFECTION
Estimating cross- sectional HIV incidence requires a way to cap-
ture incident infections. In the absence of community- wide HIV 
incidence cohort studies, inferring HIV incidence through esti-
mation of recent infections is needed.

In this section, we review the status of knowledge of differenti-
ating between recent and chronic HIV infection and discuss how 
this approach could be used in PrEP trials, from a trial sponsor, 
clinical researcher, and regulatory perspective. Note that none of 
the tests have been approved by the FDA for differentiation of re-
cent and chronic infection; recency testing has been performed for 
research and surveillance purposes only.

Most laboratory tests that distinguish between recent and long-
standing HIV- 1 infection rely on the well- characterized evolution 
of the humoral antibody (Ab) response to HIV infection and are 
reviewed elsewhere.31– 39

One important challenge to the interpretation of tests for re-
cent infection is the inherent biological variability in the kinetics 
of Ab maturation during infection between individuals; this can 
be influenced by particular host, viral, and external characteris-
tics, including sex, pregnancy status, HIV- 1 subtype, ART status, 
etc. Therefore, recent infection testing performed for the purpose 
of estimating incidence in a population requires a probabilistic 
approach, based on the test performance described by two key 
parameters: the mean duration of recent infection (MDRI) and 
false recency ratio (FRR; sometimes referred to as the false recent 
rate, or proportion false recent).40– 42 The MDRI is defined as the 
average number of days spent since the date of earliest detectable 
infection while still being classified as “recent” by measurement 
of a particular biomarker (usually, Ab avidity and/or concentra-
tion). The FRR is the percentage of “recent” test results obtained 
from individuals who are known to have been infected for a period 
longer than an arbitrarily assigned “recent” time cutoff (known as 
T), usually 1 to 2 years.41,43 MDRI and FRR are established for 
specific contexts through assay calibration studies using well- 
characterized, dated specimens from HIV- infected individuals 
with documented diagnostic test histories that support estimates 
of infection dates.44

For estimation of HIV incidence with reasonable precision, the 
MDRI and FRR must be within certain ranges. Target MDRI and 

FRR values for different use cases have been delineated elsewhere.45 
Unacceptably high FRRs occur in groups of individuals with long- 
standing infection but who are elite controllers, who have sup-
pressed viral load (VL) on ART, or are infected with subtype D 
HIV- 1.46– 48 High FRR in patients on ART is most likely a result 
of “reversion” of the HIV- 1 Ab response, such that it resembles that 
seen in recently infected people (i.e., relatively low avidity and/or 
concentration). To reduce the FRR in these populations, additional 
tests can be added in combination with the recent infection test to 
form a recent infection testing algorithm (RITA). For example, VL 
testing can identify individuals with a false positive recent infec-
tion result and low VL; such individuals are classified as not being 
recently infected, based on the assumption that recently infected 
individuals with very low VL (e.g., below 1,000 copies/mL) are 
exceedingly rare. Similarly, if the MDRI is too low, a prohibitively 
large sample size will likely be required to identify enough recent 
infections to support a precise incidence estimate, because the aver-
age time spent in the recent infection window is short.

Different laboratory tests for recent HIV- 1 infection have been 
described, and their performance evaluated (as a single test or as 
part of a RITA) using well- characterized panels of specimens.47– 55 
The selection of the most appropriate assay or algorithm for a spe-
cific application depends on the desired level of precision of assay- 
based incidence estimates, as well as many other practical issues 
associated with implementation.

TYPES OF RECENCY TESTS
The most widely used and best characterized research recency 
assays is the limiting antigen antibody avidity assay (LAg).51 
Originally developed at the US CDC, it relies on detection of low 
avidity Abs that bind to an immunodominant region of the gp41 
envelope protein. The LAg assay is available commercially for re-
search purposes only and has been extensively characterized both 
on its own or in a RITA in combination with VL in assay calibra-
tion studies47,48 and validated in the field.56 The LAg + VL RITA 
has MDRI and FRR that meet the target product profile for in-
cidence estimation in population surveys,45 and had been widely 
used for large- scale surveillance efforts in many settings.19,57– 62 
An External Quality Assurance proficiency testing program for 
the LAg assay has been established (https://eqapol.dhvi.duke.edu/
progr ams/lag)63; participation by all laboratory tests implement-
ing this test is strongly recommended.

An alternative to LAg that also meets the criteria listed above 
is the ARCHITECT HIV Ag/Ab Combo Assay.64 The approved 
intended use of this test is as a qualitative aid to diagnosis of HIV 
infection; however, the quantitative information contained in the 
signal to cutoff ratio has been used in research to discriminate re-
cent from long- term infections.64– 66 Because this test relies in part 
on anti- HIV antibody levels, it is also subject to false classifica-
tion of infection as recent when viral replication is suppressed and 
should be used in combination with VL tests in a RITA to reduce 
the FRR. Relatively less is known about the optimal threshold to 
use when implementing a RITA using ARCHITECT, compared 
to the LAg assay. Note that the discrimination of recent from long- 
term infections is an off- label use for which the test has not been 
approved by the FDA.
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USING HIV RECENCY TESTING TO ESTIMATE 
COUNTERFACTUAL HIV INCIDENCE FOR PREP TRIALS
The use of HIV recency assays to derive a counterfactual incidence 
estimate in the context of clinical trials for new PrEP interven-
tions is illustrated conceptually in Figure 1. During the screening 
process, participants who are HIV- negative and meet other trial 
inclusion criteria are enrolled in the study and receive the inter-
vention. Incidence in this population can be derived by direct 
observation, with new infections being identified through HIV 
testing at regular intervals (e.g., monthly). Specimens from poten-
tial participants who are found to be HIV- positive at screening are 
subjected to recency testing. An incidence rate can be calculated 
using MDRI and FRR values that correspond as closely as possible 
to the subtype of the infection and to the method used for identi-
fying the HIV- positivity (see below). This estimate of the rate of 
infection in the population meeting the risk profile without use of 
the trial product(s) is the “placebo counterfactual incidence rate.” 
The precision of the placebo counterfactual incidence estimate 
will depend on the number of participants screened (negative and 
recent) and the number of recently infected cases identified, as 
well as uncertainty associated with the MDRI and FRR.

The LAg assay (with a normalized optical density threshold of 
1.5) in combination with VL is the best characterized and most 
implemented test (Figure 2). Alternatives to LAg exist or may 
be developed in the future. Although less data to support robust 
MDRI and FRR estimates exist for the alternatives, they may have 
advantages and their utility should be investigated. The choice of 
assay(s) and the thresholds used to classify participants as recently 
infected, should be established before the trial is initiated.

The LAg avidity assay is commercially available for research 
purposes from two manufacturers: Sedia Biosciences (Beaverton, 
OR) and Maxim Biomedical (Rockville, MD). These kits can use 
plasma or dried blood spot specimens. In a comparative evaluation 
performed by the Consortium for Evaluation of Performance of 

HIV Incidence Assays (CEPHIA), MDRIs differed between man-
ufacturers by about 32 days.67 Although well- correlated with each 
other, normalized optical density (ODn) values from the Maxim 
assay were lower than with the Sedia assay, because of a difference 
in the calibrator control sample included in the kits.

The standard threshold for ODn that is used to classify an 
individual as having been recently infected is 1.5.50 Alternative 
thresholds are possible and may support more precise incidence 
estimates in specific contexts. For example, raising the threshold to 
2.0 would be expected to increase the MDRI, because more indi-
viduals would be classified as being recently infected. However, the 
FRR would also be expected to be higher, and the optimal balance 
between these two parameters will depend on differences in the 
target population(s) such as ART coverage, subtype distribution, 
and the actual incidence and prevalence.66

The threshold applied to the VL result depends on the specimen 
type collected at screening. For dried blood spot, a VL threshold of 
1,000 copies/mL should be applied, because the sensitivity of VL 
testing in DBS is lower than in plasma (higher limit of detection). 
For plasma, a lower threshold can be used, and is advantageous be-
cause it lengthens the MDRI, leading to increased ability to detect 
recent infections and potentially resulting in improved precision of 
the incidence estimate. MDRI and FRR for a RITA consisting of 
the Sedia LAg assay plus VL for four major subtypes, derived from 
analysis of algorithm calibration experiments from individuals who 
are HIV infected and ART- naïve in the CEPHIA repository,67 are 
shown in Table 1. MDRI and FRR for a RITA consisting of the 
Abbott ARCHITECT assay plus VL (using a threshold of 75 cop-
ies/mL) for 4 major subtypes, derived from the same calibration 
data set,66 are shown in Table 2.

Figure 1 Overview of clinical trials of PrEP including recent infection 
testing to estimate the counterfactual incidence. FRR, false recent 
ratio; LAg, limiting antigen antibody avidity assay; MDRI, mean 
duration of recent infection; PrEP, pre- exposure prophylaxis; RITA, 
recent infection testing algorithm; VL, viral load.

Figure 2 A Recent Infection Testing Algorithm. FRR, false recent 
ratio; LAg, limiting antigen avidity assay; ODn, normalized optical 
density; RITA, recent infection testing algorithm; VL, viral load.
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KNOWLEDGE GAPS AND CAVEATS FOR USE OF RITAS
HIV testing frequency and early ART
Assay and algorithm calibration information is most reliably ap-
plied for incidence estimation when the characteristics of the 
population of trial participants are well- matched to those of the 
population used to derive the calibration parameters (i.e., MDRI 
and FRR). Nearly all available assay calibration data were generated 
many years ago, when HIV testing was less frequent as it is likely 
to be currently, and when early ART was not yet the SOC. In the 
case of clinical trials of new PrEP agents, the distribution of times 
since infection among HIV- infected individuals sampled could be 
different if the target population is one in which many people are 
frequently tested for HIV (e.g., every 3– 12 months), and placed on 
ART immediately if diagnosed, because they would not present 
for screening. In a population where testing is frequent and early 
treatment is common, individuals “exit” the recent state by get-
ting diagnosed and treated; ART lowers VL sufficiently that they 
would be classified as not recently infected (see Figure 2). In such 
a population, the MDRI of the RITA would be shorter than that 
based on the population from which calibration data are derived. 
Application of an MDRI that is too high would lead to an inci-
dence estimate whose value is lower, and whose precision is higher, 
than in reality. In such a case, the efficacy of a new PrEP treatment 
would be evaluated against a lower placebo incidence rate, thus bi-
asing against the new treatment. This effect could be further com-
plicated by heterogeneity in frequency of testing and early ART 
initiation in specific subgroups of people. Careful consideration 
should be given to the specifics of each context, especially testing 
frequency and the proportion of patients who are HIV- positive 
and on ART. In some situations, an adjustment to MDRI and/
or FRR (or other parameters, such as T) may be needed. Such ad-
justments, the details of which have not yet been described, could 
affect the utility of calibration data shown in Tables 1 and 2.

HIV- 1 subtype diversity
The HIV epidemic is characterized by a high degree of viral ge-
netic variability with important implications for transmission, 

diagnosis, treatment, and prevention.68 Of three genetic groups 
(M for major, O for outlier, and N for non- M and non- O, group 
M is responsible for most infections globally, and comprises nine 
subtypes (A- D, F- H, J, and K)). Furthermore, circulating recom-
binant forms (CRFs) are common. Their relative distributions of 
group M subtypes and CRFs are reviewed in ref. 68. Because of 
a paucity of specimens that belong to subtypes other than those 
shown in Tables 1 and 2 in the panels used to calibrate the al-
gorithm (i.e., determine the MDRI and FRR), surveys conducted 
in some regions of the world where such subtypes are prevalent 
will need to use an MDRI and FRR derived from much smaller 
data sets (e.g., CRF01_AE)50 or estimated in the absence of com-
plete calibration data (e.g., subtype F, G, CRF02_AG, or other 
CRFs).69 For CRF01_AE, the published MDRI for the LAg assay 
was derived using slightly different methods than those shown 
in Table 1, and thus may not be directly comparable to these val-
ues; furthermore, an FRR for CRF01_AE was not reported.50 
However, the MDRI that has been calculated is very similar to 
the subtype B estimate (122 vs. 129 days), suggesting that using 
subtype B MDRI and FRR for CRF01_AE may be an acceptable 
approximation.

The FRR for subtype D is significantly higher than for other 
subtypes; this has been reported previously for LAg and other se-
rological recency tests.70– 73 The precision of incidence estimates in 
countries where a significant proportion of subtype D infections 
are expected, such as Chad, Kenya, South Sudan, Tanzania, and 
Uganda, may suffer as a result.

Trials that involve populations in multiple areas, each of which 
has different prevalence of various subtypes, should employ 
weighted MDRI and FRR values based on the relative proportions 
of each subtype, determined experimentally from sequence data, or 
estimated based on previously gathered molecular epidemiological 
data.

ARV drug level testing
Some investigators have included testing for ARV drug levels in 
a RITA based on LAg + VL. The rationale for ARV testing is 

Table 1 MDRI and FRR for LAg (Sedia) and VL- based recency testing algorithm

HIV- 1 subtype VL > MDRIa (days) (95% CI) Untreated FRR (%) (95% CI)

All 75 202 (180– 224) 1.7% (0.4– 4.9)

1,000 171 (152– 191) 1.1% (0.1– 4)

A 75 212 (158– 274) 2.6% (0.1– 13.8)

1,000 186 (137– 245) 2.6% (0.1– 13.8)

B 75 189 (145– 239) 1.8% (0.1– 9.6)

1,000 176 (132– 226) 0% (0– 6.4)

C 75 194 (169– 222) 1.4% (0– 7.6)

1,000 162 (141– 185) 1.4% (0– 7.6)

D 75 262 (168– 375) NA

1,000 209 (126– 307) NA

ART, anti- retroviral treatment; CI, confidence interval; FRR, false recency ratio; LAg, limiting antigen antibody avidity assay; MDRI, mean duration of recent 
infection; NA, not applicable; ODn, normalized optical density; VL, viral load.
aMDRI based on LAg ODn < 1.5, T = 2 years, and HIV infection detection using a hypothetical test with a sensitivity of 1 copy/mL. When using fourth generation 
Ag/Ab tests, the MDRI should be shortened by 11 days. FRR shown is for untreated patients. FRR for treated patients is 0% for all subtypes (95% CI 0– 2.8%). A 
weighted FRR based on the estimated proportion of patients on ART should be used. NA: not available, ≤ 10 individuals infected with subtype D for ≥ 2 years.
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that some individuals with longstanding HIV infection who are 
on ART can have LAg ODn < 1.5 (because of prior “reversion” 
of the immune response) and VL > 1,000 copies/mL because of 
incomplete adherence or the resurgence of drug- resistant virus. 
These individuals would be incorrectly classified as having re-
cent infection by the standard LAg + VL RITA. This three- test 
RITA has been implemented in large surveys in African coun-
tries, using an MDRI of 130 days (likely to be an overestimate) 
and assumed FRR of 0%.58 However, this approach is compli-
cated by the lack of calibration information, because ARV test-
ing has not been performed on the large specimen panels used to 
date for derivation of MDRI and FRR, and there is a paucity of 
specimens from patients not virologically suppressed on ART in 
these panels. It is expected that the MDRI and FRR would both 
be lower. Furthermore, kinetics of anti- HIV Ab avidity changes 
in patients with viral replication ongoing in the presence of ART 
are poorly characterized. A recent report describing the imple-
mentation of a LAg- based RITA in resource- limited settings 
included only 3 of 92 patients being re- classified as non- recent 
following ART drug level testing.74 The body of supporting in-
formation, in addition to additional cost and logistical complex-
ity, does not support including ARV testing in a RITA for the 
purpose of generating a counterfactual incidence estimate for 
clinical trials of PrEP.

SAMPLE SIZE CALCULATION
One of the main determinants of the feasibility of this approach is 
the total screening sample size (not just the number of participants 
actually enrolled in the clinical trial) required to provide suffi-
cient precision around the laboratory- based incidence estimate, 
because the number of people to be screened and the number en-
rolled in the trial on PrEP are major drivers of the cost associated 

with clinical trial implementation. Important variables that im-
pact sample size are outlined in Table 3.

Building on previous work using the inctools R package,75 total 
screening sample size is calculated based on a test statistic of log of 
the ratio of experimental arm and placebo arm incidences,76 where 
the placebo arm incidence is estimated by estimator in Kassanjee 
et al.41 Specifically, asymptotic distributions of the log estimated 
incidences are combined to derive the asymptotic distribution of 
the test statistic under null and alternative hypotheses, allowing for 
calculation of the sample size with desired type- 1 error and power 
under specific null and alternative settings of intervention efficacy.

To illustrate how some of the variables listed in Table 3 impact 
sample sizes, we present 4 hypothetical scenarios in Table 4, using 
incidence and prevalence data for several key populations with 
high incidence. These scenarios are not intended to precisely rep-
resent the ranges of incidence and prevalence in populations likely 
to be considered for clinical trials of PrEP, but serve as examples of 
key populations where PrEP is urgently needed. The sample sizes 
calculated are for a single investigational PrEP arm and compari-
son to the RITA- derived incidence estimate. Based on comparison 
to the numbers of participants in recently completed or ongoing 
trials of various PrEP agents,18,21– 24,80– 83 the required sample sizes 
shown in Table 4 are within a range that would be likely feasible 
for a large study sponsor. Preliminary investigation into sample 
sizes needed for trials that also include an active control compara-
tor arm indicate that these trials are also feasible, depending on the 
level of precision stipulated for the comparison between arms ( J.P. 
Hughes et al., unpublished data). Other clinical trial designs could 
necessitate larger sample sizes; methods for determining sample 
sizes for different designs are in development.

The scenarios modeled above show that the proposed approach 
is not limited by large sample size requirements. To extend this 

Table 2 MDRI and FRR for ARCHITECT and VL- based recency testing algorithm

HIV- 1 subtype VL> S/CO< MDRIa (days) (95% CI) FRR (%) (95% CI)

All 75 150 154 (135– 175) 2.2% (0.6– 5.7)

75 200 192 (169– 215) 5.1% (2.3– 9.4)

75 250 234 (208– 261) 7.3% (3.9– 12.2)

A 75 150 156 (121– 195) 5.3% (0.6– 17.7)

75 200 224 (167– 288) 7.9% (1.7– 21.4)

75 250 262 (199– 335) 10.5% (2.9– 24.8)

B 75 150 145 (103– 191) 0% (0– 6.4)

75 200 169 (121– 220) 1.8% (0– 9.6)

75 250 211 (152– 275) 1.8% (0– 9.6)

C 75 150 139 (116– 163) 0% (0– 5.1)

75 200 169 (141– 200) 4.2% (0.9– 11.9)

75 250 210 (177– 246) 5.6% (1.6– 13.8)

D 75 150 241 (145– 347) NA

75 200 296 (189– 406) NA

75 250 339 (231– 456) NA

ART, anti- retroviral treatment; CI, confidence interval; FRR, false recency ratio; MDRI, mean duration of recent infection; NA, not applicable; ODn, normalized 
optical density; S/CO, signal to cutoff ratio; VL, viral load.
aMDRI based on T = 2 years, HIV infection detection using a hypothetical test with a sensitivity of 1 copy/mL. When using fourth generation Ag/Ab tests, the MDRI 
should be shortened by 11 days. FRR shown is for untreated patients. FRR for treated patients is 0% for all subtypes (95% CI 0– 2.8%). A weighted FRR based on 
the estimated proportion of patients on ART should be used. NA, not available, ≤ 10 individuals infected with subtype D for ≥ 2 years.
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observation, the impact of MDRI, FRR, incidence, and prevalence 
on sample sizes is illustrated in Figure 3. For a given incidence and 
prevalence, increasing the MDRI from 120 to 200 days, keeping 
other assumptions constant, leads to a decrease in sample size, es-
pecially when FRR is 3% or higher. Similarly, sample sizes are lower 
for lower FRR values, with the magnitude of the effect being min-
imized when MDRI is high (e.g., over 180 days; Figure 3a). When 
MDRI is low (e.g., below 150 days) and FRR is 4% or higher, the 
sample sizes become so high that the trial may not be feasible. For 

a specific combination of MDRI and FRR, samples sizes increase 
with lower incidence or higher prevalence; when incidence is over 
~ 5% per year, the impact of higher prevalence is lessened. At low 
prevalence (e.g., 10%), sample sizes remain feasible at lower values 
of incidence (Figure 3b).

CLINICAL TRIAL DESIGN CONSIDERATIONS
We assume that the primary endpoint for new PrEP product trials 
will be reduction of HIV incidence in the new PrEP product arm 

Table 3 Key variables that determine required sample sizes

Variable Rationale Comments

Desired level of precision Higher precision requires larger sample 
sizes which will allow greater opportunity to 
observe events (i.e., recency assay positive 

infections and new infections on PrEP)

The level of precision that is required to 
support the determination of a statistically 
significant difference in the two incidence 
estimates can be determined based on 

accepted levels of type- 1 error and power

Expected prevalence and incidence For maximum precision and smallest 
possible sample size, the proportion of 

HIV- positive cases that meet the recency 
assay/algorithm criterion should be as high 
as possible, and the background of cases of 
long- standing infection as low as possible

High prevalence leads to a reduction in 
the number of individuals at risk for HIV 

acquisition, which is a component of 
the denominator in the incidence rate 

calculation

Expected efficacy of the intervention An intervention that is expected to have a 
very large effect, such as ≥ 90% reduction 

in incidence compared to the counterfactual 
estimate, will require less precision in 

order to reach statistical significance of the 
reduction

Minimum acceptable effect of the 
intervention under the null hypothesis, i.e., 
the intervention effect we would like to rule 

out, also impacts the sample size

Assay calibration (MDRI and FRR) Longer MDRI and lower FRR will permit the 
accurate detection of more recent infections 

compared to shorter MDRI or higher FRR

Calibration parameters are specific to the 
assay or RITA and the target population 

(e.g., based on HIV- 1 subtype prevalence)

Trial design (e.g., number of different 
treatments being evaluated)

Evaluation of more than one intervention, 
or inclusion of an active control arm, will 

significantly impact required sample sizes

Table 4 Sample sizes required for clinical trials using RITA- based counterfactual incidence estimates

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Location(s) KwaZulu- Natal, South 
Africa77

Mpumalanga province, 
South Africa78

South Africa, eSwatini, 
Kenya, and Zambia79

Peru7

Population AGYW 14– 17 years old MSM > 18 years old AGYW 16– 35 years old MSM > 18 years old

Survey period 2004– 2007 2012– 2015 2016– 2018 2016– 2018

Incidence (annual) 4.7% 12.5% 3.8% 6.1%b

Prevalence 27.6% 32.4% 12.1%a 29.0%b

Subtype C C C B

MDRI (days) 151 151 151 165

FRRc 1.4% 1.4% 1.4% 0%

Number on PrEPd 1,369 454 1,469 904

Total number to be 
screened

2,101 747 1,857 1,414

AGYW, adolescent girls and young women; ART, anti- retroviral treatment; FRR, false recency ratio; MSM, men having sex with men; PrEP, pre- exposure 
prophylaxis.
aPrevalence based on number of HIV positive individuals identified during screening for the ECHO trial.79 bIncidence from placebo group from the AMP study in 
Lima7; prevalence from surveillance study of HIV positive MSM and transwomen; Ministry of Health of Peru, Coordinadora Multisectorial Multisectorial en Salud 
(CONAMUSA) and Jorge Sanchez, personal communication. cFRR derived from ART naïve patient population. If the proportion of people infected with HIV and 
on ART can be estimated, a weighted FRR (assuming no false recent results in treated patients) should be used instead. dThe number enrolled into the PrEP 
intervention arm(s), assuming a single arm in the trial. All sample size calculations performed assuming: fourth generation Ab/Ag testing to identify HIV- positives, 
80% reduction (null hypothesis: 50% reduction) in incidence on PrEP, 90% of individuals who are HIV- negative enroll on PrEP, 90% of HIV positive specimens yield 
valid recency testing results, two years of follow- up on PrEP, 7.4% and 14.5% relative standard error on the MDRI for subtype C and subtype B, respectively, 25% 
RSE on FRR, significance level 0.05 and power 0.8. https://github.com/feiga o1/sampl esize_RA/.
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compared with the counterfactual HIV incidence estimate de-
rived using the recency assay and confirmed using other regional 
data sources. Use of an active PrEP SOC control arm for addi-
tional secondary efficacy and safety comparisons of the new PrEP 
agent vs. the active PrEP SOC control arm could also be employed 
to strengthen the trial.

The concept of calculating a counterfactual HIV incidence for 
the purpose of evaluating the efficacy of HIV prevention products 
is novel; operationalizing it involves several challenges which must 
be considered. In order for the statistical framework described 
above to be valid (i.e., a reduced incidence observed on PrEP com-
pared with the incidence estimate is truly a result of the interven-
tion), the following assumptions have been made.

1. HIV acquisition risk factors in people who test HIV- positive 
at screening and those eligible and enrolled in the trial are 
well- matched. In order for the comparison between incidence 
on PrEP and the counterfactual incidence derived from recent 
infection testing to be valid (i.e., that the expected reduced 
incidence observed on PrEP is truly a result of the interven-
tion), the HIV risk acquisition factors must be well- matched 
in the two groups. This could most readily be achieved by 
applying eligibility criteria before an HIV test is performed. 
Doing so represents a significant change compared with how 
clinics usually identify eligible trial participants. Most clinical 
sites, when evaluating participants for inclusion in an HIV 
prevention trial or for clinical PrEP, would first test the 
participant for HIV, and refer them to a clinical prevention 
trial or PrEP intervention if negative, or to clinical HIV 
care and treatment if positive. Thus, implementation of the 
screening cohort will require trial sites to ensure that all clinic 
visitors who meet criteria for eligibility for the randomized 
cohort, are indeed, screened for HIV, so that those who 
are positive can have a recency test done and contribute to 
the background HIV incidence calculation. Pre- screening by 
other providers in the area or by the potential participant 
themselves so that only individuals known to be HIV neg-
ative present for screening this will bias the HIV incidence 
estimate in the screening cohort to be lower than the true 
incidence. Similarly, efforts should be made to ensure that the 
population of HIV- negative screened participants is similar 
to those who are eligible for and willing to use PrEP.

2. Willingness to be tested for HIV as part of the screening pro-
cess is independent of HIV status. If people who have recently 
been diagnosed with HIV infection (e.g., within the last year) do 
not present for screening, then the number of recent infections 
counted and the resulting incidence estimate will be too low. It 
is not possible to require screening participants to reduce the 
frequency of testing in order to participate in new PrEP trial re-
search, as quarterly testing is recommended for persons at risk.84

EXTENSION OF SCREENING PERIOD TO INCREASE 
INCIDENCE ESTIMATE PRECISION
To ensure that the precision of the counterfactual incidence es-
timate is sufficient, if the number of RITA- positive recent infec-
tions are identified is lower than expected, sample collection for 
the HIV incidence cohort may need to continue beyond the time 
at which the target numbers of people on PrEP have been reached. 
However, this raises additional questions about the responsibility 
of the sponsor to provide treatment and care for individuals with 
HIV infection identified during this period, or to provide PrEP to 
individuals who are not infected and could not be enrolled in the 
clinical trial component of the study.

POTENTIAL FOR TRIAL INCLUSION OF INDIVIDUALS 
ALREADY ON PREP
In populations at high risk of acquiring HIV, where new PrEP tri-
als are likely to be conducted, there may be individuals who are al-
ready using approved interventions (e.g., TDF/FTC) but who wish 
to participate in the study of alternatives. This has implications for 

Figure 3 Impact of incidence, prevalence, MDRI and FRR on required 
sample sizes. Sample sizes shown are the number to be screened, 
assuming a single arm in the trial. All sample size calculations 
performed assuming: fourth generation Ab/Ag testing to identify 
HIV- positives, 80% reduction (null hypothesis: 50% reduction) in 
incidence on PrEP, 90% of individuals who are HIV- negative enroll 
on PrEP, 90% of HIV positive specimens yield valid recency testing 
results, two years of follow- up on PrEP, 14.5% relative standard error 
on the MDRI, 25% RSE on FRR, significance level 0.05 and power 
0.8. https://github.com/feiga o1/sampl esize_RA/. (a) Effect of FRR 
on sample size over a range of MDRI values (assumes a baseline 
incidence of 4.7% and prevalence of 27.6%). (b) Effect of baseline 
prevalence on sample size over a range of incidence (assumes MDRI 
of 151 days and FRR of 1.4%). FRR, false recent ratio; MDRI, mean 
duration of recent infection; PrEP, pre- exposure prophylaxis; VL, viral 
load.

(a)

(b)
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the design of a trial that relies on a counterfactual placebo estimate, 
because the risk of HIV acquisition in people on PrEP is expected 
to be lower than the theoretical placebo group. Furthermore, if 
such individuals are found to be HIV- infected at screening (e.g., 
due to incomplete adherence), it is not clear whether the kinetics 
of antibody maturation would be the same as in individuals not on 
PrEP, although it is likely that this is delayed to some extent.85,86 
For these reasons, while not preventing these individuals from par-
ticipating in the trial, they should be excluded from the cohort used 
to generate the counterfactual incidence estimate. Alternatively, a 
sensitivity analysis can be conducted, wherein an incidence is also 
calculated regardless of history of prior PrEP use.

CONCLUSIONS
The use of HIV recent infection testing to generate a counter-
factual incidence estimate is a promising new approach that can 
facilitate implementation of clinical trials for new prevention in-
terventions. If integrated into the screening process of the clinical 
trial, recent infection testing could address the goal of providing 
a background incidence estimate that is more contemporaneous 
and similar with respect to the baseline characteristics of partic-
ipants in the new prevention intervention arm than those gener-
ated by other methods. Recent infection testing could serve as one 
of several methods to establish a counterfactual placebo estimate 
of HIV incidence in specific communities.

This approach is new, relies on assumptions, and has several im-
portant challenges that need to be addressed. However, a high pre-
vention efficacy, resulting in a very low incidence of HIV infection 
on PrEP, will allow for a clear difference with the counterfactual 
estimate, and compensate for concerns about the precision of the 
estimate. It will be important to carefully evaluate the proposed ap-
proach as new prevention studies are rolled out. Open and ongoing 
communication between sponsors, communities, clinical researchers, 
and health authorities will be essential to support the acceptability of 
this method. As recency data are generated and estimates confirmed 
with other data sources, cross- stakeholder collaborations will be crit-
ical to monitor progress using our proposed approach for assessing 
efficacy, and its impact on communities participating in such trials.

Based on the current status of knowledge, as outlined in this re-
view, the Forum for Collaborative Research and the Recency Assay 
Working Group propose the following:

1. The use of a recent infection assay and algorithm (a com-
bination of a recency assay and other assays such as HIV 
viral load) should be considered as one method to generate a 
counterfactual incidence estimate, by testing specimens from 
individuals infected with HIV- 1 from the same population 
as PrEP trial participants.

2. When using a recency- based counterfactual estimate in a pri-
mary efficacy comparison, other incidence estimate method-
ologies should be used to triangulate/corroborate the recency 
estimate. Other methodologies could include: epidemiologic 
estimates in the area in which the trial will be conducted, 
use of previous placebo estimates at the same trial site, and 
post- randomization incidence data methods (e.g., adherence- 
efficacy or STI/HIV incidence methods).15,17,87

3. The characteristics of the population used for the assay 
calibration should be well- matched to that being targeted for 
prospective testing to estimate incidence.

4. Specifically, for use in generation of a counterfactual incidence 
estimate in the context of clinical trials of PrEP, the following 
criteria should be applied when selecting a recency assay or 
algorithm:
• MDRI and FRR values should have been determined, a pri-

ori, and be within ranges that can support incidence estima-
tion with the required level of precision.

• High quality kits should be available from one or more man-
ufacturers in a sustainable fashion.

• Quality assurance for test operation should be implemented 
in each participating laboratory (validation and external 
QA).

• Minimal, and preferably no modifications to validated assay 
procedures should be required, assuming multi- laboratory 
implementation, because standardization is needed.

• Cost should be affordable for trial sponsors.
• Specimen types needed should not differ from those typi-

cally collected in clinical trials.
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