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=1 Abstract
Background: Thz OraQuick In-Home HIV self-test renresents 2 fast, inexpensive, and
convenient methcd 1or users to assess their HIV status. ¥ integrated thcughtfully into existing
testing practices, accompranied Ly efficient pathways to formal diagnssis, self-testing could
enhance both HIV awareriess and reduce HIV incidence. Hewvever, currently available self-tests
are less sensitive, parricularly for recent infzction, when ccinpared to gold-standard laboratory
E tests. It is important to understand ine impact if some portion of sta2ndard tesuing is replaced
g by self-tests. We used a compzrtinental model to evaluate the effecis of self-testing in diverse
% scenarios among gay, bisexual and other men who have sex with men (MSivi) ir the United
% States for the period 2020 (2 2020, and S uinaers@and which sceraiios maximize the advantages of
§ self-testing.
%- Methods: We introduced a novel 4-comeartment mozal for HIV sel’-testing. 'Ae emnloyed the
- model under different screening races, self-test proporions, and delays ic dizgnosis ror those
identified through self-tests to detzrmine the potential <ffe=ts of self-testing on HIV incidence
and awareness of status when applied to the 125 MSM pcpulation. We studied scenarics in which
self-tests supplement laboratory-bascu tests, with no replasement, and scanarius in which scme
replacement occurs. We also examined how future improvements in self-12si sensitivity mav efiect
> our results.
c
;f Results: When HIV self-tests are suppiementai rather than substitutes for labcratory-oased
_ testing, self-testing can decrease HIV incidence axiono NiSivi in the US by up to L0% ana
QZJ increase awareness of status among MSM frorn 85% to 91% over a 1 0-year perioc, provided
g linkage to care and formal diagnosis occur promptly following a positive self-test (SC days or
Q less). As self-tests replace a higher percentag? laboratory-based testing algorithms, increases in
=t
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overall testing rates were necacsary to cnsure reauctions in HIV incidence. However, such needed
i_> increases were rslatively smiii (under 10% tor nromipt engagement in care and moderate levels of
5 replaceriient). improvements in self-test sersitivity and/or decreases in the detection period may
S‘ZJ rurthar reduce any necessary increases in overall testing by up to 40%.
% Conclusions: Iv properly utilizzd, self-testing can previde significant long-term reductions to
5 HIV incidence anrd improve awareness Si HIV siatus. Ensuring that self-testing increases overall
e tasting and that fcemal diagnosis and ciigagemant in care occur promptly following a positive
= self-test 2re recessary to maximize the benefits of celf-testing. Future improvements in self-test
sensitivity and reductions in the detection pering would Turther reduce HIV incidence and the
pctental risks associated with replacing iaboratory tests witii self-tests.
Keywords
> HIV; HIV/AIDS: self-tasting: mathematical modeling
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% Introduction
% Since the FDA spproved the OraQuick Iri-Home HIV tasi in 2012, the use of HIV self-
& testing ias arcwn considerably in the United States, amplified in part by the COVID-19
é. panderiic and reliance on telehealth and 1clemedicine servicas, such as COVID-19 home
- tests [1) In comparison to non-FDA approved H! self-cciication Kits that collect a dried
blood spct (DBS) sample, ural swab self-tecting gives test resiiits within minutes and does
not require a samiple to Se sent to an external laboratory [21. HiV' self-testing offers an
innovative stratcgy to help expand HIV testing across the I'nitea States, increase testing
among poguliations most affected by HIV, and raacii persons with undiagnosed HIV who are
> not being reached by traditional testing programs, including inose in laboratory settings [3],
% [4].There is currently oniy one FDA-approved HI\’ self-tcstin the US [5], [6].
S Several studies 'iave demonstrated the etiectiveness of self-testing programs. In [4], a trial
QZJ among gay, bisexual anc other men whe have sex with mcii (collectiv/eiy referred to as
g MSM) showed that distribution of cial self-tests led to a 47% increase in total HIV testing
Q over the observed period. The availability of self-testing was not tound to have any impact
'§ on STI acquisition and performed similarly to laboratory-tascd tesiina for all HIV risk
indicators. A trial utilizing internet-based recruitment, in which participants were mailed
self-tests [7], found that this approzaci led to increases in testing leveis especiclly among
MSM who had never had & previcus HIV test [2]. This is generally consistent v-ith existing
literature, which suggests that overall testing incre2ces with improved availaoility cf self-
testing [8], [9]. While the cost of the curreni FDA-approved self-test has been reperied to
(13 be a deterrent from further adontion of <zir-testing in the United States [10], [11], recent
g analyses have found that self-125iing is cost saving [12]
QZJ Despite encouraging findings in trials concerns about tne real-world imoact of scaling-up
2 self-testing programs remain. The FDA-approved self-tasts (like all ora'-swib tests including
@ CLIA waived rapid tests) are less sansitive than labeiateiy-based tests, particular®y in the
%- acute phase of HIV infection, estimaiad trum 45 to up to 90 days after accuiring intection
- and referred to as the detection period (or window rziiod T3]. ‘While the instructions for the
Epidemics. Author manuscript; available in PMC 2025 Marci 17.
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OraQuick self-test ctate that the test shiou'd not be used as a substitute for laboratory-based
i_> iesting, some researciiers have posites a concern that this could happen in practice. In
5 addition, in [4], [7], [8], participaiits in controlled settings were carefully instructed on the
= proper use and interpretaticn of such tests. However, fidelity to proper use may vary with
9§J larger-scale implementation in community’ settings.
5
é Given the inherent difficulty In mcesuring self-testing behaviors outside of a controlled
%' seuing and evaluating the effectiveness of scaling up self-testing programs, researchers
- have resorted to mathematical models to evaiuate the effects of self-testing on the wider
population [131, [14]. Findings in these twg studies have been mixed, with self-tests having
a2 nesitive G ieyative net-effect on HIV inciderice based on the degree to which they
replace laboratory-based tests and hcwv muchi their inftroduction causes overall testing rates
to increase. Roth stiidies emplo red area-specific models of MSM; a network-based model
> W2r usca in [13] and a compartmental moaal in [14]. In sume instances, these studies
% considered demegyraphic pools that already hag high rates of laboratory HIV testing, limiting
©) the poter:ual benefit of any additional testing -uased Intarvention, including self-testing.
%ZJ Qur analysis exnznided the mathematical inodeling of szli-testing by precisely quantifying
5 the relationship Letween increased HIV! salf-testino and future HIV incidence and awareness
Q of HIV siatus in the MSM population. Tivis was accumplishad through the introduction
= of a streamlined mathematical model, that allowed us to varv levels of HIV self-testing,
levels of averall HIV testing, and any delays in obtaining a 1orrial HIV diagnosis after
a positive self-test, in a straightforward manner. We then applisc! the model to the US
MSM PWH poruiation and identified the conditions iri which s¢!f-testing could reduce HIV
incidence end increase awareness of HIV status. We found thres10/d levels, the amount
by which o serall HIV testing must increase to offset the reduced sensitivity and delays
E in obtaining « formal diagiiosis associated with incrcased Hiv selt-testing. While previous
g models identified scenarios in which self-testing both reduced and inc'eased HIV incidence,
% they did not identity the specitic conditions in which self-tcsuna 'zads to HIV incidence
% reductions.
%
9 Methods
=t
Compartmental Model
Consider a four-compartmental mocei (Figure 1) where persciis withi HIV (PAWH) are in one
of the following states: actie infection unaware of infection (a), chronic infection unaware
of infection (u), AIDS patients unaware of infection. (s), and all persons with diagncsed HIV
infection (d). The model is defined here fzi anv PvwH population 2iid ther appliec tu the
E U.S. MSM PWH population in the follzwing section.
=0
S This model stratification assumes the Tollcwing disease progression transitions.
<
% Every person begins in the acute unaware stage a, and has one of the fellowing ourtcomes:
g(g 1. The individual can take a test (either seli-tescs or non-self-tests) and ieceive
=} a diagnosis, moving to corpartment 2. The time io diagnosis 13 different for
positive self-tests versus non-self-tests in aereral:
Epidemics. Author manuscript; available in PMC 2025 Marci 17.
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2. The individual can remain unaware and pass from the acute stage to the chronic,
E unaware siags u’
3 3. Theindividual mev die.
% Assuming that (2) happers, the unaware, nsii-acute individual has one of the following
é outcomes:
Q 1. The individual cair take o test (which may or may not be a self-test), receive a
= diagnosis, and move to compartment q. Again, the time to diagnosis is different
for self-tests and non-self-tasts;
2. Thne individual can refmain unaware and nass from the chronic unaware stage and
develop AIDS, moving 5 the staye s;
3. The individual may die.
>
% Again, assuming (2), an individual sick with A,DS and unaware of their infection:
o . - . .
= 1. inay take a test (possibly a self-test) 2na hecome aware of their infection, receive
§ a diagnesis, ar.d move to ccmrartment 4. The time to diagnosis is different for
2 self-tests and non-self-tests;
)
0 .
= 2. may die.
=1
Once dizgnosed and in group #, a person may icave this yicup through death.
Mathematically, this ciocess is described with the following set of linear differential
equations:
a=Arr hu+ As + dd = (0 + &, ¥ p)a
jc> u:a‘,q,‘a—(ﬁ_ﬁq+a+ﬂ,v)l;
5 Szau—»su_(d)s+”s)s
S] i =B+ T+ s — pud,
<
) ()
5
c
)
Q plus initial conditions. Detailes descriptiors of each paremater are providec. in Tables la-1c.
= Briefly:
. . are the stage (k) specific wansmission rates
. o, are the naiural disease progressior, rates from j — « (note o,_, als?
corresponds to the testing detection rziiad),
> . u, are the stage (k) specific mortaiity rates, and
c
[ — g r] - v .
g . ¢, are the stage (k) specific dziection rates, which describe *ne rate at which
% unaware PWH become aware of their status (s2e eq. (2) ir the following seccon
% for mathematical defin’ticn).
c
@ Note that we do not model the non-P\WH (susceptiblz) population explicitly. The
%- justification of this choice is based on the siavie dvramics of HIV prevaleiice in this
- cohort, with several studies showing little change in -iiV prevaience among US MSM since
Epidemics. Author manuscript; available in PMC 2025 Marci 17.
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2008 [15], [16], F171. This suggests that saturation effects, caused by rapid depletion of
ine susceptible pupuiaticn, are minimal. ~Accordingly, we assume there is a relatively large
and stahle susceptible populotior, which does not vary enough to affect the progression

of the epidemic. Such dynamics are characteristic of late-stage HIV epidemics in MSM
populations [18]. Similar ascumptions were en'ployed in models of HIV transmission
among M:5M in the Netherlands [19], I2G] and Switzerland [21]. We provide additional
mathemeatical arguments for the validlt_v and accuracy of this modeling choice, as well

zs several other important model properties, in Suzplement A. We acknowledge that in
sther settings, this assumption may not be appregiiate. For example, when modeling HIV
tranemission i iow-prevalence {ai the keyginning of the modeling period) populations with
risk Tactors, as in e.g. rural pcrzuiations of rersons wwha inject drugs, saturation effects play
an important role, and cannot be disregarded [22], [23].

1duosnuen Joyiny

Before procecany to a detailed discussion of model paraineters, however, we remark

that not modeiing the non-PWH population explicitly affects the interpretation of those
parameteis, 2s they specifically refer to rates among 1>e PWH population. This is
particulazty important fci testing-relater: parameters, as the provided testing rates are based
0n testing rates amona persons with undiagnosed HIV infection, and the disease-stage
specific subnspulations therein. In general, these rates wvill differ from those of the general,
non-P\WH population. Hence, when changes in testing ratcs are discussed in the analyses
that tollow, these refer to changes in the testina raie amony persons with undiagnosed
HIV. v /hile these may be ielated to larger changes in testing levels among non-PWH, the
exact nature of tis relationship is not specified in this mode!. This may potentially affect
interpretaticn f the model results from a programmdtic perspective; further elaboration is
provided iri the discussion sectior. Finally, it natuiaily follows that similar care must be
taken when imarpreting sarameters defining mortality and wransmicsion.

1duosnuey Joyiny

With these considerations in mind, the description ut each parametzr and the associated units
are provided in Tabies la—1c. We now discuss some important considerations regarding the
testing, transmission, and rortality parameters. A move comprehens:ve discussion of model
parameterization is provicea in Surplement B.

1duosnuen Joyiny

Modeling and parameterization or H!V testing

We now briefly discuss how testing is modeied and parameterized.

The detection rate ¢, for 2 comparument k (recallir.g that all compariments refer io PWH at
different stages) is defined as:

- \elf self care jcare
P = O+ KB

@

where «;*/ and «{* are the fest sensitivities (unitless) for self and non-sely tests. We o not
refer to this rate as a testing rate, as the sensitivities are, i'i general, less than one. This rate

1duosnuep Joyiny

test, as reflected by the mcorporatlon of test aensmvm/ rora campartment k, and qs“’f, ¢k

Epidemics. Author manuscript; available in PMC 2025 Marci 17.
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denote the corresponding fosting raies, which may be either positive or negative tests, and

,1—> accordingly, do nut necessarily result in 2 diagnosis. Note that we consider non-self-tests

5 to be gold standard laboratory tesis, 2s reflected by the parameter values in Table 1. We

o ..\ \/.7 . . . .

= ackncwiedge that this is a simplification, as, in general, non-self-tests may include rapid

ng CLIA- vaived tests conductes in community-based settings and other types of testing. Such

2 tests are. iowever, a minority of nun-self-iests [30]. We discuss this assumption further at

3 the end ef the current subsecticii,

g | - |
L.t ¢, represent the festing rate of the PV /H population in the absence of self-testing
hereafter referred to as the baselinc resting rate for compartment k. We note the testing rate
&, ieidied 10, but distinct from, the detection rate &, Jetined in equation (2). The difference
between the two rates is that the dztection rate ¢, accounts for test sensitivity, whereas the
Esting raie @, dues r.ot. Thus, wiiile the tectir.g rate ¢, Jderines the rate of tests in the PWH

(13 population in grour i, the detection rate definea the rate of positive tests. Let y, then denote

g the percant chaiige in the overall PWH testing rate in compartment k due to self-testing, and

% v the wropaortion of tests among compartriient : thidi ave self-tests. Then we can write the

% detection rate (2) as:

%

S B =1 nl1+ i+ k(L= 7)1+ 20

=1 3)
In addition to seqsitivity, self-tests and other tests may also diirer in the time to receive a
formal diag:iosis after an initial positive result [131. This difieience is attributed to the need
for further confirmatory laboratory iasting after 2 positive self-test, delaying diagnosis and

> initiation-ov-care. We mcdity the getection rate (2) above to account for this delay among

=1 PWH in compartment %, denoted as 7,/ ~ %

>0

o

= I | \

Q b= x"y, I - + <0 =)L+ 2

>S5 (777 ielf—»dmg.)

c U+ )b

8

=. 4)

§e)

—+
Since we are considering non-self-tests as lakoratory tests, the parametzr 1S zerc in this case,
as we can assume diagnosis cccurs 2t ine same tine as a positive resiit.
We may then rewrite the system in terms of (4) 33:

= . self, | —1 | ety —diag.\ "1 core \/

% a= ﬂaa+/1uu+/1:5+ﬁdd—(tra_»ﬁm ral (1 + X)b) ) + 1 (1 = v {1+ k)b, + uﬂ)a

Q

<

)

=) . -1 1 — diag.\ ™ \

S i=0,.,a- (auﬂ + (((1 + b)) LT g) + (1 =)+ e + uu)u

Q

=t

Epidemics. Author manuscript; available in PMC 2025 Marci 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/



Viguerie et al. Page 7
/ = —1

,12 §=o0,_u-- ((’(1 + )00+ *"’“g') +5" (=) + x)e + m)s

=

Q

5

. _ =1 _ =1

2 d=r" n(((l k) ”‘“g') a+ &1 = 7)1+ r)paa+ ki n(((l + b)Y *"’”g') u

- =1

8 + 5 =)+ p)bau+ < yr(((l + 200, *"’“g') s+ &= 7)1+ x)bes — pad .

=

~—+
The complete list of parameters, thcir names and units are provided in Table 1a—c. Full
details oh now thiese parametars zie defined. based nn surveillance data, are provided in
Supplement B.

> We acknowledne tha: assuming all non-self-tests are lanoratory tests does not reflect the true

= testing landsczpe. which includes many poirt-cf-care and community-based rapid testing

g programs {301. This assumption is motivated by siiiglicity, as there are large jurisdictional

= differcnces in the availability of such pregrams and a relative paucity of data regarding their

% reach (30].

(%

Q Computation ol meriality and transmission rates

o . . \ .

- As mentioned previously, the compartment mode! Goes nct directly simulate PWH through
the continuum-of-care prsi-diacnosis. This modeiing choice is motivated by the specific
problen:, as we 25sume that testing does not modify the rates i (ransitioning through
the continut:m-si-care after a diagnosis has been mage. However, diagnosed PWH may
still transmit 41V, and the rates at »which such transimssion occurs depend heavily on

> post-diagncsis continuum or-cars. indeed, the uptake and 2diierer-ce of antiretroviral therapy

c (ART) medications to Aciiieve viral suppression (\Ls) h2s been founc to be the most

g significant factor in reducing HIV incidence [31], with PWH whe are VLS carrying

=z essentially no risk of sexual transmission [32], [33]. Hencg, the sost-diagnosis continuum

% of care is relevant for incidence estimation and was im.ziicitly included i its estimation as

C

5 follows.

Q

=} We assume that the post dirgnosis continuum-of-care distribution goes not differ among
PWH identified with seir-test versus non-sel:-tests. We ther corsider three nosi-diagnosis
subgroups:

1. PWH who are diagiiosed and not on ART d,,cure,
2. PWH on ART but who are not viiallv suppressed dzr,

> ;

=1 3. PWH who are ART and viially supnressed dy; s.

=0

= We can then consider the overall transmission rate in the post-diagnosis group as a

QZJ weighted-average of the above groups. Mathematically, 1eiting Aocares Aurm Avis DE i€

2 transmission rates corresponding t2 tae listed groups, v/e r.an express this w2ighied average

S as:

=t
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> Aol = Ay e Puocare + Angrd rr + Avisdyrs

c = AocreF(noCare| 5)d 2 Aagr P(ART | D)d + AyrsP(VLS|D)d

= = (Anoc.reF(10C0: €| Dy + AsgrP(ART| D) + AysP(VLS| D)) d,

Q

% where \ht P(stage| D) represent the condiiional probability of being in the specified sub-

5 stage, oiver. that one hes received a diagnosis, and 4 is from (1), representing the diagnosed

Q state. Thie weighted-averaos iransmission rate is then obtained as:

=t

Ad = InocareP(n0Care| D) + Apsrr P{ART|D) + Ay sP(VLS| D).

This allows us to account for the effects of the post-diagnosis continuum-of-care without
requiring its explicit simulatior.. We siress that this innerantly assumes no difference in

> post-diaannsic care resulting from self-testing

c

;ﬁ The rortalicy rate among diagnosed PWH g, can also be similarly defined as a weighted

- average:

5

g #d = HuocareP(noCare| D} + pypr P(ART D) + py; sP(VLS| D).

8

=,

= Modzling the post-diagnosis continuum of care with weightzd averages allows us to
maintein model parsimony, simplify model analysis and implerentation, and reduce the
level ot nccessary input daia without neglecting the relevant dyniamics. In Fig. 2, we
expand the flow cihart from Fig. 1, detailing the implicit reatrent of the post-diagnosis
continuum--of-care. Values used for transmission-relaied paramervers are given in Table 1b,
and mortality-related paramziers ir ic. Full details discussior on kow these parameters are

E defined from data are giveii in Supplement B.

>0

g The introduced model offerc soveral aavantages over existing niigh-fidelity models.

QZJ Accounting for tie HiV continuum-ci-care and susce)tible gopulation implicitly through

2 weighted averages greatly reduces the necessary level of ingut daia, aiicws for

8 straightforward parameterizauor. of the model directly from surveillance da:a, and results

E‘ in minimal computationat overhead (thousenas of distinct miadel ceniigurations simulated
in seconds on conventional hardware). Addiviorally, the parsimory of our mocc! ii.akes it
amenable to formal mathematical anziysis (sc2 Supplement .4, and the derivaticn of clear
threshold conditions for whicii we mdy expect celi-testing to reduce !iiV inciderce and/or
increase awareness of infeciion status among PWH.

> Model validation: Comparison against naticiial-level PATH3.0 model

% To validate the introduced modei, we comrared its peirformance against tne PATH 3.9 model

S [29], a comprehensive stochastic agerit-bzsed model of RV in the Urited States. calibrated

QZJ to, and validated against, several epidzmiological and care parameters ir: the Naticnal HIV

2 Surveillance System (NHSS) [34], [35]. Briefly, we found that the compartrient model

3 matched PATH3.0 both quantitatively and qualitatively over a variety of metrics. ivlost

é’ importantly, the two models behave similarly in response te ciianges in levels o1 testing and
self-testing. Full details are provided in Supplemert C.
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Analyses
Z \ . . .
S in tnis section, we apply the mode! to zvaluate three different scenarios for HIV self-testing
Q amor.g MSM in the Unitea Staces:
QZJ 1. Perfect supriemzntation: If scii-testing is added to existing testing levels and
é there is no replacemcit of non-self-tests with self-tests among PWH, we examine
o} how much seif-testing can reduce HIV incidence and increase awareness of
=} status among the MSM poptlation in the United States.
2. Replacement analysis. This assuries that when self-testing is expanded, some
amcunt of replacement or non-self-tests with self-tests occurs among MSM
PWH. We seek to determirne, for varying levels of replacement, how much
overall testing rates must increase among vnciagnosed MSM PWH (MSM/
> DWW 1o offset potentially negetiva effects of veplacement, so that the net result
% stppores incidence reduction.
S 3. Sensitivity to self-test sensitivity and deteciion period: Finally, we examine how
§ changes 1< either self-test se:nsivity or the se'f-testing detection period may
2 atiect resuits from the previous scenarios.
§_ In each analysis, we parameterize the model using values (0 methods) reported in Table
= la-1=. i-or the mortality and force-of-infection terms, we 1'se a data-driven procedure to
paramzterize the model dirccay from public, naticrial-level sunveillance data for MSM in
the Unitea States siovidea on NCHHSTP ATLAS Plus [26]. Thase data are provided and
summarized in Tadle 2, and the parameterization proccdure is gutlined in Supplement B.
The simulation period occurs iii thre2 distinct stages: a 7-year 2y run, a validation period
}:> (2017-19), and the intervention period (2020-30). The 7-year diy run serves to initialize
= the model and reduce sensitivity to initial conditiors. The validatior. period (years 2017—
= 19) follows the dry run. During the vaiiaation period, we compare model outputs with
QZJ surveillance data v ensure that the modei accurately 1eproctices surveillance data. Figure 3
2 compares simulation values to the ccrresponding values ceriputed from surveillance data,
g_ spanning the years 2017-19. Transmission rate is compLted as %M%ETI,’I;—’;S:L’J‘;"; while
= mortality rate is computed as #mbff—mm. Self-testir:y is introducec auring the
intervention period at the beginning oi the year 2020; note this means that a!! simulations
are identical prior to the intcrventici period. Tte cutcomes co'iected over the irtervention
period are used to evaluate the effect of HIV self-testing.
> We are interested in how self-testino aitects both HIV incidence ¢énd awareness of status
% among MSM. We report the perceri change in iiicidence as the relotive difierence in
Q cumulative incidence 1 from 2020-30 as ceripared o a daseline scenaric with o seli-
< testing (y = 0). Mathematically, this is defined as:
5
é % Incidence Change = Li%o(lmf(;;'\t) - Ibm“"e(t))dl
=. Joge Lbasetine(t)dt
=t
Epidemics. Author manuscript; available in PMC 2025 Marci 17.
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Viguerie et al. Page 10
For awareness cf status, we rcport the peicentage of MSM PWH who are diagnosed at the
i_> end of the modeleu pericd \year-end 2030).
>
Q Before turther discussion ¢f cur results, we briefly note that we restricted our analysis to
< MSM nopulations for twe key reasons. First, i ASM comprised 67% of new HIV diagnoses
% and 65. /% of estimated ncw HIV trainsmissions in the U.S. in 2021; thus, they are a
9 priority pcpulation for exeanding 'V prevention efforts and reducing HIV incidence in
%' the U.5. [36], [37]. Secorid, given the simple, four-compartment, single-population structure
- of the introduced model, restricting th= analysis to this important subgroup helps simplify
important auestions regarding differences it awareness levels, testing rates and transmission
hehavicrs acioss different populations.
Analysis 1° Perfect cunslementaticii
<1—> To cemonstrate the potential favorable effects of HIV self-testing on HIV incidence
g and a vareriess of status among MSM, we first consider the special case of perfect
- supplemer:iation. In this scenario, self-tests are assuinea to not be a replacement of non-self-
§ tesis arnong undiagiiosed PWH, and 10096 of the increase in the overall testing rate among
g unadiagnnsed PWH is attributable to adding self-testirig to the existing non-self-testing
Q efforts. Mathematically, this corresponds to the concicion:
=1
reti
At the prograrmimatic level, this can be interpreted as an Gpumistic situation, in which
self-testing serves to increase the overall testing rate among MS, while not affecting the
;(:> underlying rate of non-self testing.
=
g We vary the time period of formal diagnosis and engagement follswirg a positive self-test as
= gself = diag. — 1 2 3 A and 12 months. As the amount of non self-testing does not change
% in these scenarios, we expect that 10 izicidence increases will 2ccur. However, the amount
§ that incidence decreases will zepeiid on both the extent cr suppiementation and how quickly
%- formal diagnosis and engagerient in care occurs, post-seif-est.
=
Results
We plot the results of the analysis in =igure 4. /As expected, no incidence increases occur.
For levels of supplementaticii under ~40%, we saw similar incidence decreases and levels
of awareness for different levels of time-to-fciinal diagnosis ¢/ — % Haoyever, as the
(1_> amount of supplementation increascd, the iinportance of obtaining a formal diaanosis and
= promptly initiating care became rore appareiii. in e case of 10095 suptiementaticn,
S gSelf = diag. — | month, resulted in a 20% decrease in incidence and rea:ly 91% of MSI/
QZJ PWH aware of their status, compared (0 an 8% incidence tecrease an1 just uncer 50%
2 of MSM PWH aware of status when time to formal diagnosis r5¢// = 41¢- = 12 inonths.
S Considering the incidence estimates shiown in Table 2, these results correspond o abont
=} 2400 and 1800 fewer annual new infectinns, resncctively. campared to the basziine scenario.
Epidemics. Author manuscript; available in PMC 2025 Marci 17.
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This scenario showed that assuming o isplacement occurs, increased HIV self-testing
amony MSM PWH may provide an efrective way to reduce HIV incidence. To maximize
potential incidence reductior:s, it is irportant to ensure that formal diagnosis and prompt
engagenent in care occur after a positive self-test. Nonetheless, this effect is small within
this scenario of perfect supplementation. 2nid only changed incidence by 2% in the most
axtreme case.

1duosnuen Joyiny

Analysis 2: Replacement analysis

The perfect supplementation scenaris show: above illustrated the best possible case for
exnandina HI\/ salf-testing, in whicii testing i< iiicreacsed among MSM who do not test
regularly as a result of the added self-testing, while regularly-testing MSM do not change
their testing behavior. In reality, exraidecd self-testing may result in some replacement of
non-self-tacte with H'V self-tests among MSM PWH. Sorae persons who test regularly
may switch te using self-tests with no changs in the overall testing rate (replacement).
However, simultaneously, some MSM who rareiy or naver test may begin to test more
often, ana further, some nersons who test reguiarly increase their rate of testing, due to
exparnided self-tesiing ( szyplementatio 7). This analysis sought to understand how much
supplerientaticii among MSM PWH must occur te uffsct the effects of replacement and
ensure inat self-testing does not result in incidencs increases in that population — we call this
the tirreshold level of supplementation.

1duosnuey Joyiny

We consinered 25 2G0 random samples of in which the change in overall testing rate y

and percentage of iests that are self-tests y were varied iiideper.dently from 0 to 100%.

For each semnle of 25,000 cases, the time to formal diagnosis af'er a positive self-test

pself = diag. \nag varied as 1, 2, 3, 5, and 12 months. We assuined a baseline scenario as one
with no self-testing (y = 5, and the overall calibratza MSN PWH testing rate over 2017—
2019 (y = 0). Note that with no self-testing (y = 0), time to forma! diagnosis ¢/ — diasg-
has no effect (this parameter dnec not infjyence testina cutside i self-tests), and hence

the baseline scenario was icentica! for all 15¢/f = diag. \or each sseli =~ diag. = 1 2 3 6 12
months, we sought to determiiie thie threshold level of supplzinentaiion for each given level
of self-testing prevalence.

1duosnuen Joyiny

Results
We provide parameter plane siots in Figures 5a-57, depicting chanaes in incidcice from
baseline (left) and overall 2wvareness of status (right) for different scenarios. Thie x-axes
correspond to increases in overall testing levels trom baseline () and ine y-2xes, to the
percentage of overall testing that ars self-tesis (y). From top-to-bcttoin, the plots depict time
to formal diagnosis r5¢// = diag- | 3, 6, and 12 mouiths. The solid curve corresponds to the
threshold curve: points to the left of thus curve in the (i, ») plane resulc iri incidence ircr2ases
from baseline, while points to the righ.c of the curve restlt 'n incidence cecreases. We :efer to
the area of the region to the left of the threshold curve 4s tae negative oi'tcones region.

1duosnuep Joyiny

The dashed curve in Figures 5a-5c¢ nates iiie perfect supplementation cur:-e, discussed in the
previous section. Points on this curve correspond to <ituatiens in which selt-tests supplement
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Viguerie et al. Page 12
the baseline testing scenaric perfcctiy, with no replacement of non-self-tests with self-tests.
i_> roints to the right ui ine pertect supptemzntation curve correspond to situations in which
5 increases in overall testing among PVWH are greaterthan the level of self-testing (i.e.,
= increeses in the rate of non-seif-testing among PWH). In these scenarios, even if self-testing
9§J had zero vensitivity, we vwvou'd expect incidenca reduction to occur. For this reason, we
2 consider tne perfect sunriementation seenario (studied in the previous section) to represent
4 the “best case scenario” for self-iesting.
El .
For shorter time to formal diagnosis ¢/ = ““«8- _the area to the left of the threshold
curve was small, showing that smaii incrzases in testing levels were sufficient to offset
repiacement effects. As ¢/ = 7« increased, the area to the left of this curve increased,
and larger increases in testing leveis were needed to cffset the effects of replacement. This is
further shigwinin T1acle 3 and Figure 6, whare we report the threshold testing increase level
z  fer clifferent Izvels of self-testing prevaler.ce y for each r5¢// = diag- a5 well as the area
;:r’ of the negative outcomes region. These results show the importance of rapid engagement in
= care aiter pusitive self-test.
<
% Summary resuiis showing the results in t2rms of incidence changes and overall awareness
& of staius are provided in Table 4. The irapertance of auickly obtaining a formal diagnosis
g- and engaging in care, post self-test, is again apparent; a chorer time to formal diagnosis
- gself - aiag. resylted in large decreases in incidence and higher levels of HIV status
awarenese. Note these aggregaie outcomes ('ic not consider cases to the right of the perfect
supplementation ciirve, for reasons discussed previously.
This study demonstrated several imiportant findings. First, ensuring smaller values for
> gself —diag. hat is, that formal diagnosis occurs quickly aiter a uacitive self-test, was
% important for beth minimizing the risk of incidencz increases, as well as maximizing
) potential incidence decreases. The results showed significant variatior based on this factor.
= Second, provided that the time to Tuninal diagnosis ¢/ ~ 4i9# s short (under ~3 months)
§ and replacement levels among PVvH are not excessive, the nccescary increases in testing
& levels to offset replacemerit were not large; they were si¢nificantiv smaller than the
%- level of self-testing. In otner words, for a given relative prevalence of self-testing y, the
- corresponding threshcld testing increase y nacessary to reduce incidence wes much smaller
than y; for y = .25, testing increases of iess than 4% or less were sufficient, provided
gself — diag. \yas under 3 months
Analysis 3: sensitivity to self-test sensitivity, detection peiiod
g We now evaluate the effect of self-t<si sensitivity 2/, and detection rerio2 o,_... In
) the previous section, following the FDA guiceiines, we considered seli-test sencitivity’
Z k) = .92, and that the period necessary for self-tests t¢ become accurae (detectior period)
% was governed by o,_., = 60 days. These values may be conservative, and suine literdture
@ suggests that detection period o,_., may be as low as 42 riays, or as high as 90 days, and that
a' self-test sensitivity %" may be as high as .95 381, [39], [40], [41].
Epidemics. Author manuscript; available in PMC 2025 Marci 17.
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To analyze the effects of these paramicters on our conclusions, we performed a sensitivity
analysis. We considered the same uncierlying setup as in the preceding scenarios. We let
self-test sensitivity %/ = 92, .94, .05, and, for each «;/, we performed simulations for
deteciion period o,_, = 30,60, 90 days, in line with the range of estimates in the literature. As
in previous scenarios, we peiformed simuiations for r5¢//=4ieg = 1,2 3 6 and 12 months.

Rasults

1duosnuen Joyiny

We found that both self-test sensitivit / /" and detection period o,_., had small effects on
threshold y levels for lower levels of self-test prevalence y. However, for higher levels of
self-testina, the impact of these tws values incrzases (=igure 7). The magnitude of effect for
each parameter is similar.

vve also examined the effects of the test sensitivity .’ an1 detection period o,_, on the

area ol the necative outcomes region and avarage percent incidence decrease. In Figure 8,
we see that the effects of changes in each parameter on the negative outcomes region are
quite consistent, and result in a near-constant chainge to the region area, despite differences
in the uther parameters. Dacreasing the: dztection period ¢, ., from 90 to 30 days reduced

the area o1 the negative outcome region by approximately .035, across the range of self-test
senaitivily %/ and time to formal diagnozis 15¢// — “#:ag- yal:jes. Similarly, increasing test
sensitivity %’ from .92 to .96 led to a correspondiny decrezse of approximately .035 (Tables

1duosnuey Joyiny

5a-5b, across the range of detection period 5,. , and time to fo:mal diagnosis r5¢// — diag-
values. The anatyses imiply that the effects of changes in the Getection period and self-test
sensitivity cn the negative outcomes region are indcpendent ui 2ach other, and insensitive on
time to forinal diagnosis 5¢// = di%s.

We analyzed ihe effect o7 self-test sensitivity . end detccuion perina o,_, 0N mean percent
incidence decrease. As depicted in Figure 8, increasing self-test scisitivity from .92 to .96
showed a modext effect, decreasinn incidence by approxiimately 3.4-0.5% (Tables 5¢-5d).
This decrease appeared insensitive o cifferent values ¢t poth detection petiod o, ., and
time to formal diagnosis +'¢/"" =445 \We found the reducing e uetection period o,_, had

a smaller effect comparer to test sensitivity «,/, particulerly at lowsr 'evels of time to

1duosnuen Joyiny

formal diagnosis #°¢//—47+¢ on mean percen: ir.cidence decrcase (Tanles 5¢c-5d). \A’hen
formal diagnosis occurred after 1 — 2 rmionths, varying the detection neriod 6., only reduced
incidence by around 0.1% \vnen the time from a positive self- cest t5 formal diagnosis was
longer, we observed a largzer, though still small effect, and decr=2azing the detccuon reiiod

c._, from 90 to 30 days reduced incidence ky about 0.3%.

Overall, we found that both reducing the detecticn period and increasing test sencitiviyy

led to small reductions in the increases in testing necassary to offset re.placemerit effects.
Additionally, improvements in thesz areas may result ir. slightly larger incidence decre:ises
from expanded self-testing. Test sensitivity showed a la-ger effect on inciuence ceripared

to the detection period. The observad effects showed iittle significant interdependerice

or dependence on possible delays in formai diagnosis and care initiation afier a pcsitive
self-test (s5¢//=41a8)_ Fuyrther, they were substantially smallzr than the effects of 5¢//—4ieg gn

1duosnuep Joyiny
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its own. As such, netential improvements in these areas did not change the qualitative nature
of the previous anaiyses; improvemeris will result in small reductions in the necessary
testing increases to ensure inciderice reduction, and further reductions in incidence.

Discussicn

We introdiiced a parsimonicus 4-ccmpartment model to quantify the effect of self-testing
on HIY transmission anc' awareness of HIV status in the United States. By focusing on the
pre-diagnosis period in detail and consiazring tne past-diagnosis continuum of care only
implicitly, we reduced model complcxity, while still describing our problem of interest.

1duosnuen Joyiny

We then applied the model to examine the case i perfect supplementation, in which
self-testing strictly adds to existiiig testing among MEM with undiagnosed HIV, with no
replacement. We found that in the supplemn.enation scenario, self-testing can decrease
incidence by as miich as 10%. While formai diagnosis and engagement-in-care occurring
promptl / ~{ter diagnosis ensures the largest possik!e incidence reductions in the perfect
supplemer:iation scenario, this effect is sriall (2 2% cifterence in incidence).

W then performed zii analysis in a more realistic sceriario in which we allowed replacement
of non-self tests with self-tests among MSiM wiin unciagnosed HIV. This study showed that
self-testing can provide consistent decreases in HIV incidence, even if some replacement
occurs, provided formal diagnesis and engagerient in caie after a positive self-test occur
quickly. Longer delays inav necessitate larger increases in the testing rate to ensure
incidence reduction. Further, ensuring such delays are sheri alse leads to larger decreases in
incidence.

1duosnuey Joyiny

Finally, we 2xamined hevy possisie differences in self-test perforriiance, in terms of self-test
sensitivity ana self-test Getection period, may char.ge our conclusions. Improvements in
either or both areas would further decrease incidence and reduce the rossible negative
impact of replacement. However thece effects were smzii.

Our study was not directly comparzole to those performer in [13], 114] as we considered
a national level model, rather than individuai cities. Nonett eless, cur anaiysis was more
optimistic about self-testing than [13], [14]. The analysis in I14] siiowea Increases

in incidence of nearly 5% for strict substitiidon of non-self-tesis with self-tests, ar.d
potentially as much as 300% for liig delzys in formal diagnusis afier a positive self test
gself = diag. 1n [13], the .ase of 25% self-tests with no increase in overall testing rate
increased incidence 0.28% in Atlanta and 3.75% i1 Seattle, while 50% scii-tests and no
increases in overall testing increased incidence 3.4% in Atlanta ard 8.75% in Seatiie. In
contrast, our analysis never shcwed incieases of more than 4.0% in incidencs, even ior

1duosnuen Joyiny

month delay in formal diagnosis anr engagement in care. We also founa that the potential
reductions in incidence were also (jreater (as much as 10%) in our analysis comoares to the
1% and 5% reductions found in [13]. Further, we fourd that the increases i overall tesiing
levels necessary to offset any replacament effects among PWH with undiagncsed HIY aie
small, especially for rapid formal diagncsis 2nd engagemaint in care after & sositive self-tesi.

1duosnuep Joyiny
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We note that our study soecifically considers changes in testing among MSM with HIV,
rather than amony iiie general MSM nopuiation. As such the modeled changes in testing
behevior may not be directly comparanle, and this may explain some or all the differences in
our findings.

However, our analysis was consisterit with tiie findings in [13], [14] regarding two important
points: strict substitution 2f non-<zif-tests with self-tests had a negative effect on HIV
ircideiice, and that ensuriiig that time to formal diagnosis and engagement in care after

a positive self-test was the most important facior in guaranteeing that self-testing reduced
incidence.

1duosnuen Joyiny

Limitations

We acknowledae several shortcomings of our analysis and modeling approach. The
introduced comipartmental model does not further stratify the population of interest into
sub-groups witiin each compartment. This allows us to keep the necessary number of

input rararieters low, and to easily obtair. paramieier values directly from surveillance

dnta. FHowever, testiiig patierns vary amior.g individuals [4], [7], [8], [9], [10] and

COC reccriimends aifferent testing intervals for groips hased on background prevalence
ana individual characteristics [42], [43]. To nelp alleviate some of these concerns, we
restricted our analysis to the MSM population. However, accounting for further behavioral
differencas within the MSM population, as was dong in [13), [:14], may improve model
performar.ce, proviged reliaule data can be optained. This is particularly important for
modeling intzrveniions that prioritize groups known te hiave Icuer testing levels. We believe
self-testing benefits would be even more likely among PWH pofulations or jurisdictions
with lower background testing rates, as overall testing rates arc mere likely to increase
when baselira testing ratec are lower. Our analysis shown here, which exhausted the

overall parameter space, does generally account for such scenarios. such as the perfect-
supplementatio:i ainaiysis. However, it is difficult to define 2rid study more precisely defined
interventions without expanding the mozeling framework. Extending tha model resolution to
account for such scenarios ic uriikely to change our quantitative conclusions. However, such
analyses may be useful for intervention planning.

1duosnuey Joyiny
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Our model did not consizer behavioral changes resulting frori necaiive self-tests. As a
result, this analysis does not address 2ry potenticl concern aricing from, tor exainple, a
false-negative self-test leading to incieased trarsmission risk bznavier. Additicna! data from
HIV self-testing implementaiion studies, including data on harme, would helr to refinc this
model.

Linearizing the transmission i our model also has its advantages, mast notauly the tast
simulation (order of seconds) of thousarids of sceinarios and the way ir which we may
parameterize from surveillance data (see Supplement B). These charzcteristics enabled

us to easily characterize outcomes over the entire pararr eter space ana precisely identify
threshold conditions. However, this linearization is mzde possible by assuming that Hiv
prevalence is relatively stable, as daia tor the 1S MSNi population suggest [15], [1£], (L7}
allowing us to assume that changes in the susceptible fracuon of the population are small

1duosnuep Joyiny
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enough to be ignored. Qur formai anaiysis (Supplement A) shows that this assumption is
valid, and that any error incurred by the Jinearization can be bounded in terms of model
parameters. Given the epidemiolsgically relevant ranges of these parameters, our bounds
suggest that these assumptions are acceptable when considering the US MSM population,
whose transmission dynamics are largelv stapla [18]. While this modeling approach is likely
generalizatle to some Jdegree to eritre ccuntries/jurisdictions/populations with a similar
HIV profite, it may be unsuited Tor anclyses of other countries/jurisdictions/populations.
i smaller sub-populations with potenticlly greater HIV transmission rates, such as rural
populations of persons who inject drugs |22], [22], the epidemic does not exhibit the
relatively stabie growth patterns coserved in the US MSM population if HIV were to be
introduced into this sub-populztion.

1duosnuen Joyiny

These modelina assiimptions also aifect the practical interpretation of our results. Since non-
PWH sre ot expiicitly considered, all moaeled change: in testing behavior refer to changes
in testing among PWH with undiagnosed HIV. While most current HIV modeling studies
either only explicitly model the undiagnosed FwH pogulation, as was done here, or define
relationstips between the testing rates et ungaiagnosed P\WH and non-PWH, this model

dnes not define, or atteripts to define, any such relatioristip. This model could consider
testing among ine general population b 7 assuming some functional relationship between
testing among undiagnosed PWH and non-2\W4 without significant structural modifications.
Similar approaches have been employed in severai models o7 HIV transmission in the
Unitea States [27], [44], [45], [%.6]. Incorporating testing amoryg non-PWH is necessary to
explore many iriportant issues related to HIV testing, includiiig, for example, the effects of
false positive FiV tests on HIV transmission, or the influenice ot sacial dynamics on factors
affecting F IV transmission, incliging testing behaviors [47], [4€].

1duosnuey Joyiny

The model aico may be limiited in its direct programinatic application. From the
programmatic point of view, two distinct HIV testing strategies may lead to the same
changes in testing rates within a particular undiagnosed pepulation or community. For
example, one testing stretegy may inicrease existing testing levels 10% among the larger
population homogenously ircludiny both persons with ard without HIV across the board,
implying a 10% increase a'nongy those undizgnosed PWH wvithin that pornul ation as well.
However, a carefully dzsignied HIV testing stretegy may spaciticaiiy air to prioritize testing
among those persons, communities, or settirigs \wwhere undiagnssed HIV may be mere
prevalent, which could result in 8 3% testing increase among the Lidiaanssed PWH, but
a much lower testing incrzase amioung non-PWh. The scope, desigr, and cost of the tao

HIV testing strategies would be different; however, the effect on c.verall awareness ur status
among MSM PWH, and future incidence, would e the same. The mode!iiig apprcach used
here, in the absence of any additional information, cannot distinguish betweer tiie two HIV
testing strategies.

1duosnuen Joyiny

From a practical point of view, the anztysis should be extended to Ending the HI\/ epidemic
in the U.S. (EHE) priority jurisdic:ions [49], [50]. We considered a natianal-leve: model cf
MSM as a proof-of-concept to demr.onatrate the overall rotential benefit of HIV <cir-testing
on HIV incidence among MSM in the United States. Howeve, different jurisdictions

vary greatly in underlying levels of incidence, prevaience, '11\ testing among PWH, and

1duosnuep Joyiny
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awareness of statue, Accounting Tor populations besides MSM may also require that the
mode! introduce auditioral stratifications. These changes may result in varying conclusions;
self-testing may be expecied to provide a larger or smaller effect on incidence, or different
levels ot testing increases may be necessary in different jurisdictions or among different
populations. Any such paotential differences weuld have important implications for future
intervention efforts. Thic 1s an important direction for future work. We note that the
modziing framework introducea neve 15 well-suited for such a task, as it allows for easy,
cificient parameterization from a smell amount of 2asily obtained surveillance data. An
important next step is to apply this modei w particular local jurisdiction scenarios where
the local dynanics are taken intc consideration and more direct recommendations could be
made regarding how best to cesign an HIV self-testing program.

1duosnuen Joyiny

While we considerad HIV self-testiig in this work, we note that the modeling framework
introdicea neie 1nay oe applied generically to compare zity two (or more) different types of
tests. To this ¢nd, such an approach may be ¢rplied to evaluate the efficacy of other types of
tests con:parzd to the gold standard laboratory-based iosts, such as rapid CLIA-waived tests
in ccinmunity settings.

Finallv, i the nresent work, we considared a simplified testing situation, in which all
non-se!f-tests were assumed to be laboraiory tests. viore realistic models should account
for the neterogeneous testing landscape outside of <cir-testing and incorporate community-
based and point-of-care rarid testing progrems. Frsin the madeling perspective, such effects
would Le ieflectec! in diffziences in the sensitivity and time-to-aiagnosis parameters for
non-self-tests. Rciative levels of laboratory, community-baser. and point-of-care testing
vary by jurisciction [30], and incorrorating such effccts will likely require a jurisdiction-
specific approach. In generai, we mdy expect such effects to fead to reduced sensitivity for
non-self-tests and increascd delays in diagnosis after a positive result. Provided adequate
input data, the modeling framework introduced here can account fcr these effects. Future
work applying wnis model, especially at the jurisdiction-spscitic level, should consider these
factors. However, we no:e that acceuntiig for these heterogeneities viouid, in general, reduce
self-testing threshold leve's. Thus, the results shown here are conservative; actual incidence
decreases may be even larcer, 2iid any necessary testing increases 2van s:nailer, than those
shown here. Thus, the current results likely understate the positive imnaces of expanding
self-testing, particulariy regarding the thre<hold levels.

1duosnuey Joyiny
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Conclusion

Self-testing offers clear advantages over other forme of testing in terms of cenivenience
and availability. Our modeling study ot MSvi in the United States assessed the concern
that, given their lower sensitivity, seit-tests ccuid perhaps lead to o/evall iiicreases in
HIV incidence if self-tests replace laboratery-pased iosting. We found thzse concerns to
be minimal, although some small risk :emains in certain scenarios. For ‘hese reasors,

it is important to expand HIV self-testing programs in e purposeful way’ thai mini:izes
the possible risks while maximizing tne potential berefits. From our analysis, we found
that the most important factor in developing an effective self-tasting program is ensuring
that confirmatory laboratory-based testing and enganicinent in zare occur promptly after a
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positive self-test. Additicnally, tc ciisct any potential replacement effects, programs must
ensura that the expansion or self-testing results in increases in the underlying population
testing rate.. Focusing seli-testing programs in groups with lower background testing rates
would likely reach more peapie vvho have never or rarely ever tested, which would improve
the overail testing rates. !n summary, focusing self-testing programs in jurisdictions or
among pspulations with greater uindiaorosed HIV infection and lower background testing
rates, whiie also ensuring prompi engagement in care, would maximize the chances of
reducing incidence.Finally, continued research on developing more sensitive HIV self-tests,
narticularly for recently acquired infectior, shor'!a e pursued. Provided such conditions can
he acsured, expanded HIV self-tcsuana can become 21 even more effective tool in the fight
against HIV.

1duosnuey Joyiny

SuppleTieintaiy iviaieriai

Refer to Web versicn on PubMed Central for supplementary material.

Acknowledgments:

The authors would like to acknowledge Kevin Celaney, Elizabeth iNenno, John Brooks, Matthew Biggerstaff,
Reberca Borchering, Sinead Morris, Emily Pollock, Dina Misiry, Bruce Beau, and Angela Hutchinson for their
help‘ul input and suggestions.

1duosnuely Joyiny

References

[1]. Rader B et 2., “Usz ut At-Home COVID-19 Tests — Uniter Siatey, August 23, 2021-March 12,
2022,” MMWR Morb Mortal Wkly Rep, vol. 71, nn. 1.3, pp. 429-494, Apr. 2022, doi: 10.15585/
mmwr mrn7113el. [PubMed: 35358168]

[2]. U.S. Foud end Drug Admir‘istratinh “Information regarding the i1omz Access HIV-1 Test
System.” Accesseq: Jyun. 01, 2022. [Online]. Available: fips://niv.fae.gov/vaccines-blood-
biologics/approves- olood products/mformatlon regardirig-home-acce ss-niv-1-test-system

[3]. Hecht J, Sanchez T, Sullivan PS, DiNenno EA, Cramer N, and Delziiey KP, “Increasing Access
to HIV Testing Through Direct-to-Consumer HIV Self-Test Distribution — United States, March
31, 2020-March 30, 2021,” MMWR Morb Mortal Wklv Rep, vol. 70, . 28, pp. 1322-1325,
Sep. 2021, doi: 10.15535/mmvyr.m:n7038a2. [PubMed: 34555001

[4]. Katz DA, Golden MR, Hughes 7, Farquhar C, and Stekler JT, “HIV Self-Testing Increases HIV
Testing Frequency in Fiigh-Risk Men Who Have Sex With Men: A Rarnidomized Controlled
Trial,” JAIDS Jour:ial ef Acquired Immune Deficiency Synuircmes, vol. 78, no . pp. 505-512,
Aug. 2018, doi: 10.2097/QAI.0000000000501799. [PubMed: 2¢597595]

[5]. U.S. Food and Drug Administratici, “OraGuicik In-Home HIV Test.” Accessed: jun.
01, 2022. [Online]. Availaute: httgs://lwww.fda.qov/vaccines-blcod-bisiogics/appreved-blood-
products/oraquick-horr.e- hilv-test

[6]. U.S. Food and Drug Administration, “Information reoarding the OraQuick in-Home r'1\/ Test.”
Accessed: Jun. 01, 2022. [Online]. Avaiiable® hitps://www.fda.gov//accires-blood-biologics/
approved-blood-products/inferination iegarding-oraquick-home-hiv-test

[7]. MacGowan RJ et al. , “Effect i Internet-Cistributed HIV Self-tests on HIV Diagncsis and
Behavioral Outcomes in Men Who *1ave Sex With Men,” JAMA Intern Mcd, vo!. 180, nc. 1, p.
117, Jan. 2020, doi: 10.1001/jamsuntcrnmed.2019.5222. [P ibMed: 31738378]

[8]. Jamil MS et al. , “Effect of availabili'y of HIV self-testing on HIV testing freyuoncy in gay
and bisexual men at high risk of infection (FORTH): a waiting-list randomiseu controllec irial,”
Lancet HIV, vol. 4, no. 6, pp. e241-e250, Jun. 2017, dei: 10.1016/S2352-3018(17)30023-1.
[PubMed: 28219619]

1duosnuepy Joyiny

1duosnuep Joyiny

Epidemics. Author manuscript; available in PMC 2025 Marci 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/


https://www.fda.gov/vaccines-blood-biologics/approved-blood-products/information-regarding-home-access-hiv-1-test-system
https://www.fda.gov/vaccines-blood-biologics/approved-blood-products/information-regarding-home-access-hiv-1-test-system
https://www.fda.gov/vaccines-blood-biologics/approved-blood-products/oraquick-home-hiv-test
https://www.fda.gov/vaccines-blood-biologics/approved-blood-products/oraquick-home-hiv-test
https://www.fda.gov/vaccines-blood-biologics/approved-blood-products/information-regarding-oraquick-home-hiv-test
https://www.fda.gov/vaccines-blood-biologics/approved-blood-products/information-regarding-oraquick-home-hiv-test

Viguerie et al. Page 19

[9]. Wang Z et al. . “A Randomized Centratled Trial Evaluating Efficacy of Promoting a Home-
3ased HIV S°If-Tn°f"1g with Cniine Zounseling on Increasing HIV Testing Among Men Who
Have Sex with Men,” AIDS Behay, vei. 22, no. 1, pp. 190-201, Jan. 2018, doi: 10.1007/
510461-017-1887-2. [PubMer. 28531616]

[10]. Cha/ez PR et al. , “Charecteriscics associated with HIV self-testing reported by internet-recruited
MSM in the Umted States, eSTAMP baseiine data, 2015,” in 9th IAS Conference on HIV
Scienze (1AS 2017}, Pzris, France.

[11]. Sharma A, Sullivan PS, and Khosropour CM, “Willingness to Take a Free Home HIV Test and

ssociated Factors arnnny Internet-Using Men Who Have Sex with Men,” J Int Assoc Physicians
AIDS Care, vol. 10, no. 6, pp. 357-364. Nov. 2011, doi: 10.1177/1545109711404946.

112]. Shrestha RK et al. , “Estimating the casts and cust-effectiveness of HIV self-testing among men
whe have se with men, United States,” J Int AIDS Sac, vol. 23, no. 1, Jan. 2020, doi: 10.1002/
juaL.L\J’-}’-K).

[13]. Hamilton DT et al. , “Effective stratcyies te promote HI\/ self-testing for men who have sex
with men: Evidence from a nvathermatica! model,” Epidernics, vol. 37, p. 100518, Dec. 2021, doi:
10.1016/j.epidem 2021.100518. [PubMea- 3775299]

[14]. Katz DA, Casseis SL, and Stekler JD, “Replacing Clinic-Based Tests With Home-Use Tests May
'ncrease HIY Prevalence Among Seattle Men Who Have Sex With Men,” Sex Transm Dis, vol.
41, 1i0. 1, pp. 2-9, Jan. 2014, doi: 10.1097/C1.Q.0000620000000046. [PubMed: 24335742]

[15]. ‘weirert C, Le B, Rosz CE, Oster AM, smitii AJ, and Zhu J, “HIV Infection and Awareness
2imong Men Yvno Have Sex with Mer—20 Cities, Uniter States, 2008 and 2011,” PLoS One, vol.
8, no. 1v, p. #75878, Oct. 2013, doi: 2 0.1371/journal.pon=.0076878. [PubMed: 24194848]

[16]. Roseniverg ES, Grey JA, Sanchez TH, and Suitivan PS, “Rates of Prevalent HIV Infection,
Pravalent Diagnoses, and New Diagnoses Ainong Men YW/ino Have Sex With Men in US States,
Me:ropolitan Statistical Areas, and Counties, 2022-2013 " JiviiR Public Health Surveill, vol. 2,
no. 1, p. e22, May 201£, doi: 10.2196/pubiichealti.5684. [PunMad: 27244769]

[17]. Crezaz N, Hess KL, Puicell DW, and Hall HI, “Estimating naticiial rates of HIV infection among
MSM, persons who inject drugs, and heterosexuals in the Unitez states,” AIDS, vol. 33, no. 4,
pp. 702-708, Mar. 2019, doi: 10.1097/QAD.0025u000°5002111. [PubMed: 30585840]

[18]. Rapatski 3L, Suppe F, and Yzike JA, “HIV epidemics driven by late Jisease stage transmission.,”
J Acquir Irnmune Defic Synar, vol. 38, no. 3, pp. 241-53, Niar. 20G5. TPubMed: 15735440]

[19]. Bezemer = et al. . “/ resurgent HIV-1 epidemic arriona mien who hav? sex with men in the era
of potent antiretroviral therapy,” AIDS, vol. 22, no. 9, pp. 1071-1077, May 2008, doi: 10.1097/
QAD.0b013e32521uld7e. [Fubivied: 18520351]

[20]. Bezemer D, ae wolt =, Boerlijst MC, van Sighem A, Hollingsworth TD, and Fraser C, “27
years of the HIV epidemis ameiigst men having sex with mer: i ine Netherlands: Anin
depth mathematical model -basez analysis,” Epidemics, vol. 2, 0. 2, pp. 66--74, Jun. 2010, doi:
10.1016/j.epidem.2010 4.05L. [PubMed: z1352777]

[21]. van Sighem A et al , “Resurgence of HIV infection among Mer VWino Have Sex with Men in
Switzerland: Matheraatical Modelling Study,” PLoS One, voi. 7. 7. 9, p. 44819, Sep. 2012, doi:
10.1371/journal.pone.0044819. [Pukivied: 22024766]

[22]. Peters PJ et al. , “HIV Infection Linked to Injection Use of Oxyriorphene in Indiana, 2014—
2015,” New England Jourrai of Medicine, vol. 375, no. 3, pp. 229--239, Jul. 2016. Joi: 10.1056/
NEJMo0al515195. [PubMed: 27468059]

[23]. Bradley H et al. , “Increased HIV diaancses in est Virginia countizs hiak!y vulnerabie to rapid
HIV dlssemmatlon through iniection drugy use: a cautionary tale,” £nn Epidemiol, vc!. 34, pp.
12-17, Jun. 2019, doi: 10.1016/;.annepidem.2019.02.012. [PubMed: 239673502]

[24]. Hoffman C, “Primary HIV Infection,” Johnis Hopkins HI\/ Guide. Accesser. Jur. 01, 2022.
[Online]. Available: https://www.hopkinsguides.com/hcookins/view/Johns_Hopkins_HI\_Guide/
545171/all/Primary_HIV_Infection

[25]. Lesko CR et al. , “The effect of entiretroviral therapy o:1 ali-cause mortality, generalized te
persons diagnosed with HIV in the USA, 2009-11,” Int j Epidemiol, vol. 45, no. 1, pp. 140-152,
Feb. 2016, doi: 10.1093/ije/dyv352. [Pubiviea: 26772369]

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Epidemics. Author manuscript; available in PMC 2025 Marci 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/


https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_HIV_Guide/545171/all/Primary_HIV_Infection
https://www.hopkinsguides.com/hopkins/view/Johns_Hopkins_HIV_Guide/545171/all/Primary_HIV_Infection

Viguerie et al.

[26].

>

= 21

Q

gz, [28].

>

c

(%2}

2 2(‘

-§... [ ]
oo}
31].

> [

=

2

Q

< [32].

Q

>

@

Q [33:.

_§
[34].
[35].

>

S

>0

S [36]

= .

% 37

3 [37].

3

= 38].

= [38]
[39].
[40].

>

=

5 [41].

Q

<

g [42].

c

w

Q

_§.

AH Formatter V7.2 MR3 (Evaluation) https:

Page 20

Centers for Niseace Contral and Drovention, “NCHHSTP AtlasPlus.” Accessed: Jul. 02, 2023.
10Online]. Aveilable: httpe:/forany.cac yov'nehhstp/atlas/index.htm

Jacobson EU et al. , “Cptimizing HIV Prevention Efforts to Achieve EHE Incidence Targets,”
JA'DS Journal of Acquirec Inimiiie Deficiency Syndromes, vol. 89, no. 4, pp. 374-380, Apr.
2022, doi: 10.1097/QAI.)000000000002885. [PubMed: 35202046]

Bian<on BM et al., “l_aboratory testino for the diagnosis of HIV infection : updated
recorimendations, Cericers for Cisease Control and Prevention.” Accessed: Jun. 05, 2022.
[Onlire]. Available: httrs.//stacks cde.gov/view/cdc/23447

1. Bingham A, Shrestha R, Khurana N, Jacobson EU, and Farnham PG, “Estimated Lifetime

HIV-Related Medical Costs in the Uniied Statcs,” Sex Transm Dis, vol. 48, no. 4, pp. 299-304,
Apr. 2021, doi: 10.1097/0LQ.000000'0000001.306. [PubMed: 33492100]

wivitra £ et al. , “Impact of the COV!5-19 pandemic on HIV testing rates across four
geographically diverse urban centres in the United Ctates: An observational study,” The Lancet
Regional Health - Americas, vol. 7, p. 100159, Mar. 2022, doi: 10.1016/j.1ana.2021.100159.
[PubMed: 34961858]

Chen Y-H. Farnham PG, Hicks KA, and Sansom SL, “Estimating the HIV Effective
Raproduction Number in the United States and Evaluating HIV Elimination Strategies,” Journal
of Public Health Management and Practice, vol. 28, no. 2, pp. 152-161, Mar. 2022, doi: 10.1097/
FHF{.0000000000001397. [PubMed: 34225307]

Baviinton BR et al. . “\firal suppressior and 41V transmission in serodiscordant male couples: an
international, prospective, observational, cohort study,” Lencet HIV, vol. 5, no. 8, pp. e438—e447,
Auo. 2018, deii 10.1016/52352-30181)30132-2. [PubMed: 30025681]

Rodger Al et al. , “Risk of HIV transmission tnrough condomless sex in serodifferent gay
couples with the HIV-positive partner taking suppressive antiratroviral therapy (PARTNER): final
results of a multicentre, prospective, observatiorai studv.” viie !_ancet, vol. 393, no. 10189, pp.
2426-2438, Jun. 2019, gui: 10.1016/S014(-673F{19)30418-0

Centers for Disease Caiitrol and Prevention, “Estimated HIV incidence and prevalence in the
United States, Zu10-2015,” HIV Surveillance Supplemciial Rezort 2018 vol. 23(1). Accessed:
Jun. 01, 2622. [Online]. Available: https://www.cac.gov/niv/library/ieports/hiv-surveillance.html
Centers for Disease Control 21d Pravention, “Monitoring selecter: national HIV prevention and
care objeciives by using HIV surveillance data—United Staies and ¢ dependent areas,” HIV
Surveillance Supplemental Report 2020;25(No. 2). Accesscu: Jul. 17, 2022. [Online]. Available:
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html

Centers for Ziscase Cunitrui and Prevenion, “HIV Surveillance Reperi, 2021.” Accessed: Jul. 02,
2023. [Onling]. Avaiiabie: nup://www.cac.gov/hiv/library/recorts/hiv-surveillance.html

Centers for Disease Control ana Prevention, “Estimated HIV tiiciaance and Frevalence in the
United States, 2017-2021,” HIV Surveillance Supplemeral Repurt, vol. 28, n». 3, 2023.
Delaney K et al. , “Timz fro:n HIV infection fo earliest detection for 4 i-=PA-approved point-of-
care tests,” in Confzrence on retroviruses and Jpportunistic intections, 20138, pp. 4-7.

Masciotra S, McDcugal JS, Feldman J, Srrinkle P, Wesolowski L, and Owen SV, “Ev:luation of
an alternative HIV diagnostic alaoriinm usiiig sp2cimens fror serocorversion rcnels and persons
with established HIV infections,” Journal of Clinizal Virology, vol. 52, 5p. S17-S27, Dec. 2011,
doi: 10.1016/j.jcv.2011.09.511. [PubMed: 2198:983]

Hurt CB and Powers KA, “Self-Testing for HI\ and Its Impact or: Public Fiealth,” Sex Transm
Dis, vol. 41, no. 1, pp. 10-12, Jan. 2014, doi: 12.1097/0LQ.0000003000025076. [Puwiivied:
24326576]

Neuman M et al. , “Sensitivity and specificity of OraQuick® HIV seli-test compared 1o @ 4th
generation laboratory reference stancard a!gorithm i urban and rural Zzmkia,” 3MC Infect Dis,
vol. 22, no. S1, p. 494, Jan. 2022, Joi- 10.1186/s12879-022-07457-5. [F'uk Med: 556142571
Branson BM et al. , “Revised recommendations for HIV testing of adults. adnlescents. 2nd
pregnant women in health-care szttings.,” MMWR Recom.n Rep, vol. 55, nc. RR-14, pp. 1-17,;
quiz CE1-4, Sep. 2006.

Epidemics. Author manuscript; available in PMC 2025 Marci 17.

[lwww.antennahouse.com/


https://www.cdc.gov/nchhstp/atlas/index.htm
https://stacks.cdc.gov/view/cdc/23447
https://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html
http://www.cdc.gov/hiv/library/reports/hiv-surveillance.html

Viguerie et al. Page 21
[43]. DiNenno EA et al  “Recommendaticns for HIV Screening of Gay, Bisexual, and Other Men
> Nho Have Sex with Men Unitca Ziates, 2017,” MMWR Morb Mortal Wkly Rep, vol. 66, no.
=1 31, pp. 830-832, Aug. 2017, doi: 10.1.5585/mmwr.mm6631a3. [PubMed: 28796758]
g [44]. Zang X et al. , “The Potantia! Epigemiological Impact of Coronavirus Disease 2019 (COVID-19)
- ¢n the Human Immunodeficienicy Virus (HIV) Epidemic and the Cost-effectiveness of Linked,
QZJ Opt-out HIV Testing: A Modeling Studyv i1 6 JS Cities,” Clinical Infectious Diseases, vol. 72,
g no. 11, pp. e828—e&:34, yun. 2021, voi: 11.1093/cid/ciaal547. [PubMed: 33045723]
((q [45]. Fujo A, Wallengren E. Sciinure N, Cowdy DW, Shah M, and Kasaie P, “Potential Effects of
=, thz Coronavirus Disevse 2019 (CCVID-19) Pandemic on Human Immunodeficiency Virus (HIV)
=4 Transmission: A Modeling Study in 32 US Cities,™ Clinical Infectious Diseases, Jan. 2022, doi:
10.1093/cid/ciab1029.
4R Haomitton OT et al., “Achieving the ‘Ending the HIV Epidemic in the U.S.” incidence reduction
goais arnung at-risk populetiors in the South,” BMC Public Health, vol. 23, no. 1, p. 716, Apr.
2023, doi: 10.1186/s12889-023-155£3-5. [Pubivied: 37(81482]
[47]. Albi G et al., “Kinetic Model‘ing of £picen.ic Dynamics: Social Contacts, Control with
Uncertain Data, and Multiscale Spatial Dynamics,” in Frecicting Pandemics in a Globally
(1_> Connected Yvorlg, vol. 1, Bellomo N and Chaplain MAJ, Eds., Springer-Nature, 2022, pp. 43—
= 103. doi: 10 2007/978-3-030-96562-4_3.
) [48]. zancila M, “Kinetic Models for Epidemic 2ynamics i the Presence of Opinion Polarization,”
= Sull Math Biol, vol. 85, no. 5, p. 36, May 2023, doi: 10.1907/s11538-023-01147-2. [PubMed:
% 206988763]
c [42]. HHS Grtice of infectious Disease anc. HIV/AIDS Policy, “What Is Ending the HIV Epidemic in
(cn) the L1.S.2” Accessed: Aug. 01, 2022. [Onniinc]. Availakie: https://www.hiv.gov/federal-response/
_é‘- ending-the-hiv-epidemic/overview
- [50]. \;ausi AS, Redfield RR, Sigounas G, Weahkee MD, and Giruir BP, “Ending the HIV Epidemic,”
JAMA vol. 321, no. 9, 5. 844, Mar. 2019, Joi: 12.1001/jama.201.9.1343. [PubMed: 30730529]
>
c
—+
>
Q
<
<)
-]
c
)
Q
=
—+
>
c
—
>
Q
<
QD
S
c
)
Q
_§.
Epidemics. Author manuscript; available in PMC 2025 Marci 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/


https://www.hiv.gov/federal-response/ending-the-hiv-epidemic/overview
https://www.hiv.gov/federal-response/ending-the-hiv-epidemic/overview

Viguerie et al. Page 22
-\~ s\
‘j__> o As Mg
— - g -
> ¢ 3 o N
/ -
_O‘ y/ A,t v X P(noCare|D)
= // A\ =\ g \
/ "
) & X
E ﬁ Y Chronic, 2
m unaware unaware Dlagnosed ROARTIDY
(_2 infection a infection u N =+ 2,5 d
= | S
ks ¥s(1+v5ps PWVLSID)
KET (L = 1) (1 )by
Y
KET(1 = ¥a) (1% Ka)ba ,///
-
se 7= ®
ko va(l v ad “Aq '+ P(n1CarelD)Anocare + P(ARTID)Agsr+P(VLS|D)Avss
> “Ha = PCwCarelD)tnocare + P(ART|D)pagr + P(VLSID)pyLs
C *Movement to diagnosed group occurs after a delay o representing time
5 between a positive self-test and formal diagnosis.
=
= Figure 1:
g A flow chart shewving the progression described with thie zompartmental model
c
(72}
(@)
.
©
—
>
[
—+
>
(@]
=
<
QD
>
[
[72)
(@)
.
©
—+
>
[
—
>
(@]
-
Q
-]
[
(72}
(@)
.
©
~+
Epidemics. Author manuscript; available in PMC 2025 March 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/



Viguerie et al. Page 23
/ T

>

= / As

5 /_\

o =

=

Z P(noCare|D)
QD

§ Hs

Chronic, .
g. unaware b Dlagr;osed P(ART|D)
'9'_ infection u RS =y N1 + 2,05
\
\ 1y T+ X p——
—®
\xa“”‘(‘ Y+ 20 -
N ) dy
o T P & . d

> Dl sl St

S. W/ *A¢ = P(noCare|D)Anocare + P(ART|D)Asar+P(VLS|D)Ays
g g = P(noCare|D)pnocare + P(ART|D)ppgr + P(VLS|D)ptys
=

QZJ Ficure Z:

g Visualization ut how tihe post-diagnosis continuum-of-care is considered implicitly through
@ weigiited-Averaging.

=.

©

—

>

c

—+

>

o

=

<

QD

>

c

(%]

(@]

=.

e

—+

>

c

—

>

o

-

<

QD

S

c

(%]

e}

=.

©

~+

Epidemics. Author manuscript; available in PMC 2025 March 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/



Viguerie et al.

3.5

3.3

3.2

1duosnuey Joyiny

0.9

0.

0.7

1duosnuepy Joyiny 1duosnuely Joyiny

1duosnuely Joyiny

New cases / new deaths [ |
L
I
|
|
)
*
|
|
I
|
I
|
¢

USA MSM

% Aware [-]

USE MsM

Figure 2.

Trausiuissicn rate [month™!]

Page 24

Mortality rate [year™!]

0.038 0.0108
® °
0.037 : :
I 0.0106 I
0.036 0 ?
* *
0.035 1 0.0104 :
| |
0.024 | H
$ 0.0102
USA MSM USA MSM
New diagnoses)/(Total undiag.) [month ™
(s tiagnoses) / (Tot g | ]
|
|
0.016 ‘
|
0.0158 2 * Surveillance (NCHHSTP AtlasPlus), 2017-19
{ o Simulated
0.0156 ;
0.0154

USA MSM

Comparison of relevant rates, surveillance (2017-19) compared to simulation (2017-19).
Data taken froin NCHHSTP AtlasPlus. Transmission race calculated as (est. new HIV
infections)/(est. PWH population). Mortanty rate calculatza as (PWH mortality)/(Est. PWH

popuiatinn).

Epidemics. Author manuscript; available in PMC 2025 Marci 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/



Viguerie et al. Page 25
10’ S | 91 A
> . - » "
c = 4 90 144
- ‘/‘ 7 —_—
S 3 el S oo
= L ow, .89 a l’; L 4
+ %0 ﬁ [ ¢
< EANG 2 ® o v w0
@ = ols H o8 o°
= 3\ (W = 88 - c KA.
‘% ; 4l sl f=dieg. =1 mnh. < -0 tsc«lf—)diag. =1 mo.
g. é ? - 1% fodicy 4 =9 mo. "3 87 s - tself—)dzag. =2 mo.
"C_j'_ % ) ? tqelf—)dmg —3 mo. £n ? tself—)dia_q. —3 mo.
g Z2 " e? tsplf—wimg =6 mo. 86 v? -- tse[f—)diag. =6 mo.
2 | " -© tself-)dzag 12 me. I " 4 -© tse[f—>diﬂg, =12 mo.
0 gr¥—— :
0 20 40 60 100 D 20 40 60 80 100
Self-testing supplementation J.(;‘Ve] 199 Self-testing supplementation level [%]
> Figure 4:
% Incicen<e reguction (left) and awareness of staius (right) among US MSM for varying levels
S of seli-test supplementation and time to forrial diaanosis r$¢// — diag.
<
Q
5
c
o)
o
=.
o
—
>
c
—+
>
o
=
<
Q
S
c
%)
Q
=
—+
>
c
—
>
=
<
Q
5
c
o)
9]
=.
o
~+
Epidemics. Author manuscript; available in PMC 2025 March 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/



AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/

ware

50 100
Xm[% increase in overall testing]

I?afoioren =e from baseline, % PWH Aware

50 100
xm(% increase in overall testing]

Pagerence from baseline, % PWH Aware

0 50 100
Xn.[70 increase in overa.l testivg)

Epidemics. Author manuscript; available in PMC 2025 March 17.

6%
5%
4%
3%

Page 26

Viguerie et al.
>
c
—+
> e -
) i i
= < =
< £ 2
Q 3 3
=} g g
C | [ gt
0
e}
=,
=t
Xm|% increase in overall testing!
(A)
% change in incidence from baseli=
100 pame r—l4fn
- .
- (% -
?E g 2% \ 3
— £ =
> # -4% %
S | o 5
Z & o (o
% ‘-10%
% 50 100
(@) Xm[% increase in overall testing]
o
§e)
- (B)
% change i= mcidencz {rom baseline
100 3 4%
2%
& 0% &
3 4% 3
)C> é 6% é‘;
— & &
>0 -8%
o
= \ -10%
z do 30 100
L Xm|% increace it overall testing!
5
@
o (C)
=,
o .
- Figure 5a-c:
Results of the replacement analysis for tirie to tormal diagr osis ¢!/ — 495 =1 5, and
12 months (top-to-bottom). The solid e depicts the threshold curve; scenaries o the
right of this curve will ensure reductions in incidence. The dashed curve depicts perrect
supplementation with no replacement- this can ke considered the “best case scenarin” for
> self-testing; scenarios to the right of this curve correspond to incrr:ases in testing greater than
=1 the level of self-testing (hence, increases in non self-testing).
>
o
=
<
D
>
c
w0
(@]
=,
§e)
~+



Viguerie et al. Page 27
> Threshold testing iucrease y by varymg self-test level 7, time to formal diag. ¢*¢//—dia9-
A————— — r a— T

% 55% r‘\ pself—diag. — 1 1 _ == 25% =] i

2 A tsrlf—)dl.ag. =310 - = 50% !

=Z 309% [ © gselfodiag. — 6 0o ==y = 75% ! i

Q S sel f—diag. _ A — 1007 |

S mt = 12 mo ==~ = 105% :

§ —25% / _ ! 1

=, ' | ¥ ¢

° = 1 i

= 20% i : .
g 20% : A
< 1
8 I ¢ d
= 15% A 1
= =
1
: $
0% o .

2 $

= 5% &

3 ’ ¢

<

o 0% — —— m

2 USA MSM

7

Q .

= Figure 6.

- Threcheld y (increase in testing levels from baselinic amorg MSM PWH) for different
percentages of self-testing y anc time to formal diagnosis #*¢'/ > 4/98- The solid line
denotes the thresnold 4, the dashed line denotes the perfect supp'ementation scenario.

>

=

-

e

<

)

S

c

7

Q

z

>

=

=

=

<

)

S

c

%)

Q

=

Epidemics. Author manuscript; available in PMC 2025 March 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/



Viguerie et al. Page 28
> Threshoid x by window period (04-.), % self-tests (),
= 3\ self-test sensitivity (nffff )+ tself—sdiag. =3 months.
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Figure 7:
We plot the necessary testing increase (threshold ») Tor diffeient iavels of self-testing
prevalence (y, for different self-tesi sensitivities {«,), detection/window periods (s,.). Note
> that 7., 4. == 3 months i each case.
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We plot the area of the negative outcomier region (left) and mean % incidence decrease over
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c self-test sensitivities k.
oy
o
=
<
Q
>
[
)
(@]
=,
S
—
>
[
~—+
>0
o
=
<
Q
S
C
(%]
o
=.
o
~—+
>
c
—
=
o
-
<
Q
>
c
)
(@]
=,
kel
~—




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Viguerie et al.

Takie 1a:

Ingut, fixcd oarameter /alues

Page 30

Parameter | Naome Value Source
Cat s Rate of movemer.i from acute to chroiic infertion 1/60 days [24]
Oy s Rate of movem2nt from chronic infecticr o AIDS 1/11.8 years [25]
gt/ — diog- | Delay in viagnosis after positive self-test, AIDS I-L’?;O days Assumed
Gau Baseline tocting vaic jur PWH with acute and chrziiic infertion | £228/months | Calculated using Surveillance data,
| 2017-19 [26]; see supplement B
b, Testing rate for PWH with AIDS (late-stage) .0481/months Calculated using Surveillance data,
2017-19 [26]; set as v ¢, see
supplement B
Vg Multiplier for ir.crease in testing fiom AIDS compared to acute/ 4.08 [27]
chronic infection
care Sensitivity of leboratorv test to acute infection | .83 [24]
Pod Sensitivity or self-test to acute infection 0.0 [6]
care Sensitivity of labor2tury test tc cnronic infection 1c [28]
K Sensitivity ¢f se'r-test to chronic infection I 92 [6]

Epidemics. Author manuscript; available in PMC 2025 Marci 17.

AH Formatter V7.2 MR3 (Evaluation) https://www.antennahouse.com/




1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Viguerie et al.

Page 31

Takie 10:
Incidence-ielaied parametier values
—\_\ — — £ T =
Parameter Ilane | Valiie Source
Au Transmission raie for chronic infection .0074/months | Surveillance data, 2017-19 [26]; see
supplement B
Ao Transraissica rate for acute infection l .0427/morths | Surveillance data, 2017-19 [26], a,, see
\ supplement B
a, | Factor change in tranamis<ion probability for acute I 5.8 [29]
1 compared to chronic infecticn |
. \— T | -
A Transmission rate for AIDS PWH | .0074/imonths | Surveillance data, 2017-19, [26]a;; see
sipplement B
o, ractor change In transmission prebability for AIDS 1.0 Assumed
COMEGICa to Clnunic iniecte:
A Transmission rate for Ziagnosed infection .002%/months | Surveillance data, 2017-19 [26],

: Qocares XART> Ay, SEE SUpplement B

Aﬂacare’ A'A RT

Transmissior: rate for diagnosed PWH not care, diagnosed [ .0C5//months

PWH on ART 4ut not VLS

Surveillance data, 2017-19 [26], @,ocares XART»

see supplement B

Gyocare Garr | Factor cliange in t;’ansi'nissicn probability for diagnosed, 0.78 I [29]; assumed equal.
not in care and on ART< not VLS compared chronic
infection |
Avis Transmission rae for diagnosed PWH who are VLS 0.0 | Sur.citlance data, 2017-19 [26], a,, see
| suppiement B
Ayrs Factor change in trunsmission for PWH vio are VLS 0.0 [29]
compared to chronic infecuon
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Takie 1c:
Mgitality-ielatad pararaeter values
>
S 5 P L ~ =
=y Parameter | lame | Value Source
O ——— - —
- My Mortality rate, P\WH with acute (ifection .0069/years | Surveillance data, 2017-19 [26]; see supplement
< B
% s Myocares Marr | Mortality rate, PWH with chronic infection, diagncsed .0174/yezrs | Surveillance data, 2017-19 [26]; set as
% not i:r care, on ART but not VLS Bubhas Briocarelas BarrHa; S€€ SUPplement B
1
(@] - - - :
=, Bs Brocares Parr | Factor chanae in mertatity for PWH with chroric " 2538 [29], assumed equal.
'9'_ infection, diagnosed but not in care, and ART but riut
VLS compared to acute
Uy Mortality rate, PWH with AIDS, not diagnose« .046/years [29], see supplement B, set as f, 4,
B, I Factor change in mortality for PWH with undiagnosed 6..72 29;
AIDS Sonpared 10 PWHE with acute infection
Uy Mortalit / ra‘e, PWH witn diagnosed infection .03g6/years | Surveillance data, 2017-19 [26]; see supplement
B
]
- . . | K
(1_> Uyrs Mortality rate. PWH who are VLS | .NC43/years | Sirveillance data, 2017-19 [26]; set as fBy; se,
= see supplement B
Q Bris Factor chanoe &1 mortality tor PWH who are VLS 0.6346 I [29]
= comparcy to acutc infection |
D 1
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Table Z:

Suiveillance data used to parameterize mode!, Urntes States MSM (source: NCHHSTP AtlasPlus [26]).

Z arfemissi ( . infecti . ion). .

Z Transmission ra‘e calculated as (est. new HIY infections)/(est. PWH population). Mortality rate calculated as

=

g (P\WF' mortalivy),(Est. PvwH population®

=

QZJ Year 2017 | 2618 | 2019 Mean

E HIV diagnoses 25,345 24,464 23,810 24,500

O i 2]

Q HIV prevalerce (including unaware) 655,100 | 673,000 | £S%,900 ! 512,667

=1 HIV incidence 24,500 | 25,900 l 23,100 | 22,9533 l
HIV deaths 7,010 6,888 I 7,.64 I 7,027
% aware of status H 83.8% 84.3%% I 4.8% 84.3%

t 4

% linked to care {ameng diaj.) » 7T 0% 77.3% 77.7% 17.3%
% VLS (among diag.) 66.1% 67.3% 68.1% 57.1%

> New cases / new deaths 3.50 3.47 3.22 1 3.39

— 7 T

(E:..T Transmission rate [yr ~11 0.027 1 0.035 0.053 0.036

Q Mortality rate [yr ~1] I 0011 0.010 0.C10 0.010

QZJ New diagnoses/Total undiagnosca [yr 1] | 0.231 0.226 022¢ | v.226 [
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Thieshold 4 (increase in tssting levels from vaseiine among MSM PWH) and negative outcomes region, for

«;;: different levels of self-testing y. This tells us, for a given percentage of self-testing among overall testing,

g how ruch increace in baseline testing rece was necessaiy to 2void replacement effects and ensure incidence

- - - -

=z decraases. The negative outcomes region refeys to the arza to the left of the threshold curve in the (y,y) plane,

g which result in incicence increases.

5 £ —\

Q tself—> diag . | 7 hreshold Threshold I Threshold Threshold Area, neg. outcome

= I v — 25 | XY= .5 | xr=".75 xy =10 region

g |
1 month 3.5% 7.3% | 110 15.6% 0.075
2 months 3.8% 7.9% | 12.5% 17.2% 0.082
3 months 4.1% I 8.5 13.6% 1£.9% 0.089
6 months 4.9% | 2o.4% 16.8% 23.9% 0.110
12 months 6.3% | 13.9% 23.7% 35.7% 0.155
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Table 4:

Summary indicators for incidence changes, awerzness of status, and negative outcomes among MSM/PWH in

?;> the replacement analysis.

=

g

' Y - W4 I

= tse,’f ->diag. iviax % incizienc? Max % .7icidence | Avg 7o incidence Min % Aware | Max % Avg % aware
Z decrease (202£-30) | increase (22z0-30) ; chanye (2020-30) (2030) aware (2030) (2030)
% 1 month -9%% 2.2% -4.0% 83.8% 90.7% 87.8%
c — —

8 2 months I -0./% 2.4% -4.5% 83.7% 90.6% 87.7%
%' 3 months | —0z20 | 2.6% [ -4.3% 52.5% 90.5% 87.6%
— } } :

6 months -9.1% 3.0% | -3.8% 83.2% 90.2% 87.3%
12 months -8.4% 4.0% JI-—Z.Q% 2.693 89.8% 86.8%
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Page 36

rea of the nevative outcomes region (2020-30) for different self-test sensitivities () and detection periods

(6. ). Time to tormal diagnosis (:5¢//—4198,=3 ronths.

o,_.,=30 r‘.olys-| o,_, = 60 days I o,_, = 90 days

> i &

self
K s

.92 | .073

.089 .108

self
K s

.94 | 062

.077 .097

1duosnuey Joyiny

self
K s

6 | 051

| .066 55

o —
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rea of the nevative outcomes region (2020-30) for different self-test sensitivities () and detection periods

(6. ). Time to tormal diagnosis (:*¢//—4/98y=12 months.

o,_.,=30 r‘.olys-| o,_, = 60 days I o,_, = 90 days

> i &

self
K s

.92 | 137

154 176

self
K s

.94 | 124

141 .163
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Takie Ec:

> Simulates imean % incidence decrease (2026-37) of tne for different self-test sensitivities (") and detection
= pericds (o,_..) Time to formal diagnosis (:5¢’/ ~@8)=3 months.
>
S —\ = 1 ]

6,_,=30¢cays ; o,_,=60days ! o,_, =90 days
< —) Z — —
2 KU = 9 | —44% -4.3% -4.1%
C — —
0 KU =94 | 46% -4.5% -4.3% |
9‘ u,s .
_§. K = .06 | 4% ! -4.7% -f.:;% ]
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Takie Ed:
Simulates imean % incidence decrease, 2020-30 for different self-test sensitivities (x;<") and detection periods
;:: (. ~.). Time to tarmal diagnosis (:¢//—4148y=12 months.
3 A &
< _\ Ci—u =30 0ays | 0., =60 da)il-o‘wu = 90 days
5 K =92 | -3.0% -2.9% 7%
g K = .94 3207 -3.1% —2.8% \ |
g Ky = .06 | —34% ! -3.3% -5.1% ‘I
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