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Evidence and rationale for using WHO HIV testing strategies and algorithms
Dr Cheryl Johnson, WHO Global HIV, Hepatitis and STIs Programme
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Progress toward global HIV testing targets

Target 2030

&
# PLHIV Scale-up of successes — but gaps remain: Test
Diagnosed Costs of additional testing increasing, gaps
- (Millions) remain, challenging to effectively focus and _ o
rationalize core and additional testing Countries achieving 90-90-90 &
ART coverage high:
i 84% PLHIV diagnosed & now
27.5 million on ART
- More HTS options, DSD,
Initial decelerated increase: decentralization achieving
High hanging fruits more difficult success
to reach via traditional strategies
i @ Initial slow start to steep increase
In 2005 ~10% PLHIV diagnosed &
i 700,000 on ART by the end of 2004
¥ RDTSs & PITC had big impact on scale-up
2005 2010 2015 2020 2025 2030

Source: WHO forecast 2020; UNAIDS 2022; WHO 2005; CHAI 2015; WHO, UNICEF, PEPFAR, GFTAM 2018
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HIV positivity is declining and
will continue to decline in sub-Saharan Africa

80-90% of all T Key HTS trends
PLHIV diagnosed The number of people

“» @ Trends in knowledge of HIV status and efficiency of HIV

‘ testing services in sub-Saharan Africa, 2000-20: a modelling n eWIy d I ag n Ose d With

study using survey and HIV testing programme data
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Between 2000-2020,

80 —
= HTS positivity declined
“ et e from 9% to 2.8%; and
S et e will continue to decline
No country achieving

Percent of people living with HIV who know their  Percent of people living with HIV who know their .
status HTS positivity at or
above 5% nationally

=

ESA WCA

ASLM Webinar 28 February 2023

UNAIDS 2022; WHO 2019, Maheu-Giroux 2021: https://www.thelancet.com/journals/lanhiv/article/P11S2352-3018(20)30315-5/fulltext; Eaton AIDS 2022



https://www.thelancet.com/journals/lanhiv/article/PIIS2352-3018(20)30315-5/fulltext

Example in high HIV burden country: Malawi

« Undiagnosed PLHIV declined from

. Rapid Population Growth + Stabilizing HIV population
= e e e o | /8% in 2005 to 14% in 2017 and s
projected to continue declining to
, FIHIV positives, on ART around 6% in 2025.
[THIV positives, not ART
DAY - - (o « By 2025 national HTS positivity is
: this narrow slice! expected to reach 1.5%.
* Discqunting those who already
. know their status, further
reduces HTS positivity to 0.5%
— In 2025 nationally.

0
1980 1985 1990 1995 2000 2005 2010 2015 2020 2025

In 2020, 3 million people tested
91,000 new positives identified
%

. \y@ World Health
Source: Graphic courtesy MOH Malawi, CROI 2020 Eaton, WHO 2019 ASLM Webinar 28 February 2023 NS Organization
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Important opportunities to address STls

Particular focus on syphilis

INCIDENGE OF SYPHILIS AMONG 15—4% YEARS OLD:
2030 TARGET AND PROGRESS IN 2020

HIV testing rate  EEM Syphilis testing rate  «%» Difference in testing rates

100% — =05% =050, =959 Q4% o
92% 890,
o
a 90% — ? pl-120 85%
829 .
ayya , 411
. g 71 million =y "
» - - o
new infections in 2020 0% —
599
6 - . 60% — 56%
- * T
3 e 50% — 3% 45%
L f -
9, " Q0% reduction 40% — 35%
w i b
K= “a, (baseline 2016) 30% — 28%
= 3 ", 209
= . 20% — . 6%
i L]
2 g 10% —
F - . ;'_':!l’o
1 ", 0% — —
B ..i Mozambique  Uganda Lambia Malawi Ethiopia Kerya South Africa India Nigeria Indonesia
0 E HV  15.0% 73% 143% 1.7% 1.2% 6.2% 23.7% 0.2% 3.0% 03% ‘1‘”5"_"33'}2;‘;“9"
216 2020 2030 E Syphils 4.6% 29% 15% 1.0% 11% 1.4% 20% 0.38% 0.8% 2% ;iﬂéﬂgﬁgﬂ;ﬁﬁls

ANC = antenatal care
Source: Storey A, Seghers 5, Pyne-Mercier L, Peeling R, Newman Owiredu M, Taylor M. Syphilis diagnosis and treatment during antenatal care: the potential catalytic impact of the dual HIV and
syphilis mpid diagnostic test. Lancet Glob Health. 2019; 7{8): o1 00621008,

+ » = Syphilis new infections [ Progress in 2020 @ Target

Source: WHO GHSS 2022; Storey 2019
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Important opportunities to address STls

Particular focus on syphilis

Consolidated guidelines on HIV,

DUAL HIV/SYPHILIS RAPID viral hepatitis and STI prevention,

DIAGNOSTIC TESTS CAN BE diagnosis, treatment and care for

USED AS THE FIRST TEST IN key populations

ANTENATAL CARE

use of dual CELENRES 01 Recommends use of

HIV/syphilis RDTs dual HIV/syphilis RDTs
for pregnant | for key populations

women

Recommends

Annual or bi-annual
testing most cost-

Prioritize for first
effective

test in ANC

ASLM Webinar 28 February 2023
Source: WHO 2022; WHO 2019
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High quality RDTs

A orld Hoalth « 23 different WHO PQed
{8 Organization RDTs available for

WHO - Prequalification of Medical Products (IVDs, Medicines, Vaccines and Immunization Devices, Vector Control) p rOC u re m e nt

PRODUCT STREAMS ~ EVENTS NEWS ABOUT

In Vitro Prequalified In Vitro Diagnostics * HIVRDTs
. ; °  All meet WHO's standards

Diagnostics S
for at least 99% sensitivity
About In Vitro Diagnostic & Male The List of WHO-prequaified In Vitro Diagnostic products contains diagnostics used to an d 98 /0 S peC Ifl Clty
Circumcision Device Prequalification diagnose a number of conditions and diseases, and that have been assessed by WHO and

What We Do found 1o be acceptable, in principle, for procurement by UN agencies.

R * List of prequalified in vitro diagnostic products (pdf version) D b
Documents A-Z
« Dual HIV/Syphilis RDTs

Prequalified In Vitro Diagnostics * List of prequalified in vitro diagnostic products (xIs version)
« 3 products available for
procurement & low cost

Source: https://extranet.who.int/paweb/vitro-diagnostics/prequalification-reports/whopr?field whopr category tid=58



https://extranet.who.int/pqweb/vitro-diagnostics/prequalification-reports/whopr?field_whopr_category_tid=58
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Adapting national HIV testing strategies

WHO recommends all countries currently using two consecutive
reactive tests for an HIV-positive diagnosis to move torward using
three consecutive reactive tests for an HIV-positive diagnosis. This

WHO ENCOURAGES COUNTRIES
T0 ADAPT HIV TESTING
STRATEGIES IN RESPONSE TO
CHANGING EPIDEMIC

NOVEMBER 2019

is increasingly important as treatment-adjusted HIV prevalence and
national HTS positivity continue to decline over time.

® Ensure that the testing strategy has a positive predictive value 299% (PPV) i
= Meaning of the persons classified as HIV+, 299% will truly be living with HIV E

= PPV depends on positivity rate among testing population

= >98% specificity: fewer than 2 ‘false positive’ for 100 truly negative

X

: = >99% sensitivity: fewer than 1 ‘false negative’ for 100 truly positive

772N
(@) fors ealth  Source: WHO 2019
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Understanding positive predictive value (PPV)

PPV= probability a person with a reactive HIV positive test result has HIV

High HIV prevalence Low HIV prevalence

HIV testing with more
undiagnosed PLHIV =
greater likelihood of

HIV testing with few
undiagnosed PLHIV = lower

D Lol ] tely di : likelihood of accurately
G A diagnosing person with fewer

person with fewer tests tests
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WHO recommended 3-test strateqy (@) o
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| BETTerTA I » All individuals are tested on Assay 1 (A1).
Anyone with a non-reactive test result (A1-)
v 1 is reported HIV-negative.
* |ndividuals who are reactive on Assay 1 (A1+)
Al+ Al- should then be tested on a separate and
Report HIV-negative distinct Assay 2 (A2).

* Individuals who are reactive on both Assay 1

Perform A2 and Assay 2 (A1+; AZ+) should then be tested
on a separate and distinct Assay 3 (A3).

v v ® Report HIV-positive if Assay 3 is reactive
(A1+; A2+; A3+)
Al+ AZ+ Al+ AZ- ® Report HIV-inconclusive if Assay 3 is non-
. reactive (A1+; A2+; A3—). The individual
should be asked to retum in 14 days for
Repeat Al additional testing.
| v * Individuals who are reactive on Assay 1 but
v Ao non-reactive on Assay 2 (A1+; A2—) should be
Al+: A2- e ;t A1_+ repeated on Assay 1
Repeat Al- Report HFV—inconcIusive ® If repeat Assay 1 is non-reactive (A1+; A2—;
Report HIV-negative pretest in 14 days ' repeat A1-), the status should be reported

Perform A3 as HIV-negative;
® If repeat Assay 1 is reactive (A1+; A2—;
repeat Al+), the status should be reported

: 4’ as HIV-incondusive, and the individual

Al+- A2+ A3+ Al+; A2+; A3- asked to return in 14 days for additional
g Report HIV-inconclusive, testing.

Report HIV-positive .
P P retest in 14 days Source: WHO 2019




Difference between

2-Test

Perform
Al
[

.

Report HIV-negative

Al-

Perform
A2

A1+ A2+
Report HIV-positive

—

Repeat
A1 and A2

A1-A2-
Report HIV-negative

{

v
A1+ A2- A3+

Report HIV-inconclusive
(retest in 14 days)

i

A1+ A2- A3-
Report HIV-negative,

if A1 is 2" or 3¢ generation assay

Report HIV-inconclusive,
if A1 is 4* generation assay
(retest in 14 days)

2-test and 3-test strategy?

3-Test

Perform Al
v | il
A1+ Al_

Report HIV-negative

A 4
Perform A2

I

E v

Al+; A2+ Al+; A2-
v
Repeat Al
| _
v
Al+: A2-
RAltffi Repeat Al+
cpeat AL~ Report HIV-inconclusive,
v Report HIV-negative retest in 14 days
Perform A3
v v
Al+: A2+ A3+ Al+; A2+ A3-

Report HIV-positive

Report HIV-inconclusive,
retest in 14 days

« 2-or 3-test strategy refer to number of consecutive reactive tests to diagnose HIV

* both strategies require 3 assays (A3) & neither uses any tiebreaker approaches
« 3test strategy recommended since 1997 & has been used in most settings outside Africa because of lower burden

11
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WHO recommended testing strategy for HIV/syphilis

Dual test :
used as the ] ! HIV testing
first test in strzt:r% |§ Sthe
strate 1
> l l l l standard of care
Al: HIV-, TP- Al HIV-, TP+ Report syphilis-positive,

L i _ i indicative of eithar currant ar
Report HIV-negative Report HIV-negative | R TR T

Report syphilis-positive

y . indicative of either ! v
Report syphilis-negative current or past/resolved
infection
v v
v L \J ¥
Al Assay 1, A2: Assay 2, A3: Assay 3, TR Ale: A2 A3
. y P . . +: +; -
Tre,ﬂnnem.a.',ﬂ.a.'.'rn'um I_S}'phllls-_l.” . REALTTI ﬁﬁ;_ :53”4{“ Report HIV-inconclusive,
Al (Assay 1) isa du.lal HIVsyphilis rapid P P retest in 14 days
diagnostic test (ROT).
A2 and A2 (Assay 2 and Assay 3) are HIV RDTs or o S ! '
Tl‘eatment for any enzyme immuncassays (EIAs) Repaort syphilis-neagative Rapaort syphilis-nagative
reactive SyphIIIS ;.rhe':-!l_re;lsnhﬁqgmd_isclreg_am,ﬁwTI;s. all {anﬂ:ltg.LP Al: HWJ'*AEF:'IEL.E““‘TPJ' A1: HIV+, TP- or HIV+, TP+
R yphilis) results, including A1: TP+ or Repe : : A2 HIV-
result in pregnant TP+, should be referred for tragtment and further S Bl o Repaat Al: HIV-, TP- or
women testing according to national guidelines. Hl‘ul'+., TP+ _ HIV-, TP+
When resolving discrepant results, if A1 and REP?;;H}'I'}?E;I”“E' Report HIV-negative
Repeat A1 are both TP (syphilis) nonreactive ¥s
results, report syphilis-negative.
If A1 or Repeat Al is TP If &1 or Repeat A1 is TP
reactive, report syphilis- reactive, report syphilis-
positive, indicative of positive, indicative of
aither current or past/ either current or past/
resolved infection resolved infection
P "2 % |d | h If A1 and Repeat Al is If A1 and Repeat A1 is
(’/’ > \Q WOF Hea t TP nonreactive, report TP nonreactive, raport
\\[I\l % ‘L\} Organization Source: WHO 2022; WHO 2019 syphilis-ne gative syphilis-negative
2 4

e



PPV and number of tests

Probability of correctly being classified as HIV positive (assuming 99% sensitivity; 98% specificity)

After 1 assay After 2 assays After 3 assays
5,000 HIV+ 4950 x 0.99 4901 x 0.99 4851
100,000 specimens reactive reactive reactive
specimens
tested: 95.000
: X (1-0.98) x (1-0.98)
5% prevalence [N HIV— 190_0 — 38 reactive mmmall 0.8 reactive
: reactive
specimens
4950 4901 4851
= = 0 —_ WY =
PPV = 4950+1900 - 72" PPV =zgp1435-99-2% PPV =zg514038

**Simplified algorithm - consecutive reactive HIV tests only

©
©
S
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Why a 3-test strategy for all settings?

No more settings have HTS positivity nationally at 5% or above, thus 99% PPV cannot be maintained

Without the 3-test strateqy there will be increasing number of people misdiagnosed with HIV

Outcomes per 100,000 tested

Assuming 99% sensitivity; 98% specificity; simplified algorithm -- consecutive HIV+ tests only

True prevalence

10%

5%

1%

0.1%

Per 100,000 tested After 1 assay

9900 true+ (99%)
1800 false+ (2%)
85% PPV

10,000 HIV+
90,000 HIV-

5000 HIV+
95,000 HIV-

1000 HIV+
99,000 HIV-

100 HIV+

99,900 HIV-

¢
N\ uOrgamzatlon
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Summary of WHO modelling analyses

Conducted modelling with country data to inform WHO
the HIV testing guidelines

Modell compared 2-test vs 3-test strategy for varying
positivity levels (5% to 0.1%):

= Number of misclassifications.

= PPV and NPV.

= Number of test Kkits used.

= Total HTS cost.

Source: Eaton et al 2021 https://www.medrxiv.org/content/10.1101/2021.03.31.21254700v1.full ;’g\\‘:\z World Health
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Expected number of false negative, false positive,
and inconclusive classifications per 100,000 clients

False negative False positive Inconclusive
=
o
O 600 A
-
|-
8
o 400 -
-
5=
©
O 200° \
=
)
m. o
5 o
200% 5.0% 10% 03% 200% 5.0% 1.0% 03% 200% 5.0% 1.0% 0.3%
strategy Greater false positives diagnoses with 2-test strategy
— oetest Greater number of inconclusives with 3-test strategy (good tradeoff as
would have been misdiagnosed HIV positive under 2-test strategy)
— 3-test . ¢ \‘) World Health
ASLM Webinar 28 February 2023 \l’}lf:l/ Organlzatlon



Negative predictive value and positive predictive
value for 2 vs 3 test strategy

Negative predictive value Positive predictive value

100% -
05% -
strategy
90% - —_— 2-test
—  J-test

85% +

EDI:HJ - L] L] L] L] L] Ll L] I
20.0% 5.0% 1.0% 0.3% 200% 5.0% 1.0% 0.3%
Positivity among testers (log scale)

Positive predictive value drops off substantially as

HIV positivity in population being tested drops

ASLM Webinar 28 February 2023
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Test kits used () o
2—-test WHO 3-test
o 150 -
= B A1 a2 [l a3
o
3 100-
i
o
%
3 50+
2
—
E ‘—
© 0-
I_ L T T T T T T T
200% 50%  10% 0.3% 200% 50%  1.0% 03%

Positivity among testers (log scale)

First test in national algorithm drives costs

Additional third test has limited impact

18
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Cost differences

Cost per 100,000 tested Cost ratio WHO 3-test vs 2 test
500 - 1.15 4
Ty strategy
E —_— J=test
@ 450 - 1.10 1
g — 3-test
0
B 4004 1.05 -
Y
8
= T 1.00 -
— 350-
i
S
SGG_ GQE_ : : . .
200%  5.0% 0%  0.3% 20.0%  5.0% 1.0% 0.3%

Additional third test does not increase testing

programme costs

ASLM Webinar 28 February 2023 19
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WHO retesting considerations L= Organization

Cost of retesting before ART initiation

Low Prevalence High Prevalence

Example Example
HIV prevalence among testers 1.0% 10.0%
Serial testing strategy 3-test 2-test
Total testing cost” $82628 $87020
Number of HIV-initiated on ART 9.2 38.9
Expected lifetime ART cost for HIV-° $57832 $243399
Total retesting cost $2011 $14020
HIV-initiated on ART with retesting 0.03 0.6
Expected lifetime ART cost for HIV- $186 $3628
Expected savings from retesting $55634 $225751
Time to recover retesting costs by averted 05y 08y

ART costs

Retesting prior to ART initiation
recommended by WHO

. Stron%l\?/ reinforced in 2014 as part of
Treat All guidance when clinical
assessment requirements were removed

« Highly cost-saving compared to even
few cases of misdiagnosis and wrongful
initiation of life-long treatment

What does retesting do?

- Provides quality assurance to prevent
unnecessary lifelong ART initiation

- Primarily addresses human error that
occurs in HIV testing services

- Does not replace need for 3-test
strategy, as it has a completely different
purpose

Source: Table, adapted from Eaton et al 2017 https://academic.oup.com/cid/article/65/3/522/3751368 20
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Potential factors associated with false negative results

CONTINUUM (Often difficult to tease out specific causes)




Retesting on ARVs

Key considerations from WHO quidelines

7, 3 Joe Key guidance for addressing retesting on ARVs

 Most PLHIV who are on ART and who retest will continue
to test positive

 However, there are a few cases that can be missed,
sometimes people diagnosed and started on ARV during the
acute HIV infection period which is generally rare

 Oral fluid HIV RDTs (i.e. often used for self-testing) were also
slightly more affected when compared to other HIV assays
(but remember overall cases were still very few)

. 'Iz\rl_\g)_Prammes should not actively seek to retest PLHIV on

SERVICES  PLHIV on ART who retest should be made aware of the
possibility of false negative results

 Efforts to accurately establish HIV infection are important
among individuals who may have acquired HIV while
taking PrEP prior to initiating treatment

HIV TESTING

Source: https://www.who.int/publications/i/item/978-92-4-155058-1 22
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Conclusions &8 drganivation
Testing strategies should reflect changes in epidemiology:

= 3-test strategy substantially reduces false-positive misclassifications to ensure that 99% PPV target is
achieve.

* |ncreases ‘inconclusive’ results (A1+/A2+/A3-), but most will be confirmed negative at day 14 (a good
thing).

= Retesting on ARVs among PLHIV can result in false negative results, but is unlikely a key contributor to
false negative results

Incremental budgetary impacts are low:

= Cost of 3- vs. 2-test algorithm are similar; switching to 3 test strategy doesn’t substantially increase
costs

» Lessons learned are that lowest cost first test has greatest impact

» Retesting prior to ART initiation remains cost-saving
Programmatic implications:

* Finding new ways to organize and restructure HTS is important (test for triage, HIV self-testing).
* Incorporate dual test into updates and roll-out of 3-test strategy

» Retesting prior to ART initiation still advised, but could be prioritized to increase feasibility in certain
settings



For more information on HIV testing services

WHO HIV Testing
Services Dashboard

WHO HTS GL

Questions?

Contact: Cheryl Johnson johnsonc@who.int
Céline Lastrucci lastruccic@who.int

y/\f \l
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https://whohts.web.app/
https://www.who.int/news/item/12-11-2020-who-hts-info-app
mailto:johnsonc@who.int
mailto:lastruccic@who.int
https://whohts.web.app/
https://www.who.int/publications/i/item/WHO-CDS-HIV-19.31

