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Summary

As policies built on “Undetectable = Untransmittable” become more popular, use of durable viral
suppression (DVS) as an outcome in analyses is increasing. We identified a case series of recent
HIV-related publications that study the DVS outcome. The majority did not distinguish between a
definition of DVS and the operationalization of that definition. Clearer discussion of DVS,
including a formal definition, is needed to ensure better comparability across studies and
ultimately better public health outcomes.
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Among persons living with HIV (PLWH), one goal of HIV care and treatment is achieving
an undetectable viral load. Viral suppression confers benefits at both the individual and
public health-level[1-4]. Strong evidence supports that PLWH cannot sexually transmit HIV
to others when their viral load is <200 HIVV RNA copies/mL and they have been adherent to
antiretroviral therapy for at least 6 months — a finding summarized by the now widely used
expression “Undetectable = Untransmittable” or “U=U"[5,6].

In the context of data demonstrating the importance of achieving and maintaining a
suppressed viral load[5,7], there has been increasing interest in measuring so-called durable
(or sustained) viral suppression (DVS) in clinical and epidemiologic studies[8,9]. A person
might be classified as having DVS if all viral loads taken during a period (typically 2-4 viral
loads per calendar year, though many individuals have only one per calendar year[10,11])
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were suppressed. However, initial reading of the literature suggests that scientists have not
settled on a formal definition of DVS, which is essential for comparison across studies.

To explore this issue, we conducted a PubMed search of HIV-related publications from
highly-cited journals that publish HIV-related research and identified 10 recent papers (as of
05/15/2019) that used durable viral suppression as an outcome and met additional search
criteria (see Appendix for details). Our goal was to use this case series — a small convenience
sample of 10 published papers — to illustrate the infrequency of clearly-stated DVS
definitions by examining whether investigators provided two characteristics: 1) the definition
of DVS that they want to measure and 2) the operationalization of that definition used for
classifying individuals as having DVS or not.

All 10 papers provided an operationalized definition. The majority (8/10) classified the
outcome as all viral loads suppressed during a period (based on calendar time or anchored
by timing of an individual’s viral load results; Table 1[9,12-20]). The remaining two
classified the outcome as “repeated HIVV RNA measurements below the limit of
quantification”[15] and “HIV viral loads <200 copies/mL at the last two test results in the
12-month measurement period”[16].

Only 2/10 papers suggested an underlying definition for DVS that they aimed to measure,
thus distinguishing between the definition and the way in which that definition was
operationalized for analysis[17,20]. Of these two papers, Enns et al. provides the more
explicit distinction stating (emphasis added) “Sustained viral suppression was defined as
being virally suppressed at last viral load and having evidence of consistent viral suppression
for at least 12 months prior...Thus, to be classified as having achieved sustained viral
suppression, patients must have had a viral load of < 200 copies/mL at least 12 months prior
to their last...test, as well as suppressed status on any intervening ...test results.” The other
definition by Nwangwu-ike et al. was similar (“consistent viral suppression during the past
12 months™).

Strictly read, the classification (i.e., the operationalized definition) given by Enns et al.
would hold if there were zero, or eight, or 18 intervening viral load tests. Under such a
classification, if the probability of correctly classifying a person with viral suppression as
virally suppressed is p (a constant attribute of the assay), a person who truly had DVS and
received N tests over a given period would have a risk of being found to be “not having
DVS” of (1-p)N, assuming independent errors. In such a situation, the risk of falsely
classifying an individual with DV'S as not having DV'S will increase with the number of viral
load tests that person receives. Only one paper in our search discussed that the probability of
misclassifying DVS could vary by test frequency[9]. In other words, differential
misclassification of DVS by number of tests needs to be considered whenever DVS is used
or interpreted.

In summary, we found that most studies (8/10) did not articulate an underlying definition of
DVS, and therefore did not make a distinction between the definition of DVS and the way in
which DVS was classified in analysis. The two studies that did make a distinction both
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defined the underlying definition of DVS as consistent viral suppression, without specifying
how many tests, or at what interval, constituted consistency.

Clarification and consensus concerning the underlying definition of DVS is needed for
several reasons. First, the adequacy of operationalized DVS classifications can only be
evaluated if there exists a clearly-defined, underlying construct of interest. Then, DVS
classifications can be evaluated in terms of their departure from the “true” construct and
details of the potential classifications can be thoughtfully debated. One challenge will be
how to account for viral “blips”, which if >200 HIV RNA copies/mL and captured by a viral
load test would exclude an individual from being categorized as having DVS under most
classification strategies. While “blips” have little clinical significance, co-occurrence of a
blip and an event that has potential for HIV transmission could be problematic[21,22]. Of
note, the preferred operationalization of the DVS definition might depend on the intended
use of DVS in a particular setting (e.g., clinical compared with research use). Specifically,
preference for whether a classification strategy maximizes sensitivity or specificity may be
context-dependent. Second, evidence suggests that maintaining suppression (measured by
the current recommended viral load testing frequency) is sufficient for preventing HIV
transmission between serodiscordant couples[7]. However, the measurement gold standard
implied by the underlying definition (e.g., measuring daily viral suppression is arguably the
gold standard corresponding to the hypothetical underlying definition “every day
suppressed”) is essential information for evaluating misclassification of operationalized DVS
estimates, even if said gold standard were infeasible to implement in practice. Finally, a clear
definition will allow for explicit discussion of the assumptions implied by various DVS
classifications and enable future work examining whether misclassified DVS estimates vary
by patient or provider characteristics.

The benefits promised by U=U have been met with great enthusiasm and an increase in the
use (and call for use) of so-called durable viral suppression measures for examining health
outcomes. We hope this brief communication spurs more thorough discussion of the
definition of DVS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

Study concept and design: K.D., D.W.; literature review analysis: K.D., H.L.; data interpretation: all authors;
drafting of manuscript: K.D., D.W.,; revisions of manuscript: all authors; final approval of manuscript: all authors.

This work was supported by the National Institute of Allergy and Infectious Diseases at the National Institutes of
Health (NIH) [grant number KO8AI136644 to Kathleen A. McManus]. The content is solely the responsibility of
the authors and does not necessarily represent the official views of the NIH.

Dr. McManus reports an investigator-initiated research grant from Gilead Sciences, Inc. and stock ownership in
Gilead Sciences, Inc. For the remaining authors none were declared.

AIDS. Author manuscript; available in PMC 2021 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

DIEPSTRA et al.

References
1

10

11.

12.

13.

14.

15.

16.

Page 4

. Rodriguez B, Sethi AK, Cheruvu VK, Mackay W, Bosch RJ, Kitahata M, et al. Predictive value of

plasma HIVV RNA level on rate of CD4 T-cell decline in untreated HIV infection. J Am Med Assoc
Published Online First: 2006. doi:10.1001/jama.296.12.1498

. Mellors JW, Margolick JB, Phair JP, Rinaldo CR, Detels R, Jacobson LP, et al. Prognostic value of

HIV-1 RNA, CD4 cell count, and CD4 cell count slope for progression to AIDS and death in
untreated HIV-1 infection [6]. J. Am. Med. Assoc 2007. doi:10.1001/jama.297.21.2349

. Quinn TC, Wawer MJ, Sewankambo N, Serwadda D, Li C, Wabwire-Mangen F, et al. Viral load and

heterosexual transmission of human immunodeficiency virus type 1. N Engl J Med Published
Online First: 2000. doi:10.1056/NEJM200003303421303

. Lundgren JD, Babiker AG, Gordin F, Emery S, Grund B, Sharma S, et al. Initiation of antiretroviral

therapy in early asymptomatic HIV infection. N Engl J Med Published Online First: 2015.
doi:10.1056/NEJM0a1506816

. Eisinger RW, Dieffenbach CW, Fauci AS. HIV viral load and transmissibility of HIV infection

undetectable equals untransmittable. JAMA - J. Am. Med. Assoc 2019. doi:10.1001/
jama.2018.21167

. Undetectable = Untransmittable | United States | Prevention Access. https://

www.preventionaccess.org/undetectable (accessed 29 Mar2020).

. LeMessurier J, Traversy G, Varsaneux O, Weekes M, Avey MT, Niragira O, et al. Risk of sexual

transmission of human immunodeficiency virus with antiretroviral therapy, suppressed viral load
and condom use: A systematic review. CMAJ Published Online First: 2018. doi:10.1503/
cmaj.180311

. Crepaz N, Tang T, Marks G, Mugavero MJ, Espinoza L, Hall HI. Durable Viral Suppression and

Transmission Risk Potential among Persons with Diagnosed HIV Infection: United States,
2012-2013. Clin Infect Dis Published Online First: 2016. doi:10.1093/cid/ciw418

. Robertson MM, Penrose K, Irvine MK, Robbins RS, Kulkarni S, Braunstein SL, et al. Impact of an

HIV Care Coordination Program on Durable Viral Suppression. J Acquir Immune Defic Syndr
Published Online First: 2019. doi:10.1097/QA1.0000000000001877

. Plasma HIV-1 RNA (Viral Load) and CD4 Count Monitoring | Laboratory Testing | Adult and
Adolescent ARV | AIDSinfo. https://aidsinfo.nih.gov/guidelines/html/1/adult-and-adolescent-
arv/458/plasma-hiv-1-rna--viral-load--and-cd4-count-monitoring (accessed 29 Mar2020).

Crepaz N, Tang T, Marks G, Hall HI. Changes in viral suppression status among US HIV-infected
patients receiving care. AIDS Published Online First: 2017. d0i:10.1097/QAD.0000000000001660

Jefferson KA, Kersanske LS, Wolfe ME, Braunstein SL, Haardorfer R, Des Jarlais DC, et al. Place-
based predictors of HIV viral suppression and durable suppression among heterosexuals in New
York city. AIDS Care - Psychol Socio-Medical Asp AIDS/HIV Published Online First: 2019.
doi:10.1080/09540121.2018.1545989

Nyaku M, Beer L, Shu F. Non-persistence to antiretroviral therapy among adults receiving HIV
medical care in the United States. AIDS Care - Psychol Socio-Medical Asp AIDS/HIV Published
Online First: 2019. doi:10.1080/09540121.2018.1533232

Chowdhury P, Beer L, Shouse RL, Bradley H. Brief Report: Clinical Outcomes of Young Black
Men Receiving HIV Medical Care in the United States, 2009-2014. J Acquir Immune Defic Syndr
Published Online First: 2019. doi:10.1097/QAI.0000000000001987

Gulhati V, Soo J, Ransy DG, Brophy J, Kakkar F, Bitnun A, et al. Brief Report: Higher Levels of
Angiopoietin-1 Are Associated with Early and Sustained Viral Suppression in Children Living
with Vertically Acquired HIV. J Acquir Immune Defic Syndr Published Online First: 2019.
doi:10.1097/QAI.0000000000001955

Byrd KK, Hou JG, Bush T, Hazen R, Kirkham H, Delpino A, et al. Adherence and Viral
Suppression Among Participants of the Patient-centered Human Immunodeficiency Virus (HIV)
Care Model Project: A Collaboration Between Community-based Pharmacists and HIV Clinical
Providers. Clin Infect Dis Published Online First: 2020. doi:10.1093/cid/ciz276

AIDS. Author manuscript; available in PMC 2021 September 01.


https://www.preventionaccess.org/undetectable
https://www.preventionaccess.org/undetectable
https://aidsinfo.nih.gov/guidelines/html/1/adult-and-adolescent-arv/458/plasma-hiv-1-rna--viral-load--and-cd4-count-monitoring
https://aidsinfo.nih.gov/guidelines/html/1/adult-and-adolescent-arv/458/plasma-hiv-1-rna--viral-load--and-cd4-count-monitoring

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

DIEPSTRA et al.

17.

18.

19.

20.

21.

22.

Page 5

Enns EA, Reilly CS, Horvath KJ, Baker-James K, Henry K. HIV Care Trajectories as a Novel
Longitudinal Assessment of Retention in Care. AIDS Behav Published Online First: 2019.
doi:10.1007/s10461-019-02450-7

Beattie CM, Wiewel EW, Zhong Y, Brown PA, Braunstein SL, Pamela Farquhar X, et al. Multilevel
Factors Associated with a Lack of Viral Suppression Among Persons Living with HIV in a
Federally Funded Housing Program. AIDS Behav Published Online First: 2019. doi:10.1007/
$10461-019-02399-7

Lemons A, DeGroote N, Peréz A, Craw J, Nyaku M, Broz D, et al. Opioid misuse among HIV-
Positive adults in medical care: Results from the medical monitoring project, 2009-2014. In:
Journal of Acquired Immune Deficiency Syndromes.; 2019. doi:10.1097/QAI1.0000000000001889
Nwangwu-Ike N, Frazier EL, Crepaz N, Tie Y, Sutton MY. Racial and ethnic differences in viral
suppression among HIV-positive women in care. In: Journal of Acquired Immune Deficiency
Syndromes.; 2018. doi:10.1097/QAI.0000000000001779

Havlir D V, Bassett R, Levitan D, Gilbert P, Tebas P, Collier AC, et al. Prevalence and predictive
value of intermittent viremia with combination HIV therapy. J Am Med Assoc Published Online
First: 2001. doi:10.1001/jama.286.2.171

Saag MS. What’s All This Fuss | Hear About Viral “Blips”? Clin Infect Dis Published Online
First: 2019. doi:10.1093/cid/ciz937

AIDS. Author manuscript; available in PMC 2021 September 01.



Page 6

DIEPSTRA et al.

UsaMiaq SOA
uopounsIp
SOW02IN0
JudITed ‘U0I11I8S
SpoyisIN

ON

ON

ON

ON

ON

8|qeoldde 41 ¢uolreolyissepo

uo1pUISIP 1o} pasn

jos|erq uonuEp

JO U0 JBA

pozifeuoire odo

9yl pue

uoluLBP 8y}

Usampq

uopuIsIa

paureisns
pPaJapISu0d aq 01 palinbai s1s8) peo)
[eJIA OM] 1SB3| 18 W) SHNSBI ‘SAA

sISAJeue ul UOISN[oUI 10}

pouiad Juswiainseaw yaes ui ,synsal
peo| [edIA g2 palinbai sisAjeue
uolssaiddns [edIA paureisns ay,, ‘SeA

uoisnjoul Apnis

Jo} paiinbai (,,(Twysaidod oy 1o

‘0z ‘pa1oslap 1ou 196ie)) J8juad yoes
e Aiojeloqe] ABOJOJIA [ed1U]D By}
Aq uoneoynuenb Jo 1wl sy mojeq
SjuaLWaINseaw WNY AIH paleadal,,)
uoISSalddns [eJIA paulelsns (SeA

8]qeInp paJapIsuod aq o} paiinbal
1|NS8J PO [BJIA BUO ISEI| 18 ‘SOA

pauleISNS PalapIsuod aq 0} paJinbal
1|NS84 PO [BJIA BUO ISB3| I8 ‘SOA

3]geINp PaJapIsu0d aq 03 palinbal
.passaiddns om 1sea] 1e,, ‘SOA

Juosnpulajduwes o11Aeue

10 Uoljeu W SBIBP SWOIIN0
SAS/SAQ Byle Jo} uoldio
e se pasn Aouanba 1y peo| e JIA

pouad awn
Burinp passaiddns
sinsal ||

passaiddns
sjusLaInseswW
0M] J5e7]

passaiddns
Sjuswainseaw
.pareadal,, se
pauyap uoissaiddns
[eJIA paulelsns

J0 uonouny

pouiad awn
Burinp passaiddns
s)nsal ||V

pouiad awn
Burinp passaiddns
synsal ||V

pouad awn
Burinp passaiddns
sinsal ||

adA} uoireolyisseo
uossaiddns
eliasjqeing

,.S)INsal 13} peo| [edIA

Buruaniaiul Aue uo snyeys passaiddns

SE ||aM Se ‘1S3) peo| [RJIA 1SB] J18Y}

03 Joud syyuow g7 1ses| e Jwysaidod
00Z S JO peo| [eJIA B pey aARY Isnw,,

.poLiad Juswiainsesw Yluow—-gT ay}
Ul S}NSa4 58] OM} 1se| 8y 1e Jw/saidod
002> Speo| [eJIA AIH Se paulap,,

«(Joreurwousp)

sAep ui abe juaijed Aq papiaip
(1ojeJoWINU) SAep Ul panalyoe sem SAS
yorym Burinp spousad |[e o wns ay,,

wsywuow g7 ised ayy ut (qwiy/serdod
002>) 9|0e19818pUN PajUBWINIOP
SJusWaINSeaW peoj [eJIA |[e,,

.Syiuow

27 1sed ays Buunp wyseidod poz> 10
9]ge193)9pUN Sk pl1odal [edlpaw s,jusied
3 Ul paIuBWINI0P Speo] [RJIA |[B,,

Luoissaiddns Jesin ajqeinp panaiyoe pey
A8y} Jarje $1s8] peo| JedIA passaiddnsun
ou pey (g) pue ‘sisel peoj [edIA

(Tw/29 00z<) passasddnsun Buiuaaisiul
OU Y)IM JaYloue auo wody Lede

sAep 06 1Ses| Je aJ1am ey} $)sa} peo|
leJIA (qW/29 00ZS) passaiddns om 1ses)
1e pey (V). ‘sisoufelp AIH JO syuow
2T uiypm Buimoloy ayy Buinsiyoy

sisAfeue Ul UOITEOI1ISSE [0 BWODINO

uoissaiddns
|eJIA paulelsns

uoissaiddns
|eJIA paulelsng

(uapyiyd
sapnjoul Ajuo
adwies :a10u)

uoissaiddns
[eJIA paureIsns

Yum syl

10 uonodold

uoissaiddns
[eJIA 8|qeIng

uolssaiddns
|eJIA paulelsng

uoissaiddns
[edIA 3jqeIng

BRI
JOBawod1no
Wwerspy

18D Ul U0NUS)aJ JO JUBLLSSASSe
JeutpniiBuoj |aAou e se
salio108fe) a1ed AIH ‘e 19 suug

siapinoid

[e21uld AIH pue sisioewdeyd
paseq-A}uNWWIOd UssMIaq
uoneloge||0d e—aaloid [apo
aleD AIH palajuad-juaired ayl Jo
syuedionued Buowre uoissaiddns
|BJIA pUB 30UBIBYPY ‘|e 18 pIAg

AIH paiinbae Ajjeaiaa yum
Buial] uaipiyo ui uoissasddns
[BJIA paureIsns pue AjJes yum
paleroosse aJe T-unslodoibue
40 s[ana JayBiH “[e 39 eyino

¥T02—6002 ‘Sa1elS panun ayx
U1 81ed [ealpaw AIH Buiaiadal
uaw Xae|g BunoA jo sawoaino

[eatund “fe 18 Ainypmoyo

S8JeIS PayuN 8y} Ul aJed
[eaipaw AIH Buiniagal synpe
Buowre Adeay [edinonalnue

01 92UB1SISIad-UON ‘e 18 NYeAN

AND YIOA MBN Ul

s[enxasoJalay Buowre uoissaiddns
8]qeJnp pue uoissaiddns

[eJIA AIH J0 si0301paid
paseq-ade|d [e 18 UoSIayar

apIIY

Author Manuscript

"S3|9114B pale|al-A\|H 1uadal ual ul uolssaiddns
[eJIA ]gRINP JO UONIULBP pazijeuoneado pue uoniulap BulAjBpun UsamIag UOIJUIISIP © JO dduasald pue suonealisse|d uoissalddns [elia sjgeinQg

‘Tal1qeL

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2021 September 01.

AIDS. Author manuscript



Page 7

DIEPSTRA et al.

uolssalddns [eliA paurelsns = SAS ‘uoissaiddns [ediA ajqeinp = SAQ :SUOIRINBIGQY

«(Syiuow z1 SOA
1sed ay3 Burinp
uoissaiddns
[edIn
UB1SISU0D)
uoissaiddns
[eJIA paurelsns,,
‘sasayjua.ed ui

papiroid SAS
Jo uoniuyap
® {]oesisge
10 UONJBS
SpoyIsIN

ON

ON

ON
SAS
PalyIsserd,,
pue ,paulap,,

8|qeoldde 41 ¢uolreolyissepo

uonoulsIp Jo} pssn

josjreleqa uomuipep

JO U0 JBA

pozifeuoire odo

ay} pue

uonulRp 3y}

usamipeq

uonousia

(,,5158) peO [JIA TZ UO paseq

sI uoissalddns JeJiA pauleisns,,)
paulelsns paJapisuod aq 0} palinbal
}NSaJ PeO] [BJIA BUO 1SB3| TR ‘SBA

a|qelnp
paJapIsuod aq 01 paiinbal (,96-€T
sypuow Buninp papodal A Ise] sy}
pue 1SJ14 8y} UsaMIaq SABp 06 pue
dn-mojjoy Jo pousad Yuow-gT yoes
u1 A T= Buiaey +,,) Bunioyuow
peoj |eJiA JenBal pue sisAjeue

ul papnjoul aq 03 potiad Ieak-z ayl
Ul S}Nsal Peo| [BJIA Z 1Sed] Je ‘SeA

aled u1 suosiad Jo ajdwes
B S| Pasn 82INos elep ‘19Aamoy ‘oN

uoisnjoul ajdwes 1oy paiinbas porsad
UOIBAISSGO YIUOW—ZT SU) UILYIM
S)INS84 PEO| [RJIA OM] ISES] 1B ‘SBA

Juosnpulajduwes o11Aeue

10 Uoljeu W JBIBP SWOIIN0
SAS/SAQ Byle Jo} uoldiio
e se pasn Aouanba 1y peo| e dIA

pouiad awn
Burinp passaiddns
sinsal ||

pouiad awn
Burinp passaiddns
s)nsal ||

pouiad awn
Burinp passaiddns
s)nsal ||

pouiad swn
Burinp passaiddns
sinsal ||

adA} uoireolyisseo
uossaiddns
[elias|qeing

WP

MBIAIBIUI BY} 310480 SyuowW ZT 3y}
Burinp splodas [earpaw ul (w/seidod
002> 10 9|qeId8)8pUN ‘sanjeA

peO| [eJIA |[E ‘1) S1S3) Peo| [eJIA T

uo paseq si uoissaiddns [eJIA paurelsns,,

.dn-moj|0} JO 9E—ET Sypuow
ut Jauijiw Jad sardod 0ozs STIA |[e pue
Burioyuow A Jejnbal se SAQ paunap,,

Ma1AIR1UI 3y} Buipadaid

syuow T ay3 burinp Jwysaidoo
002> 40 3|qe1d8Iapun Bunuawnaop
S)usWIaINSEaW Peo| [BJIA AlH |[e.,

Wwysaidod

00z uey) Ja1ealh bBulaq (syuow gT1)
pouiad uoireAsasqo ayy Burinp Ansibay
ayy 03 pariodal 1531 peo| [elIA AIH Aue,,

sisAfeue Ul UOITEOI1ISSE [0 BWODINO

uoissaiddns
[eJIA paureIsng

aJeD) Ul UBWUOAA SAIISOd
-AIH Buowy uoissaiddng
[eJIA Ul S3dUBlaylq d1uy1g
pue [e1oey ‘[e 13 83 |-nMmBuemN

uoissaiddns
ledIA 3|qeIng

uoissaiddng [esiA 8jqelng uo
welboid uoneuiploo) ared AIH
ue Jo Joedw] "[e 18 UOSHBgoY

uoissaiddns
ledIA 3jqeing

¥102-6002

‘108l01d Buriojuo [ealpaiN
3y} WoJ- SHNSaY :8JeD [edIPaN
u1 S)NPY dAINSOd-AlIH Buowy
asnsi|A proldo ‘Je 19 suows

uoissaiddns welbold BuisnoH papuny
[elIn Allesapad e ut AIH yum Buiarg

3]qeJnp Jo 3oe suoslad Buowyy uoissaiddng
[EJIA JO X387 B YlIM PaJeldossy
10308 [9ASININIA “[B 13 dlyesg
p==P) V]| apnly
JO BWO09IN0
uespy

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

available in PMC 2021 September 01.

AIDS. Author manuscript



	Summary
	References
	Table 1.

