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ABSTRACT

Objective HIV-1 management has advanced
significantly with antiretroviral therapy (ART), yet
challenges persist, including low-level HIV-1 viraemia
(LLV). LLV presents a complex scenario, with varied
definitions in the literature, reflecting uncertainties in

its clinical interpretation. Questions arise regarding

the underlying mechanisms of LLV, whether it signifies
ongoing viral replication or stems from other factors.
This study aimed to systematically review strategies for
LLV management, providing insights into optimal clinical
approaches.

Methods MEDLINE, EMBASE, Cochrane Library,

Web of Science and Canadian Agency for Drugs and
Technologies in Health were searched for relevant
literature on LLV management. We included studies
published between 2004 and 2024, assessing
interventions such as ART modification, genotypic
resistance testing, adherence assessment, performing
therapeutic drug monitoring, testing for chronic
coinfections and assessing the viral reservoir via HIV
DNA quantification. Meta-analyses were conducted
where feasible.

Results The systematic review identified 48

eligible records. Findings indicated limited evidence
supporting the effectiveness of ART regimen
modification in achieving virological suppression
among individuals with LLV. However, studies
assessing genotypic resistance testing revealed a
significant association between resistance-associated
mutations and virological suppression during LLV.
Adherence to ART emerged as a critical determinant
of treatment efficacy, with interventions showing
promise in achieving viral suppression. The clinical
utility of therapeutic drug monitoring in managing
LLV remained inconclusive. Gaps in the literature
were identified regarding follow-up scheduling,
managing concurrent chronic infections and assessing
inflammatory markers in LLV management.
Conclusions While ART modification may not
consistently achieve virological suppression, genotypic
resistance testing may offer insights into treatment
outcomes. Adherence to ART emerged as a crucial
factor, necessitating tailored interventions. However,
further research is needed to elucidate the clinical
utility of therapeutic drug monitoring and other
management strategies. The study highlights the
importance of ongoing research to refine therapeutic
approaches and improve patient outcomes in LLV
management.

PROSPERO registration number CRD42024511492.
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WHAT IS ALREADY KNOWN ON THIS TOPIC

= Low-level HIV-1 viraemia (LLV) remains a
challenge, with its clinical interpretation being
uncertain.

WHAT THIS STUDY ADDS

= The study systematically reviewed the available
strategies for LLV management and identified
gaps in current research concerning follow-
up protocols, management of co-infections,
and inflammatory marker assessments in LLV
patients.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE, OR POLICY

= The findings highlight the need for tailored
interventions to improve adherence to ART,
which could influence clinical practice and the
use of genotypic resistance testing in guiding
LLV management strategies.

INTRODUCTION

HIV-1 management has evolved significantly during
the last years, primarily due to the near-universal
effectiveness of antiretroviral therapy (ART) in
controlling viral replication." * However, chal-
lenges, such as reducing the burden of non-AIDS-
related morbidity and mortality, combating stigma
and ensuring universal access to care, still persist.
One of these conundrums is represented by low-
level HIV-1 viraemia (LLV).?

The literature defines LLV so heterogeneously
that it is impossible to refer to all its possible defi-
nitions without adopting one of a specific expert or
guideline.”™® Broadly, LLV could be characterised as
low-copy HIV-1 replication occurring either below
the threshold for suppression (eg, residual viraemia
(RV)) or above it but below the threshold for
defining viral failure. Nonetheless, even these defi-
nitions vary tremendously across the literature.”™

Prevalence estimates of LLV range from 5% to
30% among people living with HIV (PWH) under-
going ART, depending on the definition used.” This
lack of consensus on the definitions represents a
significant challenge in dealing with LLV. Without
a clear lower limit definition, determining when
no action is required becomes difficult. Moreover,
lacking knowledge of the upper limit, that is, viro-
logical failure, impedes a clear understanding of the
need for an ART modification.

460

Zace D, et al. Sex Transm Infect 2024;100:460-468. doi:10.1136/sextrans-2024-056198

BM) Group

1ybuAdos Aq pajoalold

"BUBIS IP IPNIS 1IBBP JISIBAIUN Te 20T ‘2 Jagquwadag uo /wod'fuug ns//:dny woly papeojumoq ‘20z Jaquisidas 2T Uo 86T9S0-7Z0Z-SURNXas/9ETT 0T Se paysiignd 1S11y :10aju] Wsuel] Xas


http://sti.bmj.com
http://orcid.org/0000-0003-3623-6800
http://orcid.org/0000-0003-1233-7965
http://orcid.org/0000-0002-6228-1114
http://orcid.org/0000-0003-1452-0333
https://doi.org/10.1136/sextrans-2024-056198
https://doi.org/10.1136/sextrans-2024-056198
https://doi.org/10.1136/sextrans-2024-056198
http://crossmark.crossref.org/dialog/?doi=10.1136/sextrans-2024-056198&domain=pdf&date_stamp=2024-010-15
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/
http://sti.bmj.com/

Systematic review

The semantic problem of LLV’s exact definition possibly
stems from a dissonance among experts on its virological iden-
tity and aetiology. Ongoing exploration into whether LLV stems
from actual ongoing viral replication, viral resurgence, persis-
tent viral release from HIV-1 reservoir or a yet-to-be-defined
phenomenon contributes to its ambiguity.?® While LLV’s clinical
consequences remain incompletely elucidated, accumulating and
yet contrasting evidence links it to elevated virological failure
rates and resistance-associated mutations (RAM) development,
although this is less reported in the case of newer first-line
antiretroviral drugs.'® "' Additionally, LLV may foster residual
immune activation and inflammation, potentially heightening
the risk of non-AIDS-related morbidity, such as cardiovascular
complications.'?

Amidst the emergence of novel ART strategies, such as the
long-acting (LA) injectable strategies, and drug toxicity mitiga-
tion strategies, uncertainty remains due to concerns regarding
LLV and its role in RAM development, blips and viral failure.
Furthermore, the correlation between specific ART regimens,
treatment adherence, the role of vaccinations or chronic coinfec-
tions and LLV development remains inconclusive, necessitating
further investigation."”™ Nevertheless, globally, the detri-
mental impact of prolonged LLV on clinical outcomes is unde-
niable.? * 1® To date, no definitive evidence is available on the
optimal management of this fairly common clinical finding. In
this context, the present work aimed at providing a Grading of
Recommendations, Assessment, Development and Evaluations
(GRADE)-based systematic review of the outcomes of several
possible management strategies of LLV.

Context and scope

The present work is part of an editorial project comprising a
systematic review and meta-analysis of the literature and a modi-
fied Delphi consensus.’” The project was aimed at providing
GRADE-based and expert recommendations on the management
of LLV.

METHODS
Search question
In order to guide the building of a search strategy for our system-
atic review, the following PIECOST (population, intervention/
exposure, comparator, outcome, study design, time frame)
format question was formulated: ‘In Adult PWH on fully active
antiretroviral therapy (ART) presenting residual HIV replication
(residual, low level viremia and viral blips) (P), does (1) modi-
fying the ART regimen; (2) performing a genotypic resistance
testing (GRT); (3) ensuring adherence to the prescribed regimen;
(4) performing therapeutic drug Monitoring (TDM); (5) sched-
uling an earlier follow-up; (6) reconsidering the presence of
chronic coinfections; (7) assessing the patient’s inflammatory
markers; (8) conducting peripheral blood HIV DNA quantifi-
cation (I), compared to no such interventions (C) represent any
clinical benefit (in terms of viral suppression, CD4+ and CD8+
cell counts, CD4+/CD8+ ratio, prevention of HIV drug resis-
tance) (O), in the last 20 years (T) in all countries (S)?’

All definitions of ‘residual viremia’, ‘low-level viremia’ and
‘viral blips’ were included, also in accord with definitions
provided by current guidelines available.' > **

Inclusion and exclusion criteria

We limited our search to fully published records reporting the
outcome of one of the following interventions in HIV-1 only:
(1) immediate need to modify the ART regimen; (2) perform

GRT; (3) assess adherence to the ART regimen; (4) perform
TDM; (5) schedule an earlier follow-up before considering a
therapeutic switch; (6) evaluate chronic coinfections; (8) quan-
tify HIV DNA levels in peripheral blood; (7) assess patient’s
inflammatory markers, published between 2004 and 2024.
Outcomes of interest were viral suppression, improvement of
CD4+, CD8+ cell count and ratio or emergence of HIV drug
resistance.

Case reports/case series, conference abstracts, conference
papers, reviews, meta-analysis, editorials, commentaries, refer-
ences concerning elite controllers or individuals treated with
LA injectables, and descriptive or association studies where no
outcome of an intervention was reported were excluded. No
further restrictions in terms of country, setting or language were
made.

Search and selection process

The electronic databases of MEDLINE, Web of Science,
EMBASE, Cochrane Library, ClinicalTrials.gov and Canadian
Agency for Drugs and Technologies in Health were searched
on 29 January 2024. A search string for PubMed, consisting of
Medical Subject Headings terms and free text words, was devel-
oped (online supplemental material 1).

Results were merged in the computerised database Rayyan for
deduplication and screening by title and abstract.’® Screening
was performed in blind by LVR and DZ. When conflicts arose,
these were solved by contacting the project coordinator, LS or
MC.

After screening by title and abstract, remaining records
were assessed for inclusion by reading the study full text,
obtaining an inclusion list of records proceeding to the
extraction phase, performed in blind by LVR and DZ.
Conflicts were solved by LS or MC. Abstracted information
was reported on a dedicated computerised module, including
author names, record title, publication year, country, study
design, objectives, participants, intervention and outcomes.
No part of deduplication or selection was done automatically.

Data analysis
Data were grouped according to the outcome reported and
the type of intervention implemented. If sufficient data
belonging to the same outcome for the same intervention
were available, we performed random effects meta-analyses,
reporting pooled data with 95% CIs. Heterogeneity was
measured by I* statistics. The meta-analyses were performed
on Stata V.15.0 software (StataCorp, College Station, Texas,
USA). Studies that reported as outcome virological suppres-
sion defined as <20 and <50cp/mL (copies per millilitre)
were separately meta-analysed. When possible, values such
as means and SDs were calculated for HIV RNA and CD4
levels in order to use mean difference with 95% CI in the
meta-analysis."” 2°

We presented and summarised the evidence deriving from
the systematic review and meta-analysis according to the
GRADE framework in order to rank its certainty. Whenever
such approach was not feasible, we reported the systematic
review findings without a strength of recommendation. All
phases of the present study were performed and reported
according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses statement.”’ The protocol
for the systematic review was registered on PROSPERO
(CRD42024511492).
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Identification of studies via databases and registers

Records identified from 6 databases
(total = 2261)

EMBASE (n = 1288)
MEDLINE (n = 615)
Cochrane Library (n = 228)

Records removed before screening:
> Duplicate records removed (n = 609)

Web Of Science (n = 48)
Clinicaltrials.gov (n = 82)
CADTH (n =0)

I

Records screened
——>
(n=1652)

YV vy

(n = 125)

Reports assessed for eligibility — >

Records excluded by reading abstract and
title only (n = 1527)

Reports excluded:
Unable to obtain record (n = 3)
Duplicate record/population (n=12)
Wrong design (n = 23)
Wrong population (n = 10)
Wrong exposure/intervention (n = 31)

Studies included in systematic review (n = 46)

Manual search identification by indexed literature (n = 2)

Figure 1 Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow chart of the included studies.

Quality appraisal of included studies

All studies were assessed for risk of bias, in blind, by LVR and
DZ. Conflicts were solved by LS or MC. Randomised studies
were assessed by the Cochrane risk-of-bias tool v.2*%; non-
randomised interventional studies (NRIS) were evaluated by
‘Risk Of Bias In Non-randomised Studies - of Interventions’
(ROBINS-I) tool,** while observational studies were assessed
by the Newcastle-Ottawa Scale.**

RESULTS
The study selection process is depicted in figure 1.

48 eligible records published between 2004 and 2023,
including nine interventional studies and 39 observational
studies, were identified. 10 studies were based in the USA,
6 in France, 6 in Italy, 5 in Canada, 4 in South Africa, 4
in Spain, 2 in Belgium and China, and 1 each in Botswana,
Kenya, Peru, Sweden, Switzerland, Taiwan, UK or Uganda.
One study involved patients from multiple countries.

Appraisal of included literature

Randomised controlled trials (RCT) exhibited a low risk of
bias in 80% of cases (4/5). NRIS demonstrated a higher risk,
with 1 out of 4 studies deemed to have high risk, 2 out of 4
with moderate risk and 1 out of 4 with low risk. Observa-
tional studies met more than 75% of the evaluation criteria
in 71% of cases (27 out of 38) (online supplemental material
2).

Impact of ART regimen modification on virological suppression and
CD4 levels

14 studies evaluating the role of ART switch during LLV in
PWH were included, three of which were RCTs.”>"*” The

. . 11 28— . .
meta-analysis of four cohort studies,"" **7° reporting viro-

logical suppression (defined as <20 cp/mL) among 435 PWH
with LLV who switched therapy and 532 PWH with LLV who
did not, reported no significant association between thera-
peutic switch and virological suppression (OR=3.43 (95%
CI 0.5 to 23.68) (I*=94.1%, p<0.001)) (figure 2).

The meta-analysis of three studies?” 3! 32 (one RCT, one
cohort and one case—control) reporting virological suppres-
sion (defined as <50cp/mL) in 121 PWH with LLV who
switched therapy and 192 PWH with LLV who continued
therapy also reported no significant association between
therapeutic switch and virological suppression (OR=1.45
(95% CI 0.67 to 3.15) (I*=54.8%, p=0.1)) (figure 3).

Among the studies that could not be meta-analysed, a
non-randomised study and an RCT, both based in the USA,
report that treatment intensification of ART with raltegravir
did not decrease the rate of RV in subjects on ART.*** A
French study investigating switch to a dual therapy, based
on maraviroc and raltegravir in 16 PWH with RV at baseline
and 26 weeks after switch, did not find a reduction in RV.
Additionally, a decrease in CD4/CD8+ ratio was observed.’*
Another US non-randomised study found that, in nine PWH,
RV was not reduced by ART intensification with any of
efavirenz, ritonavir/boosted lopinavir and ritonavir/boosted
atazanavir.”> Conversely, a beneficial effect of ART switch in
PWH with RV (HIV RNA <50 cp/mL) was reported in two
studies.” *® The first study found a reduction in HIV DNA
and RV at week 96 in the switch arm among 50 PWH with
RV, randomised either to continue a regimen with dolute-
gravir plus one reverse transcriptase inhibitor (RTI) or switch
to elvitegravir/cobicistat/emtricitabine/tenofovir alafenamide
(E/C/F/TAF).” The second study investigated the efficacy
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Author, year Number OF. (95% CI) Weight

MeConnall et 2l, 2011 32 X < 27.00(6.14, 118.50) 2350

Palich et 2, 2020 57 & E 152 (0.39, 5.92) 2402

Boillat-Blanco et 2, 2013 179 I <& $39(3.10,22.71) 2543

Nzivo st al, 2023 506 —— i 0.51(0.37,0.71) 27.03

Ovarall, DL (T = 94.1%, p = 0.0003 -i:2> 343 (0.50, 23.68) 100.00
I

30

Figure 2 Meta-analysis of four studies reporting association of virological suppression (<20 cp) and therapeutic switch. DL, DerSimonian and Laird

method random-effect metanalysis.

of switching to dolutegravir/lamivudine as a maintenance
therapy in 41 PWH with RV, reporting a significant increase
on the rate of plasma HIV RNA target not detected (TND,
HIV RNA <50cp/mL) from 42.1% at baseline to 86.5% at
week 144.%¢ A cohort study on PWH with LLV found a viro-
logical suppression in 20/27 cases after ART modification.?’

As for the level of CD4 lymphocytes, the meta-analysis of
only two studies reported a mean difference of CD4 T cell
count before and after therapeutic switch of +18.26 (95%
CI —111.4 to 43.34 (I’=29.2%, p=0.3)) (online supple-
mental material 3).

An NRIS among 10 patients reported median CD4 counts
prior to and 4 weeks after raltegravir intensification of
0.580 and 0.605 x 10”9 cells/L, respectively.”® The grading
of evidence using GRADE-pro documented a low or very
low certainty of evidence for the studies that could be meta-
analysed mainly because of serious risk of bias, inconsistency
and imprecision (online supplemental material 4).

Performing GRT

Included data derive from observational studies, conducted
only on PWH with LLV undergoing GRT on plasma.'?%83137-5¢
The meta-analysis of 19 cohort studies including 7508 PWH
on ART with LLV showed an overall drug resistance of
28.74% (95% CI 27.84% to 29.65%) (1*=99.2%, p<0.001)
(figure 4).

A meta-analysis of three cohort studies conducted in 406
participants with LLV concluded that PWH with LLV who
have drug resistance documented by GRT are significantly
less likely to achieve virological suppression compared with

PWH with LLV without any drug resistance (OR=0.29 (95%
CI 0.14 to 0.58) (I*=0.0%, p=0.7)) (figure ).

A US cohort study including 34 PWH with LLV reported
mainly resistances in gag,”’ another cohort study analysing
3895 samples from 2200 patients found a resistance preva-
lence of 74%.%% Another cohort study reporting data on 54
participants of two clinical trials regarding resistance before
and after at least 24 weeks of follow-up found that new
resistance mutations were detected in 37% of these partic-
ipants during LLV.*?

The grading of evidence using GRADEpro documented a
very low certainty of evidence for the studies that could be
meta-analysed, downgrading for inconsistency, indirectness
and imprecision (online supplemental material 5).

Assessing adherence to the ART regimen

11 studies regarding the role of adherence assessment to
ART for the management of LLV were identified. The meta-
analysis of five cohort studies among 306 PWH with LLV
reported an overall prevalence of suboptimal adherence
to ART of 38.05% (95% CI 32.7% to 43.3%) (I2=79%,
p=0.001) (figure 6).

An RCT conducted in Uganda, evaluating the effect of
adherence counselling in 68 participants with LLV versus
those who received the standard of care (n=68 individuals),
reported that undetectable viraemia was nearly twice as high
in the intervention arm (57.4% vs 29.9%; p=0.037).°* The
effects of counselling on improving adherence and in turn
reducing LLV (HIV RNA 51-999 cp/mL) were also reported
by Konstantopoulos and colleagues.’® LLV was significantly

%
Author, Year Number OF. (95% CI) Weight
Wirden et al, 2013 171 ——-0-5— 1.27 (0.64, 2.51) 4138
Pham et al, 2011 149 -+ E 77 (0.29, 2.05) 30.86
Amstutz et al, 2020 80 i = 3.60(1.22, 10.65) 27.76
Owerall, DL ('I: =34.8%, p=0.110) -:::\:v—’_“>> 1.45 (0.67, 3.15) 100.00

I
5 1

I
30

Figure 3 Meta-analysis of three studies reporting association of virological suppression (<50 cp) and therapeutic switch.

DL-DerSimonian and Laird method random-effect metanalysis
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Y
Author, year Number Percentage (93% CI) Weight
Gallien et al, 2011 39 - | 760 (2.65, 20.32) 1.18
4 L |
Linetal, 2022 1818 e ! 1001 (8.71,11.48) 4321
Vancoillie L et al. 2015 23 ——— 1739(698,37.14) 034
a I
Gonzalez-Sema et al. 2016 328 ! 19.21 (15.31,23.82) 4.53
Gonzalez-Sema et al, 2014 212 -+ 2311(17.95,2924) 135
Parra-Ruiz et al, 2009 27 —:0'-‘—-* 2963 (13.85,48.48) 0.28
Delaugerte et al, 2012 48 —— 29.73(17.49,45.78) 0.38
Swenson etal, 2014 1702 # 30.23 (2824, 32.30) 1993
v
Wirden et al, 2015 171 o 3567 (28.88,43.09) 1.60
Bareng etal, 2022 157 —— 36.31(20.19. 4407 143
I
Nettles et al, 2024 21 —— 42.86(2447,63.45) 0.18
Lietal 2012 47 —— 44.68 (31.41,58.73) 041
| A,
Lanetal, 2023 2074 ) . 539.21(57.08,61.31) 1839
Zaccarelli et al, 2016 463 i —— 61.07 (33.06,68.33) 1.34
Kaoetal, 2021 16 i —— 75.00 (50.50, 89.82) 0.18
Bangalee et al, 2021 159 : —— 79.20 (71.27.85.39) 1.62
Brown et al, 2021 80 | ——  B0.05(60.00,92.33) 0.29
Taramasso et al, 2020 2t : —— B5.71(60.06,95.99) 024
MecConnell. et al, 2011 92 : —4 3804 (79.859319) 187
Overall, TV (1' =09.2%, p=0.000) ‘ 28.74 (27.84, 29.65) 100.00
I 1
-100 o 100

Figure 4 Meta-analysis of 19 studies reporting the percentage of drug resistance in people living with HIV (PWH) with low-level HIV-1 viraemia
(LLV) as documented by genotypic resistance testing (GRT) conducted to manage LLV. IV, inverse variance metanalysis.*® 7°

associated to lower adherence in a French case—control
study, as well as in a second one conducted in Canada and
a third cohort study in Ttaly.’®® An Italian cohort study
including 281 patients in therapy with a highly forgiving
regimen concludes that adherence above 70%, measured
through refill rate, was enough to maintain viral suppres-
sion, stating that an elevated regimen forgiveness may be
an important feature, next to adherence, to improve patient
outcome.”” On the contrary, reported adherence was similar
among PWH with and without LLV in a prospective cohort
study in Peru and a case—control study in the USA.% ¢!

The grading of evidence using GRADEpro documented a
very low certainty of evidence for the studies that could be

meta-analysed, downgrading for indirectness and impreci-
sion (online supplemental material 6).

Performing TDM

Three records discussing the impact of TDM on the manage-
ment of LLV were identified. A Canadian cohort study
measured subtherapeutic drug concentrations in 78/328
(24%) treated individuals with HIV-1 RNA levels between 50
and 999 cp/mL.*® In contrast, an observational study in Peru
found no difference in nevirapine concentration among 33
adherent individuals with LLV and 49 adherent individuals
without LLV, defined as HIV-1 RNA levels of 30-1000 cp/

%

Author, year Number OF. (95% CI) Weight

Palich et al, 2020 57 : - 0.36 (0.09, 3.32) 15.82

Gonzalez-Sema et al, 2016 328 ——t-i—— 0.25 (0.11, 0.57) 73.76

Nettles et al, 2004 21 :: 0.26 (0.03, 2.33) 10.42

Overall, DL ('I: =0.0%, p=10.720) Q} 0.29 (0.14, 0.58) 100.00
1 1

1 30

Figure 5 Meta-analysis of three studies reporting the association of drug resistance in people living with HIV (PWH) with low-level HIV-1 viraemia
(LLV) as documented by genotypic resistance testing (GRT) and virological suppression.

DL- DerSimonian and Laird method random-effect metanalysis
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mL.%° Finally, a French prospective cohort study concluded
that plasma drug concentrations were adequate in 53/57
(93%) individuals with HIV-1 RNA levels between 21 and
200 cp/mL."

Scheduling an earlier follow-up before considering a therapeutic
switch

The systematic review did not identify eligible records
regarding the impact of anticipating follow-up visits on the
management of patients with LLV.

Evaluating chronic coinfections

There is a lack of knowledge regarding the role of chronic infec-
tions in managing patients with LLV, as no studies addressing this
issue were identified.

Assessing patient inflammatory markers

The search identified four relevant observational studies on the
topic. A cohort study in the USA (236 individuals) found no
correlation between LLV (HIV-1 RNA 20-399 cp/mL) and levels
of interleukin 6 (IL-6) and C reactive protein (CRP).** A study
in Africa (95 individuals) similarly found no correlation between
LLV (HIV-1 RNA 50-999 cp/mL) and a series of inflammation
markers.®> However, a Swedish case—control study found that
among 68 participants with HIV-1 RNA levels between 50 and
999 cp/mL, viraemia correlated with levels of growth differentia-
tion factor 15 and D-dimer; no correlation was found with CRP,
VCAM-1, interferon-inducible protein 10 or soluble CD14."
In a Spanish cross-sectional study (n=52 individuals), microbial
translocation and levels of tumour necrosis factor-alpha and IL-6
levels were higher in the presence of HIV-1 RNA levels between
20 and 200 cp/mL compared with levels <20 cp/mL.**

Quantify HIV DNA levels in peripheral blood

The search identified limited evidence on this topic. In a
single-arm pilot study in the USA involving 10 treated partic-
ipants with detectable HIV-1 RNA below 200 cp/mL, 24-96
weeks after initiating ART, the level of viraemia positively
correlated to the amount of reservoir, measured by infection
units per million cells.*” An RCT in Italy assigned 40 virologically
suppressed participants to either continue dolutegravir plus one
RTI or switch to coformulated E/C/F/TAF. This study showed
no significant correlation between HIV-1 DNA levels and detec-
tion of HIV-1 RNA levels, in terms of TND and RV develop-
ment, over a period of 96 weeks.” In contrast, an observational

study in Canada (n=127 individuals) demonstrated a correlation
between RV and the frequency of CD4+ cells carrying HIV-1
integrated DNA.*®

DISCUSSION

This systematic review explores several strategies for managing
individuals with LLV. In assessing the role of treatment switch
and intensification, there is lack of evidence supporting the
effectiveness in achieving viral suppression among individ-
uals with LLV. Our meta-analyses on viral suppression were
divided into two targets to better visualise results from similar
target groups (ie, <20cp/mL, <50cp/mL), and no significant
advantage of an ART switch was noticed in reaching either,
possibly due to the very heterogeneous starting and switching
therapies, as well as different follow-up periods. Furthermore,
an ART switch prompts the need for further investigation to
refine treatment approaches tailored to the specific patient
before performing the change of regimen, including evaluating
other possible explanations for LLV (eg, lack of perfect treat-
ment adherence, new drug—drug interaction or newly developed
RAM). Another possible explanation would involve a lack of
development of new RAMs during LLV, an assumption in line
with only a minority of authors.'" On the other hand, the meta-
analysis of 19 studies reporting the prevalence of relevant RAMs
in LLV population concludes that in almost one in three indi-
viduals, relevant RAMs during LLV are found. Furthermore, the
meta-analysis controlling for viral suppression after a GRT (and
GRT-guided ART switch in some of the patients) showed a signif-
icant association between the presence of RAMs and achieving
suppression during LLV. Even if there is a lack of studies that
directly assess the effectiveness of conducting or not a GRT on
virological suppression, the data thus reported indirectly suggest
performing a GRT in LLV, as this phenomenon may be driven by
the development of new RAMs. This would, in turn, allow for a
broader idea that competent viral replication may be at the base
of LLV, rather than simple bouts of release of incompetent viral
particles from the reservoir. At the very least, it can be assumed
that ordering a GRT in the assessment of LLV would provide a
safer framework to rely on, managing the issue with due caution.
Nevertheless, many included studies reported data on patients
not on current first-line ART regimens.

Adherence to ART emerges as a critical determinant of
treatment efficacy and virological outcomes in managing LLV.
Interventions aimed at improving adherence show promise
in achieving viral suppression in the limited eligible studies.’®

Author, year Number
Bouchard et al, 2022 200
Taiwo et al, 2011 54
Goupil de Bouillé et al, 2021 15
Taramaszo et al, 2020 21
Kao et al, 2021 16
Overall, IV (I: =T79.0%, p=0.001)

%
Percentage (93% CI) Weight
—O—E 33.00(26.86,39.78)  63.60
——O-E-— 33.33(22.24, 46.64) 1762
—i—-‘-— 53.33(30.12, 75.19) 437
—— 57.14 (36.55, 75.53) 622
E —_— 75.00 (50.50, 89.82) 6.19
0 38.05(32.77,43.33) 100.00

|

I
-100

0 100

Figure 6 Meta-analysis of five cohort studies reporting the overall prevalence of suboptimal adherence to the antiretroviral therapy (ART) regimen

among people living with HIV (PWH) with low-level HIV-1 viraemia (LLV).
IV-Inverse Variance metanalysis
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Nevertheless, more structured studies on a larger scale are
needed. Also, sociocultural factors could represent an addi-
tional need for tailoring the approaches to address individual
adherence barriers effectively. Finally, it would be interesting to
measure, on a larger scale, LLV as a function of compliance with
the new, more forgiving, treatments, as their marked forgiveness
might be sufficient for allowing a more erratic drug administra-
tion schedule.

TDM is another known potential tool for optimising treat-
ment outcomes in HIV care. However, when coming at evalu-
ating the evidence from the literature regarding its clinical utility
in managing LLV, results are inconclusive, highlighting the need
for further research to elucidate its role in this context.

The impact of scheduling more frequent check-ups in PWH
with LLV was not assessable by the records found in this review,
but it is safe to assume it could at least show utility in improving
the outcomes of those who have problem with retention in care
and regimen adherence, as already reported in the literature.®’”

Similarly, the review identifies literature gaps in assessing the
clinical significance of concurrent chronic viral coinfections, or
the effect of monitoring inflammatory markers, in the manage-
ment of these individuals, underscoring the need for definitive
evidence on the topic. Despite a potential significance in HIV
pathogenesis,'* ®* the review highlights the lack of empirical
evidence elucidating their utility in this context.

Assessing HIV DNA levels in peripheral blood mononuclear
cells (PBMC) as a useful marker in guiding clinical decisions in
LLV requires further investigation to fully understand its clinical
implications for managing LLV.

On a final note, all the above-mentioned management
strategies for LLV could have a role in achieving viral
suppression; however, it is crucial to acknowledge that a
part of patients presenting with LLV could not suppress
their viraemia even after performing all possible manage-
ment strategies (ie, non-suppressible viraemia).®® Such issue
should be addressed by future research to better define its
clinical significance.

Furthermore, there is not enough evidence to provide a
unique, shared definition of LLV, which calls for high-quality
studies to decide a common evidence-based definition.

Strengths and limitations

The results of the present study should be considered in the
light of some limitations. First, the nomenclature of LLV in
the literature is inconstant, reflecting the diverse nature of
multiple virological entities, but also a heterogeneity of study
periods and strategies in dealing with this subject. Moreover,
virological suppression and failure were heterogeneously
defined in all the studies, also due to the different viral load
assays used. In the attempt of mitigating the heterogeneity of
definitions, the search strategy was designed to report all the
possible definitions of LLV, and results were meta-analysed
in subgroups according to their outcomes. Nevertheless,
heterogeneity of included studies was almost invariably high
in the meta-analysis reported.

Second, when it comes to selecting resources reporting an
outcome for an intervention in the LLV, evidence is scarce,
and interventions included and compared in the present
study were frequently not powered to identify our outcome
of interest, hence indirectness was an issue in almost all the
studies.

Nevertheless, the inclusion of a wide selection of literature,
enriched by relevant meta-analysis for similar outcomes and the

GRADE evaluation of the evidence, renders this review a useful
tool for the clinicians treating LLV.

CONCLUSION

In conclusion, LLV poses a multifaceted challenge in
contemporary HIV care, warranting nuanced approaches to
management and underscored the imperative for continued
research to refine therapeutic strategies and enhance patient
outcomes. The findings of the present systematic review and
meta-analysis of the literature, together with the consensus
achieved by the Expert Panel, may help in assisting clinical
practice and charting future research endeavours in this
intricate domain.
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Search was conducted on Jan, 29t 2024.

Search line for MEDLINE: 615 records retrieved

("low level viremia" OR "low-level viremia" OR "low viremia" OR "persistent viremia" OR
"low-level HIV viremia" OR "non-suppressible viremia" OR "non suppressible viremia" OR
"residual viremia" OR "low level viraemia" OR "low-level viraemia" OR "low viraemia" OR
"persistent viraemia" OR "residual viraemia" OR "blip") AND ( "HIV"[Mesh] OR "Human
Immunodeficiency Virus" OR PLWH OR "people living with hiv")

Search line for EMBASE: 1288 records retrieved

('low level viremia' OR 'low-level viremia' OR 'low viremia' OR 'persistent viremia' OR 'low-
level hiv viremia' OR 'non-suppressible viremia' OR 'non suppressible viremia' OR 'residual
viremia' OR 'low level viraemia' OR 'low-level viraemia' OR 'low viraemia' OR 'persistent
viraemia' OR 'residual viraemia' OR 'blip') AND (‘human immunodeficiency virus'/exp OR
'human immunodeficiency virus' OR 'plwh' OR 'people living with hiv')

Search line for Cochrane Library: 228 records retrieved

('low level viremia' OR 'low viremia' OR 'low viraemia' OR 'low-level viremia' OR 'low-level
viraemia' OR 'persistent viremia' OR 'low-level hiv viremia' OR 'non-suppressible viremia'
OR 'non suppressible viremia' OR 'residual viremia' OR 'persistent viraemia' OR 'non
suppressible viraemia' OR 'non-suppressible viraemia' OR ' residual viraemia' OR 'blip')
AND ('Human immunodeficiency virus' OR 'human immunodeficiency virus' OR 'plwh' OR
'people living with hiv') in Title Abstract Keyword - (Word variations have been searched)

Search line for Web Of Science: 48 records retrieved

TI=("low level viremia' OR ‘low level viraemia’ OR ‘low-level viraemia’ OR 'low-level viremia'
OR 'low-level hiv viremia' OR ‘low-level hiv viraemia’ OR 'non-suppressible viremia' OR
‘non-suppressible viraemia’ OR ‘non suppressible viraemia’ OR 'non suppressible viremia'
OR 'residual viremia' OR 'persistent viremia' OR ‘persistent viraemia’ OR ‘residual
viraemia’ OR ‘low viremia’ OR ‘low viraemia’ OR 'blip) AND TI=("Human immunodeficiency
virus' OR 'human immunodeficiency virus' OR 'PLWH' OR 'people living with hiv')

Search line for Clinicaltrials.gov: 82 records retrieved

Condition: HIV

Other terms: 'low level viremia' OR 'low-level viremia' OR 'persistent viremia' OR 'low-level
hiv viremia' OR 'non-suppressible viremia' OR 'non suppressible viremia' OR 'residual
viremia' OR 'blip'

Search line for CADTH: 0 records retrieved.

('low level viremia' OR 'low-level viremia' OR 'low-level hiv viremia' OR 'non-suppressible
viremia' OR 'non suppressible viremia' OR 'residual viremia' OR 'persistent viremia' OR
'blip") AND ('Human immunodeficiency virus' OR 'human immunodeficiency virus' OR 'plwh'
OR 'people living with hiv')
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Scutari et al. 2023 RCT
Brown et al. 2021 RCT
Amstutz et al. 2020 RCT
Nanyeenya et al. 2022 RCT High
Gandbhi et al. 2010 RCT Low L -
McMahon et al. 2010  NRIS Moderate Serious Moderate Moderate
Campillo-Gimenez etal. 2015  NRIS Serious Serious Serious Moderate Moderate
Dinoso et al. 2009 NRIS Moderate Moderate Moderate Moderate Moderate
De Miguel Buckley etal. 2022  NRIS Low Low Moderate Moderate Moderate
Observational Studies: Cohort
Authors Year Study design NOS Selection Comparability Outcome
Palich et al. 2020 Cohort
Gonzalez-Sema et al. 2016  Cohort
Boillat-Blanco et al. 2015 Retrospective Cohort
Taiwo et al. 2011 Cohort
Ferretti et al. 2019 Cohort
Vancoillie et al. 2015  Cohort
Lan et al. 2023 Cohort
Gallien et al. 2011 Cohort
Bangalee et al. 2021 Rtrospective Coh
Nettles et al. 2004 Cohort
Zaccarelli et al. 2016  Cohort
Swenson et al. 2014  Cohort
Bareng et al. 2022 Cohort
Taramasso et al. 2020 Cohort
Liu et al. 2022 Cohort
Delaugerre et al. 2012 Cohort
Vancoillie et al. 2017  Cohort
Parra-Ruiz et al. 2009 Cohort
Nzivo et al. 2023 Retrospective Cohort
McConnell et al. 2011 Cohort
Maggiolo et al. 2022 tral
Maggiolo et al. 2017 Cohort
Eastburn et al. 2011  Cohort
Bull et al. 2018 Cohort
Wirden et al. 2015 Retrospective cohort 8
Observational Studies: Cohort
Pham et al. 2011  Case-Control 6
Botha-Le Roux et al. 2022 Case-Control
Elvstam et al. 2019 Case-Control
Miller et al. 2004  Case-Control
Bouchard et al. 2022 Case-Control
Goupil de Bouillé et al. 2021 Case-Control
Konstantopoulos et al. Case-Control 7
Observational Studies: Cross-sectional

Reus et al. Cross sectional 8
Chun et al. Cross sectional
Gandhi et al. Cross sectional
Gonzalez-Sema et al. Cross sectional

Cross sectional

Cross sectional
Santoro et al. Cross sectional
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CD4 levels

Zage D, et al. Sex Transm Infect 2024;0:1-9. doi: 10.1136/sextrans-2024-056198



Supplemental material

BMJ Publishing Group | imited (BM
R i bl et

disclaimsall liabili

al material which h:

et O

Sex Transm I nfect

Author(s):

Question: Therapeutic switch compared to no switch in PLWH with viremia of low magnitude
Setting:
Bibl

g
graphy

Certainty Importance
Ne of a - herapeuti Relative Absolute
Study desian fisk of bias Other considerations m (5 E) (5 E)
Number of PLWH with virologic suppression (<20cp/ml)
4 non- serious? serious? not serious serious® none 258/435 (59.3%) 306/532 (57.5%) OR 3.43 248 more per CRITICAL
randomised (0.50 to 23.68) 1,000 @lgcawo
studies (from 171 Y
fewer to 395
more)
Number of PWH with virologic suppression (<50cp/ml)
2 non- i a g b not serious i c none 66/121 (54.5%) 83/192 (43.2%) OR 1.57 112 more per CRITICAL
randomised serious serious serious (0.97 to 2.55) ’ @\19%‘”0
studies (from 7 fewer y
to 228 more)
Number of PWH with virologic suppression (<50cp/ml)
1 randomised not serious iousP not serious iousd none 22/40 (55.0%) 0.0% OR 3.60 0 fewer per CRITICAL
trials serious serious (1.22 to 10.65) , 66390
(from 0 fewer o
to 0 fewer)
Mean Difference of CD4 (pre-post therapeutic switch)
1 non- ious® ioust not serious iousd none Mean difference -54 (-218-110) IMPORTANT
randomised serious serious serious ®veor|oowo
studies Y
Mean Difference of CD4 (pre-post therapeutic switch)
1 randomised not serious serious’ not serious serious? none Mean Difference 78.8 (-66.2-223) IMPORTANT
trials fou ou ®®L09O

Cl: confidence interval; OR: odds ratio

Explanations

Soan oo

. Some issues regarding comparability and adequacy of follow up of cohorts.
. There is important heterogeneity between studies, which report very wide confidence interval. Furthermore, they report inconsistent effect of therapeutic switch on virologic suppression.

. Wide confidence intervals, small sample sizes, small effect

. Wide confidence interval
. Risk of bias due to confounding, measurement of outcome and missing data
Important heterogeneity among studies. Inconsistent effect of therapeutic switch on CD4 levels
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Question: Genotype resistence testing compared to no such intervention in PLWH with viremia of low magnitude
Setting:

Bibliography:

Certainty assessment Ne of patients m

Ne of : - e q q - q . : Relative | Absolute
Study desion Other considerations genotype resistence testing ESE || ©5E)

Certainty Importance
Proportion of resistance evaluated by GRT
19 non- serious? serious? serious® seriousd none Overall proportion of resistance in PLWH with LLV 28.7 (27.4-29.6) @000 IMPORTANT
randomised Very low
studies Y
Number of PLWH with virologic suppression
3 non- not serious not serious serious® serious® none PLWH with RAM in GRT achieve less frequently viral suppression OR 0.29 @OOO IMPORTANT
randomised (95%CI 0.14-0.58)
studies

Very low

ClI: confidence interval

Explanations

a. Some issues regarding comparability and adequacy of follow up of cohorts

b. Studies reporting a wide range of proportion of resistances evaluated by GRT
c. Outcome does not answer directly the study question

d. Wde confidence intervals
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Ne of
Study des

Percentage of suboptimal adherence in PLWH with LMV

n: Controlling adherence compared to no such intervention for managing PLWH with LLV

Certainty assessment
Certainty Importance
sk of bias Inconsistency Indirectness Imprecision Other considerations

5 non- not serious not serious serious? serious® none Percentage of suboptimal adherence in PLWH with LMV 38.05% (95%Cl 32.7- @( YOO IMPORTANT
randomised 43.3) Seryiow
studies

ClI: confidence interval

Explanations

a. Does not answer directl|
b. Wide confidence interva

Ythe study question
s
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Obiettivo: La gestione dell'HIV-1 ¢ notevolmente migliorata grazie alla terapia
antiretrovirale (ART), tuttavia persistono delle sfide, tra cui la viremia a basso livello (LLV).
La LLV rappresenta uno scenario complesso, con varie definizioni in letteratura, che
riflettono le incertezze nella sua interpretazione clinica. Sorgono domande riguardo ai
meccanismi sottostanti la LLV, se essa derivi da un’effettiva replicazione virale o da altri
fattori. Questo studio mira a revisionare sistematicamente la letteratura al fine di identificare
approcci clinici ottimali e strategie gestionali della LLV.

Metodi: Sono stati ricercati articoli rilevanti sulla gestione della LLV nei database
MEDLINE, EMBASE, Cochrane Library, Web of Science e Canadian Agency for Drugs and
Technologies in Health (CADTH). Sono stati inclusi studi pubblicati tra il 2004 e il 2024, che
valutavano interventi come la modifica della ART, test di resistenza genotipica, valutazione
dell'aderenza, monitoraggio terapeutico dei farmaci (TDM), test per coinfezioni croniche e
valutazione del reservoir virale tramite quantificazione dell'HIV-DNA. Sono state condotte
metanalisi dove possibile.

Risultati: La revisione sistematica ha identificato 48 articoli idonei. La ricerca ha riscontrato
prove limitate a supporto dell'efficacia della modifica del regime ART al fine di ottenere la
soppressione virologica in individui con LLV. Tuttavia, si ¢ riscontrata una significativa
associazione tra mutazioni associate alla resistenza e la soppressione virologica durante la
LLV. L'aderenza alla ART ¢ emersa come un fattore determinante per 1'efficacia del
trattamento. La letteratura sull'utilita clinica del monitoraggio terapeutico dei farmaci nella
gestione della LLV ¢ limitata. Sono state identificate lacune nella letteratura riguardanti la
programmazione del follow-up, la gestione delle infezioni croniche concomitanti e la
valutazione dei marcatori infiammatori nel trattamento dei soggetti con LLV.

Conclusioni: La modifica della ART non ¢ sempre necessaria al fine di ottenere la
soppressione virologica; tuttavia, il test di resistenza genotipica potrebbe offrire utili
indicazioni. L'aderenza alla ART ¢ emersa come un fattore cruciale, meritevole di interventi
mirati. Tuttavia, sono necessarie ulteriori ricerche per chiarire I'utilita clinica del TDM e di
altre strategie di gestione. Lo studio sottolinea l'importanza della ricerca per perfezionare gli
approcci terapeutici e migliorare la gestione della LLV.
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