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Abstract

Objectives: Our objective was to characterize longitudinal patterns of virae-

mia and factors associated with viral suppression in people with HIV and low-

level viraemia (LLV) during antiretroviral therapy (ART).

Methods: We included people with HIV in the EuResist Integrated Database

with LLV following ART initiation after 2005. LLV was defined as two or more

consecutive viral load (VL) measurements of 51–199 copies/mL 30–365 days

apart after >12 months of ART. Viraemia patterns were analyzed over

24 months. Factors associated with viral suppression at 12 months after

LLV episodes were identified using univariable and multivariable logistic

regression.

Results: Of 25 113 people with HIV, 2474 (9.9%) had LLV. Among 1387 partic-

ipants with 24 months of follow-up after LLV, 406 (29%) had persistent sup-

pression, 669 (48%) had transient viraemic episodes, 29 (2%) had persistent

LLV, and 283 (20%) had virological failure. Following LLV episodes, the pro-

portion with detectable viraemia declined (p for trend <0.001 and 0.034, in the

first and second year, respectively). At 12 months, 68% had undetectable VL,

which was associated with suppression before LLV (adjusted odds ratio [aOR]

1.7; 95% confidence interval [CI] 1.2–2.4) and ART modification after LLV

(aOR 1.6; 95% CI 1.0–2.4). The following factors were negatively associated

with undetectable VL at 12 months: higher VL during LLV (aOR 0.57 per log10
copies/mL; 95% CI 0.37–0.89), injecting drug use (aOR 0.67; 95% CI 0.47–0.96),
and regimens with protease inhibitors (aOR 0.65; 95% CI 0.49–0.87) or com-

bined anchor drugs (aOR 0.52; 95% CI 0.32–0.85).
Conclusion: Most people with LLV did not experience sustained viral sup-

pression during 24-month follow-up, supporting the association between LLV

and inferior treatment outcome.
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INTRODUCTION

Antiretroviral therapy (ART) leads to viral suppression in
most people with HIV. High ART coverage has been
achieved in many parts of the world, including Europe,
where an estimated 85% of people with HIV received
treatment in 2021 [1]. However, there are challenges for
long-term virological control, such as insufficient adher-
ence, drug toxicity, and resistance, which may lead to
treatment failure. Whereas consecutive viral load
(VL) >200 copies/mL during ART is considered virologi-
cal failure in high-income settings [2–5], a subset of ART
recipients also repeatedly show detectable HIV RNA
below this threshold, a phenomenon referred to as low-
level viraemia (LLV) [6, 7].

LLV (defined as consecutive VLs in the range 50–199
copies/mL) has been reported in 3.5–7.5% of ART recipi-
ents in large cohort studies from Europe and North
America [8–10]. LLV has been associated with higher
pre-ART VL and more advanced immunodeficiency at
ART initiation [8, 11] and has been proposed to reflect a
larger viral reservoir [11–13]. Release of virions from
clonally expanded memory T cells has been demon-
strated in some people with LLV <200 copies/mL [14].
On the other hand, LLV can also reflect ongoing viral
replication due to suboptimal therapy [15].

Several studies show that LLV is associated with sub-
sequent virological failure [10, 16–19] and adverse clini-
cal events [9]; however, definitions of LLV vary, and the
persistence of LLV over time has not been systematically
characterized. In this study, we analysed longitudinal
patterns of viraemia in people with LLV identified from a
European multicentre cohort. We also determined factors
associated with achieving viral suppression 12 months
after LLV episodes in these individuals.

METHODS

Study setting

We conducted a retrospective study of people with HIV
with LLV during ART based on the EuResist Integrated
Database (EIDB). The EIDB is a large multinational data-
set managed by the EuResist Network with integrated
data from different databases, mostly in western
Europe [20]. We included data from 2005 to 2021 from
the following origin databases: ARCA (Italy), Arevir
(Germany), CoRIS and irsiCaixa Foundation (Spain),
Karolinska (Sweden), Rega institute (Belgium), Instituto
de Higiene e Medicina Tropical (Portugal), and Labora-
toire de Rétrovirologie du CRP-Santé (Luxembourg). The

EIDB was queried in May 2021, after which we received
anonymized data for the investigation.

Definitions and criteria for inclusion

We included people with HIV starting ART after 2005
with VL results available for ≥12 months after therapy
initiation. ART was defined as three-drug regimens con-
taining one anchor drug (non-nucleoside/nucleotide
reverse transcriptase inhibitor [NNRTI], protease inhibi-
tor [PI], integrase strand transfer inhibitor [INSTI] or
entry inhibitor [EI]) or two-drug regimen with dolutegra-
vir and lamivudine. We defined undetectable VL as ≤50
copies/mL. LLV was defined as two or more consecutive
VL measurements, 30–365 days apart, of 51–199 copies/
mL (also including cases with one of these VLs in the
range 200–999 copies/mL) after ≥12 months of therapy.
Virological failure was defined as two or more consecu-
tive VLs ≥200 copies/mL more than 30 days apart, or any
VL ≥1000 copies/mL, after ≥12 months of therapy.

We excluded people with discordant VL measure-
ments registered on the same date. People with LLV were
followed from the date of the repeated VL result, which
was considered as the study inclusion date, and were only
included once (at their first episode of LLV, if several
such episodes occurred during follow-up). Participants
without VL data for a period >365 days were considered
lost to follow-up from the last registered VL before this
period. For analysis of longitudinal viraemia profiles,
individuals with <24 months follow-up after study inclu-
sion were excluded.

Statistical analysis

First, to describe longitudinal viraemia patterns in people
with LLV, we considered VL results within 24 months
after the inclusion date. We categorized the participants
into one of four viraemia profiles during this follow-up:
persistent viral suppression (only undetectable VLs), per-
sistent low-level viraemia (only VLs in the LLV range),
transient viraemic episodes (both detectable and unde-
tectable VLs), or virological failure. We also analysed the
persistence of viraemia after LLV as the proportion of all
tested participants with detectable viraemia (VL >50 cop-
ies/mL) each month after inclusion. We tested for trends
in this proportion during the first and second year of
follow-up, separately, using the Mann–Kendall test
of trend. In addition, to reflect the magnitude of virae-
mia, we plotted monthly VL percentiles, based on tested
individuals, during the 24-month follow-up.
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Second, we analysed factors associated with undetect-
able VL at 12 months after study inclusion. For this anal-
ysis, participants were required to have a registered VL
within 3 months of that date. Based on the 12-month
VL result, we used univariable and multivariable logistic
regression to analyse association with viral suppression
for the following factors: age, sex, injecting drug use, viral
suppression before LLV (i.e., if the LLV episode reflected
viral rebound rather than incomplete response after ART
initiation), virological failure before LLV, ART initiation
before 2014, pre-ART VL, VL magnitude at the LLV epi-
sode, treatment duration, anchor drug of ART regimen at
inclusion, and ART modification after LLV. ART modifi-
cation was defined as a change in non-booster antiretro-
virals within 3 months of the inclusion date.

For all continuous variables modelled, we assessed
the assumption of linearity to the log odds by graphical
method. Based on this, we decided to include pre-ART
VL as a binary variable (above/below 100 000 copies/mL)
and VL at inclusion after logarithmic transformation.
The main regression models were based on complete case
analysis, but we also added a sensitivity analysis using
missing data categories. We also performed a subanalysis

including only participants with LLV strictly in the range
51–199 copies/mL.

RESULTS

Characteristics of study participants

Among 36 542 people with HIV starting ART after 2005,
25 113 had two or more VL measurements ≥12 months
after starting ART and were studied for LLV episodes, dur-
ing a median follow-up time of 5.7 years. In total, 2474 peo-
ple (9.9%) met the definition of LLV at some point during
that period and were included in the study (Figure 1). Of
these, 1785 (73%) were male, and the median age at inclu-
sion was 43 years. The median year of ART initiation was
2008. In median, LLV occurred 2.8 years after starting ART
and most participants (n = 2056, 83%) had one or more
undetectable VL before LLV occurred. In addition,
742 (30%) had recorded virological failure before LLV. Most
participants (n = 1556, 63%) had switched ART regimen at
some point before inclusion, and 262 (11%) had ART modi-
fication during the first 3 months after inclusion. Compared

36 542

11 386

43

22 639

25 113

2474

1087

1387 1355

499

620

FIGURE 1 Inclusion of study participants and subgroups for specific analyses. ART, antiretroviral therapy; EIDB, EuResist Integrated

Database; LLV, low-level viraemia; PWH, people with HIV; VL, viral load.
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TABLE 1 Characteristics of people with low-level viraemia in the EIDB compared with people with no registered low-level viraemia.

Characteristic LLV n = 2474 No LLV n = 22 639

Male sex 1785 (73) 16 605 (76)

Age at ART initiation, years 39 (32–46) 38 (31–46)

Database of origin

ARCA (Italy) 704 (28) 6072 (27)

CoRIS (Spain) 627 (25) 7242 (32)

irsiCaixa (Spain) 15 (0.60) 228 (1.0)

Arevir (Germany) 431 (17) 3500 (15)

Karolinska (Sweden) 600 (24) 4758 (21)

Rega (Belgium) 45 (1.8) 104 (0.46)

CRP-Santé (Luxembourg) 33 (1.3) 459 (2.0)

IHMT (Portugal) 19 (0.77) 276 (1.2)

Mode of HIV acquisition

Male-to-male sexual contact 804 (38) 9330 (48)

Heterosexual contact 918 (43) 7682 (39)

Injecting drug use 246 (12) 1742 (9)

Mother–child or blood products 60 (2.8) 172 (0.90)

Other 90 (4.2) 500 (2.6)

Region of origin

European 1434 (67) 13 829 (72)

African 493 (23) 2951 (15)

The Americas 146 (6.8) 1577 (8.2)

South-East Asian 35 (1.6) 529 (2.8)

Eastern Mediterranean 27 (1.3) 158 (0.82)

Western Pacific 12 (0.56) 155 (0.81)

Subtype of HIV-1

B 732 (43) 6993 (55)

Non-B 956 (57) 5631 (45)

Pre-ART CD4 count, cells/mm3 240 (117–362) 312 (192–455)

Pre-ART VL, copies/mL 120 000 (29 000–390 000) 42 000 (8300–150 000)

Pre-ART VL >100 000 copies/mL 1117 (54) 6331 (33)

Transmitted DRMsa 288 (23) 2320 (21)

Calendar year of ART initiation 2009 (2007–2011) 2011 (2008–2014)

Starting ART before 2014 2181 (88%) 16 655 (74%)

Anchor drug at ART initiation

NNRTI 908 (37) 10 806 (48)

PI 1259 (51) 7336 (32)

INSTI 228 (9.2) 4089 (18)

EI/combination 79 (3.2) 401 (1.8)

Follow-up after ART start, years 8.0 (5.0–11) 5.5 (3.2–8.6)

VL frequency, per year 3.1 (2.5–3.9) 2.7 (2.2–3.5)

Characteristics unique for people with LLV

VL at inclusion, log10 copies/mL 2.0 (1.8–2.2)

LLV on first ART regimen 918 (37)
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with people without LLV, study participants had higher VL
and lower CD4 count before starting ART, and they were
more likely to have initiated PI-based or EI/combination-

based regimens. They were also more likely to be of African
origin and less likely to have acquired HIV through male-
to-male sexual contact (Table 1).

TABLE 1 (Continued)

Characteristic LLV n = 2474 No LLV n = 22 639

Anchor drug at inclusion

NNRTI 753 (30)

PI 1172 (47)

INSTI 387 (16)

EI/combination 162 (6.6)

Time on treatment (years) 2.8 (1.7–5.0)

Undetectable VL before LLV 2056 (83)

Virological failure before LLV 752 (30)

DRMs at inclusiona 554 (22)

ART modification following LLV 262 (11)

Note: Numerals are median (interquartile range) for continuous variables and n (%) for categorical variables. Among those with LLV (n = 2474), data were
missing for the variables sex (n = 17), age (n = 33), region of origin (n = 327), pre-ART VL (n = 392), transmission mode (n = 446), subtype of HIV-1
(n = 786), pre-ART CD4 cell count (n = 871), DRMs at inclusion (n = 901), and transmitted DRMs (n = 1203).

Abbreviations: ART, antiretroviral therapy; DRM, drug-resistance mutation; EI, entry inhibitor; EIDB, EuResist Integrated Database; INSTI, integrase strand
transfer inhibitor; LLV, low-level viraemia; NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; VL, viral load.
aPresence of non-accessory mutations, as defined in Stanford HIV Drug Resistance Database [34], based on sequencing performed within 10 days of ART
initiation (transmitted DRMs) or inclusion (DRMs at inclusion).

(a)

(b)

(c)

FIGURE 2 Viraemia patterns 24 months after LLV. (a) Proportions of different viraemia profiles during the follow-up period. Only

1387/2474 people with at least 24 months of follow-up were categorized into these profiles. (b) Proportion of tested participants who had

recorded viraemia (VL ≥50 copies/mL) each month after inclusion. (c) VL percentiles for tested participants each month after inclusion.

Percentiles not shown if ≤50 copies/mL (threshold for undetectable VL per study definition). LLV, low-level viraemia; VL, viral load.
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Patterns of viraemia 24 months after LLV

Among 2474 participants, 1387 (56%) had follow-up data
for ≥24 months and were categorized based on viraemia
patterns during the follow-up period (Figure 1). These
1387 participants differed from the overall LLV popula-
tion in that they started ART at earlier years (median
2008 vs. 2009), with a lower proportion receiving INSTI-
based ART (7.9% vs. 16%) (Supplementary Table S1). We
found the following distribution of viraemia profiles: per-
sistent viral suppression 406 (29%), transient viraemic
episodes 669 (48%), persistent low-level viraemia 29 (2%),
and virological failure 283 (20%) (Figure 2a). The median
magnitudes of detectable VLs during follow-up was low-
est for transient viraemic episodes (89 copies/mL), fol-
lowed by persistent LLV (113 copies/mL) and virological
failure (325 copies/mL). For the subset of 153 (11%) par-
ticipants who displayed neither undetectable VL nor viro-
logical failure before the first LLV episode, the following
viraemia profiles were observed: persistent viral suppres-
sion 27 (18%), transient viraemic episodes 95 (62%), per-
sistent low-level viraemia 2 (1%), and virological
failure 29 (19%).

Furthermore, we analysed the persistence of viraemia
for 24 months after the first recorded LLV episode, based
on registered VLs for each month of this period. Overall,
the proportion of participants with detectable viraemia
declined, from 60% to 30% between the first and last
month of follow-up (Figure 2b). The declining trend was
statistically significant during both the first and the sec-
ond year after inclusion (p for trend <0.001 and 0.034,
respectively). Between the first and last month of this
period, the 75th percentile of individual VLs also
decreased from 137 to 73 copies/mL (Figure 2c).

Predictors of undetectable VL at 12 months
after LLV

For this analysis, 1355/2474 (55%) of the study partici-
pants were included (Figure 1). Compared with the over-
all LLV population, those included in this sub-study
differed mainly by initiating ART in earlier calendar
years (median 2008 vs. 2009), with a lower frequency of
INSTI-based ART (11% vs. 16%) (Supplementary
Table S1). At 12 months, 927 (68%) had undetectable
VL. In univariable analysis, we found viral suppression
before LLV as well as ART regimens based on NNRTI to
predict undetectable VL at 12 months, whereas greater
VL magnitude during LLV and injecting drug use were
predictors of detectable VL at this timepoint. Most of
these associations remained statistically significant in
multivariable analysis, including viral suppression before

LLV (adjusted odds ratio [aOR] 1.7; 95% confidence inter-
val [CI] 1.2–2.4), greater VL magnitude during LLV (aOR
0.57 per log10 copies/mL; 95% CI 0.37–0.89), and injecting
drug use (aOR 0.67; 95% CI 0.47–0.96).

However, for ART regimen at inclusion, only PI- and
EI/combination-based regimens (and not INSTI-based
regimens) remained associated with lower odds of sup-
pression compared with NNRTI-based ART (aOR 0.65;
95% CI 0.49–0.87 and aOR 0.52; 95% CI 0.32–0.85, respec-
tively). Additionally, in multivariable analysis only, ART
modification after LLV was associated with undetectable
VL at 12 months (aOR 1.6; 95% CI 1.0–2.4) (Table 2).

In a subanalysis of participants with LLV strictly
<200 copies/mL at inclusion (excluding 420 participants
with one VL in the range 200–999 copies/mL; n = 935),
ORs were largely similar to those in the main analysis.
However, in the adjusted model, associations were no
longer statistically significant for the following factors:
viral suppression before LLV, injecting drug use, and PI-
or EI/combination-based regimens. ART modification
after LLV remained associated with undetectable VL at
12 months in the multivariable model (aOR 1.8; 95% CI
1.1–2.9) in this subanalysis (Supplementary Table S2). In
sensitivity analysis with missing data categories
(n = 1833), most results from the main analysis were
unchanged; however, the association between injecting
drug use and lack of suppression was not statistically sig-
nificant (Supplementary Table S3).

DISCUSSION

Although most people receiving ART experience sus-
tained viral suppression, it is well recognised that some
people have detectable HIV RNA in plasma at low levels,
a phenomenon commonly referred to as LLV [6]. LLV
was relatively common in our study population, in line
with previous data from similar settings [8, 9]. LLV has
been associated with adverse virological and clinical out-
comes, but the optimal management (as well as the
underlying reasons) of LLV remain unclear. In addition,
definitions of LLV vary in terms of the range and persis-
tence of viraemia [7]. In this study, based on a large
European database of ART recipients, we defined LLV as
two or more consecutive VLs 51–199 copies/mL. We
observed sustained viral suppression after an LLV epi-
sode in only 29% of people with HIV during 24-month
follow-up; instead, the majority displayed different pat-
terns of recurrent viraemia. Virological failure occurred
in 20% of study participants during the follow-up, consis-
tent with studies showing LLV to be a risk factor for loss
of control of viral replication [10, 16–19]. However, per-
sistent LLV was rare in our study population.
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The degree of viraemia persistence in people with
LLV has been shown to have prognostic impact in prior
studies, with higher risk of virological failure in people
with >25% of VL measurements in the LLV range
[10, 17]. Moreover, in a Swedish nationwide register
study, association with increased mortality was restricted
to individuals with detectable viraemia in >25% of
recorded measurements [9]. In our aggregated monthly
follow-up after LLV episodes, we observed a general
declining trend in the proportion of participants with
viraemia, also during the second year, implying that
long-term virological control improves after LLV in most
people. Since we cannot determine the underlying mech-
anism behind LLV in this observational study, the rea-
sons for this remain unknown; both enhanced
therapeutic inhibition of viral replication (e.g., related to
better adherence or therapy switch) [15] and continuous
decay of the HIV reservoir during ART may be
considered [21].

As mentioned, our study was not designed to analyse
mechanisms of LLV and subsequent virological out-
comes; however, we did find diverse factors associated
with having undetectable VL at 12 months after LLV
occurrence. To begin with, this outcome was more com-
mon in people who had experienced viral suppression
before meeting the criteria for LLV (i.e., rebound

viraemia). Based on our study, this is the most common
scenario in which LLV occurs (83% of participants). It is
also the best characterized, since some studies restrict the
definition of LLV to rebound viraemia after previous sup-
pression [8, 16]. It is possible that failure to achieve unde-
tectable VL within 12 months of starting ART represents
non-suppressible viraemia, with lower likelihood of a
sustained virological response in the short-term.

Intensification of ART has not been shown to impact
residual viraemia <50 copies/mL [22, 23]. However, it
remains unclear whether therapy modifications can lead
to suppression of LLV in the range 50–200 copies/mL.
Improved virological outcome was found after ART regi-
men shift in a randomized trial in Lesotho [24], in which
LLV was defined as 100–999 copies/mL. In our popula-
tion, change of antiretroviral regimen in ART recipients
with LLV 50–199 copies/mL was associated with unde-
tectable VL, in contrast to a smaller French study, in
which no such association was observed [25]. However,
this finding must be interpreted with caution, since ART
modifications were not allocated randomly, and indica-
tions for switch are unknown. Also, only 11% of partici-
pants with LLV had ART modifications, and a majority
still achieved undetectable VL at 12 months, which could
imply that inadequate regimen is not a main cause of
LLV in our setting.

TABLE 2 Factors associated with undetectable viral load 12 months after low-level viraemia.

Factor
Unadjusted model Adjusted model

n = 1355 Odds ratio 95% CI Odds ratio 95% CI

Male sex 1.1 0.81–1.4 1.1 0.80–1.4

Age (per year) 1.0 0.98–1.0 0.99 0.98–1.0

Injecting drug use 0.65 0.46–0.92 0.67 0.47–0.96

Undetectable VL before LLV 1.9 1.4–2.6 1.7 1.2–2.4

Virological failure before LLV 0.78 0.61–1.0 0.84 0.63–1.1

Pre-ART VL >100 000 copies/mL 0.90 0.71–1.1 0.93 0.73–1.2

VL at inclusion (per log10 copies/mL) 0.58 0.38–0.89 0.57 0.37–0.90

Starting ART before 2014 1.2 0.78–1.9 1.1 0.66–1.9

Time on treatment (per year) 1.0 0.99–1.1 1.0 1.0–1.1

Regimen anchor drug

NNRTI 1 (ref.) 1 (ref.)

PI 0.61 0.46–0.80 0.65 0.49–0.87

INSTI 0.65 0.43–0.97 0.67 0.42–1.1

EI/combination 0.48 0.30–0.77 0.52 0.32–0.85

ART modification following LLV 1.5 0.99–2.2 1.6 1.0–2.4a

Note: Odds ratios calculated using univariable and multivariable logistic regression, for unadjusted and adjusted model, respectively.
Abbreviations: ART, antiretroviral therapy: CI, confidence interval; EI, entry inhibitor; INSTI, integrase strand transfer inhibitor; LLV, low-level viraemia;
NNRTI, non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor; VL, viral load.
aInterval does not cross 1.
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We also identified several factors associated with not
experiencing undetectable VL. First, greater viraemia
magnitude during LLV was associated with non-
suppression at follow-up. Routine VL assays show vari-
ability in the LLV range [26]; hence, a higher cut-off level
within the range 51–199 copies/mL might be considered
to identify people with worse virological outcome. In
addition, our main analysis found that individuals with
injecting drug use had lower likelihood of achieving viral
suppression after LLV, in line with studies showing
worse ART outcomes in people who inject drugs [27].
However, this finding was not robust in sensitivity analy-
sis, where missing data were handled through missing
data categories. It should also be noted that our data did
not distinguish individuals with ongoing injecting drug
use at inclusion, which might be an important distinction
in terms of odds of suppression [28].

Lastly, the type of ART regimen was associated with
viral suppression at 12 months, with lower odds for peo-
ple receiving PI-based regimens and regimens based on
non-conventional combinations of drugs. These associa-
tions could be due to channelling bias since selection of
PI-based ART may be more common in clinical practice
for people with anticipated inferior adherence. However,
associations between PI-based regimens and LLV have
been reported previously [8, 11], including in a study
with randomized regimen allocation [29]; hence, a direct
class effect is possible. INSTI-based regimens, which are
currently predominant globally [30], and which confer
more rapid decline in VL than do other regimens [31],
were not associated with different virological outcomes
in people with HIV with LLV. However, in our study
population, the number of people receiving such regi-
mens was relatively low (11% in the regression model),
and further studies are warranted to clarify the impact of
INSTI-based ART on viral kinetics in people with LLV.

To our knowledge, this study is the first to describe
longitudinal patterns of viraemia in people with LLV,
based on a multinational dataset of people with HIV. We
acknowledge certain limitations of this study. Detection
and classification of viraemia during ART depend on the
frequency of VL monitoring [32], and it is plausible that
more frequent VL measurements could have resulted in
different classification of participants. Additionally, anal-
ysis of factors associated with virological outcome at
12 months was based on a single VL measurement to
define this outcome; considering the variability in virae-
mia patterns among people with LLV, it is possible that
associations might have been different if several VL mea-
surements during follow-up had been used to define viral
suppression. Furthermore, variation in sensitivity of VL
assays used for therapy monitoring could result in mea-
surement bias. Although we investigated several factors

known to be associated with virological outcomes, we did
not have access to certain potentially relevant informa-
tion such as therapy adherence [33]. However, accurate
data on adherence are rarely available in registers. Data
on CD4 count and drug-resistance mutations were also
missing for many participants and could therefore not be
included in this analysis. Finally, changes in ART guide-
lines during the study period may affect the generalizabil-
ity of these results to people starting therapy in more
recent years.

In conclusion, we found variable patterns of viraemia
during longitudinal follow-up of ART recipients with
LLV 51–199 copies/mL. Long-term persistence of LLV
was rare; however, most people with HIV did not have
sustained viral suppression for 2 years after an episode of
LLV, supporting the association between LLV and infe-
rior treatment outcome. Our results may help identify
which people with HIV have the lowest odds of viral sup-
pression after LLV and who may benefit from intensified
follow-up.

AUTHOR CONTRIBUTIONS
S Elén: Data curation, formal analysis, and
writing – original draft. P Björkman: Conceptualization,
supervision, and writing – review and editing. M Zazzi,
M Böhm, E Bernal, and A Sönnerborg: Resources and
writing – review and editing. O Elvstam: Conceptualiza-
tion, data curation, supervision, and writing – review and
editing. All authors have read and approved the final
manuscript.

CONFLICT OF INTEREST STATEMENT
P Björkman has received a grant to his institution from
the Swedish Heart-Lung Foundation and from Gilead
Sciences, honoraria for acting as speaker and participat-
ing in an advisory board from Gilead Sciences, outside
the submitted work. M Zazzi has received grants to his
institution from Gilead Sciences, MSD, Theratechnolo-
gies, and ViiV Healthcare; honoraria for acting as speaker
or on advisory boards from Gilead Sciences, GSK, MSD,
Theratechnologies, ViiV Healthcare, and Gilead Sciences,
unrelated to this research. E Bernal has received grants
to his institution from Gilead Sciences, ViiV, MSD, and
Janssen and honoraria for acting as speaker or on advi-
sory boards from Gilead Sciences, ViiV, MSD, and Jans-
sen. A Sönnerborg has received grants to his institution
from Gilead Sciences, GSK, and ViiV and honoraria for
acting as speaker or on advisory boards from Gilead Sci-
ences, GSK, ViiV, AstraZeneca, Merck, and Jansen. O
Elvstam has received a grant to his institution from Pfizer
and honoraria for acting as speaker from Gilead Sciences,
unrelated to this research. The remaining authors declare
no conflicts of interest.

114 EL�EN ET AL.

 14681293, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hiv.13541 by U

niversity O
f Siena Sist B

ibliot D
i A

teneo, W
iley O

nline L
ibrary on [19/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



DATA AVAILABILITY STATEMENT
Data from the EuResist Integrated Database are available
for researchers who meet the criteria for access after
application to the steering committee.

ETHICS STATEMENT
This is an observational study of the EuResist Integrated
Database, a collection of linked genotypic and clinical
information on people living with HIV from several
different European centra. Ethical approval for the
study was granted by the respective ethical boards of the
studied databases. We received anonymized data from the
EuResist Integrated Database to conduct our investigation.

ORCID
S. Elén https://orcid.org/0000-0002-6451-863X
P. Björkman https://orcid.org/0000-0002-3697-9375
M. Zazzi https://orcid.org/0000-0002-0344-6281
M. Böhm https://orcid.org/0000-0003-1208-8647
E. Bernal https://orcid.org/0000-0002-4041-0579
A. Sönnerborg https://orcid.org/0000-0001-8928-3374
O. Elvstam https://orcid.org/0000-0003-3799-9869

REFERENCES
1. UNAIDS. UNAIDS Data. 2022. Available at: https://www.

unaids.org/en/resources/documents/2023/2022_unaids_data
[Accessed July 13, 2023]

2. BHIVA Writing Committee. BHIVA guidelines on antiretrovi-
ral treatment for adults living with HIV-1 2022. 2022 Available
at: https://www.bhiva.org/hiv-1-treatment-guidelines [Accessed
Nov 13, 2022]

3. European AIDS Clinical Society. Guidelines Version 11.1. 2022.
Available at: https://www.eacsociety.org/guidelines/eacs-
guidelines/ [Accessed January 4, 2023]

4. Panel on Antiretroviral Guidelines for Adults and Adolescents.
Guidelines for the use of antiretroviral agents in adults and
adolescents with HIV. Department of Health and Human
Services. 2022. Available at: https://clinicalinfo.hiv.gov/
sites/default/files/guidelines/documents/adult-adolescent-arv/
guidelines-adult-adolescent-arv.pdf [Accessed July 30, 2022]

5. The Swedish Reference Group for Antiviral Therapy (RAV).
Antiretroviral treatment for HIV Infection: Swedish recom-
mendations. 2021 Available at: https://www.sls.se/globalassets/
rav/rekommendationer/rav_hiv_2021_220318.pdf [Accessed
July 30, 2022]

6. Ryscavage P, Kelly S, Li JZ, Harrigan PR, Taiwo B. Significance
and clinical management of persistent low-level viremia and
very-low-level viremia in HIV-1-infected patients. Antimicrob
Agents Chemother. 2014;58(7):3585-3598.

7. Crespo-Bermejo C, de Arellano ER, Lara-Aguilar V, et al. Per-
sistent low-level viremia in persons living with HIV undertreat-
ment: an unresolved status. Virulence. 2021;12(1):2919-2931.

8. Antiretroviral Therapy Cohort C, Vandenhende MA, Ingle S,
et al. Impact of low-level viremia on clinical and virological
outcomes in treated HIV-1-infected patients. Aids. 2015;29(3):
373-383.

9. Elvstam O, Marrone G, Medstrand P, et al. All-cause mortality
and serious non-AIDS events in adults with low-level human
immunodeficiency virus viremia during combination Antire-
troviral Therapy: results from a Swedish Nationwide observa-
tional study. Clin Infect Dis. 2021;72(12):2079-2086.

10. Elvstam O, Malmborn K, Elen S, et al. Virologic failure follow-
ing low-level viremia and viral blips during antiretroviral ther-
apy: results from a European multicenter cohort. Clin Infect
Dis. 2023;76(1):25-31.

11. Brattgard H, Bjorkman P, Nowak P, Treutiger CJ, Gisslen M,
Elvstam O. Factors associated with low-level viraemia in peo-
ple with HIV starting antiretroviral therapy: a Swedish observa-
tional study. PloS One. 2022;17(5):e0268540.

12. Bachmann N, von Siebenthal C, Vongrad V, et al. Determi-
nants of HIV-1 reservoir size and long-term dynamics during
suppressive ART. Nat Commun. 2019;10(1):3193.

13. Siliciano JD, Siliciano RF. Nonsuppressible HIV-1 viremia: a
reflection of how the reservoir persists. J Clin Invest. 2020;
130(11):5665-5667.

14. Halvas EK, Joseph KW, Brandt LD, et al. HIV-1 viremia not
suppressible by antiretroviral therapy can originate from large
T cell clones producing infectious virus. J Clin Invest. 2020;
130(11):5847-5857.

15. Tobin NH, Learn GH, Holte SE, et al. Evidence that low-level
viremias during effective highly active antiretroviral therapy
result from two processes: expression of archival virus and rep-
lication of virus. J Virol. 2005;79(15):9625-9634.

16. Fleming J, Mathews WC, Rutstein RM, et al. Low-level viremia
and virologic failure in persons with HIV infection treated with
antiretroviral therapy. Aids. 2019;33(13):2005-2012.

17. Joya C, Won SH, Schofield C, et al. Persistent low-level viremia
while on antiretroviral therapy is an independent risk factor
for virologic failure. Clin Infect Dis. 2019;69(12):2145-2152.

18. Vandenhende MA, Perrier A, Bonnet F, et al. Risk of virologi-
cal failure in HIV-1-infected patients experiencing low-level
viraemia under active antiretroviral therapy (ANRS C03 cohort
study). Antivirus Ther. 2015;20(6):655-660.

19. Gaifer Z, Boulassel MR. Low-level viremia predicts virological
failure in HIV-infected omani patients receiving antiretroviral
therapy. J Int Assoc Provid AIDS Care. 2020;19:19.

20. EuResist Network. EuResist Integrated DataBase (EIDB). 2022
Available at: https://www.euresist.org/eidb [Accessed Nov
10, 2022].

21. Cho A, Gaebler C, Olveira T, et al. Longitudinal clonal dynam-
ics of HIV-1 latent reservoirs measured by combination quad-
ruplex polymerase chain reaction and sequencing. PNAS. 2022;
119(4):e2117630119.

22. Rasmussen TA, McMahon JH, Chang JJ, et al. The effect of
antiretroviral intensification with dolutegravir on residual virus
replication in HIV-infected individuals: a randomised, placebo-
controlled, double-blind trial. Lancet HIV. 2018;5(5):e221-e230.

23. Gandhi RT, Zheng L, Bosch RJ, et al. The effect of raltegravir
intensification on low-level residual viremia in HIV-infected
patients on antiretroviral therapy: a randomized controlled
trial. PLoS Med. 2010;7(8):e1000321.

24. Amstutz A, Nsakala BL, Vanobberghen F, et al. Switch to
second-line versus continued first-line antiretroviral therapy for
patients with low-level HIV-1 viremia: an open-label randomized
controlled trial in Lesotho. PLoS Med. 2020;17(9):e1003325.

HIV MEDICINE 115

 14681293, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hiv.13541 by U

niversity O
f Siena Sist B

ibliot D
i A

teneo, W
iley O

nline L
ibrary on [19/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://orcid.org/0000-0002-6451-863X
https://orcid.org/0000-0002-6451-863X
https://orcid.org/0000-0002-3697-9375
https://orcid.org/0000-0002-3697-9375
https://orcid.org/0000-0002-0344-6281
https://orcid.org/0000-0002-0344-6281
https://orcid.org/0000-0003-1208-8647
https://orcid.org/0000-0003-1208-8647
https://orcid.org/0000-0002-4041-0579
https://orcid.org/0000-0002-4041-0579
https://orcid.org/0000-0001-8928-3374
https://orcid.org/0000-0001-8928-3374
https://orcid.org/0000-0003-3799-9869
https://orcid.org/0000-0003-3799-9869
https://www.unaids.org/en/resources/documents/2023/2022_unaids_data
https://www.unaids.org/en/resources/documents/2023/2022_unaids_data
https://www.bhiva.org/hiv-1-treatment-guidelines
https://www.eacsociety.org/guidelines/eacs-guidelines/
https://www.eacsociety.org/guidelines/eacs-guidelines/
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://clinicalinfo.hiv.gov/sites/default/files/guidelines/documents/adult-adolescent-arv/guidelines-adult-adolescent-arv.pdf
https://www.sls.se/globalassets/rav/rekommendationer/rav_hiv_2021_220318.pdf
https://www.sls.se/globalassets/rav/rekommendationer/rav_hiv_2021_220318.pdf
https://www.euresist.org/eidb


25. Palich R, Wirden M, Peytavin G, et al. Persistent low-level vir-
aemia in antiretroviral treatment-experienced patients is not
linked to viral resistance or inadequate drug concentrations.
J Antimicrob Chemother. 2020;75(10):2981-2985.

26. Swenson LC, Cobb B, Geretti AM, et al. Comparative perfor-
mances of HIV-1 RNA load assays at low viral load levels:
results of an international collaboration. J Clin Microbiol. 2014;
52(2):517-523.

27. Yehia BR, Fleishman JA, Metlay JP, Moore RD, Gebo KA. Sus-
tained viral suppression in HIV-infected patients receiving anti-
retroviral therapy. JAMA. 2012;308(4):339-342.

28. Palepu A, Tyndall M, Yip B, O'Shaughnessy MV, Hogg RS,
Montaner JS. Impaired virologic response to highly active anti-
retroviral therapy associated with ongoing injection drug use.
J Acquir Immune Defic Syndr. 2003;32(5):522-526.

29. Taiwo B, Gallien S, Aga E, et al. Antiretroviral drug resistance in
HIV-1-infected patients experiencing persistent low-level viremia
during first-line therapy. J Infect Dis. 2011;204(4):515-520.

30. WHO. Consolidated guidelines on HIV prevention, testing, treat-
ment, service delivery and monitoring. 2021 Available at: https://
www.who.int/publications/i/item/9789240031593 [Accessed
October 12, 2021]

31. Zhu J, Rozada I, David J, et al. The potential impact of initiat-
ing antiretroviral therapy with integrase inhibitors on HIV
transmission risk in British Columbia. Canada EClinicalMed.
2019;13:101-111.

32. Fung IC, Gambhir M, van Sighem A, de Wolf F, Garnett GP.
The clinical interpretation of viral blips in HIV patients receiv-
ing antiviral treatment: are we ready to infer poor adherence?
J Acquir Immune Defic Syndr. 2012;60(1):5-11.

33. Castillo-Mancilla JR, Morrow M, Coyle RP, et al. Low-level
viremia is associated with cumulative adherence to Antiretrovi-
ral Therapy in persons with HIV. Open Forum Infect Dis. 2021;
8(9):ofab463.

34. Shafer RW. Rationale and uses of a public HIV drug-resistance
database. J Infect Dis. 2006;194(Suppl 1):S51-S58.

SUPPORTING INFORMATION
Additional supporting information can be found online
in the Supporting Information section at the end of this
article.

How to cite this article: Elén S, Björkman P,
Zazzi M, et al. Low-level HIV viraemia during
antiretroviral therapy: Longitudinal patterns and
predictors of viral suppression. HIV Med. 2024;
25(1):107‐116. doi:10.1111/hiv.13541

116 EL�EN ET AL.

 14681293, 2024, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/hiv.13541 by U

niversity O
f Siena Sist B

ibliot D
i A

teneo, W
iley O

nline L
ibrary on [19/11/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

https://www.who.int/publications/i/item/9789240031593
https://www.who.int/publications/i/item/9789240031593
info:doi/10.1111/hiv.13541

	Low-level HIV viraemia during antiretroviral therapy: Longitudinal patterns and predictors of viral suppression
	INTRODUCTION
	METHODS
	Study setting
	Definitions and criteria for inclusion
	Statistical analysis

	RESULTS
	Characteristics of study participants
	Patterns of viraemia 24months after LLV
	Predictors of undetectable VL at 12months after LLV

	DISCUSSION
	AUTHOR CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	DATA AVAILABILITY STATEMENT

	ETHICS STATEMENT
	REFERENCES


