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Abstract
Objective: To investigate the long-term impact of plasma VL elevations between 50 and 199 copies/ml
(VLE50-199) on virological failure and development of AIDS, death or non-AIDS events (NAE) in patients
receiving ART.

Methods: We analyzed ART-naïve adults from the cohort of the Spanish AIDS Research Network (CoRIS)
who initiated ART from 2012 to 2017 and achieved VL<50 copies/ml within 3–9 months after ART
initiation. Elevations of VL between 50 and 199 copies/ml were divided into uncommon (<25% of the
measurements) or not viral elevation, frequent (25-50%) and very frequent (>50% of the measurements).
Multivariate Cox models were used.

Results: Of 4121 patients included, 3881 (94.2%) patients VLE50-199 was uncommon or was not present.
VLE50-199 was frequent in 185 (4.5%) and very frequent in 55 (1.3%) patients. 169 had virological failure
(4.1%), 57 (1.38%) patients died or developed an AIDS event and 107 (2.6%) developed NAE. Frequent
VLE50-199 (aHR, 11.83; 95% CI, 6.42–21.84; p<0.001) and very frequent VLE50-199 (aHR, 29.1; 95% CI,
12.6–67.19; p<0.001) were associated with a higher risk of virological failure, but did not increase the risk
of developing AIDS events or death. Frequent VLE50-199 had an adjusted NAE hazard ratio of 2.13 (95%
CI, 0.91–4.97;p=0.081) and very frequent VLE50-199 of 4.66 (95% CI, 0.9–21; p=0.051).

Conclusion: Persistent mild elevations between 50 and 199 copies/ml were strongly associated with an
increased risk of virological failure and with higher rates of NAE. Therefore, closer monitoring of these
patients may be warranted.

Introduction
Thanks to the introduction of antiretroviral treatment (ART), the morbidity and mortality of HIV-infected
patients has been drastically reduced through its ability to suppress HIV replication[1]. The goal of ART is
to reduce the HIV plasma viral load to the level of undetectability that is usually below 50 copies/ml.
Having an undetectable viral load has been associated with increased survival, a lower risk of AIDS and
non-AIDS events and not spread the infection[2, 3]. However, there are a group of patients who despite
receiving a correct treatment do not reach or maintain this level of undetectability. Most studies have
shown that having viral load levels above 200 copies/ml are associated with an increased risk of
virological failure [4–6], occurrence of resistance mutations[7] and AIDS/death events[6]. However, the
effects of viral loads between 50 and 200 copies/ml are unknown. Although “blips” (transient elevations
in viral load) have not been associated with an increased risk of events, it is unknown if an increase in
their frequency could have a negative impact on the occurrence of virological and/or clinical events.

The objective of this study was to investigate the long-term impact of persistent or frequent viral load
elevations between 50–199 copies/ml on the development of virological (virological failure) and clinical
(AIDS, death and NAE events) events among HIV-infected patients receiving ART from a Spanish
contemporary nationwide cohort.
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Methods
Study population

The cohort of Spanish AIDS Research Network (CoRIS) is an open, multicenter and prospective cohort of
HIV-positive adults, naïve to ART at study entry, seen for the �rst time from January 2004 in any of the 42
centers from 13 of 17 Autonomous Regions in Spain. Subjects agreed to participate in the study by
signing an informed consent form. Ethical approval for CoRIS was granted. A complete description of
CoRIS has been published elsewhere[8]. Brie�y, CoRIS collects a minimum dataset as provided for in the
cohort protocol which includes baseline and follow-up of socio-demographic, immune-virological and
clinical data including ART medication, with start and stop dates, as well as reasons for drug
discontinuation. Furthermore, all centers are invited to provide data on incident non-AIDS events (NAEs),
including non-AIDS–de�ning malignancies and cardiovascular, renal, liver, psychiatric, bone, and
metabolic events[9]. Patients are followed periodically in accordance with routine clinical practice. For
this study we have chosen the patients who started treatment from 2012 to 2017.

All methods were carried out in accordance with relevant guidelines and regulations and all experimental
protocols were approved by Reina So�a Hospital Ethics Committee.

Eligible individuals were antiretroviral naïve patients who initiated ART and remained on it for at least 6
months, ≥18 years old and who achieved viral suppression, de�ned as plasma viral load below 50
copies/ml, within 3-9 months after ART initiation. Patients with no follow-up after viral suppression were
excluded from the analyses. In addition, for analyses on association of VLE with �rst occurrence of any
serious NAE, we also excluded individuals who were monitored in centers not providing data on NAEs.

De�nitions

We de�ned viral load elevations below 200 copies/ml (VLE 50-199) as at least one viral load between 50
and 199 copies/ml after virological suppression. Following this de�nition, for descriptive purposes,
individuals were classi�ed into three groups: uncommon VLE50-199 or not elevation of viral load (viral
load elevation between 50-199 copies/ml in <25% of the measurements or viral load < 50 copies/ml),
frequent VLE 50-199 (viral load elevation ranging from 50 to199 copies/ml between 25% and 50% of the
measurements) and very frequent VLE 50-199 (viral load elevation between 50-199 copies/ml in more
than 50% of the measurements).

We have also considered for the analysis those patients with non-consecutive elevations of the viral load
higher than 200 copies and lower than 1000 copies. We denominate them VLE 200-999.

Outcomes

Outcomes of this study were experiencing �rst virological failure, de�ned as at least two consecutive viral
loads more than 200 copies/ml or one more than 1.000 copies/ml, occurrence of clinical events (�rst
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AIDS events or death) and �rst serious NAE [non-AIDS–de�ning malignancies, cardiovascular, renal, and
liver-related] after virological suppression.

Statistical analysis

A descriptive analysis of patients’ characteristics at ART initiation was carried out using frequency tables
for categorical variables, and median and interquartile range (IQR) for continuous variables. Differences
in socio-demographic and clinical characteristics between different groups of VLE (uncommon, frequent
and very frequent) were assessed through the chi-squared test for independence for categorical variables,
and the non-parametric Kruskal-Wallis tests for continuous variables.

A multivariable multinomial logistic regression model was �t to investigate sociodemographic and
clinical factors associated with frequent VLE50-199 and very frequent VLE50-199 in comparison to
uncommon VLE50-199.

For the analyses of association of VLE groups with �rst virological failure and clinical events after
virological suppression, follow-up started at the date of the �rst viral load below 50 copies/ml within 3-9
months after ART initiation and ended at the date of the event of interest, date of last study contact or
censoring date, whichever arose �rst. Analyses were right-censored 5 years after virological suppression
due to low numbers of events observed thereafter.

For those three outcomes, VLE groups was analyzed as a time-varying covariate. We calculated cause-
speci�c cumulative incidence curves and used Cox proportional hazards models to estimate crude and
adjusted hazard ratios. The proportional hazards assumption was checked graphically and by tests
based on Schoenfeld residuals.

Multivariable models were adjusted for sex (male, female), age (<50, ≥50), transmission group
(homo/bisexual, injecting drug use, heterosexual, other/unknown), educational level (compulsory
education or not, upper secondary or university, unknown), country of origin (Spain, not Spain, unknown),
CD4+ cell count (<200, ≥200, unknown), HIV-1 viral load (<100000, ≥100000, unknown) and AIDS
diagnosis (no, yes), hepatitis C virus antibodies (no, yes, unknown), hepatitis B surface antigen (no, yes,
unknown), ART regimen (2 nucleoside reverse transcriptase inhibitor [NRTI] + 1 non-nucleoside reverse
transcriptase inhibitor [NNRTI], 2 NRTI + 1 [boosted protease inhibitor[PI/b], 2 NRTI + 1 integrase strand
transfer inhibitor [INSTIs], other/non-speci�ed) and duration of ART. Wald tests were used to derive p-
values. All statistical analyses were performed using SPSS Software (version 24) and r software.

Results
A total of 4121 HIV-infected patients were included in the study. The median age was 35 years (IQR, 28-42
years), 12.4% were female, median (IQR) baseline CD4+ count at ART initiation was 394 (255-545)
cells/ml and 38.1% started with INSTIs-based regimens. Six hundred and thirty-two (15.33%) experienced
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at least one episode of VLE50-199 (582 patients with no VLE200-999). Median follow-up time after viral
suppression was 1.9 (IQR, 0,78 – 3.07) years.

Sociodemographic and clinical characteristics at ART initiation according to the frequency of VLE are
shown in Table 1. The median number of viral load measurements per individual after viral suppression
was 5 (IQR, 3 – 8) in the uncommon group, 3 (IQR, 2 – 5) in the frequent group and 2 (IQR, 2 – 4) in the
very frequent group. Results from the multivariate analysis showed that VL ≥100000 copies/mL (OR,
8.96; 95% CI, 1.012– 71.4) and a diagnoses of AIDS (OR, 1.46; 95% CI, 1.02– 2.1) at ART initiation were
associated with a higher risk of developing frequent VLE50-199, whereas likelihood signi�cantly
decreased with the duration of ART (OR, 0.802; 95% CI, 0.727– 0.805).

Virological outcome

During follow-up, 169 instances of virological failure occurred (143 among patients with uncommon or
not VLE50-199, 17 among patients experiencing frequent VLE50–199 and 9 among patients experiencing
very frequent VLE50-199). Overall, 4.1% of the patients experienced virological failure after 2 years of viral
suppression and this percentage was higher in patients experiencing very frequent VLE50-199 (16.4%)
than in those experiencing frequent VLE50-199 and uncommon VLE50-199 (9.2% and 6.7%, respectively)
(Figure 1A). 

After adjusting for patient characteristics, very frequent VLE50-199 (aHR, 29.1; 95% CI, 12.6 – 68.19) and
frequent VLE50-199 (aHR, 11.83; 95% CI, 6.42 – 21.84) were strongly associated with virological failure
as compared with uncommon VLE50-199 or not elevation of viral load (Table 2).

AIDS events or death

During follow-up, 57 patients died or developed an AIDS event (51 in uncommon or not VLE50-199, 6 in
frequent VLE50-199 and none in very frequent VLE50-199). Overall, 1.4% of the patients developed an
AIDS event or died after 2 years of viral suppression; this percentage was 1.3% in patients with
uncommon VLE50-199 and 3.2% in those with frequent VLE50-199 (Figure 1B). In multivariable analyses,
frequent VLE50-199 was no associated with higher risk of AIDS events or death (Table 2).

Non-AIDS events

During follow-up, 107 patients developed an NAE (97 in uncommon or not VLE50-199, 8 in frequent
VLE50-199 and 2 in very frequent VLE50-199). Overall, after 2 years of viral suppression, 2.7% of the
patients developed a NAE; this percentage was 2.6% in patients with uncommon VLE50-199, 4.4% in
those with frequent VLE50-199 and 3.7% in those with very frequent VLE50-199 (Figure 1C). In
multivariable analyses, frequent VLE50-199 had an adjusted NAE hazard ratio of 2.13 (95% CI, 0.91–4.97;
p=0.081) and very frequent VLE50-199 of 4.66 (95% CI, 0.9–21; p=0.05) (Table 2).

Discussion
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In this cohort of HIV-infected patients receiving ART from 2012 to 2017, persistent minor elevations of
plasma VL below 200 copies/mL were strongly associated with an increased risk of virological failure.
Patients with VLE 50–199 in more than 25% of the determinations were more likely to develop virological
failure, although they were not at higher risk of developing AIDS events or death in the long-term. The risk
of virological failure was particularly high in patients with VLE 50–199 in more than 50% of the
measurements. We also observed higher rates of NAE in individuals with frequent and very frequent
VLE50-199; however, this difference was not statistically signi�cant in multivariate analysis. In contrast,
not having VLE50-199 or having it in less than 25% of the measurements were not associated with a
higher risk of developing any of the events analyzed. This observation is relevant since the prognostic
implications and optimal management of patients who have VLE50-199 on ART remains poorly de�ned.

Although subjects included in these analyses started ART in the era of modern antiretroviral agents, a
remarkable proportion of the patients experienced mild elevations of VL between 50 and 199 copies/ml.
Transient elevations of VL have been frequently reported in patients receiving ART in previous cohort
studies[10, 11]. Between 4 and 20% of HIV-infected patients experienced persistent episodes of detectable
viremia at low levels, between 50 and 500 copies/ml, in investigations conducted during the past
decade[10–12]. There are multiple possible explanations for the viral load elevations phenomenon, but it
is generally believed to arise from the release of the virus from resting memory CD4 + T lymphocytes
activated upon antigenic stimulation[13, 14] or from sanctuary compartments where ART drugs may
achieve suboptimal drug concentrations[13, 14]. In line with previous investigations, the multivariate
analysis of our study showed that higher plasma VL at cohort entry and having suffered a previous AIDS
episode were associated with low level viremia during otherwise suppressive ART. Interestingly, prior
studies have found that higher VL at ART initiation correlates with reservoir size[15], giving support to the
hypothesis that the frequency of viral loads elevations during ART may re�ect the size of the pool of
latently infected cells.

In a previous study[6] we showed that patients with low level viremia (LLV) between 200 and 499
copies/ml had a higher risk of virological failure, but we could not �nd such a relationship in patients with
LLV between 50 and 199 copies/ml. In the previous analyses we used a stringent de�nition of virological
failure consisting of at least 2 consecutive viral loads of more than 500 copies/mL. Current clinical
guidelines, however, recommend a less lenient cutoff and de�ne virological failure as the inability to
maintain a VL below 200 copies/mL with a recommendation to switch ART if the VL is con�rmed as
being ≥ 200 copies/mL[16]. Our present analyses were performed according to this cutoff and con�rmed
that even minor elevations of VL between 50 and 199 copies/ml, if they persist, are strongly associated
with an increased risk of virological failure. Our results are in line with those found by Joya et al[17] in the
US Military HIV Natural History Study (NHS) cohort, using the same de�nition of virological failure. They
observed that having persistent elevated viremia between 50 and 199 copies/ml in more than 25% of the
measurements was associated with a higher risk of virological failure, compared to those who were
suppressed or had an elevation of VL between 50 and 199 copies/ml in less than 25% of the
measurements. That study included mainly men (93%) who initiated ART after 1996 and many of them
were receiving old treatment regimens including unboosted PI. In contrast, our dataset included only
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patients starting ART in this decade (after 2012) most of them receiving modern antiretroviral drugs,
including INSTIs-based regimens, and a higher proportion of females than in the NHS cohort. In addition,
we have evaluated the impact of very frequent VLE 50–199 (> 50% of the measurements) and
investigated the clinical implications of the viral load elevations.

Unlike most previous studies addressing implications of mild elevations of VL in which low-level viremia
was considered as a dichotomous variable, we took into account the number of episodes in which the
phenomenon was present as a potential surrogate marker of persistent viral replication. According to our
results, the persistence of low-level viremia may be the major determinant of the outcome. Whereas a
single elevation of VL might well be related to random variations of the technique or periods of low
adherence that have no virological or clinical consequences[14, 18], frequent elevations, although of low-
level and not consecutive, may be related to a larger reservoir size[13, 14, 19], a more advanced
disease[14], a failure of the treatment to fully control viral replication or longer periods of non-
adherence[14], and might therefore be associated with worse outcomes as it happened in our study.

As in our previous study[6], we found an association of LLV200-499 with the incidence of AIDS or death.
However, we did not �nd an association with VLE50-199. An interesting �nding of our study is that we
observed higher rates of NAE in individuals with frequent and very frequent VLE 50–199, suggesting a
link between persistent low-level viremia and the development of NAE, although this difference did not
reach statistical signi�cance. This signal goes in line with the hypothesis that NAE in HIV-infected
patients receiving otherwise suppressive ART may be due in part to immune activation and in�ammation
resulting from persistence of viral replication or viral leaks from the reservoirs[18, 20, 21]. It is possible
that other factors such as activation of latent viruses [22, 23] such as cytomegalovirus or human
herpesvirus 8, bacterial translocation and gut microbiota alteration along with low-level HIV replication
play a role in the increase of in�ammation and risk of NAE[24].

Our study has some limitations. Since the proportion of VLE may be related to the number of
measurements, it may have been more likely to have higher proportions with a lower number of
measurements. However, adjusting for this variable did not change the results of the Cox regression. We
have disregarded the assay used for VL determination during the study period in the participating centers
and the type of technique could have in�uenced low-level viremia values. However, the detection
threshold of 50 copies/ml was used in all centers. Another potential limitation was that resistance data
were not available in the CoRIS database in patients with low-level viremia. Some previous studies have
found that those patients have a higher risk of developing drug resistance[25, 26] and it has been
suggested that resistance mutations may increase the risk of virological failure [28,29]. Finally, we had no
access to data on medication adherence and on several non-HIV associated factors that can affect the
risk of NAE and mortality, such as smoking, alcohol or comorbidity scores. Therefore, we could not
evaluate its potential in�uence on the outcomes.

In conclusion, in patients receiving modern ART, persistent VLE between 50 and 199 copies/ml was
strongly associated with virological failure but did not increase the risk of developing AIDS events or
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death. However, higher rates of NAE were observed. Those patients have to be monitored more closely
and might be candidates to switching the antiretroviral regimen. Further research is required to
investigate whether persistent VLE is associated with other adverse clinical outcomes.
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Table 1
Patient’s characteristics at ART initiation (N = 4121)

  Uncommon VLE50-199
or not elevation

(3881; 94.2%)

Frequent VLE50-
199 (185; 4.5%)

Very frequent
VLE50-199

(55; 1.3%)

p-
value

Sex female [n (%)] 485 (12.5) 23 (12.4) 3 (5.5) 0.290

Transmission group [n
(%)]

      0.113

Homo/bisexual 2667 (68.7) 115 (62.2) 45 (81.8)  

Injecting drug use 116 (3.0) 6 (3.2) 1 (1.8)  

Heteroxesual 952 (24.5) 52 (28.1) 7 (12.7)  

Other/unknown 146 (3.8) 12 (6.5) 2 (3.6)  

Country of origin [n (%)]       0.857

Spain 2366 (61.0) 112 (60.5) 30 (54.5)  

No Spain 1497 (38.6) 72 (38.9) 25 (45.5)  

Unknown 17 (0.4) 1 (0.5) 0 (0.0)  

Educational level [n (%)]       0.147

No or compulsory
education

457 (11.8) 26 (14.1) 3 (5.5)  

Upper secondary or
university

2719 (70.1) 123 (66.5) 36 (65.5)  

Unknown 705 (18.2) 36 (19.5) 16 (29.1)  

AIDS diagnosis [n (%)] 367 (9.5) 33 (17.8) 10 (18.2) < 
0.001

ART regimen [n (%)]       < 
0.001

2 NRTI + 1 PI/b 672 (17.3) 40 (21.6) 11 (20.0)  

2 NRTI + 1 NNRTI 1541 (39.7) 44 (23.8) 8 (14.5)  

2 NRTI + INSTIs 1447 (37.3) 89 (48.1) 35 (63.6)  

VLE50-199: viral load elevation between 50 and 199 copies/ml; Uncommon VLE50-199, viral load
elevation between 50 and 199 copies/ml in < 25% of measurements or not VLE; Frequent VLE50-199,
viral load elevation between 50 and 199 copies/ml between 25–50% of measurements; Very frequent
VLE50-199, viral load elevation between 50 and 199 copies/ml in > 50% of measurements; ART:
Antiretroviral therapy; NRTI: Nucleoside reverse transcriptase inhibitors NNRTI: Non-nucleoside reverse
transcriptase inhibitors; PI/b: Ritonavir or cobicistat booster-Protease inhibitor; INSTIs: Integrase
inhibitor
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  Uncommon VLE50-199
or not elevation

(3881; 94.2%)

Frequent VLE50-
199 (185; 4.5%)

Very frequent
VLE50-199

(55; 1.3%)

p-
value

Other/unknown 221 (5.7) 12 (6.5) 1 (1.8)  

Time HIV infection,
years (median [IQR])

3.6 [2.2, 5.5] 3.1 [1.9, 4.9] 1.8 [1.2, 2.8] < 
0.001

Years on ART (median
[IQR])

2.6 [1.5, 3.8] 2.4[1.5, 3.5] 1.2 [0.9, 2.0] < 
0.001

CD4 + cell count
(median [IQR])

397 [262, 548] 331[127, 524.7] 353 [222,
467.5]

< 
0.001

CD4 + cell count [n (%)]       < 
0.001

< 200 654 (16.9) 60 (32.4) 10 (18.2)  

200–499 1942 (50.0) 72 (38.9) 35 (63.6)  

>= 500 1190 (30.7) 52 (28.1) 9 (16.4)  

Unknown 95 (2.4) 1 (0.5) 1 (1.8)  

Hepatitis C virus
antibodies [n (%)]

      0.568

No 3262 (84.1) 151 (81.6) 47 (85.5)  

Yes 229 (5.9) 16 (8.6) 2 (3.6)  

Unknown 390 (10.0) 18 (9.7) 6 (10.9)  

HIV-1 viral load [n (%)]       < 
0.001

< 100000 2625 (67.6) 69 (37.3) 19 (34.5)  

>=100000 1135 (29.2) 115 (62.2) 35 (63.6)  

Unknown 121 (3.1) 1 (0.5) 1 (1.8)  

Age, years (median
[IQR])

35 [28, 42] 38 [29, 45] 35[28, 42] 0.059

Age > = 50 years [n (%)] 422 (10.9) 22 (11.9) 4 (7.3) 0.627

VLE50-199: viral load elevation between 50 and 199 copies/ml; Uncommon VLE50-199, viral load
elevation between 50 and 199 copies/ml in < 25% of measurements or not VLE; Frequent VLE50-199,
viral load elevation between 50 and 199 copies/ml between 25–50% of measurements; Very frequent
VLE50-199, viral load elevation between 50 and 199 copies/ml in > 50% of measurements; ART:
Antiretroviral therapy; NRTI: Nucleoside reverse transcriptase inhibitors NNRTI: Non-nucleoside reverse
transcriptase inhibitors; PI/b: Ritonavir or cobicistat booster-Protease inhibitor; INSTIs: Integrase
inhibitor
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  Uncommon VLE50-199
or not elevation

(3881; 94.2%)

Frequent VLE50-
199 (185; 4.5%)

Very frequent
VLE50-199

(55; 1.3%)

p-
value

Hepatitis B surface
antigen [n (%)]

      0.978

No 3106 (80.0) 150 (81.1) 45 (81.8)  

Yes 112 (2.9) 5 (2.7) 2 (3.6)  

Unknown 663 (17.1) 30 (16.2) 8 (14.5)  

VLE50-199: viral load elevation between 50 and 199 copies/ml; Uncommon VLE50-199, viral load
elevation between 50 and 199 copies/ml in < 25% of measurements or not VLE; Frequent VLE50-199,
viral load elevation between 50 and 199 copies/ml between 25–50% of measurements; Very frequent
VLE50-199, viral load elevation between 50 and 199 copies/ml in > 50% of measurements; ART:
Antiretroviral therapy; NRTI: Nucleoside reverse transcriptase inhibitors NNRTI: Non-nucleoside reverse
transcriptase inhibitors; PI/b: Ritonavir or cobicistat booster-Protease inhibitor; INSTIs: Integrase
inhibitor
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Table 2
Adjusted hazard ratios for virological failure, AIDS events/death and non-AIDS events

  Virological failure AIDS events/death Non-AIDS events

HR (CI 95%) p HR (CI 95%) p HR (CI
95%)

p

Transmission group

Homo/bisexual

Injecting drug use

Heterosexual

Other/unknown

1

1.81 (0.91–
3.60)

1.73 (1.23–
2.43)

0.87 (0.31–
2.41)

0.089

0.001

0.793

1

0.26 (0.03–
2.27)

1.54 (0.86–
2.77)

0.62 (0.15–
2.45)

0.224

0.145

0.499

1

1.36
(0.50–
3.70)

1.14
(0.73–
1.79)

0.97
(0.34–
2.74)

0.551

0.561

0.956

AIDS diagnosis 1.58 (1.02–
2.40)

0.039 51.23
(26.11-
100.54)

< 
0.001

1.4
(0.76–
2.58)

0.275

Time on ART 0.04 (0.02–
0.06)

< 
0.001

0.61 (0.48–
0.77)

< 
0.001

0.79
(0.62-1)

0.05

1 Adjusted for sex (male, female), age (< 50, ≥ 50), transmission group (homo/bisexual, injecting drug
use, heterosexual, other/unknown), educational level (no or compulsory education, upper secondary
or university, unknown), country of origin (Spain, no Spain, Unknown), CD4 + cell count (< 200, ≥ 200,
unknown), HIV-1 viral load (< 100000, ≥ 100000, unknown), AIDS diagnosis (no, yes), hepatitis C virus
antibodies (no, yes, unknown) and hepatitis B surface antigen (no, yes, unknown) at ART initiation,
ART regimen (2 NRTI + 1 NNRTI, 2 NRTI + 1 PI, 2 NRTI + 1 INSTI, other/non-speci�ed), VLE50-199,
VLE200-999 and numbers of measurements.

VLE: Viral load elevation; VLE50-199, viral load elevation between 50 and 199 copies; Uncommon
VLE50-199, viral load elevation between 50 and 199 copies/ml in < 25% of measurements or not VLE;
Frequent VLE50-199, viral load elevation between 50 and 199 copies/ml between 25–50% of
measurements; Very frequent VLE50-199, viral load elevation between 50 and 199 copies/ml in > 50%
of measurements

VLE200-999 viral load elevation between 200 and 999 copies/ml; ART: Antirretroviral therapy; NRTI:
Nucleoside reverse transcriptase inhibitors NNRTI: Non-nucleoside reverse transcriptase inhibitors;
PI/b: Ritonavir or cobicistat booster-Protease inhibitor; INSTI: Integrase inhibitor
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  Virological failure AIDS events/death Non-AIDS events

HR (CI 95%) p HR (CI 95%) p HR (CI
95%)

p

CD4 + cell count

< 200

200–500

≥ 500

Unknown

1

0.55 (0.36–
0.83)

0.29 (0.17–
0.49)

0.37 (0.12–
1.10)

0.040

< 
0.001

0.074

1

2.47 (1.30–
4.60)

1.98 (0.83–
4.70)

0.78 (0.07–
8.80)

0.005

0.121

0.846

1

0.85
(0.48–
1.48)

0.78
(0.4–
1.50)

0.81
(0.11–
5.70)

0.573

0.461

0.835

ART regimen [n (%)]

2 NRTI + 1 PI/b

2 NRTI + 1 NNRTI

2 NRTI + 1 INSTI

Other/Non-speci�ed

1

1.35 (0.88–
2.06)

0.5 (0.33–
0.77)

1 (0.48–
2.089

0.165

0.002

0.998

1

1.45 (0.67–
3.15)

0.86 (0.4–
1.82)

1.1 (0.29–
4.11)

0.341

0.695

0.880

1

0.83
(0.50–
1.37)

0.79
(0.44–
1.40)

1.04
(0.44–
2.40)

0.479

0.421

0.917

1 Adjusted for sex (male, female), age (< 50, ≥ 50), transmission group (homo/bisexual, injecting drug
use, heterosexual, other/unknown), educational level (no or compulsory education, upper secondary
or university, unknown), country of origin (Spain, no Spain, Unknown), CD4 + cell count (< 200, ≥ 200,
unknown), HIV-1 viral load (< 100000, ≥ 100000, unknown), AIDS diagnosis (no, yes), hepatitis C virus
antibodies (no, yes, unknown) and hepatitis B surface antigen (no, yes, unknown) at ART initiation,
ART regimen (2 NRTI + 1 NNRTI, 2 NRTI + 1 PI, 2 NRTI + 1 INSTI, other/non-speci�ed), VLE50-199,
VLE200-999 and numbers of measurements.

VLE: Viral load elevation; VLE50-199, viral load elevation between 50 and 199 copies; Uncommon
VLE50-199, viral load elevation between 50 and 199 copies/ml in < 25% of measurements or not VLE;
Frequent VLE50-199, viral load elevation between 50 and 199 copies/ml between 25–50% of
measurements; Very frequent VLE50-199, viral load elevation between 50 and 199 copies/ml in > 50%
of measurements

VLE200-999 viral load elevation between 200 and 999 copies/ml; ART: Antirretroviral therapy; NRTI:
Nucleoside reverse transcriptase inhibitors NNRTI: Non-nucleoside reverse transcriptase inhibitors;
PI/b: Ritonavir or cobicistat booster-Protease inhibitor; INSTI: Integrase inhibitor
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  Virological failure AIDS events/death Non-AIDS events

HR (CI 95%) p HR (CI 95%) p HR (CI
95%)

p

HIV-1 viral load

< 100000

≥ 100000

Unknown

1

1.48 (1.03–
2.11)

2.48 (1.09–
5.60)

0.032

0.030

1

0.49 (0.27–
0.89)

0.38 (0.06–
2.37)

0.02

0.303

1

0.87
(0.55–
1.36)

0.91
(0.18–
4.50)

0.557

0.909

VLE50-199

Uncommon VLE50-199 or
not elevation

Frequent VLE50-199 Very
frequent VLE50-199

1

11.83
(6.42–
21.84)

29.10
(12.60-
67.19)

< 
0.001

< 
0.001

1

1.07 (0.30–
3.80)

NA

0.911

0.911

1

2.13
(0.91–
4.97)

4.66
(0.90–
21.90)

0.081

0.052

1 Adjusted for sex (male, female), age (< 50, ≥ 50), transmission group (homo/bisexual, injecting drug
use, heterosexual, other/unknown), educational level (no or compulsory education, upper secondary
or university, unknown), country of origin (Spain, no Spain, Unknown), CD4 + cell count (< 200, ≥ 200,
unknown), HIV-1 viral load (< 100000, ≥ 100000, unknown), AIDS diagnosis (no, yes), hepatitis C virus
antibodies (no, yes, unknown) and hepatitis B surface antigen (no, yes, unknown) at ART initiation,
ART regimen (2 NRTI + 1 NNRTI, 2 NRTI + 1 PI, 2 NRTI + 1 INSTI, other/non-speci�ed), VLE50-199,
VLE200-999 and numbers of measurements.

VLE: Viral load elevation; VLE50-199, viral load elevation between 50 and 199 copies; Uncommon
VLE50-199, viral load elevation between 50 and 199 copies/ml in < 25% of measurements or not VLE;
Frequent VLE50-199, viral load elevation between 50 and 199 copies/ml between 25–50% of
measurements; Very frequent VLE50-199, viral load elevation between 50 and 199 copies/ml in > 50%
of measurements

VLE200-999 viral load elevation between 200 and 999 copies/ml; ART: Antirretroviral therapy; NRTI:
Nucleoside reverse transcriptase inhibitors NNRTI: Non-nucleoside reverse transcriptase inhibitors;
PI/b: Ritonavir or cobicistat booster-Protease inhibitor; INSTI: Integrase inhibitor

Figures
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Figure 1

A. Cause-speci�c cumulative incidence of �rst virological failure after virological suppression B.
Cumulative incidence of �rst AIDS event/death after virological suppression C. Cumulative incidence of
�rst Non-AIDS event after virological suppression NAEs: Non-AIDS events; VLE50-199: viral load elevation
between 50 and 199 copies/ml; Uncommon VLE50-199, viral load elevation between 50 and 199
copies/ml in <25% of measurements or not VLE; Frequent VLE50-199, viral load elevation between 50 and



Page 19/19

199 copies/ml between 25-50% of measurements; Very frequent VLE50-199, viral load elevation between
50 and 199 copies/ml in > 50% of measurements;


