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ABSTRACT
Low-level viraemia (LLV) following antiretroviral therapy (ART) in people living with HIV (PLWH) has not received 
sufficient attention. To the determine the prevalence of LLV and its association with virological failure (VF), we 
systematically reviewed evidence-based interventions for PLWH. We searched PubMed, the Cochrane Library, Embase, 
and Web of Science from inception to 22 May 2024. Cohorts with samples sizes smaller than 1000 in size were 
excluded. Data from 16 cohort studies, encompassing 13,49,306 PLWH, revealed a pooled prevalence of LLV of 
13.81%. Relative risk (RR) and 95% confidence intervals (CI) identified the following risk factors for LLV: viral load 
(VL) ≥ 105 copies/mL at baseline (1.79, 1.11–2.88), AIDS-defined illness at baseline (1.24, 1.10–1.40), and protease 
inhibitor-based regimen at ART initiation (1.53, 1.45–1.62) are the risk factors for LLV. Conversely, CD4 count ≥200 
cells/μL at baseline (0.90, 0.82–0.98), non-nucleoside reverse transcriptase inhibitor-based regimen (0.81, 0.68–0.96) 
and the integrase strand transfer inhibitor (INSTI)-based regimen (0.60, 0.42–0.85) were associated with a reduced risk 
of LLV. Pooling the adjusted hazard ratio (aHR) and the 95% CI, we found that LLV increased the risk of VF with rising 
VL among 96,711 PLWH (aHR 2.77, 95% CI 2.03–3.76) and increased the risk of all-cause mortality at high VL levels 
among 14,229 PLWH (aHR 1.66, 95% CI 1.16–2.37). Therefore, the prevalence of LLV in PLWH should not be 
overlooked. This study aims to guide better management strategies to improve clinical outcomes in patients with LLV.
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Introduction

Eradicating acquired immunodeficiency syndrome 
(AIDS) is one of the United Nations’ Sustainable 
Development Goals for 2030 [1]. Significant progress 
has been made in the fight against HIV and AIDS in 
recent years. Then “Undetectable = Untransmittable,” 
(U = U), has been increasing recognized by inter-
national organizations and countries. An HIV viral 
load (VL) below 200 copies/mL is associated with 
zero risk of sexual transmission, a threshold widely 
used for “U = U” messaging in many high-income set-
tings [2]. However, in resource-limited settings, the 
limitations of VL testing methods do not allow for 
this level of surveillance [3,4]. Previously, the risk 
associated with VL >200 copies/mL has been debated. 
A systematic assessment presented at the 2023 Inter-
national Antiviral Society Conference revealed mini-
mal risk of sexual transmission among people living 

with HIV (PLWH) who have low-level viraemia 
(LLV) (<1000 copies/mL) [5]. This finding further 
underscores the importance of “U = U” in public 
health policy and practice. This provides a strong 
scientific basis for global HIV prevention and control. 
However, this encouraging conclusion does not 
extend to other transmission routes, such as mother- 
to-child transmission and injection drug use. If VL 
in the blood exceeds 12.7 copies/mL, there is a risk 
of HIV transmission through only 22.9 mL of blood 
transfusion [6]. The World Health Organization 
(WHO) classifies HIV transmission risk into three 
levels, with VL <1000 copies/mL categorized by “yel-
low light” risk [7]. The presence of LLV impedes 
HIV elimination.

Previous research has indicated that LLV, particu-
larly persistent LLV (pLLV), may lead to several 
adverse outcomes, including the development of 
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drug resistance mutations, increased inflammatory 
factors release, elevated immunological activation, 
and accelerated disease progression [8–12]. The 
definitions of LLV and virological failure (VF) and 
are inconsistent across current research. Therefore, 
the existing evidence remains controversial and can-
not be applied universally.

Typically, LLV is characterized by detectable virae-
mia below the threshold of VF. The WHO defines VF 
as a first VL >1000 copies/mL 6 months after initiating 
antiretroviral therapy (ART), followed by a repeat VL 
result >1000 copies/mL 3 months after the first VL 
result on a global scale [13]. In contrast, high-income 
settings often use a threshold of 200 copies/mL 
[14,15], while the European AIDS Clinical Society 
(EACS) strictly defines VF as VL ≥50 copies/mL 
[16]. Due to these differing definitions, existing 
research evidence cannot be applied to all PLWH 
with LLV, and no international guidelines have been 
established.

Considering these discrepancies and the lack of 
robust evidence for lower threshold, we summarized 
the prevalence and risk factors for LLV within the 
range of 50–999 copies/mL. Additionally, we reviewed 
the available evidence to assess the effect of LLV on the 
risk of VF and mortality.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis followed the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analysis (PRISMA) statement [17]. We 
searched PubMed, the Cochrane Library, Embase, 
and Web of Science from inception to 22 May 2024, 
without language restrictions to identify relevant 
full-text studies. Details of the search strategies are 
provided in Table S1. In Brief, combinations of search 
terms related to HIV or AIDS, LLV, pLLV, blip, and 
residual viraemia were used. The study protocol is 
registered in PROSPERO (CRD42023410779).

Clinical trials and prospective or retrospective 
cohort studies had to meet all of the following criteria 
to be included in this review: the study population 
must be at least 15 years of age, including PLWH 
with ART-naïve or ART-experienced and at risk of 
LLV after at least 24 weeks of ART; the study popu-
lation was followed up for LLV following ART 
(based on first-and second-line ART); and the preva-
lence rate was either reported or calculated. Samples 
with a size of less than 1000 were excluded.

The primary outcome was LLV prevalence. The risk 
factors for LLV and the correlation between LLV and 
VF were the secondary outcomes. All participants 
were categorized by their longitudinal viraemia 
profiles six months or more after ART initiation the 

following definitions: (1) LLV, defined as the occur-
rence of at least one VL measurement of 50–999 
copies/mL after virologic suppression is achieved, 
including pLLV, defined as two or more consecutive 
VLs of 50–999 copies/mL, at least one month apart, 
and otherwise blip; (2) VF, defined as one or more 
HIV VLs of ≥1000 copies/mL; and (3) virological sup-
pression, defined as VL <50 copies/mL.

Data analysis

The prevalence of LLV was calculated for each 
included study using the total number of PLWH in 
the cohort and the number of PLWH with LLV. The 
computed and pooled relative risk (RR) and 95% 
confidence intervals (CI) were used to evaluate LLV 
risk variables. If available, we recorded the adjusted 
hazard ratio (aHR), 95% CI, and p-values for the 
association between LLV and VF according to the 
most adjusted model results. To compare the synth-
eses, we also complied frequently published unad-
justed model results. We noted the factors for which 
adjustments were performed in each model to provide 
information for evaluating residual confounding fac-
tors. To reduce meta-analysis heterogeneity, we 
chose the follow-up time points that were most fre-
quently reported across trials where an outcome was 
reported throughout a range of time points. We per-
formed a single-proportion meta-analysis on the 
prevalence of LLV. Correlation analyses employed 
log-transformed rates that were subsequently back- 
transformed for reporting purposes.

Data extracted included the first author’s name, 
publication year, study design, study location, 
inclusion and exclusion criteria, definition of LLV, 
source of the LLV cohort, total number of partici-
pants, and PLWH demographics and clinical charac-
teristics, such as age, sex, baseline CD4 count, 
baseline HIV VL, initial ART regimen, duration of fol-
low-up, adjusted variables, and pertinent outcomes. 
The risk of bias in the included studies was assessed 
using a modified Newcastle-Ottawa quality assessment 
scale for cohort studies [18]. It consists of eight ques-
tions divided into three domains: Outcome (three 
questions), Exposure (two questions), and Selection 
(three questions). The total score was nine. One 
point was considered a moderate risk of bias for 
each domain, whereas more than one point was 
regarded as a high risk of bias. Three reviewers 
(SNZ, WJW, and SBL) performed critical evaluations, 
and discrepancies were discussed with the group to 
obtain agreement. Each outcome was reported only 
once if it appeared in multiple publications that 
reported outcomes in the same cohort.

We examined the subgroup proportions of PLWH 
with LLV according to study type, study site, and 
national economic status. Sensitivity analyses were 
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conducted to evaluate differences in the proportion of 
PLWH with LLV. Considered significant heterogen-
eity was determined as p-value of Q statistic ≤0.1 or 
I2 ≥ 50%. Rate estimates were compiled using Stata’s 
metan command and either random- or fixed-effect 
meta-analysis models by constructing funnel plots 
and calculating Egger’s test with Stata’s metafunnel 
and metabias commands [19,20]. All data were exam-
ined using Stata SE (version 15.0).

Results

The first search yielded 4,329 results; 1,298 duplicates 
and 2,702 ineligible titles and abstracts were excluded. 
From the remaining 329 articles that underwent a full- 
text review, we excluded three articles from the same 
cohort [21–23]. Eventually included 16 cohort studies 
with data on 13,49,306 PLWH on the prevalence of 
LLV (Figure 1) [24–39]. Six of these studies provided 
aHR and 95% CI in LLV and VF, including 1,10,219 
PLWH [24,25,29,31,34,37].

The earliest study on this topic was conducted in 
2012 [24]. The study designs included three prospective 
observational studies and thirteen retrospective obser-
vational studies. Fourteen studies reported the sex 
ratio of PLWH [24–27,29–38], revealing that the 
majority of PLWH were male, with only two studies 
reporting a majority of female PLWH [29,38]. The 
proportion of PLWH with a CD4 count <200 cells/µL 
varied from 12.8 to 51% across eight studies 
[24,26,29,31,32,34–36]. The longest follow-up period 
was 81,837 person-years (PYS) [37]. Hermans et al. 
reported the highest incidence rate [29]. The incidence 
rate of LLV in the first-line ART regimen was 11.5/100 
PYS (95% CI 11.4–11.7), and that of the second-line 
ART regimen was 15.1/100 PYS (14.2–16.1) (Table S2).

The estimated risks of bias are presented in Table 
S3. There was a low risk of bias in five studies, moder-
ate risk in eight studies, and high risk in three studies. 
The symmetry could not be assessed using funnel 
plots. Egger’s (p = 0.097) and Begg’s (p = 0.620) tests 
indicated no potential publication bias (Figure S1).

The 16 included studies provided prevalence data 
for LLV, resulting in a pooled prevalence of 13.81% 
(95% CI 11.71%–15.90%, 238,604/13,49,306). Six 
studies reported the prevalence of blip 
[24,27,29,31,32,37] while another six reported the 
prevalence of pLLV [25,29–32,34]. Additionally, the 
prevalence of blip in PLWH was substantially higher 
than that of pLLV (15.32%, 6.57%–24.07%, 21,552/ 
1,21,129 vs. 4.85%, 3.25%–6.45%, 2,883/1,01,226; p =  
0.000) (Figure 2). We summarized the LLV prevalence 
reported in the included studies, with LLV prevalence 
rates in South Africa and Switzerland at 23.19% 
(22.88%–23.50%) and 22.01% (20.74%–23.28%), 
respectively (Figure 3). Among the continents, Africa 
had the highest prevalence rate of 19.22% (16.59%– 

21.85%, 2,28,038/12,69,310) (Figure S2). In the sub-
group analysis, the prevalence differed according to 
study site. The pooled prevalence of LLV in single- 
centre studies (8.15%, 5.07%–11.23%, 2,234/27,322) 
was significantly lower than that in the multicentre 
studies (17.17%, 15.27%–19.07%, 2,36,370/13,21,984). 
Data from studies of different types and income 
countries showed that the pooled prevalence of LLV 
was similar (Figure S3).

Six articles, including 1,10,219 PLWH from seven 
cohorts, provided aHR and 95% CIs for LLV and VF 
[24,25,29,31,34,37]. Although the standard for strati-
fying LLV by Li et al. was slightly different from that 
used in other studies, we believe that this difference 
was negligible [31]. Information on each model 
adjustment variable is presented in Table S4. Three 
articles, including four cohorts with a total of 96,711 
individuals, studied the association of LLV with VF, 
and we pooled their results ultimately finding that 
LLV was associated with a significantly increased 
risk of subsequent VF with an aHR of 2.77 (2.03– 
3.76) (Figure 4(A)) [29,34,37]. PLWH with a VL of 
500–999 copies/mL in the blip subgroup were con-
siderably more likely to experience VF (2.46, 1.35– 
4.48). The prevalence of VF was not significantly 
higher in PLWH in the 50–199 copies/mL and 200– 
499 copies/mL VL groups (1.03, 0.83–1.28; 
1.06,0.60–1.89) (Figure 4(B)). The aHRs in the pLLV 
subgroup increased as the LLV range increased from 
51 to 199 copies/mL, 200–499 copies/mL, and 500– 
999 copies/mL. The risk of VF was significantly greater 
in PLWH with VL of 50–199 copies/mL (2.41, 1.91– 
3.05), 200–499 copies/mL (5.11, 1.64–15.88), and 
500–999 copies/mL (9.44, 3.85–23.15) than in those 
with virological suppression (Figure 4(C)). Similarly, 
the results of pooling aHR and 95% CI of six articles 
were 2.73 (2.02–3.68), and regardless of the level of 
VL, LLV was significantly correlated with VF (Figure 
S4). Similar results were obtained using the unad-
justed model (Figure S5).

Of the 16 studies included, only one reported an 
aHR of 2.2 (1.3–3.6) for all-cause mortality in partici-
pants with LLV of 50–999 copies/mL compared to 
those with virological suppression [30]. When analys-
ing the LLV groups separately, two studies included 
data from 1,429 PLWH [30,36]. Among those with 
50–199 copies/mL, no significant increase in the risk 
of all-cause mortality (1.45, 0.67–3.13) was observed, 
while the aHR of 200–999 copies/mL of PLWH was 
1.66 (1.16–2.37) (Figure S6).

Two studies have reported a correlation between 
LLV and AIDS-related death [30,36]. Yu et al. found 
that LLV could increase the risk of AIDS-related 
death at 200–999 copies/mL (2.37, 1.36–4.14), but 
there was no significant change in AIDS-related 
death risk at 50–199 copies/mL (1.12, 0.62–2.04) 
[36]. Two studies have reported a correlation between 
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LLV and non-AIDS events (NAEs) [30,34]. Elvstam 
et al. found a significant correlation between pLLV 
and NAEs in pLLV individuals with VL between 200 
and 999 copies/mL in the adjusted model (2.0, 1.2– 
3.6) [30]. Ding et al. reported that pLLV can lead to 
NAEs regardless of the VL level (8.39, 4.07–17.30) 
[34]. One study reported the drug resistance (DR) of 
LLV [35]. Among 1,818 PLWH with VLs of 50–999 
copies/mL, 182 (10.0%) developed HIV DR. The 
most frequently occurring resistance-associated 
mutations were M184I/V (28.6%), K103N (19.2%), 
and V181C/I/V (10.4%), with multidrug resistance 
observed in 27.5% of cases.

In the risk factor analysis of LLV, seven studies pro-
vided univariate analysis data [24,26,30,34–37]. We 
identified that VL ≥105 copies/mL at baseline (RR 
1.79, 1.11–2.88), AIDS-defined illness at baseline 

(1.24, 1.10–1.40), and protease inhibitor (PI)-based 
regimen at ART initiation (1.53, 1.45–1.62) can 
increase the risk of LLV. Conversely, CD4 count 
≥200 cells/μL at baseline (0.90, 0.82–0.98), non- 
nucleoside reverse transcriptase inhibitor (NNRTI)- 
based regimen (0.81, 0.68–0.96) and integrase strand 
transfer inhibitor (INSTI)-based regimen (0.60, 
0.42–0.85) appeared to reduce the risk of LLV (Figure 
5). One of the studies reported that any NRTI resist-
ance mutation detected pre-ART serves as a protective 
factor (0.65, 0.52–0.81) [37], while another study 
reported that missed doses in the past month could 
increase the risk of LLV (1.62, 1.49–1.75) [35]. We 
found no significant influence of sex, route of HIV 
acquisition, coinfection of hepatitis B or hepatitis C 
at baseline or haemoglobin levels ≥110 g/L on the out-
comes (Figure S7).

Figure 1. PRISMA flowchart of study inclusion. Abbreviations: PRISMA, Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses; LLV, low-level viraemia.
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Discussion

There persistence of LLV poses a significant challenge 
to achieving full viral suppression in PLWH compli-
cating efforts to control HIV epidemic. The lack of 
standardized definition of LLV across different guide-
lines, along with variations in study design, patient 
populations, and VL measurement methods, has led 
to an absence of international consensus on LLV man-
agement. This study, following the WHO definition of 
LLV, included a large cohort of over 1,000 individuals 
to evaluate the prevalence of LLV and its association 
with VF. We found the global prevalence of LLV 
was 13.81%, with its occurrence associated with high 
baseline VL, AIDS-defining illness, and PI-based regi-
mens at the initiation of ART. Moreover, LLV was 
strongly associated with an increased risk of VF and 
all-cause mortality.

Our findings confirmed a global prevalence of LLV, 
defined as 50–999 copies/mL, at 13.81%, with a range 
of 11.71–15.90%. This is consistent with previous 
studies. A study that reviewed articles based on differ-
ent LLV definitions reported a prevalence range of 3– 
26% [40]. We also performed a global analysis of the 
prevalence of LLV revealing that LLV prevalence in 
Africa was notably higher than that in other regions. 
An inadequate healthcare environment and limited 
drug availability, contributes to poor antiretroviral 

efficacy and drug adherence, that are key factors in 
the high prevalence of LLV. Other important chal-
lenges to HIV prevention and control including 
reduced funding, inequality issues, political and social 
barriers are also factors that cannot be ignored. 
Although we did observe a significant difference in 
LLV prevalence between high-income countries 
(HICs) and low- and middle-income countries (L/ 
MICs), one study reported that LLV was more likely 
to occur in individuals from high-income settings 
[26], that was also associated with more frequent VL 
testing in HICs. In HICs, interventions such as adher-
ence counselling, intensive surveillance, resistance 
testing, pharmacokinetic measurements, and ART 
regimen changes may have been implemented follow-
ing the detection of an VL >50 copies/mL. Therefore, 
these interventions, however, may not be fully appli-
cable to treatment programmes in L/MICs.

Our results demonstrated a significant correlation 
between LLV and VF. Additionally, pLLV was associ-
ated with VF, and this association, strengthened as VL 
increased. Although minor intermittent rebound in 
the VL is unlikely to result in pLLV or directly to 
VF, high-level blip levels still warrant attention. This 
suggests that the risk of VF escalates with the continu-
ation of LLV, and higher VL levels correspond to a 
greater risk of VF. Aoko et al. also reported that, in 

Figure 2. Forest plot of prevalence among PLWH with LLV (A) and among PLWH with blip or pLLV (B). Abbreviations: CI, confi-
dence interval; LLV, low-level viraemia; pLLV, persistent low-level viraemia; PLWH, people living with HIV.
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a time-dependent regression model, LLV was related 
to VF, and this correlation increased with increasing 
VL [38], which is consistent with our results. High 
levels of LLV are also associated with other adverse 
clinical outcomes, including all-cause mortality, 
AIDS-related deaths, and serious non-AIDS events 
[12,30,41,42]. Remarkably, LLV results in an inability 
of PLWH to reconstitute a competent immune status 
associated with abnormal immune activation in these 
individuals [43]. Under pLLV conditions, cellular 
markers of immune activation remain consistently 
elevated. PLWH with pLLV exhibited higher 
CD8 + T cell activation than that of virologically sup-
pressed individuals [44]. The presence of LLV may 
generates new drug resistance mutations [45]. In 
another study, sequencing of 56 evaluable individuals 
revealed new resistance mutations in 37% of partici-
pants, with the most common being M184I/V, 
K103N, and M230L [46]. The high frequency of 
mutations inherent in reverse transcriptase and the 
lack of “error correction” during reverse transcription 
make HIV highly susceptible to mutations during 
high-speed replication [47,48]. The persistence of 
LLV provides a “breeding ground” for drug-resistant 
mutations. Thus, the presence of LLV increases the 
risk of HIV transmission and contributes to adverse 
clinical outcomes.

This study identified a VL ≥105 copies/mL and 
AIDS-defining illness at baseline as risk factors for 
LLV. One potential cause of LLV is the reactivation 
of latently infected cells [43,44]. A higher baseline 
VL results in a larger viral reservoir and greater ability 
to discharge detectable viruses. Retrospective analysis 
demonstrated that newly diagnosed PLWH with VL 

≥6 log10 copies/mL had a 2.2-fold increased risk of 
developing LLV before initiating ART [46]. Further-
more, AIDS-defined disease and CD4 < 200 cells/μL 
occur in PLWH with advanced AIDS, and the individ-
uals may develop LLV due to complications or impro-
per medication. Additionally, low baseline CD4+ levels 
have been reported to increase the risk of drug resist-
ance and affect the occurrence of LLV [49]. In a pro-
spective study based on the initial INSTI regimen, 
HIV RNA and CD4 were the decisive factors for viro-
logical non suppression [50]. This is consistent with 
our findings. Regardless of the CD4 count, ART 
should be initiated as soon as possible, which has 
long been included in major guidelines [13,14,16].

Based on the analysis of the initial ART regimen, we 
found that a PI-based regimen may increase the risk of 
LLV, consistent with previous studies [8,51,52]. In 
contrast, INSTI-and NNRTI-based regimens appeared 
to be protective factors. This is reflected in the Depart-
ment of Health and Human Services guidelines, that 
discourage the use of unenhanced PIs as the initial 
regimens and instead recommend INSTI- and 
NNRTI-based regimens [2]. Although our results sup-
port this claim, different studies have reported differ-
ing opinions regarding whether NNRTIs reduce the 
incidence of LLV. Comparing PI to NNRTI, a pro-
spective cohort study involving 1,511 PLWH across 
four African nations revealed an increased risk of 
LLV. The adjusted odds ratio value was as high as 
4.06 (95% CI 2.20–7.48), especially in the 200–499 
copies/mL group [8]. INSTI-based ART regimens 
are easier to administer via virological suppression. 
They had a shorter median time to achieve virological 
suppression than NNRTI- or PI-based ART regimens, 

Figure 3. Summary of LLV prevalence in included studies. *Multiple countries: Spain, Italy, Sweden, Germany, Luxembourg, Por-
tugal, and Belgium.
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according to a retrospective study of newly diagnosed 
HIV infections (the median time for the three groups 
was 137, 147, and 60 days, respectively; p < 0.01) [53]. 
Similarly, a recent study in an Australian cohort 
showed that PI-based regimens can increase the risk 
of VF. However, with the widespread use of INSTI, 
the incidence of VF has decreased from 9% in 2010 
to 3% in 2021 [23]. Notably PIs are primarily used 
as second-line ART regimens for PLWH who fail 
first-line treatment, and because of their high drug 
resistance barrier, PIs are chosen by PLWH with 
poor immune function and drug resistance. Residual 
confounding factors may exist, as these individuals 
might be predisposed to failure regardless of the regi-
men used [8]. Our results suggest that NNRTIs protect 
against LLV; however, this remains a matter of debate. 
The initial ART regimens in the included cohorts were 
dominated by 2 NRTI +1 NNRTI and 2 NRTI +1PI 
[26,30,34,37]. Thus, our results indicate that 2 NRTI 
+1 NNRTI has a lower risk of LLV than 2 NRTI 

+1PI. In contrast, resistance mutations in LLV indi-
viduals were dominated by K103 N and V181 C/I/V 
[35], indicating that the resistance barrier for 
NNRTI is not high. Drug-resistant HIV strains are 
the result of dominant replication under the pressure 
of drug selectivity [54]. In PLWH receiving incom-
plete virological suppression therapy, the low resist-
ance barrier of NNRTI is more likely to cause 
specific drug-resistance mutations in HIV. Addition-
ally, there are restrictions on the use of high baseline 
VL in NNRTIs. Rilpivirine should not be used in 
PLWH with VL ≥105 copies/mL. Chinese study 
shows that efavirenz is restricted to PLWH with VL 
≥5 × 105 copies/mL [55]. Coincidentally, our analysis 
results show that baseline VL ≥105 copies/mL is the 
risk factor for LLV. However, whether NNRTIs pro-
tect against LLV remains controversial. Currently, 
no drugs can eliminate the HIV infection. INSTIs 
are recommended as the initial treatment for most 
PLWH because of their advantages such as safety, 

Figure 4. Pooled aHR for assessing the association between the risk of VF and LLV (A), blip (B), and pLLV (C). Abbreviations: aHR, 
adjusted hazard ratio; CI, confidence interval; LLV, low-level viraemia; pLLV, persistent low-level viraemia; VL, viral load. *Li et al. 
`s standard for stratified LLV is different from other articles.
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good tolerance, rapid viral suppression, potent antiviral 
activity, and a high genetic drug resistance barrier. Cur-
rent guidelines recommend a single-tablet regimen 
comprising INSTIs as the preferred treatment option 
[14–16]. Our findings suggest that under the right cir-
cumstances, an INSTI-based regimen could serve as a 
switch to an ART regimen for PLWH with LLV.

We also found that NRTI resistance before treat-
ment was a protective factor [37]. This is because a 
drug resistance test before ART initiation and optimiz-
ation of the ART regimen, according to the test results, 
can significantly improve the therapeutic effect. 
According to a database analysis of PLWH in France, 
the drug resistance mutation rate in PLWH with LLV 
was far higher than that in individuals with continuous 
virological suppression [56]. Therefore, aggressive HIV 
drug resistance testing can help detect drug resistance 
mutations in a timely manner and enable precise 
ART, thus avoiding virological rebound due to primary 
drug resistance. Pre-treatment drug resistance tests 
guide doctors in creating accurate ART regimens, and 
the implementation of complete treatment monitoring 
plays an important role in helping PLWH achieve vir-
ological suppression as soon as possible.

This systematic review and meta-analysis included 
16 large cohort studies with sample sizes of >1,000 

individuals, 10 of which were multicentre studies. 
This allowed us to assess the strength of the associ-
ations between the exposure factors and outcomes 
more precisely, resulting in more reliable study results. 
All the cohort studies used uniform definitions of LLV 
and VF, which enabled us to combine and compare 
the results of different studies more accurately, and 
the findings from this meta-analysis are more likely 
to apply to a wider population. The studies were con-
ducted in 15 countries on five continents, which pro-
vided a clearer picture of the prevalence of LLV in 
different countries and regions.

Our study had some limitations. First, the funnel 
plot analysis and Egger’s test suggested that potential 
publication bias might have affected our pooled esti-
mates. Lack of data on testing frequency and medi-
cation adherence may also have affected our results. 
In many studies, VL testing schedules, and the number 
and percentage of individuals missing medication 
have not been reported or adequately described. 
Additionally, the overall prevalence of LLV is highly 
heterogeneous across studies. This may be because 
of several other factors not considered in our analysis, 
such as whether ART was initiated promptly in the 
population, whether the initial ART regimen was 
determined based on the results of drug resistance 

Figure 5. Forest plot displaying risk factors of LLV. Abbreviations: RR, risk ratio; CI, confidence interval; VL, viral load; NR, not 
reported; NNRTI, nonnucleoside reverse transcriptase inhibitor; PI, protease inhibitor; INSTI, integrase strand transfer inhibitors; 
LLV, low-level viraemia.
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testing, medication adherence in the population, psy-
chosocial support, and comprehensive treatment. 
Given that data from most studies were unavailable, 
we could not include these variables in our analysis.

Conclusion

This study demonstrated that despite active ART, 
PLWH continue to have remarkably high burden of 
LLV. There is a causal relationship between LLV and 
both an increased VF and all-cause mortality. There-
fore, it is essential to emphasize the importance of 
screening for LLV risk factors prior to ART initiation. 
Frequent VL monitoring in PLWH is crucial for the 
timely detection of LLV and immediate intervention. 
Although no current drug can eradicate HIV, INSTIs 
are notable for their safer and efficacy, highlighting the 
need to redefine HIV treatment strategies and under-
score the effectiveness of INSTI-based regimens.
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