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Background: Whether intermittent low-level viremia (iLLV/blip) or persistent low-level
viremia (pLLV) increases the risk of virologic failure (VF) in HIV-1 patients is controversial.
The objective of this study was to investigate the incidence of blip/pLLV and the association
between blip/pLLV and VF in a Chinese antiretroviral therapy cohort.

Methods: HIV-1 patients who underwent antiretroviral therapy (ART) from 2005 to 2018
and had at least two viral load (VL) measurements after a minimum of 6 months ART
treatment were included. VF was defined as one or more VL measurements of >1000 copies/
mL. Blip was described as an isolated VL measurement between 50 and 999 copies/mL, and
pLLV was defined as two or more consecutive VL measurements between 50 and 999
copies/mL. Blip and pLLV were categorized separately into three groups: 50-200, 201—
400 and 401-999 copies/mL. The Cox proportional hazard model was used to explore the
association between blip/pLLV and VF.

Results: In total, 8098 participants were enrolled in this long-term cohort study. A 94.3% of the
participants were male and among which 77.3% were infected through homosexual transmission.
Blip occurred in 4.0% (325/8098) of the patients with an incidence of 0.73 per 100 person-years
(/100 PYS) of follow-up (95% CI: 0.71-0.76), whereas pLLV occurred in 1.3% of the patients
(102/8098) with an incidence of 0.23/100 PY'S of follow-up (95% CI: 0.21-0.25). All the three
categories of pLLV were associated with VF: pLLV 50-200 [aHR: 3.82 (1.95-7.47)], pLLV
201-400 [aHR: 5.36 (2.35-12.22)] and pLLV 401-999 [aHR: 13.51 (8.28-22.02)]. However,
blip is not significantly associated with VF in any category.

Conclusion: Our study suggested that patients with pLLV had an increased risk of sub-
sequent VF. Therefore, if pLLV occurs in patients, monitoring and corresponding measure-
ments must be strengthened to avoid the subsequent VF.
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Introduction

Combined antiviral therapy (cART) can effectively inhibit HIV-1 virus replication and
reduce HIV-related morbidity and mortality.' In general, the goal of current HIV-1
treatment is to achieve virologic suppression (VS) in patients receiving cART.
Adequate VS could prevent the development of resistance mutation, reduce HIV trans-
mission and improve clinical outcomes.” Under current guidelines, VS is defined as the
viral load (VL) of less than 20-75 copies/mL and is analyzed quantitatively through
commercial assays.” Although most patients adhering to standard ART could achieve
VS, the incidence of viral rebounds such as low-level viremia (LLV) occurs frequently.”
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LLV has been defined variably in different guidelines.
According to the European Acquired Immune Deficiency
Syndrome (AIDS) Clinical Society (EACS) guidelines,
LLV is defined as the VL between 20 and 50 copies/
mL.” By contrast, the Department of Health and Human
Services guidelines (the USA, 2016) have defined LLV as
the VL between 50 and 200 copies/mL.° China adopted
the World Health Organisation (WHO) guidelines, accord-
ing to which LLV is defined as the VL between 50 and 999
copies/mL.” In addition, LLV is of two types, namely
intermittent LLV (iLLV/blip) and persistent LLV (pLLV).
Blip refers to an independent LLV with previous and
subsequent VL test results less than the standard limit,®
whereas the continual detection of LLV is designated as
pLLV.? The incidence of LLV in different studies has been
reported to range from 18% to 34%, which can be attrib-
uted to differences in the LLV definition, study design,
enrolled population, and VL measurement methods across
these studies.'’

The impact of blip/pLLV on virologic failure (VF) is con-
tradictory and scientists have paid more attention towards
investigating the role of blip/pLLV in HIV-1 patients. In the
past debate, several researchers have reported an association
between blip and subsequent VF,'"'? whereas others have
discovered no correlation between the two aspects.'>'
Previously published studies have reported that pLLV can
produce many adverse outcomes. For example, several obser-
vational studies have implicated that pLLV could increase the
risk of VE.”!'° In one study, pLLV between 50 and 199 copies/
mL was associated with deleterious consequences,” whereas
in another study, only the patients with pLLV > 200 copies/mL
exhibited an increased risk of subsequent VF.'> Moreover,
pLLV could significantly increase the overall immune activa-
tion and result in poor immune reconstitution through multiple
mechanisms.'® Although the influence of blip/pLLV on VF is
controversial, none of the guidelines recommend the treatment
strategies for HIV-1 patients experiencing blip/pLLV.

The present study is the first to analyze the effect of blip
and pLLV on VF in China. We included a long-term Chinese
cohort comprising HIV-1 patients and attempted to investi-
gate the incidence of blip/pLLV and to explore whether
different categories of blip/pLLV could predict VF.

Methods
Study Design and Participants

This open, single-centred, and retrospective cohort study
included HIV-1 positive patients who received antiretroviral

therapy at Beijing Ditan Hospital from 1 January, 2005 to
31 December, 2018. The deadline for follow-up was
25 March, 2021. The enrollment criteria of patients were as
following: (1) >18 years old; (2) ART-naive at baseline; (3)
receiving first-line treatment including two nucleoside reverse
transcriptase inhibitors (NRTIs) and a non-nucleoside reverse
transcriptase inhibitor (NNRTI) or second-line treatment
including two NRTIs and a protease inhibitor (PI) during the
follow-up period; (4) having at least two documented VLs after
at least 6 months of ART. The treatment effects in all the
participants were evaluated every 3 months, and their VL
was monitored approximately every 12 months.

Data Collection

Demographic and medical data, including age, gender,
HIV transmission route, marital status, HIV-1 RNA VL
at baseline, CD4 " cell count at baseline, ART regimen, and
HBV/HCYV infection, were collected from the database of
the national free antiretroviral treatment plan, as described
previously.!” Specialized researchers were responsible for
managing the data.

Definitions

VF was considered as the primary outcome and defined as one
or more VL measurements >1000 copies/mL. LLV was
defined as at least one VL measurement of 50-999 copies/
mL during ART. The definitions mentioned above were based
on WHO guidelines.” LLV is of two types: intermittent LLV
(iLLV/blip), which refers to an independent LLV with
a previous and subsequent VL of <50 copies/mL,'® and per-
sistent LLV (pLLV), which is defined as two or more con-
secutive VL between 50 and 999 copies/mL."° Blip and pLLV
were divided into three categories: 50-200, 201-400, and
401-999 copies/mL. If a patient experienced both blip and
pLLV during follow-up, only pLLV was considered. However,
if a patient experienced either a blip or pLLV episode belong-
ing to a higher category, we analyzed the data according to the
higher category.

Analysis

Descriptive statistics are presented as medians with inter-
quartile ranges (IQRs) for continuous variables and as
counts with proportions for categorical variables. The VF
and without VF groups were compared using the y* test or
Fisher’s exact test. A Chi-square test was used to compare
the VF incidence between the blip and pLLV groups. The
Cox proportional hazard model was used to assess the
association between blip/pLLV and VF. A sensitivity
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analysis was performed to exclude patients with blip from
no pLLV patients, and another was performed to exclude
patients with pLLV from no blip patients. The model was
adjusted for age, gender, HIV transmission route, marital
status, HBV/HCV infection, ART regimen, HIV-1 RNA
VL and CD4+ cell count at baseline. Kaplan—Meier curves
were drawn for the entire study population. Time to event
VF was estimated from the date of ART initiation to the
date of VF. Statistical Package for the Social Sciences
software (SPSS 22.0) was applied and a p-value of less
than 0.05 was considered statistically significant.

Ethics and Consent

All included patients provided a written informed consent
form to allow their clinical data to be used in our study.
Furthermore, the study was approved by the Ethics
Committee of Beijing Ditan Hospital of Capital Medical
University (approval number: 2021-022-01) and conformed
to the Declaration of Helsinki.

Results

Baseline Characteristics
Between 1 January, 2005, and 31 December, 2018, a total
of 8430 patients received a positive diagnosis of HIV-1
and underwent ART at Beijing Ditan Hospital. Of the total,
8152 patients underwent >2 VL measurements after
receiving ART for at least 6 months. A few patients (n =
54) who were using integrase inhibitors were excluded. In
total, 8098 patients were enrolled in this long-term cohort
study (Figure 1). The median follow-up time was 70 (IQR:
45-89) months after ART initiation, and the patients
enrolled in this study were followed up to 44,314 person-
years in total.

Most of the participants (94.3%) were male, with
a median age of 39 years [IQR: 31-44] at HIV diagnosis.
77.3% of the participants were infected with HIV-1
through homosexual transmission. Most of the patients
(59.8%) who were enrolled in this cohort started ART
between 2015 and 2018. Most of the participants

Long term cohort study i Beijng from
1/1/2005 to 12/31/2018
N = 8430

Have 2 VLs measured after startng
ART 6 months

n=8152
J Excluded:
54 patients received
2NRTIs+1INSTI
Patients recevmg ART either
2NRTIs+INNRTI or 2NRTIs
+1PI
n=8098
VS Blip pLLV VF
n=7358 n=325 n=102 n=313

Figure | Study flow chart.

Abbreviations: HAART, highly active antiretroviral therapy; pLLV, persistent low-level viremia; VS, virologic suppression; VF, virologic failure.
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(97.7%) received ART with 2NRTIs + INNRTI, whereas
a few participants (2.3%) were administered 2NRTIs +
IPI. At baseline, the median HIV-1 RNA VL and CD4"
cell count were 170,051 copies/mL [IQR: 15,562—
135,796] and 288 cells/uL [IQR: 160-389], respectively.
Baseline characteristics are summarised in Table 1.

Incidence of Blip/pLLV and VF

Of the 8098 patients, 90.9% (7358/8098) patients had
sustained VS during the entire follow-up period. 5.3%
(427/8098) patients experienced LLV with an incidence
of 0.96 per 100 person-years (/100 PYS) during the fol-
low-up period (95% CI: 0.94-0.99). Among the 5.3%
patients who experienced LLV, 4.0% (325/8098)
experienced blip with an incidence of 0.73/100 PYS of
follow-up (95% CI: 0.71-0.76) and 1.3% (102/8098)
experienced pLLV with an incidence of 0.23/100 PYS of
follow-up (95% CI: 0.21-0.25). VF was exhibited by 3.9%
(313/8098) of the patients, with an incidence of 0.71/100
PYS of follow-up (95% CI: 0.68-0.73).

Prevalence of LLV in the range of 51-199 copies/mL
(82.4% in blip vs 45.1% in pLLV) was the highest com-
pared with that in the 201-400 copies/mL (10.2% in blip
vs 21.6% in pLLV) and 401-999 copies/mL (7.4% in blip
vs 33.3% in pLLV) ranges. After a consistent follow-up of
patients with blip and pLLV, we observed that VF occurred
in 34.3% (35/102) of patients with pLLV and 2.5% (8/325)
of patients with blip. The proportion of VF in pLLV
patients was significantly higher than that in blip patients,
and the chi-square test of the two groups revealed
a significant difference (P<0.001).

Risk Factors Associated with VF

Both blip and pLLV were divided into three categories:
50-200, 201-400 and 401-999 copies/mL, respectively.
We observed that pLLV 50-200 copies/mL was asso-
ciated with VF in both univariate [HR: 5.38 (2.77-
10.46)] and multivariate analysis [aHR: 4.12 (2.16—
7.84)]. pLLV 201-400 copies/mL was also associated
with VF in both univariate [HR: 7.54 (3.35-16.98)] and
multivariate  analysis [aHR: 4.96 (2.17-11.32)].
Additionally, pLLV 401-999 copies/mL was associated
with VF in univariate [HR: 15.78 (9.78-25.46)] and
[aHR: 15.03  (9.42-23.98)]
(Table 2). In a sensitivity analysis excluding blip from
no pLLV, we found that pLLV 51-200, 201-400, and
401-999 copies/mL were also associated with VF. We
found that blip 50-200, 201400, and 401-999 copies/

multivariate  analysis

mL were not associated with VF in both univariate and
(Table  2).
Furthermore, in the sensitivity analysis excluding pLLV

multivariate  analysis,  respectively
from no blip patients, and we found that blip 50-200,
201400, and 401-999 copies/mL were also not asso-
ciated with VF.

In multivariate analysis, several other factors were also
found to be associated with VF. Intravenous drug users
[aHR: 2.21 (1.29-3.79)] and former plasma donors [aHR:
4.82 (2.35-10.39)] exhibited an increased risk of VF com-
pared with patients who had homosexual transmission.
HIV-1 RNA VL > 100,000 copies/mL [aHR: 1.65 (1.21-
2.26)] at baseline was a risk factor for VF. Patients whose
CD4+ T cell count <50 cells/ulL [aHR: 2.12 (1.45-3.09)]
and 50-199 cells/uL [aHR: 2.07 (1.49-2.89)] at baseline
also had an increased risk of VF. Age, gender, marriage,
ART regimens, and HBV/HCV infection were not asso-
ciated with VF (Table 2).

Kaplan—Meier Analysis

Kaplan—Meier plots of VF stratified by blip and pLLV cate-
gory are shown in Figure 2. Based on the Kaplan—-Meier
curves, differences in VF risk among different pLLV cate-
gories are shown in Figure 2A (P <0.01). With an increase in
the viremia level among different pLLV categories, the rate
of VF also increased. However, no significant difference in
the risk of VF among different blip categories was observed,
as shown in Figure 2B (P =0.901). A higher rate of VF was
not associated with a higher viremia level in the blip
category.

Discussion

This study is the first in China to report the incidence of
blip and pLLV in HIV-1 patients on ART and explore the
association of blip/pLLV with subsequent VF. In the cur-
rent study, 4.0% (325/8098) of the patients experienced
blip with an incidence of 0.73/100 PYS of follow-up (95%
CI: 0.71-0.76) and 1.3% (102/8098) of the patients experi-
enced pLLV with an incidence of 0.23/100 PYS of follow-
up (95% CI: 0.21-0.25). All three categories of pLLV (51—
200, 201-400, and 401-999 copies/mL) were associated
with VF. However, none of the three categories of blip
were associated with VF. Our research suggests that
patients experiencing pLLV further require new therapeu-
tic measures, such as drug resistance testing, drug concen-
tration monitoring, and compliance assessment, to avoid
subsequent VF.
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Table 1 Demographic and Clinical Characteristics

Variable Total (n=8098) No VF (n=7785) VF (n=313) p-value
Age (years) 0.033
<30 1443(17.8%) 1402(18%) 41(13.1%)

30-50 5529(68.3%) 5311(68.2%) 218(69.6%)

>50 1126(13.9%) 1072(13.8%) 54(17.3%)

Gender 0.082
Male 7635(94.3%) 7347(94.4%) 288(92.0%)

Female 463(5.7%) 438(5.6%) 25(8.0%)

HIV transmission route

Homosexual 6264(77.3%) 6058(77.8%) 206(65.8%) <0.001
Heterosexual 1034(12.8%) 981(12.6%) 53(16.9%)

Intravenous drug users 104(1.3%) 97(1.2%) 7(2.3%)

Former plasma donors 51(0.6%) 35(0.5%) 16(5.1%)

Other 645(8.0%) 614(7.9%) 31(9.9%)

Marital 0.019
Unmarried 5772(71.3%) 5565(71.5%) 207(66.1%)

Married 1887(23.3%) 1792(23.0%) 95(30.4%)

Widowed 396(4.9%) 386(5.0%) 10(3.2%)

Divorced 43(0.5%) 42(0.5%) 1(0.3%)

CD4 cell count at baseline(cells/ul) <0.001
<50 969(12.0%) 900(11.5%) 69(22.1%)

50-199 1719(21.2%) 1616(20.8%) 103(32.9%)

200-349 2714(33.5) 2631(33.8%) 83(26.5%)

2350 2696(33.3%) 2638(33.9%) 58(18.5%)

HIV-1 RNA at baseline (copies/mL) <0.001
<100,000 3539(43.7%) 3438(44.2%) 101(32.3%)

>100,000 1675(20.7%) 1552(19.9%) 123(39.3%)

Unknown 2884(35.6%) 2795(35.9%) 89(28.4%)

HBYV infection 0.052
Yes 230(2.8%) 224(2.9%) 6(1.9%)

No 5352(66.1%) 5161(66.3%) 191(61.0%)

Unknown 2516(31.1%) 2400(30.8%) 116(37.1%)

HCYV infection 0.019
Yes 139(1.7%) 136(1.7%) 3(1%)

No 4956(61.2%) 4785(61.5%) 171(54.6%)

Unknown 3003(37.1%) 2864(36.8%) 139(44.4%)

Initial ART regimen 0.331
2NRTIs+INNRTI 7912(97.7%) 7609(97.7%) 303(96.8%)

2NRTIs+ Pl 186(2.3%) 176(2.3%) 10(3.2%)

Blip 0.886
No blip 7773(96.0%) 7472(96.0%) 301(96.2%)

Blip 325(4.0%) 313(4.0%) 12(3.8%)

pLLV <0.001
No pLLV 7996(98.7%) 7719(99.2%) 277(88.5%)

pLLV 102(1.3%) 66(0.8%) 36(11.5%)

Abbreviations: VF, virological failure; HBYV, hepatitis B virus; HCV, hepatitis C virus; NRTI, nucleoside reverse transcriptase inhibitors; NNRTI, non-nucleoside reverse
transcriptase inhibitor; Pl, protease inhibitor; Blip, intermittent low-level viremia; pLLV, persistent low-level viremia.

Infection and Drug Resistance 2021:14 hetps: 4533

Dove:


https://www.dovepress.com
https://www.dovepress.com

Li et al

Dove

Table 2 Risk Factors Associated with VF by Dividing Blip or pLLV into Different Groups

Variable Unadjusted HR Adjusted HR
HR (95% CI) P value HR (95% CI) P value
Age (years)
<30 1.00(reference) 1.00(reference)
30-50 1.21(0.86-1.71) 0.269 0.935(0.65-1.34) 0.714
>50 1.34(0.88-2.04) 0.173 0.82(0.50-1.33) 0414
Gender
Male 1.00(reference) 1.00(reference)
Female 0.75(0.51-1.12) 0.165 1.23(0.78-1.94) 0.368
HIV transmission route
Homosexual 1.00(reference) 1.00(reference)
Heterosexual 1.56(1.15-2.11) 0.004 1.38(0.98-1.94) 0.066
Intravenous drug users 3.50(2.12-5.78) <0.001 2.21(1.29-3.79) 0.004
Former plasma donors 5.09(2.40-10.83) <0.001 4.82(2.35-10.39) <0.001
Other 1.51(1.04-2.20) 0.030 1.35(0.91-2.01) 0.135
Marital
Unmarried 1.00(reference) 1.00(reference)
Married 1.32(1.03—1.68) 0.027 1.02(0.75-1.38) 0.890
Widowed 0.79(0.43—1.45) 0.442 0.65(0.35-1.22) 0.179
Divorced 0.63(0.09—4.47) 0.641 0.56(0.08—4.17) 0.574
CD4 cell count at baseline(cells/ul)
<50 3.21(2.25-4.57) <0.001 2.12(1.45-3.09) <0.001
50-199 2.57(1.85-3.56) <0.001 2.07(1.49-2.89) <0.001
200-349 1.24(0.88-1.74) 0.226 1.11(0.79-1.57) 0.534
2350 1.00(reference) 1.00(reference)
HIV-1 RNA load at baseline (copies/mL)
<100,000 1.00(reference) 1.00(reference)
>100,000 2.15(1.59-2.91) <0.001 1.65(1.21-2.26) 0.002
Unknown 1.86(1.42-2.43) <0.001 1.63(1.20-2.06) 0.001
HBYV infection
No 1.00(reference) 1.00(reference)
Yes 0.79(0.35-1.79) 0.578 0.75(0.33-1.70) 0.494
Unknown 1.22(0.97-1.54) 0.090 1.30(0.96—1.75) 0.087
HCYV infection
No 1.00(reference) 1.00(reference)
Yes 0.58(0.18-1.81) 0.345 0.52(0.17-1.64) 0.264
Unknown 1.14(0.91-1.43) 0.249 0.87(0.65—1.17) 0.366
ART
2NRTIs+INNRTI 1.00(reference) 1.00(reference)
2NRTIs+IPI 1.51(0.81-2.84) 0.199 1.25(0.66-2.39) 0.174
Blip
No blip 1.00(reference) 1.00(reference)
Blip50-200 0.80(0.42—1.50) 0.487 0.73(0.39-1.39) 0.341
Blip201-400 1.23(0.31-4.95) 0.769 1.41(0.35-5.69) 0.629
Blip401-999 0.96(0.14-6.84) 0.967 0.97(0.13-6.91) 0.972
(Continued)
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Table 2 (Continued).

Variable Unadjusted HR Adjusted HR

HR (95% CI) P value HR (95% CI) P value
pLLV
No pLLV 1.00(reference) 1.00(reference)
pLLV 50-200 5.38(2.77-10.46) <0.001 4.12(2.16-7.84) <0.001
pLLV 201400 7.54(3.35-16.98) <0.001 4.96(2.17-11.32) <0.001
pLLV 401-999 15.78(9.78-25.46) <0.001 15.03(9.42-23.98) <0.001

Abbreviations: Unadjusted HR, unadjusted hazard ratio; aHR, adjusted hazard ratio; Cl, confidence intervals; HBV, hepatitis B virus; HCV, hepatitis C virus; NRTI,
nucleoside reverse transcriptase inhibitors; NNRTI, non-nucleoside reverse transcriptase inhibitor; Pl, protease inhibitor; Blip, intermittent low-level viremia; pLLY,

persistent low-level viremia.

Due to differences in the VF definition and follow-up
interval, the incidence of LLV varies greatly across differ-
ent regions and countries. A report demonstrated that
approximately 20% of AIDS patients experienced viral
rebound during HAART treatment,'* whereas another
study including 17,902 HIV-infected patients from
Europe and North America revealed that 6.2% of HIV-
infected patients experienced LLV.*® An extensive multi-
center survey from South Africa reported that 23% and
26% of HIV-infected patients experienced LLV during the
first-line and second-line treatments, respectively.?!
Comparison of our results with other studies reveals that
the incidence of LLV in our study is relatively low.
China  reported
a significantly higher incidence of LLV than that in our
study (38.7%).% We speculate that this might be due to
differences in the frequency of VL monitoring (36

Furthermore, one research in

months vs 12 months). Additionally, patients generally
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do not perform VL testing at their own expense because
of the economic constraints, which may lead to a low
incidence of LLV.

The clinical significance of blip is still debatable.
Although studies have demonstrated that blip could cause
subsequent VE,*'%* others have reported that it is not
associated with VF, which is consistent with our
study.'*** In total, 82.4% of blip occurred in the category
of 50-200 copies/mL, which implied that blip might be
a random change in virology caused by multiple reasons,
including measurement errors, influence of various types
of blood collection tube used,” stochastic variations,*®
opportunistic infection’” and low drug concentrations in
blood.?® In addition, previous studies have revealed that
higher CD8" T cell activation during VS is associated with
subsequent blip.'®*° Studies have suggested that the nat-
ure of blip is still controversial and should be investigated
in further research.

vy)
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Cumulative risk of virologic failure(%)
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Figure 2 (A) Virologic failure rates of different pLLV categories. (B) Virologic failure rates of different blip categories.
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Our research also illustrated that pLLV was associated
with VE.2'*3% In our study, with an increase in viremia
levels in different pLLV categories, the risk of VF
increased significantly. Compared with pLLV 51-200
copiess/mL and pLLV 201-400 copies/mL, the risk of
pLLV 401-999 copies/mL increased significantly by
nearly three times. The current guidelines do not recom-
mend treatment strategies for HIV-1 patients even after
repeated LLV measurements. Research has revealed that
pLLV increases the overall immune activation and accel-
erates the development of systemic drug resistance.”’ New
antiretroviral drug resistance could occur in HIV-1 patients
experiencing pLLV during the first-line therapy,'® which
prompted us to evaluate drug resistance test in pLLV
patients to provide some guidance to choose a suitable
ART regimen. Since the clinical management of pLLV
remains a challenge, the current guidelines on pLLV man-
agement must be further discussed and updated.

In multivariate analysis, several other factors were asso-
ciated with VF. This result ties nicely with previous study,
wherein intravenous drug users and former plasma donors
exhibited an increased risk of VF.? Furthermore, the current
study is consistent with a previous study, which revealed that
CD4" cell count of fewer than 200 cells/uL at baseline was
associated with VF.** The risk of VF in patients with HIV-1
RNA VL > 100,000 copies/mL at baseline was high. Contrary
to several other studies showing that the Pl-based regimen
may result in VF instead of NNRTI-based cART,*'~** we did
not observe the association between 2NRTIs + 1PI and VF.
However, age, gender, marriage, and HBV/HCV infection
were not associated with VF.

The VS rate was 90.9% in our study, which reflected the
feasibility of current antiretroviral programmes and guaran-
teed medical services in our hospital. At the same time, our
cohort held up very well, and a few patients died or lost during
follow-up. To ensure the completeness and homogeneity of
the clinical data, we first designed the research plan and then
collected the data. Further, the follow-up information of each
patient was managed by specialized researchers, which guar-
anteed the accuracy of the data. However, the study has some
limitations. Firstly, although the sample size of our study was
relatively large, it was a single-center study. Large-scale, pro-
spective, and multi-center cohort studies are warranted to
verify the present results. Secondly, because it was
a retrospective study, we could not assess drug resistance in
LLV patients. Thirdly, we did not consider the effect of ART
adherence on the incidence of VF owing to the lack of data on
ART adherence of patients.

Conclusion

In our study, blip occurred in 3.7% of the patients, and
pLLV occurred in 1.2% patients. All three categories of
pLLV (51-200, 201400, and 401-999 copies/mL) were
associated with VF. However, blip in any category was not
significantly associated with VF. Clinicians must pay
attention to patients with pLLV. At the same time, corre-
sponding measures, such as drug resistance testing, drug
concentration monitoring, and compliance assessment,
should be taken. Finally, considering the lack of recom-
mendations for the management of patients with LLV in
current guidelines, our research will provide evidence for
updating the guidelines.
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