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Background. Early antiretroviral therapy (ART) limits proviral reservoirs, a goal for human immunodeficiency virus type 1 
(HIV-1) remission strategies. Whether this is an immediate or long-term effect of virologic suppression (VS) in perinatal infection 
is unknown.

Methods. We quantified HIV-1 DNA longitudinally for up to 14 years in peripheral blood mononuclear cells (PBMCs) among 
61 perinatally HIV-1–infected youths in the Pediatric HIV/AIDS Cohort Study who achieved VS at different ages. Participants in 
group 1 (n = 13) were <1 year of age and in group 2 (n = 48) from 1 through 5 years of age at VS. Piecewise linear mixed-effects 
regression models assessed the effect of age at VS on HIV-1 DNA trajectories during VS.

Results. In the first 2 years following VS, HIV-1 DNA levels decreased by –0.25 (95% confidence interval [CI], –.36 to –.13) log10 
copies/million PBMCs per year and was faster with early VS by age 1 year compared with after age 1 (–0.50 and –0.15 log10 copies/
million PBMCs per year, respectively). Between years 2 and 14 from VS, HIV-1 DNA decayed by –0.05 (95% CI, –.06 to –.03) log10 
copies/million PBMCs per year and was no longer significantly different between groups. The estimated mean half-life of HIV-1 
DNA from VS was 15.9 years and was shorter for group 1 compared to group 2 at 5.9 years and 18.8 years, respectively (P = .09). 
Adjusting for CD4 cell counts had no effect on decay estimates.

Conclusions. Early effective, long-term ART initiated from infancy leads to decay of HIV-1–infected cells to exceedingly low 
concentrations desired for HIV-1 remission strategies.
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The early establishment of latent human immunodeficiency 
virus type 1 (HIV-1) reservoirs, primarily in the long-lived, 
resting memory CD4+ T cells [1–4], precludes HIV-1 cure, with 
viremic rebound generally occurring within 2–4 weeks of stop-
ping combination antiretroviral therapy (ART), and irrespec-
tive of prior ART duration [5–7]. Emerging data have shown 
that a small reservoir size achieved through early ART can pro-
mote sustained virologic control in the absence of ART (HIV-1 
remission) in a small subset of infected individuals [8–11] and 
is also predictive of delayed time to virologic rebound off ART 
[12, 13].

Perinatal HIV-1 infection is distinct from adult infec-
tion with respect to widespread implementation of early 
treatment, as timing of infection can be established [14]. 
We and others have shown that early ART from infancy 
with sustained virologic suppression (VS) is associated 
with persistence of low concentrations of HIV-1–infected 
cells in the circulation as measured by HIV-1 DNA copies 
per million peripheral blood mononuclear cells (PBMCs) 
[15, 16]. Among early-treated children surviving to adoles-
cence (median age, 12.6 years), 79% had circulating HIV-1 
DNA concentrations of <10 copies per million PBMCs [15]. 
Similar reports of low HIV-1–infected cell concentrations 
following early ART were also reported in cross-sectional 
studies of Thai and South African children treated from early 
infancy, in support of the effects of early ART in perinatal 
infection to limit HIV-1 reservoirs [17, 18]. We performed a 
longitudinal study to examine the kinetics of HIV-1–infected 
cell concentrations during VS in perinatally HIV-1–infected 
(PHIV+) children and youth who differed by their ages of 
virologic control after ART initiation.
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MATERIALS AND METHODS

Study Population

We studied PHIV+ children and youth enrolled in the Adolescent 
Master Protocol (AMP) of the Pediatric HIV/AIDS Cohort 
Study (PHACS), a prospective cohort study of the outcomes of 
perinatal HIV infection in the United States. Between March 
2007 and December 2009, 451 infected youths from 15 study 
sites were enrolled if they were born to HIV-infected mothers, 
were 7–16  years of age, and had complete medical history of 
ART use, plasma HIV RNA viral loads (pVLs), and lympho-
cyte subset measurements since birth. The AMP was approved 
by the institutional review board at the Harvard T.H. Chan 
School of Public Health and at each participating site. Written 
informed consent was obtained from each participant’s parent 
or legal guardian. Assent was obtained from child participants 
according to local institutional review board guidelines.

To be eligible for this analysis, participants must have con-
firmed VS after ART initiation and by 5 years of age, have main-
tained VS until the data freeze date of 1 July 2012, and have 
>1 PBMC specimen. Only samples with detectable HIV-1 DNA 
using the pol primer during at least 1 study visit were included 
in the analysis. ART was defined as a regimen including at least 
3 antiretroviral drugs from at least 2 drug classes. Confirmed 
VS was defined as achieving 2 consecutive pVLs <400 copies/
mL after ART initiation; maintenance of VS was defined as 
maintaining pVL  <400 copies/mL during the study, although 
single measures of pVL ≥400 copies/mL, in between pVL meas-
urements <400 copies/mL, were allowed.

Quantification of HIV-1 DNA

Genomic DNA was isolated from PBMCs with the Qiagen 
Blood Midi kit (Qiagen, Valencia, California) and HIV-1 
DNA quantified using a slight modification of a previously 
published droplet digital polymerase chain reaction method 
[19, 20]. The modification involved a change in the restric-
tion enzyme used to digest the genomic DNA, which was with 
XbaI (New England BioLabs, Ipswich, Massachusetts) rather 
than BsaJI. The restriction digest was carried out at 37°C for 1 
hour, followed by inactivation at 65°C for 20 minutes. HIV-1 
DNA concentrations were determined from 4 replicate reac-
tions containing 1000 ng total of genomic DNA with primers 
targeting HIV-1 pol (HBX2: 2536, 2662 [19, 20]). For sam-
ples with low DNA concentration (<200 ng/µL), 8 replicate 
reactions containing 500 ng total of genomic DNA were run. 
The number of cells analyzed was determined by the concen-
tration of the housekeeping gene RRP30. All assays were per-
formed with equal numbers of negative controls containing 
genomic DNA from the MOLT-4 cell line and no template 
controls, along with 2 positive control reactions. The average 
limit of detection for the HIV-1 pol assay was 2.5 copies/mil-
lion PBMCs (interquartile range, 1.5–2.7) for the 402 samples 
tested.

Statistical Analyses

Sociodemographic, HIV-1–specific characteristics (ART, CD4, 
pVL), and PBMC specimen characteristics were compared by 
the age at VS using either Fisher exact test or Wilcoxon rank-
sum test as appropriate. Locally weighted scatterplot smoothing 
(LOESS) plots were used to first obtain a graphical summary of 
the relationship between time since VS and HIV-1 DNA concen-
trations, for all study participants and then stratified by age at 
VS. Piecewise linear mixed-effects regression models were then 
fit to estimate HIV-1 DNA trajectories following VS for all study 
participants and by age at VS. To estimate trajectories by age at 
VS, age at VS as well as interaction terms between age at VS and 
the slope parameters were added to the model. A knot was placed 
at year 2 from VS, based on visual inspection of the LOESS plots 
and prior knowledge on changes in immune population at this 
age. Model-based mean PBMC-associated HIV-1 DNA load dur-
ing VS and half-lives were calculated. Fisher permutation test was 
used to calculate P values for comparison of these estimates by 
age at VS group. In further analyses, HIV-1 DNA concentrations 
were normalized for the number of CD4+ T cells. This was done 
by dividing the original outcome of PBMC-associated HIV-1 
DNA by the proportion of PBMCs that were CD4+ T cells.

RESULTS

Study Participants

Of the 451 HIV-1–infected children and adolescents enrolled 
in PHACS/AMP, 430 initiated ART by July 2012, 198 achieved 
confirmed VS by 5 years of age, and 73 maintained VS through-
out follow-up (Figure 1). Five participants had no or only a 
single PBMC sample available for testing. Seven participants 
were also excluded from analyses because HIV-1 DNA–positive 
cells were not detected in PBMC samples from all time points 
tested; failure to detect HIV-1 in these participants with known 
HIV-1 infection is likely due to primer mismatch as none of the 
samples tested detected HIV-1–positive cells. The remaining 61 
study participants were stratified into 2 groups based on the age 
at VS: Group 1 (n = 13) achieved VS by age 1 and group 2 (n = 
48) achieved VS after age 1 (between 1 through 5 years of age). 
The median duration of VS throughout the study period was 
10.1 years. A median of 9 and 5.5 PBMC samples were availa-
ble per study participant in groups 1 and 2, through a median 
follow-up of 11.9 and 9.5 years during VS, respectively. The 
median age at last study visit, defined as the date of the last spec-
imen analyzed for HIV-1 DNA, was 12.6 years for both groups.

Participant Characteristics

Group 1 initiated ART at a median of 2.1 months of age, and 
achieved VS at a median of 5.9 months after starting ART, while 
group 2 initiated ART at 1.7  years and achieved VS within 
10.2 months (Table 1). At ART initiation, the pVL distribution 
was not significantly different between groups 1 and 2 (median, 
5.7 log10 copies/mL and 5.0 log10 copies/mL, respectively; 
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P = .08). Similarly, the distribution for CD4 percentage at ART 
initiation was not significantly different across groups (median, 
31.5% and 28%, respectively; P  =  .19). Participants had an 
average of 3.7 pVL measures per year during VS follow-up. 
The majority had either zero (44%) or 1 (33%) pVL ≥400 cop-
ies/mL during VS follow-up; 9 participants had 2 pVL meas-
ures ≥400 copies/mL, 3 had 3 pVLs ≥400 copies/mL, and 2 had 
5 pVLs ≥400 copies/mL during VS follow-up. The median pVL 
among the 57 observed measures  ≥400 copies/mL (2.5% of 
2298 total pVL measures) was 807 copies/mL.

Decay Dynamics of Cell-Associated HIV-1 DNA With Long-term ART
Total HIV-1 DNA
Among the 61 study participants, the estimated mean HIV-1 
DNA concentration at the time of VS was 2.25 log10 copies/mil-
lion PBMCs. During the first 2 years from the time of VS, HIV-1 
DNA decreased by 3.2-fold at a rate of –0.25 (95% confidence 
interval [CI], –.36 to –.13) log10 copies/million PBMCs per year 
(Figure 2 and Table 2). Between years 2 and 14 from VS, the 
decrease in HIV-1 DNA concentrations was slower, at –0.05 
(95% CI, –.06 to –.03) log10 copies/million PBMCs per year. The 
estimated mean half-life of HIV-1 DNA from the time of VS 
was 16 years. With 10 years of VS, the estimated mean HIV-1 
DNA concentration was 0.86 log lower than the concentration 
at the time of VS with a mean concentration of 1.39 (95% PI, 
.57–2.06) log10 copies/million PBMCs (Table 3).

There was no difference in the estimated mean HIV-1 DNA 
concentrations at VS between groups 1 and 2 (2.24 and 2.18 log10 
copies/million PBMCs, respectively; P = .86) (Figure 2 and Table 

2). The decline in HIV-1 DNA concentrations during the first 2 
years from VS was significantly faster in group 1 (–0.50 [95% CI, 
–.73 to –.27] log10 copies/million PBMCs per year) compared 
with group 2 (–0.15 [95% CI, –.23 to –.07] log10 copies/million 
PBMCs per year) (P = .005). This corresponded to a net decrease 
of 10-fold and 2-fold in HIV-1 DNA concentrations in the first 
2 years of VS in groups 1 and 2, respectively. Between years 2 
and 14 from VS, there was ongoing decay of HIV-1 DNA in both 
groups; however, the decay estimates were no longer significantly 
different between groups 1 and 2 (–0.03 [95% CI, –.06 to –.00] 
log10 copies/million PBMCs per year and –0.05 [95% CI, –.07 to 
–.03] log10 copies/million PBMCs per year, respectively) (P = .35). 
The estimated mean half-life of HIV-1 DNA from VS was shorter 
for group 1 compared with group 2 at 5.9 years and 18.8 years, 
respectively (P = .09). With 10 years of VS, the estimated mean 
HIV-1 DNA concentration reached a substantially lower level in 
group 1 at 0.99 (95% prediction interval, .51–1.54) log10 copies/
million PBMCs compared with group 2 at 1.51 (95% prediction 
interval, .66–2.12) log10 copies/million PBMCs (P < .001; Table 3).

Normalization for Changes in CD4+ T Cells

As CD4 reconstitution of immune cells following VS can have 
a dilutional effect on HIV-1–infected cell concentrations, we 
examined the effects of normalizing for the number of CD4+ T 
cells on the decay estimates. Essentially, the same decay kinet-
ics of HIV-1 DNA was observed with normalization for CD4+ 
T-cell count (Figure 3 and Table 4). At the time of VS, HIV-1 
DNA concentration was estimated to be 2.63 log10 copies/mil-
lion CD4 cells in both groups and, as expected, was about 3-fold 

Perinatally HIV-infected children enrolled in PHACS/AMP (n = 451)

Confirmed virologic suppression through 5 years of age (n = 198)

Initiated ART by July 2012 (n = 430)

Maintained virologic suppression through follow-up (n = 73)

>1 PBMC follow-up sample available for testing (n = 68)

PBMC samples with amplifiable pol (n = 61)

Perinatally HIV-infected children
with confirmed VS by
<1 year of age (n = 13)

Perinatally HIV-infected children
with confirmed VS between 

1 through 5 years of age (n = 48)

Figure 1. Derivation of study population in the Pediatric HIV/AIDS Cohort Study (PHACS) Adolescent Master Protocol (AMP) cohort. Abbreviations: ART, antiretroviral 
therapy; HIV, human immunodeficiency virus; PBMC, peripheral blood mononuclear cell; VS, virologic suppression.
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higher than in total PBMCs. Similar rates and differences in the 
decay of HIV-1 as a function of age at virologic control were 
found, with faster clearance in group 1 compared with group 
2 in the first 2  years from VS (P  =  .005), and no difference 
between the 2 groups for 2–14 years of VS (P = .29).

DISCUSSION

This is the first study to report on the long-term decay dynamics 
of HIV-1–infected cells in perinatal infection with VS, as well as 
the difference in decay parameters by age at virologic control. 
These findings are pertinent for the timing of ART initiation 
in pediatric HIV-1 infection with relevance to achieving HIV-1 
remission or posttreatment control of HIV-1 replication in 
absence of ART. We found that, in contrast to HIV-1–infected 
adults, sustained control of virus replication leads to substan-
tial decreases in HIV-1–infected cells over childhood through 
adolescence, to reach the unprecedented low concentrations 
(mean of 1.39 log10 copies per million PBMCs at 10 years after 
VS) desirable for viral remission strategies. This finding was 
consistent irrespective of age at VS.

Importantly, however, earlier age at VS (by 1 year of age) was 
associated with larger decreases in the HIV-1–infected cell con-
centrations in the first 2 years following VS as compared to when 
virologic control occurred later (between 1 through 5 years of age; 
estimated mean decay rate of –0.50 log10 copies/million PBMCs 
per year compared with –0.15 log10 copies/million PBMCs per 
year, respectively). This difference in decay between the 2 groups 
could not be explained by differences in starting concentra-
tions of HIV-1–infected cells, as there was no difference in the 
HIV-1–infected cell concentration at the time of VS, when first 
phase decay would have been completed. Similarly, differences in 
immune reconstitution between infants and young children or 
lymphoid expansion from somatic growth did not appear to con-
tribute to the finding as adjustment for the percentages of CD4+ T 
cells did not alter the decay slopes. Together, these findings suggest 
qualitative differences in the types of reservoir cells generated as 
a function of age and duration of uncontrolled virus replication 
in perinatal infection, specifically the memory CD4+ T-cell res-
ervoir with estimated half-lives ranging from 88 months to 277 
months for transitional and T-memory stem cells, respectively 
[21]. Importantly, this difference is likely not due to preservation 

Table 1. Patient Characteristics

Age at Virologic Suppression

P ValueaCharacteristic All (N = 61)
<1 y (Group 1; 

n = 13)
1 to 5 y (Group 2; 

n = 48)

Female sex, No. (11) 31 (51) 6 (46) 25 (52) .76b

Year of birth 1998 (1996–2000) 1998 (1997–1999) 1998 (1996–2000) .37c

Received ARV prophylaxisd 14 (23) 5 (38) 9 (19) .15b

No. of ART regimens before suppressive ART

 Median 0 (0–1) 0 (0–0) 0 (0–1.5) .12c

 Median duration, y 0 (0.0–0.5) 0 (0–0) 0 (0.0–1.0) .08c

ART regimen (NRTIs plus:)

 PI alone 45 (74) 9 (69) 36 (75) .58b

 PI + NNRTI 8 (13) 1 (11) 7 (15)

 NNRTI alone 8 (13) 3 (23) 5 (10)

Age at ART initiation, y 1.2 (0.3–2.6) 0.2 (0.1–0.3) 1.7 (0.8–3.4) <.001c

pVL at ART initiation, copies/mL 5.2 (4.7–5.5) 5.7 (5.0–6.3) 5.0 (4.7–5.4) .08c

CD4% at ART initiation 28 (21.8–39.0) 31.5 (26.5–41.0) 28 (21–38) .19c

Age at first confirmed VS, y 2.9 (1.3–4.7) 0.7 (0.6–0.8) 3.6 (2.6–4.9) <.001c

Time from ART initiation to VS, y 0.7 (0.4–1.9) 0.5 (0.3–0.6) 0.9 (0.4–2.8) .01c

Age at last visit, y 12.6 (10.9–14.6) 12.6 (11.8–14.0) 12.6 (10.4–15.5) .87c

CD4 count at last visit 822 (617–1186) 866 (553–1220) 816 (651–1131) .58c

CD4% at last visit 38.1 (35.8–43.0) 40 (37.0–41.6) 38 (35–43) .55c

CD4/CD8 ratio at last visit 1.4 (1.1–1.7) 1.4 (1.1–1.5) 1.4 (1.1–1.7) .57c

Duration of ART through last visit, y 11.5 (8.8–13.2) 12.4 (11.7–13.7) 11.1 (8.3–12.9) .02c

Time from confirmed VS to last visit, y 10.1 (7.5–12.2) 11.9 (11.4–13.4) 9.5 (6.9–11.7) .002c

Age at first analyzed PBMCs, y 4.2 (1.6–6.8) 0.6 (0.2–1.8) 4.8 (2.7–7.4) <.001c

Analyzed PBMCs per person during VS 6 (4–9) 9 (7–11) 5.5 (3.5–8) .01c

Continuous variables are reported as median (interquartile range); dichotomous variables are expressed as frequency (11).

Abbreviations: ART, antiretroviral therapy; ARV, antiretroviral; NNRTI, nonnucleoside reverse transcriptase inhibitor; NRTI, nucleoside/nucleotide reverse transcriptase inhibitor; PBMC, 
peripheral blood mononuclear cell; PI, protease inhibitor; pVL, plasma viral load; VS, virologic suppression. 
aStatistical test comparing groups (<1 y and 1 to 5 y) by age at VS.
bFisher exact test.
cWilcoxon test.
dProphylaxis is defined as the first ART a given participant was on during life that also must have been both initiated and completed during the first 2 months of life.
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of HIV-1–specific immune responses through earlier therapy, as 
HIV-specific immune responses are largely undetectable with 
early control of HIV-1 replication in infancy [22–24].

It is established that HIV-1–infected cells decrease by about 
10-fold from the pre-ART concentrations during the first year 

of ART in both perinatal [20, 25, 26] and adult [27, 28] infec-
tion, reflective of clearance of shorter-lived, infected CD4+ T 
cells. In infected adults treated during chronic infection, the 
concentration of HIV-1–infected cells in the peripheral blood 
plateaus after 4  years on ART to a median of 2.84 log10 copies 

Figure 2. Decay of human immunodeficiency virus type 1 (HIV-1) DNA in peripheral blood mononuclear cells (PBMCs) following virologic suppression (VS) overall (11) and 
by age at VS (11). Piecewise linear mixed-effects model of HIV-1 DNA decay in overall study population (solid black line) and in those who achieve VS by 1 year of age (solid 
blue line) and by 1 to 5 years of age (solid red line). Dashed lines represent fitted locally weighted scatterplot smoothing curve. Closed circles represent DNA levels below 
limit of detection. 

Table 2. Estimated Peripheral Blood Mononuclear Cell–Associated HIV-1 DNA Trajectories Over Years Since Virologic Suppression

Age at Virologic Suppression

P ValueaTrajectory All (N = 61) <1 y (n = 13) 1 to 5 y (n = 48)

Interceptb (95% CI) 2.25 (1.98–2.51) 2.24 (1.69–2.79) 2.18 (1.93–2.43) .86

Slope/y (0–2 y) (95% CI) −0.25 (−.36 to −.13) −0.50 (−.73 to −.27) −0.15 (−.23 to −.07) .005

Slope/y (2–14 y) (95% CI) −0.05 (−.06 to −.03) −0.03 (−.06 to −.00) −0.05 (−.07 to −.03) .35

Abbreviations: CI, confidence interval; HIV-1, human immunodeficiency virus type 1.
aDifference between group slopes (<1 y and 1 to 5 y) by age at virologic suppression. 
bIntercept defined as the estimated HIV-1 DNA concentrations at the time of virologic suppression.
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per million PBMCs, with no additional decay through a decade 
or more of ART [27]. Whether the steady state of persistence 

of HIV-1–infected cells occurs earlier than 4  years of ART is 
unknown, as this time point is influenced by the timing of sample 
collection in the study [27]. Likewise, in children initiating ART 
during chronic infection (median, 9 years of age), the concentra-
tion of HIV-1–infected cells stabilizes at 1.82 log10 copies per mil-
lion PBMCs after 4 years of ART [29]. This is consistent with the 
long-term stability of HIV-1–infected cells despite effective ART.

However, ART initiation during acute infection may influence 
the long-term stability of HIV-1–infected cells through altera-
tions in the types of memory CD4+ T-reservoir cells that are gen-
erated [11, 30]. A recent study comparing the size of the HIV-1 
reservoir in adults treated during acute or chronic infection for a 
decade or more showed that ART during acute infection resulted 
in significantly smaller reservoir size compared with ART in 
chronic infection [8]. Our results showing faster HIV-1 decay 
and smaller reservoir size among children with VS by 1 year of 
age are consistent with these findings, implying that there are 

Figure 3. Decay of human immunodeficiency virus type 1 (HIV-1) DNA in peripheral blood mononuclear cells (PBMCs) following virologic suppression (VS) overall (11) and 
by age at VS (11), normalized for CD4 cell count. Piecewise linear mixed-effects model of HIV-1 DNA decay in overall study population (black line) and in those who achieve 
VS by 1 year of age (blue line) and by 1 to 5 years of age (red line). HIV-1 proviral DNA decay by PBMCs (solid lines) and CD4 percentage (dashed lines). 

Table  3. Estimated Peripheral Blood Mononuclear Cell –Associated 
HIV-1 DNA Concentrations Following Virologic Suppression

Age at Virologic Suppression

P ValueaTime Since VS All (N = 61) <1 y (n = 13) 1 to 5 y (n = 48)

Start of VS 
(95% PI)

2.25 (1.02–3.17) 2.24 (1.14–3.35) 2.18 (.72–3.08) .87

Year 2 (95% PI) 1.75 (.71–2.50) 1.24 (.49–1.90) 1.89 (.81–2.53) .01

Year 5 (95% PI) 1.62 (.65–2.36) 1.15 (.51–1.67) 1.75 (.75–2.37) .001

Year 7 (95% PI) 1.53 (.61–2.24) 1.09 (.52–1.60) 1.65 (.68–2.27) <.001

Year 10 (95% PI) 1.39 (.57–2.06) 0.99 (.51–1.54) 1.51 (.66–2.12) <.001

DNA concentrations reported as log10 copies/million peripheral blood mononuclear cells. 

Abbreviations: HIV-1, human immunodeficiency virus type 1; PI, prediction interval; VS, 
virologic suppression.
aDifference between groups (<1 y and 1 to 5 y) by age at VS.
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differences in the mechanisms of HIV-1 persistence when ART 
is started during the acute vs chronic stages of the infection.

Several small cross-sectional studies in perinatally infected 
children have reported on the observation of fairly low concentra-
tions of HIV-1–infected cells at 8–15 years of age in children on 
effective ART from early infancy [18, 31]. The extent to which this 
was a consequence of early restriction in HIV-1–infected cells is 
unknown. This is the first longitudinal study to examine HIV-1–
infected cell decay over the time course of ART. Here, we show that 
the low-infected cell concentrations observed with early treatment 
is a longer-term effect of sustained control of HIV-1 replication 
from infancy with ART initiation at <3 months of age, rather than 
an immediate restriction in HIV-1–infected cell concentrations.

Importantly, despite the similarities in the initial concentra-
tions of infected cells generated during acute HIV-1 infection 
in adult and perinatal infection [20, 28, 32], and the ongoing 
decay of HIV-1–infected cells during a decade or more of early 
ART in infected adults [32], the HIV-1–infected cell concen-
trations achieved with long-term ART were 15-fold lower in 
early-treated infants compared with early-treated adults. This 
difference highlights unique aspects of HIV-1–infected cell 
clearance and persistence in perinatal infection, especially 
with early and effective long-term treatment, for which pro-
cesses such as slower development of long-term memory T-cell 
responses and homeostatic proliferation, along with lymphoid 
expansion and immune reconstitution from thymic output, 
may be responsible but require further investigation.

Our study was limited by the lack of availability of PBMCs 
before ART to directly estimate first-phase decay of infected 
cells with ART. However, we were able to previously demon-
strate [20] that a high concentration of HIV-1–infected cells are 
present by 2 months of age, with similar decay in the first 2 years 
of ART, as observed in HIV-1–infected adults [28]. In addition, 
studies to explain the mechanisms of persistence of proviral 
genomes—specifically, distribution of proviral genomes by 
memory CD4+ T-cell subsets [33] and integration site analyses 
[34, 35]—were not feasible, but warrant further investigation. 
Last, given that >90% of HIV-1 DNA is replication defective 
[36], the true size of the latent, replication-competent HIV-1 
reservoir that reestablishes viremia when ART is stopped was 
not evaluable from the sample repository, although recent data 

suggest that these defective genomes can express viral proteins 
and may be targets for immune clearance [37]. However, HIV-1 
DNA has recently been shown to serve as a predictor of post-
treatment control and time to virologic rebound in the context 
of treatment during acute HIV-1 infection in adults [13, 38].

In conclusion, the observation that HIV-1–infected cell con-
centrations decline to remarkably low levels in the peripheral 
circulation of perinatally infected preadolescent children and 
youth has important implications for novel treatment strategies 
aimed at HIV-1 remission and cure. With 10 years of effective 
virologic control, the proviral reservoir size was 3-fold lower in 
the early-suppressed group compared with the later-suppressed 
group. Understanding the unique properties of HIV-1 persis-
tence in perinatal infection, as identified in this study, and its 
implications for virologic remission, is critical for advancing the 
field of HIV-1 remission and cure research toward improved 
ART-sparing approaches for HIV-1 control in this population.
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