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Background. A human immunodeficiency virus type 1 (HIV-1)–infected infant started on combination antire-
troviral therapy (cART) at 30 hours of life was recently reported to have no detectable plasma viremia after discon-
tinuing cART. The current study investigated the impact of early cART initiation on measures of HIV-1 reservoir size
in HIV-1–infected children with sustained virologic suppression.

Methods. Children born to HIV-1–infected mothers and started on cART within 72 hours of birth at 3 Cana-
dian centers were assessed. HIV serology, HIV-1–specific cell-mediated immune responses, plasma viremia, cell-
associated HIV-1 DNA and RNA, presence of replication-competent HIV-1, and HLA genotype were determined
for HIV-1–infected children with sustained virologic suppression.

Results. Of 136 cART-treated children, 12 were vertically infected (8.8%). In the 4 who achieved sustained vi-
rologic suppression, HIV serology, HIV-1–specific cell-mediated immune responses (Gag, Nef), and ultrasensitive
viral load were negative. HIV-1 DNA was not detected in enriched CD4+ T cells of the 4 children (<2.6 copies/106

CD4+ T cells), whereas HIV-1 RNA was detected (19.5–130 copies/1.5 µg RNA). No virion-associated HIV-1 RNA
was detected following mitogenic stimulation of peripheral blood CD4+ T cells (5.4–8.0 million CD4+ T cells) in
these 4 children, but replication competent virus was detected by quantitative co-culture involving a higher number
of cells in 1 of 2 children tested (0.1 infectious units/106 CD4+ T cells).

Conclusions. In perinatally HIV-1–infected newborns, initiation of cART within 72 hours of birth may signifi-
cantly reduce the size of the HIV-1 reservoirs. Cessation of cART may be necessary to determine whether functional
HIV cure can be achieved in such children.
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A human immunodeficiency virus type 1 (HIV-1)–
infected infant (the “Mississippi baby”) with no detect-
able HIV-1 viremia after treatment cessation and in
whom triple combination antiretroviral therapy
(cART) had been started at 30 hours of life was recently
reported by Persaud et al [1]. Although long-term fol-
low-up will be needed to ascertain whether HIV-1 has

Received 19 March 2014; accepted 1 June 2014; electronically published 9 June
2014.

Correspondence: Ari Bitnun, MD, MSc, FRCPC, University of Toronto, Division of
Infectious Diseases, The Hospital for Sick Children, Department of Paediatrics, 555
University Ave, Toronto, ON, M5G 1X8, Canada (ari.bitnun@sickkids.ca).

Clinical Infectious Diseases 2014;59(7):1012–9
© The Author 2014. Published by Oxford University Press on behalf of the Infectious
Diseases Society of America. All rights reserved. For Permissions, please e-mail:
journals.permissions@oup.com.
DOI: 10.1093/cid/ciu432

1012 • CID 2014:59 (1 October) • HIV/AIDS

mailto:ari.bitnun@sickkids.ca
mailto:journals.permissions@oup.com


been eradicated in this child, this case raises the possibility that
very early initiation of cART could prevent establishment of
HIV-1 reservoirs or limit reservoir size sufficiently to allow
long-term virologic suppression after cessation of therapy.
Long-term virologic suppression after interruption of cART
has previously been observed in a subpopulation of adults
who commenced treatment early during primary HIV-1 infec-
tion [2]. In addition to early treatment, host factors, such as
human leukocyte antigen (HLA) genotype, may also impact res-
ervoir establishment and disease progression [3].

In our 3 pediatric tertiary care institutions, cART at treatment
doses has been used routinely as perinatal HIV-1 postexposure
prophylaxis for many years in high-risk situations. This approach
is used for infants born to HIV-1–infected mothers with incom-
plete virologic suppression at delivery or, in the absence of viral
load results, if their mothers were nonadherent to antiretroviral
medications. Neonatal therapy is initiated as soon as possible
after birth and no later than 72 hours of life. Children proven
to be HIV-1 infected using standard molecular diagnostic meth-
ods [4] are then continued on cART. In this report we describe
a cohort of HIV-1–exposed infants who were initiated on cART
within 72 hours of life, the vertical transmission rate in this con-
text, and virologic and immunologic findings in a subgroup of
infants who achieved sustained virologic suppression.

METHODS

HIV-1–exposed children were eligible for this study if they were
started on treatment doses of cART within 72 hours of birth be-
cause of incomplete maternal virologic suppression at delivery
or, in the absence of maternal viral load results, a maternal his-
tory of incomplete adherence or nonadherence to antiretroviral
therapy. Subjects were identified from the clinical databases of
the 3 participating pediatric HIV care institutions: The Hospital
for Sick Children, Toronto; Children’s Hospital of Eastern On-
tario, Ottawa; and Centre Hospitalier Universitaire Sainte-
Justine, Montreal. The study was approved by the research
ethics board at each institution. Clinical and demographic
data on the mothers and infants were collected retrospectively.
Children confirmed to be infected with HIV-1 according to
standard criteria [4] and who achieved sustained virologic sup-
pression with cART were approached for study participation;
after informed consent was obtained, prospective testing for ev-
idence of residual HIV-1 was undertaken. Sustained virologic
suppression was defined by the absence of any detectable
virus in standard viral load assays subsequent to achieving an
undetectable viral load (<50 copies/mL) for the first time.

HIV serologic testing was performed by standard enzyme-
linked immunosorbent assay (ELISA) and Western blot assays.
Plasma viremia was determined using the VERSANTHIV-1 3.0
assay (branched DNA) (Bayer Corporation, Berkeley,

California; detection limit 50 copies/mL) prior to October
2010 and afterward using the Abbott RealTime HIV-1 assay
(Abbott Laboratories, Abbott Park, Illinois; detection limit 40
copies/mL). Residual plasma viremia (<50 copies/mL) was de-
termined by a modified Cobas AmpliPrep/Cobas TaqMan
HIV‐1 assay as previously described [5]. In brief, to determine
the limit of detection of the assay, HIV-1 RNA from HIV-1 Vi-
rology Quality Assurance Laboratory RNA Quantification Stan-
dard was serially diluted in plasma from HIV-seronegative
individuals. These samples were subjected to COBAS Ampli-
Prep/COBAS TaqMan HIV-1 Test Version 2.0 (Roche Diagnos-
tics) reactions in 18 replicates. The limit of detection was 1.5
copies of HIV-1 RNA per milliliter of plasma. Clinical speci-
mens were subjected to COBAS AmpliPrep/COBAS TaqMan
HIV-1 Test version 2.0 (Roche Diagnostics) in quadruplicate
(4 × 1 mL plasma).

The level of cell-associated HIV-1 DNA in CD4+ T cells was
determined by real-time polymerase chain reaction (PCR) as
previously described [5]. To determine the level of cell-
associated HIV-1 RNA, total RNAwas isolated from highly en-
riched CD4+ T cells using RNeasy Mini Kit (Qiagen) followed
by DNase treatment (Qiagen). Then, 1.5 µg of total RNA was
subjected to the Cobas AmpliPrep/Cobas TaqMan HIV‐1
assay in duplicate. The assay system contains an internal control
(HIV-1 Quantitation Standard Armored RNA), which was
added to every specimen to compensate for effects of inhibition
and to control the efficiency of target detection.

To assess for the presence of cells carrying replication-
competent virus, purified CD4+ T cells were stimulated by
mitogen (prostratin analogue) for 3 days and the level of
virion-associated HIV-1 RNA in the culture supernatant was
quantitated [6]. The supernatant was harvested 3 days following
mitogenic stimulation to test for virion-associated HIV-1 RNA
due to the timing of maximum CD4+ T-cell stimulation and
cytopathic effects and the associated impact of dying cells. In
the 2 older children, the presence of replication-competent
virus was also tested by standard quantitative co-culture of
peripheral blood CD4+ T cells as previously described [7]. To
date, quantitiative co-culture has been deferred for the 2 youn-
ger children due to blood volume constraints for research.

HIV-specific T-cell responses to Gag and Nef, measured by
enzyme-linked immunospot (ELISpot) assay, were performed
according to the manufacturer’s protocol (Mabtech AB, Swe-
den) as previously described [8]. Then, 1 µg/mL of each peptide
antigen (clade B consensus HIV-1 Gag and/or Nef or CMV-
pp65 [National Institutes of Health AIDS reagent program])
was added to appropriate wells. One microgram per milliliter
of staphylococcal enterotoxin B was used as a positive control,
whereas 0.8% dimethyl sulfoxide (DMSO), the highest DMSO
concentration used in peptide stimulations, served as a negative
control.
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CCR5-delta 32 status and HLA genotypes were determined
using PCR and DNA sequencing as previously described [9,
10]. The inferred amino acid sequence of the HLA-B region
was examined, and substitutions associated with control of vi-
rologic set-point were identified [11].

RESULTS

Over a 10- to 15-year period (varied by institution), 136 new-
born infants of HIV-1–infected mothers who had detectable
viral load and/or poor adherence to therapy prior to delivery re-
ceived cART beginning within 72 hours of birth. Twelve of 136
(8.8%) were HIV-1 infected based on detection of HIV-1 DNA
or RNA in 2 or more separately timed blood samples. Six of the
12 (50%) had HIV-1 detected by PCR within 48 hours of birth,
suggesting in utero infection according to diagnostic standards.
For the remaining 6, the timing of infection could not be ascer-
tained because initial testing took place after 48 hours of life. Of
the 12 infected children, 4 achieved sustained virologic suppres-
sion. Of the remaining 8 children, 6 never achieved consistent
virologic suppression due to poor adherence from the time of
cART initiation. Two achieved and maintained an undetectable
viral load for the first 2–3 years of life, but subsequently expe-
rienced virologic rebound as a result of poor adherence.

Maternal and infant clinical data as well as HIV-1 diagnostic
testing results for the 4 children with sustained virologic sup-
pression are shown in Table 1. All 4 were started on cART con-
sisting of zidovudine, lamivudine, and nevirapine at treatment
doses during the first 24 hours of life. HIV-1 PCR was positive
within 48 hours of birth in all 4. Only 1 infant (case 1) had viral
load testing performed on the first day of life; the remaining 3
had viral load testing after confirmation of a positive birth HIV-
1 PCR result. Virologic suppression was first documented be-
tween 66 and 189 days of life (median, 99 days; Figure 1). All
4 infants have remained on the same cART regimen, are clini-
cally well, and have normal CD4+ T-cell counts.

Additional evaluation of the 4 children was performed at 2.5–
7.5 years of age (Table 2). In all 4 cases, HIV serology by both
ELISA and Western blot was negative. All 4 had undetectable
plasma viremia by ultrasensitive assay (limit of detection, 1.5
copies/mL). No detectable cell-associated HIV-1 DNA (<2.6
copies/106 CD4+ T cells) was demonstrated in the peripheral
blood of any of the children, whereas low levels of cell-associated
HIV-1 RNA (19.5–130 copies/1.5 µg RNA) were detected in
all 4. No virion-associated HIV-1 RNA was detected in the
children’s CD4+ T cells following mitogenic stimulation (5.4–
8.0 × 106 CD4+ T cells). Two of the children had quantitative
co-culture performed with a slightly higher number of CD4+

T cells compared with the number of cells used for the detection
of virion-associated HIV RNA (10 × 106 for both vs 5.4 × 106

and 7.2 × 106 for cases 1 and 2, respectively). In 1 of these 2

children (case 2), the presence of replication-competent virus
was demonstrated by quantitative co-culture at a level of 0.1 in-
fectious units per 106 CD4+ T cells. The negative quantitative
co-culture in the second child indicates that if infectious virus
was present, it was at a level of <0.1 infectious units per 106

CD4+ T cells.
Interferon-γ ELISpot testing revealed no detectable cell-

mediated immune responses to HIV-1 Gag or Nef peptide pan-
els (Figure 2). Numerically significant IFN-γ responses directed
against cytomegalovirus (CMV) pp65 protein were readily mea-
sured in all 4 cases (all 4 were seropositive to CMV).

All 4 children with sustained virologic suppression were ho-
mozygous for wild-type CCR5. Three of the 4 children had
HLA B*58, and HLA-B sequence variations previously associat-
ed with better HIV control (Table 2) [11]. The 2 early-treated
children who experienced virologic rebound due to poor adher-
ence after several years of effective therapy and consistent
(though not sustained) virologic suppression were homozygous
for wild-type CCR5; neither had HLA B*58 (B*08-B*27, B*07-
B*14), but both had potentially beneficial mutations (bold) at
positions 67 (C/F and C/Y) and 97 (N/S and S/W) of HLA-B
(respectively) [11].

DISCUSSION

The clinical context of our 4 patients with sustained virologic
suppression was similar to the child reported by Persaud et al
[1], with the caveat that our patients have to date remained
on cART. All 4 met the standard diagnostic criteria for HIV-1
infection in infants, consisting of detection of HIV-1 nucleic
acid in ≥2 separately timed blood samples. Sustained virologic
suppression was achieved by 6 months of age, and subsequent
testing demonstrated negative HIV serology by both ELISA and
Western blot as well as absence of HIV-1–specific cell-mediated
immune responses against Gag and Nef. The detection of HIV-
1 RNA in early sequential viral load monitoring samples
through days 38–107 of life, while on cART, confirms that all
4 children indeed had HIV-1 infection with actively replicating
virus. A biphasic viral load decline was evident in case 1 (for
whom results were available from the first day of life before
cART was commenced), and the viral load decay patterns of
the remaining 3 cases (for whom early results were not avail-
able) were likewise consistent with the expected second-phase
decline seen with successful cART.

The absence of HIV-1–specific humoral and cell-mediated
immune responses in our 4 children is likely a consequence
of rapid virologic control by cART and lack of development
of a mature B- and T-cell response to HIV-1. It has previously
been shown that the majority of children initiating cART within
3 months of birth become seronegative by approximately 16
months of age and that the kinetics of antibody titer decline

1014 • CID 2014:59 (1 October) • HIV/AIDS



in these children is similar to that observed with passive mater-
nal antibody in HIV-1–exposed uninfected infants [12, 13].
Similarly, HIV-1–specific CD8+ T-cell responses remain nega-
tive or revert to negative in children started on effective cART
during the first 6 months of life [14, 15]. HIV-1–specific im-
mune responses can remain negative despite ongoing viral rep-
lication as evidenced by detectable low-level viremia (≤5
copies/mL) during cART [13]. However, replication-competent
virus can be recovered from the peripheral blood of most chil-
dren with sustained virologic suppression who were started on
cART in early infancy [16, 17].

In our 4 patients with sustained virologic suppression, the
positive HIV-1 PCR results within 48 hours of birth combined
with the detectable but low viral loads during the first 2–3 weeks
of life suggest they were infected in utero close to the time of
delivery. In this context, the size of the HIV-1 reservoir at
birth, if present, is likely to be extremely small. The finding of
a low level (0.1/106 CD4+ T cells) of replication-competent
HIV-1 in CD4+ T cells in 1 of our 4 children is consistent
with this hypothesis and in linewith previous studies demonstra-
ting that the frequency of cells harboring replication-competent
virus is significantly lower in infants started on cART within 6
weeks of birth compared with those started at a later age [17–
19]. In HIV-1–infected adults, the frequency of CD4+ T cells
carrying infectious virus in peripheral blood is also markedly
lower in those started on cART within 6 months of primary in-
fection compared to those started in the chronic phase of infec-
tion [20]. In experimentally infected macaques, early initiation

of cART prior to peak virus replication has been shown to limit
systemic dissemination and seeding of the reservoir in periph-
eral and extralymphoid mucosal compartments [21]. Recovery
of infectious virus at extremely low level in peripheral blood (eg,
1/1.7 × 109 CD4+ T cells) and virologic rebound following dis-
continuation of cART have been noted in early-treated adults
with prolonged virologic suppression [20]. Rapid virologic re-
bound was also reported in a child who initiated cART within
a week of birth despite sustained virologic suppression from 1
month of age over a 2-year period and absence of detectable
HIV-1 proviral DNA in tonsillar tissue [22]. These findings
have important implications for HIV cure research in perinatal-
ly infected children, as it may not be feasible to obtain sufficient
numbers of peripheral blood mononuclear cells to reasonably
exclude the presence of replication-competent virus.

The absence of detectable HIV-1 DNA in the peripheral
blood CD4+ T cells of our 4 subjects may also have been related
to the number of cells tested. Thus, it is possible that HIV-1
DNA may have been detected had a larger number of replicates
been tested. In addition, it is theoretically possible that our PCR
primers and probe may not be capable of amplifying certain
strains of HIV-1 despite the fact that they were derived from
a highly conserved region of the virus.

The significance of detectable levels of cell-associated HIV-1
RNA in the peripheral blood, concurrent with absence of de-
tectable virion-associated HIV-1 RNA in the children’s CD4+

T cells following mitogenic stimulation in the limited number
of CD4+ T cells tested, is uncertain. The former may reflect

Table 1. Maternal Characteristics and Confirmatory HIV-1 Testing in 4 Infants

Characteristic Case 1 Case 2 Case 3a Case 4a

Maternal characteristics

Age 30 y 32 y 29 y 29 y
Viral load prior to deliveryb 97 701 c/mL Unknownc 6326 c/mL 6326 c/mL

CD4+ T-cell count prior to deliveryb 190 cells/µL 10 cells/µL 61 cells/µL 61 cells/µL

Clade G (CRF 6) Unknown C C
Infant characteristics

Mode of delivery Emergency cesarean Spontaneous Spontaneous Spontaneous

Gestational age at birth 34 wk plus 4 d 27 wk 36 wk 36 wk
Birth weight 2980 g 1070 g 2270 g 1640 g

HIV PCR (age) Positive (1 d) Positive (2 d) Positive (1 d) Positive (1 d)

CD4+ T cell count at 4 wk 3940 cells/µL (55.2%) 1447 cells/µL (28.9%) 2227 cells/µL (50.9%) 1690 cells/µL (48.7%)
HIV viral load (age) 1890 c/mL (1 d),

276 c/mL (28 d),
86 c/mL (107 d)

235 c/mL (26 d),
81 c/mL (50 d)

186 c/mL (13 d),
101 c/mL (38 d)

795 c/mL (12 d),
61 c/mL (80 d)

Age at which sustained VL <50 c/mL
was achieved

189 d 90 d 66 d 108 d

Abbreviations: c/mL, copies/mL; CRF, circulating recombinant form; HIV, human immunodeficiency virus; PCR, polymerase chain reaction; VL, viral load.
a Nonidentical twins.
b Timing in relation to delivery (weeks prior): case 1, 3 weeks prior; case 2, onset of labor; case 3, within 24 hours of delivery; case 4, within 24 hours of delivery.
c Presented with catastrophic cerebral event (suspected cerebral toxoplasmosis); died soon after delivery.
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transcription of defective HIV-1 genome, a theory put forward
to explain similar findings in the “Berlin patient” and the “Mis-
sissippi baby” [1, 23]. Although we demonstrated a low level of
replication-competent virus (detected in quantitative co-
culture) in only 1 child, it is also possible that replication-
competent virus was present in the peripheral blood samples
of the remaining 3 patients but not detected due to the fact
that we could not obtain sufficiently large numbers of cells (for
example, >100 million PBMCs). Another potential explanation
is failed induction of provirus replication in vitro. In a recent
study, it was shown that 11.7% of noninduced virions had intact
genomes and normal long terminal repeat function [24].

Multiple HLA class 1 alleles have been linked to the rate of
HIV-1 disease progression [3], and individual amino acids with-
in the HLA-B have been associated with influencing the HIV-1
“viral set-point” [11]. Of the 4 children in our cohort with sus-
tained virologic suppression, 3 had protective markers includ-
ing HLA B*58 and HLA-B sequence variations at positions

67, 70, and 97 [3, 11].One of these 3 children also had the pro-
tective allele HLA B*2701. The child in whom replication-
competent virus was recovered by quantitative co-culture
lacked these protective genetic markers (case 2). The 2 chil-
dren who had virologic rebound due to poor adherence after
several years of effective therapy and consistent (though not
sustained) virologic suppression did not have HLA B*58, but
one had HLA B*27, and both had potentially beneficial HLA-B
mutations at positions 67 and 97 [11]. Our findings suggest a
potential contribution of the infant’s (or possibly the moth-
er’s) immune system toward virologic control in early-treated
perinatally infected children.

Among 136 high-risk HIV-exposed infants who received
cART within 72 hours of birth because of lack of or inadequate
maternal antiretroviral treatment 12 were infected, a vertical
transmission rate of 8.8%. This contrasts with the 0.4% overall
transmission rate observed in Canada when maternal cART is
initiated >4 weeks before delivery [25]. Furthermore, in the 6

Figure 1. Viral load kinetics for the 4 children with sustained virologic suppression. All 4 children had positive human immunodeficiency virus (HIV)
polymerase chain reaction (PCR) within 48 hours of birth and a minimum of 2 subsequent detectable viral load assay results. Only case 1 had a viral
load test performed on day 1 of life; the other 3 had viral load testing performed only after receiving the birth HIV PCR result. A biphasic viral load decline
is clearly evident in case 1. In the other 3 cases, results are consistent with the second-phase decline of viral load. Abbreviations: cART, combination
antiretroviral therapy; HIV, human immunodeficiency virus; PCR, polymerase chain reaction.
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children (50%) tested within 48 hours of birth, positive HIV-1
PCR results suggest that in utero transmission had occurred.
These data reinforce the importance of timely maternal diagno-
sis and provision of appropriate antenatal cART which, if
applied universally, would reduce the risk of vertical transmis-
sion to <1% and obviate the need for aggressive prophylaxis
measures such as treating the neonate with cART.

Based on the results of a randomized clinical trial [26], the US
Department of Health and Human Services currently recom-
mends oral zidovudine for the first 6 weeks of life in combina-
tion with 3 doses of oral nevirapine in the first week for infants
of mothers with incomplete virologic suppression [27]. The po-
tential disadvantages of this strategy are 2-fold. If the child
is infected, nevirapine resistance may develop, as has been
observed in 12% of children following single-dose peripartum
nevirapine [28]. In addition, if infected, this prophylactic
rather than treatment regimen could lead to delayed virologic
suppression. Combination ART at treatment doses could poten-
tially negate these risks and modulate the establishment and

persistence of HIV-1 reservoirs [17, 18]. We therefore advocate
that cART at treatment doses be recommended for newborn in-
fants of mothers with inadequately controlled HIV-1 replica-
tion at the time of delivery. Formal studies evaluating the
pharmacokinetics of antiretroviral agents and the safety of
cART in newborn infants are ongoing and of paramount im-
portance in this regard.

In conclusion, the findings in the 4 children with sustained
virologic suppression show that early initiation of cART in in-
fants can dramatically reduce the level of proviral HIV-1 DNA
and replication-competent virus in peripheral blood CD4+

T cells. Given that it is not possible to examine every cell in
each infant, a structured treatment interruption may be the
only practical way to determine if HIV-1 eradication or func-
tional cure can be achieved in such children. However, treat-
ment interruption is not without risk, as incomplete virologic
control following reinitiation of therapy and development
of antiretroviral medication resistance has been observed in
adults [29–31]. In addition, if virologic rebound were to occur

Table 2. Genetic Typing and Tests of HIV-1 Persistence

Case 1 Case 2 Case 3a Case 4a

Age/Sex 7 y/F 7 y/F 2.5 y/F 2.5 y/M

HLA typing A*01 – A*02;
B*27 – B*58;
C*02 – C*03

A*30 – A*66;
B*44 – B*45;
C*03 – C*04

A*01 – A*66;
B*55 – B*58;
C*03 – C*03

A*01 – A*66;
B*55 – B*58;
C*03 – C*03

HLA-B variationb 67CM; 70 K/S; 97R/T 67S; 70N; 97R 67Y/M; 70Q/S; 97R/T 67Y/M; 70Q/S; 97R/T

CCR-5 Δ32 status Wild type Wild type Wild type Wild type
Mean CD4+ T-cell count
(% past year)

1432 cells/µL (51.1%) 1371 cells/µL (38.8%) 1268 cells/µL (46.3%) 1263 cells/µL (44.5%)

Serology
ELISA Negative Negative Negative Negative

Western blot Negative Negative Negative Negative

T-cell responses
HIV-1 Gag Undetectable Undetectable Undetectable Undetectable

HIV-1 Nef Undetectable Undetectable Undetectable Undetectable

Plasma viremiac <1.5 copies/mL <1.5 copies/mL <1.5 copies/mL <1.5 copies/mL
Cell-associated DNA <2.6 copies/106 CD4+

T cells
<2.6 copies/106 CD4+

T cells
<2.6 copies/106 CD4+

T cells
<2.6 copies/106 CD4+

T cells

Cell-associated RNAd 24.9 copies/1.5 µg RNA 20.0 copies/1.5 µg RNA 19.5 copies/1.5 µg RNA 130 copies/1.5 µg RNA
RNA in stimulated CD4+ T-cell
culturee

Not detected (5.4 M) Not detected (7.2 M) Not detected (8.0 M) Not detected (8.0 M)

Quantitative CD4+ T-cell
co-culturef

Not detected 0.1 IU/106 CD4+ T cells Not done Not done

Abbreviations: ELISA, enzyme-linked immunosorbent assay; HIV-1, human immunodeficiency virus type 1; HLA, human leukocyte antigen; IU, infectious units; M,
million.
a Nonidentical twins; contamination from one twin to the other was not possible as their blood draws were performed on different days and HLA typing was
performed on different days with dozens of other individuals samples tested in between.
b HLA-B variation at positions associated with better virologic control (lower set-point); specific amino acid substitutions are indicated in bold.
c Limit of detection: 1.5 copies/mL; each assay performed on 6 mL of whole blood.
d Limit of detection: 1.5 µg RNA; performed in duplicate.
e Limit of detection: 20 copies/mL; M denotes millions of cells.
f Measured as infectious unit per million CD4+ T cells; performed in replicates of 10.
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following cART discontinuation, it would likely be accompa-
nied by expansion of the HIV-1 reservoir, potentially making
future HIV-1 reservoir eradication more difficult. Therefore, a

thorough discussion of the risks and benefits of stopping
cART with patients and caregivers is imperative [32] and, if un-
dertaken, will require intensive and long-term follow-up.

Figure 2. Interferon-gamma (IFN-γ) enzyme-linked immunospot (ELISpot) assay for the 4 children. The 4 cases analyzed did not have detectable human
immunodeficiency virus type 1 (HIV-1) Gag or Nef protein-specific T cells in their peripheral blood mononuclear cells (PBMCs). A, HIV-1 Gag and Nef
responses were screened using an IFN-γ ELISpot assay. Spot-forming units per million PBMCs are reported after stimulation with each corresponding
antigen’s peptide pool tested at 1 µg/mL/peptide. ∧ Represents responses characterized by a >2.5-fold increase over the no-treatment (DMSO) condition.
B, Representative ELISpot wells for case 1 are shown. Each experiment was performed in duplicate. Abbreviations: CMV, cytomegalovirus; DMSO, dimethyl
sulfoxide; HIV-1, human immunodeficiency virus type 1; NT, no treatment; PBMCs, peripheral blood mononuclear cells; SEB, staphylococcal enterotoxin B;
SFU, spot-forming units.
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