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The emergence of cytotoxic T-lymphocyte (CTL) escape mutations in human immunodeficiency virus type 1
(HIV-1) proteins has been anecdotally associated with progression to AIDS, but it has been difficult to
determine whether viral mutation is the cause or the result of increased viral replication. Here we describe a
perinatally HIV-infected child who maintained a plasma viral load of <400 copies/ml for almost a decade until
a nonbinding escape mutation emerged within the immunodominant CTL epitope. The child subsequently
experienced a reemergence of HIV-1 viremia accompanied by a marked increase in the number of CTL epitopes
targeted. This temporal pattern suggests that CD8 escape can play a causal role in the loss of immune control.
Patient TCH-043 was diagnosed with asymptomatic HIV-1
infection at 27 months of age. A single HIV RNA measurement performed on plasma obtained prior to antiviral therapy
revealed a viral load of 307 copies/ml. The subject subsequently began dual-nucleoside therapy with zidovudine and
didanosine, and all HIV-1 RNA measurements over the next 7
years were either below the limit of detection or measurable at
fewer than 400 copies/ml (Fig. 1, top panel). A detailed study
of the subject’s HIV-specific CTL response was performed
when the patient was 7.4 years old, during the period of fully
suppressed viremia (previously described in reference 6). Recognition of defined HIV-1 optimal epitopes and overlapping
peptides spanning Gag, reverse transcriptase (RT), Nef, and
gp41 (15-mers with 10- to 11-amino-acid overlap, based on the
SF2 sequence) was assessed in a gamma interferon (IFN-␥)
enzyme-linked immunospot (ELISPOT) assay with 10 M
peptide and 50,000 to 200,000 peripheral blood mononuclear
cells (PBMCs) per well, as previously described (5). The subject displayed a highly immunodominant IFN-␥ response to
the B27-restricted Gag epitope KRWIILGLNK (B27-KK10;
1,925 SFC/106 PBMCs). A second response of considerably
lower magnitude, also restricted by HLA-B27, targeted Gag
epitope IRLRPGGKK (B27-IK9; 192 SFC/106 PBMCs). No
other responses were detected in Gag, RT, Nef, or gp41. Retrospective testing of cryopreserved PBMCs obtained at the
time of diagnosis revealed that the response to B27-KK10 was
already present when the patient was 27 months of age; B27IK9 and A26-EL9 were not recognized at this early time point
(Fig. 1, middle panel).
When the patient was 9 years old, marked changes in the
HIV-specific CTL response occurred. The frequency of IFN␥-secreting T cells specific for B27-KK10 declined precipitously (Fig. 1, middle panel). During this interval, immunodominance shifted to two other epitopes within Gag: the

Selection for viral sequence mutations which allow human
immunodeficiency virus type 1 (HIV-1) to evade recognition by
cytotoxic T lymphocytes (CTL) has been well documented in
humans and in animal models (2, 3, 6, 7, 9). However, it is
likely that CTL responses vary in their antiviral efficacies, and
the timing of escape and its consequences for immune control
are also likely to differ among epitopes (10). A compelling
demonstration of the relationship between HIV-1 mutational
escape and loss of immune control of viremia has come from
studies of the highly immunodominant Gag CD8 epitope
KRWIILGLNK (KK10; Gag amino acids 131 to 140) (6, 7, 9)
presented by HLA-B27, which is consistently associated with
slowly progressive HIV disease (8, 13). The emergence of
mutations within this epitope has been shown to coincide with
increased viral replication and progression to AIDS (7, 9).
However, it has been difficult to discriminate cause from effect;
viral mutation within this epitope may be the critical event
which allows the virus to escape immune control, leading to
breakthrough viremia, or the mutation may emerge as a stochastic function of increased viral replication due to some
other cause. Here we describe a perinatally HIV-infected child
expressing HLA-B27 who maintained a plasma viral load below the limit of detection for many years on minimal antiviral
therapy until breakthrough viremia occurred at 9 years of age.
Sequencing of autologous virus from samples obtained shortly
before this increase in viremia, while the viral load was still
⬍50 copies of RNA/ml of plasma, demonstrates the emergence of a minor population of viral clones possessing a characteristic B27-KK10 escape mutation.
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previously subdominant B27-restricted epitope IRLRPGGKK
(B27-IK9) and the previously unrecognized A26-restricted
epitope EVIPMFSAL (A26-EL9). Comprehensive screening
using overlapping peptides spanning all HIV-1 proteins revealed that the CTL response had broadened considerably to
target at least 17 distinct specificities (Fig. 2). Subsequently,
after 7 years of stable viral control, an increase in viral load to
640 copies/ml of plasma was detected. Viremia persisted over
the next 7 months, and the viral load increased to 5,400 copies/
ml. Antiviral therapy was discontinued, with no significant effect on the subsequent viral load measurements (⬍0.5 log
change).
To determine whether viral sequence changes mediated by
immune or drug selection pressure coincided with the reemergence of viremia, longitudinal HIV-1 sequencing was performed on samples obtained at initial presentation (age, 2.2
years), shortly before viral breakthrough (age, 7.8 years), and
following the increase in viral replication (ages, 9.4 and 10
years). At the age of 7.8 years (viral load, ⬍50 copies/ml), the
HIV-1 sequence could be determined only following culture of
virus from CD8-depleted PBMCs. HIV-1 RNA was extracted
directly from plasma at all other time points. Nested PCR was
performed using primers and conditions previously described
(5), followed by TA cloning (TOPO TA cloning kit; Invitrogen,
Carlsbad, Calif.), DNA purification (QiaPrep Turbo Miniprep
system; QIAGEN, Valencia, Calif.), and sequencing on an ABI
3700 DNA analyzer from Applied Biosystems.
Following breakthrough viremia, all 40 viral clones possessed an arginine-to-threonine substitution at position 2 within B27-KK10 (R132T) (Fig. 3, top panel). This R132T mutation has previously been shown to prevent binding of KK10 to
the HLA-B27 molecule (6) due to loss of the critical P2 anchor
residue. Interestingly, this R132T mutation predated the increase in viral replication, as it was already present in 3 of 14
clones isolated from the patient at 7.8 years of age, while
plasma viremia remained undetectable (Fig. 3, top panel). Furthermore, phylogenetic analysis indicates that the viral escape

FIG. 2. Broadening of CTL response precedes viral breakthrough. Recognition of overlapping 15-mer peptides spanning clade B HIV-1 Gag,
Nef, RT, and gp41 was assessed by an IFN-␥ ELISPOT assay when the patient was 7.4 years old (2 years before viral breakthrough) and 9.2 years
old (2 months before viral breakthrough). In addition, 18-mer peptides spanning all other HIV-1 gene products (gp120, Rev, Tat, Vpr, Vpu, Vif,
protease, and integrase) were tested when the patient was 9.2 years old but not at 7.4 years of age. Missing data are indicated by asterisks.
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FIG. 1. Longitudinal clinical, CTL, and viral sequence data for patient
TCH-043. AZT, zidovudine; DDI, didanosine; SFC, spot-forming cells.
(Top panel) Longitudinal changes in viral load and CD4 count from time
of diagnosis to present. Where viral load measurements were beneath the
limit of detection, the threshold value is shown. Viral sequencing was
performed at the time points indicated (⫻), given in years of patient age.
(Middle panel) Longitudinal changes in CTL recognition of three immunodominant epitopes were assessed by an IFN-␥ ELISPOT assay. A26EL9 was not tested when the patient was 7.2 years old, but a 17-mer
containing this epitope (AFSPEVIPMFSALSEGA; indicated by an
asterisk) was not recognized. The dotted vertical line indicates the
earliest measurable return of viremia (640 copies/ml) at age 9.4 years.
(Bottom panel) Fraction of autologous viral sequences containing the
R132T mutation.
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sequences that predominated after viral breakthrough are
likely to have originated from clones displaying R132T (Fig. 3,
bottom panel), suggesting that this mutation conferred a
strong selection advantage. Although several RT mutations
conferring resistance to nucleoside analogues were detected
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following viral breakthrough (V118I, 215Y, 211K, 210W, and
M41L), each of these mutations was already present when the
patient was 7.8 years old, while viremia remained undetectable
(11).
Mutational escape from the KRWIILGLNK epitope has
previously been shown to coincide with the emergence of viremia among B27-positive subjects after many years of spontaneous viral control. However, in these cases, limited sample
availability prevented determination of the precise timing of
CTL escape relative to the loss of viral control. Therefore, it
has been suggested that the emergence of the viral variant may
have been the result of increased viral replication rather than
a causal contributor to breakthrough viremia. The longitudinal
data presented here demonstrate that escape from the immunodominant CTL response clearly preceded breakthrough
HIV-1 viremia in this long-term-nonprogressing child. The decline in the magnitude of the KK10 response and the shift of
immunodominance to other epitopes occurred prior to any
measurable return of viremia. Although the subject had been
receiving long-term nucleoside analogue therapy, no RT mutations emerged coincident with the increase in viral load that
were not already present while viremia was suppressed, making
antiviral drug resistance an unlikely explanation for the reemergence of viremia. While it is possible that secondary escape mutations arose subsequent to the R132T mutation and
contributed to the return of viremia, none were identified in
RT or Gag.
The reason for the late emergence of B27-KK10 escape
mutations in the course of HIV-1 infection is not clear, but
Kelleher et al. have hypothesized that selection for the morecommon R132K escape mutation may require an antecedent
L136M mutation in order to overcome structural constraints
imposed by the p24 molecule (9). It is of interest to note that
this putative “compensatory” L136M mutation was apparently
not a structural prerequisite for the R132T escape mutation
observed in patient TCH-043.
Viral escape in this patient was accompanied by a marked
expansion in the number of CTL specificities targeted. It has
been hypothesized that a broad, polyclonal CTL response may
be advantageous for viral containment, an assumption which is
supported by the survival advantage conferred by HLA class I
heterozygosity (4). The temporal association of immunologic
failure with the broadening of the CTL response in our patient
suggests that the relationship between CTL breadth and immune control may be more complex than previously thought
and that increased CTL breadth may, at least in some cases, be
indicative of a failing immune response. Overall, the number of
CTL specificities targeted by chronically HIV-1-infected adults
does not correlate with viral load (1). A highly focused response targeting fewer epitopes has been found among longterm nonprogressors expressing HLA-B57 (12), although it
could be argued that the narrow response in such subjects is
related to decreased antigenic stimulation in the setting of
minimal viral replication. The broadening of the CTL response
in our patient cannot be readily attributed to an increase in
plasma viral load, because the expansion in the number of
targeted epitopes preceded the reemergence of measurable
HIV-1 viremia. The observed association between CTL broadening and loss of immune control warrants further exploration
in longitudinal studies.
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FIG. 3. Longitudinal HIV-1 sequence changes in B27-KK10. (Top
panel) Longitudinal changes within the Gag epitope B27-KK10 were
determined by clonal sequencing of samples from patient TCH-043
and the subject’s mother. The R132T mutation in B27-KK10 was
present in a minority of clones when the patient was 7.8 years old but
became the predominant species at the time of viral breakthrough at
age 9.4 years. Minor variants are shown in gray. The number of clones
with given mutations per total number of clones is given in the final
column. (Bottom panel) Maximum likelihood phylogenetic tree showing the evolution of HIV in patient TCH-043 over time. Branch color
corresponds to the time point at which each clone was isolated (given
as age of patient TCH-043 in years). All viral clones within the shaded
box possess the R132T mutation. All branch lengths are drawn to scale.
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