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The only realistic hope for curbing the expanding HIV pandemic is the development of an effective vaccine.
Understanding the immune responses that might protect from infection is of utmost relevance to this effort. With the most
recent global figures showing that over 36 million people are now living with HIV, and expectations for rapidly expanding
epidemics in Asia and the former Soviet Union, the need to understand immune protection in HIV infection is paramount.
One group that has generated intense interest regarding potential insights into protective immunity consists of people with
repeated exposures to HIV that remain seronegative. In particular, early studies showed some commercial sex workers in
Kenya remained persistently seronegative, despite daily exposure to numerous HIV-infected sex partners (1).
Approximately 10% of individuals in this cohort were thus termed “resistant” to HIV infection, and many of these resistant
individuals were found to have detectable, albeit low-level, cytotoxic T lymphocyte (CTL) responses in their blood (2).
Since CTLs can at least theoretically kill virus-infected cells before progeny viruses are produced, it was hypothesized
that CTLs were actually mediating the protection. In this issue of the JCI, Kaul et al. now provide much-anticipated follow-
up on this cohort, showing that the resistance is indeed relative at best, as a significant number of these individuals have
gone on to seroconvert (3). However, [...]
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The only realistic hope for curbing the
expanding HIV pandemic is the devel-
opment of an effective vaccine. Under-
standing the immune responses that
might protect from infection is of
utmost relevance to this effort. With
the most recent global figures showing
that over 36 million people are now liv-
ing with HIV, and expectations for rap-
idly expanding epidemics in Asia and
the former Soviet Union, the need to
understand immune protection in HIV
infection is paramount.

One group that has generated intense
interest regarding potential insights
into protective immunity consists of
people with repeated exposures to HIV
that remain seronegative. In particular,
early studies showed some commercial
sex workers in Kenya remained persist-
ently seronegative, despite daily expo-
sure to numerous HIV-infected sex part-
ners (1). Approximately 10% of
individuals in this cohort were thus
termed “resistant” to HIV infection, and
many of these resistant individuals were
found to have detectable, albeit low-
level, cytotoxic T lymphocyte (CTL)
responses in their blood (2). Since CTLs
can at least theoretically kill virus-infect-
ed cells before progeny viruses are pro-
duced, it was hypothesized that CTLs
were actually mediating the protection.
In this issue of the JCI, Kaul et al. now
provide much-anticipated follow-up on
this cohort, showing that the resistance
is indeed relative at best, as a significant
number of these individuals have gone
on to seroconvert (3). However, impor-
tant clues contained in the manuscript
by Kaul et al. may help to dissect further
the immune responses that will be
required for long-lasting protection.

In the present study, Kaul et al. (3)
have documented late seroconversion
to HIV in approximately 10% (11 of
114) of sex workers who were initially
deemed resistant to HIV infection. In a

case control analysis, they report that
seroconversion was associated with a
reduction in sex work, defined as either
a decrease in daily clients of two or
more, or a break from commercial sex
work for over 2 months. The actual per-
centages with reduction in sex work
were 91% for seroconverters versus 45%
for those remaining seronegative, ren-
dering a P value of 0.03. Certainly in
part due to the difficulties in conduct-
ing research in developing countries,
only six of the eleven late seroconverters
were monitored for CTLs. Four had
documented CTLs prior to serocon-
verting, albeit at very low levels. The
presence of CTLs and the reduced sex
work led to an expanded hypothesis
that perhaps waning immunity was
responsible for the late susceptibility to
infection. This hypothesis prompted
longitudinal studies that are interpret-
ed to show that reduction in sex work is
associated with declines in CTLs. How-
ever, missing from the longitudinal
studies thus far is evidence that indi-
viduals with reductions in sex work and
loss of CTLs actually have a higher inci-
dence of new HIV infection.

ic increases in steady-state viremia,
which subsequently drop again as CTLs
return (4, 5). Others have shown a neg-
ative correlation between CTLs and
viral load in untreated individuals, with
those having the highest CTL levels
having the lowest viral loads (6). Addi-
tional studies show that the drop in
high-level viremia seen in acute infec-
tion coincides with the development of
CTLs (7-9). The antiviral effect is medi-
ated by CTL recognition of processed
viral proteins on the surface of the
infected cell, which serves as a signal
that the cell contains foreign material
and must be eliminated. Not only do
CTLs lyse infected cells, they also pro-
duce antiviral factors that serve to
inhibit progeny virions that may have
already been produced (10, 11). In some
people with stable nonprogressing HIV
infection, persistent levels of HIV-
directed CTLs in excess of 10% of CD8
cells may be observed in the setting of a
persistently undetectable viral load
(B.D. Walker, unpublished data).

The notion that reduction in sex work
and resultant loss of CTLs may actually
be a risk factor for HIV infection in this

Approximately 10% of individuals in this cohort were termed

“resistant” to HIV infection, and many of these resistant

individuals were found to have detectable, albeit low-level,

cytotoxic T lymphocyte responses in their blood.

The hypothesis raised by Kaul et al.
(3) that CTLs are actually protective in
this cohort is based on irrefutable evi-
dence that CTLs are a protective host
defense in persons in whom HIV infec-
tion is established. The most com-
pelling evidence comes from studies of
an AIDS virus infection in monkeys, in
which CD8 cell-depletion (and thus
CTL depletion) in vivo leads to dramat-

unique cohort of sex workers is indeed
provocative. However, one must be cau-
tious in interpreting the results thus far.
The study includes small numbers of
subjects, and the frequency of CTL mon-
itoring is such that the precise temporal
association between seroconversion and
reduction in CTLs remains to be precise-
ly defined (3). A simple explanation that
reduction in sex work might have
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occurred because of HIV infection is dis-
missed by the authors based on respons-
es of the sex workers to questionnaires,
but closer monitoring of the individuals
and their sexual contacts through the
period of seroconversion should answer
this more definitively. The differences
between CTL levels in HIV-infected indi-
viduals and those observed in the per-
sistently seronegative sex workers are
quite striking for the very modest levels
in the latter group. Other methods of
analysis such as the use of methods to
visualize CTLs directly by flow cytometry
(12) will help to solidify the argument
that CTLs are indeed present, and may
help to determine whether subsequent
seroconversion is related to a defect in
function of CTLs (13, 14). Other
immune parameters, such as mucosal
immune responses, will be important to
monitor with a similar degree of detail.
The data already indicate that there must
be multifactorial issues related to late
seroconversion, since two of the eleven
sex workers seroconverted without a doc-
umented break in sex work.

The mechanism that might be respon-
sible for the elicitation of HIV-specific
CD8* CTLs in repeatedly HIV-exposed,
seronegative individuals remains to be
defined. Under usual circumstances,
CTLs that recognize viral proteins are
generated only when viral protein syn-
thesis occurs in a cell and peptide frag-
ments of those proteins are generated
that can bind to MHC class I proteins
for presentation to CD8* lymphocytes.
Since these virus-exposed individuals do
not harbor sufficient replicating HIV
systemically to seroconvert, this mecha-
nism is unlikely to explain their genera-
tion of CTLs. Kaul et al. (3) have sug-
gested that episodes of self-limited,
anatomically contained HIV replication
might account for the persistent boost-
ing of CTL responses in these seronega-
tive individuals. The fact that no tem-
porally or anatomically contained HIV
replication in humans has been docu-
mented argues against this explanation.
There is, however, compelling evidence
that exposure to one virus can prime the
immune system for CTLs that recognize
another virus (15, 16). Additionally,
exposure to apoptotic infected cells that
are not infectious can lead to induction
of CTL responses (17), a phenomenon
termed cross-priming, which might
explain the detection of HIV-specific
CTLs in the absence of infection in the
subjects evaluated in this study.

Whether priming of CTLs has
occurred in these individuals as a result
of exposure to HIV or to another
pathogen, this study suggests that
immunity to HIV wanes as the commer-
cial sex workers take a holiday from
their usual working routine. Loss of
CTLs would presumably occur because
of the elimination of antigenic exposure
to these individuals. Implicit in this
suggestion is the assumption that per-
sistent exposure to antigen is required
for persistent immunologic memory. In
fact, that assumption remains a contro-
versial issue among immunologists.
Certainly, humoral immunity to a pro-
tein antigen declines in the years follow-
ing immunization with vaccine antigens
such as tetanus toxoid or inactivated
poliovirus. However, studies in murine
systems also have indicated that memo-
ry CD8* T-lymphocyte populations can
persist and even divide over time in the
absence of antigen (18). If the observa-
tions of Kaul et al. (3) are indeed correct,
these findings provide evidence that
CD8* T-lymphocyte immunity can
decay rapidly in the absence of antigen.
In fact, the rapidity of decline would be
greater than that observed in natural
HIV infection when persons are started
on highly active antiretroviral therapy
(HAART), and viremia is reduced to
undetectable levels (19, 20).

Finally, the authors of this study (3)
explain the persistent HIV seronegativi-
ty of this small subset of commercial sex
workers by suggesting that virus-specif-
ic CTLs can confer or contribute to
frank protection against HIV infection.
The very nature of how CTLs mediate
antiviral activity does not suggest that
they should necessarily be able to pro-
vide absolute protection against infec-
tion by avirus. CD8" T lymphocytes can
only recognize viral antigen expressed
on the surface of an infected cell. Thus,
CTLs should be able to contain the
spread of an established viral infection
but not necessarily block the establish-
ment of such an infection. Recent AIDS
vaccine studies in nonhuman primate
AIDS models, in fact, show that high
frequency CTL responses elicited by vac-
cination can control viral loads but not
prevent infection following virus chal-
lenge (21, 22). It remains possible, how-
ever, that CD8* T-lymphocyte functions
other than cytolytic activity may con-
tribute to antiviral activity in the
Kenyan commercial sex workers. These
functions might include the release of

B chemokines and/or a variety of
cytokines (10, 11). Alternatively, other
immune responses not measured in the
present study, particularly those that
might operate at the mucosal level (23),
may contribute to protection.

Importantly, this study by Kaul et al.
(3) leaves a number of issues still to be
resolved. Recent AIDS vaccine studies
in nonhuman primates have indicated
that pre-existing virus-specific CTL
responses can confer substantial clini-
cal protection following infection,
with lower virus loads, preserved CD4*
T-lymphocyte numbers and delays in
the onset of clinical AIDS (21, 22).
Moreover, Rosenberg et al. have shown
that HIV replication can be controlled
without therapy in a group of HIV-
infected individuals in whom antiviral
therapy was transiently instituted
before a significant loss of CD4* T
lymphocytes had occurred (24). It will
be very important to monitor the clin-
ical course of AIDS in these HIV-
infected commercial sex workers. This
unusual subpopulation of individuals,
because of pre-existing memory CTLs
specific for HIV prior to their infec-
tions, may actually have relatively pre-
served CD4* T-lymphocyte popula-
tions and therefore sufficient immune
function to control their HIV infec-
tions effectively in the absence of
antiviral drug therapy. The individuals
described by Kaul et al. may therefore
have relatively benign clinical disease
courses in the coming years. Contin-
ued scrutiny of unique cohorts such as
these will likely provide additional
insights that will aid in the quest for
an effective HIV vaccine.
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