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Elevation of Immune Activation in Kenyan Women
is Associated with Alterations in Immune Function:
Implications for Vaccine Development
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The infectious burden leading to immune activation can vary be-
tween different populations and lead to various immune dysfunc-
tions. We compared the effect of immune activation on apoptosis
and T cell function in HIV uninfected individuals from Nairobi,
Kenya (n = 34), and Winnipeg, Canada (» = 10). Women from
Nairobi had a significantly greater number of CD8+ T cells ex-
pressing the activation markers CD38 and HLA DR. Kenyan
women also had significantly higher levels of CTLA-4+ CD4
and CD8+ T cells, and reduced levels of CD28+4 CD8+4- cells.
Levels of CD95+ CDA4+ T cells were higher in Kenyan women
and, correspondingly, showed higher levels of spontaneous apop-
tosis. Kenyan women also demonstrated hyper-responsiveness
to T cell activation as assessed by interferon gamma production.
This study demonstrates that in a population of Kenyan women
with high levels of T cell activation, there were also elevated lev-
els of T cell apoptotic death and hyper-responsiveness. These
differences may influence the efficacy of immune responses
to pathogens and must be considered when testing candidate
vaccines.

KEY WORDS: Immune activation; apoptosis; population differences; T
cell homeostasis; intracellular cytokine staining; flow cytometry; hyper-
responsiveness.

INTRODUCTION

For the immune system to respond to antigenic chal-
lenge it must be able to become rapidly activated and
then, just as quickly, return to a resting state. Immune
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activation is a collection of multiple specific immune re-
sponses which leads to increased expression of leukocyte
activation markers such as HLA DR and CD38, produc-
tion of pro-inflammatory cytokines, a rise in T-cell pro-
liferation, apoptotic cell death, and the production, reg-
ulation, and maintenance of immunological memory (1).
Although successful immune activation is essential to an
effective immune response against pathogens, chronic im-
mune activation is not beneficial. Chronic activation can
lead to severe immune dysfunctions such as anergy, and
enhanced activation-induced cell death (AICD) (2). There
are a number of situations when levels of immune acti-
vation remain elevated. These include chronic viral infec-
tion such as HIV, rheumatic and autoimmune diseases and
cancer (1). Elevated levels of immune activation have also
been observed in aged population and in populations from
developing nations (3-9).

One such study compared Ugandans and Italians and
indicated that markers of immune activation are increased
in Ugandan HIV negative individuals (6, 10). Another
study showed newly immigrated HIV negative Ethiopi-
ans to Israel had elevated levels of HLA DR on CD4+ and
CD8+ T lymphocytes and CD38 on CD8+ T lymphocytes
in comparison to resident Israelis (11). A similar study
comparing HIV negative Ethiopian and Dutch populations
found the Ethiopians to have elevated levels of immune
activation (9). Findings from these studies lead to the sug-
gestion that immune activation is environmentally driven.

The majority (>70%) of those infected with HIV re-
side in Sub-Saharan Africa. It is clear that a preventative
vaccine is urgently needed. Many vaccines, developed in
western nations, have already gone into clinical trials in
those countries. The problem, however, is that the effec-
tiveness of vaccines can vary substantially between dif-
ferent populations. In one example, the BCG vaccine was
found to be 80% effective in a group of young men in the
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United Kingdom but showed little to no efficacy in an age
and sex matched group from Malawi (12). The ability of
an individual to mount a rapid and vigorous response to
a previously encountered antigen is the trademark of the
immune system and the basis of vaccinations. However,
the state of the immune system at the time of vaccination
is key in determining the success of the immune response,
yet it remains understudied (13).

As the infectious burden varies between different pop-
ulations, we chose to investigate the effects of immune
activation on HIV negative individuals from two distinct
geographic locations; Nairobi, Kenya, and Winnipeg,
Canada. In this study we not only look at the immune
activation profiles but also T cell functional outcomes.
Because of the known effects of HIV infection on immune
activation (14), this study focused on HIV uninfected
individuals, thereby removing HIV as a confounding vari-
able. We measured surface markers of activation (HLA
DR, CD38) and co-stimulation (CTLA-4, CD28), as well
as expression of a death receptor (CD95). Functional
measures included levels of spontaneous apoptosis and
interferon gamma (IFN-y) in response to Stapylococcus
enterotoxin B (SEB) stimulation. There are few studies
in the literature that simultaneously measure immune ac-
tivation and assess functional characteristics, particularly
in this type of population comparison. Our results indicate
that Kenyan women had significantly increased immune
activation and, more importantly, had altered immune
functions when compared to the Canadian group. This
may have impacts on the efficacy of vaccine strategies
and must be considered when testing vaccine candidates.

METHODS

Study Subjects and Samples

Study subjects were female donors from the Pumwani
Commercial Sex Workers (CSW) Cohort (n = 23), and
the Pumwani Mother Child Health antenatal cohort (non
sex worker cohort—NSW) (n = 11), both located in
Nairobi, Kenya. Sex and age-matched healthy lab vol-
unteers from Winnipeg, Canada (n = 10) were also uti-
lized. All samples from HIV negative individuals were
assessed by HIV serology. Peripheral blood mononuclear
cells (PBMC) were isolated from heparinized whole blood
by density gradient centrifugation using ficol-hypaque
(Bio-Lynx, Gibco) and washed twice in RPMI (Sigma)
containing 10% FBS (Gibco).

Immunophenotyping

PBMC isolated from whole blood were blocked with 1
ug/mL of human gamma globulin for 10 min. Cells were
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then incubated with a panel of fluorochrome-conjugated
antibodies. These included anti-CD4 (PerCP), anti-CD8
(APC), anti-CD152 (CTLA-4) (FITC), anti-CD28 (PE),
anti-HLA DR (FITC), anti-CD38 (PE). All antibodies for
this study were purchased from BD Pharmingen (San
Diego, CA). After 30 min at 4° in the dark the cells
were washed in PBS-2% FCS and resuspended in 1%
paraformaldehyde (Sigma). The samples were analyzed
using a FACSCalibur flow cytometer (Becton Dickenson).

Cell Death Assays

Spontaneous apoptosis was measured using freshly iso-
lated PBMC. Cells were incubated with anti-CD4 or anti-
CDS8 (PE) and anti-CD95 (APC). They were then washed
with PBS-2% FCS and resuspended in annexin binding
buffer (10 mM Hepes, 140 mM NaCl, 2.5 M CaCl2, pH
7.4). Cells were then incubated with annexinV (FITC) for
15 min in the dark before analysis.

Intracellular Cytokine Assays

Freshly isolated PBMC were stimulated with SEB
(5 ug/mL, Sigma) for 2 h before addition of 10 ug/mL
Golgi Plug (BD Pharmingen). The cells were cultured
overnight in RPMI (Sigma) containing 10% FCS (Gibco).
Cells were then stained for surface markers using anti-
CD4 (PerCP), anti-CD8 (APC), and anti-IFN-y (FITC)
using the BD Fix-Perm kits and protocol before being an-
alyzed.

Statistical Analysis

Mean values (percent cells expressing a particular phe-
notype) were compared between groups using the non-
parametric Mann-Whitney test. All the p values less than
0.05 were considered significant.

RESULTS

Assessment of T Cell Activation Levels

HLA-DR and CD38 expression was measured as an
indication of T cell activation (Fig. 1). The proportion
of cells expressing HLA-DR was similar in the CD4+
T cell subset of both populations, however, in CD8+ T
cell subset it was significantly higher in the Kenyan group
(p = 0.041). A similar pattern was seen with CD38, an
immune activation marker specific for CD8+ T cells, in
that the Kenyan women had more cells expressing CD38
inthe CD8+ T cell subset (p < 0.001), while in the CD4+
subset there were no significant differences between
groups.
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Fig. 1. Expression of markers of immune activation. PBMC were isolated and stained immediately. (A). Percentage of
CD8+ T cells expressing HLA DR on cells (CD4: p = 0.121, CD8: p = 0.041). (B). Expression of CD38 on the CD8 T-cells
(p < 0.001). Bars represent the mean expression and error bars are standard error of the mean. The black bars is the Winnipeg
group (n = 10) and the hatched bar is the Nairobi women (n = 34).

Evaluation of Co-Stimulatory Molecule Expression subset, the Kenyans expressed lower levels of CD28 and
had higher expression of CTLA-4 compared to the Win-

Expression of co-stimulatory molecules CD28 and nipeg group (p = 0.006; p < 0.001, respectively).

CTLA-4 (CD152) were measured on the surface of CD4+
and CD8+ T cells (Fig. 2). In the CD4+ T cell subset,
the two groups had a similar proportion of cells express-
ing CD28, however, the Kenyan women had more cells Expression of the death receptor CD95 was mea-
that expressed CTLA-4 (p = 0.001). In the CD8+ T cell sured on the CD4+ and CD8+ T cell subsets. A higher

Apoptosis and Death Receptor Expression
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Fig. 2. Expression of co-signalling molecules. (A). Expression of CTLA-4 between the two study groups (CD4: p = 0.001,
CD8: p < 0.001). (B). Expression of CD28 on T cells (CD8: p = 0.006). Bars represent the mean expression and error bars
are standard error of the mean. The black bars is the Winnipeg group (n = 10) and the hatched bar is the Nairobi women
(n = 34).
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Fig. 3. Expression of death receptor and level of apoptosis. (A). Expression of CD95 on T cell subsets (CD4: p < 0.001,
CD8: p = 0.069). (B). A representative dot plot of ex-vivo cell death assessed by CD4+ annexin co-staining. The
percentage of CD4+ cells that were undergoing cell death is indicated in the top right quadrant. (C). Comparison of
cells staining with Annexin-V (CD4: p < 0.001, CD8: p < 0.001). Bars represent the mean expression and error bars
are standard error of the mean. The black bars is the Winnipeg group (z = 10) and the hatched bar is the Nairobi women

(n =34).

proportion of cells expressed CD95 in the CD4+ T cell
subset of women from Nairobi when compared to women
from Winnipeg (p < 0.0001) (Fig. 3). For a functional
assessment of apoptosis, cells were measured for the
surface expression of phosphotidylserine by the bind-
ing of fluorescently labeled annexin V. Both the CD4+
and CD8+ T cell subsets of the Kenyan group showed
significantly more cells binding annexin V (p < 0.001
for both subsets).

Assessment of T Cell Function

To determine whether elevated immune activation
markers had any effect on the ability of T cells to become
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stimulated through the T cell receptor, IFN-y produc-
tion in response to superantigen (SEB) stimulation was
measured by intracellular cytokine staining of CD4+- and
CDS8+ T cells (Fig. 4). Following stimulation the mean
number of IFN-y producing cells was significantly in-
creased in the Nairobi group for both T cell subsets (CD4+
p = 0.026, CD8+ p = 0.006).

Comparison Within the Kenyan Group

In addition to the Kenyan versus North American com-
parisons, we also contrasted HIV negative individuals
from the CSW cohort to the NSW cohort for all of our
assayed parameters. We found no significant differences
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Fig. 4. Assessing T cell function. (A). Measures of T cell function by intracellular IFN-y production. Cells
were left unstimulated (top) or stimulated with SEB (bottom) and then stained for CD4 (shown) or CD8 and
intracellular IFN-y . The percentage of CD4/IFN-y positive cells is indicated in the top right quadrant. (B). Hyper-
responsiveness of the Pumwani group. Increased intracellular IFN-y production in response to SEB superantigen
is seen in both T cell subsets of the Kenyan women (CD4: p = 0.026, CD8: p = 0.006). Bars represent the mean
expression and error bars are standard error of the mean. The black bars is the Winnipeg group (n = 10) and the

hatched bar is the Nairobi women (n = 34).

in relative levels of activation (as assessed by HLA DR
and CD38 expression), apoptosis, or IFN-y production
between these groups. Expression of CD28 was signifi-
cantly altered between Kenyan groups (Fig. 5). Individuals
from the CSW cohort had significantly higher expression
of CD28 on both T cell subsets (CD4+ p = 0.026, CD8+
p = 0.003).

DISCUSSION

We have shown that HIV uninfected women from
Nairobi have significantly more immune activation, apop-
tosis, and hyper-responsiveness when compared to a simi-
lar group in Winnipeg. This study found that women from
Nairobi had more CD8+ T cells that expressed CD38+
and HLADR+ and fewer that expressed CD28+. On both
CD4+ and CD8+ T cells, women from Nairobi had more
cells expressing the death receptor CD95 and, correspond-
ingly, had more apoptosis. We also saw significantly in-
creased IFN-y production in response to SEB stimula-
tion in Kenyan women. Since the HIV negative Kenyan
women represent a diverse group comprising both com-
mercial sex workers and non sex workers, we compared
immune activation levels within these populations and
found CD28 expression to be the only parameter that was

significantly different between the groups. Despite this
difference, when the North American group was compared
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Fig. 5. Intra-Kenyan comparison. Expression of CD28 on T cells (CD4:
p = 0.026, CD8: p = 0.003) Bars represent the mean expression and
error bars are standard error of the mean. The black bars represents
the commercial sexworker (CSW) group (n = 11) and the hatched bar
represents women in the non-sexworker (NSW) group (n = 23).
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to each Kenyan group independently for CD28 expression,
the same findings were observed (no difference in CD28
expression on CD4+ T cells and higher CD28 expression
on CD8+ T cells from the Winnipeg subjects). In fact, for
all parameters studied when the North American group
was compared to each Kenyan group independently, all
reported significant results remained intact. As expected,
when the two Kenyan groups were combined and com-
pared with the North American group the significance in-
creased due the larger data set. Although there may be
subtle difference between Kenyan groups, relative to the
North American group there are clearly high levels of im-
mune activation in all Kenyan subjects studied. These high
levels of immune activation in the Kenyan population may
lead to immune dysfunctions such as anergy, impaired sig-
naling, cytokine dysregulations, and activation induced
cell death (8, 14-16).

The products of immune activation may also affect the
migration, viability, and functional characteristics of rest-
ing lymphocytes (1, 17). It is possible that the increased
immune activation seen in the Kenyan women may in-
fluence the course of HIV disease progression; should
they become infected? It also could hinder the immune re-
sponses to other challenges including vaccines designed
to confer protection to agents such as HIV, which is of
particular importance to this population.

There are a number of reasons that may account for the
increased immune activation seen in Kenyan women. In-
dividuals living in developing countries are exposed to a
different spectrum of pathogens including bacterial, viral
and helimenthic infections. In areas where there is limited
access to health care these infections may be long last-
ing, causing chronic immune activation. Other contribut-
ing factors may include diet, access to clean water, eco-
nomic status, and genetics. Previous studies have shown
elevated levels of immune activation in African popula-
tions (6-9, 18). Our study extends these observations of
elevated immune activation in individuals from develop-
ing nations and correlates it with effects on cell death and
immune function.

Immune activation is a necessary and required part of a
successful immune response. From the time when antigen
presenting cells (APC) first encounter antigen-specific T-
lymphocytes of the matching specificity, there is a two way
communication that occurs between the cells that results
in phenotypic changes in both cells. The activation of the
lymphocytes occurs through primary stimulation of the T
cell receptor by the pathogen peptide associated with the
major histocompatibility complex (MHC). Co-stimulation
is achieved through co-signaling molecules such as CD28
and CTLA-4 on the T lymphocyte interacting with their
ligands CD80 and CD86 on the APC. The regulation and
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expression kinetics of these molecules is critical to effect-
ing proper immune regulation. CTLA-4, which is a neg-
ative regulator of the immune response, is not expressed
on resting T cells but is up-regulated following activation
of the cell (19). Our result show in both the CD4+ and
CDS8+ T cell subsets, CTLA-4 is significantly increased
in the Kenyan women (Fig. 2). The over-expression of
CTLA-4 in the Kenyan group is highly indicative of an
activated T cell population that is expressing a powerful
negative regulator of T cell activation that could affect
antigen-specific responses such as those needed to induce
vaccine responses.

Immune activation of naive T cells stimulates them to
enter the memory T cell pools and lose the expression of
CD28 (17, 20). The decreased expression of CD28 seen in
the CD8 T cell subset of Kenyan women also suggests that
more cells have been activated and matured, no longer re-
quiring co-stimulation. In fact, other studies have shown
a low level of CD4+ CD28+ T cells is predictive of pro-
gression and mortality in HIV infection (21). Persistent
stimulation of naive cells through chronic immune activa-
tion could lead to accelerated depletion of the naive CD4
and CD8 T cell pools (17, 22) via apoptosis or differenti-
ation towards a memory phenotype (1). Some have called
this a premature aging of the immune system and it is
commonly seen among elderly individuals and those with
HIV disease (3).

In both HIV and aging there is a decrease in IL-2
production, increased IFN-y, and increased susceptibil-
ity to AICD (23). This is likely reflective of a shift in the
T cell repertoire to an increasingly differentiated antigen-
experienced cell. The enrichment of terminally differen-
tiated T cells seen during ageing is thought to be a con-
sequence of immune activation over time leading to im-
munosenescence (3). As in our Kenyan group, elderly indi-
viduals show increased HLA-DR expression, reduced ex-
pression of the co-stimulatory molecule CD28, and fewer
naive T cells (5, 24). CTLA-4 is also up-regulated dur-
ing aging and HIV disease, and is correlated to immune
activation (19, 25). It is known that in elderly individuals
there is a reduced capacity to mount effective immune re-
sponses, particularly to vaccines (26, 27). We hypothesize
that in populations showing increased immune activation
and immune dysregulation, there will also be a diminished
capacity to mount effective immune responses. This is par-
ticularly important when considering potential HIV vac-
cine candidates and may play a factor in accelerating HIV
disease progression, as previous groups have reported (4).

This study looked at some functional aspects of the
immune system including levels of apoptosis and IFN-y
response to SEB stimulation. We found Kenyan women
showed increased levels of IFN-y production when
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compared to the Canadian women. This increased IFN-
y production is supported by the reduced levels of CD28
seen in the Kenyan women. It is possible that these cells
represent the effector pool, which is responsible for imme-
diate production of IFN-y . The homeostasis of this mem-
ory pool is driven by the state of immune activation, where
higher levels of activation drive cells from the naive pool
into the memory pool (1). The increased IFN-y seen in the
Kenyan women may be a measure of increased effector
pools as a result of increased immune activation.

We also found that in the immune activated Kenyan
women there was an increase in expression of the death
receptor CD95, and correspondingly more apoptosis
was seen, particularly in the CD4 T cell compartment.
Activation-induced cell death (AICD) is a form of apop-
tosis that occurs as a consequence of repeated stimulation
through the T-cell receptor (TCR) of T-cells and is a nor-
mal regulatory mechanism to limit an activated immune
response. In the absence of HIV infection there is only
one previous study that directly links the observation of
elevated levels of immune activation with activation in-
duced cell death (28). Here we show that in the immune
activated Kenyans, there is also more T cell apoptosis.
How this antigen activated cell death affects the degree to
which an antigen-specific response may be generated is
not known.

All of the phenotypic and functional immune differ-
ences we have observed between Kenyan and Canadian
women may significantly influence the ability to mount a
successful immune responses. Differences in vaccine ef-
ficacy between populations has been observed (12). It is
highly likely that differences in immune activation leading
to functional dysregulations such as excessive AICD, an-
ergy, and altering of T cell memory homeostasis will have
profound impact on the success of potential HIV vaccines.

In conclusion, we present both phenotypic and func-
tional data which indicate that immune activation in a
population from a developing nation has dramatic im-
pacts on the responsiveness of the immune system. We
have shown that relative to an age and sex matched group
from Winnipeg, women from Nairobi have elevated lev-
els of markers of immune activation, increased effector
responses, and elevated levels of apoptosis when com-
pared to women from Winnipeg, Canada. Given that not
much is known about the role of elevated immune activa-
tion in interfering with vaccine efficacy, the immune status
of individuals living in developing countries must be se-
riously considered during the development and testing of
potential vaccines. Vaccine efficacy is likely to be popu-
lation specific and vaccines which are successful in North
American populations may not be effective in African
populations.
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