
JOURNAL OF VIROLOGY, Aug. 2010, p. 8202–8208 Vol. 84, No. 16
0022-538X/10/$12.00 doi:10.1128/JVI.00116-10
Copyright © 2010, American Society for Microbiology. All Rights Reserved.

Influence of HLA Class I and HLA-KIR Compound Genotypes on
HIV-2 Infection and Markers of Disease Progression in

a Manjako Community in West Africa�

Louis-Marie Yindom,1 Aleksandra Leligdowicz,1,2 Maureen P. Martin,3 Xiaojiang Gao,3 Ying Qi,3

Syed M. A. Zaman,1,4 Maarten Schim van der Loeff,1,5 Carla van Tienen,1 Assan Jaye,1
Akum Aveika,1 Archibald Worwui,1 Mathurin Diatta,1 Tim Vincent,1

Hilton C. Whittle,1 Sarah L. Rowland-Jones,1,2

Robert Walton,1,6 and Mary Carrington3,7*
Medical Research Council (UK), The Gambia1; MRC Human Immunology Unit, Oxford, United Kingdom2; Laboratory of

Experimental Immunology, SAIC-Frederick, Inc., NCI-Frederick, Frederick, Maryland 217023; Centre for Infections,
Health Protection Agency, Colindale, London NW9 5EQ, United Kingdom4; GGD Amsterdam and Centre for

Infection and Immunity Amsterdam, CE 1000 Amsterdam, Netherlands5; Centre for Health Sciences,
Barts and the London Medical School, London E1 2AT, United Kingdom6; and

Ragon Institute of MGH, MIT, and Harvard, Boston, Massachusetts 021147

Received 18 January 2010/Accepted 23 May 2010

Overall, the time to AIDS after HIV-2 infection is longer than with HIV-1, and many individuals infected with
HIV-2 virus remain healthy throughout their lives. Multiple HLA and KIR gene products have been implicated
in the control of HIV-1, but the effect of variation at these loci on HIV-2 disease is unknown. We show here for
the first time that HLA-B*1503 is associated significantly with poor prognosis after HIV-2 infection and that
HLA-B*0801 is associated with susceptibility to infection. Interestingly, previous data indicate that HLA-
B*1503 is associated with low viral loads in HIV-1 clade B infection but has no significant effect on viral load
in clade C infection. In general, alleles strongly associated with HIV-1 disease showed no effect in HIV-2
disease. These data emphasize the unique nature of the effects of HLA and HLA/KIR combinations on HIV-2
immune responses relative to HIV-1, which could be related to their distinct clinical course.

Since the first report of this virus in 1986, HIV-2 remains
largely confined to West Africa (11). It shares between 30 and
60% nucleotide and amino acid homology with HIV-1 but
differs greatly in pathogenicity and transmissibility (20). Stud-
ies on HIV-2 patients across West Africa have shown that
some people remain uninfected despite repeated exposure
(36), and a substantial proportion of infected people remain
relatively healthy for a very long time with low plasma viral
load and normal CD4� T-cell counts, a characteristic of long-
term nonprogressors (LTNPs) infected with HIV-1 (37). This
is perhaps a reflection of an effective immune response
mounted against the virus, including a vigorous CD8� T-cell
response (28), maintenance of HIV-specific CD4� T-cell func-
tion (15), and the presence of a strong neutralizing antibody
response in many subjects (4), features that are highly desir-
able for a successful HIV-1 vaccine. Thus, HIV-2 disease
course provides a natural model for investigating mechanisms
that control HIV infection, and a better understanding of these
mechanisms might inform new strategies for HIV prevention
and treatment.

HLA class I molecules present antigenic epitopes to cyto-
toxic T cells and are central to the acquired immune response.
A number of associations between HLA class I alleles and HIV

disease outcomes have been reported (10), the most consistent
being B*57 and B*27, which show strong protection across
studies, and certain subtypes of B*35, which associate with
more rapid progression (19). While several mother-infant stud-
ies have implicated sharing of certain HLA alleles in transmis-
sion of the virus from mother to infant (29, 30), there is no
convincing data that particular HLA class I alleles protect
against HIV infection in general.

HLA class I allotypes also serve as ligands for killer cell
immunoglobulin-like receptors (KIRs), which modulate natu-
ral killer (NK) cell function. KIRs are structurally similar to
one another and can be divided into activating and inhibitory
receptors. NK cells are key components of the innate immune
system and constantly survey host cell surfaces for appropriate
levels of HLA class I molecules through a network of NK cell
receptors, including KIRs (26). Upon engagement with their
ligand, inhibitory KIR suppress NK cell activity, but if the
ligand is missing or has been downregulated on target cells, the
threshold for NK cell activation is lowered, thus allowing for
activation signals to dominate (23).

HLA and KIR genes are found on chromosomes 6 and 19,
respectively, so they segregate independently. As such, the
genes/alleles for the corresponding receptor-ligand pair must
be present to confer functionality, whereas presence of one
without the other results in a null phenotype. A number of
HLA and KIR gene products either individually or collectively
has been implicated in the control of HIV-1 (9), but nothing is
known of their role in HIV-2.
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Epidemiological data from Caio and other cohorts in West
Africa (3, 39) indicate that HIV-2 infection in a substantial
proportion of infected individuals is compatible with normal
survival and without signs of immunodeficiency, suggesting
distinct viral pathogenic mechanisms and protective host fac-
tors against HIV-2 relative to HIV-1. Here, we determined the
HLA class I and KIR gene profiles of the Caio population
(�95% Manjako) from Guinea-Bissau and investigated their
effects on susceptibility to HIV-2 infection and disease pro-
gression.

MATERIALS AND METHODS

Study populations. The Medical Research Council (UK) unit in The Gambia
has monitored for 2 decades an open cohort of HIV-2-infected, HIV-1-infected,
and dually infected adults, and a similar number of age- and sex-matched unin-
fected controls in the rural village of Caio, Guinea-Bissau, a relatively isolated
community of the Manjako tribe, an animist tribe in which marriages usually
occur within the community. The Caio cohort was established in 1989 and a
demographic census and sero-survey of the area was conducted in 1989 and 1990,
in which 7.9% of the adult population was shown to be infected with HIV-2 (45).
This was followed by a case-control study in 1991 (35), a resurvey in 1996 to 1998,
and reexamination of the cases and controls in 1996 and 2003. Individuals who
participated in the 1991 case-control study were recruited by matching cases and
controls as stringently as possible for demographic factors such as age, sex, and
location in the village. They are still being monitored to date, and the loss to
follow-up is small in this cohort (�7% in both the infected and the uninfected
groups). CD4� T-cell counts and HIV-2 viral load measurements were obtained
at four time points: in 1991, 1996, 2003, and 2006.

A total of 513 samples from HIV-2-infected and uninfected adults, predomi-
nantly of the Manjako tribe, were typed for HLA class I (HLA-A, -B, and -C) and
KIR genes. Table 1 shows the characteristics of all of the study participants.
There were more females than males in each category and females were also
slightly older: this is consistent with previous epidemiological data from Africa,
in which older women appear to be more susceptible to HIV infection in general
and particularly to HIV-2 (1, 21). The median age difference between males and
females singly infected with HIV-2 and their uninfected counterparts was statis-
tically significant (P � 0.001), perhaps reflecting the fact that HIV-2 infection is
decreasing across West Africa. Dually infected (HIV-1 and HIV-2) individuals
were excluded from all HIV-2-related analyses because of the potential for
HIV-1 to confound our results. Precise dates of seroconversion are unknown for
most of the infected participants in our study. Although it is difficult to estimate
HIV exposure in the control group accurately, previous anthropological studies
in Caio strongly suggest that the unique traditional way of life of the Manjakos
in Caio lead to most adults having been exposed to sexually transmitted diseases,
including HIV, from multiple partners during their 4-year initiation period into
adulthood (6, 40).

The study was approved by the Gambian Government/MRC joint Ethical
Committee, the Open University’s Life and Biomolecular Sciences Management
Group, United Kingdom, and the Office of Human Subjects Research, National
Institutes of Health.

KIR and HLA class I genotyping. Genomic DNA was genotyped for presence
or absence of the following KIR genes: 2DL1, 2DL2, 2DL3, 2DL4, 2DL5, 2DS1,
2DS2, 2DS3, 2DS4, 2DS5, 3DL1, 3DL2, 3DL3, 3DS1, and 2DP1. Genotyping was
performed by using PCR amplification with two pairs of primers specific for each
locus (PCR-SSP) as previously described (31). HLA class I genotyping was done
by sequencing. Briefly, locus-specific primers flanking exons 2 and 3 were used to
amplify HLA-A, -B, and -C loci. Purified PCR products were sequenced in both
directions using exon-specific primers and a BigDye Terminator version 3.1 cycle
sequencing kit (Applied Biosystems, Foster City, CA) in an ABI-3130XL DNA
analyzer (Applied Biosystems). Sequence traces were analyzed by using Assign
400 software (Conexio Genomics, Western Australia).

Statistical analysis. Allele and genotype frequencies were calculated by using
SPSS v16.0.1 (SPSS, Inc., Chicago, IL) and STATA v9.2 (Stata Corp., College
Station, TX). Haplotype reconstruction, testing for Hardy-Weinberg equilib-
rium, and haplotype frequency estimations were performed by using Arlequin
version 3.11. A �2 test was used to examine differences in allele and genotype
frequencies between Caio and other West African populations. All other statis-
tical analyses were performed using SAS 9.1 (SAS Institute). PROC FREQ was
used to compute frequencies of individual variables. PROC NPAR1WAY was
used to test the median age difference between HIV-2-infected and uninfected
subjects. PROC LOGISTIC was used for categorical analyses to obtain odds
ratios and 95% confidence intervals. PROC GLM was used for analyzing con-
tinuous variables. Viral loads were transformed into log scale, and CD4 counts
are shown as square root values in order to provide an approximate normal
distribution. Both logistic and linear regression models were adjusted for age and
gender.

RESULTS

HLA class I allele frequencies in Caio show significant dif-
ferences compared to other West African populations. We first
compared the frequencies of each HLA class I allele obtained
from 327 HIV negative individuals from Caio with data from
neighboring West African populations in Senegal (38), Mali
(7), and The Gambia (L.-M. Yindom, unpublished data) (Fig.
1). Frequencies of HLA-A, -B, and -C alleles in Caio (n � 327)
differed significantly for some alleles from those in neighboring
countries, where HLA-A*3303 was more common and HLA-
A*3001 was less common (Fig. 1A). HLA-B*0801, -B*1302,
-B*1503, and -B*1510 were also relatively common in Caio as
was HLA-B*5801, which has previously been shown to be pro-
tective against HIV-1 (41) (Fig. 1B). HLA-Cw*1601 and
-Cw*17 allele frequencies were lower, whereas HLA-Cw*0304,
-Cw*0701, and -Cw*0804 were higher in Caio than elsewhere
(Fig. 1C).

KIR genotypes in Caio contain more activating KIRs than
reported in other African populations. We also determined
KIR gene frequencies in our samples and compared those from
the HIV negative Caio control group to those from neighbor-
ing populations (Fig. 2). There were no significant differences
in frequencies between the populations for any of the inhibi-
tory KIR genes. On the other hand, activating receptors were
present at higher frequencies in Caio compared to neighboring
populations (Fig. 2). Interestingly, KIR3DS1, which is relatively
rare in people of African ancestry, was not uncommon in Caio.
KIR3DS1 has previously been shown to confer protection
against rapid progression to AIDS after HIV-1 infection in
combination with its putative ligand HLA-B Bw4-80I (32).

HLA predicts HIV-2 disease progression and is associated
with resistance to infection. In order to determine whether
certain HLA class I alleles could predict HIV-2 disease pro-
gression, we analyzed the CD4� T-cell counts and viral load
data from 136 HIV-2-infected individuals, who provided a
blood sample in 2003, adjusting for age and gender. The over-

TABLE 1. Characteristics of the study populationa

Infection group No. of
subjects (%)

Median age in
yr (IQR)

HIV negative
Male 114 (35) 36.2 (25.8–52.5)
Female 213 (65) 46.2 (30.8–62.8)

HIV-2 infected
Male 49 (32) 53.7 (43.0–62.9)
Female 102 (68) 59.5 (49.5–69.4)

HIV-1/HIV-2 dually infected
Male 6 (17) 37.0 (34.7–49.3)
Female 29 (83) 52.8 (42.8–61.7)

a n � 513, Caio, 2003 to 2007. IQR, interquartile range.
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all mean square root (sqrt) CD4� T-cell count was 24.65 (stan-
dard error [SE] � 0.57), and the mean log HIV-2 viral load was
3.06 (SE � 0.10). Analysis of HLA-B genotypes, CD4� T-cell
counts (n � 132) and viral load (n � 136) data from HIV-2-

infected subjects revealed that HLA-B*15� individuals had
significantly lower mean sqrt CD4� T-cell counts (22.72, SE �
0.89, P � 0.001) and higher mean log HIV-2 viral loads (3.57,
SE � 0.15, P � 0.001) compared to those without this genotype
(26.36 [SE � 0.72] and 2.94 [SE � 0.12], respectively) (Table
2). This association appeared to be due completely to the
frequent B*1503 allele, which showed lower mean sqrt CD4�

T-cell counts (21.32, SE � 1.22, P � 0.001) and higher mean
log HIV-2 viral loads (3.64, SE � 0.20, P � 0.010) compared to
that of B*1503-negative individuals (25.88 [SE � 0.63] and 3.06
[SE � 0.11], respectively). No susceptibility effect was seen
with the other common B*1510 allele. Not surprisingly, HLA-
Cw*02, which is in linkage disequilibrium with B*15, also as-
sociated with lower mean sqrt CD4� T-cell counts (20.49,
SE � 1.47, P � 0.002) and trended toward high mean log
HIV-2 viral loads. Other alleles weakly associated with mark-
ers of disease progression are shown in Table 2. Interestingly,
most of the protective effects observed in the present study are
mediated by relatively rare alleles (B*57 and B*14), as has also
been observed for HIV-1 infection (44). However, given the
limited numbers and weak effects in most of these analyses,
further studies will be required to verify these associations.

Next, we compared two-digit HLA class I genotype frequen-
cies for alleles present in at least 5% of the study population,
between cases and controls to examine the effect of HLA on
HIV-2 acquisition (Table 3). All three loci were in Hardy-
Weinberg equilibrium (P � 0.18517, 0.25241, and 0.10134 for
HLA-A, -B, and -C loci, respectively). HLA-B*08 was more
common in HIV-2-infected individuals than in controls (26.8%
versus 14.8%), suggesting that it is associated with susceptibil-
ity to HIV-2 infection in this population (odds ratio [OR] �
2.27, P � 0.003). HLA-A*74, on the other hand, was associated
with protection from infection (OR � 0.39, P � 0.02). How-

FIG. 1. HLA allele frequencies in Caio, Guinea Bissau, compared
to frequencies in neighboring West African Countries. HLA-A (A),
HLA-B (B), and HLA-C (C) allele frequencies were determined in
Guinea-Bissau (327 samples) and the neighboring countries Senegal
(165 samples), The Gambia (592 samples), and Mali (138 samples).
GB Manjako, Guinea-Bissau Manjako HIV-uninfected individuals.
Alleles with frequencies of �1% in all populations are not shown. *,
P � 0.05; **, P � 0.001.

FIG. 2. Frequencies of activating and inhibitory KIR genes in Caio,
Guinea-Bissau, compared to those in The Gambia and Senegal. GB
Manjako, Guinea-Bissau Manjako HIV-uninfected individuals. *, P �
0.05; **, P � 0.001.
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ever, due to the limited numbers of individuals being com-
pared, these results will need to be substantiated in other
cohorts. None of the HLA-C alleles were associated with sus-
ceptibility or resistance to HIV-2 infection.

We also estimated haplotype frequencies using Arlequin ver-
sion 3.11 (16), and the most common two- and three-locus hap-
lotypes were HLA-B*1503-Cw*0210 (9.8%), HLA-A*330301-
B*1510-Cw*0304 (6.2%), and HLA-A*2301-B*1503-Cw*0210
(5.3%) (data not shown). None of the individual haplotypes had
any significant influence on HIV-2 acquisition or disease progres-
sion.

HLA and KIR compound genotypes and resistance to HIV-2
infection. KIR molecules are known to interact with their HLA
class I ligands to modulate NK cell activity. The ligands for
KIR2DL are HLA-C alleles, which are classified as C group 1
(C1) if the amino acid at position 80 is asparagine or C group
2 (C2) if lysine occupies that position. The inhibitory
KIR2DL2 and 2DL3 (which are alleles of the same locus)
recognize C1, whereas KIR2DL1 recognizes C2 allotypes.
KIR3DL1 recognizes HLA-B Bw4 allotypes, particularly those
with an isoleucine at position 80 (8). The activating receptors
KIR2DS2, -2DS1, and -3DS1 share high sequence similarity in

TABLE 2. Effects of HLA-B and HLA-C on CD4� T-lymphocyte counts and viral load

HLA
allelea

CD4 HIV-2 VL

Mean sqrt CD4 (n) SE P Mean log HIV-2
VL (n) SE P

B*14 (P) 26.93 (14) 1.70 0.220 2.56 (14) 0.28 0.020
B*15 (S) 22.72 (51) 0.89 0.001 3.57 (52) 0.15 0.001
B*1503 (S) 21.32 (26) 1.22 0.001 3.64 (28) 0.20 0.010
B*1510 24.91 (24) 1.33 0.970 3.37 (25) 0.22 0.330
B*1516 19.94 (3) 3.68 0.170 3.72 (2) 0.77 0.480
B*49 (S) 21.45 (17) 1.54 0.020 3.48 (20) 0.24 0.180
B*57 (P) 30.00 (7) 2.39 0.030 3.47 (7) 0.41 0.470
Cw*02 (S) 20.49 (19) 1.47 0.002 3.53 (20) 0.24 0.170

a (P), protective allele with either a mean sqrt CD4� T-cell count of �24.7 (average mean sqrt CD4� T-cell counts) or mean logVL of �3.1 (average mean HIV-2
VL) and a P value of �0.05; (S), susceptible allele with either a mean sqrt CD4� T-cell count of �24.7 (average mean CD4� T-cell counts) and/or mean logVL of
�3.1 (average mean HIV-2 VL) and a P value of �0.05.

TABLE 3. HLA-A, -B, and -C genotypes and HIV-2 antibody status in the Caio communitya

HLA allele HIV-2�

(n)
HIV negative

(n) All (n) P OR 95% CI

A*01 12.3 (18) 14.0 (42) 13.5 (60) 0.58 0.84 0.45–1.56
A*02 18.5 (27) 24.3 (73) 22.4 (100) 0.37 0.79 0.47–1.32
A*23 33.6 (49) 31.3 (94) 32.1 (143) 0.69 1.09 0.70–1.70
A*26 16.4 (24) 13.7 (41) 14.6 (65) 0.28 1.37 0.77–2.44
A*30 24.6 (36) 17.3 (52) 19.7 (88) 0.25 1.34 0.20–2.22
A*33 38.4 (56) 39.0 (117) 38.8 (173) 0.98 1.01 0.66–1.54
A*68 17.8 (26) 14.3 (43) 15.5 (69) 0.32 1.33 0.76–2.32
A*74 6.9 (10) 12.3 (37) 10.5 (47) 0.02 0.39 0.18–0.83
B*07 4.9 (7) 7.0 (16) 6.2 (23) 0.30 0.61 0.24–1.55
B*08 26.8 (38) 14.8 (34) 19.4 (72) 0.003 2.27 1.32–3.90
B*13 5.6 (8) 5.7 (13) 5.7 (21) 0.80 1.13 0.44–2.89
B*14 9.9 (14) 8.3 (19) 8.9 (33) 0.75 1.13 0.53–2.39
B*15 38.7 (55) 45.2 (104) 42.7 (159) 0.11 0.69 0.44–1.08
B*18 6.3 (9) 4.4 (10) 5.1 (19) 0.64 1.26 0.48–3.33
B*35 14.1 (20) 21.3 (49) 18.6 (69) 0.10 0.61 0.34–1.11
B*44 5.6 (8) 5.2 (12) 5.4 (20) 0.79 1.14 0.43–2.98
B*49 14.1 (20) 13.5 (31) 13.7 (51) 0.88 0.95 0.51–1.79
B*53 16.2 (23) 23.9 (55) 21.0 (78) 0.09 0.62 0.35–1.08
B*58 22.5 (32) 18.7 (43) 20.2 (75) 0.19 1.43 0.84–2.46
Cw*01 9.0 (13) 6.9 (19) 7.6 (32) 0.34 1.45 0.67–3.11
Cw*02 15.2 (22) 21.1 (58) 19.1 (80) 0.17 0.68 0.39–1.19
Cw*03 40.0 (58) 44.7 (123) 43.1 (181) 0.46 0.85 0.56–1.30
Cw*04 29.7 (43) 30.2 (83) 30.0 (126) 0.51 0.86 0.54–1.36
Cw*05 8.3 (12) 4.4 (12) 5.7 (24) 0.37 1.49 0.62–3.58
Cw*06 7.6 (11) 9.8 (27) 9.1 (38) 0.64 0.83 0.39–1.78
Cw*07 38.6 (56) 33.1 (91) 35.0 (147) 0.10 1.46 0.94–2.27
Cw*08 13.8 (20) 15.3 (42) 14.8 (62) 0.61 0.86 0.47–1.56
Cw*16 4.8 (7) 7.3 (20) 6.4 (27) 0.23 0.56 0.22–1.43

a “All” represents the percentage of individuals positive for the indicated allele in the community; n, the number of individuals carrying the allele of interest; P, P
values uncorrected for multiple comparisons; OR, the odds ratio derived by comparing the number of individuals positive for the indicated allele versus those without
the allele between case (HIV-2�) and control (HIV-negative) groups. P values and ORs were calculated by logistic regression, controlling for gender and age. Only
alleles with an overall frequency of at least 5% are shown. P values of �0.05 are shown in bold.
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their extracellular domains with the corresponding inhibitory
receptors KIR2DL2/3, -2DL1, and -3DL1, respectively.
KIR2DS1 and -2DS2 appear to bind the same set of HLA class
I ligands as their inhibitory counterparts, although with much
lower affinity (43). Epidemiological data are consistent with a
receptor-ligand relationship between KIR3DS1 and HLA-B
Bw4-80I, but this has never been shown formally.

To determine the effect of HLA/KIR genotypes on suscep-
tibility or resistance to HIV-2 infection, we grouped individuals
based on whether they had appropriate ligands for their KIR
genetic profile and compared the various HLA/KIR combina-
tions between HIV-2-infected and uninfected groups. We also
looked at HIV-2 viral load and CD4� T-cell counts in the
infected group. There was no significant effect of individual
KIR genes on infection or markers of disease progression (data
not shown). Individuals carrying either the activating KIR2DS2
or the inhibitory KIR2DL2 (these two KIR genes are in very
strong linkage disequilibrium with one another), with at least
one copy of their corresponding HLA ligands (C1), were more
likely to be HIV-2 negative compared to those without these
compound genotypes, suggesting that the compound genotypes
2DS2:HLA-C1/x and/or 2DL2:HLA-C1/x (where x could be C1
or C2) might protect against HIV-2 acquisition, although the
differences were not statistically significant after adjusting for
age and gender (OR � 0.72 [P � 0.15] and OR � 0.74 [P �
0.17], respectively; data not shown). We emphasize that these
findings should be interpreted cautiously pending validation in
other HIV-2 cohorts. Analysis of the various HLA/KIR gene
profiles and HIV-2 viral load and CD4� T-cell counts revealed
no trend indicative of an influence of these markers on disease
progression.

DISCUSSION

The HIV epidemic in West Africa is caused by two closely
related retroviruses HIV-1 and HIV-2. The latter, which is the
focus of the present study, was first reported to have infected
healthy Senegalese prostitutes in 1985 (2) and was isolated the
following year from two West-African patients with AIDS: one
from Cape Verde Islands and the other from Guinea-Bissau
(11). HIV-2 is structurally very similar to HIV-1 and shares
between 30 to 60% homology at the nucleotide level.

Although both HIV-1 and HIV-2 use the same repertoire of
coreceptors and target similar cell populations, their rate of
infection and the resultant pathogenesis are quite different.
The majority of HIV-2-infected people in Caio show high rates
of long-term nonprogression (LTNP). Indeed, recent studies in
Caio have shown that the majority of HIV-2-infected subjects
who presented in 1991 (when viral load measurements were
first made) with viral loads below detection have maintained
undetectable viral loads for at least 15 years: these subjects
have the same mortality risk as HIV uninfected subjects (L. F.
Schim van der Loeff et al., unpublished data). However, in
contrast to the ancestral virus (SIVsm) infecting its natural
host, the sooty mangabey, a significant proportion of HIV-2-
infected subjects later progress to AIDS, with a low CD4
count, high HIV-2 viral load, and clinical features that are
indistinguishable from that observed in HIV-1 infection when
CD4 count falls below 200 cells/�l (12). The observation that
the majority of HIV-2-infected individuals are LTNPs suggests

that HIV-2 infection presents a unique human model of nat-
urally attenuated HIV infection that could provide consider-
able insights into the mechanism(s) of protective immunity
needed for HIV vaccine development. The mechanisms under-
lying the attenuated course of HIV-2 infection and lack of
disease progression in a substantial proportion of HIV-2-in-
fected individuals are yet to be uncovered, but previous studies
in Caio have shown a strong correlation between T-cell re-
sponses to a conserved region of HIV-2 gag and low plasma
viral load (28).

Accumulating epidemiological evidence indicates that a
range of distinct viral and host genetics and possibly some
environmental factors contribute to the observed differences in
clinical outcome after HIV infection. Among the host genetic
factors are the HLA and KIR genes that are highly polymorphic
and are very important antiviral innate and adaptive immune
response regulators in humans. Epidemiological studies have
implicated certain HLA alleles in rate of progression to AIDS
in HIV-1 disease (10) and provided evidence that HLA genes
are involved in the control of viral replication (17, 24), but their
role in HIV-2 infection and disease progression is not clear. A
small study of 62 female commercial sex workers infected with
HIV-2, using p26 antigen exposure as a surrogate marker for
disease progression, showed that HLA-B*35 was associated
with the lack of p26 antibodies and a higher risk of disease
progression (14). However, a detailed analysis of the effects of
HLA and KIR genes on susceptibility to HIV-2 and disease
progression is largely missing in the literature. In the present
study, we determine for the first time the frequencies of HLA
class I and KIR genes simultaneously from a predominantly
Manjako community (�95%) in Caio, Guinea-Bissau, and
demonstrated that specific HLA alleles can influence disease
progression and risk of HIV-2 acquisition.

Comparison of HLA allele frequencies between Caio and
neighboring populations showed distinct differences in allele
frequencies that are consistent with previous anthropological
findings, suggesting that Manjakos from the Caio sector are a
unique set of people forming a close-knit community that tends
to be isolated sexually from other ethnic groups in the subre-
gion. Thus, it is unlikely that there is any significant population
genetic stratification. The most common mode of HIV trans-
mission in sub-Saharan Africa is through heterosexual contact.
In HIV-1 infection, it has been reported that male-to-female
transmission is more efficient than female-to-male transmis-
sion (5). A review of data from population-based surveys on
discordant couples in East, Central, and West Africa strongly
suggests that males generally introduce infection to the couples
and, in 30 to 40% of cases, the female partner will acquire the
infection from the infected male partner (25). In Caio, how-
ever, anthropological features (6, 40) suggest that most adults
in Caio are exposed to multiple partners by virtue of their
unique traditional way of life, mostly during the 4-year period
of initiation into adulthood (40). Additional data from other
HIV-2 cohorts suggest that older women are more vulnerable
to HIV-2 infection than younger women (1, 22, 27). However,
it would not be expected that the higher levels of infection of
women would confound the interpretation of our data, since
neither of these genetic factors are sex linked.

Recent studies on sequence analysis of the gag and nef genes
in members of the Caio cohort showed uniform infection with
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closely related strains of clade A HIV-2 (34; J. Feldmann et al.,
unpublished data). Preliminary results from a similar study
looking at the effect of HLA and KIR genes in a multiethnic
cohort in Fajara, The Gambia, revealed that the Manjakos
living in The Gambia exhibit HLA class I allele frequencies
similar to those found in the present study, suggesting that
there is little admixture between Manjakos and other tribes in
the subregion irrespective of their geographical location (L. M.
Yindom, unpublished).

Analysis of our KIR gene pool comparing frequencies of
individual KIR genes with the scant available data from other
West African populations showed that most of the activating
KIR genes were present at higher frequencies in Caio (Fig. 2).
In particular, KIR3DS1, which is rarely found in people of
African ancestry, was significantly more common in the Caio
population than in other West African populations in Senegal
(13) and Nigeria (42). KIR3DS1 has previously been shown to
confer protection against rapid progression to AIDS after
HIV-1 infection in combination with its putative ligand HLA-B
Bw4-80I (32).

Data on specific dates of seroconversion were not available
for this cohort, as is usually the case in most African cohorts.
We relied on information collected on known markers of HIV
disease progression, such as CD4 counts and viral load mea-
surements, to predict the effect of HLA class I and KIR gene
variants on progression to AIDS following HIV-2 infection.
We analyzed the HLA-A, -B, and -C allele and genotype data
from individuals singly infected with HIV-2 and found that
individuals carrying the common B*1503 allele were more
likely to progress to AIDS than those without this allele. No
susceptibility effect was seen with the other common B*15
allotype, B*1510. B*1503 and B*1510 differ by only three
amino acids, all at critical sites in the peptide binding groove:
positions 63 and 67, which reside in the alpha helix and con-
tribute to the P2 pocket, and position 116, which resides on the
floor of the peptide binding groove and is part of the P9
pocket. A single amino acid change at position 116 in B*3501
versus B*3503 has previously been implicated in differential
susceptibility to HIV-1 disease progression (19), emphasizing
the importance of this position in distinguishing the functional
activity of HLA class I molecules. HLA-B*1503 has been as-
sociated with low viral loads in individuals infected with HIV-1
clade B, but no protective effect of this allele was observed in
a C clade cohort from Durban, South Africa (18). HLA-
B*1503 and the haplotype B*1503-Cw*0210 are unique mark-
ers confined to populations of sub-Sahara African origins (33).
Therefore, the effect of HLA-B*1503 is more likely to be ob-
served in these populations than in populations with a low
frequency of this allele. Some minor or rare alleles were found
to weakly associate with high CD4 count and a trend toward
low viral load, indicating that they may offer a protective effect
against rapid progression to AIDS after HIV-2 infection. This
supports the notion proposed by Trachtenberg et al. that rare
HLA alleles may have a selective advantage in protecting
against rapid progression to AIDS in populations where HIV-1
has adapted to the most frequent HLA alleles (44).

Concluding remarks. We determined here the HLA class I
and KIR gene profiles of a relatively isolated population in
Caio, Guinea-Bissau, which has one of the highest prevalence
rates of HIV-2 infection in the world. The HLA-B*15 alleles

B*1503 and B*1510 were observed at a relatively high fre-
quency in this community compared to neighboring popula-
tions. Furthermore, HIV-2-infected individuals with B*1503
(but not B*1510) had significantly higher HIV-2 viral loads and
lower CD4 counts compared to those without this allele, sug-
gesting that this allele might be linked to poor control of viral
replication and more rapid disease progression. Notably, none
of the strongest HLA associations with HIV-1 were observed in
our HIV-2 cohort. The frequencies of activating KIR genes
were higher than those reported for other populations in West
Africa. The frequency of KIR3DS1, which was previously
shown to be protective in HIV-1 disease progression, was sig-
nificantly higher in the Manjako group than that reported in
any other African population. In general, the strongest associ-
ations in our study conferred susceptibility to HIV-2 outcomes,
while protective factors were quite weak. This observation is
contrary to that observed in HIV-1 disease, where the stron-
gest HLA associations confer protection. Perhaps this reflects
the less pathogenic nature of HIV-2 and the ability of most
HLA class I allotypes to effectively control the virus, compared
to HIV-1, where most allotypes are unable to maintain viral
restriction. Our study is the first to provide a detailed analysis
of the effects of HLA and KIR genetic variation on resistance
and susceptibility to HIV-2 infection and disease progression.
Since the present study was largely exploratory, corrected P
values were not reported. Nevertheless, we were encouraged
by the fact that the effect of B*15 remained significant after
Bonferroni correction (corrected P values: 0.04 and 0.02 for
the effect on CD4 levels and viral load, respectively). Thus, it
will be of great interest to determine whether these effects can
be validated in the other rare HIV-2 cohorts collected to date.
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