
Clin. exp. Immunol. (1992) 87, 20-23

HLA-associated susceptibility to HIV-1 infection
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SUMMARY

We studied HLA antigen distribution of 50 heterosexual partners of HIV+ drug abusers with more
than 1 year of sexual exposure to HIV, 36 children born to seropositive mothers and 61 haemophiliac
patients exposed to presumably infectious clotting factor concentrates. B52 and B44 antigens were

associated with HIV resistance while B51 was associated with HIV susceptibility. Forty-nine HIV+
drug abusers, spouses of heterosexual partners studied and 25 HIV+ mothers of the children were

also typed. DR 1I phenotype was associated with infectiousness of HIV+ subjects. Our data suggest
that the HLA region controls susceptibility to infection with HIV and infectiousness of HIV+
subjects in different risk groups.

Keywords HIV-l susceptibility to infection HLA

INTRODUCTION

Although considerable information about the pathogenesis of
HIV-1 infection is available, there is still uncertainty about the
factors that actually influence the great interindividual variabi-
lity of susceptibility to infection and/or progression of the
disease [1,2]. These may be due in part to the considerable
variability of the immunological and biological responses of
HIV-exposed individuals that results from both the environ-
mental and genetic background of the subjects.

At present recent data suggest that several HLA alleles
influence both the rapidity and the type of HIV-1 infection [3-
12]. We have much less information about HLA-linked genetic
control of HIV susceptibility. This is not surprising because
there are major obstacles in this kind ofstudy, one being that it is
impossible to define exactly the population at risk, since the
extent and the frequency of exposure to the virus are difficult to
measure, even in a high risk and close population. Most of our
information about the role of the HLA region in HIV transmis-
sion is derived from studies of HLA phenotype distribution in
HIV+ and HIV- subjects in a single risk group. The time when
HIV+ subjects seroconvert is not known and the extent of
exposure of HIV- subjects is not defined.

Some information in this field has come from the study of
HLA phenotype distributions ofHIV+ and HIV- haemophiliac
patients exposed to a single batch of factor VIII contaminated
with HIV [5] or exposed for the same period of time to
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comparable amounts and batches of presumably infectious
clotting factor concentrates [6]. In the patients studied by Steel
et al. [5], the HLA haplotype Al B8 DR3 was weakly associated
with an increased risk of seroconversion and our data for Italian
population [6] suggested a possible role of class I HLA antigens
in susceptibility to HIV infection.

In this study we tested the significance of the associations we
found in haemophiliacs, in two other risk groups in which HIV+
and HIV- subjects had similar levels ofexposure to the virus: (i)
HIV+ and HIV- children of HIV infected mothers; (ii) HIV+
and HIV- monogamous partners of HIV+ intravenous drug
abusers with more than 1 year of sexual exposure to HIV.

In this study we were able to confirm the significant
associations between B52 and HIV resistance and to demon-
strate the association between B51 and HIV susceptibility.
Therefore, our results strongly support the role of the HLA
region in susceptibility to HIV, as well as in progression of the
disease, as previously shown [7,8].

SUBJECTS AND METHODS

Subjects
We studied 39 female and 11 male heterosexual partners of
HIV+ drug abusers with more than I year of sexual exposure to
HIV. None of the HIV+ drug abusers received treatment with
AZT during the relationships. The median age was 30 years
(range 21-50); two men and 15 women were HIV seropositive.
Screening for HIV antibodies was carried out by the ELISA
technique. Positive reactions were confirmed by Western blot-
ting. We also studied 19 HIV seropositive (median age and
range: 52, 25-90 months) and 17 seronegative (median age and
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Table 1. Distribution ofthe CDC classes for HIV+ spouses of heterosexual partners during the relationship and of
HIV+ mothers at delivery

HIV+ spouses of HIV+ mothers of

HIV+ partners HIV- partners HIV+ children HIV- children
(n= 17) (n=33) (n= 19) (n= 17)

CDC classes during
relationship or at delivery n % n % n % n %

CDC II 5 29-4 7 21-2 5 26-3 6 35-3
CDC III 10 58-8 21 63-6 12 63-2 8 47-1
CDC IV 2 11-8 5 15-2 2 10-5 3 17-6

range: 36, 20-80 months) children born to seropositive mothers.
All the mothers were positive before pregnancy. The children
were followed from birth for at least 20 months at I and IV
Pediatric Departments ofthe University of Milan. Infection was
defined by persistence of antibody (as measured by ELISA,
confirmed by Western blot beyond the age of 15 months) or the
presence of virus or p24 antigen. Children who lost antibody
and whose peripheral blood mononuclear cells (PBMC) did not
have HIV sequence when analysed by the polymerase chain
reaction with gag and env primers were presumed not to be
infected.

Table I shows the distribution ofCDC classes, on the basis
of the Revision of the CDC Surveillance Case Definition for
Acquired Immunodeficiency Syndrome [13], for HIV+ spouses
of heterosexual partners during the relationship and of HIV+
mothers at delivery.

Forty-nine HIV+ spouses of the partners studied and 25
HIV+ mothers ofthe children were also typed for HLA A, B and
C antigens; of these, 43 spouses and 17 mothers were typed for
DR antigens.

Heterosexual couples have been selected from a larger pool
of subjects of the Italian Study for HIV heterosexual transmis-
sion [14].

Sixty HLA antigens were studied: 15 A, 23 B, 7 C, 12 DR,
and 3 DQ. HLA A, B, and C typing was carried out on
peripheral blood lymphocytes separated by gradient centrifuga-
tion [15]. The standard two-stage microcytotoxicity test was
used [16], with 165 selected monospecific or oligospecific
antisera. HLA DR and DQ typing was carried out on peripheral
blood lymphocytes depleted of T cells by rosetting with 2-
aminoethyl-isothiouroniumbromide-treated sheep erythrocytes
[17]. Fifty-four antisera were used in the same two-stage test but
with a longer incubation time. Cytotoxic antisera were obtained
from commercial sources (Bio Test, Dreieich, Germany; Behr-
ing, Marburg, Germany; Fresenius, Germany; Merieux,
France) or were sera of multiparous women screened in our
laboratory against a panel of 250 individuals for their speci-
ficity.

The frequencies of HLA antigens were compared by the
Yates' X2-test corrected for continuity. Corrected P values (PJ)
obtained by multiplying the original P values by the number of
antigens tested [18], are considered significant when the proba-
bility value is < 0 05; uncorrected P values are given when P,
values were not significant provided they had P values of < 0-05.
P values for deviations of HLA B52 were not corrected for the
number of antigens tested, since the association of this antigen

with susceptibility to HIV infection has been already reported
[6]. When one or more of the expected numbers was less than
five, we performed the significance testing by Fisher's exact
method [19]. The degree of association between a single antigen
and susceptibility to infection or to the probability of transmis-
sion of infection was expressed as relative risk (RR) and as
etiological fraction (EF) when the RR was higher than I or as
preventive fraction (PF) when RR was lower than 1 [20]. To
analyse the combined population of the exposed subjects we
also considered the x2 for heterogeneity [18], which would
indicate whether or not the RR values for the three groups of
subjects differed.

RESULTS

Previously reported data for haemophiliac patients [6] have
been included in the following results. Before pooling the three
groups of subjects we considered the x2 for heterogeneity and we
found that the RR values for the three groups were completely
similar.

Table 2 shows the distribution of relevant HLA antigens in
HIV+ and HIV- children born to HIV+ mothers and in HIV+
and HIV- monogamous heterosexual partners of HIV+
spouses, together with the frequencies of the same antigens in
HIV+ and HIV- haemophiliacs and in overall HIV+ and HIV-
subjects. Ten of the I1 B52+ patients of the pooled three groups
are HIV- (90 9%). The greater B52 in HIV- subjects than in
HIV+ subjects was statistically significant (x2=-7, P< 0-01, P"
NS) (Fisher's exact test: P< 0-02); the relative risk of serocon-
version (RR) was 0 1 1, with a PF value of0 1 1. The comparison
between HIV+ and HIV- subjects of the three different groups
shows a similar trend, but not statistically significant. We also
observed a significant increase in B51 in the pooled group of
HIV+ subjects (X2=4-68, P<0-05, Pc NS); 66-7% of B51+
subjects had seroconverted (RR = 2 98, EF= 0-16). In this study
we were not able to confirm the deviation of A2 that we
demonstrated in haemophiliac patients. The negative associa-
tion with B44 (RR=0-42, PF=0 13, X2= 4-19, P<0 05, P, NS)
is also statistically significant. The frequency of this antigen was
lower in the pooled groups and 72% of B44+ subjects remained
seronegative even after a long exposure time. The frequency of
DR5 was high in HIV+ subjects, and significantly high
(X2= 439, P < 0-05, P, NS, RR = 2-84, EF = 0 40) in haemophi-
liac patients and in children, but there was no difference in
heterosexual partners. The increase of DR5 frequency is mainly
due to the increase of one of its splits, DR 12, in haemophiliacs
and children (X2=4 87 P < 0-05, P, NS).
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Table 2. Distribution of relevant HLA antigens in children born to HIV+ mothers and in monogamous heterosexual partners of HIV+ spouses,
together with the frequencies of the same antigens in exposed haemophiliacs and in overall subjects

Haemophiliac patients Partners Children All

HIV+ HIV- HIV+ HIV- HIV+ HIV- HIV+ HIV-
(30,28)* (31,25)* (17,16)1 (33,27)* (19,16)* (17,14)* (66,65,60)t (81,66)*

n (0N) n ('S.) n (N.) n (%,()( n (0/o) n (%) n (%)

A2 16 (53 3) 7 (22 6) 8 (47 0) 16 (48 5) 5 (26 3) 3 (17 6) 29 (43 9) 26 (32 1)
B51 6 (200) 2 (64) 5 (31.2) 3 (9. 1) 5 (26.3) 3 (17.6) 16 (246) 8 (9.9)
B52 0 4 (129) 1 (62) 5 (15 1) 0 1 (59) 1 (1 5) 10 (123)
B44 3 (100) 6 (193) 1 (62) 7 (21 2) 3 (15 8) 5 (294) 7 (108) 18 (222)
DRS (11 + 12) 16 (57 1) 9 (36 0) 5 (31 2) 11 (40 7) 11 (68 7) 5 (35 7) 32 (53 3) 25 (37 9)
DRI 1 12 (42 8) 9 (36 0) 4 (25 0) 8 (29 6) 8 (50 0) 5 (35 7) 24 (40-0) 22 (33 4)
DR12 4 (142) 0 1 (62) 3 (11 1) 3 (18-7) 0 8 (133) 3 (45)

* Number tested for HLA A, B, C antigens, numbers tested for DR antigens.
t Number tested for HLA A and C antigens, number tested for B antigens, number tested for DR antigens.
t Number tested for HLA A and C antigens, number tested for B and DR antigens.
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Fig. 1. Distribution of DRI I in HIV+ drug abusers, spouses of HIV+
and HIV- partners and in HIV+ mothers ofHIV+ and HIV- children.
HIV+ spouses and mothers: 0, HIV+ partner (n= 14) or child (n= 11);
U, HIV- partner (n = 29) or child (n = 6).

The CDC class of the HIV+ cases does not affect their ability
to transmit infection to the partner or the child. The infectious-
ness ofHIV+ spouses and ofthe mothers seems (Fig. 1) however
to be significantly associated with DRII 1(x2-8= 16, P<0-005,
PCNS, RR = 6 5, EF = 0-44). The frequency of DRI I is higher in
the mothers ofHIV+ children than in mothers ofHIV- children
(72-7% versus 0%, X2 = 5-58, P < 0-02, P, NS). For the heterosex-
ual partners, the frequency of DR II is still increased, but to a

much lesser extent.
We did not find any effect ofHLA antigen sharing within the

heterosexual couples, while 6/8 mothers share DRI I with their
HIV+ children.

DISCUSSION

The present data strengthen our previous observations in
haemophiliac patients and confirm the role of B52 as a factor of
resistance to HIV infection. Though the statistical significance
of these findings for the pooled HIV seropositive and seronega-
tive subjects is not high, the result is confirmed by its repeatabi-
lity in three independent groups of patients, typed at different

times and belonging to different risk groups [18]. B52 phenotype
appears to be an absolute factor for resistance. Indeed, only one
of the 11 B52+ subjects studied (9 1 %) seroconverted. Neverthe-
less, the frequency of B52 in HIV- subjects is only 12%,
meaning that B52 is only one of the factors related to individual
resistance to HIV infection. This result was not unexpected,
because in experimental animals and in man [21,22] the genetic
control of susceptibility and resistance to virus infection is
polygenic and multifactorial.

In exposed HIV- subjects we also observed a lower B51
frequency. B51 and B52 are 'splits' of B5, therefore one might
argue that the results depend on a poor definition of the two
antigens. However, the frequency deviations of B5 1 and B52 in
exposed HIV seropositive and seronegative subjects are mirror
images and are constant in all three different risk groups. We
think it unlikely that technical errors would be so reproducible
with time as to interfere with a single antigen definition in only a
specific subgroup of patients.

Class I HLA molecules are involved in T cell-mediated
cytotoxicity against virally infected cells as restriction molecules
and it has been shown that not all class I antigens are recognized
equally by cytotoxic T lymphocytes specific for different virus
antigens [23,24]. These observations, explained by the molecular
structure of class I HLA antigens [25] suggest that our findings
are due to a different ability for antigen presentation by B51 +

and B52+ lymphocytes. Similar reasoning could be applied to
DR12 as a marker of susceptibility to HIV infection. Neverthe-
less, DR12 is a class II antigen, so it very probably acts at a
different step of the anti-HIV immune response.

Our findings in HIV+ mothers of HIV+ and HIV- children
and in HIV+ spouses of HIV+ and HIV- heterosexual partners
suggest the existence of a genetic influence on infectiousness of
HIV+ subjects. One hundred per cent of DRI1+ mothers
transmit the infection to their children, compared with 27% of
DR 1- ones. If this observation were to be confirmed in a larger
group of patients, DR 11 could become an important clinical
prognostic marker. Obviously, mother and child very frequently
share DR11, and therefore we are not able to exclude a role of
DRl 1 sharing in transmission of HIV infection. However,
DRI 1 is not by itself a marker of increased susceptibility, since
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its frequency in HIV+ and HIV- children is not significantly
different.

The association of DRI I phenotype with infectiousness of
HIV+ subjects is much more evident for HIV+ mothers than for
HIV+ spouses of heterosexual couples. We have two possible
explanations for this: the first is that pregnancy immunesuppres-
sion might amplify the biological effects ofDRI I and the second
is that HIV+ mothers transmit to their children the HLA and
non-HLA genes ofHIV susceptibility, giving rise to a pair more
homogeneous for susceptibility factors than the heterosexual
couple.

We do not know at present the biological mechanism that
underlies this association. Our previous observations [22] and
studies in progress show a statistically significant association
between DR II and a low production of interferon-gamma
(IFN-y) by human alloactivated lymphocytes. If we consider
that IFN-y acts on the anti-viral immuneresponse and, particu-
larly by directly inhibiting HIV replication [27], these data serve
as a starting point to clarify the relationship between DRI I and
the infectiousness of HIV+ subjects.
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