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SUMMARY

One substantial benefit of sexual repraduction could be that it allows animals (including humans) te react
rapidly to a continuously changing envircnmental selection pressure such as coevolving parasites. This
counteraction would he maost efficient if the females were able to provide their progeny with certain allele
combinations for loci which may be crucial in the parasite-host arms race, for example the MHC (major
histocompatibility complex). Here we show that the MHC influences both body odours and body odour
preferences in humans, and that the women’s preferences depend on their hormonal status. Female and
male students were typed for their HLA-A, -B and -DR. Each male student wore a T-shirt for two
consecutive nights. The next day, each female student was asked to rate the odours of six T-shirts. They
scored male body odours as more pleasant when they differed from the menin their MHC than when they
were mote similar. This difference in odour assessment was reversed when the women rating the adours
were taking oral contraceptives. Furthermore, the adours of MHC-dissimilar men remind the test women
more often of their own actual or former mates than do the odours of MHC-similar men. This suggests

that the MHG or linked genes influence human mate choice today.

. INTRODUCTIGON

Products of the MHC (major histocompatibility
complex) play an important role In immune rec-
ognition. They bind short self or foreign peptides and
present them, on the cell surface, to T-lymphocytes
(Klein 1986; Hedrick 1994).

Several studies have shown that the MHC also
influences mate choice in mice (Yamazaki e af. 1976,
Egid & Brown 1989 Potts ¢f al. 1991 ; reviews in Boyse
et al. 1987; Potts & Wakeland 1993). Basing their
choice on odours (Yamazaki ¢ af. 1979; Boyse ¢ al.
1987; Egid & Brown 1989), mice seem to loak for or try
to avold certain alleles according to their own genotype
(they mostly prefer mates of dissimilar MHC pheno-
types). This preference could have evolved either
through a strong advantage of certain MHC com-
binations under selection by pathogens {Hamilton &
Zuk 1982; Poits & Wakeland 1993; Hedrick 1994;
Wedekind 19944), or, because mice often live in very
small populations, as a mechanism for inbreeding
avoidance i.e. the MHC being a marker for the degree
of relatedness {Uyenoyama 1988, Potts & Wakeland
1993; Brown & Eklund 1994; Potts 2 al. 1994),

Humans have cultural incest taboos, and probably
ather mechanisms, to avoid inbreeding efficiently
{Spiro 1958; Wolf 1966, 1970; May 1979). Never-
theless, body odours are a potential cue used in human
mate choice. Furthermore, human noses can dis-
tinguish between two congenic mouse strains differing
only in their MHC (Gilbert 2 af. 1986) and likewise,
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mice seem to be able to recognize human MHC-types
from urine odours (Ferstl ¢ al. 1992). Therefore we
tested experimentally whether human body odours,
and female preferences for them, are MHC-dependent.

2. METHODS

We typed 49 female students (average age: 25.2 years,
sd. = 4.0) and 44 male students {average age: 24.7 years,
s.d. = 2.6) for their HLA-A,-B and -DR. HLA class I antigens
were typed by serology on HLA typing plates (Biotest,
Dreicich, Germany). HLA-DR antigens were determined
by aligotyping (Tiercy et al. 1990). For this purposes the
HLA-DRBL genes were amplified by the polymerase
chain reaction. This was followed by sequence-specific
hybridization with biatinylated aligonucleotides, detected in
a chemilumescence assay {Bettens 2 al. [991). This method
allows discrimination between the following HLA-DR
alleles: DRI, DR2, DR3, DR4, DR7, DRw8, DR9, DRw10,
DRwll, DRwl2, DRwl3, DRwl4. Three females and one
male could not be typed for the DR-antigens. For our
experiments, they were assumed to be dissimilar on DR ta the
respective test partner (see below),

Steroids administered by the pill physiologically simulate
pregnancy. We considered, therefore, that the pill was a
possible confounding factor in our experiment and asked
each female subject whether she was using oral contra-
ceptives.

All test persons were students ar the University of Bern and
had forenames and surnames that are common in the
German speaking patt of Switzerland. Males and females
prabably did not know eachother, as they were from different
courses (women mainly from bioclegy and psychelogy, men
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mainly from chemistry, physics and geography) and were
unlikely to meet each ather during the study. The men were
asked to wear a T-shirt (100 9%, untreated cotton, distributor:
Virya, Ziirich (CH)) during 2 Sunday and Monday night, to
keep the T-shirt in an open plastic bag in between, and to live
as much as possible ‘odour-neutral® during these two days.
They were provided with perfume-free detergent to wash
clathes and bedclathes, and perfume-free soap to use from
Sunday morning onwards. They were also provided with a
list of odour-praducing foods and asked to avoid them as well
as any activities that could praduce disturbing smells (for
example, staying in smelly rooms, sexual activity, etc). They
were advised not ta use any deodorants, perfumes ete., to
refrain from smoking tobacco or drinking alechol, and ta
sleep alone in their hed.

On the following Tuesday test women were asked to rate
the adours of six T-shirts each, three of them worn by men
who were dissimilar to the rating woman’s MHC {average
number of dissimilar HLA-antigens = 3.9, s.d. = 0.26), and
three worn by men who were more similar to it (average
number of dissimilar HLA-antigens = 2.7, s.d. = 0.74). We
tried to present every T-shirt as often to MHC-dissmilar
women as ta MHC-similar women {average difference of
presentations ta the twa groups: —0.02, s.d. = 0.73). The
presentation was random in every other respect, and the
waomen did not know the degree of MHC-similarity of the
men who had worn the T-shirts. The T-shirts were provided
in numbered, glazed cardboard bhoxes laid aut with plastic
foil (pvpa), a triangular hole allowed the women to sniff the
contents. Alone in a room, every woman scored the odours of
the T-shirts for intensity {range 0-10) and for pleasaniness
and sexiness (range 0—10, 5 = neutral). A marked bax with
an unworn T-shirt was provided to allow the women to
control tor the T-shirt’s own odour. The women were tested
whenever possible in the second week after the beginning of
menstruation {with pill: 11.4d, s.d. = 4.3, without pill:
124d, sd =43, t= —0480, p, <040, two-tailed), as
women appear ta be most odour-sensitive at this time (Doty
et el 1981). We also asked them to prepare themselves for the
experiment by taking care of their sense of smell. Therefore,
the women had been asked to use a nose spray during 14 days
before the experiment to support regeneration of the nasal
mucous membrane if necessary {and also as a prophylactic
against colds or ‘flu), and each was given a copy of P.
Stiskind's novel ‘Das Parfum’ {Dicgenes-Verlag) ta sensitize
their smell perception.

Fach female subject scored the odours of six male subjects
which resulted in 294 combinations of individual women
sniffing on individual men’s odours, Additionally each male
odour was scored by two or more females (one of similar and
one of dissimilar MHC-type). For the analyses shown in
figures 1-3 we used the average scorings per male odour or
per scoring female,

The data analyses were done with SYSTAT {version for
Macintosh-computer).

3. RESULTS

The scores for sexiness are nat shown in the figures as
they were highly correlated with pleasantness (all
scorings: r = 0.85, 2 = 294 for women who do nat
take the pill: » = 0.87, n = 186, for women who take
the pill: » = 0.83, n = 108, p always <€ 0.001).

The pleasantness of men’s body odours scared by
different women depends on their respective MHC,
Women who are not taking oral contraceptives and
who are dissimilar te a particular male’s MHC perceive
his odour as more pleasant than do women whose
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Figure . Average score per male (taking each male’s odour
as a statistical unit) by females whao are similar or dissimilar
an their MHC {medians and quartiles). (4} + (¢) The odours
were judged by females who did not take aral contraceptives
(number of males = 38}, and {4} + () judged by fernales wha
take the pill {number of males = 23). All p-values are twa-
tailed {Wilcoxon signed rank tests).
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Figure 2. Average score per female of the body adours of
males being stmilar or dissimilar on the MHC to the scoting
females (medians and quartiles). {a)+ (¢) Females who do
not take the contraceptive pill (n = 31}, and (8) + {4) females
wha take the pill {» = 18). P-values are two-tailed {Wilcoxon
signed rank tests).

MHC is more similar to that of the test man {see figure
la}. This difference in the scoring of odour pleasantness
was reversed when the judging women were taking oral
contraceptives. [n this case, a man’s hody odour was
scored as being more pleasant by women who are more
similar on the MHC {see figure 15).
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Figure 3. Relations between scores of odour pleasantness and
adour intensity {all females pooled, » = 49 each]. Average
scorings per female of the body adours of three males each {a)
being dissimilar an the MHC, and (4] being similar on it to
the scoring fermale. The correlations do not differ significantly
between females who take the contraceptive pill {@) and
temales who do not take the pill () {comparison between
independent correlacion coefficients (o) Z= —0.13, p=
.90, (b) Z=1.28, p = 0.20; all p-values are two-tailed).

By taking each man as a statistical unit (see figure 1],
we control for adour differences which are not MHC-
dependent. The data are replotted in figure 2 using
each woman ag a statistical unit. Despite a certain loss
of statistical power in this kind of analysis, we stil
abserve analogous trends although not significant in
the case of women taking the contraceptive pill (see
figure 24).

The female evaluations of cdour intensities did not
differ significantly between MHC-similar and dis-
similar men in any comparison {see figure led and
figure 2¢,4). However, the relation between odour
intensity and its pleasaniness differed in the two
groups: imore intensive odours tend to be more
unpleasant for women when they scored odours of
MHC-dissimilar men (see figure 3a), whereas intensity
and pleasantness did not correlate for women when
they scored MHC-similar male adours (see figure 38).
This difference could indicate some properties of the
physiology of odour perception which seem to be
independent of steroids administered by the pill {see
legend of figure 3).

Odours of MHC-dissimilar men reminded the female
test persons of their own mates or ex-mates twice as
often as those of MHC-similar men (see figure 4). This
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Figure 4. Frequency of women’s memeory assaciations by
sniffing the odours of MHC-dissimilar men and of MHC-
similar men with relatives, and with current or previous
mates, respectively (Fisher exact tests, two-tailed). Most of
the memeory associations in the lower graph were by women
who gtated that they were sure they had not taken the
contraceptive pill when they chose the particular mate they
were rememhbered during the experiment (31 of tatal 39
cases, Z = 3.68, p < 0.01).

indicates that MHC-dependent body odour prefer-
ences play a role in actual mate choice.

4. DISCUSSION

The contraceptive pill seems to have a strong influence
on odour preference. This indicates that steroids which
are naturally released during pregrnancy could change
body odour preferences, leading to a preference for
odours which are similar to those of relatives. This
preference 15 probably not related to mate choice but
may be comparable, to a certain degree, to the
observation that female mice prefer MHC-similar
individuals for communal nesting (Manning & ol
[982). Therefore, the contraceptive pill seems to
interfere with natural mate choice. If the pill changes
preferences for familiar as well as unfamiliar body
odours then starting with the pill could have an
mfluence on the stability of an already existing pair
hond by influencing odour preference.

There is an increasing amount of work which indi-
cates that the MHC may notonly influence mate choice
but also maternal selection thereafter. Couples who had
not achieved a recognizable pregnancy after two or
mare attempts of in vitro fertilization (rvr) or tuhal
embryo transfer (TET) shared a significantly greater
number of HLA antigens than did contral couples wha
achieved a viable pregnancy with their first rve or TET
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cycle (Weckstein e o/, 1991). Maoreover, data on the
North-American Hutterite population, a population
isolate that proscribes contraception, suggest that
longer intervals between successive births are associated
with increased HLA sharing, and that chis difference
may result from losses occuring early in gestation, before
the women would recognize pregnancy (Cher ef al,
1988). However, MHC-associated selection may not
only take place at this very early stage of pregnancy.
Couples who suffer from recurrent spontanecus abor-
tions often share a higher proportion of their MHC
than control couples in many different populations
(Beer of al. 1985, Baolis et af. 1985 ; Thomas «f of. 1985;
Karl ef al. 1989; Ho et af. 1990; Koyama ef afl. 1991;
Laitinen 1993). Also, newborn babies of such couples
often have a reduced birth mass (Reznikoff-Etievant e
al. 1991). In inbred populations, these effects could be
adaptive, avaiding inbred offspring by using the MHC
as a marker for kinship (Verrell & McCahe 1990).
However, MHC-correlated abortions seem to be more
widespread than wauld be expected from the frequency
of highly inbred populations alone (May 1979).
Instead, they could result from strategic ‘decisions’ of
the woman’s physiology about her investment in her
baby, taking into account the anticipated selection (for
example, by pathogens) on the offspring after birth
(Wedekind 19944). Of course, such a ‘decision’ is most
probably no more conscious than, for example, the
‘decision’ to reject an allograft. Consistent with this
may be the finding that spontaneous abortions in mice
can be experimentally induced by the odour of a male
which genetically differs only in his MHC from the
fathering male (Yamazaki ef ol. 1983).

Among primates, humans seem to be most richly
endowed with scent-producing glands (Stoddare 1991],
and many examples illustrate strong links between the
nose and human physiology and emotions (Stoddart
1991). Our findings show that some genetically
determined odour components can be important in
mate choice. The observed mate preference could be a
means to efficiently react to pathogen pressures. If so,
the negative consequences of disturbing this mech-
anism, by the use of perfumes and deodorants or by the
use of the contraceptive pill during mate choice, need
to be known by users.

All participants were informed about the aims of this study
and gave their cansent after the theoretical background and
passible consequences of the study had been explained. We
thank them for their interest and cooperation. Thanks also to
Elisabeth Frel, Sandra Furi, Katin Viragh, Barhara Streb
and Martin Perlen for technical assistance, and to Manfred
Milinski, Laurent Keller, Rudolf Sieg, Giorgina Bernasconi,
Markus Frischknecht, Werner Pichler, William D. Hamilton,
Jan Klein and the referees for discussion and comments on
the manuscript. The project was supported by the Rache
Research Foundation and the Swiss National Science
Faundation {grant to M.M.J.

REFERENCES

Beer, A.E., Semprini, A. E., Zhu, X. Y. & Quehbeman,
J-F. 1985 Pregnancy outcome in human couples with
recurrent spontaneous abortions: HLA antigen profiles,
HLA antigen sharing, female serum MLR blocking factors,

Prag. R. Sog. Lond B {1995)

MHC-dependent mate preferences in humans

and paternal leukocyte immunization. Exp. clin, Dnmuno-
genet, 2, 137-153.

Bettens, F., Pichler, W.J. & de Week, A L. 1991
Incorporation of biotinylated nucleotides for the quanti-
fication of PCR-amplified HIV-1 DNA hy chemo-
luminescence. Eur. J. chem. clin. Biachem. 29, 6§5-688.

Bolis, P. F., Soro, V., Martinetti Bianchi, M. & Belvedere,
M. 1985 HLA compatbility and human repraduction.
Clin. Exp. Obsist, Gynee. 12, 9-12.

Bayse, E. A., Beauchamp, G. K. & Yamazaki, K.
genetics of body sent. Trends Genet. 3, 97-102.

Brown, J. L. & Eklund, A. 1994 Kin recognition and the
major histocampatibility complex: an integrative review,
Am. Nat. 143, 435-461.

Doty, R. L., Snyder, P. J., Huggins, G. R. & Lowry, L. D.
1981 Endocrine, cardiovascular, and psychological corre-
lates of olfactory sensivity changes during the human
menstrual cycle. J. comp. Physiol. Psychol. 95, $5-60,

Egid, K. & Brown, J. L. 1989 The majar histocompatibility
complex and female mating preferences in mice. Anim.
Behap. 38, 548-530.

Fersil, R., Eggert, F., Westphal, E., Zavazava, N. & Mller-
Ruchhaltz, W. 1992 MHC-related odors in human. In
Chemisal signals in verlebrates (ed. R. L. Doty), pp. 205-211.
New Yark: Plenum.

Gilbere, A. N, Yarnazaki, K., Beauchamp, G. K. & Thomas,
L. 1986 Olfactory discrimination of mouse strains {Mus
musculus) and majar histocampatibility types by humans
{Homo sapiens). J. comp. Prychol. 100, 262-265.

Hamilton, W, D. & Zuk, M. 1982 Heritable true fitness and
bright birds: a role for parasites? Seience, Wash 218,
384-387.

Hedrick, P. W. 1994 Ewvalutionary genetics of the major
histacompatibility complex. 4m. Nat. 143, 945-964.

Heo, H. N., Gill, T. J., Nsieh, R. P., Hsieh, H. J., Lee, T. Y.
1990 Sharing of human leukocyte antigens in primary and
secondary recurrent spontaneous abortions. Am. J. Obstet.
Grynec. 163, 178-188.

Karl, A., Metzner, G., Seewald, H. J., Karl, M., Born, U,,
Tilch, G. 1989 HLA compatibility and susceptibility ta
hahitual abortion. Results of histocampatibility testing of
couples with frequent miscarriages. Allerg. Immunol., Lapzig
35, 133-140.

Klein, J. 1986 Natural history of the major histocompatibilily
complex. New Yark: John Wiley & Sons.

Kayama, M., Saji, F., Takahashi, S, Takemura, M.,
Samejima, Y., Kameda, T., Kimura, T. & Tanizawa, O.
1991 Probabilistic assessment of the HLA sharing of
recurrent spontanecus ahartion couples in the Japanese
population. Tiss. Antig. 37, 211-217,

Laitinen, T. 1993 A set of MHGC haplotypes found among
Finnish couples suffering from recurrent spontaneous
ahartions. Am. J. repred. Jmmunel. 29, 148-154.

Manning, C.J., Wakeland, E. K. & Patts, W. K. 1992
Communal nesting patterns in mice implicate MHC genes
in kin recognition. Nature, Lond. 360, 551-583.

May, R. M. 1979 When ta be incestuaus. Nature, Lond. 279,
192-194,

Cher, C., Elias, S., O'Brien, E., Kostyu, D. D., Hauck,
W. W. & Bombard, A. 1988 HLA sharing and fertility in
Hutterite couples: evidence for prenatal selectian against
compatible fetuses. Am. J. reprod. Immunol. Mugrebiol. 18,
111-115.

Ports, W.K., Manning, C.J., Wakeland, E. K. 1991
Mating patterns in seminatural populations of mice
influenced by MHC genotyp. Nature, Lond. 352, 619-621,

Potts, W. K. & Wakeland, E. K. 1993 Ewvolution of mhe
genetic diversity: a tale of incest, pestilence and sexual
preference. Trends Genet. 9, 408412,

1687 The



MHUC-dependent mate prefevences o humans  C. Wedekind and others 249

Patts, W. K., Manning, C. J., Wakeland, E. K. 1994 The
role of infectious disease, inbreeding and mating prefer-
ences in maintaining MHC geneiic diversity: an ex-
perimental test. Phil. Trans. R. Soc. Lond. B 346, 369-378.

Reznikoff-Etievant, M. F., Bonneau, J.C., Alcalay, D,
Cavelier, B., Toure, C., Lobet, R. & Netter, A. 1991
HLA antigen-sharing in couples with repeated spon-
taneous abortions and the birthweight of babies in
successful pregnancies. Am. J. veprod. fmmanol. 25, 25-27.

Spira, M.E. 1958 Children of the fkibbutz. Cambridge,
Massachusetts: Harvard University Press.

Stoddart, D. M. 1991 The scented ape. The bislogy and culture
of human odour. Cambridge University Press.

Thomas, M. L., Harger, ]. H., Wagener, D. K., Rahin, B. §.
& Gill TII, T.J. 1985 HLA sharing and spontaneous
abortion in humans. dm. J. Obstel. Gynecol. 151, 1053-1058.

Tiercy, J.-M., Jeannet, M. & Mach, B. 1990 A new
approach for the analysis of HLA class 1T polyraorphism:
HLA. oligotyping. Blosd Rev. 4, 9-15.

Uyenoyama, M. K. 1988 On the evolution of geneuc
incampatibility systems: incompatibility as a roechanism
for the regulation of outcrossing distance, In The evalution of
sex {ed. R. E. Michod & B. Lewvin), pp. 212-232.
Sunderland, Massachusetts: Sinauer Associates.

Verrell, P.A., McCahe, N.R. 1990 Major histo-
compatibility antigens and spontaneous abortion: an
evolutionary perspective. Med. Hypoth. 32, 235-233.

Weckstein, L. N, Patrizig, P., Balmaceda, J. P., Asch, R. H.
& Branch, D.W. 1931 Human leukocyte antigen
campatibility and failure to achieve a viable pregnancy

Proc. R. Sué. Land. B (1995)

with assisted reproductive technaology. Acta Eur. Fertil, 22,
103-1407.

Wedekind, C. 1994¢ Handicaps not obligatary in.sexual
selection for resistance genes. J. thear. Biol. 170, 57-62,
Wedekind, C. 19944 Mate choice and maternal selection for
specific parasite resistances before, during and after

tertilization. Phil. Trans. R. Soc. Lond. B 346, 303-311.

Wolf, A. P. 1966 Childhood association, sexual attraction
and the incest taboo: a Chinese case. Am. Anthropel. 68,
§43-893.

Wolf, A.P. 1970 Childhood association and sexual
attraction: a further tese of the Westermark hypothesis.
Am. Anthropel. 72, 503-515.

Yamazaki, K., Bayse, E. A, Miké, V., Thaler, H. T,
Mathieson, B. J., Abbatt, J., Bayse, J., Zayas, Z. A. &
Thomas, L. 1976 Control of mating preference in mice by
genes in the major histocompatibility complex. J. exp. Med.
144, 1324-1335.

Yamazaki, K., Yamaguchi, M., Baranaski, L., Bard, J,
Boyse, E. A. & Thomas, L. 1979 Recognition among
mice. Evidence from the use of a Y-maze differentially
scented by congenic mice of different major histo-
compatibility types. J. exp. Med. 150, 755-760,

Yamazaki, K., Beauchamp, G. K., Wysacki, C. ], Bard, [,
Thomas, L. & Boyse, E. A. 1983 Recognitian of H-2
types in relation to the blocking of pregnancy in mice.
Seience, Wash. 221, 186-188.

Recelved 15 Dacembar 1994, aceopted 3 March 1995



