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1Institute of Psychology, and 2Universitätsinstitut für Klinische Chemie, University of Bern, Bern, Switzerland
3Department of Economics, University of Konstanz, Konstanz, Germany
4Thurgau Institute of Economics, Kreuzlingen, Switzerland
5University Hospital of Psychiatry Zurich, University of Zurich, Zurich, Switzerland

JSL, 0000-0001-8025-1616; DK, 0000-0003-1935-053X
In our recent study published in Proceedings of the Royal Society B [1], we investi-

gated the effects of major histocompatibility complex (MHC; or human

leucocyte antigen system, HLA in humans) on men’s preferences for women’s

body odours. Using rigorous methods, we found no evidence that men find

body odours of HLA-dissimilar women more attractive than odours of HLA-

similar women. In his comment, Wedekind [2] claims that our conclusions were

premature, because he found (using our data) a stronger negative relationship

between pleasantness and intensity for HLA-dissimilar odours than for similar

ones. Although this is an interesting finding, it cannot be considered as a support

for HLA-related mate preferences.

Wedekind’s comment is rather misleading, for various reasons. First,

empirical evidence for HLA-mediated body odour preferences in humans

is not nearly as clear as the author would like to assume. In the 20 years since

Wedekind et al.’s seminal work [3], various studies examining HLA-influences

on body odour preferences in humans have been published and the reported find-

ings are mixed. In fact, a recent meta-analysis by Winternitz, Abbate [4] revealed

that over all studies with human and non-human primates, results on MHC-

mediated body odour preferences are inconsistent and non-significant. It is

important to note that Wedekind [2] misinterprets the meta-analysis by Winter-

nitz et al. [4]: These authors found preferences for MHC heterozygosity but not

for MHC dissimilarity. These are two very different kinds of MHC influences

and should not be mixed up. Another recent review outlining disparate and

controversial results for human studies is Winternitz & Abbate [5].

Second, Wedekind compares our study with two of his own studies [3,6].

However, our study differs from Wedekind’s studies in at least one important

aspect: we studied men’s preferences for women’s body odours while Wedekind

et al. [3] asked women to evaluate the body odours of men. Wedekind & Furi [6]

also included odours of very few women (i.e. two), which may have led to a false

positive result. There is reason to believe that males and females might differ

regarding the effect of MHC in mate preferences (cf. [6–9]). Because males typi-

cally have a higher potential reproductive rate [11] and females often bear

greater reproductive costs [12], males might seek females with high perceived fer-

tility to increase the probability for reproduction, while females seek males who

are most likely to maximize offspring survival. So, it is conceivable that men rely

less on HLA-mediated odour cues when choosing their mates than women. We

note that apart from our study [1], only four studies have included men as

odour raters. Two of these studies report no preference HLA-dissimilar women

[13,14], and two suggest that men show a preference for body odours of HLA-

dissimilar women [6,15] (note that Wedekind & Furi included odours of only
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two women). These four studies have in common that they did

not control for the menstrual cycle phase during which the

body odours were collected. Controlling for menstrual cycle

phase is important because body odour varies across the

cycle. An increasing number of studies report that women’s

body odour is rated as more attractive if gathered near ovu-

lation compared to odour that was collected in other cycle

phases [16–19]. So, if not controlling for menstrual cycle,

cyclic effects of odour attractiveness are likely to overwrite

any putative HLA-effects. In our recent study [1], we controlled

for menstrual cycle phase. We also included a large number

of female odour donors (n ¼ 49) and collected ratings of 94

men. The results of this study add to the studies suggesting

no effect of HLA similarity on women’s preferences for

men’s body odours.

Furthermore, Wedekind mentions in his comment [2] that

the female donors in our study were asked to shave their arm-

pits 2–5 days before odour collection, which in his view might

reduce the potential link between HLA and body odour attrac-

tiveness. However, such a link (if it exists) should still be

observable in our study, because only body odours that

were perceivable were included in the analyses. We note that

only in very few cases (less than 5%) odours were rated as

‘non-perceivable’. In addition, it is important to note that the

non-perceivable trials were not always from the same pad

(i.e. woman). In other words, there was no pad that was not

perceivable in all cases: the non-perceivable pads did not

come from specific women, but were randomly distributed

over different donors. Since men clearly found some odours

more attractive than others, it seems unlikely that the odours

were too faint to be smelled. It is not surprising that in Wede-

kind’s original study no single odour was rated as ‘not

perceivable’, because in his study, it seems that raters were

not given the option to choose ‘I cannot perceive the odour’.

Wedekind further mentions that the odours that could be per-

ceived were on average rated as less intense in our study [1]
than in Wedekind’s study that allowed for axillary hairs [3].

Again, this is not surprising, as Probst et al. [1] included only

women as odour donors while Wedekind et al. [3] included

odours of only men, and men’s body odours are typically

perceived as being more intense than women’s (e.g. [20,21]).

The finding that the negative correlation between intensity

and pleasantness ratings was stronger for HLA dissimilar than

for similar odours is potentially interesting, but the reasons for

this interaction is currently unclear. Moreover, the negative

relationship between intensity and pleasantness was present

in both HLA similar and dissimilar odours and the interaction

was only weak. The main interest of Probst et al.’s [1] study was

to investigate potential HLA-mediated odour preferences in

men. We found that none of HLA similarity, HLA heterozygos-

ity, nor rareness of HLA had an effect on how attractive men

found women’s body odours. The reanalyses by Wedekind

do not contradict these findings.

To conclude, we find Wedekind’s comment [2] on our

recent study [1] is based on many questionable assumptions

which, when corrected and put into the right context, do not

make a convincing point in challenging our main claims.

While the interaction between odour pleasantness and inten-

sity reported in Wedekind’s comment might indeed point

towards the existence of some form of social signalling, it

cannot be considered as a support for HLA-mediated mate

preferences.
Data accessibility. The dataset used in our original work is available at
Dryad Digital Repository: (http://dx.doi.org/10.5061/dryad.270h8).

Authors’ contributions. J.S.L., U.F., F.P. and D.K. provided helpful inputs
in various discussions; J.S.L. and D.K. wrote the manuscript; U.F.,
F.P. and U.W. provided helpful input on manuscript drafts.

Competing interests. We declare we have no competing interests.

Funding. We received no funding for this study.
References
1. Probst F, Fischbacher U, Lobmaier JS,
Wirthmuller U, Knoch D. 2017 Men’s
preferences for women’s body odours are not
associated with human leucocyte antigen.
Proc. R. Soc. B 284, 20171830. (doi:10.1098/
rspb.2017.1830)

2. Wedekind C. 2018 A predicted interaction between
odour pleasantness and intensity provides evidence
for major histocompatibility complex social
signalling in women. Proc. R. Soc. B 285, 20172714.
(doi:10.1098/rspb.2017.2714)

3. Wedekind C, Seebeck T, Bettens F, Paepke AJ. 1995
MHC-dependent mate preferences in humans.
Proc. R. Soc. Lond. B 260, 245 – 249. (doi:10.1098/
rspb.1995.0087)

4. Winternitz J, Abbate JL, Huchard E, Havlicek J,
Garamszegi LZ. 2017 Patterns of MHC-dependent
mate selection in humans and nonhuman primates:
a meta-analysis. Mol. Ecol. 26, 668 – 688. (doi:10.
1111/mec.13920)

5. Winternitz J, Abbate JL. 2015 Examining the
evidence for major histocompatibility complex-
dependent mate selection in humans and
nonhuman primates. Res. Rep. Biol. 6, 73 – 88.
(doi:10.2147/RRB.S58514)

6. Wedekind C, Furi S. 1997 Body odour preferences in
men and women: do they aim for specific MHC
combinations or simply heterozygosity? Proc. R. Soc.
Lond. B 264, 1471 – 1479. (doi:10.1098/rspb.
1997.0204)

7. Neff BD, Garner SR, Heath JW, Heath DD. 2008
The MHC and non-random mating in a captive
population of Chinook salmon. Heredity 101,
175 – 185. (doi:10.1038/hdy.2008.43)

8. Egid K, Brown JL. 1989 The major histocompatibility
complex and female mating preferences in mice.
Anim. Behav. 38, 548 – 550. (doi:10.1016/S0003-
3472(89)80051-X)

9. Eklund A. 1997 The major histocompatibility
complex and mating preferences in wild house mice
(Mus domesticus). Behav. Ecol. 8, 630 – 634. (doi:10.
1093/beheco/8.6.630)

10. Huchard E, Knapp LA, Wang J, Raymond M,
Cowlishaw G. 2010 MHC, mate choice and
heterozygote advantage in a wild social primate.
Mol. Ecol. 19, 2545 – 2561. (doi:10.1111/j.1365-
294X.2010.04644.x)

11. Clutton-Brock TH, Parker GA. 1992 Potential
reproductive rates and the operation of sexual
selection. Q. Rev. Biol. 67, 437 – 456. (doi:10.1086/
417793)

12. Trivers R. 1972 Parental investment and sexual
selection. In Sexual selection and the descent of man
(ed. B Campbell), pp. 136 – 179. Chicago, IL:
Aldine-Atherton.

13. Kromer J, Hummel T, Pietrowski D, Giani AS,
Sauter J, Ehninger G, Schmidt AH, Croy I. 2016
Influence of HLA on human partnership and sexual
satisfaction. Sci. Rep. 6, 32550. (doi:10.1038/
srep32550)

14. Santos PSC, Schinemann JA, Gabardo J, Bicalho
MD. 2005 New evidence that the MHC
influences odor perception in humans: a study
with 58 Southern Brazilian students. Horm.
Behav. 47, 384 – 388. (doi:10.1016/j.yhbeh.2004.
11.005)

http://dx.doi.org/10.5061/dryad.270h8
http://dx.doi.org/10.5061/dryad.270h8
http://dx.doi.org/10.1098/rspb.2017.1830
http://dx.doi.org/10.1098/rspb.2017.1830
http://dx.doi.org/10.1098/rspb.2017.2714
http://dx.doi.org/10.1098/rspb.1995.0087
http://dx.doi.org/10.1098/rspb.1995.0087
http://dx.doi.org/10.1111/mec.13920
http://dx.doi.org/10.1111/mec.13920
http://dx.doi.org/10.2147/RRB.S58514
http://dx.doi.org/10.1098/rspb.1997.0204
http://dx.doi.org/10.1098/rspb.1997.0204
http://dx.doi.org/10.1038/hdy.2008.43
http://dx.doi.org/10.1016/S0003-3472(89)80051-X
http://dx.doi.org/10.1016/S0003-3472(89)80051-X
http://dx.doi.org/10.1093/beheco/8.6.630
http://dx.doi.org/10.1093/beheco/8.6.630
http://dx.doi.org/10.1111/j.1365-294X.2010.04644.x
http://dx.doi.org/10.1111/j.1365-294X.2010.04644.x
http://dx.doi.org/10.1086/417793
http://dx.doi.org/10.1086/417793
http://dx.doi.org/10.1038/srep32550
http://dx.doi.org/10.1038/srep32550
http://dx.doi.org/10.1016/j.yhbeh.2004.11.005
http://dx.doi.org/10.1016/j.yhbeh.2004.11.005


rspb.royalsocietypublishing.org

3
15. Thornhill R, Gangestad SW, Miller R, Scheyd G,
McCollough JK, Franklin M. 2003 Major
histocompatibility complex genes, symmetry, and
body scent attractiveness in men and women. Behav.
Ecol. 14, 668 – 678. (doi:10.1093/beheco/arg043)

16. Cerda-Molina AL, Hernandez-Lopez L, de la O CE,
Chavira-Ramirez R, Mondragon-Ceballos R. 2013
Changes in men’s salivary testosterone and cortisol
levels, and in sexual desire after smelling female
axillary and vulvar scents. Front. Endocrinol. 4, 159.
(doi:10.3389/fendo.2013.00159)
17. Gildersleeve KA, Haselton MG, Larson CM, Pillsworth
EG. 2012 Body odor attractiveness as a cue of
impending ovulation in women: evidence from a
study using hormone-confirmed ovulation.
Horm. Behav. 61, 157 – 166. (doi:10.1016/j.yhbeh.
2011.11.005)

18. Havlicek J, Dvorakova R, Bartos L, Flegr J. 2006
Non-advertised does not mean concealed: body
odour changes across the human menstrual cycle.
Ethology 112, 81 – 90. (doi:10.1111/j.1439-0310.
2006.01125.x)
19. Singh D, Bronstad PM. 2001 Female body odour is a
potential cue to ovulation. Proc. R. Soc. Lond. B
268, 797 – 801. (doi:10.1098/rspb.2001.1589)

20. Doty RL, Orndorff MM, Leyden J, Kligman A. 1978
Communication of gender from human axillary
odors: relationship to perceived intensity and
hedonicity. Behav. Biol. 23, 373 – 380. (doi:10.1016/
S0091-6773(78)91393-7)

21. Chen D, Haviland-Jones J. 1999 Rapid mood change
and human odors. Physiol. Behav. 68, 241 – 250.
(doi:10.1016/S0031-9384(99)00147-X)
Pro
c.R.Soc.B
285:20180566

http://dx.doi.org/10.1093/beheco/arg043
http://dx.doi.org/10.3389/fendo.2013.00159
http://dx.doi.org/10.1016/j.yhbeh.2011.11.005
http://dx.doi.org/10.1016/j.yhbeh.2011.11.005
http://dx.doi.org/10.1111/j.1439-0310.2006.01125.x
http://dx.doi.org/10.1111/j.1439-0310.2006.01125.x
http://dx.doi.org/10.1098/rspb.2001.1589
http://dx.doi.org/10.1016/S0091-6773(78)91393-7
http://dx.doi.org/10.1016/S0091-6773(78)91393-7
http://dx.doi.org/10.1016/S0031-9384(99)00147-X

	Accumulating evidence suggests that men do not find body odours of human leucocyte antigen-dissimilar women more attractive
	Data accessibility
	Authors’ contributions
	Competing interests
	Funding
	References


