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Summary
The Human Leukocyte Antigen region contains immunological genes and has been
hypothesized to play a role in sexual selection and pair bonding. Papers on how one's HLA
genes affect odour preference and attraction were reviewed, with results showing preference
towards dissimilar and diverse HLA profiles respectively. Psychological surveys in couples
showed how similar HLA alleles between partners affect women’s attraction and sexual
attraction negatively, and increased the likelihood to be attracted to other men and even cheat.
Lastly, the chance of fertilization and success of pregnancies based on HLA genes was
analyzed. Interaction between follicular fluid and sperm appeared to be dependent on HLA, with
HLA dissimilarity increasing the chance of fertilization. Furthermore, the probability of loss of
pregnancy depends on certain HLA allele (combinations). All in all, pre- and-post sexual
selection as well as pair bonding are influenced via the HLA.
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Introduction
Being selective when exerting mate choice increases offspring's viability and attractiveness and
is dubbed sexual selection. The traits on which this mate preference is based differ in
importance between species, sex, and individuals. Amongst mammals, visual, auditory and
olfactory signals, as well as cues indicating parental care or provision of resources play a role. It
appears that the MHC-region, a part of the genome containing highly variable immunological
information, affects body odour and through this contributes to (female’s) preference for
pathogen resistant partners (Hillgarth, 1990; Jacob et al., 2002; Esjmond et al., 2014). How
MHC affects smell is relatively unclear, in animals the MHC glycoproteins are detected in bodily
fluids, and a relationship with the skin’s microbiome is also thought to be involved in the
production of body odours (Wobst et al., 1998; Singh et al., 1990). The diversity of MHC alleles
within a population depends not only on heterozygous advantage or encountered pathogens in
the evolutionary history, but also on sexual selection maintaining heterozygosity via dissortative
selection (Wintersnitz et al., 2013; Esjmond et al., 2014). Disassortative selection or negative
assortative selection refers to a mating pattern in which phenotypically different individuals mate
with each other more than would be expected under random mating. The earliest findings on
MHC-based mating preference through olfaction concerned house mice (Yamazaki et al., 1976).

In humans, the MHC region is called the Human Leukocyte Antigen or HLA and is one of the
most polymorphic regions of the genome, with approximately 9000 known alleles of class I, and
3000 alleles of the class II genes (Milinski, 2003). Which is one of the reasons why It's
complicated to study HLA-based mate preference in people (Parham & Ohta, 1996). It is
commonly believed that olfaction has become weak in humans, based on an old myth that to
evolve free will, some brain regions had to shrink. Over generations the human cortex increased
in size, but relative nor absolute size of the human olfactory bulb is small (Figure 1). Additionally,
the number of neurons and distinguishable odours is comparable to other mammals (McGann,
2017). Several studies have shown that women prefer the smell of those men with dissimilar
HLA-genotypes (Wedekind et al., 1995; Jacob et al., 2002; Santos et al., 2005). It makes sense
that women, being the choosier sex based on the limited amount of producable offspring, are
more aware and selective for HLA based preferences than men. The hypotheses Penn and
Potts constructed for women’s HLA preference include that HLA-heterozygous offspring have
increased immunocompetence, and that HLA disassortative mating preference lowers incest
rates (Penn & Pots 1999). The preference for HLA heterozygous faces is independent from full
genome heterozygote preference, meaning that it’s less likely to be an incest avoidance effect
(lie et al., 2008). Mcclelland, Penn and Pots showed in 2003 that individual heterozygosity at
HLA loci created more resistance to infection and had higher fitness as most protective genes
were co-dominant (Mcclelland, Penn  Pots, 2003; Havlíček & Roberts, 2009). Still, whether
selection is for maximal heterozygosity, some intermediate degree of heterozygosity or only for
specific HLA genes is unclear. For example Jacob and colleagues found that females’ odour
preference was based on paternally not maternally inherited genes (Jacob et al., 2002).
Whereas Hakkarainen found only weak effects of HLA heterozygosity on attraction unless a
specific HLA locus for autoimmunity and viral infections was considered (Hakkarainen et al.,
2021).
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Figure 1: Size of mice and human olfactory bulb compared (McGann, 2017)

One could argue that partner selection with the goal of procreation cannot be compared to these
singular smell preference findings. In the human situation the decision to procreate with
someone is generally made on a lengthier timescale and based on many factors besides
olfaction. The evidence on the strength or mere existence of the HLA-based preference
amongst humans is controversial, but since humans don’t often have children based on a whiff
in a single meeting, different questions should be asked. For example, is there an effect of HLA
dissimilarity on eventual procreation? Would a smell-preference therefore not exist in those not
seeking a partner for procreation? Would the relationships between HLA dissimilar people be
more successful compared to couples with more similar HLA genes, by standing the test of time
or by increased satisfaction of the intimate relationship? Is there evidence for other
pre-copulatory or even post-copulatory selection based on HLA genes as well? And what is the
role of hormonal contraceptives, affecting fertility status, on the preference for
HLA-heterozygosity in women? Is success of pregnancies dependent on variability in HLA
genes between mother, father or foetus? The answers to these questions will be given based on
multidisciplinary research from fields of immunology, genetics, psychology and neuroscience.
This paper first discusses relevant preliminary research on how odour perception is affected by
HLA, both the oldest, and the latest papers. After which some articles comparing existing
couples are considered. Later, the questions regarding the success of fertilization and loss of
pregnancy are talked about. Hopefully a general consensus can be made on whether
HLA-based preference actually shapes human generations.
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Results

HLA affected odour preference

As immune system influenced odour preference is found in many species (Yamazaki et al., 1976),
it was expected to play a role in humans as well. The first paper attempting to discover such a
smell preference in humans used T-shirts worn by men at night for two days and scored by
women with known use of hormonal birth-control (Wedekind et al., 1995). The degree of HLA
similarity was based on the genotypes of three HLA genes: A, B and DR, and each participant
assigned a pleasantness score to six samples. With the result revealing that the women not on
birth control considered the smell of males with dissimilar HLA alleles on these loci as slightly
more pleasant. Interestingly an insignificant preference for similar HLA genotypes was found for
women taking hormonal anticonception, more will be told about this later. Although the sample
size was small and only three genes were taken into account, this paper created a snowball
effect of odour dependent sexual selection research.

Two years later, Wedekind and Füri performed a follow-up study that looked into both men’s and
women’s odour preference this time. With a similar set-up, a significant preference for HLA
dissimilarity was found only when looking at the sample as a whole, including men and women.
Furthermore, those with preference for HLA dissimilar samples reported that the smells were
reminiscent of current or past partners, indicating that mate preference is influenced by
HLA-based olfactory preference (Wedekind & Füri 1997). More support for HLA disassortative
mate preference amongst men is limited, another study did find that men had an odour
preference for women during the fertile phase, which wasn’t perceived in females using oral
contraceptive pills (Kuukasjarvi et al., 2004). Men’s odour preference being at least partly based
on women’s fertility indicates men’s preference for non HLA-based odours, complicating odour
preference research further. Another paper on facial and odour preferences influenced by the
HLA supports men’s odour preference for HLA dissimilar women and those rated as more
facially attractive. Yet surprisingly women’s odour preference was unrelated to HLA dissimilarity,
instead more heterozygous males were favoured (Thornhill et al., 2003).

A more recent study on the HLA based odour preference used a different approach. Female and
male Brazilian students provided sweat and urine samples and were phenotyped for the HLA-A
and HLA-B loci. In this research, sweat was collected via a cotton ball touching the chest area.
Participants had specific instructions, like not eating strong smelling food, to limit confounding
variables. No difference between birth-control or naturally cycling women was observed and
men were overall less sensitive to smells than women. Participants had increased difficulty
categorizing a smell as pleasant, indifferent or unpleasant with higher similarity in HLA alleles
with the samples. Of everything investigated, only women significantly preferred the smell of
dissimilar HLA males’ sweat, men had no significant preferences nor did anyone have
preferences for the urine samples (Santos et al., 2005).
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Another paper worth discussing was aimed to answer whether an odour preference for unsimilar
HLA types was due to childhood exposure creating non-sexual associations based on
experience or based on inherited HLA alleles. Genetic information of five HLA loci was gathered
from female participants, male odour donors and participants' parents. On those loci, a
maximum of ten alleles could thus be shared between judger and donor of smell samples, the
actual difference within the sample was between 0-7 allele matches with an average of two
allele matches. Odour of donors was again based on worn T-shirts, and the participants
assigned scores based on familiarity, intensity, pleasantness and spiciness without knowing
where the smells came from. Surprisingly, the HLA-associated odour preference was
determined only on paternally inherited HLA alleles. Results showed that the most preferred
odour had an average of 1.4 alleles in common, whilst the least preferred odour had 0.6 allele
matches. The conclusion seems unaligned with previous studies that show preference for the
most heterozygous HLA genotype but it is not. Previous studies found a preference for more
heterozygous mates when given the choice between very heterozygous or more homozygous
samples (Thornhill et al., 2003). However, this paper investigated the preference within a low
range heterozygous population and found a preference for a small, intermediate amount of
heterozygosity. Thus it showed support for the theory that odour preference is based upon an
optimum of intermediate heterozygosity (Jacob et al., 2002).

HLA genes’ effects on olfaction

HLA genes are found on chromosome 6 and encode peptide antigens presented to T-cells that
are central to the adaptive immune response (Figure 2). There are three types of HLA genes,
two are of interest for this discussion: class I and class II. Class I is expressed by all somatic
cells, comprises amongst others the HLA-A, -B, -C genes and mostly binds pathogen derived
intracellular peptides. Class II genes are expressed by antigen presenting immune cells such as
T-cells and natural killer cells, include the genes HLA-DQB1, -DQA1, -DR, -DRB1 and binds
extracellular parasite peptides (Milinski, 2003; Klein & Sato, 2000b). Class I genes are thought
to impact body odour the most as gene products are produced by most cells in the body. Body
odour is released via glands in the skin, and personal differences in number and activity of
glands, body hair amplifying odour, skin microbiome and personal hygiene affect the distinct
odour given off (Kreyden, Böni, Burg, 2002). The odours perceived and excreted by humans are
volatile, or evaporating at body temperature, and many factors impact perception by others. In
other mammals MHC genes affect one's personal odour as the glycoproteins transcripts are
found in various bodily fluids like saliva and sweat. The peptides serving as Class I ligand
molecules activate olfactory and vomeronasal neurons (Leinders-Zufall et al., 2004). In
vertebrates, the VNO is used in pheromone communication. However, only about a third of the
adult human population seems to have this organ, with higher numbers found in children and
newborns. Also, whether human VNO is functional remains an unanswered question as the
ion-channels involved in signal transduction appear non-functional due to mutation. Yet
electrical stimulation does show functionality of receptors (Stoyanov et al., 2018).

So far, evidence linking chemical odour compounds to HLA loci is lacking, one theory is that the
HLA derived peptides act directly as odorants, but the chemical nature of the peptides make this
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implausible (Natsch & Emter, 2020). Odourless secretions in skin glands are changed into
detectable volatile peptides by bacteria of the skin, and could therefore be the underlying
mechanism of HLA genes' effect on personal odour. For example Corynebacteria, more found
on men’s skin, produce pungent smelling carboxylic acids and androgen steroids (Ferdenzi et
al., 2020). Even though the exact mechanism is unknown, HLA peptides are detectable by
humans, and show activation of the medial frontal cortex. The difference between self and
non-self HLA-based odours is distinguishable even without the VNO (Milinski et al., 2013).

Olfactory receptors’ (OR) function is to perceive odours and are found somewhat clustered
throughout the whole genome. Interestingly, all vertebrates have an evolutionary conserved
cluster of OR genes physically close to the MHC class I region. Younger and colleagues
sequenced 36 human OR loci that are linked to the HLA (Younger et al., 2001). Structural
analysis between human and mice OR loci showed that the clusters were evolutionarily
conserved. These HLA-linked ORs are thought to be responsible for differences in odour
preference (Tizard & Skow, 2021).

Figure 2: The HLA Loci on Chromosome 6 (Berlingerio et al,. 2009)

HLA related perfume preference

Perfumes are connected to sexual communication, it is used to mask unpleasant body odours,
stimulate (sexual) memories. The following paper written by Milinski and Wedekind considers if
one's HLA profile is of importance for preference of certain traditional perfume ingredients,
which would mean perfume choice is a direct sexual signal based on immunocompetence.
Participants came partly from past research performed by Wedekind and were typed for HLA-A,
-B and -DR loci. The first experiment was conducted to uncover if relative scoring of 36
ingredients for self was dependent on the HLA alleles of the judger. The second experiment
consisted of two vessels of 18 of the 36 ingredients and the participants rated on preference for
self or in another. The outcome indicated that those with similar HLA alleles had high preference
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for some of the same ingredients for one’s self. The two tests were taken two weeks apart, and
had some of the ingredients in common. The results on the 18 smells for self were a replication
of the first experiment, thus confirming a consistent preference for certain perfume ingredients
to wear. No significant odour preference for another was found. The theory that perfume is
chosen to amplify one's HLA type as a sexual communication is hereby supported (Millinski &
Wedekind, 2001).
Another research with the aim to sell personalized HLA-based perfume confirmed Millinski and
Wedekind's findings on the same 3 alleles. Odours were scored by participants, and
researchers looked for preference correlations between HLA types. Only common alleles
showed the same preference for certain parfume ingredients, probably due to statistical
strength, and a repetition 2 weeks later showed that these results were consistent once more
(Hämmerli, Schweisgut, Kaegi, 2012).

Importance of olfaction in sexuality
Sexual orientation has an established correlation with olfaction, for example homosexual men
are more sensitive to the smell of androsterone than heterosexual men (Lübke, Schaslitzky,
Pause, 2009). To understand if olfactory preference is a tool to find a partner for healthy
children, which would not be the case amongst homosexuals, White and Cunningham aimed to
discover if olfaction is more important amongst heterosexuals, compared to homosexuals.This
was done by comparing the importance of olfaction in attraction for homosexual men or
heterosexual men and women with a romantic interest survey. No difference in self assessed
importance of olfaction between the sexes was found. Homosexual men valued olfaction less
when considerering a potential partner, instead valued aspects like sound of voice more (White
& Cunningham, 2017). To confirm the function of olfactory preference is healthy progeny, further
research needs to be performed. A paper on degree of HLA similarity between homosexual and
heterosexual couples could provide more answers for example.

HLA affecting visual attractiveness
Besides evidence on HLA affecting attractiveness of body odour discussed above, the HLA
region also appears influential on facial attractiveness. Studies have found mixed results: a
paper concluded that facial attractiveness is increased with HLA similarity (Havlíček & Roberts,
2009). Additionally, HLA similar men were (insignificantly) preferred by women based on facial
attraction and quality of skin (Roberts et al., 2005). Whereas Thornhill and colleagues
concluded odour preference for those women considered as facially attractive (Thornhill et al,
2003). Preference for HLA heterozygosity specifically, not genome wide heterozygosity, in men’s
faces was found by Lie and colleagues (Lie et al., 2008). On average, mixed-race individuals,
with higher assumed (general) heterozygosity, have been rated as more attractive than single
races (Lewis, 2010). Methods differ within facial attractiveness studies based on categorization
of HLA similarity, included loci and diversity of participants.
One of the more recent studies looked at HLA’s influence on facial and bodily attractiveness.
Pictures of participants were scored, and genetic information was collected on several HLA
genes. The results showed a preference for general HLA-heterozygous faces of both sexes.
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After controlling for multiple testing and considering adiposity and age, the effect became
insignificant. Notably, when separate loci were focussed on, heterozygosity of the class II DQB1
gene, involved in autoimmunity and viral infections, did show a significant effect in facial
attraction (Hakkarainen et al., 2021).

Effect of oral anticonceptives on women’s olfaction

Many papers have reported a disruptive effect of contraceptives on odour preference amongst
women (Wedekind et al., 1995; Allen et al., 2019; Roberts et al., 2008; Millinski & Wedekind,
2001), whereas another did not (Santos et al., 2005). A study aimed to put an end to the
discussion tested women before and after initiation of hormonal birth control, and compared
results with a control of non-users (Roberts et al., 2008). Phase of the menstrual cycle did not
affect ratings between HLA similar or non similar men; nor did use of the pill. Relationship
duration did influence men’s attractiveness ratings of women positively. Furthermore, a relative
shift towards HLA similar preference after birth-control initiation was found, suggesting that oral
birth control does disrupt odour-mediated disassortative selection.

Several hypotheses exist regarding the effect of oral contraceptives on odour preference. One
states that the pill induces pregnancy signals, changing fertility status. The hormones included
in hormonal anticonception are progesterone and estrogen. During pregnancy, levels of these
and other hormones vary and the pill does not mimic this exactly. Another hypothesis is that
birth control affects behavioral variables, such as how relationship status can lead to initiation or
how prevention of pregnancy decreases selectivity of sexpartners (Roberts et al., 2008). A
recently published paper looked into the effect of the withdrawal period of anticonceptives on
ability to discriminate between body odours. Womens’ ability to distinguish odours in different
phases of the menstrual cycle was assessed, for naturally cycling women and those taking oral
anticonceptives. Naturally cycling women were better at discriminating odours in the follicular
phase, just before ovulation. It turned out that the withdrawal period of the pill indeed negatively
affects the ability to discern human based but no ordinary odorants. Which would explain why
odour preference findings amongst women on the pill are limited and weaker compared to
naturally cycling women (Endevelt-Shapira et al., 2020).

Similarity in HLA genes on stable partner attraction

To discover whether HLA based mate selection is of significance in human pair bonding, HLA
similarity of couples were compared to non-spouse pairs. The HLA region generally, nor any
locus, allele or SNP was found to significantly influence couple formation (Qiao, Powell, Evans,
2018). In an older study on an isolated group of European setllers in the Americas, the
Hutterites, a similar question was asked. This religious group of people tend to marry other
Hutterites with the help of a marriage ceremony in which individuals can choose between a few
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partners. The amount of HLA similarity was based on five HLA haplotypes, HLA-A, -B, -C, -DR
and -DQ, which were known to be of limited variability between the 411 couples. Actual couple
formation was compared to non-random couple formations based on for example founder
assumptions. It turned out that partner choice in this isolated population was based on dissimilar
HLA sexual selection (Ober et al., 1997).

Besides looking at the chance HLA-dissimilar couples end up together, in-pair quality of
relationships with differences in HLA similarity is important for this discussion as well. The first
paper used a questionnaire (filled in during different stages of female participants' ovulation
cycle), and screening of HLA-A, -B, and -DR-beta (Garver-Apgar et al., 2006). Questions
regarding cheating, past partners, sexual interest in partners or other individuals were asked.
With higher HLA similarity in the couple, only women felt less attraction, arousal and not as
sexually responsive. In addition, it predicted the amount of cheating or extra-pair attraction
especially during the fertile phase. This result is supported by a study in which women in
relationships with HLA-similar partners were more interested in HLA-dissimilar smells,
presumably to increase offspring's genetic quality without losing the qualitative spouse (Roberts
et al., 2008). Support for this theory has been found in birds (Freeman-Gallant et al., 2003).

The following paper investigated the effect of HLA type on partnership, sexual satisfaction, and
“child-wish” in couples. The questionnaire consisted of descriptive questions regarding for
example length of relationship or number of children, and satisfaction ratings on various parts of
the relationship including sex life. DNA was analysed with help of Next Generation Sequencing
on HLA-A, -B, -C, -DRB1, -DQB1 and -DPB1 genes. Identical alleles as well as alleles within the
same G-group were considered matches. This paper revealed that immunological compatibility
,here hypothesized to be dissimilarity on all class I genes, does impact partnership-and-sexual
satisfaction. Specifically higher partnership satisfaction is related to dissimilarity in both sexes, in
women based on HLA-B and HLA-C loci but in men only on HLA-C. Whereas dissimilarity
affects sexual satisfaction in women based on the entire HLA profile, mostly based on HLA-B. In
men general dissimilarity did not enhance sexual fulfilment, yet dissimilarity based on HLA-B
alone did. Women in relationships with HLA class I dissimilar men had an increased childwish,
this was particularly based on HLA-C. The body odour questions revealed that HLA class I
dissimilar partners had a more attractive odour (Kromer et al., 2016).

Another paper concerning couples confirmed women’s reduced sexual attraction towards the
partner and increased cheating or attraction to others when there was greater allele sharing
(Garver-Apgar et al., 2006). Contrary to these papers, no significant differences on overall
in-pair attraction between HLA-A, -B, -DRB1 similar and dissimilar couples was confirmed
(Saphire-Bernstein et al., 2017). Based on all participants, with varied ethnicities, no significant
results were realized. However, when a closer look into the all-asian couples was taken, a
significant effect of HLA similarity on sexual responsiveness was discovered. Overall, this
finding suggests that the impact of pathogens in the evolutionary past, or ethnicity of partners,
can contribute to the influence of HLA on intimate relationships.
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The next paper discusses more than one question, with surprising results. Couples and fake,
randomly assigned duos received ratings based on similarity of body odours, that was collected
via a cotton patch worn on the armpit. Both natural samples and ones with artificially added
fragrances were scored by on average 27.5 people of all ages, for resemblance between
partners. The hypothesis was that selection for different odour preference in partners would
result in unsimilar smells between partners. Yet partners' natural odours were found to be more
similar to one another than random pairings. Additionally, an effect of birth control on similarity of
body odour was researched based on if the women took any at the start of the relationship.
Women taking birth control at initiation of the relationship smelled less similar to the partner than
couples not on birth control, but more similar than fake couples. Perceived similarity and
relationship satisfaction were also compared, with the finding that women were more satisfied in
partnerships with relatively dissimilar smelling partners, the opposite appeared true for men
(Allen et al., 2019).

Post-copulatory HLA-based selection

The above mentioned publications have been about preferences that influence sexual selection,
or selection before copulation. In addition to the papers supporting pre-copulatory selection,
evidence has been found for post-copulatory selection for HLA dissimilarity. Post copulatory
selection comprises processes influencing fertilization chance of individuals during and after
sex. The following paper suggests that chemoattractants released by the egg exert female
cryptic post-mating choice. Meaning that based on males phenotype, non-random selection
occurs within the female body, hence the cryptic nature as it’s difficult to observe (Firman et al.,
2017). Interaction between sperm and follicular fluid between couples and non-couples were
compared. The spermatozoa accumulated repeatedly towards the same female, not necessarily
the partner’s. It was found to be independent of the quality or amount of chemosignals from the
egg, instead appearing based upon male-female interactions; indicating female cryptic post
copulatory selection (Fitzpatrick et al., 2020).

Figure 3: Pre-copulatory and post-copulatory selection (Firman et al., 2017)

Spermatozoa express HLA class II, to a lesser extent class I molecules, and surprisingly also
HLA-linked olfactory receptors on the sperm cell surface (Sereshki et al., 2019). Follicular fluid’s
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biochemical composition affects fertility, and contains HLA originated molecules as well.
Whether these HLA signals mediate gamete level mating preference in humans was the
question the following paper discusses. The sperm of eight men was exposed to the follicular
fluid of ten women. All participants were genotyped on genome wide SNP divergence and HLA
similarity. Motility of the sperm, viability, movement of the tail or hyperactivation, and the
pre-fertilization reaction of the sperm to fuse with the egg (acrosome reaction), of the 80
combinations were compared. Similarity of HLA genes affected sperm swimming velocity and
hyperactivation negatively, but didn’t have an effect on viability of sperm nor on the acrosome
reaction. No effect could be established of the entire genome similarity on sperm’s physiological
preparation for fertilization. Thus, gamete level mate selection for dissimilarity is based on
compatibility of specific HLA genes and not on the entire genome. This was an important
discovery, infertility may not solely be because of pathological reasons, but be based on
incompatibility of a couple instead (Jokiniemi et al., 2020).

So interaction of sperm with follicular fluid in the female reproductive tract or FRT shapes
reproductive success (Fitzpatrick et al., 2020; Jokiniemi et al., 2020). The following paper tried
to discern the role of HLA class I alleles and immunoglobulin (IgH) or antibody binding regions
(eplets or functional epitopes) dissimilarity on gamete-level sexual selection. Different alleles
can give rise to the same immunogenic properties and eplets so dissimilarity on loci might not
represent compatibility. Instead, HLA similarity characterized by eplet similarity provides a
possibly better mechanism of determining reproductive success. Sperm was exposed to cervical
mucus besides follicular fluid. Results showed that sperm viability was increased in follicular
fluid with eplet dissimilarity and in cervical mucus with immunoglobulin dissimilarity. Based on
this and the above-mentioned studies, female post-copulatory cryptic choice exists amongst
humans, and might be based on other genes of the female's immune system besides the class I
HLA genes (Magris et al,. 2021).

Recurrent spontaneous abortions and HLA

Two hypotheses exist to explain HLA’s role in recurrent spontaneous abortions (RSA), the
genetic hypothesis states that homozygosity for recessive lethal alleles that are in linkage
disequiliirum with certain HLA alleles is responsible. For example, the HLA-DRB1*03 allele or
physically close genes are more prevalent in women suffering from recurrent miscarriages
(Kruse et al., 2004). Whereas the immunological hypothesis suggests that a sufficient immune
response based on distinct paternal HLA, is needed for implantation of the embryo in the uterus.
Evidence suggests that HLA similarity decreases pregnancy success, offspring’s infection
resistance and plays a role in some cases of RSA (Beydoun & Saftlas, 2005; Arora et al., 2020;
Meuleman et al., 2015). Therefore, the HLA dependent body odour based pre-copulatory
selection can be a mechanism to prevent the above mentioned phenomena. Studies on how
HLA-genes affect RSA remain inconclusive, and often show an effect of certain faulty alleles or
polymorphisms instead of a conclusive effect of incompatibility between parent’s immune
systems (Beydoun & Saftlas, 2005).
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The HLA-G gene is a key candidate for playing a role in RSA as it’s expressed in extravillous
trophoblasts, is found in amniotic fluid and cord blood; furthermore, as HLA-G interacts with
immune cells, it contributes to the formation of fetus’ arteries and immune system (Xu, Zhou,
Wei, 2020). One study looked into the distribution of HLA-G alleles in Danish fertile and RSA
couples. The data showed that a higher frequency of G*0106 allele was found in women
suffering from RSA, compared to the control. Additionally, a polymorphism in exon 8 was
investigated, healthy women more often had heterozygous alleles for the polymorphism in
contrast to male and females in RSA couples (Hviid et al., 2002). The opposite was found
amongst chinese women, heterozygosity for the same polymorphism was found more so
amongst infertile women, possibly due to ethnic differences (Xue et al., 2007).

Another study showed that the combination of a certain allele of killer immunoglobulin-like
receptor, involved in recognition of HLA-C on trophoblasts, with certain HLA-C alleles influences
spontaneous abortions. Heterozygosity of the HLA-C protected women from RSA with KIR-AA
gene and with homozygous HLA-C2C2 partners (Nowak et al., 2011). Furthermore, a paper
investigating KIR and HLA alleles between Turkish couples with and without recurrent
pregnancy loss (RPL), supported the role of HLA-C2 homozygosity in men on RSA. This paper
also looked into the amount of allele matches on five HLA genes between RSA parents and
parents who have had successful pregnancies. No overall correlation could be found. When the
couples were divided between either 0-4 allele matches or 5-10, it showed that most RSA
couples had 0-4 matches indicating a need for HLA compatibility between parents (Figure Xa).
When only the HLA class I genes were considered (Figure Xb), most RSA couples were found
to have 0-1 allele match, the last figure showed that mismatches of HLA class I genes
contributing to RSA was due to HLA-A, -B incompatibility (Figure Xc). This paper shows thus
that as less matching HLA genes are more often found within couples suffering from RSA, a
certain compatibility of HLA genes is necessary for successful pregnancy, contrary to the
immune hypothesis (Elbaşı et al., 2020). Many papers have tried to decipher the exact role of
HLA genes on RSA, and this thesis cannot discuss the enormous amount of literature available.
From the abovementioned papers no overall conclusion can be drawn on specific genes. It can
be concluded that RSA is linked to the HLA somehow, possibly through linkage disequilibrium
with certain alleles. Future research should focus on the HLA genes of the foetus to better
understand what went wrong with the pregnancy besides the incompatibility of the parents.

Figure 4: Number of allele matches in couples with and without pregnancy complications (Elbaşı
et al., 2020)
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Discussion
Understanding the subtleties of partner choice amongst humans can help with increasing quality
of relationships, success of pregnancy and health of offspring. Besides evidence for odour,
facial and perfume preferences based on HLA, other linked topics such as HLA related pre- and
-post copulatory mechanisms and effect of HLA on relationship parameters were taken into
account.
Humans, particularly women, are attracted to certain body odours, with most evidence pointing
towards a preference for HLA dissimilar men but also for HLA diverse men. The papers
suggesting perfume is selected to enhance one's own HLA signal support odour mediated
sexual selection. Because in most cultures the use of perfume, soaps and deodorants is
common, so selection based on one's natural body odour would become weak.

With differences in methods of olfactory preference research, and ethnic homogeneity of
samples, variability in results did not come unexpected. Different environmental pressures could
have shaped preferences for certain alleles or degrees of similarity which explains contradictory
results as well. For example, body odour preference papers that had ethnically homogenous
populations found results for a preference more often than papers with diverse samples
(Wedekind et al., 1995; Wedekind & Füri; Santos et al., 2005; VS. Thornhill et al., 2003). Future
studies on olfactory based sexual selection should factor in women’s contraceptive use, aim to
standardize odour assessment with questions besides mere preference and look within and
between populations.

Some of the researchers in the field have worked together with perfume experts to create a
lexicon of body odours with the goal to standardize odour assessment (Allen et al., 2018).
Descriptive words such as animalic for male, sweet and milky for women were found to describe
odours consistently.

As olfactory cues can also signal health and fertility status, studies on smell preference should
collect women’s smell during the same time in the menstrual cycle, and consider health of
participants generally as well (Kuukasjarvi et al., 2004; Sarolidou et al., 2020). Alternatively,
instead of collected samples, synthetic peptides could be utilized for preference testing, it would
exclude some confounding variables. It would be challenging as little information is known as of
yet about which HLA derived molecules are responsible for which odours (Milinski et al., 2013).
Another improvement on olfactory preference research would be to include as many HLA genes
as possible, when only considering three like some papers have, results can be altered based
on excluded genes.

The discussed papers on HLA’s impact on facial attractiveness found either preference for HLA
heterozygosity or similarity. Heterozygosity preference is not fully explained by general
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genome-wide preference for heterosis. Facial attractiveness is based on the level of
heterozygosity of HLA genes, and as those also have higher fitness, it is an honest signal of
mate quality (Lie et al., 2008).

Also of importance is the recognition that within populations of varied ethnicity, human partner
choice is often based on socio-economic factors such as geographical location, ethnicity or
common morals and customs. Which would result in assortative mate choice, with preference
for more similar HLA genotypes as a consequence (Winternitz et al., 2017). This partly explains
preference for HLA similar faces or why no correlation of HLA on couple formation was found in
the study on Europeans (Qiao et al., 2018).

When considering the psychological evidence, most is in accordance with the hypothesis that
HLA similarity affects pair bonding negatively. The analyses on couples showed how women
especially became less sexually satisfied with and attracted to a partner with a greater amount
of HLA overlap. The attraction towards men outside of the relationship and increased amount of
adultery fits with the finding that odour preference of HLA-similar paired up women towards
other HLA-dissimilar men. Also, both the study on the lesser degree of importance of olfaction in
attraction amongst homosexuals and the finding of increased childwish of women paired up with
HLA-dissimilar men supports the view that the biological function of HLA based odour
preference is healthy progeny. Since homosexual women were not included in this paper, and
other evidence regarded mostly female’s sexual selection, future research should cover this.

The evidence on post-copulatory HLA influenced sexual selection is an interesting addition to
the discussion. The cervical mucus and follicular fluid in women exerts consistent cryptic mate
choice for HLA-distinct signals on sperm. It appears that the high degree of polymorphism on
the HLA is partly a result of post-copulatory selection increasing chances of successful
fertilization between immunologically distinct parents.

Thus the high polymorphism on HLA loci is not merely due to heterozygous advantage or
parasite mediated balancing selection but also on disassortative pre-and -post sexual selection
based on HLA.

It is difficult to produce a distinct conclusion based on the papers on recurrent spontaneous
abortions or pregnancy loss. The reviewed papers showed evidence for the theory that
homozygosity of certain HLA alleles, or other alleles in linkage disequilibrium enhances the
chance of RSA, namely the HLA-DRB1*03, HLA-G*0106 and HLA-C2 alleles. Yet papers within
distinct populations have opposing results, and other non HLA immune genes play an important
role as well. Investigation into the precise effect of HLA-genes on success of pregnancy are
frequently performed, and should be reviewed in full to come to a consensus.
Albeit all the literature discussed was not fully in agreement, a conclusion can still be made.
Overall, the HLA region appears influential on pair bonding and sexual selection mostly via
odour preference and cryptic female mate choice. This thesis shows the importance of olfaction
on attraction and shows how genetics subtly affect mate selection and relationship satisfaction
in humans.
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