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Abstract
	 Mate selection is a key determinant in an organism’s fitness. 
In humans, there are significant cultural and social factors at play in 
selecting a partner; however, biological and genetic factors tend to be 
overlooked.  Recent studies have shown that humans possess a pref-
erence for partners that is dependent on the major histocompatibility 
complex (MHC) (Wedekind et al., 1995). MHC molecules’ primary func-
tion is in the immune system to present foreign antigens to T-cells. 
This diverse set of proteins are encoded by alleles to help protect 
against a range of parasites. Hypotheses that explain the diversity of 
MHC alleles in human populations include overdominance, rare al-
leles, and inbreeding avoidance; however, this diversity is thought to 
also be maintained by sexual selection. Mate selection on the basis of 
MHC-dependent odor has been demonstrated in non-human animal 
systems, such as mice, where dissimilar MHC types are preferred in 
mates. However, support for MHC-dependent mate selection in hu-
mans is less well-established, as a number of studies attempting to 
evaluate this issue report conflicting results. This review evaluates 
the research that has been conducted thus far on MHC-dependent 
odor preferences in human mate selection. The goals of this review 
are to critically summarize the results of this set of studies, determine 
whether they provide additional evidence for the three hypotheses 

Introduction
	 The major histocompatibility complex (MHC) is an important set 
of proteins involved in immune response. Both MHC class I and class II 
loci present foreign antigens to T-cells. In order to perform this function, 
each MHC molecule is able to recognize and bind a wide range of specific 
peptide sequences (Wooldridge et al., 2012). This polymorphic quality 
aids MHC’s ability to recognize a wide variety of antigens, as well as 
“self” versus “non-self” proteins (Klein, 1986). Additionally, there are many 
different alleles that have been identified at each MHC gene location, 
with some loci known to have upwards of 2,000 variants (Trowsdale & 
Knight, 2013). It is unclear as to how these many different alleles arose 
in the genome and were maintained by selection. There are three major 
hypotheses to provide some explanation for this polymorphic nature of 
MHC: overdominance, rare alleles, and inbreeding avoidance. 
	 The overdominance hypothesis suggests that individuals who 
are heterozygous specifically at MHC loci are better able to recognize a 
larger amount of pathogens due to their codominant expression (Eggert 
et al., 1998). This gives these individuals an enhanced immune response, 
thus increasing their overall fitness (Doherty & Zinkernagel, 1975). The 
crux of this argument is that heterozygotes must be fitter than either 
homozygote – the dominant allele by itself cannot provide the selective 
advantage (Piertney & Oliver, 2014). Additionally, heterozygote MHC 
genotypes must retain equal fitness benefits regardless of the nature of 
the heterozygosity in order for this hypothesis to be correct (De Boer et al., 
2004). 
	 A second hypothesis as to how this MHC gene diversity is 
maintained is known as the rare allele hypothesis. If an organism possesses 
a rare allele that no pathogen is adapted to, this organism is less susceptible 
to infection. This translates to a fitness advantage and this rare allele will 
become more common. However, parasites in the environment will be 
under stronger selection to circumvent this adaptation, and the strength 
of selection will increase as the allele becomes more common. Once one 
of these pathogens evolve an adaptation that is able to infect organisms 
that possess this now common allele, the allele will decrease once again in 
proportion. This frequency-dependent selection repeats every time 	
a new allele is generated that can respond to this pathogen (Piertney & 
Oliver, 2014). The rare alleles generated in these situations are not lost 
to drift; while they never become fixed in the population, they are neither 

eliminated (Slade & McCallum, 1992). This rare allele advantage is not 
mutually exclusive from the overdominance hypothesis, as their presence 
in a genome would meet criteria for both models to be true (Apanius et al., 
1997). 
	 A third hypothesis that explains MHC polymorphism is known 
as the inbreeding avoidance hypothesis. Inbreeding increases the 
chances of deleterious mutations becoming homozygous (Charlesworth 
& Charlesworth, 1987). One reason sex is thought to have evolved is to 
increase genetic diversity; consequently, the same selective pressures that 
maintain sex should maintain other mechanisms for inbreeding avoidance. 
Therefore, selection on mechanisms to recognize relatedness may be 
selected for. MHC gene diversity can serve as this indicator of relatedness. 
If two individuals share MHC alleles, they have a greater chance of being 
related. (Penn & Potts, 1999). Animal systems can use this information to 
avoid mating with close relatives. 
	 Inbreeding avoidance is not exclusive from the disease 
resistance hypotheses of overdominance and rare alleles; a combination 
of the three may be employed in natural populations. Different mechanisms 
of selection can also take over when populations are under different 
circumstances (Penn & Potts, 1999). These modes of selection reward 
organisms that successfully select mates and produce offspring with 
increased fitness; thus, the diversity of MHC molecules in animals may be 
maintained by mate selection through disassortative mating (Winternitz et 
al., 2013). 
	 A significant amount of animals select mates based on MHC 
gene dissimilarity.  Congenic mice only differing in their H-2 type (equivalent 
of MHC in mice) were found to mate with individuals of a dissimilar H-2 type 
(Yamazaki et al., 1976). Female sticklebacks were found to utilize MHC 
peptide ligands in order to determine mate quality (Milinski et al., 2005). 
The Savannah sparrow will produce more extra-pair young in her brood 
if she is especially similar in MHC to her social mate. She will actively 
seek out MHC-dissimilar males for these extra-pair copulations (Freeman-
Gallant et al., 2003). Finally, grey mouse lemurs also show a higher degree 
of heterozygosity and number of different MHC-types between mates 
when compared to random mating (Schwensow et al., 2008). Because the 
presence of MHC-dependent mate selection is found across different taxa, 
including primates, the question remains whether this mate selection is 
also present in humans. 	
	 Another important factor in MHC-dependent disassortative 
mating is how MHC molecules act as an indicator for animals to actively 
select optimal mates. One of the most powerful ways is through odor 
detection. Evidence suggests that congenic mice differing in MHC-type 
can be detected by other mice through odor (Yamazaki et al., 1983). It is 
still unclear how exactly MHC molecules generate specific odor profiles. 
Several proposed mechanisms include binding of odor molecules to MHC 
receptors, bacterial colonizing and coexpression of odor-producing genes 
that lie in the MHC region (Eggert et al., 1998). Further evaluation of these 
processes are beyond the scope of this review; for more information, see 
Hamid, 2016.   
	 In this review, I will evaluate the results of each human study 
regarding MHC-type odor preferences in order to assess the current 
evidence for disassortative MHC-dependent mate selection. In addition, 
I will examine whether these studies support any of the three hypotheses 
explaining MHC polymorphism (overdominance, rare alleles, inbreeding 
avoidance). I will also discuss the experimental design of each study and 
recommend future considerations for scientists interested in furthering 
research on MHC-dependent odor preferences in humans. 
MHC-dependent odor detection in humans
	 Humans are able to detect MHC-dependent odors. Gilbert and 
colleagues (1986) used congenic mice strains that differed only in their 
MHC-type, and asked human participants to distinguish between whole-
body, fecal pellet, and urine odors of two different strains. It was found that 
humans were able to discern differences between mice of different MHC-
types through whole-body odor, female fecal pellets, and urine odors of 
two different strains. Humans were unable to distinguish between the fecal 
pellet odors of different male MHC-types, which may be due to the overall 
intensity of male odors versus female odors. This study demonstrates that 
humans have the ability to distinguish between different mouse MHC-
types through odor perception, and that it likely translates to distinguishing 
between human MHC-types. 
	 Humans also produce MHC-dependent odors. Ferstl and 
colleagues (1992) demonstrated that trained rats are able to discriminate 
between urine samples of humans with different MHC-types. This result 
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shows that humans also produce certain chemosensory signals in their 
excretions which are based on MHC genotype. This means that information 
regarding MHC diversity could be detected and used by another human. 
These critical findings serve as the basis for the investigation of MHC-
dependent odor preferences in humans and the role they play in behavior. 
Even though these lines of evidence are cross-species (human and rodent), 
the highly controlled nature of the experiments through laboratory rodents 
provide insight into the capacity for human odor detection and production. 

MHC-dependent odor preferences in human mate selection 
Preliminary evaluation of MHC-dependent odor preferences for mate 
selection
	 The first study to examine MHC-dependent mate selection 
in humans was Wedekind et al. (1995). In this study, Wedekind and 
colleagues experimentally tested whether human female odor preferences 
for male body odor are dependent upon MHC genetic similarity. In this 
study, students were typed for HLA (human version of MHC) –A, –B, and 
–DR antigens. To donate their scent, men were given a white cotton T-shirt 
to sleep in for two nights and were asked to abstain from odor-producing 
foods, detergents, deodorants, and activities. Women were given a 
regenerative nose spray to use every day two weeks before the experiment, 
the novel Das Parfum by P. Süskind, and were tested in the second week 
of their menstrual cycle. Women who were taking oral contraceptives (the 
“Pill”) were identified to account for additional confounding factors. 
	 Each female scored six male subjects on a 0-10 scale for 
pleasantness, and each male subject was evaluated by two females (one 
of both a dissimilar and similar MHC-type). Their study found that women 
preferred the scent of males who were more dissimilar in MHC compared to 
the scent of males that were more similar. An additional finding showed that 
when women were taking oral contraceptives, their preferences reversed 
towards men with similar MHC backgrounds. Women also reported that 
men with more dissimilar MHC-types were reminiscent of current and 
past mates, suggesting that MHC-dependent odor preferences might be 
used in natural human mate selection. Wedekind et al. (1995) interpreted 
these findings to mean that human females use MHC-type in order to find 
dissimilar mates. Because oral contraceptives simulate pregnancy within 
a woman, Wedekind et al. also speculated this was due to women seeking 
kin, although this was not confirmed by their research design. 
	 Although the Wedekind et al. (1995) was elegant, there was 
significant controversy within the scientific community after its results were 
published. Hedrick and Loeschcke (1996) expressed concerns through a 
direct correspondence regarding the sensitization of females to the odor 
detection task as well as the odor-neutrality restrictions on men. They 
argue that because of this study design, their findings are not generalizable 
to natural human mate selection. Wedekind and Seebeck (1996) reply 
to these concerns by stating their aim was to remove all confounding 
variables in order to test whether MHC specifically influences odor and odor 
preference in humans. Another concern posed by Hendrick and Loeschcke 
(1996) regarded the between-subjects study design and small sample size 
of women using oral contraceptives.  Roberts et al. (2008) respond to this 
concern by conducting a within-subjects design in their study. Ever since 
Wedekind et al. (1995), an additional seven studies, including Roberts 
et al. (2008), examine the role of MHC and odor preference in humans. 
Each present conflicting results. This fuels the controversy surrounding 
Wedekind et al.’s initial findings, and requires a closer evaluation to 
determine which results and methods are consistent. 

Replication of MHC-dependent odor preferences on mate selection
	 Wedekind and Füri performed a follow up study (1997) where the 
replication of their previous findings with a different experimental design 
and sample was a secondary aim. Within this study, they only used two 
females and four males as odor donors and correlated their MHC similarity 
to the smellers (121 male and female participants). Smellers were divided 
by their gender; females were divided whether they were taking oral 
contraceptives. The t-shirt wearer protocols of living odor-neutral, as well 
as HLA-typing of three loci for all participants were the same as Wedekind 
et al. (1995). Participants smelled all shirts, including those of the same 
sex, and scored them upon pleasantness; researchers did not take 
sexual orientation of smellers into account for this study at any time. This 
study was able to replicate the finding that females who were not taking 
oral contraceptives prefer dissimilar MHC-types. Memory associations 
regarding dissimilar MHC-dependent odors were also reminiscent of a past 
or current mate in both males and females. Finally, the study found that 

men preferred the odor of dissimilar MHC-types. The researchers were 
unable to find a significant correlation of females preferring similar MHC-
types when on the Pill. 
	 A total of three additional studies (Thornhill et al., 2003; Santos et 
al., 2005; Roberts et al., 2008) were released after Wedekind et al. (1995) 
and Wedekind and Füri (1997) that did not contain any of the scientists on 
these initial studies; this removed any potential bias that Wedekind might 
have had on the results. Unfortunately, the only other study that was able 
to replicate any result from either Wedekind et al. (1995) or Wedekind and 
Füri (1997) was Thornhill et al. (2003), which found that men preferred 
the odors of MHC-dissimilar women. In conclusion, no other study after 
Wedekind & Füri (1997) was able to replicate the finding that 1) women 
prefer MHC-dissimilar male body odors, and 2) the Pill reverses this effect. 
A fourth study performed by Jacob et al. (2002) did not directly evaluate 
whether females preferred dissimilar MHC-types in their mate choices; 
while they collected the relevant data, they did not perform analyses 
to answer this particular question. It may be of interest for a secondary 
analysis to be conducted using this data. 
	 All three subsequent studies (Thornhill et al., 2003; Santos et al., 
2005; Roberts et al., 2008) were similar in design to the first two studies 
(Wedekind et al., 1995; Wedekind & Füri, 1997) with slight alterations. 
Thornhill et al. (2003) excluded women taking oral contraceptives and did 
not test women according to their menstrual cycle; instead, researchers 
used calculations to estimate each participant’s probability of conception 
after sex based on the day of their cycle. Santos et al. (2005) included 
women on the Pill, but did not differentiate between them in the analyses; 
they also did not test women according to their cycle. Santos et al. (2005) 
also did not use T-shirts to collect odor; instead, male and female participants 
donated urine samples and sweat samples using a cotton sachet necklace 
which collected sweat from the sternum rather than the axillary region. 
Roberts et al. (2008) used a longitudinal study design, which was able 
to test Pill-user preferences before and after using oral contraceptives for 
three months. They used frozen shirts instead of fresh shirts, and also 
presented half of each shirt to a smeller at a time, potentially reducing 
odor detectability. Finally, both studies involving Wedekind (1995, 1997) 
contained ethnically homogenous populations; the other three studies had 
a more diverse sample of participants. 
	 While the effects of the different study designs are unclear, it is 
possible that they were strong enough to reduce the power of the results 
done to levels of non-significance; however, it may also be indicative that 
the skepticism surrounding Wedekind and colleagues’ (1995) original 
results is well founded. Because nearly 10 years has passed since Roberts 
et al. (2008) directly examined MHC-dependent odor preferences in human 
mate selection, perhaps a replication by a different scientific group is in 
order, with certain considerations kept in mind (see ‘Future considerations 
in study design’). 

Ancillary results in MHC-dependent odor preference research
Evidence for overdominance hypothesis
	 The primary aim of Wedekind & Füri (1997) was to determine 
whether MHC-dependent odor preferences lead to general MHC 
heterozygosity or specific allele combinations. Their results found that 
there were no preferences for specific allele combinations within the study 
population. Participants only preferred odors based on dissimilarity alone, 
which would result in a greater heterozygosity in offspring. However, this 
may be due to the context in which the population was tested; additional 
trials should be conducted in regions that are under stronger selection 
for disease resistance, as this population may have been “too healthy” to 
prefer specific allele combinations (Wedekind & Füri, 1997; Penn & Potts, 
1999). 

Evidence for determining paternity
	 Jacob and colleagues’ (2002) primarily tested whether females 
use inherited MHC allele information or exposure to their parental MHC 
type in order to select mates based on MHC-dependent odor. Because 
researchers conducted the study within an isolated community, they had 
information regarding the parental generation of the sample. Unmarried 
females who had never been pregnant and were menstruating were 
selected from the community, while six diverse male odor donors were from 
the outside. Their study design asked women to smell all six male odors and 
choose their most preferred and least preferred; this is significant because 
ratings of pleasantness (“liking”) and actual mate choice (“wanting”) are 
enacted by different neural pathways (Berridge & Robinson, 1998). 
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	 Women were found to select males that were more similar to 
their paternally inherited alleles of their MHC-type, whereas males who 
were less similar were selected less often (Jacob et al., 2002). Maternally 
inherited alleles, as well as exposure to non-inherited alleles from either 
parent, were not a factor in this selection. This is the only study to 
demonstrate that mate choice based on MHC-preferences are determined 
by paternity. Additionally, Wedekind & Füri (1997) and Thornhill et al. 
(2003) found that men prefer dissimilar MHC-dependent odors in females. 
These three results may be due to paternity detection. Theoretically, if men 
share fewer MHC alleles with their female mate, they could more reliably 
detect their own alleles in offspring to ensure their parentage (Thornhill et 
al., 2003). Females selecting for paternally inherited alleles in mates might 
help mask paternity of their offspring in extra-pair copulations. Additionally, 
MHC detection could act as a mechanism for kin selection to identify 
paternal kin in promiscuous species, such as baboons, and bias social 
behaviors towards them (Smith et al., 2003). 

Evidence for optimal versus maximal dissimilarity
	 Because Jacob et al. (2002) found a selection bias for males 
that share paternally inherited alleles, this might indicate a preference for 
greater MHC-similarity rather than MHC-dissimilarity. However, a closer 
look at the study design demonstrates that this is not the case. Jacob et 
al. (2002) used HLA-typing for a total of 5 loci (the most in any study on 
human MHC-dependent odor preference so far). A total of 10 matches 
were theoretically possible, with 7 matches possible between participants. 
A female’s most preferred choice shared two alleles on average, whereas 
a female’s least preferred choice shared approximately one allele. Instead 
of supporting the hypothesis for maximal dissimilarity (where we would 
expect to see a female choose the least similar MHC-type to her own), we 
see a trend towards optimality. 
	 This optimality has been demonstrated in both fish and mice 
(Milinski et al., 2005; Gilder & Slater, 1978). In sticklebacks, females are 
able to detect a male’s MHC diversity based on peptide fragments shed in 
the water. Males with a suboptimal MHC diversity that are supplemented 
with additional peptides are deemed more attractive by females, whereas 
supplementation of a superoptimal male’s peptides decreases his 
attractiveness. (Milinski et al., 2005). It has also been demonstrated that 
mice have a preference for slightly unfamiliar scents, which may have 
developed to avoid inbreeding; an aversion to very unfamiliar scents 
may also help to avoid interspecific hybridization or the dissociation of 
co-adapted gene complexes that provide a synergistic advantage (Gilder 
& Slater, 1978). Thus, there is some evidence for an optimal number of 
MHC diversity – this may help explain why results are insignificant when 
a correlation analysis is performed in human studies of MHC-dependent 
odor preferences. 

Evidence for extra-pair copulations
	 Roberts et al. (2008) was unable to find significant results 
regarding MHC-dependent odor preferences in women (on or off the 
Pill); however, they reported a significant finding within their data stating 
that women in relationships prefer MHC-dissimilar male odors, whereas 
single women have MHC-similar odor preferences. While this explanation 
might be a reach on behalf of the author, it may show evidence of paired 
females seeking to increase offspring heterozygosity through extra-pair 
copulations. Evidence of this phenomenon has been demonstrated most 
clearly in birds (Freeman-Gallant et al., 2003, Richardson). MHC-similarity 
between Savannah sparrow pair bonds predicted female fidelity, such 
that there were more extra-pair young in broods where the female shared 
more MHC alleles with her mate (Freeman-Gallant et al., 2003). In order to 
clearly demonstrate this within a human population, information regarding 
the female’s mate and offspring’s paternity would have to be known. 

MHC-dependent odor preferences for self-identification and advertisement
	 MHC odor preferences can be altered depending on the context 
(Penn & Potts, 1999); this is most clearly demonstrated in two studies 
regarding self MHC-dependent odor preferences (Milinski & Wedekind, 
2001; Milinski et al., 2013). Although Wedekind et al. (1995) initially cited 
that perfumes might interfere with MHC-dependent odor detection, Milinski 
& Wedekind (2001) demonstrated that a human’s perfume ingredient 
preferences are actually correlated with their own MHC genotype. Given 
that pleasantness scores of ingredients tested over two years remained 
consistent, this adds strength to the statement that these preferences are 
linked to an individual’s MHC alleles. Perfume use may have evolved as 

an adaptive behavior in humans to advertise their MHC type to potential 
mates by amplifying their signal. The fact that no correlation was observed 
for ingredients that individuals would prefer on a mate might have to do 
with context (perfume is traditionally selected for use on self) or support 
for heterozygosity. Preference for an ingredient wouldn’t be heightened if it 
was simply correlated to a specific allele. Instead, preference is heightened 
for many different alleles, which the correlation is unable to detect.	
	 Milinski et al.’s (2013) study is the latest in the body of research 
on MHC-dependent odor preference, and it will likely guide what the future 
of this research looks like. Females were typed for their HLA-A and –B 
alleles, and then given two bottles which contained peptide solutions that 
contained the two most commonly observed HLA-A alleles in the sample. 
They were also given an untreated cotton shirt and odor-free soap for use 
before the experiment. Participants were instructed to put on the shirt, 
dispense four drops of one bottle’s contents into their hand, and rub it 
under a particular armpit. They repeated this series of steps with the other 
bottle’s contents. They were then asked to sniff each armpit, and fill out a 
questionnaire stating which armpit they preferred, as well as how strong 
the difference was between the two scents. They repeated these trials 
two to six times, making sure to use different sides, and were also asked 
whether they had a cold, smoked, or used contraceptives. Additionally, an 
fMRI study was also performed where participants smelled a self peptide 
solution, non-self peptide solution, solvent control, and peach odor control. 
Only females with normal olfaction and brain function were included in the 
study.
	 The results of this study showed a significant preference for 
the MHC peptide solution that matched their genotype; this difference 
was only observed once participants who smoked regularly or had a cold 
during the session were removed from the sample. This results shows that 
mate choice may be impaired by behaviors such as smoking. Additionally, 
fMRI results showed that the self peptide solution caused the right middle 
frontal cortex to activate; these brain regions are involved in cognitive self-
recognition, and are separately from olfactory structures (Murphy et al., 
2010). This result demonstrates that MHC peptides which cause body 
odor are used for self-identification, and may also be used to identify and 
avoid similarities in mates. Both Milinski & Wedekind (2001) and Milinski et 
al. (2013) studies still require replication, to remove any bias lead author 
Milinski might have on the results. 

Future considerations in study design
Menstrual cycle 
	 Previous studies have shown that women are more sensitive 
to detecting androstenol and other related chemicals near the peak of 
ovulation, where they are most fertile (Doty, 1981). Several studies tested 
female participants during their second week of their menstrual cycle 
(Wedekind et al., 1995; Wedekind & Füri, 1997; Roberts et al., 2008), 
whereas other studies did not take this factor into account (Jacob et 
al., 2002; Santos et al., 2005). Thornhill et al. (2003) did not test female 
participants near ovulation, but they did calculate their fertility based on 
where they were in the cycle, and found that men preferred the scent of 
women with a higher fertility status (more likely to conceive after copulation) 
over women of a lower fertility status. This has the potential to confound 
results; not only are women not being tested during their peak sensitivity to 
odor and pheromone detection, but men might also be preferring odors that 
are not MHC-related. In future studies, all trials using female participants 
(regardless if they are acting as odor donors or smellers) should be tested 
during the second week of their menstrual cycle, to control for these 
potential effects. 
Odor sensitivity
	 Milinski et al. (2013) excluded participants that reported having a 
cold or regularly smoking from data analysis, due to their impaired olfaction 
(Frye et al., 1990; Hummel et al., 1998). This was an element that was 
not taken into account in any previous studies on MHC-dependent odor 
detection in humans. The impaired olfaction of an individual who has a 
cold or smokes could seriously reduce their ability to differentiate between 
MHC genotypes in themselves or other individuals, and could explain the 
lack of significance observed in previous studies. It also might explain why 
Wedekind et al. (1995) were able to find such significant results – because 
they asked participants to use the regenerative nasal spray in the two 
weeks prior to the trial, this may have aided any individuals with olfactory 
impairment to recover their abilities and perform in the study. For any future 
studies, all participants should undergo an evaluation to ensure normal 
olfaction. Any individuals that might have a decreased sense of smell, such 
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as smokers, should be removed from analysis. 

Methods of odor collection
	 Roberts et al. (2008) and Jacob et al. (2002) froze shirt samples 
before participants smelled them in trials; the effects for freezing were 
tested and showed little difference after three months of storage compared 
to fresh shirts (Roberts et al., 2008). Roberts et al. (2008) also halved shirt 
samples, which may have reduced odor potency compared to presenting 
whole shirt samples. In most studies, whole shirt samples were presented 
fresh to participants, and this should be continued for future study methods. 
	 Santos et al. (2005) used a sachet necklace of absorbent cotton 
to collect sweat samples from the sternum, which is an area with high 
perspiration. This was a strange methodological decision, as the axillary 
regions are an ideal location for odor dispersion; they typically perspire first, 
contain a large concentration of apocrine and sweat glands, and disperse 
the odor further due to the hair within the region (Mostafa et al, 2012). 
Santos et al. (2005) also used urine samples to test odor preferences. 
Although Gilbert et al. (1986) demonstrated that humans were able to 
distinguish between urine samples of congenic mice using MHC detection, 
humans are unlikely to use urine odor to size up potential mates. Future 
studies should continue using the axillary region to collect odor samples. 
	 The use of supplemental MHC peptide solutions in Milinski et al. 
(2013) also provides new avenues for improved research design. Controls 
can be greatly improved by using particular combinations of peptides to 
uncover what degree of MHC similarity is preferred by humans. This way, 
other factors in odor besides MHC genotype are unable to confound the 
results. Additionally, natural human odors can be supplemented with MHC 
peptides in order to test whether they become more or less attractive to the 
smeller. Future studies should take advantage of this new method, in order 
to clarify previously ambiguous results. 

Improving power of statistical analyses
	 There are several methods that can be used to increase the 
power of results. For instance, increasing the number of HLA loci typed 
can greatly increase accuracy and detection of dissimilarity between pairs. 
Jacob et al. (2002) typed the most (five) loci of all the studies. Santos 
et al. (2005) only typed two different alleles and cited this as a potential 
confound for not finding significant results, as loci that were unidentified 
may have affected the degree of similarity. Additionally, asking similar 
research questions will increase the congruency of the results. Jacob and 
colleauges’ (2002) study design found that females choose mates with an 
optimal level of MHC dissimilarity – asking questions of this kind to see if 
results were obscured in Thornhill et al. (2003), Santos et al. (2005), and 
Roberts et al. (2008), while also reporting whether MHC dissimilarity was 
preferred (not “wanted”) in the Jacob et al. (2002) study, the mechanism 
behind MHC-dependent odor preferences in humans might be clarified. 
Finally, it is important that all studies use a scale for rating pleasantness 
rather than a yes or no answer (Santos et al., 2005) and balance odor 
donors across smellers of different similarities to control for individual 
differences (Roberts et al., 2008), as this gives the data more statistical 
power for analysis. 

Context
	 Different study populations operate under different modes 
of MHC diversity selection (Penn & Potts, 1999). Mechanisms such as 
inbreeding avoidance or disease resistance may be stronger in different 
environments. Thus, populations from different geographic regions may 
show preferences for different degrees of MHC similarity. This may 
explain why Wedekind et al. (1995), Wedekind & Füri (1997), and Jacob 
et al. (2002) found significant results through their ethnically homogenous 
populations, while Thornhill et al. (2003), Santos et al. (2005), and Roberts 
et al. (2008) did not. Asking participants to choose an odor over preference 
ratings might unveil other factors that influence MHC-dependent mate 
selection (Jacob et al., 2002). Genetic studies regarding MHC and mate 
pairs in humans located in different geographic populations demonstrate 
the importance of context; for more information, see Mercier (2016). 

Implications of MHC-dependent selection in humans
	 The biological and genetic phenomena that affect mate selection 
has great consequences for human pair bonds and their reproductive 
success.  Couples who share a significant amount of MHC alleles have 
a greater difficulty becoming pregnant through unprotected intercourse, 
greater difficulty achieving viable pregnancies using assisted reproductive 

technologies, greater likelihood to suffer from recurrent spontaneous 
abortions, and a greater likelihood to give birth to newborns with a reduced 
birth mass (Ober et al., 1992; Weckstein et al., 1991; Reznikoff-Etievant et 
al., 1991). Studies in birds (Freeman-Gallant et al., 2003; Richardson et 
al., 2005) may also translate in humans; a high degree of MHC-similarity 
may destabilize the traditional monogamous pair bonds in humans. This 
could result in females and males engaging in extra-pair copulations, as 
well as males being cuckholded, decreasing his overall fitness. Thus, any 
behaviors that may alter olfaction, such as taking oral contraceptives or 
smoking, may have unintended consequences on beginning a family and 
relationship satisfaction.

Conclusion
	 MHC-dependent mate selection is a fascinating research 
area that demonstrates how humans are able to detect favorable gene 
combinations in potential mates through olfaction. MHC composition 
is an important factor to be considered in a mate, as they have great 
consequences in regards to reproduction success and pair bond stability. 
While there have been several studies published that have attempted to 
elucidate the mechanism by which humans make these selections, their 
results are incongruent with one another. Because the study methods 
differ significantly from one another in several aspects, I have made 
several recommendations based on current findings in order to guide 
future studies. By further standardizing the odor preference protocol in 
humans, perhaps the optimal level of MHC similarity between mates can 
be determined. This information can inform the public on how much the 
nose knows, and how biological factors such as smell and genetics are 
more important than previously thought when it comes to mate selection in 
humans. 

Note: Eukaryon is published by undergraduates at Lake Forest College, 
who are solely responsible for its content. The views expressed in Eu-
karyon do not necessarily reflect those of the College.
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