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Abstract 

In the phase between ovulation and potential implantation of the egg, and especially during 

pregnancy, females downregulate their immune system to prevent it from attacking the (future) 

embryo, which is after all a half-foreign organism. Yet this adaptive mechanism, that is set off by 

rising progesterone, makes females more vulnerable to pathogens at those critical times. It has 

been proposed that, to compensate this depression of physiological immunity, progesterone 

reinforces behavioral immunity—by increasing proneness to disgust and hence active avoidance of 

infection—but evidence is inconclusive and indirect. Manipulating progesterone directly, a recent, 

crucial study on female mice’s disgust for infected males came up empty handed. Here, reanalyzing 

these data in a more statistically sensitive manner, we show that progesterone not only raises 

disgust but does so in a way that is both significant and substantial. 
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Even with no help from a pandemic, viruses and bacteria kill over 15 million people a year 

(Morens et al., 2004). Forced to cohabit with parasites from the very beginning, we animals have 

indeed been pushed to develop a suite of protective emotions—including, prominently, disgust—

and behaviors, such as avoidance of infected conspecifics (Curtis et al., 2004; Hart, 2011; Kavaliers 

et al., 2019). That is, we have evolved a behavioral immune system alongside our physiological one 

(Thornhill and Fincher, 2014; Murray and Schaller, 2016; Kramer and Bressan, 2021). Yet because 

each system is costly to run, it would stand to reason that behavioral immunity is upregulated 

whenever physiological immunity is already engaged or else restrained for some specific purpose—

an idea known as the compensatory prophylaxis hypothesis (Fessler, 2001; Fleischman and Fessler, 

2011).  
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A crucial, recurring occasion for such restraint arises every time a female’s body gets ready for 

a possible pregnancy. The physiological immune system is then held down to prevent it from 

attacking the future embryo, which inevitably carries foreign genetic material that could be 

mistaken for a pathogen (for reviews, see Fessler, 2001; Fessler et al., 2002; Fleischman and Fessler, 

2011; see also Fessler et al., 2005). During the estrous or menstrual cycle, this depression of 

immunity occurs between ovulation and potential implantation of the egg, and is brought about 

by rising levels of the sex steroid progesterone (Fessler et al., 2002). Some strands of evidence do 

suggest that an increment in progesterone is associated with stronger disgust, but the final word 

has not yet been spoken. On the one hand, among women whose physiological immune system is 

already fighting an infection, those in the phase that follows ovulation are more easily disgusted 

than those in the phase that precedes it (Milkowska et al., 2019; see also Fessler et al., 2005). 

Consistently, worries about contagion, and repulsion for photographs associated with it, appear to 

track progesterone levels in saliva (Fleischman and Fessler, 2011). On the other, a large study failed 

to find that pathogen disgust was affected by natural variations in progesterone (or, for that matter, 

any of several other steroid hormones: Jones et al., 2018). However, because disgust was measured 

by presenting repeatedly (typically 5-10 times) the exact same questionnaire to the exact same 

women, it is hard to exclude that participants, in responding to later questionnaires, were 

influenced by what they had responded to earlier ones—a methodological weakness that could 

have obscured any underlying fluctuations in disgust. 

Direct manipulation of hormone levels could, of course, be a promising way to settle the issue. 

In humans this would run into ethical constraints, but a very recent study did it in mice (Kavaliers 

et al., 2021). In an exemplary display of a well-oiled behavioral immune system, estrous female 

mice prefer—that is, spend more time investigating—the odor of a healthy male over the odor of 

one that harbors a subclinical infection. Or put another way, they are “disgusted” by the infected 

mouse (Kavaliers et al., 2019). Here (Kavaliers et al., 2021, Experiment 1), in three experimental 

conditions, female mice received an injection of either allopregnanolone, a naturally produced sex 

steroid that is made from progesterone, or a low or high dose of progesterone itself. In two control 

conditions, they got a placebo injection of diluted peanut oil or were left alone. An ANOVA that 

tested the effect of condition (5 levels) on preference for the infected male turned out 

nonsignificant. The authors concluded that their results do not “support the suggestion that 

progesterone enhances the expression of pathogen disgust” and hence provide only “minimal 

support” for the compensatory prophylaxis hypothesis (Kavaliers et al., 2021, p. 5). 

Considering how momentous such a conclusion is, we paid special attention to the statistics 

upon which it was based.1 In their analysis, the authors treated all five conditions the same, 

regardless of whether they were control conditions or experimental ones. It seems to us, however, 

that it may be more reasonable to ask not whether any single condition is different from the others 

but whether the hormone-treated group is different from the control group (see also Vickers, 

2005). As the number of observations in these two groups is much larger than in each of the five 

conditions separately, a further advantage of this test is that it carries more statistical power. 

 
1  Incidentally, elsewhere in the paper, a missing zero in a p-value made a significant result seem 
nonsignificant. The authors report that females treated with a low dose of progesterone showed no 
preference for the odor of either a familiar or an unfamiliar male, t(9) = −3.072, p = 0.13. In reality they 
preferred the familiar one, t(9) = −3.072, p = 0.013. 
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Using the authors’ data we find indeed that, compared to those in the control group, the mice 

in the hormone-treated group spent significantly less time near the odor of the infected male, 

F(1,48) = 8.326, p = 0.006, p
2 = 0.148 (Figure 1). This effect, corresponding as it does to a more 

familiar Cohen’s d = 0.8, is a large one, being about the size of people’s preference for their own 

group over other groups (Richard et al., 2003). Thus, progesterone turns out to have a significant 

and substantial impact on females’ disgust for infected males. 

 
Fig. 1. Preference of estrous female mice for an infected male as a function of whether they were (solid 
symbols) or were not (open symbols) treated with progesterone or its metabolite allopregnanolone. 
Conditions: Untreated, Vehicle (diluted peanut oil), Progesterone 1 mg/kg, Progesterone 5 mg/kg, 
Allopregnanolone. Preference is expressed as the proportion of time spent near the odor of the infected vs 
uninfected male. Error bars indicate one standard error of the mean. All means are lower than 0.50 (random 
choice), showing that females are normally “disgusted” by the infected mouse; solid symbols are lower than 
open ones, suggesting that hormones of the progesterone family increase disgust further. The difference 
between Control and Hormone treatment is large (dCohen = 0.8) and statistically significant (p = 0.006). Data 
source: Kavaliers et al. 2021, Experiment 1. 

 
 

The behavioral immune system has been shown to be powerfully regulated, at least in mice, 

by the concerted action of the hormones oxytocin, vasopressin, estrogen, and testosterone 

(Choleris et al., 2012; Kavaliers and Choleris, 2018; Kavaliers et al., 2020). It would indeed be 

remarkable if progesterone, often mentioned in the same breath as the latter two, turned out to be 

a passive bystander, with no effect on infection avoidance. Thus, the data of Kavaliers et al. (2021) 

fill an important gap in the puzzle, and do it in a way that makes evolutionary sense. They neatly 

support the idea that, as females are forced to dampen down their physiological immunity, 

progesterone compensates by ramping up their behavioral one. 
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