
The evolution of host resistance

Resistance is the ability of an individual to fight 
off the detrimental effects of parasites (or a 

drug) and their toxic products. 

• resistance is seen from the host (the target of attack)
• resistance may be implemented by very different mechanisms
• resistance may occur at any stage in the process of infection
• the evolution of resistance is a central aspect for our understanding 

of host-parasite interactions 
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The evolution of host resistance
and tolerance

Resistance is the ability to prevent infection or limit parasite 

replication/burden. 

Tolerance is the ability to limit the health effects of parasites without 

preventing infection or controlling parasite replication. 
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Classical picture of resistance:
Resistant hosts are those that 
do not (or less) become sick.
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Resistance/tolerance
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Schematic illustration of how to separate the 
different host and parasite sources of genetic 
variation for virulence. 
Dots are individual hosts. Lines represent reaction 
norms for different host or parasite genotypes. 

a) Virulence is the reduction in health a host 
experiences when infected. It is a function of the 
infection intensity (the realized infection intensity in 
this case is indicated with a vertical line on the x-
axis) and the slope of the relationship between 
health and infection intensity. 

b) Variation among host genotypes for resistance. 

c) Variation among host genotypes for tolerance. 
The flatter the line, the more tolerant the host. 

Raberg L (2014) PLoS Biol 12
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Resistance/tolerance

• Resistance and tolerance are relative concepts

• Resistance and tolerance are quantitative measures
• Distinguishing resistance and tolerance requires data 

on host and parasite performance (host health (or 
virulence) and parasite burden (or intensity).

• Resistance and tolerance cannot be studied 
independently from each other. 
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A carrier is a (more or less) 
healthy host that is capable of 
transmitting the parasite to 
other hosts. 
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A novel host – parasite 
associations may be 
characterized by excessive 
virulence. This is neither in 
the interest of the host nor 
the parasite. 
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Resistance or tolerance?

10Kraaijeveld & Godfray, Nature 1997

The picture shows the braconid wasp 
Asobara tabida (a parasitoid) 
searching for Drosophila larvae in a 
patch of food medium.

Resistant flies were selected for 5 
generations. 

This is resistance, 
because the host 
kills the parasite by 
encapsulating it!



Sickle cell alleles protect against malaria: 
resistance or tolerance?

Sickle shaped red blood cells
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In hosts heterozygote for the 
sickle cell mutation (AS 
genotype) infected blood cells 
sickle and are eliminated by 
macrophages (host immune 
response). This reduces the 
burden of infection. 
Therefore, this is resistance.



Resistance and tolerance of guppies 
against Gyrodactilus
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Gyrodactilus (Monogenea)



Resistance
/tolerance 

to HIV
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Roegos et al. PLoS 
Biology 2014 

Disentangling Human 
Tolerance and Resistance 
Against HIV

HLA-B



Resistance
/tolerance 

to HIV
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Investigating associations of tolerance with sex, age at infection, 
and HLA-B alleles.

(A) Tolerance does not differ significantly between sexes in a 
univariate analysis. 

(B) Young age at infection is strongly associated with tolerance. 
The three curves show the relationships between set-point viral 
load and CD4+ T-cell decline when infected at age 20, 40, and 60. 

(C) Classic protective HLA-B alleles induce pure resistance. The 
tolerance curves do not differ significantly for individuals with 
(red, n = 416) and without (blue, n = 507) protective HLA-B alleles. 

(D) HLA-B homozygosity is associated with tolerance. 
Homozygotes also have significantly higher set-point viral loads—
that is, are more resistant than heterozygotes.

Disentangling	Human	Tolerance	and	Resistance	Against	HIV



Evolution of resistance/tolerance
• Resistance and tolerance are relative concepts. They cannot be studied independently 

from each other. 

• Resistance and tolerance are quantitative measures

• Distinguishing resistance and tolerance requires data on host and parasite 
performance (host health (or virulence) and parasite burden (or intensity).

• A carrier is a (more or less) healthy host that is capable of transmitting the parasite to 
other hosts. Carriers are extremely tolerant hosts

• A novel host – parasite associations may be characterized by excessive virulence & low 
tolerance. 

• Resistance is subject to host – parasite conflict and therefore antagonistic coevolution

• Tolerance is in the common interest of hosts and parasite
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