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Information material 

The resistance-allele CCR5Δ32 – Selection through the HIV-Pandemic? 
 

The allele responsible for the resistance to HIV is not evenly distributed throughout the world 

population. Although the origin of HIV (HIV-1 as well as HIV-2) has been proven to be in 

Africa, the allele responsible for HIV-resistance is nearly absent in Africans. Similarly, East-

Asians, native Americans and African-Americans in the USA do not carry the mutant allele, 

whereas it is widely distributed among the white people in Europe and people in West Asia – 

in particular among descendants from the early colonialists.  

But even among the European population the distribution varies and is characterized by a 

clear North-South divide (see fig. 1). The mutant allele occurs in Sweden in about 14% of the 

population, whereas it is just about 5% in the Mediterranean region and very rare in Saudi 

Arabia and East Asia (Stephens et al. 1998).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Due to the fact that the mutant allele is hardly represented in the African population, it is 

assumed that the mutation occurred only after human beings – coming from Africa – 

colonized the European continent and wide parts of the earth. This migration took place about 

200.000 to 130.000 years ago and contributed to the dissemination of the mutation. This 

explains why resistance is hard to find in Africa.  

Fig.1: Frequency of the mutant allele (CCR5Δ32) in Europe, Asia and N-Africa (cf. Limborska et al., 2002). 
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There are also hypotheses about the varying distribution within Europe. Scientists assume that 

a devastating event happened, for example an epidemic with a pathogen using a similar way 

to enter human cells like HIV: the intact CCR5 protein. Mutations in the gene coding the 

CCR5-protein resulted in a defective protein and may have protected a few people from an 

infection. This provided a remarkable advantage of survival to some individuals, so that 

subsequently the mutant allele was regionally disseminated. It is still under investigation 

which pathogen is responsible for this. Potential pathogens implicated in these epidemics are 

the pathogens of the plague (Yersinia pestis), influenza and tuberculosis (Dean & O’Brien, 

1998).  

A few investigations suggest that plague pandemics in fact resemble periods of high selection 

pressure but that recurring smallpox epidemics create a weak but nevertheless constant 

selection pressure (Galvani & Slatkin, 2003). The researchers have different arguments for 

their hypothesis that the smallpox virus (Variola major) may be responsible for the selection 

of the mutant allele. Based on a model of the frequency of genes in a population, they 

simulated the impact of the different diseases on the distribution of the mutant allele in 

Europe (for data and concrete parameter of the simulations see Galvani & Slatkin [2003]): 

a) The impact of the plague pandemic: For the period from 1300 to 2000, scientists 

simulated the influence of the two great pandemics “Black Death” (1346-1352) and 

“Great Plague” (1665-1666), which killed 40% and 20% of the European population 

respectively. Also, scientists simulated the effect of small epidemics in-between, 

which occurred every 10 years and killed about 10% of the population, with the last 

outbreak occurring around 1750.  

b) The impact of smallpox epidemics: For the period from 1300 to 2000, scientists 

simulated that every 5 years the mortality rate reached a peak of 30% and, in contrast 

to the plague, mortality rates remained relatively high in-between the epidemics. The 

last outbreak occurred in 1980. 

Galvani & Slatkin’s (2003) simulations demonstrated that only the continuous selection 

pressure of the smallpox virus would have been able to increase the frequency of the mutant 

allele to about 10% in the European population. In contrast, under the influence of the plague 

virus the allele frequencies would have evolved to a frequency of 0,8% or less, whereas much 

higher frequencies can be observed today (see fig. 1).  

Duncan et al. (2005) argue strongly against these ideas and formulate a new hypothesis. Like 

Galvani & Slatkin (2003), they base their simulation on the assumption that the mutant allele 
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CCR5Δ32 occurred with a frequency of about 5x10-5 in 1300. Today, it can be found in ca. 

10% of the European population. 

• The Black Death, which is assumed to be the bubonic plague, killed about 40% of the 

population during the period from 1347 to 1350. This singular pandemic would have 

increased the frequency of the mutant allele to only about 10-4. This is the case 

because the proportion of resistant and protected individuals doubles, when half of the 

population dies. The hypothesis, that the bubonic plague epidemics reoccurred every 

10 years for a period of 400 years and killed parts of the population was disproved by 

mathematic models. Furthermore today we know that the bacterium Yersinia pestis, 

the pathogen of the bubonic plague, does not use the receptor CCR5 for portal of entry 

into the host cells and therefore cannot be considered as a selection factor 

• According to Duncan et al. (2005), the hypothesis of other scientists (see for example 

Galvani & Slatkin, 2003) that smallpox epidemics, which were assumed to have had 

peak levels every five years from 1347 to 1970, are responsible for the strong increase 

of the allele frequency, is likewise invalid: A lethal form of smallpox occurred in 

England not until 1628. Before this time, smallpox was not a serious lethal disease. 

Before 1710, the annual number of deaths in London did not rise above 1000. The 

people successfully managed smallpox with ‘Variolation’ (a form of active 

immunization) from 1750 on, and in 1800 they started to vaccinate against the 

smallpox virus. Already around 1900, smallpox had disappeared from Europe. 

Therefore, the virus could not have had such a considerable effect on the increase of 

the allele frequency, even though the virus uses the receptor CCR5 for portal of entry 

into the host cells.  

 

Duncan et al. (2005) in contrast, postulate that the pathogen, which caused the Black 

Death (1347) and other regularly recurring epidemics (1347-1670), is not the bacterium 

Yersinia pestis but rather an unknown virus, which causes hemorrhagic fever and can be 

transferred directly from human to human – a virus infection whose best-known form 

today is Ebola and whose mortality rate is around 100%. According to Duncan et al. 

(2005), such a virus, which uses CCR5 for portal of entry into the host cells of the human 

immune system – as do the smallpox virus and HIV – might be the cause for periodic 

epidemics in the Middle Ages in Europe and therefore might have caused the increase in 

the frequency of the mutation in selected regions outside Africa (see simulation in fig. 2). 

Duncan uses the term ‘hemorrhagic plague’ for this disease.   
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Fig. 2: Computer simulation of the frequency of the mutant allele CCR5Δ32 (p) in Europe (cf. 
Duncan et al., 2005). 
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At the end of the 17th century, when the selection pressure due to hemorrhagic fever 

disappeared and the advantage of the mutation became insignificant, the allele frequency did 

not decrease – as it was to be expected due to genetic drift – but rather stayed constant. 

Duncan et al. (2005) attribute this to the increasing influence of smallpox in this time, which 

keeps up a weaker but continuous selection pressure. In Scandinavia, Poland and Russia 

pandemics of the hemorrhagic plague continued to occur until ca. 1800. Hence, in these 

regions the mutant allele was influenced by a high selection pressure for a longer time and 

therefore occurred with remarkably higher frequencies (>14%, see fig. 1). 
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