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

The gene encoding the co-receptor CCR5 is located on the third human chromosome. Because 

chromosomes exist in pairs, there are two gene loci and therefore two alleles for each gene. A 

person carrying two identical alleles is homozygous for these alleles; if the alleles are 

different, the person is heterozygous for these alleles. If a person is homozygous for the 

standard allele (CCR5/CCR5), he or she is not resistant against HIV. If a person is 

heterozygous for the alleles and carries one standard allele CCR5 and one mutant allele 

CCR5Δ32 (CCR5/CCR5Δ32) the course of disease will be delayed. Only if a person is 

homozygous for the mutant allele (CCR5Δ32/CCR5Δ32), he or she is completely resistant 

against an infection with HIV.     

In order to find out about the distribution of the mutant allele CCR5Δ32 is in the world 

population (independent of homo- or heterozygosity), researchers compared different DNA-

probes from several test-persons from northern Europe, Japan and Africa and calculated the 

frequency of the standard and the mutant alleles in the population.  

One of the results was the following map showing the distribution of the mutant allele (Fig. 

1):  
 
 

 

 

Aufgaben: 

 
1. Beschreibe das Verteilungsmuster der Häufigkeit des mutierten Allels CCR5Δ32 in 

der Karte. Wo liegt die größte Verbreitung, wo tritt das Allel fast gar nicht auf? 

 

2. Vergleiche dieses Verteilungsmuster des „HIV-Resistenz“-Allels mit der Verbreitung 

der HIV-Infektionen auf der Welt, insbesondere in Europa und Afrika. Was fällt auf? 

Entspricht diese Beobachtung euren Erwartungen? 
 
 
 
 
 
 

 

Fig.1: Frequency of the mutant allele (CCR5Δ32) in Europe, Asia und N-Africa. The percentage of the population 
carrying the mutant allele is marked in different colors (cf. Limborska et al., 2002). 
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Exercises 
 

1. Describe the distribution pattern of the frequency of the mutant allele CCR5Δ32 

shown in the map (fig. 1). Where is the highest distribution and where is the allele 

nearly absent? 

 

2. The risk to become infected with HIV depends on many factors like the degree of sex 

education, promiscuity etc. Ignoring all these factors and taking into consideration 

only the distribution of the mutant allele, make a prediction about the percentage of 

HIV-infected persons in Africa and in other parts of the world.  

 

3. Compare the distribution pattern of the resistance-allele (fig. 1) with the global 

distribution of HIV-infected persons (fig. 2), particularly in Europe and Africa. Is your 

observation in accordance with your expectations?  
 

 
 

4. Researchers do not assume that the mutation of the CCR5-allele is an adaptation to the 

prevailing HIV pandemic. Why would such an assumption be very improbable? 

Fig.2: Geographical distribution of HIV-Infections. The percentage of HIV-infected persons (ca. 39.5 Mill., status 
2006) in the total population is marked in colors (WHO) © WHO 2009, all rights reserved. 
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If not HIV – what else? 
Some scientists attribute the occurrence and the distribution of the mutant allele to another 

devastating event, like for example an epidemic involving a pathogen, which used a similar 

portal of entry to human cells like HIV: the intact CCR5 protein. Mutations in the gene coding 

for the CCR5 protein – and hence a defective protein – may have protected a few people from 

an infection and may have provided an important advantage of survival for them, so that 

subsequently the mutant allele gained a wide-spread distribution. Some researchers 

hypothesize that this pathogen might have been the bubonic plague (Yersinia pestis) or 

smallpox (Variola major). Duncan et al. (2005) argued against this and formed a different 

hypothesis. Like other researchers, they base their simulations on the assumption that the 

mutant allele CCR5Δ32 occurred with a frequency of about 5x10-5 (today in Europe ca. 10%) 

in 1300, but they came to different results: 

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

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

frequency of the mutant allele to about 10-4 (This is the case because the proportion 

of resistant and protected individuals doubles, when half of the population dies). Using 

mathematical models, they were able to falsify the hypothesis that the bubonic plague 

epidemics reoccurred every 10 years for a period of 400 years and killed parts of the 

population. Furthermore, today we know that the bacterium Yersinia pestis, the 

pathogen of the bubonic plague, does not use the receptor CCR5 as a port of entry into 

the host cells and therefore cannot be considered a selection factor.   

• According to Duncan et al. (2005), the hypothesis is invalid 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: A lethal form of smallpox 

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

disease. In 1800 the vaccination against smallpox started and around 1900, smallpox 

had already 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 

CCR5 as a port of entry.   

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 

http://www.evolution-of-life.com/�


4 
   

E v o l u t i o n  i n  f a s t  m o t i o n  –  S e l e c t i o n  o f  t h e  r e s i s t a n c e  t o  H I V  ( E x e r c i s e s )  
 

www.evolution-of-life.com 
Janina Jördens (corresponding author)  

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

(2005), such a virus, which uses CCR5 as a port 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. 3). 

Duncan uses the term ‘hemorrhagic plague’ for this disease.   

 

5. Describe the results of the computer simulation of the allele frequency as it can be 

seen in figure 3. 
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6. The hemorrhagic plague exerted a constant selection pressure on the mutant allele 

CCR5Δ32 of the receptor for about 320 years (1347-1670). It has not occurred again 

in Europe since 1670. In contrast, epidemics continued to occur in Scandinavia, 

Poland and Russia until 1800.  

a. Make a reasoned prediction about the frequency of the mutant allele, if the 

selection pressure through hemorrhagic plague disappears. 

b. Why has the frequency of the mutant allele in Europe remained constant since 

1670 (see fig. 3)?  

c. In which regions of the world is the frequency particularly high (fig. 1)? 

Explain the high frequency in comparison to the frequency in the rest of 

Europe. 

 

Fig. 3: Computer simulation of the frequency of the mutant allele CCR5Δ32 in Europe (cf. Duncan 
et al., 2005). 
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Proposal for solution 
Exercise 1: 
North-South divide as well as West-East divide. 
Core area of the distribution is in Northern Europe (up to 14% of the population), whereas 
the allele is nearly absent in African countries and in Eastern-Asiatic regions. 
 
Exercise 2:  
HIV has its origin in Africa and therefore the virus has existed in Africa for the longest period 
of time. leads us to expect that the distribution of the resistance allele against HIV should 
have its core area in African countries where the selection pressure through HIV is highest 
(as an adaptation to the selection pressure).   
 
Exercise 3:  
The „resistance“-allele is particularly frequent in those regions, which show the least HIV-
infections, whereas the most HIV-infections occur in regions with the least occurrence of the 
resistance allele. Scientists assume that the mutation and the distribution of the mutant allele 
couldn’t have happened until the humans settled in Europe and other parts of the earth, 
because the mutant allele does not occur in the African population. This migration happened 
about 200.000 to 130.000 years ago. 
 
Exercise 4:  
The time span for an adaptation to the HIV pandemic is too short – the virus was not in 
existence until the beginning of the 20th century. The evolution rate of humans is very low and 
the duration of generations is relatively long so that humans need much more time than about 
100 years for the development of an adaptation to a selection pressure.  
 
Exercise 6a: 
Genetic drift 
One would assume that the frequency of the mutant allele will decrease slowly because the 
selection pressure on the trait exerted by the epidemics ceases to exist. The advantage to 
carry this trait becomes insignificant and therefore the evolution factor of genetic drift will 
lead to a decrease of the frequency over time. 
 
Aufgabe 6b: 
Smallpox became a lethal disease in the 17th and 18th century. After the disappearance of the 
hemorrhagic plague in Europe smallpox then imposed a selection pressure on the mutant 
allele so that the frequency remained constant.  
 
Aufgabe 6c:  
In Scandinavia, Russia and Poland, the selection pressure on the mutant allele existed into 
the 19th century, because hemorrhagic plague existed for a longer period of time in these 
regions. Therefore the mutant allele was still advantageous and it was selected intensely by 
the plague.   
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