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This paper aims to make a contribution to a broad gene-culture coevolution theoretical
framework. Urbanization is often seen as a proxy for complex social organization: the size of the
largest city in a region has been a function of the scale of political organization (Morris, 2013:
165).. Urban settlements with population more than 1000 residents can be dated as early as 7000
BCE (Morris, 2013). Increased population density may drive infectious disease rate upward.
Therefore, ancient urbanization may be associated with history of pathogens. In this paper we
studied the potential impact of ancient urbanization on selection of genes responsible for

resistance to infectious diseases, using the ADH1B*48His as an example.

This gene is encoding an enzyme alcohol dehydrogenase that oxidizes ethanol to acetaldehyde.
The gene is polymorphic. A gene variant called ADH1B*48His is reported to be associated with
faster accumulation of acetaldehyde in the blood. That results “flushing syndrome” — elevated
blood flow, dizziness, accelerated heart rate, sweating and nausea (Mulligan et al., 2003); and
due to these symptoms carriers of the allele are reported to consume less alcohol and to be less
exposed to alcohol abuse and alcohol dependence. There is a substantial variation among
populations on the ADH1B*48His allele frequency (Borinskaya et al., 2009) and strong evidence

of selection of this gene variant at least in some populations (Li et al., 2011).

There is a vast literature on the relationship between ancient urbanization and the rise and spread
of infections: ancient urbanization is strongly associated with the increase in pathogen load.
Urban settlements show larger populations and much higher population density what facilitates
emergence and spread of particular infections, or ‘crowd diseases’ (Clark, 2010; Barnes, 2005;

Cook, 2013; Shug et al., 2013; Miksic, 1999).
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It can be thus defined as a reciprocal effect: on the one hand, ancient urbanization is likely to
lead to explosion of infectious diseases that became the main mortality reason for population..
On the other hand, earlier urbanization means early start of selection of genes associated with

natural resistance to these infections.

Infectious diseases affect natural selection: carriers of genes resistant to diseases are ‘winners’ of
evolution. Therefore, we guess that ancient urbanization, followed by the increase in infectious
diseases may cause higher frequencies of gene variants that are associated with resistance to

infectious diseases.

We found at least one paper that supports our argument. Ancient urbanization is reported to be
connected with the frequency of an allele (SLC11A1 1729 + 55del4) associated with natural
resistance to intracellular pathogens such as tuberculosis and leprosy (Barnes et al., 2010: 2010).
They found a highly significantly correlation with duration of urban settlement — populations
with a long history of living in towns are better adapted to resisting these infections. We suggest

a similar causal mechanism in our case.

Data

Data on ancient urbanization and index of historical pathogens prevalence suggested by

Murray and Schaller (2010). Using data from the OpenHistory Project (OpenHistory Project) and
Chandler (1987) we construct two variables: a) Number of cities at 650 BCE — the number of
cities that existed in a particular geopolitical area at 650 BCE (not including those one that were
destroyed or abandoned before this date); b) Urban population estimate at 650 BCE — an
approximate estimate of urban population in all existing cities in a particular geopolitical area.
Then we created another variable - Urban history — measured as ‘2000 - year of the first urban
settlement’ (for 40 populations/ regions).

To measure historical prevalence of pathogens, we use the both 7 and 9 items indices

suggested by Murray and Schaller (2010). It is pathogens prevalence 7 and 9 variables. Murray
and Schaller (2010) composed their historical pathogen prevalence indices based on two sources
— Rodenwaldt’s and Bader’s World-atlas of epidemic diseases (Rodenwald and Bader, 1952,
1961) and Simmons et al.’s Global epidemiology. (Simmons et al., 1944). We referred to these
editions to obtain data on each infections: leishmaniasis, schistosomiasis, leprosy, malaria,
typhus, filariasis, dengue, and tuberculosis. A 4-point coding scheme was employed: 0 =
completely absent or never reported, 1 = rarely reported, 2 = sporadically or moderately reported,

3 = present at severe levels or epidemic levels at least once. Based on this data we created



variables on level of prevalence of these infections following the same coding procedure as in
the Murray and Schaller’s paper (2010) for required populations.
Data on the ADH1B*48His allele frequency were taken from the ALFRED database. Cases

were selected from the ALFRED database by: a) Presence of at least 50 individuals in the
sample; b) Ability to match this ethnic group with an existing polity; c) exclusion of ‘mixed’
populations (like ‘Indians (mixed)’, ‘South Africans’ and ‘Taiwanese’). Finally, some cases were
omitted because data on pathogens prevalence and urbanization are unavailable. No population
from the New World was included. Forty populations meet these requirements. These
populations are: Moroccans, Saharawi, Iranian, Kazakh, Kyrgyz, Mongolians, Tajik, Uzbek, Han
Chinese, Japanese, Koreans, Filipino, Thai, Malaysians, Papuan New Guinea, Turks,
Belorussian, Croatian, Czech, Danes, English, Finns, French, German, Greeks, Hungarian, Irish,
Italians, Norwegians, Poles, Romanians, Russians, Slovaks, Spaniards, Swedes, Ukrainian,
Armenian, Turkman, Cambodians, and Vietnamese.

To test that correlations are not the result of interregional differences (Europe vs. Asia) we also
study interregional correlations. To make such a robustness test, we used 61 Central, East and
South-East Asian populations with the highest frequencies of the ADH1B*48His allele (values
higher than 0.250). It is mostly Chinese regional/provincial level (48 populations); we also add
populations from Central Asia (Tajiks and Uzbeks), East Asia (Koreans, Japanese, Laoloum,
Vietnamese, Thai, Mongolians, Malaysians, and Filipino) and from the Pacific (Australian
Aborigines and Maori) to this sample. We take these data from Peng et al. (2010) and the
ALFRED database

Methods
We use a four-step correlation test to find association between ancient urbanization, historical

prevalence of pathogens and the ADH1B*48His allele frequency.

Results.

Firstly, we correlated (Pearson’s correlation) index of historical prevalence of pathogens (both 7
and 9 items) with Number of cities at 650 BCE and Urban population estimate at 650 BCE, on
17 geopolitical regions. Urban population correlates with the 9-item Index of historical diseases
(r=0.583, p=0.013), and it’s almost significant for the 7-items index (r=0.480, p=0.051). We also
found significant correlations between number of ancient cities and both 9-item (r=0.594,
p=0.012) and 7-item indices (r=0.563, p=0.018) of historical diseases. On the level of separate
infections in this sample, both Urban estimate and N of cities are both correlated with

leishmaniasis (r=0.608, p=0.010; r=0,698, p<0.01 respectively), dengue (r=0.771, p<0.01;
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r=0.800, p=<0.01 respectively), and schistosomiasis (r=0.705, p<0.01; r=0.593, p=0,012
respectively); N of cities is marginally correlated with leprosy (r=0.524, p=0.045) and typhus
(r=0.496, p=0.043).

Secondly, we correlated Urban history with the Index of historical prevalence of pathogens
(Pearson’s correlation), and then separate infections (Spearmen’s correlation), on 40 populations.
We find strong and negative correlation between urban history and the index of historical
prevalence of pathogens (r=0.481, p<0.01).

The connection between urbanization and infections is even stronger if one focuses on the
separate infections’ level. The relationship between Urban history and leishmaniasis (r = 0.658,
p<0.01) is extremely strong and powerful. These findings are consistent with previous results
that reveal the relationship between urbanization and distribution of leishmaniasis in the modern
world, especially in developing countries (e.g., WHO leishmaniasis, 2014; Desjeux, 2001).
These findings support our argument on the significant relationship between urbanization history
and pathogens’ load.

Thirdly, we correlated the ADH1B*48His allele frequency with the index of historical
prevalence of pathogens (Pearson’s correlation). The correlation index is positive and significant
(r=0.605, p<0.01). When we test separate infections (Spearmen’s correlation), we find stronger
correlations. The most significant infections are dengue (r=0.696, p=<0.01), malaria (r=0.643,
p<0.01) and filariasis (r =0.543, p<0.01).

Other correlations are also significant: leprosy (r=0.581, p<0.01, N=34), leischmanias (r = 0.516,
p<0.01), and schistosomiasis (r = 0.478, p<0.01). Then we correlated the ADH1B*48His allele
frequency with history of urbanization. Again, we found positive significant correlation (r
=0.354, p = 0.025). In our opinion, it provides an evidence for our main argument on relationship
between urbanization, historical pathogen prevalence and some allele frequencies.

Finally, we limited our scope only by East Asian populations. For these populations there is
some evidence of ADH1B*48His allele selection (Li et al., 2011). To do that we pooled together
data on the ADH1B*48His frequency in East Asian populations, including regional/provincial
level in China (ALFRED; Peng et al., 2010): 61 populations, including 48 regional/provincial
Chinese populations. We correlated of the ADH1B*48His allele frequency with distribution of
separate infections (Spearmen’s correlation) (leischmaniasis, schistosomiasis, malaria, typhus,
filariasis, dengue and ascariasis). Our results support previous findings; almost all correlations
are strong and significant: filariasis (r = 0.653, p<0.01), ascariasis (r = 0.495, p<0.01), dengue (r
= 0.487, p<0.01), malaria (r = 0.472, p<0.01), schistosomatoiasis (r = 0.467, p<0.01) and
leishmaniasis (r = 0.305, p=0.017).



Conclusions. We find strong and significant correlations between ancient urbanization,
historical prevalence of pathogens and ADH1B*48His allele frequency. Our results
cornacyrores ¢ findings of Fumagalli et al (2011), who found correlation between frequency of
ADH1B*48His with pathogen load, and are complimentary to the findings of Peng et al. (2010).
This study revealed the close association of the ADH1B*48His allele frequency and history of
rice domestication among East Asian populations. The authors suggested that this association
could be interpreted as a selective pressure against increased alcohol intake koTopoe Bo3HHKIIO
kak by-product of rice domestication. We provide an alternative explanation: the very process of
irrigation-based agriculture where peasants had to spend many hours with naked feet in slack
water could lead to an increased exposure of these peasants to various infectious diseases. The
exposure to infectious diseases, not increased consumption of alcohol beverages would create a
selective pressure on populations.

We hope that this paper can make at least two contributions to the field. Firstly, we show that
variation in the ADH1B*48His allele frequency among populations can be at least partially
explained by trends in ancient urbanization, the followed increase in pathogen load and selection
pressure for resistance to infectious diseases. Initially we use the index of historical pathogens
prevalence and then we examine the effect of separate infections it consists of. Secondly, on the
theoretical level we suggest a conceptual framework of allele frequency variation among
populations. We argue that this variation may be explained by social factors like emergence of
the first urban settlements and states. Urbanization means the rise in population density and
radical increase in infectious diseases that could become a powerful mechanism of genetic

selection and genetic mutations.
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