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Summary 
Knowledge of genomic interindividual variability could help us to 
explain why different manifestation of clinical severity of Covid-19 
infection as well as modified pharmacogenetic relations can be 
expected during this pandemic condition. 
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Trying to understand clinical aspects of 
coronavirus infection, not only pure immunological 
mechanisms must be considered. The novel coronavirus 
uses the same receptor, angiotensin-converting enzyme 2 
(ACE2) as that for SARS-CoV (Guo et al. 2020). 

Three major functions of ACE2 have been 
described so far. First, ACE2 emerges as a potent 
negative regulator of the renin-angiotensin-aldosterone 
system (RAS), counterbalancing the multiple functions of 
ACE. By targeting angiotensin II, ACE2 exhibits 
a protective role in the cardiovascular system and many 
other organs (Kim et al. 2010). Second, ACE2 has been 
identified as an essential receptor for the severe acute 
respiratory syndrome (SARS) coronavirus, which causes 
severe acute lung failure. Downregulation of ACE2 
strongly contributes to the pathogenesis of severe lung 
failure. Third, both ACE2 and its homologue collectrin 
can associate with amino acid transporters and play  
an essential role in the absorption of amino acids in the 

kidney and gut (Kuba et al. 2005, Kuba et al. 2010). In 
the context of critical illness, the regulation of the 
classic/nonclassic RAS balance plays a unique role in the 
response to vasodilatory shock and acute respiratory 
distress syndrome (ARDS) (Bitker and Burrell 2019). 

As mentioned, the angiotensin‐converting 
enzyme 2 (ACE2) was identified the functional receptor 
for SARS‐CoV in human tissues (Hamming et al. 2004). 
ACE2 protein was found to be is expressed on lung 
alveolar epithelial cells and enterocytes of the small 
intestine, i.e. cells in contact with the external 
environment. ACE2 was present in arterial and venous 
endothelial cells and arterial smooth muscle cells in many 
organs (Hamming et al. 2004). The type I and type II 
pneumocytes were found to by markedly positive for 
ACE2; on the contrary, bronchial epithelial cells show 
only weak staining (Hamming et al. 2004). 

Therefore, during clinical manifestation of 
infection, main regulatory physiological mechanisms of 
cardiovascular and other organ systems including lungs, 
kidneys, brain etc. can be modified. Due to Covid-19, 
previously defined physiological equilibrium between 
classic (ACE) and non-classic arms (ACE2) of the RAS 
can be shifted (Boehm and Nabel 2002, Crackower et al. 
2002). It is known that renal ACE/ACE2 ratio has 
a significant impact on a variety of diseases including 
diabetes and hypertension (Mizuiri and Ohashi 2015). 

The elderly and people with underlying disease 
(hypertension, diabetes mellitus, CHOPN, cardiovascular 
diseases) seem to be more susceptible to Covid-19 and 
tend to develop into critical conditions. The disease tends 
to progress faster in elderly people, with the median 
number of days from the occurrence of the first 
symptoms to death shorter among people aged 65 years 
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or more. Complications included acute respiratory 
distress syndrome (ARDS), arrhythmia, shock, acute 
kidney injury, acute cardiac injury, liver dysfunction and 
secondary infection. The poor clinical outcome was 
related to disease severity (Guo et al. 2020). 

On the other hand, we can observe also younger 
persons without another disease condition, which died to 
new coronavirus infection. Why? This question leads us 
to potential genetic background association with 
individual variability in the infection response. The first 
possibility could be analysis of genes coding for ACE 
and/or ACE2. 

The ancestral D allele of I/D angiotensin-
converting enzyme (ACE) gene polymorphism was 
selected as a candidate to confirm the 'thrifty genotype' 
hypothesis in the framework of evolutionary ecology. The 
D allele of ACE gene is not only plastic in response to its 
environmental circumstance (temperature, humidity) but 
also presents a striking geographic distribution showing the 
evidence of 'signatures of selection' by climate factors (Li 
et al. 2011). In 1999, our group published how interaction 
between polymorphism I/D ACE and ABO blood group 
system could significantly modify mean values of blood 
pressure and a phase shift of 24 h BP periods corrected for 
sex and BMI in Czech population (Vašků et al. 1999). 

Later, we prove a significant association of ACE2 
gene polymorphisms (rs4646156 and rs4646174) with 
central pulse pressure (PP) measured coronarographically 
in Czech cardiovascular patients (Vašků et al. 2013). The 
values of PP were higher in women; significant differences 
among five genotypes in the population (X-linked heredity 
of ACE2) were distinguishable which could be of great 
importance in severe clinically ill patients with Covid-19 

infection. We attempted testing ACE2 genotypes as 
possible independent predictors of central PP using 
multivariate analysis. The most suitable model included 
brachial PP, age, ACE2 rs4646174 genotypes and the 
number of affected arteries (as indicator of cardiovascular 
disease severity). 

In the study, a significant association of genotypes 
of ACE2 rs4646156 and rs4949174 polymorphisms with 
body height, weight (but not with body mass index) and 
with creatinine plasma levels were found. Also, several 
clinical states have been associated with central pulse 
pressure (genetically co-determined by ACE2 gene) in 
these patients indicated to coronarography: hypertension 
(P=0.01, Table 1), diabetes mellitus (P=0.002), 
combination of hypertension and diabetes mellitus 
(P=0.006, Table 2) and even combination of hypertension, 
diabetes mellitus and hyperlipoproteinemia (P=0.02) 
(unpublished data, data set to publication Vasku et al. 
2013). In all these conditions, central pulse pressure was 
significantly higher in persons with these diseases and/or 
their combinations. In Chinese epidemiological study, in 
men, SNP rs4646174 of the ACE2 gene was significantly 
associated with systolic BP (SBP), DBP, and mean arterial 
pressure (MAP) responses to potassium supplementation 
(Zhao et al. 2010). But, Chinese population minor allele 
frequency seems to be significantly lower (MAF=0.038) 
compared to substantially higher frequency observed in our 
group of patients (MAF=0.334) which could be of 
functional importance. Other studies associated different 
ACE2 polymorphisms with cardiovascular, diabetic and/or 
respiratory phenotypes (Lieb et al. 2005, Patel et al. 2012, 
Pan et al. 2018, Liu et al. 2018, Chiu al. 2004), but the 
results are often inconsistent. 

 
 
Table 1. Pulse pressure in aorta (PP_ao) in hypertensive and non-hypertensive patients. 
 

Hypertension 
PP_ao 

N 
PP_ao [mm Hg] 

Median 
PP_ao [mm Hg] 

Minimum 
PP_ao [mm Hg] 

Maximum 
P-value 

No 78 63 0 114 
0.01 

Yes 229 69 0 123 
All Groups 307 68 0 123  

 
 
Table 2. Pulse pressure in aorta (PP_ao) in patients with both hypertension and diabetes. 
 

Hypertension + 
diabetes mellitus 

PP_ao 
N 

PP_ao [mm Hg] 
Median 

PP_ao [mm Hg] 
Minimum 

PP_ao [mm Hg] 
Maximum 

P-value 

No 240 67 0 118 
0.006 

Yes 67 71 34 123 
All Groups 307 68 0 123  
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Due to linkage disequilibrium in genome,  
an important association for the combination of I/D ACE 
DD genotype with G8790A ACE2 GG genotype 
(DD/GG) on Brazilian female subjects was found, that 
conferred a significant 7-times increased risk of 
hypertension compared to individuals carrying the II/GG 
genotype in Brazilian population (Pinheiro et al. 2019). 

Due to COVID-19 pandemic condition, role of 
therapeutical renin-angiotensin system inhibition in 
patients with COVID-19 started to be discussed 
(Aleksova et al. 2020). According to our previous results, 
inhibitors of ACE were given almost twice more 
frequently to cardiac men with G0 genotype in ACE2 
rs4646174 polymorphisms compared to those with 
C0 genotype (P=0.03, OR=1.88, 95 % CI 1.03-3.81, 
sensitivity 0.75, specificity 0.40). The cardiac men with 
A0 genotype in ACE2 rs4646156 polymorphisms were 
almost three times more frequently treated by AT1R 
blockers compared to those with T0 genotype (P=0.04, 
OR 2.93, 95 % CI 1.03-8.33, sensitivity 0.56, specificity 
0.70). No similar pharmacogenetic association were 

observed in women. Of course, treatment decision was 
done by clinicians, without information about ACE2 
genotypes (unpublished results, data set to publication 
Vašků et al. 2013). 

All these results support the importance of 
knowledge of genetic (better genomic) interindividual 
variability for prediction of population susceptibility to 
Covid-19. Due to different population frequencies of 
susceptibility gene alleles related to adaptation of these 
populations, different manifestation of clinical severity of 
Covid-19 infection as well as stratification of expected 
pharmacogenetic effects can be expected in worldwide 
population. 
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