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To the Editor,

The outbreak of the COVID-19 pandemic shows a marked 
geographical variation in its prevalence and mortality. 
As no viral mutations have been reported, which can 
explain the important geographical variations, the ques-
tion arises if genetic variation of the host may affect the 
outcome of COVID-19 infection. We therefore postulated 
that the variability in genotype distribution of a number 
of immune-related human plasma proteins showing a 
marked geographical variation [1–3] might partly explain 
the variable prevalence of the COVID-19 infection.

Prevalence and mortality data (per 1,000,000 inhab-
itants) of the COVID-19 infection from a number of Euro-
pean, North-African and Middle East countries were 
included in the study: Algeria, Austria, Belgium, Bul-
garia, Cyprus, Croatia, Czech Republic, Denmark, Egypt, 
Estonia, Finland, France, Germany, Greece, Hungary, 
Iran, Israel, Italy, Jordan, Moldova, the Netherlands, 
Poland, Portugal, Romania, Slovakia, Slovenia, Spain, 
Saudi Arabia, Sweden, Switzerland, Tunisia, Turkey and 
the United Kingdom were included in the analysis. Data 
reported on March 28, 2020 by Johns Hopkins were ana-
lyzed [4]. Furthermore, the time interval since the start of 
the infection in each country was recorded for synchroniz-
ing the data.

Concomitantly, data on the geographical variation 
of a number of immune system-related human plasma 
protein polymorphisms on the deletion/insertion (D/I) 

polymorphism of the angiotensin-converting enzyme 1 
(ACE1) gene [3], human homeostatic iron regulator protein 
(HFE) [2], complement factor C3 [5], haptoglobin [6] and 
vitamin D binding protein [7] were collected from the 
literature.

In the multiple regression analysis model, the prev-
alence of COVID-19  significantly correlated with ACE1 
polymorphism. The other investigated polymorphisms 
(complement C3 [F and S alleles], HFE [C282Y muta-
tion], haptoglobin [Hp1 and Hp2 alleles] and vitamin D 
binding protein [DBP1 and DBP 2 alleles]) did not show 
a significant correlation with COVID-19 prevalence. Figure 
1 shows the regression equation. The log-transformed 
prevalence of COVID-19 in 33 countries (on April 1, 2020) 
negatively correlated with the ACE D allele frequency: log 
(prevalence; no. of cases/106 inhabitants) = 6.074 − 0.064 
(D-allele frequency, %), r2 = 0.410; p = 0.0001. The model 
improved when the onset of the epidemic in each country 
was taken into account: log (prevalence; number of 
cases/106 inhabitants) = 6.163 − 0.055 (D-allele frequency, 
%) − 0.012 (days since Jan 1, 2020), r2 = 0.476; p < 0.0001. 
Similarly, COVID-19-associated mortality did only corre-
late with ACE1: log (mortality; number of cases/106 inhab-
itants) = 4.767 − 0.070 (D-allele frequency, %), r2 = 0.285; 
p = 0.01, and not with any of the other investigated plasma 
protein polymorphisms. Also, this correlation improved 
when the onset of the epidemic was taken into account: 
4.955 − 0.055 (D-allele frequency, %) − 0.026 (days since 
Jan 1, 2020), r2 = 0.457; p < 0.0001.

Our findings suggest that the ACE1 D/I polymorphism 
may be regarded as a confounder in the spread of COVID-
19 and the outcome of the infection [8]. The findings are 
remarkable as all plasma protein polymorphisms investi-
gated show a certain East-West gradient in Europe [6, 7], 
which is pleading against the bystander role of the ACE D/I 
polymorphism as a biomarker for historical migrations in 
the remote past, which passively comigrates with causal 
genetic factors involved in COVID-19 infection. These find-
ings are in agreement with the role of ACE in lung infec-
tions caused by coronaviruses [9]. The strength of the 
association is further highlighted by the variable policy 
vs. the COVID-19 threat in the various countries during 
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the early phase of the COVID-19 outbreak and the variable 
onset of the infection in the studied countries. The D/I pol-
ymorphism in intron 16 of ACE1 is associated with altera-
tions in circulating and tissue concentrations of ACE. The 
deletion is associated with a reduced expression of ACE2. 
Coronaviruses (severe acute respiratory syndrome corona-
virus [SARS-CoV] and SARS-CoV-2) are able to bind to their 
target cells through ACE2 [9, 10]. ACE2 facilitates rapid 
viral replication, whereas depletion of ACE2 from the cell 
membrane enhances the damaging effects of Ang II in the 
lung [8]. As the ACE D/I genotype might be involved in the 
pathogenesis of COVID-19 infection, further studies are 
required to assess the clinical outcome of COVID-19 infec-
tion in ACE DD, DI and II carriers and to study the exact 
role of the ACE polymorphism in COVID-19 infection and 
its therapy response. Including ACE D/I polymorphism 
into mathematical models describing COVID epidemics 
could improve model accuracy.

Author contributions: All authors have accepted respon-
sibility for the entire content of this manuscript and 
approved its submission.
Research funding: None declared. 
Employment or leadership: None declared.
Honorarium: None declared.
Competing interests: Authors state no conflict of interest.
Informed consent: Informed consent was obtained from 
all individuals included in this study.
Ethical approval: N/A.

References
1. Cavalli-Sforza LL, Menozzi P, Piazza A. The history and geogra-

phy of human genes. Princeton University Press: Princeton, NJ, 
USA, 1994:1–1088.

2. Lucotte G, Dieterlen F. A European allele map of the C282Y 
mutation of hemochromatosis: Celtic versus Viking origin of the 
mutation? Blood Cell Mol Dis 2003;31:262–7.

3. Saab YB, Gard P, Overall A. The geographic distribution of the 
ACE II genotype: a novel finding. Genet Res 2007;89:259–67.

4. www.worldometers.info/coronavirus/countries. Assessed 
March 28, 2020.

5. Delanghe JR, Speeckaert R, Speeckaert MM. Complement C3 
and its polymorphism: biological and clinical consequences. 
Pathology 2014;46:1–10.

6. Langlois M, Delanghe J. Biological and clinical significance of 
haptoglobin polymorphism in man. Clin Chem 1996;42:1589–600.

7. Speeckaert M, Huang G, Delanghe J, Taes YE. Biological and 
clinical aspects of the vitamin D binding protein (Gc-globulin) 
and its polymorphism. Clin Chim Acta 2006;372:33–42.

8. Kuba K, Imai Y, Penninger JM. Angiotensin-converting enzyme 2 
in lung diseases. Curr Opin Pharmacol 2006;6:271–6.

9. Delanghe JR, Speeckaert MM, De Buyzere ML. The host’s 
angiotensin-converting enzyme polymorphism may explain 
epidemiological findings in COVID-19 infections. Clin Chim Acta 
2020;505:192–3.

10. Yan R, Zhang Y, Li Y, Xia L, Guo Y, Zhou Q. Structural basis for 
the recognition of the SARS-CoV-2 by full-length human ACE2. 
 Science 2020;367:1444–8.

40 45 50 55 60 65 70
ACE D-allele frequency, %

100,000

10,000

1000

100

10

1

N
o.

 o
f C

ov
id

-1
9 

ca
se

s,
 n

/m
ill

io
n

Figure 1: Prevalence of COVID-19 in 33 countries (on April 1, 2020) 
vs. ACE1 D-allele frequency (%): log (prevalence; no. of cases/106 
inhabitants) = 6.074 − 0.064 (D-allele frequency, %), r2 = 0.410; 
p = 0.0001.
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