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s u m m a r y 

COVID-19 has shown a relevant heterogeneity in spread and fatality among countries together with a sig- 

nificant variability in its clinical presentation, indicating that host genetic factors may influence COVID-19 

pathogenicity. Indeed, subjects carrying single pathogenic variants of the Cystic Fibrosis (CF) Transmem- 

brane Conductance Regulator ( CFTR ) gene – i.e. CF carriers – are more susceptible to respiratory tract 

infections and are more likely to undergo severe COVID-19 with higher risk of 14-day mortality. 

Given that CF carrier prevalence varies among ethnicities and nations, an ecological study in 37 coun- 

tries was conducted, in order to determine to what extent the diverse CF carrier geographical distribution 

may have affected COVID-19 spread and fatality during the first pandemic wave. 

The CF prevalence in countries, as indicator of the geographical distribution of CF carriers, significantly 

correlated in a direct manner with both COVID-19 prevalence and its Case Fatality Rate (CFR). In a regres- 

sion study weighted for the number of tests performed, COVID-19 prevalence positively correlated with 

CF prevalence, while CFR correlated with population percentage older than 65-year, cancer and CF preva- 

lence. Multivariate regression model also confirmed COVID-19 CFR to be associated with CF prevalence, 

after adjusting for elderly, cancer prevalence, and weighting for the number of tests performed. 

This study suggests a putative contribution of population genetics of CFTR in understanding the spatial 

distribution of COVID-19 spread and fatality. 

© 2022 The Author(s). Published by Elsevier Ltd on behalf of The British Infection Association. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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The COVID-19 pandemic has shown a significant variability in 

pread and fatality among geographical areas. 1 While demographic, 

ocioeconomic and environmental factors explain to some extent 

uch geo-epidemiological variability, 2–4 it’s conceivable that the ge- 

etic profile of populations may also influence COVID-19 spatial 

pread and fatality. 5 

At individual level, several genetic variants have been identi- 

ed in association with severe COVID-19. 6–10 In particular, we have 

hown with the GEN-COVID consortium, 11 that individuals carrying 

ingle pathogenic variants of the Cystic Fibrosis Transmembrane 

onductance Regulator (CFTR) gene – i.e. CF carriers - are more 

ikely to undergo the severe form of COVID-19 and have higher risk 

f 14-day mortality. 11 In addition, ultra-rare variants of CFTR have 

een identified in association with COVID-19 severity. 9 The CFTR 
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ene encodes for a chloride and bicarbonate channel expressed on 

he apical membrane of epithelial cell. 12 If both copies of CFTR ex- 

ibit pathogenic variants, individuals develop Cystic Fibrosis (CF), 

 severe congenital disease characterized by high viscosity of se- 

reted fluids and by an abnormal inflammatory cascade. 12 

CF prevalence varies significantly among ethnicities - and 

herefore nations - being more frequent in Caucasian (1/2500) 

nd Ashkenazi Jews (1/2300) compared to African Americans 

1/15,0 0 0) and Asians (1/35,0 0 0). 13 Importantly, given that CF is an

utosomal recessive inherited disorder, CF prevalence in a specific 

ountry is considered an indicator of the prevalence of CF carriers 

mong those inhabitants. 12 CF carriers are more likely to undergo 

espiratory tract infections 14 , 15 and have higher risk of the severe 

orm of COVID-19. 11 Therefore, our hypothesis is that the CF preva- 

ence of different populations could be an additional factor that 

ay contribute to explain the high variability of COVID-19 spread 

nd CFR among countries. 1 

Here we present an ecological study 16 in 37 countries on 

he prevalence of officially registered CF patients 12 in relation to 
ion Association. This is an open access article under the CC BY license 
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OVID-19 prevalence and CFR during the first pandemic wave. Such 

ime frame is chosen in order to avoid possible confounding fac- 

ors from the immune protection generated by prior exposure, as 

ccurs in subsequent waves. 17 The final aim is to investigate a pu- 

ative scaled impact of CFTR population genetics on COVID-19 geo- 

pidemiological variability. 

ethods 

Data on the crude CF cases where collected from 37 countries 

hrough the official registry reports, available online, of the Cys- 

ic Fibrosis Foundation ( https://www.cff.org ), the European Cys- 

ic Fibrosis Society ( www.ecfs.eu ), and the Cystic Fibrosis Canada 

 www.cysticfibrosis.ca ), all recording CF patients for over 20 years. 

he prevalence of COVID-19 cases was obtained from the World 

ealth Organization at the end of the first pandemic wave, i.e. 

n June 1, 2020. Population data were taken from the Population 

eference Bureau (PRB) ( www.prb.org ). Data on population den- 

ity, age, and cancer prevalence were obtained from the datasets 

f the World Bank ( www.data.worldbank.org ). Data on the tests 

erformed and the stringency index (SI) – a composite measure 

f 9 indicators of national responses, including school/workplaces 

losure, travel bans - were taken from the datasets of Our World 

n Data ( https://ourworldindata.org/ ). The SI of the first pandemic 

ave for each country was considered as the average of the daily 

ndex from January 21 to June 1, 2020. The relationship between 

ariables was explored using Pearson’s correlation methods after 

ogarithmic transformation. Multiple linear regression method was 

sed to study the relationship between COVID-19 prevalence/CFR 

nd explanatory factors like the population age. When indicated, 

ata were weighted for the number of tests performed (per 10 0 0 

nhabitants) or by the number of inhabitants in each country. Sta- 

istical analysis was performed with the aid of STATA/IC 15.0 soft- 

are on a Mac workstation. 

esults 

OVID-19 prevalence correlates with CF prevalence 

In the 37 studied countries COVID-19 prevalence directly and 

ignificantly correlated with the prevalence of CF in each country 

 Fig. 1 A; r = 0.45; p = 0.0052 ). Ireland, United Kingdom, Belgium

ere the countries with the highest prevalence of both CF patient 

2.64, 1.56, 1.29 /10,0 0 0 inhabitants respectively), and COVID-19 

ases. 

Considering that substantial variation in national responses to 

he pandemic occurred and that the reported numbers of COVID- 

9 cases were influenced by the number of diagnostic tests ex- 

cuted and by the population size, further liner regression stud- 

es, weighted for each of those values, and adjusted for the SI, 

ere performed. A significant direct correlation was confirmed be- 

ween COVID-19 and CF prevalences when data were weighted for 

he number of diagnostic tests performed ( Fig. 1 B; p = 0.0 0 0 0 )

lso after adjusting for the SI ( R 2 = 0.32; beta = 0.52; CI = 0.39–

.65; p = 0.0 0 0) . Weighting for the number of inhabitants ( Fig. 1 C;

 = 0.0 0 03 ), and additionally adjusting for the SI confirmed the 

nding ( R 2 = 0.39; beta = 0.51; CI = 0.26–0.75; p = 0.0 0 0). 

In addition, in a regression model weighted for the number 

f tests performed, no significant correlation was found between 

OVID-19 prevalence and the percentage of population older than 

5 years (beta = −0.9; CI: −2.38–0.58; p = 0.225) . 

OVID-19 CFR correlates with CF prevalence 

The CFR of COVID-19 significantly correlated in a direct man- 

er with CF prevalence ( Fig. 1 D; r = 0.47, p = 0.0032 ) also
319 
n a regression model weighted for the number of inhabitants 

 Fig. 1 E; p = 0.0068 ) or performed tests ( beta = 0.33; CI: 0.05–0.6;

 = 0.022 ). In addition, COVID-19 CFR correlated with the percent- 

ge of population older than 65 years ( Fig. 1 F; r = 0.47; p = 0.036 )

nd the total cancer prevalence (beta = 1.1; CI: 0.35–1.85 p = 0.005) 

n a regression weighted for the number of tests performed. 

In a multiple linear regression model the correlation between 

F prevalence and COVID-19 CFR was confirmed to be significant 

fter adjusting for the prevalence of people older that 65 years, the 

ancer prevalence and weighting the analysis for the number of 

ests performed ( R 2 = 0.40; beta = 0.32; CI = 0.01–0.64; p = 0.043 ).

iscussion 

This report shows that the country-specific CFR and prevalence 

f COVID-19 during the first pandemic wave directly correlated 

ith the CF carrier prevalence in 37 countries. 

In our previous report on a cohort of 874 COVID-19 patients 

rom Italy, CF carriers had a significant Hazard Ratio for 14-day 

ortality of 3.1 and deaths of CF carriers accounted for 7.27% of 

he deaths of the entire cohort. 11 Considering that Italy reported 

3,415 COVID-19 deaths during the first pandemic wave 1 about 

429 of them would be potentially related to CF carriers. In addi- 

ion, the prevalence of CF carriers in Italy is estimated to be around 

 out of 31 inhabitants, 18 resulting in a projected population of 

bout 2 million Italian and, theoretically, up to 24 million European 

F carriers. As they are more likely to undergo respiratory tract in- 

ections 14 , 15 and severe COVID-19, 11 the burden of COVID-19 mor- 

idity and mortality attributable to the CF-carrier status may be 

elevant. 

Many factors are certainly involved in the etiology of severe 

OVID-19, but preclinical evidences regarding coronavirus attack- 

ng the cell enlighten a putative pathogenic role of CFTR. In-vitro 

tudies have shown that the Spike protein of SARS-CoV-2 binds to 

FTR itself inhibiting its activity 19 and cleavage sites of the coro- 

avirus 3CL pro proteinase have been predicted in the intracellular 

egion of CFTR by computational models. 20 Accordingly, when WT 

nimals are infected by SARS-CoV-2, a reduced mRNA expression 

f CFTR is found in lungs, 21 together with an increased expression 

f the epithelial sodium channel (ENaC) that facilitates sodium ab- 

orption, 21 a pattern similar to the drastic CFTR impairment seen 

n CF. 22 

In this context it’s important to note that while CF carriers have 

een reported to have a COVID-19 related mortality of 10%, 11 indi- 

iduals affected by CF do not undergo severe COVID-19 and their 

ighest reported mortality is 3.87% 

23 raising the hypothesis that CF 

atients may have intrinsic protective factors. 23 

Our study has some limitations. First, being based on country- 

evel data, the described associations don’t demonstrate a causal 

ink between outcomes and predictors. However, the previous re- 

ort on severe COVID-19 and higher death risk in CF carriers 11 to- 

ether with the described preclinical evidences, 19–21 enlighten a 

ossible contribution of CFTR in COVID-19 pathogenesis. Detailed 

aboratory studies in cells expressing single pathogenic CFTR vari- 

nts are required to understand the eventual molecular mechanism 

ehind our findings. Second, testing and data reporting practices 

ight differ substantially among countries – especially during the 

rst pandemic wave and an underestimation of COVID-19 deaths 

ay have occurred. However, COVID-19 data were taken from the 

HO 

1 and other official registries, ensuring the highest reliability 

nd uniformity possible. 

In conclusion, this report suggests a possible contribution of the 

FTR genetic profile of populations in understanding the country 

ariability of COVID-19 spread and fatality. 

https://www.cff.org
https://www.ecfs.eu
https://www.cysticfibrosis.ca
https://www.prb.org
https://www.data.worldbank.org
https://ourworldindata.org/
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Fig. 1. CF Prevalence Correlation with COVID-19 Prevalence and CFR. Panel A shows a scatterplot with line of best fit (red) and the 95% confidence interval (gray), illustrating 

a significant direct Pearson’s correlation between the prevalence of CF and COVID-19 prevalence in 37 countries. r = 0.45, p = 0.0052. In panel B the liner regression model is 

weighted for the number of tests performed per 10 0 0 inhabitants in each country. A positive linear correlation between CF and COVID-19 prevalences is confirmed (R 2 = 0.24; 

p = 0.0 0 0 0). The size of the marker represents the number of tests performed per 10 0 0 inhabitants. Panel C illustrates a linear regression model weighted for the countries’ 

inhabitants. A positive correlation between CF and COVID-19 prevalences is seen (R 2 = 0.38; p = 0.0 0 03). The size of the marker represents the number of inhabitants in 

each country. Panel D shows a scatterplot with line of best fit (red) and the 95% confidence interval (gray), illustrating a significant direct Pearson’s correlation between 

the prevalence of CF and the COVID-19 CFR. r = 0.47, p = 0.0032. Panel E illustrates a liner regression model weighted for the countries’ inhabitants. A positive correlation 

between CF prevalence and COVID-19 CFR is seen (R 2 = 0.40; p = 0.0068). The size of the marker represents the number of inhabitants in each country. In panel F is a 

scatterplot with line of best fit (red) and the 95% confidence interval (gray), illustrating a significant direct Pearson’s correlation between COVID-19 CFR and the percentage 

of inhabitants older than 65-year. r = 0.47, p = 0.036. Prevalence is expressed per 10,0 0 0 inhabitants and all data are in logarithmic scale. 
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