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Abstract:  
COVID-19 pandemic triggered on December 2019, in city of Wuhan, China, spread across the world causing global 
economic crisis and public health emergency. One could ask what are the socio-economic factors that catalyse the 
spread of the disease and why are some countries more plagued with the COVID-19 pandemic? The goal of this paper 
is to investigate the socio-economic catalysers of the COVID-19 spread. For that purpose, a cross-country regression 
analysis was conducted in three time points (April 1, 2020, April 15, 2020 and April 29, 2020) using OLS, Tobit and 
PPML estimators. The results of the analysis have shown that countries with higher gross domestic product per capita, 
population, HDI and HFI indices have been hardly hit with the global COVID-19 pandemic. Other variables have not 
been proven to be significant in the analysis. Limitations of the paper are related to data unavailability for the most 
recent year for some variables and methodology issues related to the fact that reported number of cases might be lower 
than the real number of infected people. Furthermore, some countries and regions in the world have not yet experienced 
the full spread of the disease. Therefore, the results obtained from this analysis should not be taken as conclusive and 
should be repeated taking into account additional time points and COVID-19 socio-economic catalysers. 
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1. Introduction  
The COVID-19 outbreak was triggered on December 2019 in city of Wuhan, Hubei province in China. 
Since then the virus spread across the world, McKibbin and Roshen (2020a). The countries take actions to 
limit the spread of the virus in the form of social isolation policies, limiting work and restricting the mobility 
of people, Maliszewska et al. (2020). The economic consequences of COVID-19 spread were detrimental 
not only to public health systems but to trade and travel, agriculture and food industry, retail chains, finance 
sector and others, Evans (2020). According to McKibbin and Roshen (2020b) a contained outbreak could 
significantly impact the global economy in the short run. Investment in public health systems, especially in 
less developed economies where health care systems are less developed and population density is high, 
could avoid greater scale of costs.  

One could ask what are the socio-economic factors that catalyze the spread of the disease and why are 
some countries more heavily plagued with the COVID-19 pandemic? Various authors have investigated 
those factors. The most often mentioned in recent empirical literature are population and population density 

Deb al., 2020), 
international tourism (Folinas and Metaxas, 2020), lower yearly average temperatures, higher economic 
openness and stronger political democracy (Hossain, 2020), air travel (Hubert, 2020; Keita, 2020), 
international trade, travel and common borders (Krisztin et al., 2020; Ranasinghe et al., 2020), face masks 
(Mitze et al., 2020), immigrant stock (Sirkeci and Yucesahin, 2020), GDP per capita and personal freedom 
(Vigdorovits, 2020) and others. 

Goal of this paper is to investigate the socio-economic catalysers of COVID-19 spread based on the 
previous literature research. The variables that are chosen in the analysis are gross domestic product per 
capita (GDPPC); population density (POPDEN); population (POP); international tourism, number of 
arrivals (TOUR); air transport, passengers carried (AIR); median age (AGE); Human Development Index 
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(HDI) and Human Freedom Index (HFI).The impact of various factors influencing the COVID-19 spread 
(represented with the Total cases of infection variable, TOTAL_CASES) will be investigated using the 
cross-country regression analysis conducted in three time points (April 1, 2020, April 15, 2020 and April 
29, 2020) which is the novel approach in regards to the previous research in this field. Cross-country 
regression models will be then estimated using the OLS, Tobit and PPML estimators. It is expected that the 
analysis will show that aforementioned COVID-19 socio-economic factors will have significant and positive 
impact on the spread of the COVID-19 disease. 

The paper is structured in five sections. After the introduction, in literature review empirical 
investigations on determinants of COVID-19 spread have been discussed and elaborated. In methodology 
and data section a cross-country regression analysis conducted in three time points and estimated using 
OLS, Tobit and PPML estimators has been explained. The data sources for total cases of COVID-19 across 
the world as well as independent variables representing COVID-19 determinants, based on the previous 
literature research, has been used. In results and discussion section main results of the analysis have been 
displayed. Final section concludes, elaborates on limitations of the paper and gives recommendations for 
future research.  
 
2. Literature review 

population is statistically 
significant in regression models for total cases, deaths and total tests of COVID-19 whereas variable 
population density was not. In the case o
shown that variable population density also positively affects the spread of COVID-19. According to Deb 
al. (2020) containment measures, by reducing mobility, restrictions on gatherings and public events, school 
and workplace closings as well as stay-at-home orders have been very effective in flattening the pandemic 
curve. The spread of the COVID-19 disease particularly negatively influenced international tourism which 
is perhaps the main industry mostly negatively impacted by it due to its globalised nature, Folinas and 
Metaxas (2020). Hossain (2020) found that the number of confirmed cases of COVID-19 infection is higher 
in countries with lower yearly average temperatures, higher economic openness and stronger political 
democracy. Air travel was on average responsible for 8-9% percent of all confirmed cases of infection in 
two waves in March, Hubert (2020). Therefore, it is important to adopt social and spatial distancing to 
effectively tackle the COVID-19 spread. Keita (2020) came to the similar conclusions. More connected 
countries registered first cases of infection earlier than less connected countries with the effect reinforced 
by direct flight connections from China.  

Krisztin et al. (2020) used spatial econometric specification to model daily infection rates of COVID-19 
across countries focusing on the number of flight connections, relationships in international trade and 
common borders. In early stages of the infection international flight linkages showed to be the main 
transmission channel. Mitze et al. (2020) used the synthetic control method to analyze the effect of face 
masks on the spread of COVID-19 in Germany. They found that wearing a mask reduce the number of 
confirmed COVID-19 cases between 2.3% to 13% in a period of 10 days after they became compulsory. 
International travel is one of the key contributors of spreading the COVID-19 disease around the globe 
causing tremendous pressure on international tourism and airline industry, Ranasinghe et al. (2020). Sirkeci 
and Yucesahin (2020) argue that monitoring immigrant stock and travel data could help to contain the spread 
of COVID-19. Stojkoski et al. (2020) investigated the potential of 29 socio-economic determinants to 
explain the COVID-19 pandemic spread. However, the true empirical model behind the COVID-19 spread 
is constituted only from a few determinants. Each determinant is able to provide a most credible explanation 
for a particular individual country due to their heterogeneous socio-economic characteristics. Vigdorovits 
(2020) used a gravity model to express the time to a first case of infection as a function of various 
socioeconomic factors. Largest effect on lowering of the survival time had the increase in personal freedom 
index variable. Higher GDP per capita and larger population in a country also reduced the survival time. On 
the other side, a greater distance from the outbreak source increased it. 
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3. Methodology and data 
In this section research methodology and data used in analysis will be explained and elaborated. In order to 
estimate the impact of various determinants on COVID-19 spread, a cross-country regression analysis will 
be conducted in three time points (April 1, 2020, April 15, 2020 and April 29, 2020). The spread of COVID-
19 disease is approximated with the total cases of COVID-19 variable which is dependent variable in the 
model. The data for this variable are provided from the EU Open Data Portal (2020) webpage.  On the other 
side, based on the previous literature research, independent variables representing COVID-19 determinants 
are the following variables: gross domestic product per capita (GDPPC); population density (POPDEN); 
population (POP); international tourism, number of arrivals (TOUR); air transport, passengers carried 
(AIR); median age (AGE); Human Development Index (HDI) and Human Freedom Index (HFI).The data 
for the gross domestic product per capita were available from the World Bank for the year 2018, (World 
Bank, 2020b) as well as for the air transport (World Bank, 2020a), international tourism (World Bank, 
2020c), population density (World Bank, 2020d) and population in total (World Bank, 2020e). In addition, 
the data sources for variables median age, Human Development Index (HDI) and Human Freedom Index 
(HFI) were available from the Global Change Data Lab (2020), Human Development Report Office (2020) 
and Cato Institute (2020) respectively. The data were collected for 111 countries worldwide for the most 
recent years. In most cases it was the year 2018 for non-COVID-19 variables. In Equation 1 is presented a 
cross-country regression model for estimation of COVID-19 spread in a logarithmic form. 

 
It is expected to obtain a positive sign of the regression coefficient for all observed variables in the 

estimated regression models. The spread of COVID-19 infection is thought to be positively correlated with 
an increased GDP per capita, population and population density, the number of tourists and air arrivals in a 
country as well as with the higher median population age, Human Development Index (HDI) and Human 
Freedom Index (HFI). For some countries there are values of zero for Total cases variable in particular 
observed time points. In that cases, the value of this variable was set to 1 because the logarithmic value of 
zero is not defined. However, that can lead to significant biases. In order to take into account the cases of 
zero infection, Poisson Pseudo Maximum Likelihood (PPML) model will be estimated (Equation 2). Santos 
Silva and Tenreyro (2011) showed that PPML model could perform very well in the situations when 
proportion of zeroes in data is quite large. 

 
Alongside with the PPML model, the censored Tobit model (Tobin, 1958) will be employed in the 

analysis. Tobit model is often used to analyse data for which the substantial fraction of the observations is 
equal to zero and the part of the observations on the dependant variable is left censored. 
 

4. Results and discussion 
The basic descriptive results for the observed variables are given in Table 1. There are 111 countries 
included in the analysis. TC represents total cases of infection recorded on April 1st, April 15th and April 
29th, 2020. On April 1st countries with the most cases of infection were United States of America with 
189,618 cases, Italy 105,792, Spain 94,417, China 82,295 and Germany with 67,366 cases of infection. On 
the other side, countries with the least cases of infection were Malawi and Papua New Guinea with only one 
case of infection in the observed time points. Countries having the highest median age or oldest population 
are Japan (48.2 years old) and Italy (47.9 years old) while the youngest median population have Angola 
(16.8 years old) and Gambia (17.5 years old). The most densely-populated country is Singapore (7,953 
inhabitants per square kilometre) while the least densely-populated countries are Mongolia (2.04) and 
Australia (3.24).  
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Table 1 Descriptive statistics of observed variables, n=111 (Author's calculations) 

  
Mean Median Maximum Minimum Std. Dev. Skewness Kurtosis 

Jarque-
Bera 

Sum 
Sum Sq. 

Dev. 
  TC (1.4.) 7,065.91 533. 189,618. 1 24,578.82 5.18 33.01 4,663.96 784,316. 6.65E+10 
TC (15.4.) 16,436.74 1,373. 609,516. 2 64,134.04 7.564786 67.84 20,507.81 1,824,478. 4.52E+11 
TC (29.4.) 25,770.19 2,131. 1,012,583. 7 102,319.40 8.343725. 79.61 28,438.67 2,860,491. 1.15E+12 

HDI 0.76 0.79 0.94 0.43 0.13 -0.71 2.72 9.91 84.98 1.87 
HFI 7.12 6.93 8.88 4.50 0.97 -0.103999 2.29 2.51 790.53 103.37 
AGE 33.23 32.60 48.20 16.80 8.48 -0.218123 2.04 5.10 3689.50 7,911.16 
AIR 37,002,028 5,365,261. 8.89E+08 8,904. 1.06E+08 6.192905 45.74 9,161.60 4.11E+09 1.24E+18 
TUR 11,392,046 3,939,000. 89,322,000 140,000. 17,335,566 2.657974 10.44 386.89 1.26E+09 3.31E+16 
POP 55,084,185 10,629,928 1.39E+09 96,762. 1.86E+08 6.495075 45.95 9,313.78 6.11E+09 3.82E+18 

POPDEN 226.38 83.22 7952.99 2.04 783.87 8.891176 86.91 34,032.71 25,129.08 67,590,569 
GDPPC 18,515.77 9272.62 116,639.90 389.39 21,767.05 1.807948 6.52 117.88 2,055,25 5.21E+10 

 
In Table 2 are presented the results of correlation testing between the independent variables in the analysis. 
It can be noticed that there is a positive linear relationship between some pairs of variables (AGE-HDI) and 
(GDPPC-HDI). There could be potential problem of multicollinearity referring to a situation when two or 
more explanatory variables in a multiple regression model are highly linearly related. 
 

Table 2 Correlation matrix (Author's calculations) 
  HDI HFI AGE AIR TUR POP POPDEN GDPPC 
HDI 1 0.66960 0.86786 0.20735 0.37576 -0.05827 0.16548 0.71252 
HFI 0.66960 1 0.68778 0.12090 0.22561 -0.12091 0.12259 0.61023 
AGE 0.86786 0.68778 1 0.18152 0.43803 0.00920 0.14095 0.55003 
AIR 0.20735 0.12090 0.18152 1 0.62495 0.60086 -0.00284 0.24420 
TUR 0.37576 0.22561 0.43803 0.62495 1 0.35218 0.02000 0.27283 
POP -0.05827 -0.12091 0.00920 0.60086 0.35218 1 -0.00609 -0.07491 
POPDEN 0.16548 0.12259 0.14095 -0.00284 0.02000 -0.00609 1 0.23344 
GDPPC 0.71252 0.61023 0.55003 0.24420 0.27283 -0.07491 0.23344 1 

 
In Table A1 are presented the results of a cross-country regression analysis for COVID-19 spread. The 
regressions were made for three time points (April 1st, April 15th and April 29th, 2020) using the OLS and 
PPML estimators and Tobit model. All three models are estimated in a logarithmic form. There are 111 
observations in total for all three models in the observed time points. Adjusted R-square for the OLS model 
is on a satisfactory level around 0.8, meaning that estimated model is very well explained with its 
explanatory variables. The values of Durbin-Watson statistic are little higher than 2 meaning that there is 
no autocorrelation detected in the sample. The rule of thumb says that D-W test statistic values in the range 
of 1.5 to 2.5 are relatively normal but the values outside this range could be cause for concern, especially 
under 1 or more than 3.  

The results of a cross-country regression analysis for COVID-19 spread are similar for all three models. 
Variables GDPPC, POP and HDI have been positively significant in majority of regression models and time 
points. In addition, variable HFI was positively significant in regression model related to April 1st and April 
15th time points. This result was highly expected according to economic theory. On the other side, variables 
POPDEN, TOUR, AIR and AGE have not been proven to be significant in the analysis. However, further 
investigation in this important field of research should be made. Variables TOUR and AIR could be 
considered crucial at the beginning of the COVID-19 spread, when the first cases have appeared. Later on, 
other factors such as anti-
population density can also catalyse the spread of COVID-19 alongside with the population variable. There 
is a methodology issue that the reported number of cases could be lower than the real number of infected 
people respectively. Some countries such as India, Brazil and majority of African countries have not yet 
experienced the spread of the disease, so that can affect considerably the overall results of the analysis.  
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5. Conclusions  
Goal of this paper was to investigate the determinants of the COVID-19 spread. For that purpose a cross-
country regression analysis, using OLS, PPML and Tobit estimators, have been conducted in three time 
points (April 1st, April 15th and April 29th, 2020). The results of the analysis have shown that variables 
GDPPC, POP and HDI and HFI, in some time points, have positive and significant effect on the spread of 
the disease which was highly expected result according to economic theory. Other variables have not been 
proven to be significant in the analysis. Limitations of the paper are related to the fact that data for most of 
the independent variables in the model were not available for the year 2020 but were collected for the most 
recent year, mostly 2018. Furthermore, countries implement various containment and mitigation measures 
directed to limit the spread of the COVID-19 disease and are in different stages of epidemic curve so the 
results of this analysis should not be taken as conclusive. Recommendations for future research could go in 
the way of detailed analysis of COVID-19 spread determinants for individual countries and including 
additional COVID-19 determinants in additional time points. Also, other variables representing COVID-19 
disease could be investigated, such as new cases of infection and total deaths due to COVID-19 infection. 
The results obtained from this paper can be relevant for economic and health policy makers in order to 
implement public health-policy decisions. 
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Appendix 
 

Table A1 Cross-country regression analysis for COVID-19 spread (Author's calculations) 
Dependent 
variable  

log(Total cases) 1.4.2020. log(Total cases) 15.4.2020. log(Total cases) 29.4.2020. 

Independent 
variable/ Model 

OLS PPML Tobit OLS PPML Tobit OLS PPML Tobit 

Constant 
-21.35033*** 

(4.687901) 
-0.998832 
(1.862181) 

21.07841*** 
(4.575112) 

-16.68047*** 
(4.676046) 

-0.200833 
(1.696355) 

-16.68047*** 
(4.482469) 

-13.72504*** 
(4.896507) 

0.185341 
(1.619734) 

-13.72504*** 
(4.693804) 

LOG(GDPPC) 
0.689392*** 
(0.246170) 

0.036374 
(0.101701) 

0.675859*** 
(0.240222) 

0.494597** 
(0.245548) 

0.016537 
(0.092399) 

0.494597* 
(0.235383) 

0.475002* 
(0.257124) 

0.022070 
(0.088148) 

0.475002* 
(0.246480) 

LOG(POPDEN) 
0.097019 

(0.085485) 
0.020207 

(0.030975) 
0.095918 

(0.083385) 
0.080752 

(0.085269) 
0.015035 

(0.028958) 
0.080752 

(0.081739) 
0.090504 

(0.089289) 
0.015139 

(0.028057) 
0.090504 

(0.085593) 

LOG(POP) 
0.808804*** 
(0.129503) 

0.125000** 
(0.052169) 

0.799312*** 
(0.126340) 

0.830636*** 
(0.129176) 

0.112955** 
(0.047907) 

0.830636*** 
(0.123828) 

0.896586*** 
(0.135266) 

0.116226** 
(0.045963) 

0.896586*** 
(0.129666) 

LOG(TOUR) 
0.105131 

(0.139057) 
0.017872 

(0.056864) 
0.110410 

(0.135751) 
0.113568 

(0.138705) 
0.016404 

(0.051973) 
0.113568 

(0.132963) 
0.107622 

(0.145245) 
0.014678 

(0.049763) 
0.107622 

(0.139232) 

LOG(AIR) 
0.008699 

(0.092641) 
0.000521 

(0.038361) 
0.015644 

(0.090573) 
0.026799 

(0.092407) 
0.002122 

(0.035072) 
0.026799 

(0.088581) 
0.003353 

(0.096763) 
-0.002793 
(0.033491) 

0.003353 
(0.092758) 

LOG(AGE) 
0.610271 

(0.975801) 
0.029303 

(0.383302) 
0.589213 

(0.952179) 
0.285930 

(0.973333) 
-0.020215 
(0.350743) 

0.285930 
(0.933040) 

-1.20E-09 
(4.72E-09) 

-0.081184 
(0.335764) 

-0.171418 
(0.977030) 

LOG(HDI) 
3.631600* 
(2.143296) 

1.605257* 
(0.938207) 

3.765530* 
(2.093041) 

5.056383** 
(2.137876) 

1.421840* 
(0.840991) 

5.056383** 
(2.049374) 

5.803368** 
(2.238671) 

1.327986* 
(0.796356) 

5.803368*** 
(2.145995) 

LOG(HFI) 
2.400923** 
(1.116788) 

0.166721 
(0.426809) 

2.363362** 
(1.088628) 

1.853565* 
(1.113964) 

0.113869 
(0.391179) 

1.853565* 
(1.067849) 

1.286550 
(1.166484) 

0.052795 
(0.374211) 

1.286550 
(1.118195) 

Adjusted R-sq. 0.814434   0.812569   0.794931   

S.E. of regress. 1.131053  1.133184 1.128193  1.133130 1.181384  1.187119 
Prob. (F-stat.) 0.0000000   0.0000000   0.0000000   

Mean dep. var. 5.981609 5.981609 5.981609 6.973442 6.973442 6.973442 7.507644 7.507644 7.507644 
S.D. dep. var. 2.625632 2.625632 2.625632 2.605931 2.605931 2.605931 2.608799 2.608799 2.608799 
Prob(Quasi-LR 
stat) 

0.0000000 523.6572   0.0000000   0.0000000  

Quasi-LR 
statistic 

108.1566 577.7355   90.69687   82.29983  

Durbin-Watson 2.312459   2.260391   2.121099   
Observations 111 111 111 111 111 111 111 111 111 

Standard errors in parentheses, * denotes significance under 10%, ** significance under 5% and *** significance under 
1%.  


