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Abstract

:

In comparison with other respiratory viruses, the current COVID-19 pandemic’s rapid seizing the world can be attributed to indirect (contact) way of transmission of SARS-CoV-2 virus in addition to the regular airborne way. A significant part of indirect transmission is made through cash bank notes. SARS-CoV-2 remains on cash paper money for period around four times larger than influenza A virus and is absorbed by cash notes two and a half times more effectively than influenza A (our model). During the pandemic, cryptocurrencies have gained attractiveness as an “epidemiologically safe” means of transactions. On the basis of the authors’ gallop polls performed online with social networks users in 44 countries in 2020–2021 (the total number of clear responses after the set repair 32,115), around 14.7% of surveyed participants engaged in cryptocurrency-based transactions during the pandemic. This may be one of the reasons of significant rise of cryptocurrencies rates since mid-March 2020 till the end of 2021. The paper discusses the reasons for cryptocurrency attractiveness during the COVID-19 pandemic. Among them, there are fear of SARS-CoV-2 spread via cash contacts and the ability of the general population to mine cryptocurrencies. The article also provides a breakdown of the polled audience profile to determine the nationalities that have maximal level of trust to saving and transacting money as cryptocurrencies.
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1. Introduction


In spring 2020, on the verge of the “coronacrisis”, the event that combined healthcare, economic, financial, administrative, political, employment, and social crises, many markets experienced a dramatic fall. The situation was exacerbated by massive layoffs. Most importantly, central banks in the period of COVID-19 pandemic mainly eased their monetary policy to help different sectors of their economies to overcome the crisis, e.g., the USD interest rate was diminished from 2.25% in January 2020 to 0.25% in April 2020 and it has remained at this level thus far [1]. This was an unprecedented Federal Open Market Committee’s decision, as in the post-war period of US history the USD interest rate was never this low. Even after the “great financial crisis” of the 21st century broke out in 2008, the interest rate was 0.50. As a result, fixed-income investments became not as popular as they were before the pandemic. Treasury notes, bonds, and interest rate swaps plunged after the FOMC decision. Federal funds rate dropped to 0.00–0.25% and Eurodollar futures, consequently, jumped [2]. Simultaneously, the financial crisis distracted many investors from the traditional assets such as stocks. At this uneasy time, electronic money, including cryptocurrencies, came to the foreground. Luo et al. [3] and Shovkhalov with Idrisov [4] showed that price-based monetary policy has strong anti-interference, as an increase in e-money supply leads to weakening of the effect of monetary policy.



The correlation of almost all stock, futures and spot markets worldwide was unprecedented at the beginning of the pandemic [5,6,7,8]. Almost all world financial assets behaved in a very similar, nearly identical manner in February–March 2020 [9]. Previously such a behavior was observed only in 2008 [10,11]. After the global fall in February–March 2020, world markets began to revive by degrees. Most of the stock markets, both in economically developed countries and emerging economies, are higher at the end of 2021 than they were at the beginning of 2020 [12].



Figure 1 shows the behavior of different financial assets since February 2019 till September 2020 (the end of the first wave of the COVID-19 pandemic). We can observe a mixed behavior of traditional assets and a sharp rise in cryptocurrencies price (Bitcoin and Ether).



In February–March 2020, i.e., the very beginning of the pandemic, there was a clear fall of price of most popular financial assets such as world stock indexes or energy resources. An especially uncommon, almost absurd situation, was observed with crude oil, whose prices fell below zero (in this scenario a crude oil producer must pay money for storage instead of receiving it for crude oil sale). Bitcoin and Ether prices also underwent this temporary slippage, but to a much lesser degree. By the end of the first wave of the pandemic cryptocurrencies outperformed every other asset in the world significantly.



The COVID-19 pandemic did not undermine the growing tendency of cryptocurrencies. On the contrary, the whole period of the pandemic caused a substantial rise in Bitcoin prices thus far (15 November 2021), bringing it to its historical maximums (+810%). We take Bitcoin as a reference for all cryptocurrencies, but for some other cryprocurrencies the rise of their price was even more expressed since January 2020 up to now (15 November 2021) (e.g., +3738% for Ether).



This behavior is quite uncommon for the pandemic time. No other financial asset experienced such a rise in price in the COVID-19 times [13,14]. Instead, economic stagnation, diminishing investment activities, and widening the bond–swap spread are common phenomena now [15,16,17,18,19,20]. However, cryptocurrencies outperformed any “traditional” market. This growth was not broken even by the events which were deemed to impact cryptocurrencies negatively, e.g., the prohibition of mining farms in PRC on the grounds of environmental impact or the notorious Elon Musk’s refusal to sustain cryptocurrencies. It may be partly explained by the “safe haven” effect [21,22,23]. The Chinese government’s prohibition of mining as well as restrictions in some other parts of the world were caused by the huge environmental impact of mining farms. In Asia, Latin America, and Africa, the impact of cryptocurrency mining is especially large [24,25,26]. However, environmental-based restrictions did not break the growing trend of cryptocurrencies during the pandemic.



To be sure, during the last five to six years there was a growing trend in prices and trading volumes of cryptocurrencies. From 2015 thus far, the Bitcoin price rose from 200 USD to 60,000 USD and the volume from dozens and hundreds of Bitcoins a day to some 50,000 Bitcoins a day, i.e., around 3 billion USD a day (in total on different cryptocurrency exchanges) [27,28,29]. This growing trend was accounted for by the involvement of both the general population and several large investors (large net-worth individuals and a few banks) that supported cryptocurrencies from the very beginning. Some of the large players were attracted by the unclear legislation associated with use of cryptocurrency payments, savings, trading, and other transactions, e.g., the absence of tax deductions applicable to cryptocurrency-based operations [30,31,32]. The other investors were distracted from cryptocurrencies for the very same reason of lack of legal regulation. To sum up, up until the pandemic, cryptocurrencies experienced many periods of ebbs and flows. However, only now can we observe such a rocketing. In the paper, we suppose that this growth can be partially caused by the pandemic along with the other reasons, as the pandemic may have raised the attractiveness of cryptocurrency on the whole.



A few authors suggested that cryptocurrencies became to be regarded as safe havens in the global COVID-related instability [33,34,35,36,37,38]. Kim and Lee [39] and Lahmiri and Bekiros [40] argue that the COVID-19 pandemic influenced cryptocurrencies prices negatively, making them extremely volatile and unpredictable. However, in the works of Woebbeking [41], Drożdż et al. [42], Friti et al. [43], and Zhu et al. [44] an opposite viewpoint is proposed: the pandemic was the main reason for stabilizing and supporting the growing trend of cryprocurrencies.



In the paper, we suggest a reason for an exceptional growth of cryptocurrencies during the COVID-19 pandemic. We believe that it was cryptocurrency that began to be regarded as an epidemiologically safe means of transactions and a possible substitution for cash money.



Of course, cash money was always regarded as a probable means of transmitting different respiratory pathogens, even before the current pandemic. However, it is interesting to compare the transmissibility of SARS-CoV-2 virus through cash notes with respiratory viruses close in structure and properties such as influenza A virus. Besides, since this pandemic caused enormous media coverage, people began to pay larger attention to epidemiological safety in their payments than they did before. This may be supported by the fact that there are many media news regarding coronavirus and cash money unsafety, and we could find few such news during any previous epidemics of the last two decades, e.g., SARS 2002–2004, “bird flu” H5N1, H1N1 epidemics, etc.



We suggest a hypothesis that the significant rise of cryptocurrencies in 2020–2021 may be mainly explained by the large inflow of small investors (general population) to cryptocurrency trading that were searching for an epidemiologically safe means of transactions during the time of pandemic.



The article has the following structure. We shall analyze the validity of such allegations about cash money as a means of spreading the virus. Then we shall investigate the connection between disbelief towards cash money and approving/supporting cryptocurrencies instead of credit/debit card operations. We shall study the situation in different countries and finally evaluate the possible future scenarios of cryptocurrency behavior in the time of pandemic.




2. Methods


2.1. Cohorts


We investigated social networks users’ opinion regarding cryptocurrencies, cash money, and the COVID-19 spread in 44 countries. The initial number of responses was 86,841. After the set repair, the final number of responses suitable for analysis was 32,115.




2.2. Time of Study


The main results have been obtained in the interval 15 March 2020 to 15 November 2021.




2.3. Software


Origin 8.1 (OriginLab Corp., Northampton, MA, USA) was used for modelling, statistical calculations and visualization.




2.4. Type of Study


The study is a biosocial analysis of different strata’s attitudes performed along with computational modelling.




2.5. Description of the Interviewing Procedure


The interviewing was performed as follows.



	
A C++-based program was written to screen through the following networks: Facebook, Instagram, VK, Google+, and Twitter, for accounts that contained at least 20 posts with the following keywords: cryptocurrency (with and without a space), cryptocurrencies (with and without a space), crypto, cryptotrading (with and without a space), cryptomining (with and without a space), cryptocurrency exchange (with and without a space), cryptocurrencies exchange (with and without a space), cryptocurrency wallet (with and without a space), cryptocurrencies wallet (with and without a space), mining, mining farm, Bitcoin, Ether, Ethereum, blockchain (with and without a space), blockchain technology (with and without a space in the first word), BTC, ETH, Bitfinex, Bitstamp, Bitbay, Btcmarkets, Cex.io, Coinbase, Exmo, Gemini, Kraken, for the period since 15 March 2020. Versions in different languages of the keywords were used (excepting the names of the cryptocurrency exchanges listed here);



	
If the screening procedure returned an account, the other C++- and Silverlight-based program submitted a private message to the account with an invitation to join the current research;



	
If the account’s holder responded, the response was stored in the special database on our server to be analyzed further;



	
The languages used in the screening and invitation were Arabic, Central Thai, Chinese (simplified), Chinese (traditional), English, Farsi, French, German, Greek, Italian, Japanese, Korean, Malay, Portuguese, Russian, Spanish, Turkish, and Vietnamese. These sets of languages were deemed a priori suitable to encompass the majority of social networks users;



	
In the poll, the social networks users had to respond to the three questions with answers YES (1), NO (2) or -/–/— (different forms of dash that stood for IT’S DIFFICULT TO SAY) (3):




	(1)

	
Do you engage in any transactions with cryptocurrency (mining, speculation, savings, payment, etc.)? (Q1)




	(2)

	
If cryptocurrencies were widely recognized as means of transactions, regulated and guaranteed against fraud/hacking/loss, would you prefer them to ordinary cashless bank transactions, e.g., payments with bank-issued debit/credit cards? (Q2)




	(3)

	
Do you regard cash money as an epidemiologically risky means of transactions during the COVID-19 pandemic? (Q3)












The fourth input factor was the level of ordinary (bank) cashless operations in a country in 2015–2019. The data for this factor were collected from the following sources: (1) the number of non-cash transactions per inhabitant, 2014–2019 [45]; (2) overview of preferred methods of payment around the world [46], and proportion of non-cash payments in selected countries worldwide in 2015 [47]. The data published by other researchers/statistical agencies were only used in point 4.



The respondents were asked to answer with only pre-defined replies {YES, NO, … (versions in other languages), -, –, —, or 1, 2, 3}.




2.6. Country Choice


The countries with the number of responses suitable for further analysis larger than the pre-defined conditional threshold (i.e., responses left in the set after repair) were included in the study. In our case, this minimal number was arbitrarily chosen as 500. We received 44 countries that fitted our criterion. Introducing the threshold is a measure of increasing the significance of the sample set for the research.




2.7. Data Cleaning and Set Repairing


We eliminated spoilt and strange responses as well as responses with low credibility in an algorithmic way.



	
First, a program screened through the database and carried out the simplest linguistic analysis. It removed all responses in which at least one field was blank or at least one field did not contain at least one intelligible word in the language list used.



	
Second, a program screened through the database and eliminated all responses with at least one field different from {YES, NO, … (versions in other languages), -, –, —, 1, 2, 3}. Different letter cases (upper case, lower case, or a combination thereof) and different languages from the list could be used.






As a result, we have chosen 47,823 clean responses that may have been analyzed further of 86,841 responses initially stored in the database. So, the clean set of responses was 55.07% of the initial one. Of this intermediate set we excluded the responses of minors, outliers with an age of more than 64 y.o., and all responses where the respondent’s age could not be determined. This gave us 32,115 responses (67.15% of the intermediate set and 36.98% of the initial unrepaired set).




2.8. Final Set Characteristics


The main characteristics of the final sample set after repair are summarized in Table 1.




2.9. Methodology to Assess Risk of SARS-CoV-2 Surface Contact Transmission through Bank Notes


To estimate the rate of transmitting SARS-CoV-2 by cash bank notes, we may apply a modified SIR (Susceptible–Infected–Recovered) model with the virus shedding assumption [48,49,50]. In this model, in addition to the direct airborne route of infection transmission, an infected person sheds SARS-CoV-2 virions on surfaces that become objects of indirect infection. It has been repeatedly demonstrated that SARS-CoV-2 has longer average times of decay on surfaces in comparison with many other respiratory viruses, e.g., influenza, parainfluenza, adenoviruses, or other coronaviruses [51,52,53,54]. Though there were supposedly no works concerning SARS-CoV-2 virions adhesion on cash bank notes thus far, Xue et al. [55], Azuma et al. [56] and Marquès et al. [57] showed that SARS-CoV-2 virion particles behave differently on different surfaces. Paper, especially paper with a layer of dust, fat, and other contaminants (this may be a good approach to describe cash notes in circulation), can absorb SARS-CoV-2 large virions (around 100–200 nm in diameter) effectively [58,59].



Combining an advanced technique by Fred Brauer in his book “Mathematical Models in Population Biology and Epidemiology” [60] and a number of papers in periodicals [61,62,63,64,65] with our SIR modified model [48], we receive an additional group of the population that sheds the virus through the bank notes Vshed. In his works, some of which are published in co-authorship, Fred Brauer proposed a methodology of calculating/receiving/assessing age of infection [60,61], final size equation [60,61], contact networks [62], indirect transmission [63], epidemic progression with time [64], and behavior change during an epidemic [65]. We then receive the first order Markov differential equation


    d  V  s h e d     d t   = σ I − τ V ,  



(1)




where I is the number of infected individuals, σ is the rate of shedding the virus on cash notes and τ is the decay rate of SARS-CoV-2 on surface. We use the word “decay” conditionally, as it may include different processes whose result would be the loss of infectivity of the virus: virus mechanical removal from the note, agglomeration of viruses, biochemical destruction, photo destruction by sun UV radiation, etc. [66,67]. Hirose et al. stressed that during any epidemic, cash money circulation is an important factor of transmitting the disease [67].



The total number of people in the group is N:


  N = S + I + R ,    



(2)




where S is the subgroup of susceptible persons and R recovered. The SIR model assumes that


            d S   d t   = −  β  a i r   S I −  β  s u r f   S V ,           d I   d t   =  β  a i r   S I +  β  s u r f   S V − α I ,           d R   d t   = α I        



(3)




where βair is the rate of airborne infection, βsurf is the rate of transmission via surfaces, and α is the rate of recovery. For simplicity of the model, let us suppose that all surface transmission of SARS-CoV-2 is done through cash bank notes. For model (3), basic reproduction number r0:


   r 0  =    β  a i r   N  α  +    β  s u r f   σ N   α τ   .    



(4)







Equation (4) is a construction based on the simplest model described in the works [60,61,63]. It was received taking into account the Brauer’s viewpoint on basic reproduction number and final size relation. It contains two terms. The former describes the airborne (common) way of pandemic transmission, the latter the transmission through bank notes. r0,air for SARS-CoV-2 is estimated as 1.6–2.6 for different environments [68,69,70]. In our works [28,33,50] we found that combined r0 may be assessed as 2.0–5.6 for different environments. Therefore, we can attribute the difference to the second term in Equation (4), i.e., r0,surf. However, in real life the basic reproduction number depends on more parameters than Equation (4) assumes.



The approach described above is the simplest approach in which we assumed the immediate infection/decay of the virus on the cash notes. In reality, the situation is more complex. In its circulation in the population, a bank note may be infected by different people with different amounts of SARS-CoV-2 virions several times. Naturally, it can infect several people. This leads to necessity in presenting infection potential of a bank note and virus shedding as functions of time: SR = SR(t, tinf)—shedding rate of a person during the time of being infectious tinf; AV = AV(t, tshed)—“active virus,” i.e., the part of virions absorbed on bank notes that are still infectious for people, tshed earlier. Then, we may calculate the amount of active virions that can still be dangerous to people operating with the bank note at moment t, by substituting a new variable T = t − tinf for integration:


  L o c a l   A V =   ∫  0 t  S R    t  i n f     A V   t −  t  i n f     d  t  i n f   =   ∫  0 t  S R   t − T   A V  T  d T .    



(5)







For the full course of COVID-19 pandemic, we have


  T o t a l   A V =   ∫  0 ∞    ∫  0 t  S R   t − T   A V  T  d T d t .    



(6)







Integrating by variable substitution and the order interchange, we receive


  T o t a l   A V =   ∫  0 ∞      ∫  T ∞  S R   t − T   d t   A V  T  d T =   ∫  0 ∞      ∫  0 ∞  S R  T  d T   A V  T  d T  =   ∫  0 ∞  S R  T  d T   ∫  0 ∞  A V  T  d T .    



(7)







From Equations (4) and (7), it is easy to write the expression for basic reproduction number r0,surf:


   r  0 ,   s u r f   =    β  s u r f     α τ   N   ∫  0 ∞  S R  T  d T   ∫  0 ∞  A V  T  d T .    



(8)







To estimate whether the pandemic will continue in an imagined population that applies all epidemiological measures to prevent the SARS-CoV-2 airborne spread (r0,air = 0), only through cash circulation, let us consider the initial moment t = 0. At the very beginning of SARS-CoV-2 spread in this biosocial group, we would have the following system of equations:


        S = N ,         t = 0 ,        V  s h e d   = 0 ,         T o t a l A V = 0 .        



(9)







From Equation (3), for     d S   d t     and Equation (9) it can be seen that at the beginning of the pandemic in a given theoretical society where only cash notes circulation contributes to SARS-CoV-2 spread,


    d S   d t   = −  β  s u r f   N   ∫  0 ∞      ∫  0 ∞  –   d S   d T     t − T − T   A V  T  d T   S R  T  d T .    



(10)







For Equation (10) to have a solution like


  S  t  =  S  i n i t    e  k t   ,    



(11)




its characteristic equation should be


   β  s u r f   N   ∫  0 ∞   e  − k T   S R  T  d T   ∫  0 ∞   e  − k T   A V  T  d T = 1 .  



(12)







Finally, it is easy to observe from Equations (8) and (12) that at the beginning of the epidemic


   r  0 ,   s u r f   =  1  α τ       ∫  0 ∞  S R  T  d T   ∫  0 ∞  A V  T  d T     ∫  0 ∞   e  − k T   S R  T  d T   ∫  0 ∞   e  − k T   A V  T  d T   .    



(13)







From Equation (13), we see that in our imagined society there will be no pandemic spread due to cash circulation, if parameter k < 0. Otherwise, the virus will spread in the population through operations with bank notes.



Substituting the experimentally obtained figures for r0,surf estimates that may be derived from [48,54,71] to Equation (13), we can compare SARS-CoV-2 virions behavior during adhesion on bank notes with the behavior of other respiratory viruses, e.g., influenza viruses [72,73,74,75,76]. The works of Otter et al. [72] and Cortes and Zuñiga [73] compare the transmission of coronaviruses SARS 2002–2004 and MERS with that of influenza viruses. Lauterbach et al. provides data on surface transmission of influenza A virus [74]. The study of Ikeda et al. describes adhesion of influenza A virus on different surfaces and provides parameters of adhesion [75]. Robinson et al. describes surface transmission and inactivation of different respiratory viruses in different ambience [76].





3. Results and Discussion


3.1. Comparison of SARS-CoV-2 and Influenza A Transmission Potential through Paper Cash Money


Figure 2 shows comparative decay of Influenza A (calculated with data provided in our works [48,54,71] and works of other researchers [72,73,74,75,76]) and SARS-CoV-2 on dirty paper surfaces that may be a good approximation for cash bank notes in circulation. Calculation is made with respect to basic reproduction numbers r0,air and r0,surf for influenza A and SARS-CoV-2 viruses (Equation (13)) for idealized environments where cash money are the only surfaces with shed viruses. Modelling is made so that Equation (1) has a solution as an exponential-type decay.



From Figure 2 one can observe that the half-life time of SARS-CoV-2 active virions T1/2,SARS-CoV-2 on dirty and fat paper is nearly two times larger than half-life time of influenza A active virions T1/2,Influenza A. Besides, to reach the level of influenza A active virions on dirty paper at the time of half-life, it will take SARS-CoV-2 approximately two days, i.e., the period four times greater than the period for influenza A (point QSARS-CoV-2 on the time scale). This evidences SARS-CoV-2 greater stability on porous surfaces (unclear, whether this implies mechanical stability or biochemical stability). Then, AVSARS-CoV-2(0) is around 2.5 times more than AVInfluenza A(0). It may be explained by greater adhesion capacity of SARS-CoV-2 with respect to dirty, viscous, and hydrophobic paper surfaces, as in the modelling the initial quantities of viruses shed were equal for SARS-CoV-2 and influenza A.



Assuming that all surface transmission of the viruses is made through cash bank notes (a theoretical scenario), we may conclude that cash money has larger epidemiological risk for transmitting SARS-CoV-2 than influenza A (and possibly many other respiratory viruses). In reality the transmission of an epidemic is more complex and it may include different surfaces and airborne ways. However, the main conclusion will be the same as for our idealized model: during the COVID-19 and similar pandemics, cash money becomes a risky substance for spreading the pathogen. Currencies with plastic cash money such as Hong Kong dollars or Macanese patacas may be less risky but they are rare in the world, as the overwhelming majority of currencies are still printed on paper. We did not conduct any special research on the matter, however. We supposed it on the basis of several studies that demonstrated lower transmissibility of respiratory viruses through plastic surfaces than through paper surfaces [72,73,74,75,76].




3.2. Growth of Population Interest in Cryptocurrencies as Possible Substitutes for Cash Money


Figure 3 shows the in-group percentage of respondents who answered YES to question 1, by country (green bars), and part of the population who preferred bank debit/credit/online payments in 2015–2019 (grey bars). It is to emphasize that green bars demonstrate the in-group percentage of those people who used cryptocurrencies in 2020–2021 and participated in our study, and they do not show the percentage of the total population of these countries who use cryptocurrencies. Obviously, the latter may be different from the data we collected and showed as green bars. Therefore, Figure 3 must be understood in a semi-quantitative sense and the data depicted as green bars used with caution. Nonetheless, Figure 3 allows one to make an estimation of cryptocurrency popularity among social network users. Besides, it demonstrates the trends that push new countries ahead in using cryptocurrencies in our days.



In our research, the leader of using cryptocurrencies was India. China followed, despite the recent prohibition of the Chinese government to mine cryptocurrencies because of the environmental impact. As we can see, Figure 3 demonstrates a picture a little different from the data provided by Statista.com website, according to which the top six crypto countries in 2020 were Nigeria, Vietnam, Philippines, Turkey, Peru, and Switzerland [77]. That may be partly explained by different methodologies applied by Statista.com for their evaluations and by us in the current research and different set composition.



In Table 2, we provide Pearson correlation coefficients Cxy between people who responded YES to the above three queries and the fourth factor of level of non-cash bank payments in a country in 2015–2019.



A few important observations may be drawn from Figure 3 and Table 2:




	
There is almost no correlation (even very slight anti-correlation) between Q1 (Figure 3, green bars) and bank non-cash transactions level (Figure 3, grey bars). From this, it may be deduced that cryptocurrencies are mainly used by different groups of population than devoted supporters of only credit/debit cards/online payments who totally reject using cash. Of course, a person may use both these ways of non-cash transactions (bank-controlled and cryptocurrencies) but the preferences may be different on the scale of the whole population of a country, e.g., in India we may currently observe the highest level of cryptocurrency attractiveness, while the level of using non-cash bank operations was one of the lowest in the world in 2015–2019;



	
There is still no data in statistical agencies on using debit/credit card/online payments in the time of the COVID-19 pandemic. However, there are reasons to believe that the pandemic increased the level of non-cash bank payments somewhat proportionally with respect to the pre-COVID level, according to the data provided by Statista [78], European Central Bank [79], and a set of papers on non-cash payments chosen by Science Direct [80]. With all that said, the demand for cash money also significantly increased, as works [81,82,83,84,85,86] demonstrate, despite the decline in cash day-to-day operations of individuals. Guttmann et al. presented a report on cash demand during the pandemic made by the Reserve Bank of Australia [81]. Náñez Alonso et al. discussed changes in cash demand in rural areas of Spain, which were caused by COVID-19 [82]. In a Bank of Canada Staff Discussion Paper, Chen et al. compared the demand and use of cash [83]. In a National Bank of Poland working paper, Wisniewski et al. analyzed the level of transition from cash to cashless payments during the pandemic [84]. Alvarez and Argente [85] as well as Rogoff and Scazzero [86] described new trends of cash management after 2020. All these works prove that the cash volume increased during the COVID-19 pandemic. However, this may be a result of inflation, whose level was relatively high in different parts of the world during the pandemic (partly caused by low interest rates). We may hypothesize that persons who widely used card payments before the pandemic, increased the frequency of card use. However, the groups of population who became interested in cryptocurrencies at the time of the pandemic may differ from those who prefer online bank payments and bank card operations on regular basis;



	
The correlation between Q1 and Q2 is considerable. There were people who replied YES to Q2 but NO to Q1. Therefore, we may anticipate that in case of larger regulation and protection of cryptocurrencies, the proportion of those who approve and use cryptocurrencies, may rise significantly;



	
The correlation between Q1 and Q3 is very strong (highlighted in bold in Table 1). It means we may assume that the COVID-19 pandemic was one of the main reasons for the raising fascination of cryptocurrencies;



	
The country composition is different for supporting cryptocurrency-based operations and non-cash bank operations. On the whole, with a few exceptions, we can see that economically developed countries tend to group at the lower part of Figure 3 (lower level of trust for cryptocurrency), whereas the level of non-cash bank transactions may be substantial in these countries. On the contrary, the population of many emerging countries (mainly Asian states) currently has the highest interest in cryptocurrencies independently of the level of non-cash card and online payments made by this population.









3.3. Temporal Change of Attitudes towards Cryptocurrencies in the Course of COVID-19 Pandemic


Figure 4 demonstrates the temporal change of the weighted average of YES proportion to queries Q1, Q2, and Q3 (all respondents from all countries) with regard to Bitcoin prices. Each measurement was made at the middle of the month since March 2020 to November 2021. The Pearson correlation coefficients in regard to time change are provided in Table 3.



It is noteworthy that the Bitcoin price is highly correlated with the sentiments of people who are interested in cryptocurrencies. These are sentiments about Bitcoin future (Q1 and Q2) and the fear of using cash bank notes during the pandemic (Q3). This makes cryptocurrencies the assets whose price is currently largely determined by psychological factors influencing the behavior of the general population, in comparison with more “traditional” financial assets, where institutional interest plays considerable role.





4. Limitations


The major limitations of the study are the following:




	−

	
Our results reflect participation of only one social group in using cryptocurrencies, i.e., active users of social networks Facebook, Instagram, VK, and Google+. Therefore, our approach is not very representative. The results for the total population of the countries studied may be different;




	−

	
We may have overlooked a few countries with a considerable level of using cryptocurrencies due to introducing a minimum threshold on number of responses, e.g., Nigeria, Peru, or Colombia [77];




	−

	
We widely used the concept of correlation between different factors. However, correlation is not capable of showing the direction of causative relations, nor does it take into account the multitude of possible factors. Therefore, we may have missed several factors in the sociological survey. As well, we did;




	−

	
We assumed that the main reason for tremendous cryptocurrency growth was the COVID-19 pandemic. However, it may be only one of several important factors;




	−

	
We focused on Bitcoin, but we did not study a variety of cryptocurrencies and their behavior during the pandemic;




	−

	
We compared the level of using cryptocurrencies in 2020–2021 with the level of non-cryptocurrency bank cashless payments in 2015–2019. Strictly speaking, that may have blurred the results to a certain degree;




	−

	
We did not study the involvement of large institutional investors in cryptocurrencies trading during the pandemic. However, without studying this field the full picture of the cryptocurrency–pandemic relation is hardly attainable;




	−

	
We only compared SARS-CoV-2 with influenza A virus in terms of transmissibility through cash bank notes. It would be interesting to compare it with other respiratory viruses and epidemics;




	−

	
We did not investigate psychological attitudes of the general population towards cryptocurrencies as a substitute for banks monopoly on producing money and how this may have contributed to the rise of cryptocurrencies rates during the pandemic. Taking into account psychological attractiveness of cryptocurrencies as a competitor to the money produced by banks may be a serious factor of cryptocurrencies rocketing during the COVID-19 pandemic;




	−

	
We did not compare paper money and plastic money in terms of epidemiological risk;




	−

	
We did not assess epidemiological risk of using debit/credit cards kept in wallets along with cash money;




	−

	
We did not distinguish between different ways of using cryptocurrencies, i.e., the ever-changing levels of mining, trading, keeping in cryptocurrency wallets, payments, etc.




	−

	
We applied a very strict algorithmic set repair that led to a substantial contraction of the set [Final Set (after repair) = 37% × Initial Set (before repair)] algorithmically without any complex linguistic analysis of the responses.




	−

	
We did not perform any manual analysis of the responses. That may have excluded many relevant responses from the further analysis, e.g., those that were input in the questionnaire in a different form from the sample we proposed {YES, NO, … (versions in other languages), -, –, —, or 1, 2, 3}.









Of all of the limitations stated above, we regard the following two the most important: (1) research of using cryptocurrency not in the whole population, but in a group that cannot give the full representativeness; and (2) absence of a multifaceted comparative study of cryptocurrencies/cash/bank cards and other online payments in the time of pandemic due to lack of third-party data. Addressing these limitations can provide a guidance how to devise and conduct a future research.




5. Conclusions


The COVID-19 pandemic caused fear of using cash bank notes as an epidemiologically risky means of transactions and simultaneous surge of almost all cryptocurrencies rates. We may hypothesize that this surge is explained by the growth of the general population’s interest in cryptocurrencies as more suitable means for new types of social relations in the global world where epidemiological measures must be ensured and observed. Heldt [87] and Biały [88] write that caution for cash money may be one of the ways to enhance the culture of communication during the pandemic events. Using cryptocurrencies is a possible option to make such an enhancement. Santos et al. [89], Naughton et al. [90], VanMeter et al. [91], and Sassin [92] emphasize the appeal of new electronic techniques of financial transactions for many people in the situation of a crisis-related uncertainty and cryptocurrencies may have attractiveness as a psychological safe haven. Besides, based on works of Wilder-Smith et al. [93], Peeri et al. [94], Nomura et al. [95], Maria and José Luis Miralles-Quirós [96], and Dwita et al. [97] we may suppose that cryptocurrencies may be a part of the Sustainable Finance paradigm.



In our model described in this article, we proved that the fear of cash money as a SARS-CoV-2 spreader is explainable. A significant part of indirect transmission of SARS-CoV-2 virus is made through cash bank notes circulation. SARS-CoV-2 remains on cash paper money for a period around four times larger than the influenza A virus and it is absorbed by cash notes two and a half times more effectively than influenza. With all that said, it should be stressed that using cash money is not any more dangerous to people during the pandemic than wearing clothes, driving cars, or buying utilities. However, due to the persistence of cash money in our life and frequent incompliance with routine safety measures by people during the pandemic (e.g., neglect of elementary washing hands after dealing with cash notes) make cash notes an important factor in spreading the pathogen.



Our conclusions about the use of cash bank notes on the whole agrees with the recent research of Bank of England that says “The COVID pandemic has changed the way that people shop. In response to social distancing guidelines, more people are shopping online, meaning fewer cash payments”. [98].



However, our estimations of coronavirus viability on paper cash surfaces do not coincide with the results obtained on behalf of the BoE [98]. The authors of the report on virus viability published by the BoE [98] (“Cash in the time of COVID” BoE paper, Box 2) argue that it is difficult to get the coronavirus from the cash notes or coins. However, the results obtained by Blutest Laboratories Ltd., Glasgow, UK, (the BoE’s contractor) cannot be unambiguously interpreted in the context of our investigation for the following reasons. 1. The laboratory did not used SARS-CoV-2, the causative pathogen of COVID-19. Instead, they used a surrogate coronavirus, but they did not specify which one. As it is known, coronaviral infections represent the group of infectious diseases caused by RNA-containing viruses of the order Nidovirales, family Coronaviridae, which affect many species of birds and mammals [99]. These viruses are numerous and currently there are more than a hundred representatives known to scientists [100]. A number of coronaviruses are pathogenic to humans, e.g., HKU1, NL63, OC43, and E229 coronaviruses cause mild human diseases [101,102]. All coronaviruses deviate from each other in size, physical conformation, and physical properties [103] and to substitute the causative agent of COVID-19 by another member of the family was possibly not the best option, as the results obtained by Blutest Laboratories Ltd. can hardly be extrapolated to SARS-CoV-2. 2. In the report published by the BoE the researchers do not provide information on the sample set of surfaces. We have no idea on the number of experiments and statistics used. 3. The authors of this report do not provide data on the techniques used to bring samples of virions to the surfaces they studied. Was it an aerosol, spray, gas, liquid, or large-droplet injection? 4. They do not provide technical data on amplification and detection of the viral RNA to assess the amount of remaining virions. To measure a virus quantity on a surface is not a trivial task and, therefore, to use the data provided by Blutest Laboratories Ltd., a reader must be fully aware of the methodology. In any case, the BoE report says that the transmission level of the novel coronavirus SARS-CoV-2 is negligibly small by cash bank notes during the pandemic. We cannot agree due to the lack of information given by the authors from Blutest Laboratories Ltd.



As epidemiologically safe means of transactions, cryptocurrencies could be attractive as a perspective for possible substitutes for cash, were they more regulated, protected, and broadly accepted as a legal means of payment, and the transactions based on them guaranteed by different institutions. The preference of cryptocurrencies to bank non-cash operations by the growing number of people (especially persons of young age, having an active lifestyle, or engaged in IT-related professions) during the pandemic may also be explained by the psychological appeal of cryptocurrencies as money that is produced by individuals, not by banks who produce customary money (USD, EUR, etc.).



Our paper helps to see a broad perspective of cryptocurrencies development during a crisis time. We studied the “coronacrisis”, but the conclusions may be applied to different crisis events and pivotal points in the development of societies.



In a global world without borders, we may anticipate unstable epidemiological situation in the decades to come. In this situation, if cryptocurrencies are recognized as legal means of savings and payments by different governments, as it is already done with Bitcoin in El Salvador, we may see them achieve tremendous success.
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Figure 1. Relative change in price of different assets: energy resources; grains; precious, ferrous and non-ferrous metals; bonds; interest rate swaps; several world stock indices; and cryptocurrencies, since February 2019 till September 2020 (the end of the first wave of the COVID-19 pandemic). The data are taken from the following sources: New York Mercantile Exchange; Chicago Board of Trade; London Bullion Market; Singapore Exchange; London Metal Exchange; BrokerTec; London Clearing House LCH ClearNet; Chicago Mercantile Exchange; Intercontinental Exchange; National Stock Exchange of India; and several cryptocurrency exchanges. 
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Figure 2. Modelling the decay of active viruses on dirty and fat paper surfaces (approximation for cash bank notes) in ideal conditions free of UV radiation and mechanical stir. The initial amounts of virions shed on the surfaces are equal for the two viruses. Poisson noise 5%. Modelling is made in OriginPro 8.1 (OriginLab Corp., Northampton, MA, USA) with the use of nonlinear curve simulation instrument based on multiparametric input. 
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Figure 3. Part of respondents who engaged in any transactions with any cryptocurrencies in the groups of respondents studied our investigation (2020–2021), per cent (green bars), and mean part of population that was using non-cash bank payments (debit/credit cards or online payments) in these countries in 2015–2019 on a regular basis (third-party data, grey bars). 
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Figure 4. Bitcoin price (left axis) and weighted average proportion of respondents who answered YES to queries Q1, Q2, and Q3 (right axis), depending on time. Fixings were made at the middle of each month from 15 March 2020 to 15 November 2021. 
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Table 1. Main demographics of the respondents and their cryptocurrency-related profile. Detected algorithmically on the basis of the data provided in social networks accounts (if any) or from the questionnaire. Student distribution of the sample set was assumed, CI = 95%, p = 0.05.
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	Age
	Range: 18–64 years *; mean 32.4 ± 10.2 y.o.



	Gender
	13,654 females (42.52% **)



	IT-related occupation
	8366 (26.05%)



	Active lifestyle (based on analysis of photo captions posted in the last three years)
	10,077 (31.38%)



	Self-employed (if stated overtly in the social account profile)
	5228 (16.28%)



	Academic training (if stated overtly in the social account profile):
	



	
	
Student (undergraduate or post-graduate)





	7420 (23.10%)



	
	
Bachelor degree





	5238 (16.31%)



	
	
Master degree





	4904 (15.27%)



	
	
PhD degree or higher





	82 (0.26%)



	Engaged in any operations with any of cryptocurrencies
	4728 (14.72%)



	Time of using any of cryptocurrencies in group of those persons who use them
	Mean 1.1 ± 0.7 years



	Interest in cryptocurrencies emerged after the beginning of the COVID-19 pandemic, independently of using cryptocurrencies in practice or not (based on the posts content analysis)
	18,106 (56.38%)



	Engaged in crypto mining
	2264 (7.05%)



	Engaged in crypto trading
	3588 (11.17%)



	Engaged in crypto savings
	1012 (3.15%)



	Engaged in crypto exchange with other wallets/cryptocurrencies
	709 (2.21%)



	Regular online payments with cryptocurrencies
	134 (0.42%)







* Responses received from minors were not included in the sample set; ** Hereinafter the percentage of the total final set.
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Table 2. Pearson correlation coefficients Cxy between YES reply proportion in different countries to the queries at the corresponding significance levels pxy. Strong correlation is highlighted in bold.
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	Q1
	Q2
	Q3
	Bank Non-Cash





	Q1
	
	0.6402
	0.8404 *
	–0.1932



	Q2
	p ≤ 2.87 × 10–6
	
	0.5904
	0.1619



	Q3
	p ≤ 9.66 × 10–13 *
	p ≤ 2.46 × 10–5
	
	–0.1730



	Bank Non-Cash
	p ≤ 0.2090
	p ≤ 0.2939
	p ≤ 0.2615
	







* Strong correlation is highlighted in bold.
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Table 3. Pearson correlation coefficients Bxy between temporal changes of weighted average YES proportion in the whole set and Bitcoin prices, at the corresponding significance levels pB, xy.
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	Q1 (t)
	Q2 (t)
	Q3 (t)
	Bitcoin Price (t)





	Q1 (t)
	
	0.5271
	0.4187
	0.7878 *



	Q2 (t)
	pB ≤ 0.0141
	
	0.5236
	0.6953 *



	Q3 (t)
	pB ≤ 0.0589
	pB ≤ 0.0149
	
	0.7254 *



	Bitcoin Price (t)
	pB ≤ 2.24 × 10–5 *
	pB ≤ 4.67 × 10–4 *
	pB ≤ 1.98 × 10–4 *
	







* Strong correlations are highlighted in bold.
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