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ABSTRACT 

The coronavirus disease first identified in mid-December 2019 in Wuhan, China is an ongoing 

pandemic and the virus has spread around the world. As of 13 March 2020, the number of new cases 

started to increase significantly in Europe, and Europe was considered as the new center of the Covid-

19 pandemic as announced by the WHO. Confirmed case rate (CCR), computed from the numbers of 

confirmed cases over numbers of tests of the countries can be used to confirm the quality of the numbers, 

and to detect the manipulation for health surveillance systems of the countries for managing the 

of the countries in Europe by BL to detect the data qualities and to monitor the manipulations, which 

can help to take precautions for the health surveillance systems of the countries. 
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1. INTRODUCTION

Coronavirus disease (Covid-19) is an infectious disease caused by a newly discovered coronavirus 

(WHO, 2020). Covid-19 was first identified in mid-December 2019 and has since spread globally, 

resulting in the ongoing 2020 coronavirus pandemic. All of the countries have tried to control its spread 

and taken measures for fighting the epidemic. The pandemic has caused the death of more than 1.24 

million people and approximately 49.4 million confirmed cases globally as of 7 November 2020. The 

first situation report released by WHO (2020) announced the updates as; as of 20 January 2020, 282 

confirmed cases of 2019-nCoV have been reported from four countries including China (278 cases), 

Thailand (2 cases), Japan (1 case) and the Republic of Korea (1 case). According to the report declared 

by WHO (2020), as of the announcement date of the report, the first two confirmed cases of 2019-nCoV 

acute respiratory disease were reported in Italy; both had travel history to Wuhan City. According to 

this report, the confirmed cases of 2019-nCoV for the countries reported (20 countries) is 9826 (which 

9720 of them were reported in China) (WHO, 2020). Epidemic management is essential to prevent and 

control the outbreak spread for countries (Idrovo & Manrique-

quality should be accurate, and the case numbers should be controlled whether they agree with 

-Camponovo et al., 2016). A fast and easy method applied in several 

fields, especially for fraud-detection in finance, so-

implemented to check the data qualities reported during pandemics.  

BL, also known as the First-digit or Significant-digit law, was first discovered by Simon 

Newcomb in 1881, and Newcomb (1881) stated that the first pages of the logarithmic tables were worn 

out faster than the last pages due to much more use and reported that digits did not occur with an equal 

frequency. However, after this discovery he did not sustain his study (Mir, 2014). Frank Benford then 

separately rediscovered the phenomenon in 1938 by observing logarithmic tables, which was an 

evidence of selective use of the digits and he examined the accuracy of BL with large dataset gathered 

from different fields such as lengths of the rivers, population, atomic weight, cost data, and street address 

etc. In the study, he proved that the occurrence of any first non-zero digit (even of second or third digit) 

in a numerical data found in nature depends on a logarithmic distribution, and concluded that the 

frequency of the first significant digit (i.e., nonzero digit, k) following logarithmic distribution can be 

computed as (Benford, 1938):  

  (1) 

Where, P is the probability of the number k, and k is the any first digit in the set  

According to the BL, the occurrences of the non-zero first leading digits (the leftmost digit) from 1 to 9 

are 30.1%, 17.6%, 12.5%, 9.7%, 7.9%, 6.7%, 5.8%, 5.1%, and 4.6%, respectively. 
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In the literature, there have been wide ranges of implementations of BL from social to numerical 

application fields (Becker 1982; Mir 2012; Nagasaka 1984; Hill 1995; Ausloos et al., 2015; Tunalioglu 

and Erdogan, 2019). More compreh

conducted to confirm the data quality of the confirmed cases/death numbers for outbreaks to detect the 

surveillance systems using this distribution. 

Idrovo et al. (2011) investigated the performance of public health surveillance (PHS) systems 

whether those properly responded to A(H1N1) pandemic and represented an algorithm based on BL in 

order to evaluate the data quality in terms of the mortality ratio computed by confirmed deaths over 

confirmed cases. The main query was that if the incidence follows the distribution described by BL, 

there is evidence that reporting was satisfactory. In the data analyses, Kuiper,  and log-likelihood ratio 

tests were implemented to explore the data reported whether follow or not BL, which can be an evidence 

to represent the quality of PHS system. According to the results, they concluded that BL-based method 

-Camponovo et 

al. (2016) aimed to evaluate the performance of the PHS system for dengue epidemic in Paraguay during 

2009-2011 with BL with respect to data quality and system sensitivity. They used weekly reported 

dengue cases, and tested these data with  and log-likelihood ratio tests, and calculated correlations 

between socioeconomic (i.e. population, percentage of household with dirt floors, percentage of houses 

burning or burying trash, houses with no electricity) variables. Although they indicated that first-digit 

BL analysis did not fit with the related data, BL with second-digit analyses fitted well with the observed 

data during the pandemic. BL was also implemented by Manrique-Hernandez et al. (2017) during 

ongoing Zika virus epidemic to explore the global performance of PHS systems. They examined the 

suspected and confirmed cases reported for 39 countries in America with Kuiper, log-likelihood ratio 

and Pearson  tests, and concluded that BL can be a useful and quick tool for the countries to detect 

the performance of surveillance system. In addition to those, studies investigating the relationship 

between BL and Covid-19 pandemic confirmed data have been conducted during this epidemic. As 

considering Covid-19 as a natural event that occurs randomly, it is expected that the epidemic event will 

follow an exponential distribution in the rate of spread and obey the BL, since the characteristic of the 

naturally occurring events follows a specified theoretical distribution. Balashov et al. (2020) searched 

for an answer in their study if manipulation can be done on the pandemic data reported during Covid-

19 outbreak by the less developed countries. They implemented BL to cumulative number confirmed 

cases and the cumulative number of deaths with macroeconomic indicators. Observed proportions were 

tested with four goodness-of-fit measures; , modified version of the Kuiper, M-statistic, and D-

statistic to examine the fitness of BL. Idrovo & Manrique-

of Chinese surveillance of Covid-19 with cumulative confirmed case data released by WHO gathered 
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between 1-55 situation reports. They tested the findings to conclude whether or not following BL with 

 and log-likelihood ratio, and indicated that use of BL for health surveillance in terms of accuracy of 

the data quality enhances a quick check as a tool. Zhang (2020) implemented BL to the cumulative case 

numbers reported during Covid-19 pandemic in China from 15 January 2020 to 10 February 2020, and 

concluded that any fluctuations or manipulation was detected, which meant that the numbers obey the 

BL. Although Zhang (2020) tests BL-observed and -expected frequencies with , more comprehensive 

statistical tests such as Kolmogorov-Smirnov (KS) or Kuiper were recommended. 

In this study, the confirmed case data qualities of the European countries have been investigated 

by BL, since as of 13 March, 2020 the number of new cases started to increase significantly after China 

and Europe was considered the new center of the Covid-19 pandemic as announced by WHO. As the 

data for Covid-19 can be the numbers of new/daily confirmed cases, deaths, and recoveries, we focused 

on a model that normalize the new daily-confirmed cases with daily-announced test numbers. In short, 

our goal was to investigate whether the number of normalized confirmed cases announced by the 

officials followed BL or not, and to test the model against empirical Covid-19 data on the confirmed 

case rate (CCR).  

The coronavirus metrics (number of confirmed cases, deaths and recoveries) can be changed 

country by country due to several reasons such as measures taken to prevent the spread of the outbreak 

by social distancing (physical distancing) rules, stay-at-home calls or official lockdowns, testing etc. 

(Moosa, 2020; Balashov et al., 2020). Depending on these measures, number of daily tests would be 

different for countries as well. Although, the spread of virus differs due to above-mentioned conditions, 

the number of confirmed cases results in constant in pro-rata. To examine the spread of the virus 

independent from testing utility, CCR, defined with the number of daily cases over the number of tests, 

which will differ country to country, is used as an indicator with BL to detect the data quality released. 

2. DATA 

WHO continuously shares the numbers of cases and deaths, which are officially reported by the 

health ministries of the countries (URL-1). Since the number of cases and deaths depends on the 

population of the countries, two parameters, the level of spread and especially the number of tests, are 

sufficient to see the tendency of the epidemic. In addition to the number of cases, the number of tests is 

also needed to determine the rate of spread of the virus and to reveal the situation in countries. The data 

(Roser et al., 2020). BL was implemented to the data of the randomly selected European countries from 

the first case to 31 October 2020. The countries (order of first case appearance) are given in Table 1.  
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Table 1. The Selected Countries in Europe For Covid-19 Pandemic Analyses

Country First Reported Case Date Country First Reported Case Date 

France 25.01.2020 Iceland 29.02.2020 

Finland 30.01.2020 Ireland 1.03.2020 

Italy 31.01.2020 Luxembourg 1.03.2020 

Russia 1.02.2020 Czech Republic 2.03.2020 

United Kingdom 1.02.2020 Latvia 3.03.2020 

Belgium 4.02.2020 Portugal 3.03.2020 

Switzerland 26.02.2020 Ukraine 4.03.2020 

Croatia 26.02.2020 Poland 4.03.2020 

Austria 26.02.2020 Slovenia 5.03.2020 

Norway 27.02.2020 Hungary 5.03.2020 

Romania 27.02.2020 Serbia 7.03.2020 

Denmark 27.02.2020 Slovakia 7.03.2020 

Greece 27.02.2020 Malta 7.03.2020 

Estonia 28.02.2020 Bulgaria 8.03.2020 

Lithuania 28.02.2020   

3. STATISTICAL ANALYSIS 

The Null-Hypothesis (H0) indicates that the frequencies obtained from observations are the same 

as expected frequencies basis of BL, is written to test for compliance with BL between the observed and 

expected first digit distributions. To test whether H0 hypothesis is accepted or not, different goodness-

of-fit measures can be applied as test or KS test comparing with a critical value. If the observed 

frequencies are close to corresponding expected frequencies, the  test value or KS test value will be 

small, indicating a good fit. A good fit leads to acceptance of H0, whereas a poor fit leads to its rejection.  

To test whether H0 hypothesis is accepted or not, the  goodness-of-fit statistic is calculated 

using (Walpole et al., 1998); 

   (2) 

Where  is a value of a random variable whose sampling distribution is approximated very 

closely by the chi-squared distribution with v=9-1 degrees of freedom.  is the observed frequency, 

 is the BL frequency. The test is based on how good a fit we have between the frequency of occurrence 

of observations in an observed sample and the expected frequencies obtained from the hypothesized 

distribution (Walpole et al., 1998).  

In addition to   test, the KS test can be used to serve as a goodness of fit test. The KS test for 

a given cumulative distribution function  is written as follows (Massey Jr., 1951; Marsaglia et al., 

2003): 
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 (3) 

where  is the KS test value, n is the number of the observations, the subindices for  

define the first digit,   and  are the cumulative distribution functions for observed and BL, 

respectively,  

4. RESULTS AND DISCUSSION 

To test the compliance with BL, two different statistical tests as  test and KS test were applied. 

The confidence levels for two tests were selected as 95%. As we have 9 first digits, the degrees of 

freedom is taken 9-1=8 for  test. The critical value for  test is computed 15.5073. For the KS test 

the critical value given in Massey Jr. (1951) was used as 1.36. If these values are exceeded in any case 

by  or KS test values, H0 hypothesis will be rejected, otherwise, it will be accepted. 

The statistical analyses for each country are shown in Tables 2-4. The frequencies and the number 

of counts for each leading digit are given in Tables. The numbers of the total frequencies are given in 

the brackets after the country names. In addition to this, the corresponding frequencies (in brackets) for 

each leading digit as predicted by BL;  

   (4) 

N is the total number of frequencies and the root mean square error ( ) calculated from the 

binomial distribution are shown in Tables (Shao and Ma, 2009). 

    (5) 

The results of the CCR accepted by H0 hypothesis for both test and KS test are given in Table 

2. The number of total frequencies changes between 138 and 250. The maximum test values for test 

and KS test were calculated for Slovenia and Croatia, respectively. The observed and BL distributions 

of significant digits for these countries are shown in Figure 1. The minimum test values for  test and 

KS test were calculated for Estonia and Austria, respectively. The observed and BL distributions of 

significant digits for these countries are represented in Figure 2. According to the results given in Table 

2, the CCR results for fifteen European countries fit the BL proportions based on both test and KS 

test.  

Table 2. The Frequencies and Proportions for the CCR, in Which H0 Hypothesis Is Accepted for 

Both  Test and KS Test 

First 

Digit 

France (156) Finland (233) Italy (250) Switzerland (233) Croatia (206) 

Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion 

1  0.2564  0.3133  0.3240  0.3348  0.2864 

2  0.2115  0.1803  0.1720  0.1888 5.5) 0.1165 

3  0.1026  0.1159  0.0960  0.1330  0.1068 
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4 0.0897 0.1116 0.1040 0.1288 0.1262

5 6  0.0385  0.0558  0.0720  0.0558  0.0825 

6  0.0962  0.0858  0.0880  0.0215  0.1165 

7  0.0577 12  0.0515  0.0560  0.0343  0.0583 

8  0.0577  0.0515  0.0400  0.0472  0.0583 

9  0.0897  0.0343 12  0.0480  0.0558  0.0485 

 14.8340 4.4962 4.7378 15.2999 14.4925 

KS 0.9921 0.3367 0.3632 1.3194 1.3255 

First 

Digit 

Austria (229) Norway (192) Denmark (221) Estonia (223) Lithuania (138) 

Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion 

1  0.3231  0.3125  0.3439  0.3049  0.3623 

2  0.1703  0.1458 30  0.1357  0.1435  0.1594 

3  0.0961  0.1563  0.0950  0.1121  0.0942 

4  0.0917  0.0573  0.1131  0.0942  0.1159 

5  0.0830  0.0625  0.0588  0.0807  0.0870 

6  0.1004  0.0938  0.0814  0.0897  0.0797 

7  0.0306  0.0833  0.0498  0.0717  0.0652 

8  0.0524  0.0469  0.0769  0.0493  0.0290 

9  0.0524  0.0417  0.0452  0.0538  0.0072 

 9.0830 10.6987 10.5528 4.4552 9.8630 

KS 0.3346 0.6066 0.6372 0.6610 0.7200 

First 

Digit 

Iceland (187) Czech Republic (243) Portugal (241) Slovenia (214) Slovakia (227) 

Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion 

1  0.2727  0.2881  0.3071  0.2430 82 (68.3  0.3612 

2  0.1979  0.1852  0.2241  0.2383  0.1630 

3  0.1230  0.1523  0.1037  0.1355  0.1145 

4 13  0.0695  0.1111  0.0913  0.0748  0.1101 

5  0.1016  0.0864  0.0830  0.0748  0.0617 

6  0.0909  0.0576  0.0581  0.0841  0.0485 

7  0.0535  0.0494  0.0456  0.0280  0.0573 

8  0.0802  0.0370  0.0332  0.0514  0.0485 

9  0.0107  0.0329  0.0539  0.0701  0.0352 

 13.4230 4.8167 6.9572 15.4505 6.1808 

KS 0.4905 0.6998 0.8383 0.8490 0.9071 

 

 

 

Figure 1. The Observed and BL Distributions of Significant Digits for Slovenia and Croatia 
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Figure 2. The Observed and BL Distributions of Significant Digits for Estonia and Austria 

The results of the CCR, in which H0 hypothesis is not accepted for both  test and KS test are 

given in Table 3. The number of total frequencies changes between 142 and 244. Russia has the 

maximum test values for both test and KS test. The observed and BL distributions of significant 

digits for Russia are shown in Figure 3. The minimum test values of test and KS test were calculated 

for Ireland and Hungary, respectively. The observed and BL distributions of significant digits for these 

countries are given in Figure 4. According to the results given in Table 3, the CCRs for ten European 

countries do not fit the BL proportions based on both  test and KS test.  

 

 

Figure 3. The Observed and BL Distributions of Significant Digits for Russia 
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Table 3. The Frequencies and Proportions for The Confirmed Case Rate in Which H0

Hypothesis Is Not Accepted for Both  Test and KS Test 

First 

Digit 

Russia (225) United Kingdom (215) Belgium (244) Ireland (227) Ukraine (159) 

Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion 

1  0.2667  0.2326  0.3156  0.3216  0.3208 

2  0.3689  0.1628  0.2623  0.2599  0.0692 

3  0.2178  0.0884  0.1230  0.0925  0.0503 

4  0.0622  0.0791  0.0697  0.0837  0.0503 

5  0.0267  0.1442  0.0451  0.0485  0.1006 

6  0.0311  0.1302  0.0492  0.0485  0.1384 

7  0.0089  0.0884  0.0574  0.0617  0.1195 

8  0.0044  0.0512  0.0410  0.0573  0.0629 

9  0.0133  0.0233  0.0369  0.0264  0.0881 

 102.9662 36.7086 17.9921 17.6320 51.2279 

KS 3.7691 1.9968 1.5737 1.5726 2.6279 

First 

Digit 

Poland (183) Hungary (227) Serbia (235) Malta (173) Bulgaria (142) 

Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion 

1  0.3279  0.2819  0.3957  0.4509  0.1761 

2  0.3661  0.1145  0.1447  0.1503  0.2394 

3  0.1366  0.1145  0.1660  0.1040  0.1549 

4  0.0874  0.1454 4.5) 0.1319  0.0520  0.1408 

5  0.0273  0.0925  0.0383  0.0347  0.1056 

6  0.0055  0.0617  0.0298 3.3) 0.0636  0.0845 

7  0.0273  0.0441  0.0128  0.0520  0.0423 

8  0.0164  0.0793  0.0383  0.0462  0.0211 

9  0.0055  0.0661  0.0426  0.0462  0.0352 

 68.6669 17.7851 33.3640 22.3021 19.8172 

KS 3.0916 1.3718 2.1359 1.9708 1.4892 

 

 

 

Figure 4. The observed and BL distributions of significant digits for Ireland and Hungary 

In this study, two different goodness-of-fit measures were used. The proportions of the four 

countries had different characteristics when considering the test statistics. The mentioned results were 

given in Table 4. Although their CCR results fitted BL depending on KS test, they did not fit when  

test was applied. This case may be happened since two test statistics have different distribution functions 

from each other. The number of total frequencies changes between 188 and 217. Greece has the 

minimum test values for both test and KS test. The observed and BL distributions of significant digits 
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for Greece are shown in Figure 5. The maximum test values for test and KS test were calculated for 

Luxembourg and Romania, respectively. The observed and BL distributions of significant digits for 

these countries are given in Figure 6. According to the results given in Table 4, although the only KS 

test values were smaller than critical value, it can be interpreted as the CCR results for four European 

countries fit the BL proportions since  test may be subjected to large fluctuations for small data sets 

(Zhang, 2020).  

Table 4. The frequencies and proportions for the CCR in which H0 hypothesis is accepted for 

only KS test 

First Digit Romania (210) Greece (188) Luxembourg (214) Latvia (217) 

Frequency Proportion Frequency Proportion Frequency Proportion Frequency Proportion 

1  0.2667  0.2553  0.3271  0.2673 

2  0.1190  0.2021  0.1308  0.2535 

3  0.1238  0.1862  0.0654  0.1106 

4  0.1238  0.1277  4.3) 0.1215  0.1336 

5  0.1333  0.0638  0.0935  0.0829 

6  0.0905  0.0585  0.0607  0.0415 

7  0.0333 11  0.0585  0.0794  0.0415 

8  0.0667  0.0372  0.0935  0.0415 

9  0.0429  0.0106  0.0280  0.0276 

 19.0169 16.0443 21.7012 16.6902 

KS 1.3410 0.9914 1.1512 1.0279 

 

 

 

Figure 5. The observed and BL distributions of significant digits for Greece 
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Figure 6. The observed and BL distributions of significant digits for Luxembourg and Romania 

5. CONCLUSION 

The coronavirus disease has affected all over the world. The outbreak was declared a public health 

emergency of international concern by the WHO, and then the problem of the management of the 

outbreak has carried out for all countries. To control the spread of the epidemic, the accuracy of the data 

quality has important effect. The data may include different values such as number of cases, deaths, 

recoveries and spread rate. Depending on these metrics, number of daily tests would be different for 

countries 

defined with the number of daily cases over the number of tests was used as an indicator. Since BL was 

applied as a useful tool for fraud detection in financial fields, recently it has been implemented during 

epidemic to detect the data quality reported officially and sensitivity of the health surveillance systems. 

BL has been implemented successfully to several previous pandemics and epidemics such as A(H1N1), 

dengue, Zika virus for detecting quality of confirmed data i.e. death, case, test numbers announced. 

Moreover, BL based fraud detection in health surveillance system has carried out for PHS sensitivity. 

In this study, BL was implemented to the data of the randomly selected 29 European countries. Two 

different goodness-of-fit measures have been applied to the CCR results. According to the obtained 

results, an overall evaluation of the surveillance system performance based on the first digit shows that 

the data reported by 19 countries fit BL distribution, which can be an indicator of a good data quality 

and sensitive surveillance system. 
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