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Abstract: The Novel Human Coronavirus (SARS-CoV-2) also well-known
as COVID-19 is the greatest public health challenge of the 21st century. The
aims of this article were to provide data analytic of the COVID-19 cases in Bul-
garia and to modeling their spread using SIR (Susceptible-Infected-Recovered)
model. We used the covid19.analytics package from the statistical software R
in extracting time-series data of COVID-19 in Bulgaria (dating March 8, 2020
to November 24, 2020), in presenting the data analysis as well as forecast the
maximum number of infected people, peak time and the basic reproduction
number based on SIR model. As per SIR model, the maximum number of
infected people is reached after 61 days of starting of COVID-19 pandemic in
Bulgaria (around May 13, 2020) with about 1.298446¢ 1% infections. The basic
reproduction number Ry was found to 1.46, which means that on average an
infectious individual infects 1.46 susceptible individuals during his infection pe-
riod. We believe that performed data analytics of COVID-19 cases in Bulgaria
and the obtained results of the SIR model will help government of Bulgaria
when restricting the spread of the virus.
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1. Introduction

On December 31, 2019, a cluster of cases of pneumonia of unknown cause was
detected in Wuhan City, Hubei Province of China (see [43]). It was revealed
in trace-back investigations that many of the patients who were infected by
the virus had some link to seafood and wet animal market located in Wuhan;
which highlighted the possibility of the virus spreading from animal-to-human
(see [11]). However, the virus continued to spread through large chunks of
the population, it was proved that many of the patients had no exposure to
animal markets, which brought up the unpleasant possibility of the occurrence
of person-to-person spread (see [36]). This virus was given the name Novel
Human Coronavirus (SARS-CoV-2) or known as COVID-19 (see [20]). Within
days the virus causes complications in the respiratory tract of the infected
person and causing an increase of austere fatal deaths (see [6]).

On January 30, 2020, the World Health Organization (WHO) acknowledged
COVID-19 as a pandemic due to its faster spread (see [3], [30]). Despite the
on-going efforts of governments, the virus has spread almost everywhere in the
world (see [34]).

Social distancing, washing hands frequently, avoiding touching the mouth,
nose, and face etc. are important preventive measures for COVID-19 are sug-
gested (see [41]).

The virus was confirmed to have spread to Bulgaria when the country’s
first cases, a 27-year-old man from the northern city of Pleven and a 75-year-
old woman from the central city Gabrovo, were confirmed on March 8, 2020.
Neither of the two had traveled to areas with known coronavirus cases. The man
tested positive for the virus after being hospitalized for a respiratory infection,
and authorities announced plans to test several people who were in contact with
the two individuals (see [9]). Two other samples in Pleven and Gabrovo were
positive on March 8, 2020 (see [13]). Patient zero remains unknown (see [16]).
Now the virus has been spread throughout the country. Bulgaria is in third
place in the European Union-European Economic Area in COVID-19 mortality
and in 13th place in morbidity, on the basis of 14-day statistics, Chief State
Health Inspector Associate Professor Angel Kunchev told the Health Ministry’s
weekly briefing on November 19, 2020. As per our analysis date (Neveber 24,
2020) there are 124966 total confirm cases, with 38226 recoveries and 3069
deaths in the country (see [18]). Administration and health officials are facing
lot of problem to accommodate patients of COVID-19. So, development of
some prediction tools to know expected number of cases in upcoming time is
the need of hour for future preparations (see [37], [39]).
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Since the beginning of the COVID-19 epidemic, there has been various
mathematical and statistical modelling that have predicted the global and na-
tional epidemic with varying degrees of accuracy and reliability (see [1], [2], [4],
[10], [21], [25], [27], [28], [29], [32], [35], [40]). The accuracy of prediction and
its uncertainty depend on the assumptions, availability and quality of data (see
[31]). The results can vary significantly if there is difference in the assumptions,
and values of input parameters. Moreover, an epidemic may not always behave
in the same manner as pathogens are likely to behave differently over time (see
[42).

The aims of this article were to provide data analytic of the COVID-19
cases in Bulgaria and to modeling their spread using SIR (Susceptible-Infected-
Recovered) model.

2. Materials and methods
2.1. Epidemiological data

In this study we used time series data on the daily progression of the COVID-19
pandemic in Bulgaria from the John Hopkin’s University (JHU) (see [14]). We
employed the current Bulgarian population based on World meter elaboration
for the latest United Nations data (November 24, 2020) as the initial uninfected
population (N = 6927712 (see [19])) source. We generated a vector with the
daily cumulative incidence for Bulgaria, from March 8, 2020 (when our daily
incidence data started), through November 24, 2020.

2.2. SIR model

The SIR (Susceptible-Infected-Recovered) model has been extensively utilized
by scientists and government policymakers to predict the spread of many dis-
eases. In this study we used a simple SIR model also known as compartmental
model or stochastic epidemic model (see [22], [24], [35], [38]) to predict and
model the spread of Coronavirus in Bulgaria. SIR model divides the popula-
tion into three compartments Susceptible (S) (not infected), Infected (I) and
Recovered (R) (that is, vaccinated or recovered with immunity).

The SIR model without demographics is given by the following non linear
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system of ordinary differential equations (see [12], [24], [38]):

B = —BSHI(2),
L = BS(WI(t) —AI(1),
RO — y1(2),

The function S(t) represents the number of susceptible cases at time ¢. The
function I(t) represents the number of infected cases at time ¢, and the function
R(t) is the compartment of removed cases from the disease, where:

Removed cases = Death cases + Recovered cases.

The parameters 5 and v are called the contact rate and the removed rate,
respectively. The initial condition of this model S(0), I(0), R(0) must satisfy
the condition:

S(0) + 1(0) + R(0) = N,
where N is the population size (see [12]).
The model can be written also as follows:

50 (1),
‘”“ /35()1“ —I(t), (1)
%@Z’ﬂ(t%

with SOHOFRG 9 ang 5(0) > 0, 1(0) > 0, R(0) = 0 (see [23]).

An important epidemiological parameter in modelling of infectious diseases
is the basic reproduction number denoted by Ry (see [5]). The basic reproduc-
tion number for a pandemic in each region is determined based on the “expected
number of secondary cases produced by a single (typical) infection in a com-
pletely susceptible population” is given by (see [22]):

Ry="2. 2)
v

If Ry is greater than one suggests rapid transmission of the infectious disease
whereas if the value of Ry is less than one, it indicates a decreasing transmission
(25) (see [26]). If Ry is equal to one, it means that each existing infection causes
one new infection. For COVID-19, the World Health Organization (WHO) sug-
gests an Ry ranging between 1.4 to 2.5 (see [26]). Some of the other estimated
range of values of Ry for different countries are: 2.6 to 3.2 for South Korea
and 2.6 to 3.3 for Italy (see [45]); and 2.24 to 3.58 for China (see [44]). In
[26] is made a meta-analysis of 12 studies which estimated Ry for COVID-19 in
various parts of the world and it is suggested the mean Ry value of 3.28.
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2.3. Covid19.analytics package

Covid19.analytics package (see [15]) is an R package developed and maintained
by Marcelo Ponce. The package was released on 3rd May, 2020 and is available
on the CRAN Repository as well as on Github. The package uses live data from
the John Hopkin’s University (JHU) (see [14]) to perform several analytics such
as time series, regression, etc. It also uses the SIR model for the prediction of
the pandemic.

All data of the reported incidences of coronavirus in Bulgaria (dating March
8, 2020 to November 24, 2020) were extracted from the covid19.data function
from covid19.analytics package in the statistical software R program version
3.6.3.

The analysis and visualizations functions from covidl9.analytics package
used in this study were tots.per.location, growth.rate and totals.plt.

The generate.SIR.model function (see [17]) in covid19.analytics package was
used for implements the SIR model from (1) using the actual data from the re-
ported cases. The function identify data points where the onset of the epidemic
began and consider the following data points to generate proper guesses for the
two parameters describing the SIR ODE system, i.e. § and 7. It does this by
minimizing the residual sum of squares (RSS) assuming one single explanatory
variable, i.e. the sum of the squared differences between the number of infected

cases I(t) and the quantity predicted by the model I(t),
~ N2
RSS(8,7) = (1) - T(1))

t

The ODE given by (1) is solved numerically using the ode function from the
deSolve and the minimization is tackled using the optim function from base R.
After the solution for (1) is found, the function provide details about the solu-
tion, as well as, a plot of the quantities S(t), I(t), R(t). The generate.SIR.model
function also estimates the value of the basic reproduction number Ry, defined
by (2) (see [33]).

3. Results and discussion

A plot analysis of Bulgaria showing the relationship between the number of
cases and date from which the first case was identified is presented in Figure 1.
It can be observed the steady rise of the number of cases started from the end
of July.
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Figure 1: Number of confirmed COVID-19 cases in Bulgaria

The government of Bulgaria has declared a nationwide influenza epidemic
and took instant and decisive measures from March 6 to 11. These included
mandatory suspension of all educational activities, ban on access to all public
places such as theatres and cinemas, and suspension of all types of public events.
Hospitals were ordered to postpone elective surgeries and ban patient visits
(see [7]). The Minister of Health of the Republic of Bulgaria, Kiril Ananiev
has introduced a temporary ban on entry into the territory of the Republic of
Bulgaria from April 6, 2020 (see [8]).

These decisive measures led to a reduction in the spread of the infection.
There was a weak first wave with a peak around April 20, 2020, when the new
cases reached 91 per a day. There was a clear decrease in morbidity over the
next month and a half, of which, due to the implemented measures. After
restrictions were lifted and borders were opened, cases began to rise rapidly
and right now Bulgaria is in “second” wave. The Bulgarian Health Ministry
reported a record high of 4828 new COVID-19 cases in a 24-hour period on
November 11, 2020. The percentage of positive samples was 41.58%.

Figure 2 A) presents a plot diagram of the number of cases in logarithm
and number of days. It is observed a sharp rise in the number of cases from
day 45. Day 100 presented a steady rise in the number of cases as compared
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Figure 2: Number of cases (in log) and the growth rate of COVID-19
in Bulgaria

to day 45 increment. Figure 2 B) gives a bar diagram of steady increment of
the virus in Bulgaria. It is observed from the plot that there was increased
COVID-19 positive cases from Juny 2, 2020. Cases reached more than 80000
as from November 11, 2020 which showed peak value.

Figure 3 A) depicts graphically the number of changes in confirmed cases
to the time of the month. It is observed from the graphic, there was a steady
difference in changes to number of confirmed cases from the end of January
to beginning of March when the first cases were detected. As cases gradually
increased from middle of March, the difference remained almost same till begin-
ning of June when there was a sharp reduction in the difference in the number
of cases. The cases picked up again towards the second half of June and con-
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Figure 3: Number of changes (difference in the number of cases) and
the growth rate of COVID-19 in Bulgaria

tinually widened. Figure 3 B) gives a bar chart of the growth rate of the virus
in Bulgaria. It is observed that growth rate peaked on April 1, 2020. 10th of
October also witnessed peak but not as much as the previous date stated.

Figure 4 shows log-scale representation of the global number of confirmed,
active, recovered and deaths of COVID-19 cases vs. the reported cases for
Bulgaria. It is observed that the growth of the epidemic in Bulgaria with the
rest of the world is the same pattern, only that the values are less than that of
the rest of the world.

Figure 5 present the total number of confirmed, recovered, deaths and active
cases in Bulgaria. It is observed from the graph the number of death cases is
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Figure 4: Log-scale representation of the total number of cases vs.
the reported COVID-19 cases for Bulgaria

significantly low as compared to the confirmed and recovered cases although the
number of death cases is gradually increasing but kept as the barest minimum.
Confirmed cases continually increases rapidly as against the recovered, deaths
and active cases.

Figure 6 shows the result of the prediction of the SIR model on the COVID-
19 cases in Bulgaria implemented by generate.SIR.model function from covid19.
analytics package. The first two graphs shows the model accuracy for the
infected cases based on the first 25 days of data. The right graph of them is log
scale in which the y-axis is logarithm. It is also called log-linear plot or semi-log
plot. The dotted line in the plot represents the real data, while the straight line
represents the model. The second two graphs show the summary of those who
are susceptible to the virus, infected and recovered. The maximum number of
infected people is reached after 61 days of starting of this pandemic (around 13
May 2020) with about 1.298446e1%5 infections. Recovery rate is also increasing
with the time. It is also observed that the blue line still hight, showing that
there is still high risk of susceptibility. A large number of the population is
still at the risk of infection if urgent measures are not taken, such as partial
lockdown of the country.

After running the SIR model on the available Bulgaria data and in addition
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Figure 5: Relationship between the number of confirmed, recovered,
death and active COVID-19 cases in Bulgaria with respect to time

to Figure 6 the generate.SIR.model function from covidl9.analytics package
gives the results for the beta value, the gamma value and the basic reproduction
number Ry which are 0.59, 0.41 and 1.46, respectively. From the obtained
value for Ry it follows that on average an infectious individual infects 1.46
susceptible individuals during his infection period. This obtained value for the
basic reproduction number Ry belong the range between 1.4 to 2.5 suggested
of the World Health Organization (WHO) (see [26]).
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Figure 6: SIR model prediction for COVID-19 cases in Bulgaria

4. Conclusion

Predicting the COVID-19 is still a challenge for epidemiologists and data re-
searchers because not much information has been gathered that will of a cer-
tainty give the full characteristics of the disease. In this paper, we present data
analysis and visualization of COVID-19 cases in Bulgaria based on the num-
ber of recovered, deaths, active and confirmed cases. SIR model was used in
simulating the susceptible, infected and recovered COVID-19 cases in Bulgaria
and the obtained results of the model were presented via graphs. Due to unre-
ported cases, we may have deficiencies of inaccurate data but nevertheless we



1110 M. Ivanova, L. Dospatliev

believe that this analysis and visualizations will help government of Bulgaria
when restricting the spread of the virus.
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