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Introduction
The pandemic of COVID-19 that the world faced with at the beginning of 2020, made several 

challenges in scientific societies and research targets. Apart from problems with new tests for 
detection of the virus and development of vaccines and new treatments, scientist all over the 
world try to model the kinetics of development of the disease in different countries [1]. One 
of the purposes of such modelling is to prognose and prepare medical facilities for treating 
of patients with severe disease. This modelling requires many factors to be considered, such 
as population density, age distribution within the country, mostly prevalent comorbidities for 
specific population, as well as political factors to reduce a spread of the virus. In the absence 
of vaccine, the only method that was found to be effective for reduction of spread of the virus 
and for decrease the load on the medical system, is a state of emergency. Almost all countries 
declared a state of emergency [2], but the time of its establishment differs between countries 
[3]. Countries declared a state of emergency relatively late faced with the crash of medical 
system and with necessity to decide the ones that “deserve to live” on account of some others 
that will be sacrificed because of lack of medical resources [4,5]. On the other hand, countries 
that declared a state of emergency at the first day of pandemic are seen to reduce the number 
of cases significantly thus facilitating a work of medical institutions [6]. The forehanded 
preparation of medical system for the worse situation can save lives, and this can be achieved 
by collecting a sufficient knowledge on factors related to spread of the disease. In the absence 
of previous data, this knowledge can be based only on theoretical modelling that probably 
have low accuracy but still remain the only possible kind of prognostic preparation for future. 
The correctness of models is especially essential in the case of countries where the medical 
system is not extremely strong, like countries of the West Europe. In addition, in some cases 
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Abstract

Introduction: Models of kinetics of development of COVID-19 are essential for prognosis and 
preparedness of medical facilities for treating of patients.

Methods: We built a predictive model based on theoretical formulas for normal distribution and corrected 
it based on real number of cases in Latvia. The process included two stages: (I) simple modelling for 
distribution of cases without accounting for a state of emergency; (II) correction of the model for changes 
due to a state of emergency and a real situation. A choice of model parameters was performed comparing 
the real and the theoretical cumulative curves and based on the least sum of square. Considering in 
addition the tiredness of people to follow a state of emergency rules, we modelled the cumulative number 
of cases in Latvia till the end of 2020. 

Result: The number of diseased cases in Latvia have Poisson distribution. According to our model, the 
best prediction is based on 7-14 days in which a carrier transmits the disease (p). After the declaration of 
a state of emergency the infection coefficient k decreased 3 to 5 times with fastest changes in incidence 
at day 50. The deviation from the theoretical curve as a result of violation of a state of emergency rules 
occurs at day 80. The cumulative number of cases in Latvia till the end of 2020 can reach 1400 in the case 
the current conditions will stay. 

Conclusion: The provided model can be applied for other countries with similar distributions of cases. 
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models that were developed for countries with large population not 
always fit for the countries with relatively small population. 

One of the West European countries with small population is 
Latvia with almost 2mln. of inhabitants and about 20% of elderly 
[7]. According to World meter data [8], population density in Latvia 
is 31 people per km2 calculated for the total land area of 62,200 km, 
however, most of them (68.4%) of them are living in urban areas 
with the majority (634,000 people) living in the capital city Riga [8]. 
Starting from a beginning of the pandemic and till 02.06.2020, the 
total number of cases in Latvia had reached 1079 of them 760 were 
recovered during this period. The first two cases were identified 
at 08.03.2020. The maximal number of cases per day in Latvia 
had reached 48 [9]. Most of the cases (n=556) were discovered in 
Riga, the capital of Latvia which is also the place with the highest 
population density. At this period, 112,965 tests were performed 
which is a relatively high number of tests per million of population 
(59,845 per million) [10]. The state performs most of the tests in 
social care institutions and shelters, therefore, most of COVID-19 
cases were found there. In addition, at 12.03.2020, a state of 
emergency had been declared in Latvia [11]. This led to substantial 
decrease in number of cases which should be considered whilst 
modelling. The effectivity of the state of emergency reached its peak 
at 23.03, and after that day the government-declared activities had 
been seen to affect the number of new cases in the state. According 
to official statistics, the total number of deaths from COVID-19 stays 
on 24 till the 02.06.2020 [9]. The maximal daily number of deaths 
was four people at 21 of April. The age groups official statistics was 
provided by the Latvian Centre of Disease Prevention and Control 
till the 21.04.2020 for the first nine persons, and most of them were 
at the 70-75 age group [10].

In Latvia, the health expenditures are about lowest in Europe 
and stay at 5.8% of GDP, the physician density is 3.19/1000 of 
population and hospital bed density is 5.8 beds/1000 of population 
[12]. All this takes Latvia to relatively weak position in its medical 
supply and readiness for challenges like COVID-19. Therefore, 
statistical prediction of possible situation with the pandemic is 
extremely important in the case of Latvia. The surprisingly low 
incidence of COVID-19 and small overall number of diseased cases 
in Latvia make the statistical modelling for prognostic purposes 
extremely difficult. In most of countries, modelling assumed high 
number of diseased and therefore is based on normal distribution, 
however, normal distribution of cases is rather an assumption 
than a reality [13]. In Latvia, this approach seems to be completely 
irrelevant, as distribution of cases is rather Poisson than normal. 
Definition of parameters that should be included into a model 
in a case of small numbers of diseased, as well as fitting the best 
prognostic models and making a prognosis till the end of 2020 for 
Latvia was the main aim of this study. 

Methods
We attempt to build a predictive kinetic model of COVID-19 

in Latvia that will describe the situation till the end of 2020. To 
build the model, we used the publicly available data of diseases 

that was published at the site of the Centre of Disease Prevention 
and Control of Latvia. The overall number of cases in Latvia from 
the beginning of the pandemic (12.03.2020) at and till the date of 
analysis (07.05.2020) was 909, and total number of deaths in this 
period was 18 [9]. Number of cases in Latvia had a Poisson-like 
distribution (Figure 1).

We performed our modelling at two stages: 

1. Simple modelling for distribution of cases without 
accounting for a state of emergency. 

2. Correction of the model for changes due to a state of 
emergency and a real situation.

Simple modelling without accounting for a state of 
emergency

In the simplest case of continuous distribution, the model can 
be described as (1):

( )( )
dNt k N N m Nt t p t
dt

= − −−  (1), where

N-number of cumulative cases,

t-time (in days),

m-number of susceptible individuals at the beginning of the 
period,

k-the infection coefficient which means the number of 
susceptible people that could be infected by one carrier during a 
defined period of time. 

In the case than the given period of time is one day and assuming 
a number of cases as a discreate measure, the number of cases at 
day t -1 can be calculated according to next formula (2): 

1 1
( ).1 0 1

t t
N k m N Nt t p

− −
∆ = − Σ Σ− − −      (2), where

ΔN(t-1)-changes in the number of cases for day t-1

p-number of days in which a carrier transmits the disease, and 
which cause the (t-1) day’s prevalence.

In this case, the cumulative number of cases will be calculated 
according to (3)

1 1N N Nt t t= + ∆− −     (3), where

For each day there is additional parameter N0 which means 
the number of persons with disease that are necessary for 
implementation of the model. This model attempt to predict the 
number of diseased in the case of pandemic till the end of potentially 
susceptible persons (m). We used the real data of Latvia to model 
the number of cases from the day 24 (24.02), as the number of 
cases before this day was too small to make any modelling. We 
started our prediction from the day 50 of pandemic and used the 
cumulative number of cases and number of cases per day form 
publicly available data sets. To check the stability of the model, 
we changed its parameters and ran the model using theoretical 
coefficients for each parameter in the model. 
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Correction of the model for changes due to a state of 
emergency and a real situation

The next model considered a state of emergency that was 
declared at the first day after announcement on pandemic by WHO. 
The effectiveness of a state of emergency depends on vast number 
of factors that can be described using the central limit theorem (4): 

1 1
( int ( | , ))( ).1 0 0 1

t t
N k I G t t m N Nt t pσ

− −
∆ = − − Σ Σ− − −  (4), where

I-final reduction of k as a result of a state of emergency

t0-a day of the fastest changes in k

σ-standard deviation for normal distribution. 

Assuming K =k*m and J = I*m and 
1

0
t

N m
−

Σ <  the formula (4) can 
be shortened obtaining the formula (5):

 1
( int ( | , )).1 0 1

t
N k J G t t Nt t pσ

−
∆ = − Σ− − −  (5), where

The theoretical parameter k can be calculated according to next 
formula (6): 

. int ( | , )0k k I G t ttheror σ= −  (6), where

which can be corrected using previous assumption made for (5) 
thus receiving next shortened calculation of k (7):

( int ( | , ))0k K J G t ttheror σ= −  (7), where

However, the factual coefficient k (experimental one) should 
change according to the proportion (8):

.
. 1

1 .

N fakt
K fakt t

Nt p fakt

∆
= −
Σ − −

 (8), where

and this factual infection coefficient K should be compared 
with the theoretical one k theory, which is the main parameter 
that should be considered whilst building a model. A choice of m, 
k, I, t0 and σ parameters was performed comparing the real and the 
theoretical cumulative curves and based on the least sum of square 
S (9):

2
( ) ...S N N teorfakt= Σ −  (9), where

We checked the m, k, I, t0 and σ parameters according to the 
minimal S, and compared our theoretical models with the real data 
for Latvia looking on different number of days p. We checked the 
stability of data for days 80-104 using p=4, p=7 and p=14. This 
numbers had been chosen based on pre-symptomatic transmission 
of COVID-19 which is 4.0 to 4.6 days, and its theoretical possibility 
up to 14 days (14). In this way we assessed the possibility to 
use our model for prognostic purposes. Observing differences 
between the predicted cumulative number of cases and the real 
one, we optimized our model to achieve a factual number of cases 
at each particular day. We built the model with p=7 and p=14, and 
investigated its fit till the days 70, 80, 90, 100 and 105. We corrected 
the model according to observed difference in cumulative curve 
entering the parameter that described the tiredness of people from 
the emergency state. Performed correction can be described by the 
formula [10] which is the last outcome of this investigation:

1 1
( int ( | , ) int ( | , ))( ).1 0 1 1 0 1

t t
N k I G t t L G t t m N Nt t pσ σ

− −
∆ = − + − Σ Σ− − −  (10), where

L- final increase of k as a result of a braking of a state of 
emergency rules.

We checked this formula comparing our model with a real 
number of cases at 25.05.2020. After that, using this corrected 
formula, we built the prognostic models for a situation in Latvia 
at 01.10.2020 and calculated the cumulative number of cases till 
31.10.2020. 

Result

Simple modelling without accounting for a state of 
emergency

The real data from the Latvian data set that we used for our 
model was for day 24 (24.02), and the coefficients were as followed: 
k=1.50*10-6 day-1, m=220,000 individuals, and N0=0.123, where N0 
means the number of persons with disease that are not susceptible 
anymore at the day 24 (Figure 1). In the case of real data, the peak 
of disease should be reached till the day 75 with 15,000 of cases, 
and the maximal cumulative number of cases will be at day 82 
when all potential susceptible population got the disease. Changing 
parameters of the model, we observed subsequent changes in 
dynamics, but the character of the model did not change. However, 
in these cases the model is not stable (Figure 2). 

Figure 1: Incidence of COVID-19 in Latvia from the day 20 to 
day 120 of pandemic.

Figure 2: Changing parameters of the model (k and m) for the 
same N0

Panel A: Theoretically assessed number of cases in each 
particular day.
Panel B: Theoretically assessed cumulative number of cases 
(N0=0,123).

Correction of the model for changes due to a state of 
emergency 

According to this first check, we chose p=7 and p=14 as 
those more stable for the next investigations. Whilst minimizing 
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S, we additionally observed the instability of constants m, k, and 
I¸ however, a result of multiplication of two factors k*m and I*m 
remain stable (Table 1). This observation confirmed the correctness 
of models [5] and [7]. 

Table 1: Constants observed for models trying to 
minimalize parameter S.

Parameter Till 80Days Till 90Days Till 100Days Till 
104Days 

m 189000 161600 225800 225000

k 2,06. 10-6 2,42.10-6 1,75. 10-6 1,75. 10-6

t0 50,75 50,10 49,67 49,67

σ 5,85 6,73 6,71 6,71

I 1,44.10-6 1,69.10-6 1,21.10-6 1,21.10-6

N0 0,070 0,080 0,080 0,08

Sn 0,300 0,304 0,319 0,321

k*m 0,389 0,391 0,393 0,393

I*m 0,273 0,273 0,273 0,272

Comparing theoretical and real infection coefficients for seven 
and for fourteen days (p=7 and p=14) of possible transmission 
of disease, we observed that after the declaration of a state of 
emergency the infection coefficient k decreased 3 to 5 times with 
fastest changes in the coefficient t0 at day 50 (Figure 3). Comparing 
the modelled distribution of COVID-19 with the real number of 
cases in Latvia we observed a good model fit (p=14) till the days 
75-80, but after that all real results were above the theoretically 

predicted ones. This can be explained by public tiredness from a 
state of emergency and violation of its rules. This remains stable 
for p=5 to p=10 independently of the day of prognosis (data not 
shown): independently from the day that we modelled, the real 
number of cases was always higher than the predicted one (Figure 
4). Performing a future optimization of the model according to 
cumulative cases in reality we observed that increasing the number 
of days for prognosis displayed better fit for the real situation 
(Figure 5). We observed the good fit of the models built using 
the formula [10] with the real situation in Latvia till the day 115 
(25.05.2020) of the pandemic (Figure 6). We calculated a cumulative 
number of cases in Latvia using this corrected model at 31.12.2020 
(Table 2). This table shows that the prognostic number of cases 
performed using the corrected formula [10] is less dependent on 
the specific day on which the prognosis was based. Differences that 
are observed than model is based on May 20 and May 25 can be 
explained by the spontaneous increase of infected diseased persons 
discovered on May 16 (27 new cases).

Table 2: Prognostic calculation of cumulative number of 
cases in Latvia till the end of 2020.

Date of Prognosis (Real 
Number of Cases)

Predicted Number of Cases at 
31.12.2020

5-May 1340

10-May 1310

15-May 1300

20-May 1340

25-May 1400

Figure 3: Changes in the infection coefficients after a state of emergency was declared.
Panel A: Comparison of constants (theoretical and factual) for day 7 (p=7).
Panel B: Comparison of constants (theoretical and factual) for day 14 (p=14).

Figure 4: Optimization of curves till the day 75 (p=14) for the theoretical calculation and the real situation in Latvia.
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Figure 5: Comparison of theoretical models with the real situation in Latvia for days 70-105.
Panel A: Cumulative curve (p=7).
Panel B: Cumulative curve (p = 14).

Figure 6: Best fitting model till the day 115 (p=14).
Panel A: Number of cases in each particular day.
Panel B: Cumulative number of cases.

Discussion 
In this study we built the prognostic model till the end of 2020 

for a cumulative number of cases with COVID-19 for the case of 
Latvia a country with the low population density and low number 
of diseased [11-16]. At this stage, there is a lack of possibility to 
perform data based epidemiological studies due to the limited time 
from the beginning of the pandemic. There is a lack of studies on 
difference in virulence of SARS-COV-2 between populations and 
environments. Considering the overall character of pandemics and a 
difference of viral distribution by countries, such studies are greatly 
anticipated. Up to date there is no valid explanation of differences 
of spread of the virus in different countries. Some explanation 
can come from the population density [15], and another one can 
be the difference of behavioral habits of populations [16]. This 
would mean that populations with higher concentration of people 
in cities, with close relationships between neighbors, stronger 
familial relationships, and culturally prescribed “out-of-home” 
dinners have a higher possibility of fast increase in number of 
cases of COVID-19. On the other hand, states with lower population 

density, having mostly individualistic approach and more distanced 
relationships will be in better situation. Unfortunately, this theory 
not always confirms in real life. For example, a similar number of 
cases in Norway and Malaysia are completely out of this theory 
[13]. The difference in number of cases can be based on differential 
virulence of SARS-COV-2 as a result of variability of SARS-COV-2 
strains [17], however, this theory had not been proven, yet. The 
crash of medical system is one of the greatest problems of this 
pandemic in all countries. It is known that hospitalisation occurred 
in 32% of cases, and severe disease that requires a hospitalization 
in an intensive care unit and/or respiratory support is accounted 
for 2.4% cases [18]. In the case of lack of proper information and 
lack of knowledge about causes and consequences of difference in 
the course of disease in different populations, the only solution to 
prognose a possible overload of health system is a theorization using 
statistical models [19]. However, a possibility of low prognostic 
probability of such a model should be considered. Even real data-
based epidemiological models have a relatively low prognostic 
possibility (for example, for some regression models adjusted R2 can 
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vary from 20 to 50%) [20]. Certainly, in the case of the theoretical 
model this prognostic possibility might be even lower. However, the 
prognosis in this case is made looking on the worse case of maximal 
distribution of disease. Therefore, it can be concluded that the real 
situation will always be better than the prognosed one which can 
be a good solution in this particular case. If the medical system 
of a country would be ready for a higher number of diseased, the 
crash of it could be avoided. The additional problem that was 
discovered during the state of emergency that was declared in most 
of the world population is tiredness of people from strict rules of 
lockdown and self-isolation. This tiredness lead to psychological 
distress and even to development of depressive symptoms [21,22]. 
In situation of hard restriction of everyday activities people start to 
break the governmental prescriptions which can lead to additional 
increase of cases of COVID positive persons. In the worst case that 
can lead to the so-called “second wave” - second peak of cases after 
the reduction of the first one. In traditional models based on normal 
distribution there is no possibility to account for such psychological 
situation the thing we tried to achieve in this study. 

Limitations of the study
This study has several limitations. One of the limitations of this 

study is low prognostic possibility of presented models discussed 
above. In addition, there is no possibility to predict not known 
exacerbations of COVID-19 due to the lack of proper information 
about the course of disease. The last limitation of this study is 
the prognosis of diseased cases only; no recurred persons were 
accounted in the model. This limitation is a result of our willingness 
to build the universal model for low-cased countries. As each 
one of the countries has its own medical system based on quite 
different financial possibilities, it is rather impossible to prognose 
the recovered cases for all these situations. The last limitation is a 
lack of personal information that can affect the modelled number 
of cases, for example, mentality of people in different countries and 
their behavioral habits. 

Strengths of the study
The main strength of this study is that to our knowledge we 

built the first model for countries with a small number of real 
cases. In addition, we the strength of our model is its correction 
for psychological changes in society as a result of the stage of 
emergency. 

Conclusion 

We built the prognostic model till the end of 2020 for a 
cumulative number of cases with COVID-19 for the case of Latvia-a 
country with the low population density and low number of 
diseased. We succeeded to improve the theoretical model correcting 
it for the real situation in the country and considering 

I. The consequences of a state of emergency, and 

II. A tiredness of people from the strict state of emergency 
rules. 

This model can be applied for other countries with similar 
conditions, and with some additional corrections even on countries 
with higher number of cases. 
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