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ABSTRACT: The human race has been at the edge of the COVID-19 pandemic since the start of 2020. While the disease is 

easily transmissible, a large proportion of the people affected are recovering. Most recovered patients do not suffer COVID-

19 death, even though they have been observing for a long time. In the sense of survival analysis, they can be viewed as long 

term survivors (cured population). In this study, we present some statistical methods for estimating the cure fraction in 

Kosovo of COVID-19 patients. Proportional hazards Mixture cure model is used to estimate the fraction of cure and the 

effect of gender and age covariations on lifetime. For this analysis the data available on the 

https://raw.githubusercontent.com/owid/covid-19-data/master/public/data/owid-covid-data.xlsx' website is used. The result 

revealed that the covariates, diabetes prevalence and hospital beds per thousand have highly statistically significant 

coefficients, while others, that is stringent index, total cases, gdp per capita (economic variable), respondent’s age, 

handwashing facilities are not statistically significant, implying that these variables are not really contributing to the hazard 

ratio of covid-19 incidence. 
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1.  BACKGROUND TO THE STUDY 

 

The outbreak of the coronavirus disease has had 

tremendous impact of individuals and the economies 

of nations. It has negatively affected extremely poor, 

as well as advanced economies. The impact has left 

no one in doubt of the fragility of the world economy, 

particularly in terms of the health facilities and 

manpower. 

As of January 2020, a global health epidemic has 

been created by the outbreak of the new 2019 

coronavirus disease (COVID-19). On 31 December 

2019, COVID-19 was first identified as a pneumonia 

of unknown etiology in Wuhan, Hube Province, 

China (Adhikari, et al., 2020). By May 19,2020, the 

virus had spread all over the world. Nearly 50 million 

people were infected (4982937) and there were more 

than three million and twenty thousand deaths 

(324554), with more than 19 million people suffering 

from the outbreak (1958416). On 11 March 2020, the 

World Health Organization (WHO) announced the 

outbreak of the new coronavirus (COVID-19) a 

global pandemic (Cucinotta & Vanelli, 2020). On the 

13th of March, the first cases of coronavirus disease 

were recorded in Kosovo. The number of new daily 

cases, however, did not rise until March 22, with the 

first coronavirus death confirmed. Older adults are at 

increased risk of becoming seriously ill from the 

outbreak, and one-third of all virus infections in 

Kosovo are made up of people aged 60 and over. 

Prishtina, the most populous district in the Kosovo, 

has been badly affected and accounts for more than 

90% of all COVID-19 casualties in Kosovo. There 

were 46,909 confirmed coronavirus infections and 

1203 deaths from the disease in Kosovo as of August 

20, 2020. The construction of hospital centres and 

rapid recovery efforts ensure that the lion's share of 

victims from the outbreak were fully recovered. 

Typical mathematical models in the study of 

epidemiological data are the SIR model (Susceptible, 

Infected and Recovered) and related compartment 

models (Pollicott, Wang & Weiss, 2012). Several 

COVID-19 patient data analyses were recorded using 

SIR models and other normal statistical techniques 

(Sreedevi & Sankaran, 2020). Our goal in this 

research is to analyze patient data from Kosovo 

COVID-19 using survival models. 

We model time in the study of survival for an event 

of importance to occur. We may describe death in this 

sense as the occurrence of concern due to COVID-19. 

Time is regarded as life. For different factors, the 

event's final time of incidence is not available for 

certain people (patients). This state leads to the 

phenomenon of censorship known as the partial 

lifespan data is only valid for censored patients; it is 

longer than a given duration. Censorship capability 

helps longevity statistics to be analyzed 

independently from all other statistical fields. Date of 

disease conformation and date of death/recovery due 

to (due to the disease, records on age and gender are 

available for some COVID-19 patients in Kosovo. 

The recovered and hospitalized patients may be 

treated for lifetime censorship until the case is 

described as death due to COVID-19, as we do not 

have any details on them after the date given (as per 

records). 
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This study uses cox regression model to analyze data 

on COVID-19 patients in Kosovo. 

 

2.  METHODOLOGY 

 

2.1.  Model 

Suppose we have 𝑛 patients under study in general. 

The time to death of a COVID-19 patient from the 

date the disease is identified is described as 𝑇. 𝑇 

would then be counted as the number of days in the 

hospital. For patients whose death happens, the 

number of days hospitalized is counted as life time 

experienced. When the patient is healed, we just 

know that the incident is not actually happening to the 

patient, so the number of days treated with such 

patients is called a censored lifespan. For patients 

with existing status as 'hospitalized' after the specified 

date, there is still no details available. Those lives are 

also treated as censored lives, too. Survival analysis 

is a set of mathematical techniques for analyzing the 

frequency and timing of occurrences and is useful in 

studying many forms of social and natural science 

events. 

 

2.2  Cox Regression Model 

The aim of the model is to determine the influence of 

many variables on survival simultaneously. In other 

words, it helps one to analyze how such variables 

affect the probability of occurrence of a single case 

(e.g., illness, death) at a given point in time. This rate 

is frequently referred to as the hazard rate. In the 

survival-analysis literature, indicator factors (or 

variables) are typically called covariates. 

The Cox model is represented by the hazard function 

denoted by ℎ(𝑡). In short, the hazard function can be 

defined as the chance of dying at the moment of 

death. Estimated below as: 

 

ℎ(𝑡) = ℎ0(𝑡) × 𝑒𝑥𝑝(𝑏1𝑥1 + 𝑏2𝑥2+. . . +𝑏𝑝𝑥𝑝) 

 

where, 

• 𝑡 represents the survival time 

• ℎ(𝑡) is the hazard function determined by a set 

of p covariates (𝑥1, 𝑥2, . . . , 𝑥𝑝) 

• the coefficients (𝑏1, 𝑏2, . . . , 𝑏𝑝) measure the 

impact (i.e., the effect size) of covariates. 

• the term ℎ0 is called the baseline hazard. 

• The Cox model can be written on the variables 

𝑥𝑖 as a multiple linear regression of the hazard 

logarithm, with the baseline hazard being an 

intercept term that differs with time. 

The 𝑒𝑥𝑝(𝑏𝑖) quantities are referred to as hazard ratios 

(HR). A 𝑏𝑖 value greater than zero, or a hazard ratio 

greater than one, means that the incident hazard 

increases as the value of the 𝑖𝑡ℎ covariate increases 

and thus the length of life decreases. 

In other words, a hazard ratio above 1 reveals a 

covariate that is positively correlated with the 

likelihood of an occurrence and is thus adversely 

associated with the period of survival. 

In synopsis, the 𝐻𝑅 =  1 means no effect, while 

𝐻𝑅 <  1 means reduction in the hazard and 𝐻𝑅 >  1 

indicates an increase in hazard 

 

3. RESULTS 

 

The data used was obtained online from 

https://raw.githubusercontent.com/owid/covid-19-

data/master/public/data/owid-covid-data.xlsx. The 

complete COVID-19 dataset is a collection of the 

COVID-19 data maintained by Our World in Data. It 

is updated daily and includes data on confirmed cases, 

deaths, and testing, as well as other variables of 

potential interest. Some of the variables used affect 

the economy such as, GDP per capita and extreme 

poverty 

The variables used are defined below: 

𝑋1= Total cases 

𝑋2= Stringent index 

𝑋3= GDP per capita 

𝑋4= Extreme poverty 

𝑋5= Diabetes prevalence 

𝑋6= Handwashing facilities 

𝑋7= Hospital bed 

 

 

Table 1:  The variables used affect the economy 

          _t   |     Haz. Ratio          Std. Err.            z             P>|z|            [95% Conf. Interval] 

 

  Total cases  |      .9858058          .0216116         -0.65        0.514         .9443449        1.02908 

Stringent index   |      .9272075          .1336446         -0.52        0.600         .6990167        1.22989 

GDP per capita      |      .9277744          .050462           -1.38        0.168         .83396            1.032142 

Extreme poverty |      1.004179          .0059553          0.70        0.482         .9925743        1.015919 

Diabetes prevalence |      1.057945          .0278935          2.14        0.033         1.004663        1.114052 

Handwashing facilities |      1.070181          .0586589          1.24        0.216         .9611716        1.191553 

Hospital beds   |      1.013832          .0007342         18.97       0.000         1.012394        1.015272 

 

https://raw.githubusercontent.com/owid/covid-19-data/master/public/data/owid-covid-data.xlsx
https://raw.githubusercontent.com/owid/covid-19-data/master/public/data/owid-covid-data.xlsx
https://ourworldindata.org/coronavirus
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Fig. 1: Kapler-Meier survival estimate 

 

The model obtained is given as  

 
ℎ1(𝑡) = ℎ0(𝑡)exp (0.9858𝑋1 + 0.9272𝑋2 + 0.9278𝑋3 +

1.0042𝑋4 + 1.0579𝑋5 + 1.0701𝑋6 + 1.0138𝑋7). 
 

The model is stratified by total deaths and this 

indicates that hospital beds is statistically significant. 

The likelihood results showed that the p-value of the 

chi-square is 0.0000 and it indicates that we reject the 

null hypothesis that the 𝛽̂ coefficients are statistically 

different from zero. 

In Table 1, the column marked z displayed the 

performance records and the ratio of each regression 

coefficient to its standard error, a Wald statistic 

which, under the assumption that the corresponding β 

is 0, is asymptotically standard regular. The 

frequency of diabetes covariates and per thousand 

hospital beds have extremely statistically significant 

coefficients, while others, which is a strict graph, total 

incidents, GDP per population, age of respondent, 

handwashing facilities are not statistically important, 

indicating that these variables may not actually add to 

the covid-19 incidence risk ratio. The Kapler-Meier 

survival function on multiple predictors revealed the 

approximate survival function S(t) for the time-to-

death Cox regression. A point-wise 95 percent 

confidence envelope around the survival feature 

reveals the broken lines. 

The exponentiated coefficients in the second column 

of the first panel (and in the first column of the second 

panel) of the output are interpretable as multiplicative 

effects on the hazard. Thus, for example, holding the 

other covariates constant, diabetes prevalence 

increases the hazard by a factor of  𝑒𝛽5 = 𝑒1.057945 

on extreme poverty, that is, by 5.6 percent. Similarly, 

hospital beds per thousand increases the hazard by a 

factor of 1.013832, or 𝑒1.01382 that is 1.3 percent. 

 

4. CONCLUSIONS 

 

The regression model is applied to actual survival 

data of patients within the framework of this research. 

In this study, only the prolonged resection aspect does 

not meet the assumption of proportional hazards, and 

diabetes prevalence and hospital beds per thousand 

are found to be essential risk factors affecting the 

failure. 

In conclusion, in this work, the incidence of diabetes 

and hospital beds per thousand have the greatest 

probability of patient survival, while the other factors 

have little or no effect on patients' survival. It is for 

that reason that the advocacy on the prevalence of 

diabetes should be increased in terms of 

understanding and alignment, as well as creating 

more bed spaces to serve patients. 
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