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In this paper, a SIRD model is adapted to study the vaccine's impact on the spread of coronavirus (COVID19) spread in Lebanon. To describe the epidemic development across the country, a Kalman filter is integrated with the SIRD model in order to estimate the time-varying reproduction number Rt -is the most important indicator that predicts the severity of an epidemic outbreak. Rt denotes the number of healthy persons to whom an infected person can spread the disease. The results show a reduction in the spread of the pandemic after employing the vaccine.

I. INTRODUCTION

Coronavirus belongs to a group of viruses that cause disease in mammals and birds. COVID-19 is a disease brought about by SARS-CoV-2 that can trigger respiratory tract infection. The three common modes of transmission for the COVID-19 virus are contaminated objects, direct contact with an infected individual, and airborne respiratory droplets [START_REF]Transmission of SARS-CoV-2: implications for infection prevention precautions: scientific brief[END_REF]. Typically, a virus-infected person will exhibit symptoms such as shortness of breath, fever, pneumonia, cough, loss of smell, and diarrheal. while the COVID-19 positive patient with premedical problems such as pneumonia, diabetics, and high blood pressure may die if not receiving appropriate medical treatment at the right time [START_REF] Huang | Clinical features of patients infected with 2019 novel coronavirus in wuhan[END_REF], [START_REF] Alexandre | Impact of lockdown on COVID-19 incidence and mortality in china: an interrupted time series study[END_REF]. To combat the COVID-19 epidemic, many countries have taken measures such as early detection of sick persons, wearing face masks, isolation of affected people, contact tracing, enforcing lockdown, and increasing the number of tests per day [START_REF] Saptarshi Chatterjee | Studying the progress of COVID-19 outbreak in india using SIRD model[END_REF], [START_REF] Lau | The positive impact of lockdown in wuhan on containing the COVID-19 outbreak in china[END_REF]. During the pandemic beginning, Lebanon was successful in dealing with it, reporting between 0 and 100 daily cases from 15 March 2020 to 12 July 2020. But, following the 4 August 2020 Beirut port explosions, cases number continued to increase, with Lebanon reporting well over 1,000 cases on most days since mid-September, reaching a record high of 2,817 COVID-19 infections one day on December 6, 2020 [START_REF] Cssegisanddata | Cssegisanddata/covid-19[END_REF]. In order to decrease the spread of the virus on April 8, 2021, the Lebanese Armed Forces launched a vaccination program in 21 Lebanon locations [START_REF]The launch of a campaign to against the covid-19 virus on all lebanese territories[END_REF] In this work, we suggest combining the Kalman filter with the SIRD classical model to demonstrate the change in COVID-19-Infected number following vaccination. In other words, the objective of this work is to assess a basic reproduction number changed before and after vaccination. In epidemiological models, the Time-varying reproduction R t number is the number of people directly infected by an infectious person in an otherwise susceptible population [START_REF] Holme | The basic reproduction number as a predictor for epidemic outbreaks in temporal networks[END_REF]. When measures (such as quarantine, isolation, or traffic control, vaccination process. . . ) are in place, the time-varying reproduction number should be employed to characterize the ability of disease spreading. As a result, reducing R t is a useful way to evaluate any intervention. It should be noted that if R t falls below one, the disease will decline and eventually die. This paper is organized as follows: Section 2 details and describes the Kalman filter, the measurement model, and the calculation of R 0 . Section 3 presents the results of the proposed method using Lebanon COVID-19 data in addition to the discussions of the results. Finally, Section 4 provides conclusions and perspectives.

II. KALMAN FILTER

Kalman filter is a statistical tool that provides state estimates of a dynamic system given the noised measurements observed over time. Since the scenario of the epidemic's spread changes over time for many reasons, the Kalman filter is adopted in this paper in order to estimate R t .

A. Measurement model:

A measurement model is needed to prepare KF that shows the relationship between the epidemic state and the measurement at the current time step t. The model is illustrated in the following equation:

Y t = X t H t + ϑ t (1)
Where H t represents the measurement matrix, Y t is the measurement vector at the current epoch and ϑ t is the measurement noise vector that is assumed to be zero-mean Gaussian with the covariance R, i.e., ϑ t ∼ N(0, R).

We are going to estimate a 3-dimensional epidemic state (X t ) by daily measurements about pandemics issued by the Lebanese Ministry of Health.

X t =   α t β t γ t   (2) 
Where α t , β t , and γ t represent the "effective/apparent" per day recovery and fatality rates.

In order to extract the measurement model, we chose the conventional SIRD [?] that divides the population N into sub-populations of susceptible (S t ), infected (I t ), recovered (R t ), and dead (D t ) for all times t. 

N = S t + I t + R t + D t (3) 
The following equations illustrate the temporal variation of the population of I t , S t , R t , D t and offers a complete picture of the SIRD epidemic's progression:

∆I t = α t N S t-1 * I t-1 -β t * I t-1 -γ t * I t-1 (4) 
∆R t = β t * I t-1 (5) 
∆ t = γ t * I t-1 (6) 
Let us denote with

∆I t = I t -I t-1 , ∆R t = R t -R t-1 , ∆D t = D t -D t-1
, the reported new cases of infectious, recovered and dead at time t.

The measurement vector is made up of the following elements: x t , y t , and z t .

x t = δI t I t-1 = α t N S t-1 -β t -γ t ( 7 
)
y t = ∆R t I t-1 = β t ( 8 
)
z t = ∆ t I t-1 = γ t (9) 
The relationship between the measurement and the epidemic state is shown as following:

Y t =   x t y t z t   = H t X t + ϑ t (10) =   S t-1 /N -1 -1 0 1 0 0 0 1     α t β t γ t   + ϑ t
Note that the measurement has a linear relationship with the status of the COVID-19 outbreak.

B. Time-varying reproduction number:

The time-varying reproduction number (R t ) is used to predict whether the COVID-19 epidemic will spread into a population or die out. During the infectiousness phase, R t indicates the average number of secondary cases that arise from the introduction of a single infectious case into a completely susceptible community [START_REF] Cori | A new framework and software to estimate time-varying reproduction numbers during epidemics[END_REF]. R t can be estimated by the parameters of the SIRD model as:

R t = α t β t + γ t (11) 
C. Kalman filter algorithm:

Due to its recursive nature, KF needs current measurement and estimated state from the previous time step with a view to calculate the estimate for the current state. There are two steps in the Kalman filter algorithm: prediction and update. In prediction steps, the current state at the time t is predicted from the previous state at t -1.

X t/t-1 = F * X t-1/t-1 + w t ( 12 
)
P t/t-1 = F * P t-1/t-1 * F T + Q (13) F =   1 0 0 0 1 0 0 0 1   ( 14 
)
Where F represents the choice state transition matrix applied to the previous state vector X t-1/t-1 , w t is the prediction process noise that is supposed to be zero-mean Gaussian with the covariance Q, i.e., w t ∼ N (0, Q). And P t/t-1 is the predicted covariance on time step t before seeing the measurement. The update step of KF came after the prediction step to correct the prediction state according to the measurement vector at an instant t. 

Y t = Y t -H t * X t/t-1 (15) S t = H t * P t/t-1 * H T t + R (16)
K t = P t/t-1 * H t * S -1 t (17) X t/t = X t/t-1 + K t * Y t ( 18 
)
P t/t = (I 3,3 -K t * H t ) * P t/t-1 (19) 
Where K t represents Kalman gain, X t/t and P t/t are respectively the updated state vector and updated covariance matrix.

Step by step instructions of the proposed algorithm Input:

• T he original measurement matrix 

III. RESULTS AND DISCUSSIONS

To illustrate the impact of vaccination on COVID-19 outbreaks, the KF and SIRD models were performed by Python programming language environment. The collected data was pre-processed before being used as input for the Kalman Line graphs in Fig. 2 depict an estimation of R t From 8/28/2020 to 5/25/202 when this investigation began, three important events were identified. These dates are as follows:

Between 8/28/2020 and 12/26/2020 the time-varying reproduction number has fluctuated between 4 and 1.5. During this time, the Lebanese government has implemented a number of measures, including total lockdown, national and international travel restrictions, forced quarantine, etc.

R t stood at 1.5 on 12/26/2020 and increased to a peak of 4.23 on 1/8/2020, this period corresponded with the government's decrease in adopting preventative measures. Then R t decline after reactivating the measures to around 1.5 by 15 February On 14 February the vaccination process began in Lebanon. About a month later, the indicator began to decrease hitting a low point of around 1.23 on 5/16/2021, this droop has been recorded despite the expiration of the lockdown period.

IV. CONCLUSION

In this paper, we adopted a new method based on the KF and SIRD model to estimate the time-varying reproduction number of the COVId-19 virus. Our KF-SIRD method can serve as a base model for monitoring disease transmission in Lebanon.

The result shows that the time-varying reproductive number changes throughout the disease and is also affected by epidemiological factors such as control measures adopted and the number of people vaccinated. In conclusion, based on the results, we can say that the COVID-19 vaccine can relieve the spread of the epidemic. Where the results have illustrated that R t hatted a lowest point several weeks after the launch of the vaccination process.

Mutations in COVID 19 genomes occur continualily. These mutations can give the virus a better chance of surviving and reproducing itself and will result in a new population (known as a new lineage). So in future work, our objective is to study the effect of the mutation on the effectiveness of the vaccine.
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 1 Fig. 1. The transmission schematic representing the SIRD model.
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 2 Fig. 2. Estimated values of the reproduction number (Rt)

  filter algorithm. The used data is available on the official website of the Lebanese Ministry of Health, It provides different attributes like Confirmed COVID19 cases, Death, and Cured. As per record, the first case of Corona in Lebanon was reported on January 01, 2020. The infected woman was on board the flight from Qom, Iran. The first coronavirusrelated fatality in Lebanon was reported on March 10. The COVID-19 vaccination process began at Rafic Hariri University Hospital in the capital, Beirut in February 2021. Then, on April 8, 2021, Lebanese Armed Forces launched a vaccination program.