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Abstract. COVID-19, caused by a novel coronavirus called SARS-CoV-2, is an 

infectious disease. The virus was initially identified in late 2019 in Wuhan, Hubei 

Province, China, and rapidly disseminated worldwide, resulting in a widespread 

global pandemic and substantial loss of life. To examine whether the Pfizer vac-

cine had a significant effect on the reduction of mortality from CDC by analysing 

the difference in mortality rates before and after Pfizer vaccination of confirmed 

cases of COVID-19 An autoregressive summated moving average (ARIMA) was 

constructed based on data released by the CDC. The implicit assumption of this 

model is that the predictions of the model are treated as a "control group" con-

taining only the time trend that is not affected by the vaccine, and that the exper-

imental group is the true value affected by the vaccine. Two models, ARIMA 

(2,1,1) and ARIMA (10,2,3), showed an increasing difference between predicted 

and actual values. The mortality rate of COVID-19 had a substantial decrease 

following widespread administration of the Pfizer COVID-19 vaccine. This study 

aims to examine if the widespread distribution of the Pfizer vaccine has resulted 

in a decrease in the fatality rate of COVID-19 infections. 
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1 Introduction 

Since the COVID-19 epidemic various countries have suffered a major blow, with more 
than 1.19 million cumulative confirmed deaths in the United States according to real-
time data from the CDC's Centers for Disease Control and Prevention 
(https://covid.cdc.gov). And according to real-time tracking data from the World Health 
Organisation there are nearly 800 million confirmed cases and nearly seven million 
deaths globally(https://coronavirus.jhu.edu/) At the beginning of the epidemic the clin-
ical presentation of COVID-19 can be divided into approximately two categories the 
first is asymptomatic carriers and the second and fulminant disease characterised by 
severe respiratory symptoms especially acute respiratory failure, where severe symp-
toms are present in about 5% of COVID-19 patients and 20% of hospitalised patients 
requiring treatment in intensive care units. In addition, about more than 75% of 
COVID-19 inpatients require supplemental oxygen to sustain life due to 
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cardiopulmonary insufficiency respiratory failure. [1] In response to the severe symp-
toms and complications of early epidemics of COVID-19 and the high mortality rate, 
vaccine development has been initiated in various countries, especially in China and 
the United States, where the first COVID-19 vaccine was developed, and mass vac-
cination was initiated at almost the same time. Because for this pandemic virus, vac-
cination to prevent the disease and medication to treat the symptoms to improve the 
body's immunity is the most effective way to control the pandemic. 

Many biopharmaceutical companies have begun research and development such as: 
Pfizer - BioNTech (Comirnaty) - mRNA vaccine developed by Pfizer in the USA in 
collaboration with BioNTech Germany, Moderna - mRNA-1273 vaccine developed by 
Moderna in the USA, AstraZeneca - mRNA-1273 vaccine developed by AstraZeneca 
UK in collaboration with the University of Oxford, and the mRNA-1273 vaccine de-
veloped by Pfizer in the USA in collaboration with the University of Oxford. (Astra-
Zeneca) - Adenovirus vector vaccine developed by AstraZeneca in the UK in co-oper-
ation with the University of Oxford (Vaxzevria), Johnson & Johnson - Adenovirus vec-
tor vaccine developed by Johnson & Johnson in the USA (Janssen), Sinovac - Inacti-
vated vaccine developed by Sinovac (CoronaVac). Sinopharm - an inactivated vaccine 
developed by Sinopharm (BBIBP-CorV), Bharat Biotech - an inactivated vaccine de-
veloped by Bharat Biotech (Covaxin), have all started clinical trials and published their 
results, and in the case of Pfizer's trial, the BNT162b2 vaccine candidate has been de-
veloped by Pfizer. BNT162b2 vaccine candidate developed by Pfizer achieved good 
results and verified its safety and efficacy [2]. 

However, many questions about the efficacy of the vaccine have arisen at a time 
when the neoguana outbreak has subsided, and more and more people are beginning to 
doubt the safety and efficacy of the neoguana vaccine. [3] Currently, researchers have 
developed a variety of models for COVID-19 vaccine efficacy prediction, including 
infectious disease dynamics models (e.g., the SEIR model), segmented regression mod-
els, Bayesian time-series models, exponential smoothing models, machine-learning 
methods, and so on. However, these epidemiological models are sensitive to parameters 
and rely on multiple assumptions, whereas machine learning methods, Bayesian time 
series, etc. require large amounts of data, have high complexity and uncertainty, and 
have ethical concerns [4]. To overcome these limitations, this study attempts to use the 
ARI-MA model. This model has the advantages of simple structure, wide adaptability, 
and accurate capture of features of time series data [5], and can effectively predict 
whether the COVID-19 vaccine has a direct effect on the mortality of COVID-19s [6]. 
Therefore, in this paper, the ARI-MA model was chosen to analyse whether mass vac-
cination with the Pfizer vaccine had a significant impact on the mortality rate of 
COVID-19 infections in the United States. 

2 Research Design 

2.1 Data Source 

Data were published from 2020-1-11, when the counting of new coronavirus mortality 
began, to 2024-6-1, when the counting ceased. In this case, 2020-12-14 Pfizer vaccine 
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mass vaccination in the United States was taken as the time point, 2020-1-11 to 2020-
12-14 as the training data, and 2020-12-14 to 2024-6-1 as the comparison of validation 
data. 

2.2 ARIMA Model 

The ARI-MA model is used to analyse and forecast random time series. The key steps 
in constructing this model include: first checking the smoothness of the time series, and 
if it is not smooth then performing a differencing operation to determine the parameter 
d; then estimating the autoregressive part(parameter p) and the moving average part 
(parameter q) using the autocorrelation function (ACF) and partial autocorrelation 
function (PACF) plots; and then estimating the autoregressive and moving average part 
of the model (parameter q) by checking that the sequence of the model residuals is not 
white noise (using the ACF, PACF plots and Box-Pierce test) to ensure the validity of 
the model. In ARIMA it can be divided into three parts, the first being the AR, the 
differencing process (I), and the MA [7]. The "p" in this context represents the term 
"autoregressive" which denotes the aggregation of earlier observations in the model, 
specifically capturing a linear combination across the initial p periods. This formulation 
is defined as: 

 𝑥௧ ൌ 𝜑  𝜑ଵ𝑥௧ିଵ  𝜑ଶ𝑥௧ିଶ ⋯ 𝜑𝑥௧ି  𝜀௧ (1) 

q represents the portion of the moving average, i.e., the relationship between the 
current value and the past white noise, which is given by the following:  

 𝑥௧ ൌ 𝜇  𝜀௧ െ 𝜃ଵ𝜀௧ିଵ െ 𝜃ଶ𝜀௧ିଶ െ ⋯െ 𝜃𝜀௧ି (2) 

Confirmation of I conversion of a non-stationary series to a stationary series of dif-
ference order dd 

2.3 ADF Unit Root Test 

Prior to modelling, it is necessary to do a unit root test on the data, assuming the initial 
hypothesis that the data is nonstationary. After putting the data into stata for the ADF 
test, this part can see the Table 1 shows that the p-value for the first-order differencing 
is 0.007, and the p-value for the second-order differencing is 0.000, both of which are 
below 0.1. so, the original hypothesis can be rejected. It shows that after the differential 
treatment this data tends to be stable and meets the modelling requirements of ARIMA 

Table 1. test for weak stationarity 

 t p 

Ln value -3.574 0.0321 

1st order difference -4.069 0.0070 

2nd order difference -5.449 0.0000 
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3 Results and Analysis Based on Empirical Evidence 

3.1 Determination of Order and Testing for Residuals 

The data is basically stabilized in the time series after the first order differencing there-
fore it was determined that the ARIMA model with d=1 

This section of the thesis primarily starts with the use of AFC and PACF plots i.e. 
Figure 1, to rank the mortality rate of COVID-19 infections before the Pfizer COVID-
19 vaccine was introduced The models ARIMA (2,1,1) and ARIMA (10,2,3) were de-
rived based on the AIC minimum information criterion as well as the relevant model 
fit indices. 

PACF and ACF are used in ARIMA model to determine the order of AR and MA 
respectively. 17PACF can determine the order of P and ACF can determine the order 
of Q. The Partial Autocorrelation Function (PACF) and Autocorrelation Function 
(ACF) can determine the order of Q. 

The basic principle of order fixing: the value of PACF or ACF of a certain order, 
which exceeds the boundary (i.e., the critical value), the order is significant and desir-
able. 

 
PACF ACF 

1st order difference (local) 

  
2nd order difference (global) 

  

Fig. 1. ARMA (p, q) identification (Photo credit: Original) 
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When analysing any time series whose ACF in figure shows tail extension and PACF 
in figure shows truncation, in applicable model is AR model. The intended value of the 
parameter p is specifically determined by the lag order of the PACF truncated tail. If 
the partial autocorrelation function (PACF) displays a tail extension and the autocorre-
lation function (ACF) indicates a truncated state, then the appropriate model to use is 
the moving average (MA) model. In this case, the optimal value for the parameter q is 
equal to the lag order of the ACF truncation. Therefore, we build the ARIMA(p,d,q) 
model based on these two sets of data sequentially and perform the residual test shown 
in Table 2 below after the model construction is completed. 

Table 2. Residual test 

Model Portmanteau (Q) statistic Prob > chi2 

Local - ARIMA (2,1,1) 33.8962 0.7405 

Global – ARIMA (10,2,3) 14.5156 0.9999 
The ARIMA model successfully passes the residual test, demonstrating that the re-

siduals conform to the characteristics of a white noise series, which is characterised by 
its unpredictability. So after completing the construction of ARIMA model and residu-
als test, Continue utilising Stata for data forecasting and generating graphs to predict 
the timeframe for the Pfizer COVID-19 vaccination in the America before the mass 
vaccination (local) that is, 2020-12-14 data as the training data and the number of pre-
diction after that that is the model Local-ARIMA (2,1,1), the other one is the The other 
is the CDC's data on the overall COVID-19 mortality rate in the US during the COVID-
19 epidemic (global) ,model Global-ARIMA(10,2,3). 

3.2 Model Results 

Figures 2, 3, 4, and 5 provide the actual and fitted values of weekly mortality for the 
two different models, with graphs reflecting the differences.  

 

Fig. 2. Mortality before and after Covid-19, local model (Photo credit: Original) 
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The folded line in orange in the figure indicates the direction of the fitted mortality 
rate, and a table of the data based on the ARIMA (2,1,1) model shows that without mass 
vaccination in the United States, the mortality rate for COVID-19 infections would 
have been increasing and exponentially increasing [8].  

 

Fig. 3. The effect of Pfizer COVID-19 vaccine on mortality, local model. 
Photo credit: Original 

However, with the implementation of mass vaccination, the reality showed that the 
rate of increase in mortality began to slow down and declined significantly after peak-
ing [9]. 

 

Fig. 4. Mortality before and after Covid-19, global model. 
Photo credit: Original 
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By analysing the plotted difference graphs, it is clear to observe that the difference 
between the mortality rate predicted from the training data and the actual mortality rate 
from COVID-19 infections gradually widens, and that this widening is occurring at an 
increasing rate, especially in the data following mass vaccination with the vaccine. This 
disparity is shown even more clearly in two graphs based on the total US COVID-19 
mortality rate. 

 

Fig. 5. The effect of Pfizer COVID-19 vaccine on mortality, global model. 
Photo credit: Original 

The observed gap between the actual data and the model-fitted data as the Pfizer 
COVID-19 vaccine becomes widely available shows the critical role of the vaccine in 
reducing mortality from COVID-19 infections. [10] Although this effect was not ap-
parent in the early stages of vaccination, as vaccination coverage increased and more 
and more people were protected by the vaccine, the mortality rate began to decline 
significantly. At the same time, there was a consistent increase in the disparity between 
the actual data and the predicted values of the model, particularly in the later stages, 
with discrepancies reaching as high as 25%.Therefore, the present study clearly demon-
strates that the widespread vaccination with Pfizer's COVID-19 vaccine had a signifi-
cant and sustained impact on reducing the mortality rate of COVID-19 infections in the 
America [11]. 

4 Discussion 
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effective effect on viral immunity after vaccination, and these views are in line with 
those of this paper. However, it has to be noted that in some reports there are negative 
aspects of vaccination such as side effects after vaccination such as severe allergies and 
myocarditis, as well as the lack of effectiveness of vaccines against viral variant, espe-
cially against some resistant variants. 

Based on the research ideas in this paper we can see that with the increase in vaccine 
coverage the mortality rate of COVID-19 infection in the United States has been de-
creasing, so the following insights can be drawn 

For policy making: Firstly, this study demonstrates the importance of mass vaccina-
tion, and that governments need to maximise the effectiveness of vaccination through 
high vaccination coverage, in order to obtain the protective effect of the vaccine. Sec-
ond, although many of the developed countries' Neoguana data monitoring organisa-
tions have ended their monitoring of actual Neoguana outbreaks, they should maintain 
their monitoring of vaccine coverage in less developed areas. Third, public awareness 
campaigns should be strengthened to reduce negative public sentiment about vaccines 
in the streaming media era, to increase public confidence in vaccines, and to strengthen 
their understanding of the need for vaccination. 

From the perspectives of ordinary people and patients in society, this paper can give 
some insights. Firstly, vaccination is essential and a high vaccination coverage rate is 
necessary to achieve group protection. Secondly, patients should be more confident as 
the medical and statistical community is nowadays continuously focusing on the safety 
of vaccines and updating vaccination strategies and recommendations to maximise the 
protection of patients' health. 

5 Conclusion 

The main focus of this paper is to thoroughly analyze the vaccination on mortality 
fromCOVID-19 infections during the U.S COVID-19 pandemic and to provide policy 
makers with policy references and recommendations versus vaccination recommenda-
tions for the general public. In order to achieve this goal this study chose to use the 
mortality data published by the CDC to observe the difference between their actual and 
fitted values before and after Pfizer's COVID-19 vaccination. 

In the course of this study, an ARIMA model was used to predict the direction of the 
mortality rate of COVID-19 epidemic infections in the United States in the absence of 
COVID-19 vaccination, predicting the predicted value of its mortality rate. This method 
is broadly more accurate for capturing time series. Predictions can be made from both 
the pre-mass vaccination data and the overall data, and the study showed that the mor-
tality rate of the COVID-19 outbreak was significantly reduced after mass vaccination 
with the Pfizer vaccine. 

There are still some shortcomings in this paper, such as there are many external fac-
tors may interfere with the prediction of ARIMA model, such as policies, the public's 
willingness to vaccinate, the government's vaccination policy and so on. In addition, 
the ARIMA model is usually based on a fixed time series and seasonality to predict the 
vaccination, while vaccination is a dynamic process. 
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As vaccination becomes more widespread, governments and organisations can track 
and evaluate the effects of vaccination over time to see if the vaccine provides long-
term protection against mutated viruses, and more complex models that take into ac-
count a wider range of factors can be used in developed regions to study the protection 
of vaccines against new cases of coronavirus. 
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