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This article compares the accuracy of susceptible-exposed-infected-recovered
(SEIR) model and two improved models in terms of case number fitting and peak prediction
during the early stage of the epidemic in the same province (from January 2020 to March
2020), examining whether there are any issues with the models. The paper uses some
models and data as examples to analyze the advantages and disadvantages of different
models. That's an important task because models may not fit reality satisfactorily or need
more time to calculate if the models are not good enough. In some cases, researchers even
need to give up the models. In the research, the author tidied up some papers that told
people how to use SEIR models and their variants to analyze coronavirus disease 2019
(COVID-19), and the author found that in most cases, people need to decrease the number
of parameters and use the real parameters. There are also a few exceptions. The scholars
employed some special algorithms or other mathematical tools to enhance the accuracy of
the model and effectively avoid a series of problems caused by excessive parameters and
variables. However, according to the author's observation, the number of such articles is
relatively small and requires a very high level of mathematical knowledge. Most articles
still use fewer variables and employ actual parameters.

SIR, SEIR, epidemic dynamics

Infectious diseases pose a huge threat to the real world. Countless scholars have made tremendous
efforts to control them and have achieved many encouraging results, including the establishment of
the discipline of infectious disease dynamics and numerous subsequent models. Infectious disease
dynamics is an important method for theoretical quantitative research on infectious diseases, playing
a significant role in understanding the transmission patterns and development trends of infectious
diseases. The transmission of infectious diseases is influenced by many factors, such as the
incubation period, the latent period, the recovery rate, and the transmission rate. When a new
infectious disease emerges, reducing the disease transmission rate is the most direct and effective
control measure. Through communication networks, people can quickly obtain information about
the disease and establish disease prevention awareness, reducing contact and lowering the
transmission rate. The deterministic model of infectious diseases was initially proposed by Kermack
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and McKendrick in 1927 and is known as the susceptible-infected-recovered (SIR) model, laying
the foundation for the research of infectious disease dynamics.

In practical problems, the number of the population always changes due to external and internal
disturbances. To make the model more realistic, this article will select several articles to analyze the
models the researchers have chosen, as well as their advantages and disadvantages, and make some
improvements at the end. These include "Construction and Research of an Infectious Disease Model
Based on the Transmission Characteristics of the coronavirus disease 2019 (COVID-19),
"Application of the Modified the susceptible-exposed-infected-recovered (SEIR) model Infectious
Disease Dynamics Model in the Prediction and Evaluation of COVID-19 Epidemic in Hubei
Province", etc.

The SIR is the simplest model, which divides the people with the infectious disease into three
parts: susceptible population, infected population, and recovered population. To fit the real situation,
subsequent scholars have added variables such as the latent population, the deceased, and
parameters such as isolation factors and vaccine factors in the transmission process. In addition,
some people also use other mathematical tools, such as constructing Lyapunov functions and using
It"o formulas, applying LaSalle invariance principles, etc., to reduce fitting errors. Although these
things make the model more accurate, those things may also cause the model to overfit, the equation
system to be too rigid, or difficult to solve. Even worse, sometimes these formulas may not be able
to well cover or describe time-limited situations. This is the reason why this article discusses
analyzing the use of models and formulas.

The predecessors have made many contributions to people. On the basis of the most classic SEIR
(susceptible, exposed, infected, recovered) model, Cao Shengli, Feng Peihua, Shi Pengpeng, and
others modified it by adding four parameters: isolation ratio, infection probability, contact rate, and
effective contact coefficient. The original four equations were expanded as follows [1]:

dS/dt = — [pcB + pcg(l — B)]S(I + 6E) + \S, (1)
dE / dt = pcB(1 — q)S(I + 6E) — oE )
dI/dt = oE — (61 + o + 1)1 3)

S,/ dt = peq(1 — B)S(I + 6E) — AS, (4)
dE,/dt = pcBgS(I + OE) — §,B, (5)

dR /dt = vI + vyzH (6)

dH/dt = 61 + 6,E; — (o + yu)H (7)

Using this improved model, the current model's improvement is in good agreement with the
actual data of the epidemic situation in Hubei from January 23 to February 12, 2020 [1]. However,
there are still differences between the model and reality. The predicted peak of current infected cases
has a one to two-day difference from reality, and the number of equation systems is too large, which
is objectively unfavorable for calculation [1]. At the same time, Zhu Maichang, Bin Zhen, Sun
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Zengxin, and others have brought us a new, improved model [2]. Those people improved the SEIR
model to the susceptible-exposed-asymptomatic-infected-hospitalized-recovered (SEAIHR) model ,
with the principle of adding hospitalized isolators, latent asymptomatic carriers, latent recoverers,
and deceased patients. Those people rewrote the original equations as:

dSi/dt = — (B + Aks) (8)

dE;/dt = (1 — m)* (B + AXy) — Ef1 — Eup 9)
dA,/dt = m(EA; + A)s) — ABs — ABo (10)
dIt/dt = En — Ip (11)

dH;/dt = —E;, + IpH(P, + Py) (12)

dC;/dt = A B3 (13)

dR;/dt = HP, (14)

dD;/dt = HPy (15)

The model has achieved good results in fitting the daily mortality rate, but there is still a
discrepancy between the daily cure rate and the actual situation [2]. Moreover, the large number of
equations makes the calculation process cumbersome. Compared with the previous model, this
model is more inclined to calculate the number of people who are cured and die each day, rather
than the number of people who are infected.

On the other hand, some people are more inclined to apply new mathematical methods to the
study of infectious diseases rather than modifying the existing models. For instance, Zhao Yanjun,
Su Li, Sun Xiaohui, Li Wenxuan, and others applied logistic growth, Lyapunov functions, Itd
formulas, and LaSalle invariance principles to infectious disease models, thereby describing the
persistence of epidemic systems in reality [3].

The SIR model, based on the SI model, has some improvements. It adds a recovered group R. The
total population remains constant at N. The R assumption in this model is that patients have
permanent immunity, so the deceased population is also classified as R. Parameter a represents the
average time for recovered individuals to acquire immunity. In the SIR model, there are only two
independent dynamic variables, I and S, and their phase trajectory is: If the studied infectious
disease has a certain incubation period, then it will be a good idea to use the SEIR model. E
represents the population with an incubation period. Its total population remains constant. This
model has equilibrium points at S = N and S = y/B. The former indicates that the disease is
eliminated, and the latter indicates that the disease is in an epidemic state [4]. From this, it can be
seen that although these basic models have fewer variables and parameters, the variables and
parameters do not quite conform to the actual pathological conditions. Therefore, Cao Shengli et al.
modified the SEIR model, attempting to make it more in line with the actual situation. In fact, it
should be acknowledged that this model is quite good.
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In Figure 1, it can be seen that this model fits well with the actual data. Before February 12th, it
closely matched the actual data. In Figure 2, due to its high degree of fit with reality, it also has
considerable credibility for predictions that do not take into account the incubation period. The best
result is shown in Figure 3, which precisely and perfectly predicted the critical stage of the infection
peak. However, the models also have some problems. For example, the setting of initial parameters,
such as the number of infected individuals, was multiplied by 1.5 in the official data, which was
explained as considering the number of undetected individuals [1]. However, the value is probably
incorrect. As of January 25, 2020, 23:59, the real-time dynamic data of the 2019-nCoV epidemic
situation reported by People's Daily was: 1,408 confirmed cases and 2,032 suspected cases [5, 6].
The data provided by the World Health Organization shows that a total of 1,320 confirmed cases
have been reported for novel coronavirus (2019-nCoV) globally. Of the 1,320 cases reported, 1,297
cases were reported from China, including Hong Kong SAR (5 confirmed cases), Macau SAR (2
confirmed cases), and Taipei (3 confirmed cases) [7]. The data recorded by Baidu Encyclopedia
shows that as of January 25th, a total of 1,287 cases had been confirmed, and 41 deaths occurred in
29 provinces (autonomous regions and municipalities). 38 patients had been discharged. 1965
suspected cases had been reported in 20 provinces (autonomous regions and municipalities) [8].
Based on the actual control situation, there is a certain proportion of symptomatic infected
individuals who have not been discovered. The original text states that the fitting degree was
relatively good from January 23 to February 11, 2020. So, only two days later, the number of
infections could increase by 6 times. This speed is not realistic because subsequent models and other
models did not reflect this result, even without considering the control factors [9-11]. Therefore, the
initial value of the number of infected individuals in this article is overly optimistic. And using
overly optimistic data, the model fits the reality better, so the model may have problems. In
conclusion, the model may be correct in judging the general trend of the epidemic, but the specific
values have problems. On the other hand, Zhu Maochang et al. brought SEAIHR model , which has
fewer parameters and less computational complexity (with a total of ten parameters, some of which
need to be inferred) compared to the SEIR model. The lines have a very close fit to the first-stage
active cases (infected individuals) in Wuhan, with an average relative error value 34.4% smaller than
that of SEIR [2]. The drawback is that, possibly due to the reasons for data collection, the fitting of
the daily cure rate and the subsequent new epidemic situation in Xinjiang is not particularly good. It
is also not excluded that the model has poor fitting for the cure rate [2].

Current infection ——Cumulative cure

Theoretical prediction

Actual data: ® Currentinfection ® Cumulative cure

~

Number of people
(in tens of thousands)

Date

Figure 1. Comparison of the theoretical estimates of the number of infected and recovered by the
modified SEIR model with and without latent infectivity [1]
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Figure 2. Prediction of the travel of the COVID-19 epidemic in Hubei province by the modified
SEIR model [1]
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Figure 3. Forecast of COVID-19 epidemic trend in Hubei province after the SEIR model was
revised again according to the modification of clinical diagnosis standard [1]

4. Results

So, to conclude those papers, most of the time, the more parameters, the more accurate the results. It
will fit better with the real cases. From the results of the aforementioned paper, it can be seen that
the model with the increased parameters fits better than the original model. However, the more
parameters there are, the harder it is to calculate or to let the machine learn. For example, there are
only four equations in SEIR, but for SEIAHR, there are six equations. What's more, when scholars
try to analyze the models or just the propagation process, they would like to find the part that
increases or decreases very gently in the function. Then, scholars will find the derivative of the
function. Because this part changes very gently, the derivative can be used for a bit more time.
However, more equations mean more functions, so it will probably be hard to find a part where
every function changes gently. So it will be hard to analyze. In some other cases, scholars aim to
discover some general patterns of the spread of the plague. However, due to the large number of
parameters, scholars will find it difficult to determine which parameter or which parameters are
decisive in the spread of the plague.
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From the above materials, it can be concluded that, in the author's opinion, for a good model, the
output results should always select the appropriate parameters. All the parameters should be based
on valid reasoning and evidence, and it would be best to combine relevant data. Furthermore, if
possible, the number of parameters should be minimized as much as possible. This not only
simplifies the calculation process but also avoids the possibility of the model sacrificing overall
performance for minor improvements. However, if increasing the number of parameters can make
the model more in line with reality, it would also be an option. This paper merely summarizes the
advantages and disadvantages of previous studies based on the author's own perspective. It is hoped
that this can serve as a reference for future scholars. However, there are some issues that this article
has not addressed. So, how many equations and how many parameters are appropriate for a model?
Could the increase in equations and parameters be related to the computational difficulty of the
model? From a pathological perspective, how many equations and parameters are appropriate? How
to make a trade-off between model authenticity and computational complexity? The author of this
article believes that subsequent scholars can take this as a research direction.

As mentioned above, this article merely summarizes the gains and losses of some of the papers that
the author has recently read. It specifically summarizes the issues, including improper selection of
parameters when presenting the results, as well as some problems with parameter settings.
Regarding the selection of specific data, the author of this article believes that it is very important to
extensively collect first-hand information and calculate the specific parameters from it. One must
absolutely not make estimations on one's own. When it is impossible to calculate certain parameters
based on the existing first-hand data, one should instead refer to the parameters of other infectious
diseases or calculate them based on pathological data, rather than making an estimate on one's own.
The main point of this article's author is that, in most cases, the parameters and equations in the
model should be kept to a minimum in order to simplify the calculation. The simplicity of the
calculation should be taken into account before considering the accuracy of the model, unless the
computing power can be guaranteed. It is hoped that this can serve as a hint for the establishment of
subsequent models. Other scholars might be able to build upon the content of this article to further
explore how to establish a good model to refute the conclusions presented here and to create their
own system, For instance, people can identify certain equations to calculate the ratio of the
computational difficulty of the equations and parameters involved to the accuracy of the model for a
specific disease and model, thereby determining the optimal number of equations and parameters for
that model or disease.
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