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Abstract One of the main concerns during the
COVID-19 pandemic was the protection of health-
care workers against the novel coronavirus. The criti-
cal role and vulnerability of healthcare workers during
the COVID-19 pandemic leads us to derive a math-
ematical model to express the spread of coronavirus
between the healthcare workers. In the first step, the
SECIRHmodel is introduced, and then the mathemati-
cal equations are written. The proposedmodel includes
eight state variables, i.e., Susceptible, Exposed, Car-
rier, Infected, Hospitalized, ICU admitted, Dead, and
finally Recovered. In this model, the vaccination, pro-
tective equipment, and recruitment policy are consid-
ered as preventive actions. The formal confirmed data
provided by the Iranian ministry of health is used to
simulate the proposed model. The simulation results
revealed that the proposed model has a high degree
of consistency with the actual COVID-19 daily statis-
tics. In addition, the roles of vaccination, protective
equipment, and recruitment policy for the elimination
of coronavirus among the healthcare workers are inves-
tigated. The results of this research help the policymak-
ers to adopt the best decisions against the spread of
coronavirus among healthcare workers.
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1 Introduction

It is more than a year since the first case of the newly
emerging coronavirus was reported in Wuhan, China.
With increasing corona prevalence, the World Health
Organization (WHO) officially declared the COVID-
19 outbreak a pandemic in the early March of 2020.
According to the official statistics [49], this virus spread
to all countries in the globe in a short time.

Due to the virus’s high power of transmission, the
WHO formally demands social distance as a preven-
tive action to save human lives [36,47,48,50]. Dur-
ing the COVID-19 pandemic, this social distance leads
to several personal, social, and economic problems
[29,35,38]. For example, the schools and universities
classrooms are replaced with virtual learning through-
out the world [46,52]. In [43], the authors believe that
transition to virtual education has several advantages
such as easy access to the course materials and also
reduction of student’s cost. However, many researchers
believe that virtual learning leads to depression and
mental illness shortly [12,45]. In terms of the economic
point of view, the COVID-19 pandemic leads to sev-
eral losses, and unemployment [30]. The restrictions on
the mobility between the countries highly affected the
commercial relations [9]. For example, the COVID-
19 pandemic strongly threatens the tourism industry
[7,42]. According to the World Tourism Organization,
more than 100 million job positions in the tourism
industry are at risk in 2021 [51]. These mental, social,

123

http://crossmark.crossref.org/dialog/?doi=10.1007/s11071-021-06778-5&domain=pdf
http://orcid.org/0000-0002-4628-5238


3750 N. Gozalpour et al.

and economicproblemsmotivated researchers tomodel
the behavior of COVID-19 in societies [6,28]. These
mathematical models are useful to predict the peak and
termination of the disease. They also help the policy-
makers to take the best action against the disease out-
break. The effect of different measures such as social
distance, facial masks, and vaccination in mitigation of
COVID-19 can be studied by mathematical models. In
this research, the mathematical model of the COVID-
19 outbreak between the hospital care team members
is derived.

1.1 Literature review

The mathematical modeling of infectious disease has a
long history [5]. These models are derived to describe
the spread of illness in society. There are two ways to
express the epidemiological models by mathematical
languages: (a) agent-based modeling (b) compartment
modeling. The agent-based models are based on the
interactions of the members of the group [27]. In the
compartment models, the members of the group are
divided into different sections [44].

In [8], the authors proposed a model for the trans-
mission of HIV in society. As a preliminary work, sen-
sitivity analysis is also performed. The results of this
paper revealed that the number of deaths declined over
time. In [10], authors describe the dynamics of HIV
with a set of ordinary differential equations. The ther-
apeutic drugs play the role of the control input signal.
The authors try to stabilize the spread of disease in the
shortest possible time. Influenza is an infectious dis-
ease caused by influenza viruses. The researchers are
devoted to model and control the spread of influenza
disease in society. In [31], the authors describe the
influenza behavior with the SEIAR model. The antivi-
ral treatment and vaccination are considered control
input signals. The authors try to prevent the spread of
disease through the observer-based sliding mode con-
troller. In [25], the authors describe the spread of H1N1
influenza through the compartment model. The main
objective of this study is to develop a novel model
for epidemic influenza. The neural network is also uti-
lized to obtain the spread of disease in Indian soci-
ety. In the last year, several researchers make a great
effort to obtain the mathematical model of COVID-
19 in society. As a basic model, The SIR model is
widely used to describe the evolution of COVID-19

in a variety of communities [13–15]. In this model,
the society is divided into three different sections, i.e.,
Susceptible-S, Infected-I, and Recovered-R. Due to the
transmission power of COVID-19, it is not reasonable
to adopt the SIR model. In [20], the authors proposed
the SIRD model to express the behavior of COVID-19
with four coupled time-delay differential equations. In
[17], the authors proposed the modified version of the
SEIR model to analyze the propagation of the SARS-
CoV-2 virus in eight different countries. The results of
this research show that the proposed method is able to
predict the progress of coronavirus in other countries.
In [21], the authors revealed how restrictions on trans-
portation affect the COVID-19 pandemic in France. In
this research, theSIRDmodel is utilized. It is concluded
that the lockdown strategies lead to the elimination
of COVID-19 pandemic. As the knowledge about the
COVID-19 pandemic increases, more complex mod-
els are proposed. These models consider the effect of
quarantined and hospitalization. For example, In [41],
the authors make a distinction between symptomatic
and asymptotic patients. Since asymptotic patients are
very prevalent, this model leads to a better understand-
ing of the COVID-19 pandemic in society. In [4], the
authors consider the quarantine during the COVID-19
pandemic. Since the patients with mild conditions go
into quarantine, this model offers a better understand-
ing of COVID-19 in society. With the development of
COVID-19 vaccines, several researchers consider the
vaccination effect in themathematical models [24]. For
example, In [16], the authors SIER epidemic model to
obtain the optimal control gain under vaccination. In
[40], the authors investigate the stability of the COVID-
19 SE(Is)(Ih)AR model under combined antiviral con-
trols and vaccination. The authors obtained the equi-
librium point, and then its stability is investigated.

1.2 Motivation

The healthcare workers are at the frontline of the war
against the COVID-19 pandemic. On the one hand,
their valuable medical services to society are vital. On
the other hand, they are one of the most vulnerable
groups againstCOVID-19pandemic. Thismotivated us
to express the spread of COVID-19 among the health-
care workers against the COVID-19 with mathematical
languages. The mathematical model is utilized to ana-
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lyze the spread of COVID-19 between the healthcare
worker and also the effect of vaccination.

The initial efforts to derive the model of the spread
of COVID-19 between the healthcare workers are done
by German epidemiologists [22]. In this research, the
authors divided the healthcare workers into the eight
stages i.e., Susceptible (S), healthy individuals with-
out immune memory of COVID-19, Exposed (E), who
already carry the virus but are not yet infectious to oth-
ers, Carriers (C), who carry the virus and are transfer-
able to others but do not yet show symptoms, Infected
(I), who carry the virus with symptoms and are infec-
tious to others, Hospitalized (H), who experience a
severe development of the disease, transferred to inten-
sive care unit (U), Dead (D), and finally Recovered (R),
who acquired immunememory and cannot be infected.
However, the SECIR model is not able to reflect the
spread of COVID-19 between the healthcare workers.
The healthcare workers are in direct contact with the
infected, and also their knowledge of COVID-19 pan-
demic is higher than the average of society. These issues
motivated us to derive a novel mathematical model to
express the spread of COVID-19 between the health-
care workers team. The advantages of the proposed
SECIRHmodel over the SECIRmodel are the different
rates of susceptible and exposed cases. Inspired by the
above discussion, the novelties of this research can be
summarized as follows;

– A novel epidemiological model is introduced to
express the spread of COVID-19 between the
healthcare workers by mathematical language.

– The official data provided by the Iranian ministry
of health is utilized to investigate the precision and
accuracy of the proposed model.

– The effects of recruitment of new nurses and doc-
tors on the spread of COVID-19 pandemic among
the healthcare workers are studied.

– The effect of global vaccination on the mitigation
of COVID-19 between the healthcare works is ana-
lyzed.

The rest of this paper is organized as follows: In
the next section, the proposed SECIRH model is intro-
duced, and the mathematical equations are derived. In
the third section, different simulation scenarios are sug-
gested. In the next section, the simulation results are
presented. In the last section, some comparative stud-
ies are presented. The concluding remarks and future
works are discussed in conclusion.

2 The SECIRH epidemiological model

In the proposed SECIRH epidemiological model, the
healthcare workers are divided into eight groups,
including susceptible-HS, exposed-HE, carriers-HC,
infected-HI, hospitalized-HH, admitted to intensive
care unit-HU, dead-HD, and recovered-R. According
to Fig.1, the healthcare workers who have not caught
coronavirus are members of the susceptible group. The
susceptible cases move to the exposed group at the rate
of φ, which defined as follows;

φ = −ratep R1[HC + H I + β(HH + H)] HS

HS0
(1)

where ratep is protection rate and take the discrete val-
ues ratep = [0, 1]. The values of 1 and 0 are equivalent
to the non-protection and full protection conditions.
The parameter R1 presents the transmission probabil-
ity of coronavirus in each contact of a susceptible per-
son with the infected, carrier, and hospitalized cases.
The parameter β is isolation rate and takes discrete val-
ues β = [0, 1]. The values of 0 and 1 are equivalent
to the full isolation and non-isolation conditions. The
parameter HS0 is the total number of healthcare work-
ers under study. The parameter H is equivalent to the
hospitalized cases that are not members of the health-
care workers.

The exposed cases move to the Carrier group with
the rate ofR2. The carriers move to the infected group
with the rate of (1 − α)R3 if the symptoms such as
fever appear. Otherwise, they pass to the recovered
group with the rate of αR9. The parameter α is the rate
of asymptomatic cases. The inverse of R3 depicts the
period of being infectious before disease onset. The
inverse of R9 is the duration for which the asymp-
tomatic infected individuals remain infectious follow-
ing their latent non-infectious period.

The infected cases are admitted to the hospitals if
they suffer from advanced symptoms of coronavirus
such as shortness of breath with the rate of ρR6, oth-
erwise move to the recovered group with the rate of
(1 − ρ)R4. The parameter ρ is the possibility of an
infected case admitted hospital. The inverse of R4 is the
duration for which the infected individuals with mild
symptoms and not requiring hospitalization, remain
infectious after their disease onset. The inverse of R6

denotes the time that a patient with mild symptoms
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Fig. 1 The proposed
SECIRH model

spends at home before hospital admission due to wors-
ening of the disease condition.

Moreover, if a hospitalized cases health condition
deteriorates and needs intensive care, they admitted to
the ICU at the rate of ϑR9. Otherwise, the hospitalized
cases discharge from the hospital and join the recovered
groupwith the rate of (1−ϑ)R5. The parameterϑ is the
probability that a hospitalized case needs to be admit-
ted to ICU. The inverse of the parameter R5 depicts
the duration for which the hospitalized patients not
requiring further intensive care remain under general
hospital care before getting a discharge. The inverse
of the parameter R7 presents the period spent follow-
ing hospitalization to admission in an intensive care
unit. Finally, the cases in the ICU group move to the
dead group with the rate of δd if the death of a case
takes place. Otherwise, they discharged from ICU if
they are cured of the disease and joined the recovered
group with a rate of (1− δ)R8. The parameter δ is the
death possibility of a case, who is admitted to the ICU.
The inverse of R8 depicts the period spent in the ICU
before the discharge. The inverse of the parameter R9

is primarily the duration for which the asymptomatic
infected individuals remain infectious following their
latent non-infectious period.

2.1 The mathematical equations of the SECIRH
model

In this subsection, the mathematical equations of the
SECIRH epidemiological model are introduced. This

mathematical model is a set of eight coupled ordinary
differential equations as follows:

d

dt
H S = −ratep R1[HC + H I

+ β(HH + H)] HS

HS0
(2)

d

dt
H E = ratep R1[HC + H I

+ β(HH + H)] HS

HS0
− R2HE (3)

d

dt
HC = R2HE − [(1− α)R3 + αR9]HC (4)

d

dt
H I = (1− α)R3HC − [(1− ρ)R4 + ρR6]H I

(5)

d

dt
HH = ρR6H I − [(1− ϑ)R5 − ϑR7]HH (6)

d

dt
HU = ϑR7HH − [(1− δ)R8 + δd]HU (7)

d

dt
H R = αR9HC + (1− ϑ)R5H I

+ (1− ϑ)R5HH + [(1− δ)R8HU (8)

d

dt
HD = δdHU (9)

With the spread of COVID-19, some countries such
as Iran and Italy decide to recruit new nurses and doc-
tors. For example, it is also observed that the final year
nursery and medical students were recognized as grad-
uates and start to work in health systems. Recently,
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Fig. 2 The scheme of the
SECIRH model under
recruitment policy and
vaccination

vaccination plays a vital role against the coronavirus.
The global vaccination generates immunity against the
coronavirus. During the COVID-19 pandemic, one of
the first groups vaccinated is healthcare workers.

In Fig. 2, the SECIRH epidemiological model is
modified to include the recruitment of new nurses
and doctors and vaccination. To consider the effect of
recruitment of nurses and doctors, Eqs. 2 and 3 are
replaced by Eqs. 10, 11, and 12. The effect of vac-
cination is considered in the SECIRH epidemiological
model by substituting Eqs. 2 and 8 with Eqs. 13 and 14,
respectively.

d

dt
T H = RF (10)

d

dt
H S = −ratep R1[HC + H I

+ β(HH + H)] HS

T H
+ RF (11)

d

dt
H E = ratep R1[HC + H I

+ β(HH + H)] HS

T H
− R2HE (12)

d

dt
H S = −ratep R1[HC + H I

+ β(HH + H)] HS

T H
− V (13)

d

dt
H R = αR9HC + (1− ϑ)R5H I

+ (1− ϑ)R5HH + [(1− δ)R8 + V (14)

where the parameters RF and TH are the rates of
recruited nurses and doctors and the total number of
healthcare workers. The parameter V is the vaccina-
tion rate.

3 Simulation

In this section, different scenarios are introduced to
investigate the factors of COVID-19 prevalence among
healthcare workers in Iran. For this purpose, the pro-
posed SECIRH model is utilized. The simulations are
carried out with the Python programming language in
theColab environment. In this research, the formal con-
firmed data provided by the Iranian ministry of health
are used to simulate the accuracy and precision of the
proposed model [1,2]. The SECIRH model parameter
values are presented in Table 1. In the this table, the
parameters of R1, R2, ..., R9 and also d are extracted
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Table 1 The list of SECIRH model parameters

Parameters Value

R−1
1 0.3

R−1
2 1

R3−1 4.2

R−1
4 14

R−1
5 16

R−1
6 5

R−1
7 3.5

R−1
8 8

R−1
9 11.2

d−1 6.92

ρ 0.07

α 0.5

ϑ 0.09

δ 0.05

β 0.75

from the median of fitted data in [22]. The parameters
ρ, α, ϑ, β, and δ are obtained from [19].

In thefirst step, the authors estimate the development
of COVID-19 pandemic between healthcare workers
from the beginning day of the pandemic in Iran (Febru-
ary 20, 2020) until February8, 2021. Since healthwork-
ers’ vaccination started on 9 February in Iran, and this
event can affect model results. Also, the authors have
not accessed to daily vaccination rate; therefore, Febru-
ary 8, 2021, selected as thefinal dayof simulation in this
step. In order to simulate this step, a scenario is utilized,
namely realistic. In the realistic scenario, the healthcare
workers get access to the protective equipment gradu-
ally. In the initial days of the COVID-19 pandemic,
the rate of protection is equivalent with (ratep = 1)
and gradually decreases to (ratep = 0.1) as shown in
Fig. 3.

In the second step, the authors investigate how pro-
tective equipment such as facial masks, protective eye-
wear, gloves, and long-sleeved gowns prevent infec-
tion to coronavirus among healthcare workers. In this
step, another scenario is considered, i.e., idealistic. In
the idealistic scenario, it is assumed that the healthcare
workers have full access to the protective equipment
from the initial days of the COVID-19 pandemic. As
shown in Fig. 3, in the idealistic scenario, the rate of
protection is considered a constant (ratep = 0.1).

Fig. 3 Rates of protection for idealistic and realistic scenarios

Fig. 4 The susceptible and recovered results under the Realistic
scenario

In the third step, the authors discovered how vacci-
nation develops immunity for the healthcare workers
against the novel coronavirus. For this purpose, differ-
ent rates of vaccination 2000, 4000, and 8000 (people
per day) are considered. In the fourth step, the authors
discover how recruitment of new nurses and doctors
impacts the spread of coronavirus among the health-
care worker during COVID-19 pandemic. According
to the official data of the Iranian healthministry, 20,000
nurses and doctors in their final year of education are
called to join the healthcare workers in the initial days
of COVID-19 pandemic. Subsequently, 1200 nurses
and doctors are recruited monthly.

4 Results

In this section, the simulation results are presented
to disclose how coronavirus spread among healthcare
workers. According to the realistic scenario, the per-
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Fig. 5 Infected results under the Realistic scenario

Fig. 6 The total number of death under the Realistic scenario

Fig. 7 The cases admitted to the ICU bed under the Realistic
scenario

centages of susceptible and recovered with immunity
groups are presented in Fig. 4. In the period of mid-
March 2020 until early June 2020, both groups expe-
rience a sharp slope. In Fig. 5, the number of infected
healthcare workers under a realistic scenario is pre-
sented. In early April 2020, a sharp peak is observed.

Fig. 8 The susceptible and recovered results under the idealistic
scenario

Fig. 9 The infected cases under the idealistic scenario

Fig. 10 The total number of death under the idealistic scenario

The fatality cases under realistic scenario are presented
in Fig. 6.According to this figure, from lateMarch 2020
until July 2020, the fatality cases experience an increas-
ing slop. As shown in Fig. 7, the cases admitted to the
ICU bed under the realistic scenario experience a very
sharp peak in late April 2020.
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Fig. 11 The number of admitted to the ICU beds cases under
the idealistic scenario

Fig. 12 The percentage of the susceptible cases under the vac-
cination

As shown in Fig. 8, the percentage of the suscep-
tible and recovered with immunity are decreasing and
increasing under the idealistic scenario, respectively.
According to this figure, the susceptible and recov-
ered groups under idealistic scenario are experiencing
a slow rate. In Fig. 9, the infected cases under the real-
istic scenario are presented. According to this figure,
in late April and mid-December 2020, two peaks are
observed. The fatality cases under the idealistic sce-
nario are depicted in Fig. 10. Unfortunately, the fatal-
ity cases of healthcare workers under realistic scenario
experience an increasing slope from April 2020 until
mid-July 2020 and from November 2020 until Febru-
ary 2021. However, from mid-July 2020 until Novem-
ber 2020, the fatality cases experience a mild slope. In
Fig. 11, the number of healthcare workers admitted to
the ICU bed under the idealistic scenario is depicted.
According to this figure, in mid-May 2020 and mid-
January 2021, two peaks are observed.

Fig. 13 The number of infected cases under vaccination

Fig. 14 The total number of death under vaccination

Fig. 15 The number of admitted cases to the ICU beds under
vaccination

The effect of vaccination on the percentage of sus-
ceptible healthcare workers is presented in Fig. 12. It is
assumed that the vaccination of the healthcare worker
is initiated on December 8, 2020. It is concluded that
healthcare workers’ vaccinations with the rate of 8000
people per day lead to full immunity against coron-
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Fig. 16 The number of the susceptible and recovered under
recruitment policy in the realistic scenario

Fig. 17 The number of infected cases under recruitment policy
in the realistic scenario

avirus in early February 2021. According to Fig. 13, the
number of infected cases reaches zero in early March
2021 under vaccinationwith the rate of 8000 people per
day. As shown in Fig. 14, the total number of healthcare
workers’ death reaches a constant value under vaccina-
tionwith the rate of 8000people per day. In otherwords,
the daily deaths of healthcare workers become zero in
mid-March 20201. It is clear from Fig. 15 that the ICU
beds are not occupied by the healthcare workers under
vaccinations with the rate of 8000 people per day.

The effects of recruiting of new nurses and doctors
during the COVID-19 pandemic on the number of sus-
ceptible and recovered, infected, the total death, and
admitted to ICU bed cases are shown in Figs. 16, 17,18
and 19 , respectively. According to these figures, the
recruitment of nurses and doctors did not change the
pattern of coronavirus spread among the healthcare
workers.

Fig. 18 The total number of death under recruitment policy in
the realistic scenario

Fig. 19 The number of cases admitted to the ICU beds under
recruitment policy in the realistic scenario

5 Discussion

In this section, the results of the proposed model under
realistic scenario are compared with official reports
statistics. In addition, the differences between active
cases in Iran and infected healthcare workers’ esti-
mation under realistic scenario are discussed. Finally,
several comparative studies are carried out to reveal
howprotection, vaccinations, and recruitment of nurses
and doctors help the healthcare workers overcome the
COVID-19 pandemic.

In [3], 130 death of healthcare works caused by
COVID-19 is reported. The proposed SECIRH model
under realistic scenario estimates 144 deaths among
healthcare workers in the same day the report was con-
ducted. InNovember andDecember, healthAuthorities
in province and country-level in multiple interviews
expressed that almost half of nurses and health work-
ers have infected by COVID-19 [23,26,32–34,39]. In
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Fig. 20 The number of active cases in Iran

the same period, the proposed model under realistic
scenario predicts more than 41% of healthcare work-
ers have recovered from COVID-19. In [18], one of the
deputy chiefs of the Iranian Medical System Organiza-
tion revealed statistics of mortality among healthcare
workers, caused by COVID-19, and added: “ Nurses
account for 22% of all deaths among health workers.”
Besides, the head of the Nursing System Organization
reported 100 death tolls caused by COVID-19 between
nurses from the start of the outbreak until December
2020 [33]. If 100 deaths of 22% are used, it will reach
about 450 deaths caused by COVID-19 among health-
care workers until December. At the same time, the
model under realistic scenario forecasts 375 deaths.
These evaluations prove that the realistic scenario accu-
rately estimates the transmission dynamic of COVID-
19 among healthcare workers in the real world.

In Fig. 20, the active cases of COVID-19, extracted
from the world-meters Web site [1], are demonstrated
on daily basis. From Fig. 20, it can be seen that Iran
faces three waves. The first wave starts mid-February
and ends in early May. The second wave commences
in early May and finishes in late July. Finally, the third
wave starts mid-August and ends in early January. Dur-
ing the first wave, Iran’s health organizations suffer
from a limited number of RT-PCR kits and diagnostic
laboratories. Owing to this fact, most people are tested
who have severe symptoms of COVID-19 and need
hospitalization. Since WHO and Iran health adminis-
tration report, only those have positive RT-PCR test;
during the first wave, the actual number of active cases
are several times the official statistics [11,37]. Accord-
ing to Fig. 5, almost one-third of Iranian healthcare
works get COVID-19 in the first wave. This occurrence

can be explained twofold: lack of protective equip-
ment and high-level of hospitalized cases. During the
second wave, infected cases among healthcare works
continue to decrease because of sufficient protective
equipment and a low rate of hospitalization. In the first
months of the third wave until early October, infected
cases among healthcareworks remain steady.However,
active cases in Iran experience an up-trend. In the con-
tinuation, active cases in Iran increase significantly and
reach the highest point in earlyDecember. But, infected
cases among healthcare works risemildly and reach the
highest point in mid-December which is very lower
than the first peak in early April. This occurrence can
be explained twofold: partial herd immunity and suffi-
cient usage of protective equipment.

InTable 2, a comparison study is carried out between
the idealistic and realistic scenarios. Clearly, the occu-
pied ICU beds in the realistic are significantly higher
than the idealistic scenario. Besides, the total number
of death in the realistic is more than idealistic scenario
too. It is easy to conclude that protective equipment
such as facial masks, protective eyewear, gloves, and
long-sleeved gowns can be recognized as a preventive
action for healthcare workers against the novel coron-
avirus.

The infected cases under idealistic and realistic sce-
narios are compared in Table 3. According to Table 3,
the protective equipment did not affect the occurrence
time of the first and second peaks. However, the ampli-
tude of the first peak in the realistic scenario is consid-
erably higher than the idealistic scenario. During the
first wave of the COVID-19 pandemic, herd immunity
takes place among the healthcare workers in the real-
istic scenario. This leads to the lower infected cases in
the realistic scenario than idealistic in the second wave
of the COVID-19 pandemic.

Table 4 includes an analytical study about the effect
of vaccination on the mitigation of coronavirus among
healthcare workers. In this table, the effect of vaccina-
tion with different rates is compared two months after
the vaccine initiation. According to this table, vaccina-
tion plays a vital role in the elimination of coronavirus
effects among healthcare workers. Besides, the higher
rate of vaccination leads to rapid full immunity against
the coronavirus.

With a simple comparisonbetweenFigs. 16, 17, 18, 19
and Figs. 4, 5, 6 and 7, one can easily conclude that the
policy of recruitment did not affect the daily statistics
of coronavirus. However, it is not deniable that dur-

123



Transmission dynamics of novel coronavirus 3759

Table 2 The comparison
between the idealistic and
realistic scenarios

Comparison indices Idealistic Realistic

Min susceptible percentage 75.35% 54.09%

Max recovered percentage 24.49% 44.63%

Max occupied ICU beds 289 810

The total number of death 232 435

Table 3 The comparison
between the infected cases
under idealistic and realistic
scenarios

Scenarios Date Amplitude

1st peak 2nd peak 1st peak 2nd peak

Idealistic 25 Apr 2020 25 Apr 2020 5401 4689

Realistic 3 Apr 2020 27 Dec 2020 29512 3553

Table 4 The effect of
vaccination two months
after vaccine initiation

Comparison Indices Rate of Vaccination (people per day)

2000 4000 8000 No Vaccination

Susceptible 38.45% 22.86% 0.01% 54.03%

Infected 2200 1855 1221 2561

ICU beds 104 100 92 108

Daily death 0.63 0.61 0.58 0.65

ing the COVID-19 pandemic, this policy improves the
quality of medical services to society.

6 Conclusion

In this research, a novel epidemiological SECIRH
model is introduced to express the behavior of coro-
navirus among healthcare workers. In order to validate
the proposed SECIRHmodel, the official data provided
by the Iranian ministry of health are utilized. Three dif-
ferent factors of protective equipment, vaccination, and
recruitment of new nurses and doctors are considered.
The results of the simulations revealed that protective
equipment is crucial to prevent the spread of coron-
avirus among healthcare workers. It is also concluded
that vaccination is a key solution to eliminate the coron-
avirus among healthcareworkers. Finally, it is observed
that the policy of recruitment did not affect the daily
statistics of coronavirus. However, this policy leads to
better medical services. It should be mentioned that
the limitation in vaccine supply and also non-optimal
distribution of vaccines among the healthcare work-
ers are the main concerns of this study. According to

the results of this research, it is suggested to give the
highest priority to the healthcare workers during global
vaccination.
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