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Abstract 

The SARS-CoV-2 virus causes the infectious disease COVID-19. This virus can be transmitted via the fomite mode of 

transmission (the surface of objects contaminated with the virus). It is possible to prevent the spread of COVID-19 

by spraying disinfectant on infected objects. This research aims to develop a mathematical model of COVID-19 fomite 

transmission with disinfectant spraying intervention. The model was analyzed by determining its stability and critical 

point. A Ro analysis was conducted to determine the impact of disinfectant spraying on the eradication or spread of 

the disease. The results demonstrated that, in the absence of disinfectant spraying, the number of infected humans 

increased rapidly and abruptly. Based on the findings of sensitivity analysis, it is known that spraying disinfectants 

is highly effective at reducing Ro, thereby reducing the number of infected humans and eradicating the disease from 

the population. In this study, the recommended measure to prevent the spread of COVID-19 is the periodic application 

of disinfectant in accordance with medical regulations. 
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1. INTRODUCTION 

At the end of 2019, the world was shocked by the outbreak of COVID-19, which claimed numerous 

lives. COVID-19 is caused by the SARS-Cov-2 virus, whose initial appearance is believed to have originated 

in the Chinese city of Wuhan [1], [2], and [3]. This virus spreads rapidly among human populations. COVID-

19 infects almost every nation on the planet. The first confirmed case of COVID-19 in Indonesia occurred on 

March 2, 2020 [2]. According to WHO data from July 26, 2020, COVID-19 has infected 15,785,641 people 

worldwide in approximately eight months. It was reported that 640,016 of the total number of infected had 

died [4]. The World Health Organization (WHO) identified COVID-19 as a global pandemic that could 

threaten human life on March 11, 2020, after conducting a scientific study. 

The direct transmission of COVID-19 between humans has been extensively studied. Among them is 

a study by ITB mathematician Nuning Nuraini and colleagues using the Richard Curve Model to predict the 

peak of COVID-19 in Indonesia [5]. Hadi Susanto, a researcher and Professor of Applied Mathematics at 

Khalifa University, used the SI Model to estimate the rate of direct transmission of COVID-19 in Jakarta [6]. 

However, there are still few studies that discuss the epidemiological model of the spread of COVID-19 via 

intermediary surface objects, such as doorknobs, contaminated by infected humans and then touched by 

healthy humans (fomite mode of transmission). 

The reality on the ground indicates that COVID-19 can spread indirectly through objects touched by 

an infected individual. The virus-contaminated objects are then touched by healthy humans. These items are 

doorknobs made of stainless steel and plastic, such as water bottles [7], [8], and [9]. WHO explains that 

COVID-19 can survive for five days on plastic surfaces such as plastic bottles, for 48 hours on stainless steel 

such as doorknobs, and for four days on glass materials such as glass [8], [9], and [10]. In addition, a study 

conducted in a Singapore hospital isolation room revealed that SARS-Cov-2 was detected on the doorknob 

of the restroom [8]. Considering that COVID-19 can spread through fomite transmission, it is essential to 

conduct research on the COVID-19 fomite transmission model. 

Fomite transmission begins when infectious liquid droplets adhere to an object's surface, resulting in 

fomites (contaminated surfaces) that are then touched by healthy, susceptible humans and reach facial areas 

such as the mouth and nose. By spraying disinfectants, the spread of COVID-19 through the fomite mode of 

transmission can be prevented. Disinfectants are toxic chemical substances that can kill microorganisms like 

bacteria and viruses. Formaldehyde, chlorhexidine, cetrimide, ethylene oxide, halogen, chlorine, or hydrogen 

peroxide are typical components of disinfectants[11]. In daily life, disinfectant solutions are typically 

composed of floor or ceramic cleaning fluid and detergent diluted in water. 

Coronavirus can be inactivated in one minute with 62–71 percent ethanol, 0.5 percent hydrogen 

peroxide, or 0.1 percent sodium hypochlorite [12]. According to Pottage et al. [13], hydrogen peroxide is an 

effective disinfectant for eliminating viruses. Hydrogen peroxide functions through the formation of H-O, 

which reacts with thiol groups in proteins, lipids, and nucleic acids. As a result, the virus' nucleic acids and 

proteins cannot replicate, and the virus perishes. According to the WHO's report, RT-PCR tests on objects 

that had been sprayed with disinfectants, such as doorknobs, tables, chairs, stethoscopes, floors, and windows, 

were negative, according to the WHO's report [10]. 

Mathematical modeling is essential to analyze the behavior of COVID-19's spread. Through model 

analysis, it is possible to comprehend the rate of COVID's spread and the best methods for managing and 

controlling the disease. Interventions based on the analysis of the disease's most influential parameters will 

yield effective and efficient results. 

This study's primary objective is to develop a model for the spread of COVID-19 via the fomite mode 

of transmission with the intervention of disinfectant spraying. The human population is divided into three 

groups: susceptible, infected, and recovered. Objects made of fomite that can facilitate the transmission of 

the COVID are separated into two compartments: the susceptible object compartment and the infected object 

compartment. The resulting model is then examined for its equilibrium point, the stability of the equilibrium 

point, and the basic reproduction ratio (Ro). Through sensitivity analysis to Ro, the parameters with the 

greatest impact on the spread of COVID-19 were determined. Knowledge of parameters that have a 

significant impact on the spread of COVID-19 will influence the selection of appropriate, effective, and 

efficient control measures. 
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2. RESEARCH METHOD 

This research employs a literature review to identify pertinent theories, followed by the development 

of an epidemiological model of the COVID-19 disease's spread. The literature review begins with a search 

for information on the nature and spread of the COVID-19 virus. In addition, searches of the scholarly 

literature were conducted to identify the SIR differential equation model. This study's primary model for 

describing the transmission of the COVID-19 virus is the SIR model. These are the phases and procedures of 

the conducted research: 

 

1. A research study of the characteristics and mode of transmission of the SARS-Cov-2 (COVID-19), 

2. Identify assumptions,  

3. Constructing a transmission diagram for the COVID-19,  

4. Constructing a mathematical model of COVID-19 transmission by using the disinfectant spraying,  

5. Perform a stability analysis after determining the disease-free equilibrium point and the endemic 

equilibrium point, 

6. Create the NGM matrix and assign Ro, 

7. Numerical simulations and interpret simulation results, and 

8. Conduct a sensitivity analysis to determine the parameters that influence the transmission of COVID-19. 

 

 

 

3. RESULT AND DISCUSSION 

3.1. COVID-19 Transmission Model 

 

The human population in the transmission of COVID-19 can be divided into three 

groups/compartments based on field observations. These compartments are susceptible (S); infected (I), 

which is the human compartment infected with COVID-19; and recovery (R) humans, which is the human 

compartment that has recovered from COVID-19. In this study, the fomite transmission modeled is the 

doorknob. The doorknob is separated into two compartments: susceptible (Gs) and infected (Gi) doorknobs. 

Gs is a doorknob that does not contain the virus or droplets from infected humans but is susceptible to 

infection. Gi is a doorknob that contains droplets of the COVID-19 virus. 

In this study, it is assumed that COVID-19 can be transmitted via the fomite mode, with the doorknob 

serving as an intermediary. Contact with the virus-infected doorknobs is capable of infecting healthy humans. 

On the other hand, it is assumed that the doorknob is contaminated because it was touched by an infected 

person who left behind virus droplets. Humans who have been recovered are assumed to have permanent 

immunity. Meanwhile, it is assumed that door handles have been disinfected by spraying disinfectant on 

doorknobs. The number of infected doorknobs can be reduced. The percentage of infected doorknobs sprayed 

with disinfectant was α. The infected doorknob will be reduced to Gi (1 - α) door handle as a result of spray. 

The following diagram illustrates the complete transmission. 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

             Figure 1. Diagram of COVID-19 Fomit Transmission Through Door Handles 
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The following is Table 1, containing the model's parameters. 

    
Table 1. List of model parameters 

Parameters Information Unit 

𝐴 Recruitment rate for human susceptible Human/unit of time 

𝑓 
The frequency of infected individuals touching door 

handles 

Numerous contacts/unit of 

time 

𝑝ℎ 
Successful probability of transmitting the virus from an 

infected doorknob to a healthy individual 
- 

𝑁 The total human population Man 

𝛼 
The proportion of contaminated doorknobs treated with 

disinfectant spray 
- 

𝜇 Human natural date rate 1/unit of time 

𝜅 The rate of human mortality caused by infected 1/unit of time 

𝛿 
The transition rate from infected humans to recovered 

humans 
1/unit of time 

𝜌 Probability found new doorknobs from humans susceptible  - 

𝑝𝑚 
Successful probability of transmitting the virus from an 

infected human to a susceptible doorknob 
- 

𝜃 Damage natural rate from doorknob 1/unit of time 

 

Based on the transmission diagram in Figure 1, the mathematical model is constructed as follows: 

 
𝑑𝑆(𝑡)

𝑑𝑡
=  𝐴 −

𝑓𝑝ℎ𝐺𝑖(𝑡)(1−𝛼)𝑆(𝑡)

𝐺𝑖(𝑡)+𝐺𝑠(𝑡)
− 𝜇𝑆(𝑡)                      

𝑑𝐼(𝑡)

𝑑𝑡
= 

𝑓𝑝ℎ𝐺𝑖(𝑡)(1−𝛼)𝑆(𝑡)

𝐺𝑖(𝑡)+𝐺𝑠(𝑡)
− 𝜅𝐼(𝑡) − 𝛿𝐼(𝑡) − 𝜇𝐼(𝑡)        

𝑑𝑅(𝑡)

𝑑𝑡
=  𝛿𝐼(𝑡) − 𝜇𝑅(𝑡)                (1) 

𝑑𝐺𝑠(𝑡)

𝑑𝑡
=  𝜌𝑓𝑆(𝑡) −

𝑓𝑝𝑚𝐺𝑠(𝑡)𝐼(𝑡)

𝐺𝑖(𝑡) +𝐺𝑠(𝑡)
− 𝜃𝐺𝑠(𝑡)                 

𝑑𝐺𝑖(𝑡)

𝑑𝑡
= 

𝑓𝑝𝑚𝐺𝑠(𝑡)𝐼(𝑡)

𝐺𝑖(𝑡) +𝐺𝑠(𝑡)
− 𝜃𝐺𝑖(𝑡)               

 

of all positive parameter values, that expressed as A > 0, f  > 0, 0 ≤  ph  ≤ 1,   0 ≤ α ≤ 1, µ > 0, κ > 0, 𝛿 > 0, 0 

≤ 𝜌 ≤ 1, 0 ≤  pm  ≤ 1 and θ > 0. The average number of human births per year is 𝐴 = µ𝑁(𝑡). 

 

3.2. The Equilibrium Point of the COVID-19 Fomite Transmission Model 

The disease-free equilibrium (DFE) and the endemic equilibrium (END) are two equilibrium points in 

the dynamic model of the COVID-19 fomite distribution in system (1). The DFE equilibrium point describes 

a state in which the human population is free of disease. At the DFE equilibrium point, the number of infected 

human compartments (I) and infected doorknobs (Gi) are equal to zero, thereby achieving an infection-free 

state. The equilibrium point of the DFE is: 

𝐷𝐹𝐸 = {𝐼 = 0, 𝑅 = 0, 𝑆 =
𝐴

𝜇
, 𝐺𝑖 = 0, 𝐺𝑠 =

𝐴𝑓𝜌

𝜇𝜃
}             (2) 

if there are no infected individuals and doorknobs (I = 𝐺𝑖 = 0), the existence of a disease-free equilibrium 

point is guaranteed. In the meantime, the human population in the healthy compartment and on doorknobs 

that were free of the virus is positive (S, Gs > 0). 

In addition, the point of endemic equilibrium is reached when both the human compartment and the 

infected doorknob are positive. Endemic equilibrium point is defined as END = (S*, I*, R*, Gs*, Gi*). The 

following is END of system (1): 

 

𝑆∗ =
𝑝𝑚𝐴

(𝛼−1)𝑓𝑝ℎ𝑝𝑚+(𝛿+𝜅+𝜇)𝜌−𝜇𝑝𝑚
  

𝐼∗ =
𝐴((𝛼−1)𝑓𝑝ℎ𝑝𝑚+(𝛿+𝜅+𝜇)𝜌)

(𝛿+𝜅+𝜇)((𝛼−1)𝑓𝑝ℎ𝑝𝑚+(𝛿+𝜅+𝜇)𝜌−𝜇𝑝𝑚)
  

𝑅∗ =
𝛿𝐴((𝛼−1)𝑓𝑝ℎ𝑝𝑚+(𝛿+𝜅+𝜇)𝜌)

(𝛿+𝜅+𝜇)((𝛼−1)𝑓𝑝ℎ𝑝𝑚𝜇+(𝛿+𝜅+𝜇)𝜌𝜇−𝜇2𝑝𝑚)
           (3) 
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𝐺𝑠
∗ =

𝐴𝜌2(𝛿+𝜅+𝜇)

(𝛼−1)2𝑓𝑝ℎ
2𝑝𝑚𝜃−(𝛼−1)𝜃𝜇𝑝ℎ𝑝𝑚+(𝛼−1)𝜌𝜃𝑝ℎ(𝛿+𝜅+𝜇)

  

𝐺𝑖
∗ =

𝐴𝜌2(𝛿+𝜅+𝜇)+(𝛼−1)𝐴𝜌𝑓𝑝ℎ𝑝𝑚

(𝛼−1)2𝑓𝑝ℎ
2𝑝𝑚𝜃−(𝛼−1)𝜇𝑝𝑚𝑝ℎ𝜃+𝜌𝜃𝑝ℎ(𝛼−1)(𝛿+𝜅+𝜇)

  

 

The existence of this endemic equilibrium point is guaranteed if all populations in each compartment 

are positive (𝑆 > 0, 𝐼 > 0, 𝑅 > 0, 𝐺𝑠 > 0 dan 𝐺𝑖 > 0). 

 

3.3. Disease Free Equilibrium (DFE) Point Stability 

The stability of the Disease Free Equilibrium point (DFE) is determined by evaluating the eigenvalues 

of the Jacobi matrix resulting from system (1) linearization, around the DFE equilibrium point. The Jacobi 

DFE matrix is 

𝐽𝑎𝑐𝑜𝑏𝑖𝑎𝑛 𝐷𝐹𝐸 = 

[
 
 
 
 
 
 −𝜇 0 0   0 −

𝑝ℎ(1−𝛼)𝜃

𝜌

0 −𝜅 − 𝛿 − 𝜇 0   0    
𝑝ℎ(1−𝛼)𝜃

𝜌
 

0
𝜌𝑓
0

𝛿
−𝑓𝑝𝑚

𝑓𝑝𝑚

−𝜇
0
0

0
−𝜃
0

        0          
0  
−𝜃 ]

 
 
 
 
 
 

 .                    (4) 

 

The Jacobian DFE (4) has five eigenvalues, with three eigenvalues negative, 𝜆1 = −𝜇, 𝜆2 = −𝜇, and 

𝜆3 = −𝜃. The next two eigenvalues are 𝜆4 and 𝜆5 determined by the equation's roots 

𝜆2𝜌 + (𝛿𝜌 + 𝜅𝜌 + 𝜇𝜌 + 𝜃𝜌)𝜆 +  𝛼𝑓𝜃𝑝ℎ𝑝𝑚 − 𝑓𝜃𝑝ℎ𝑝𝑚 + 𝛿𝜌𝜃 + 𝜅𝜌𝜃 + 𝜇𝜌𝜃 = 0.             (5) 

Let, a = 𝜌, 𝑏 = 𝛿𝜌 + 𝜅𝜌 + 𝜇𝜌 + 𝜃𝜌, and 𝑐 = 𝛼𝑓𝜃𝑝ℎ𝑝𝑚 − 𝑓𝜃𝑝ℎ𝑝𝑚 + 𝛿𝜌𝜃 + 𝜅𝜌𝜃 + 𝜇𝜌𝜃 be the 

quadratic equation coefficients for equation (5). Based on the Vieta Theorem, it is known that equation (5) 

will produce negative roots (𝜆4 < 0 dan 𝜆5 < 0), when the value c > 0. Consequently, for the DFE 

equilibrium point to be stable, it must be:  

𝛼𝑓𝜃𝑝ℎ𝑝𝑚 − 𝑓𝜃𝑝ℎ𝑝𝑚 + 𝛿𝜌𝜃 + 𝜅𝜌𝜃 + 𝜇𝜌𝜃 > 0 

       𝑓𝜃𝑝ℎ𝑝𝑚(𝛼 − 1) > −𝜌𝜃(𝛿 + 𝜅 + 𝜇) 

 
𝑓𝑝ℎ𝑝𝑚(1−𝛼)

𝜌(𝛿+𝜅+𝜇)
< 1  

If 𝑅𝑜
2 =

𝑓𝑝𝑚𝑝ℎ(1−𝛼)

𝜌(𝛿+𝜅+𝜇)
 and 𝑅𝑜

2 < 1, then the disease free equilibrium point is asymptotically stable.  

 

3.4. Endemic Equilibrium (END) Point Stability 

 

The stability of the endemic equilibrium point is known based on the characteristic value of the Jacobi 

matrix resulting from system (1) linearization which is evaluated in the endemic equilibrium point. The 

eigenvalues obtained from the endemic Jacoby matrix consist of five eigenvalues with two negative 

eigenvalues, namely 𝜆1 = −𝜇 and 𝜆2 = −𝜃. The next three eigenvalues are 𝜆3, 𝜆4 and 𝜆5 determined by 

the equation's roots  

𝑎𝜆3 + 𝑏𝜆2 + 𝑐𝜆 + 𝑑 = 0            (6) 

where,  

𝑎 = (𝛿 + 𝜅 + 𝜇)𝜌𝑝𝑚  

𝑏 = −(𝛿 + 𝜅 + 𝜇)2𝜌2 + (−𝑓𝑝𝑚𝑝ℎ𝜌(𝛼 − 1) + 𝜌(2𝜇 + 𝛿 + 𝜅))(𝛿 + 𝜅 + 𝜇) − 𝑓𝜃𝑝ℎ𝑝𝑚
2(𝛼 − 1)  

𝑐 = −(𝛿 + 𝜅 + 𝜇)2(𝜇 + 𝛿 + 𝜅 − 𝜃)𝜌2 − (−𝜇2 + (𝑓𝑝ℎ(𝛼 − 1) − 𝛿 − 𝜅 + 𝜃)𝜇 + 𝑓(𝛿 + 𝜅 − 2𝜃)(𝛼 −

1)𝑝ℎ + 𝜃(𝛿 + 𝜅))𝑝𝑚(𝛿 + 𝜅 + 𝜇)𝜌 + 𝑝𝑚
2 (𝑓(𝛼 − 1)𝑝ℎ − 2𝜇 − 𝛿 − 𝜅)(𝛼 − 1)𝜃𝑓𝑝ℎ  

𝑑 = ((𝑓(𝛼 − 1)𝑝ℎ − 𝜇)𝑝𝑚 + 𝜌(𝛿 + 𝜅 + 𝜇))𝜃(𝛿 + 𝜅 + 𝜇)(𝑓(𝛼 − 1)𝑝ℎ𝑝𝑚 + 𝜌(𝛿 + 𝜅 + 𝜇)).  

If the roots of equation (6) have negative (𝜆3 < 0, 𝜆4 < 0 and 𝜆5 < 0), then endemic equilibrium point 
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is asymptotically stable. According to the Vieta Theorem, because 𝑎 > 0 then the equation (6) it will produce 

roots which are all negative if 𝑏 > 0, 𝑐 > 0 and 𝑑 > 0. Thus, must 

1. −(𝛿 + 𝜅 + 𝜇)2𝜌2 + (−𝑓𝑝𝑚𝑝ℎ𝜌(𝛼 − 1) + 𝜌(2𝜇 + 𝛿 + 𝜅))(𝛿 + 𝜅 + 𝜇) − 𝑓𝜃𝑝ℎ𝑝𝑚
2(𝛼 − 1) > 0, 

which is fulfilled if  𝑅𝑜
2 =

𝑓𝑝𝑚𝑝ℎ(1−𝛼)

𝜌(𝛿+𝜅+𝜇)
> 1, 

2. −(𝛿 + 𝜅 + 𝜇)2(𝜇 + 𝛿 + 𝜅 − 𝜃)𝜌2 − (−𝜇2 + (𝑓𝑝ℎ(𝛼 − 1) − 𝛿 − 𝜅 + 𝜃)𝜇 + 𝑓(𝛿 + 𝜅 − 2𝜃)(𝛼 −

1)𝑝ℎ + 𝜃(𝛿 + 𝜅))𝑝𝑚(𝛿 + 𝜅 + 𝜇)𝜌 + 𝑝𝑚
2 (𝑓(𝛼 − 1)𝑝ℎ − 2𝜇 − 𝛿 − 𝜅)(𝛼 − 1)𝜃𝑓𝑝ℎ > 0, which is 

fulfilled if  𝑅𝑜
2 =

𝑓𝑝𝑚𝑝ℎ(1−𝛼)

𝜌(𝛿+𝜅+𝜇)
> 1, and 

3. ((𝑓(𝛼 − 1)𝑝ℎ − 𝜇)𝑝𝑚 + 𝜌(𝛿 + 𝜅 + 𝜇))𝜃(𝛿 + 𝜅 + 𝜇)(𝑓(𝛼 − 1)𝑝ℎ𝑝𝑚 + 𝜌(𝛿 + 𝜅 + 𝜇)) > 0, which is 

fulfilled if  𝑅𝑜
2 =

𝑓𝑝𝑚𝑝ℎ(1−𝛼)

𝜌(𝛿+𝜅+𝜇)
> 1. 

 

thus, the endemic equilibrium point will be asymptotically stable if  𝑅𝑜
2 > 1. 

 

3.5. Next Generation Matrix (NGM) and Basic Reproduction Number (𝑹𝒐) 

The Basic Reproduction Number, denoted by Ro is a threshold value indicating whether an infectious 

disease is endemic (increased) or eradicated from a population. Ro has a threshold value of 1.  The value of 

the basic reproduction number falls into one of the three categories below [14]. 

(i) R0 < 1, individuals infected with the disease will automatically disappear from the population. 

(ii) R0 = 1, individuals infected with the disease will always exist in the population. 

(iii) R0 > 1, the number of infected individuals will increase and exist in the population. 

Diekmann [15] describes how to obtain the basic reproduction number (Ro) is to create a matrix, Next 

Generation Matrix (NGM). The NGM form of the dynamic model of the transmission fomite of COVID-19 

by disinfectant spraying on system (1) is 

 

𝑁𝐺𝑀 = [
0

𝑝ℎ(1−𝛼)

𝜌

𝑓𝑝𝑚

𝛿+𝜅+𝜇
0

]             (7) 

 

with characteristic polynomial from NGM (7) is 𝑃(𝜆) =  𝜌(𝛿 + 𝜅 + 𝜇)𝜆2 + 𝑓(𝛼 − 1)𝑝ℎ𝑝𝑚. Consequently, 

the greatest eigenvalue represents the basic reproduction number (Ro) is given by  

 

𝑅𝑜 = √
𝑓(1 − 𝛼)𝑝ℎ𝑝𝑚

𝜌(𝛿 + 𝜅 + 𝜇)
 

 

3.6. Numerical Results 

 

The following values are assumed for the simulation's required parameters. 

 
Table 2. List of parameter values 

𝑨 𝒇 𝝁 𝒑𝒉 𝜶 𝜶 𝒑𝒎 𝜿 𝜹 𝝆 𝜽 

20000

65 × 365
 5 

1

65 × 365
 0,1 

6

10
 

1

10
 

2

10
 

1

100
 

1

60
 

3

10
 

1

1000
 

 

 

The initial values chosen for each compartment are shown in Table 3. 

           Table 3. The initial values 

𝑺(𝟎) 𝑰(𝟎) 𝑹(𝟎) 𝑮𝒔(𝟎) 𝑮𝒊(𝟎) 

500 10 0 30 2 
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The following figure depicts the outcomes of a numerical simulation of changes in the human 

population using the parameter values and initial conditions from Tables 2 and 3. 
 

                  Figure 2. Population changes graphics in each compartment for α = 0,6 

 

The following diagram depicts the simulation results of comparing the infected human population for 

the values of α = 0,1 and α = 0,6. 
 

   Figure 3. Graph comparing infected human populations at different values of α 

 

Figure 2 is the result of a numerical simulation for the dynamics of population in each compartment 

with a proportion of disinfectant spraying equal to 0,6 (α = 0,6). Infection with the COVID-19 virus decreases 

the number of susceptible humans, which then stabilizes after some time. The number of infected humans 

initially increases until it reaches a peak, after which it decreases until it reaches a point of stability. This 

disease is present in the human population and will not disappear. Human recovered population increases as 

more infected individuals recover. This population dynamic occurs when Ro = 2,23 > 1, an endemic value for 

COVID-19 in the population. 

 Figure 3 this demonstrates the effect of spraying disinfectant on doorknobs on the number of 

infected individuals. As shown by the yellow curve, when the proportion of disinfectant spraying is low 
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i.e., only 𝛼 = 0,1, the number of infected humans increases rapidly. In contrast, when the proportion of 

disinfectant spraying is increased by 𝛼 = 0,6, the growth of infected humans becomes low. This is 

represented by the red line. This simulation's interpretation that a large proportion of disinfectant 

sprays can control or reduce the number of infected humans and the population's infection rate. 

 

3.7. Sensitivity Analysis 

The objective of sensitivity analysis is to identify the most influential parameters in a model of disease 

spread. Through this analysis, the effect of modifying a parameter on Ro will be clearly discernible. The Figure 

4 displays the results of the sensitivity analysis of the COVID-19 fomite transmission model by spraying 

disinfectant. 

     Figure 4. Sensitivity Analysis of the COVID-19 Fomite Transmission Model 

 
Based on the results of the sensitivity analysis depicted in Figure 4, it can be seen that the parameters 

of the frequency of contact/touching the doorknob (𝑓) and the proportion of disinfectant spraying (𝛼)  have 

a significant impact to Ro. Figure 4 shows that the value of Ro increases with increasing value of parameter f 

and decreasing value of 𝛼. On the other hand, Ro will be decreasing as the value of 𝑓 is decreased and the 

value of 𝛼 is increased. This means that the greater the frequency of contact (𝑓) between infected humans 

and doorknobs and the less frequently disinfectants are sprayed, the higher the number of infected humans 

and the more endemic the disease will be in the population. 

 

 

 

4. CONCLUSION 

Based on the results, it can be concluded the following: 

1. The spread of COVID-19 is possible through fomite transmission and can be mathematically modeled.  

2. The equilibrium points of model are disease free equilibrium point (DFE) =  {𝐼 = 0, 𝑅 = 0, 𝑆 =
𝐴

𝜇
, 𝐺𝑖 =

0, 𝐺𝑠 =
𝐴𝑓𝜌

𝜇𝜃
}  and endemic equilibrium (END) point = (S*, I*, R*, Gs*, Gi*).  

3. The basic reproduction number ( Ro ) is 

𝑅𝑜 = √
𝑓𝑝ℎ𝑝𝑚(1 − 𝛼)

𝜌(𝛿 + 𝜅 + 𝜇)
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4. The results demonstrated that spraying disinfectants significantly reduced the transmission of the COVID 

-19 by fomite transmission inadequate spraying of disinfectants on objects with the potential to become 

fomite transmission media results in a relatively rapid increase in the number of infected humans. In 

contrast, spraying disinfectants will reduce or inhibit the spread of the virus, thereby reducing the number 

of infected humans. 

 

 

 

ACKNOWLEDGEMENT  

The author wishes to express gratitude to the Faculty of Science and Technology at UIN Imam Bonjol 

Padang for their support of this research. 

 

 

 

REFERENCES 

[1] E. Parwanto, “Virus Corona (SARS-Cov-2) Penyebab COVID-19 Kini Telah Bermutas,” J. Biomedika dan Kesehat., vol. 

4, no. 2, pp. 47–49, 2021, doi: 10.18051/JBiomedKes.2021.v4.47-49. 

[2] D. Handayani, D. R. Hadi, F. Isbaniah, E. Burhan, and H. Agustin, “Penyakit Virus Corona 2019,” J. Respirologi Indones., 

vol. 40, no. 2, pp. 119–129, 2020, doi: https://doi.org/10.36497/jri.v40i2.101. 

[3] A. Syauqi, “Jalan Panjang COVID19 (sebuah refleksi dikala wabah merajalela berdampak pada perekonomian),” JKUBS 

J. Keuang. dan Perbank. Syariah, vol. 1, no. 1, pp. 1–19, 2020, [Online]. Available: https://e-

journal.iainptk.ac.id/index.php/jkubs/article/view/115. 

[4] World Health Organization (WHO), “Coronavirus Disease (COVID-19) Situation Report-188 26th July 2020,” World 

Heal. Organ., no. July, p. 16, 2020, [Online]. Available: https://www.who.int/docs/default-source/coronaviruse/situation-

reports/20200726-COVID-19-sitrep-188.pdf?sfvrsn=f177c3fa_2 [Diakses: 7 Desember 2021]. 

[5] N. Nuraini, K. Khairudin, and M. Apri, “Modeling Simulation of COVID-19 in Indonesia based on Early Endemic Data,” 

Commun. Biomath. Sci., vol. 3, no. 1, pp. 1–8, 2020, doi: 10.5614/cbms.2020.3.1.1. 

[6] H. Susanto, “Kalau kita tidak serius, puncak COVID-19 di Indonesia bisa sekitar 2 bulan lagi, di bulan Ramadan,” pp. 1–5, 

2020, [Online]. Available: http://hadisusanto.net/paper2/COVID19.pdf. [Diakses: 7 Desember 2021].  

[7] World Health Organization (WHO), “Transmisi SARS-Cov-2: Implikasi Terhadap Kewaspadaan Pencegahan Infeksi,” 

World Heal. Organ., vol. Available, pp. 1–10, 2020, [Online]. Available: https://www.who.int/publications-detail/modes-

of-transmission-of-virus-causing-COVID-19-implications-for-ipc-precaution-recommendations [Diakses: 6 Desember 

2021]. 

[8] S. W. X. Ong et al., “Air, Surface Environmental, and Personal Protective Equipment Contamination by Severe Acute 

Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) from a Symptomatic Patient,” JAMA - J. Am. Med. Assoc., vol. 323, 

no. 16, pp. 1610–1612, 2020, doi: 10.1001/jama.2020.3227. 

[9] N. van Doremalen et al., “Aerosol and Surface Stability of SARS-CoV-2 as Compared with SARS-CoV-1,” N. Engl. J. 

Med., vol. 382, no. 16, pp. 1564–1567, 2020, doi: 10.1056/NEJMc2004973. 

[10] World Health Organization (WHO), “How It Spreads,” 2020, [Online]. Available: https://www.who.int/docs/default-

source/coronaviruse/risk-comms-updates/update-20-epi-win-COVID-19.pdf?sfvrsn=5e0b2d74_2 [Diakses: 7 Januari 

2022]. 

[11] A. L. Larasati and C. Haribowo, “Penggunaan Desinfektan dan Antiseptik pada Pencegahan Penularan COVID-19 di 

Masyarakat,” Maj. Farmasetika, vol. 5, no. 3, pp. 137–145, 2020, doi: 10.24198/mfarmasetika.v5i3.27066. 

[12] G. Kampf, D. Todt, S. Pfaender, and E. Steinmann, “Persistence of Coronaviruses on Inanimate Surfaces and Their 

Inactivation with Biocidal Agents,” J. Hosp. Infect., vol. 104, no. 3, pp. 246–251, 2020, doi: 

https://doi.org/10.1016/j.jhin.2020.01.022. 

[13] T. Pottage, C. Richardson, S. Parks, J. T. Walker, and A. M. Bennett, “Evaluation of Hydrogen Peroxide Gaseous 

Disinfection Systems to Decontaminate Viruses.,” J. Hosp. Infect., vol. 74, no. 1, pp. 55–61, Jan. 2010, doi: 

10.1016/j.jhin.2009.08.020. 

[14] P. van den Driessche and J. Watmough, “Reproduction Numbers and Sub-threshold Endemic Equilibria for 

Compartmental Models of Disease Transmission,” Math. Biosci., vol. 180, no. 1, pp. 29–48, 2002, doi: 

https://doi.org/10.1016/S0025-5564(02)00108-6. 

[15] O. Diekmann and J. A. P. Heesterbeek, Mathematical Epidemiology of Infectious Diseases : Model Building, Analysis, and 

Interpretation. Chichester : Wiley, 2000. 

 

  



1030 Sabran, et. al.     Analysis Of Covid-19 Fomite Transmission Model with Disinfectant Spray.…  

 


