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Abstract 58 

Objective: This study aimed to calculate the transmissibility of coronavirus disease 2019 (COVID-19), 59 

and to evaluate the effectiveness of countermeasures to control the disease in Jilin Province, China. 60 

Methods: The data of reported COVID-19 cases were collected, including imported and local cases 61 

from Jilin Province as of March 14, 2019. A Susceptible–Exposed–Infectious–Asymptomatic–62 

Recovered (SEIAR) model was developed to fit the data, and the effective reproduction number (Reff) 63 

was calculated at different stages in the province. Finally, the effectiveness of the countermeasures was 64 

assessed.  65 

Results: A total of 97 COVID-19 infections were reported in Jilin Province, among which 45 were 66 

imported infections (including one asymptomatic infection) and 52 were local infections (including 67 

three asymptomatic infections). The model fit well with the reported data (R2 = 0.593, P < 0.001). The 68 

Reff of COVID-19 before and after February 1, 2020 was 1.64 and 0.05, respectively. Without the 69 

intervention taken on February 1, 2020, the predicted cases would reach a peak of 177011 on October 70 

22, 2020 (384 days from the first case), and 17129367 cases would be reported until the end of the 71 

outbreak (on October 9, 2021), with a total attack rate of 63.66%. These results revealed that the 72 

interventions implemented in Jilin Province had reduced more than 99.99% cases. 73 

Conclusions: COVID-19 has a moderate transmissibility in Jilin Province, China. The interventions 74 

implemented in the province had great effectiveness. 75 

Keywords: COVID-19, China, epidemic, disease countermeasures, disease transmissibility  76 
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Background  78 

Coronavirus disease 2019 (COVID-19) is caused by the novel coronavirus with typical symptoms 79 

of fever, dry cough, shortness of breath, and fatigue[1, 2]. The incubation period of COVID-19 was 80 

reported to be 3-7 days, with a minimum of one day and a maximum of 14 days. Nucleic acid detection 81 

and genome sequencing have commonly been conducted with pharyngeal swabs, sputum, alveolar 82 

lavage fluid, feces, and other samples from patients to detect COVID-19 virus[3-7]. It has been 83 

reported that COVID-19 can be transmitted person-to-person, with the main transmission methods 84 

being air transmission and contact transmission[8-12]. Therefore, persons can be infected by exposure 85 

to the outside environment and the virus can be spread by inhaling COVID-19 droplets or aerosols that 86 

are exhaled into the air by the source of the infection, or people can be infected by contact with 87 

virus-contaminated items. 88 

Due to its diverse transmission routes and strong transmissibility, COVID-19 has become a global 89 

epidemic in a short period of time. The World Health Organization (WHO) announced that this 90 

epidemic was a public health emergency of international concern. As of April 8th, more than 200 91 

countries and regions have experienced COVID-19 outbreaks Furthermore, the number of confirmed 92 

cases worldwide has become as high as 1,353,361 and there have been 79,235 cumulative deaths[13]. 93 

According to the report of the Chinese Health Commission, as of April 9, a total of 81,865 confirmed 94 

cases and a total of 3,335 deaths in China have been reported[14]. According to data from the Jilin 95 

Provincial Center for Disease Control and Prevention, a total of 98 cases with one death were 96 

reported[15]. On January 25, Jilin Province launched the Public health events level I emergency 97 

response, and took measures to control the non-resident population, such as isolation and observation at 98 
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home, disinfection and sterilization, temperature measurement screening, wearing masks, etc.[16]. 99 

Since then, the epidemic situation in Jilin Province has been checked. Although the severity of the 100 

domestic epidemic has declined, the problems of imported cases and asymptomatic cases have still 101 

been very serious. 102 

At present, several studies of COVID-19 transmission models have been reported to evaluate the 103 

transmissibility of COVID-19 virus and predict the future epidemic situation[8, 17-19]. However, the 104 

more important issue at present is to consider asymptomatic infections when designing models. 105 

Asymptomatic infection refers to cases who tested positive for COVID-19 in the laboratory tests, yet 106 

had mild or even no symptoms. Asymptomatic cases can potentially transmit the virus to others. It is 107 

predicted that at least 59% of infectious cases have not been tested[20]. Therefore, ignorance of 108 

asymptomatic infections may have a greater impact on the effectiveness of the model, while at the 109 

same time, traditional infectious disease models were built under the condition that the disease is 110 

allowed to develop[2, 8, 17, 18, 21-25]. However, China declared a first-level health emergency in the 111 

early stage of the outbreak, and with a strict supervision system and the high degree of cooperation of 112 

the people, a series of prevention and control measures, such as wearing masks, restricting travel, and 113 

suspending work and school were implemented. In this study, our COVID-19 model was established 114 

with comprehensive consideration of most of the possibilities of comprehensive prevention and control 115 

measures that exist. Moreover, there is no domestic province that can be used to construct a dynamic 116 

model of the spread of COVID-19 according to the local population characteristics and epidemic 117 

distribution. Hence, the transmissibility of COVID-19 in Jilin Province is still unclear and the effect of 118 

current prevention and control measures on the epidemic still needs to be explored. This study focused 119 
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on the susceptible–exposed–infectious–asymptomatic–recovered (SEIAR) model based on the 120 

distribution of outbreaks in Jilin Province. The various parameters in the model were calculated based 121 

on the actual cases obtained, so it is closer to the real situation; the fit of the model to the actual data 122 

was explored, the effectiveness of current prevention and control measures was evaluated, and the 123 

progress of the epidemic without measures was predicted. 124 

 125 

Methods 126 

Data collection 127 

The case information collected in this article was provided by the Jilin Provincial Center for 128 

Disease Control and Prevention, including onset date, diagnosis date, date of contact with related cases, 129 

disease severity, and laboratory diagnosis of different case types. In addition, the permanent population 130 

of Jilin Province comes from the “Jilin Statistical Yearbook.” 131 

Transmission model 132 

According to the COVID-19 propagation dynamic model that this team has built[26], the SEIAR 133 

model of “person-to-person,,” secondary cases of COVID-19 were only prevalent in Jilin Province for 134 

27 days. The natural birth rate and mortality rate of the population during this period were negligible. 135 

Therefore, on this basis, we have improved the model by excluding the natural birth and natural death 136 

of various populations to construct a SEIAR model of COVID-19 in Jilin Province. The model is based 137 

on the following assumptions: 138 

（1）The model divides the population into five categories: susceptible (S), exposed (E), 139 
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infectious (I), asymptomatic (A), and removed (R). 140 

（2）Both I and A are infectious, and A’s transmissibility is k times that of I (0 <k <1). S may be 141 

infected when exposed to I and A, and the infection rate coefficient is β. Therefore, at time t, the 142 

infected S is βS (I + A). 143 

（3）Among E, the proportion of those who develop asymptomatic infections is p, the incubation 144 

period is 1/, and the incubation period is 1/‘. Then at time t, there is p’E persons in E who 145 

develops into A, and (1- p)E persons become I. 146 

（4） I from the onset to admission is 1 / γ days, that is, there are γ I admitted to the hospital in 147 

unit time. Therefore, at time t, there are γ I people in I who change to movers. The case fatality rate of I 148 

is f, so at time t, f I people die in I. 149 

（5）A has an infectious period of 1 / γ’, that is, γ’ persons in A escape from the infectious period 150 

in unit time. Therefore, at time t, there are γ’ A people in A who are transformed into movers. 151 

Therefore, the framework of the SEIAR model with the natural birth rate and mortality rate of the 152 

population removed is shown in Figure 1. The differential equations of the model are as follows: 153 
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 155 

Parameter estimation 156 

The total number of susceptible people comes from the number of permanent residents in Jilin 157 
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Province recorded in the Jilin Statistical Yearbook. According to the actual incidence characteristics of 158 

COVID-19 in Jilin Province, the cases were divided into two types: imported cases as the source of 159 

infection and secondary cases used as the actual data to fit the model. According to the trend of the 160 

secondary cases over time, using February 1 as the cut-off point, the time distribution curve of the 161 

continuation of cases was divided into two sections and fitted by the model separately, and the β value 162 

in different time periods were obtained (β1 and β2). 163 

According to previous research by our team, the transmissibility of asymptomatic infections is the 164 

same as for infections, k = 1. There were four asymptomatic infections among 97 cases in Jilin 165 

Province, that is, the proportion of asymptomatic infections was 0.04. To calculate the time interval 166 

from infection to symptom onset in all cases in Jilin Province, except for asymptomatic infections, the 167 

median was calculated as 10. Checking the previous literature showed that the COVID-19 incubation 168 

period of asymptomatic infections is the same as that of infections[26], therefore,  = ’ = 0.1. The 169 

time interval from the onset to admission of infectious cases in Jilin Province was calculated, and the 170 

median was 3. Because asymptomatic infections are mostly admitted to hospital for isolation treatment 171 

for intensive contacts the infections, and the proportion of asymptomatic infections in Jilin Province is 172 

small, the period of infection of asymptomatic infections is similar to that of infections. Therefore, γ = 173 

γ’ = 0.33. According to the statistics of COVID-19 in Jilin Province, there was only one death in all 174 

patients, so in the COVID-19 model in Jilin Province, the mortality rate f was negligible, that is, f = 0. 175 

The model parameter values and methods are shown in Table 1. 176 

Transmissibility of COVID-19 177 

Under ideal circumstances, the basic reproduction number (R0) can be used to quantify the 178 
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transmissibility of COVID-19[26-29], R0 is the number of cases where the source of infection directly 179 

spread during the infection period. Comparing the R0 value with 1 can be used as an index to evaluate 180 

whether the disease is prevalent. If the evaluated disease does not spread in a natural state, such as the 181 

application of isolation, vaccines, and other interventions, R0 cannot reflect the actual spread of the 182 

disease. At this time, an effective reproduction number (Reff) is needed to represent transmissibility. 183 

Based on previous research[30-32], Reff can be expressed by the following equation: 184 

lim
𝑑𝑟→∞

𝑅𝑒𝑓𝑓 = 𝛽𝑆 (
1 − 𝑝

𝛾 + 𝑓
+
𝑝

𝛾′
) 185 

At the same time, because the mortality rate of COVID-19 in Jilin Province is close to 0, the equation 186 

can be simplified to: 187 

𝑅𝑒𝑓𝑓 = 𝛽𝑆 (
1− 𝑝

𝛾
+
𝑝

𝛾′
) 188 

Simulation method and statistical analysis 189 

The software Berkeley Madonna 8.3.18 was used to model the actual cases, and the fourth-order 190 

Runge-Kutta method was used to solve the differential equations. Curve estimation in SPSS 20.0 was 191 

used to compare the fitted data with the actual data, and observe the P and R2 values to judge the 192 

goodness of fit. 193 

 194 

Results 195 

Epidemiological characteristics 196 

As of March 14, a total of 97 COVID-19 infections, including 45 imported infections (including 197 
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one asymptomatic infection) and 52 secondary infections (including three asymptomatic infections), 198 

were reported. The first case in Jilin Province was an imported case whose onset date was January 12, 199 

2020, while the latest case was a secondary case whose onset date was February 9, 2020. The peak date 200 

of the incidence of imported cases was January 22, and the peak of local cases was February 1. The 201 

stacked histogram of changes is shown in Figure 2. 202 

Regarding the gender breakdown (Figure 3), there were 56 males and 41 females. Among male 203 

and female cases, normal cases predominated, accounting for 54% and 49% of all case types, 204 

respectively. In descending order, these were followed by mild, severe, and critical cases.  205 

The proportion of disease severity of different age groups was analyzed (Figure 4). The age of 206 

onset was concentrated between 20-59 years, accounting for about 80.41% of the total number of 207 

patients. Among them, the proportion of mild cases in the 40-49 age group was 56%, the proportion of 208 

normal cases in the 30-39 age group was 73.33%, and the proportion of severe cases in the 80-89 age 209 

group was 33.33%, the proportion of critical cases in the 70-79 age group was up to 20%. The 210 

proportion of normal cases was highest in different age groups, and the number of cases decreased as 211 

the severity of the disease increased.  212 

Model fitting and calculation of transmissibility 213 

According to the comparison between the model fitting curve and the actual secondary cases 214 

curve (Figure 5), the degree of fitness was good. At the same time, the goodness-of-fit test results 215 

showed that the difference between secondary cases fitted by the model and the actual secondary cases 216 

was statistically significant (R2 = 0.593, P <0.001). The values of β1 and β2 obtained by the model 217 

fitting were brought into the formula of the effective reproduction number; the effective reproduction 218 
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number of COVID-19 in Jilin Province before February 1 was 1.64, the effective reproduction number 219 

of COVID-19 in Jilin Province after February 1 was 0.05, and the transmissibility decreased by 220 

96.95%. 221 

It is known that after February 1, the incidence of COVID-19 showed a downward trend, and the 222 

last case occurred on February 19 (Figure 2). If no intervention measures had been taken after the onset 223 

of new coronary pneumonia, the model can fit the curve of the future incidence in this scenario (Figure 224 

6). Therefore, if no measures had been taken, the model predicted that the incidence on February 19 225 

would have been 13 cases, while the actual incidence on that date was one case. Therefore, the 226 

comprehensive interventions reduced the incidence by 92.31%. If the epidemic situation had been 227 

allowed to continue, the incidence curve would resemble a bell shape, and it would reach a peak of 228 

incidence on October 22, 2020 (284 days from the first case), with 177011 cases on that day, and the 229 

epidemic would last for 22 months. At the same time, the forecast can also predict the condition of 230 

onset at the end of each month in the near future (Table 2). Without intervention taken on February 1, 231 

2020, a total of 17,129,367 cases would have been reported until the end of the outbreak (on October 9, 232 

2021), with a total attack rate of 63.66%. These results revealed that the interventions implemented in 233 

Jilin Province reduced the number of cases by more than 99.99%. 234 

In addition, this study predicts the epidemic curve and peak incidence of COVID-19 after taking 235 

measures at different time points (Figure 7). The following figure shows the future incidence curve 236 

when the number of days from the first case varies (175 days, 200 days, 225 days, 250 days, 275 days, 237 

300 days, 325 days, 350 days, 375 day). The trend turns into a gradual decline in the curve fitting 238 

figure. The prevalence of measures taken at different time points shows that the sooner measures are 239 
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taken, the more easily the epidemic can be controlled, the lower the peak number of outbreaks, the 240 

earlier the end of the outbreak, and the lower the cumulative number of outbreaks (Table 3). 241 

 242 

Discussion 243 

Based on the epidemic situation of COVID-19 in Jilin Province, we constructed a transmission 244 

dynamics model that accords with the population characteristics of Jilin province. Furthermore, based 245 

on the collection of 97 cases as of March 14, the true parameters of Jilin Province were calculated. 246 

Using imported cases as the source of infection, the model calculates fitted secondary cases based on 247 

local secondary cases. Therefore, from the design of the model, the calculation of parameters and the 248 

fitting of data, it is more in line with the actual situation of Jilin Province, and the transmissibility index 249 

is more real. 250 

According to the temporal distribution of COVID-19 in Jilin Province (Figure 2), the imported 251 

cases in Jilin reached a peak on January 22nd, and decreased after January 23rd. Since January 31st, 252 

the imported cases have remained at a low level. On January 23, the city was closed in Wuhan. At the 253 

same time, Jilin Province implemented measures of screening and isolation for outsiders. This time 254 

coincided with the period of decline in imported cases, indicating that the above interventions had 255 

obvious effects. On January 31st 2020, the measures of having a flexible working system and fewer 256 

meetings were implemented. Personnel were required to wear masks when entering or leaving public 257 

places. From Figure 2, we can see that since February 1st, the number of secondary cases and daily 258 

actual incidence has been decreasing. Since January 31, 2020, the implementation time of intervention 259 

measures such as reducing travel and wearing masks has been consistent with the incidence decline 260 
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time. This shows that the above intervention measures were effective in this period. 261 

The clinical disease types of COVID-19 in Jilin are the most common cases[33], and are 262 

consistent with the distribution of clinical types in the whole country. This shows that most cases are 263 

mild and easily treated by patients as common influenza. For this reason, it has not been easy to 264 

investigate who infected persons have had close contact with. Therefore, a large number of sources of 265 

infection were not effectively isolated in the external environment at the early stage of the disease and 266 

at the early stage of the epidemic, which was the main reason for the public response delay in the early 267 

stage of the outbreak. 268 

The age of onset of COVID-19 in Jilin was mainly between 20-59 years old. Among these cases, 269 

people aged 30-49 years most commonly had mild and normal cases[34]. Therefore, in young adults, 270 

the prognosis of the disease is better and mortality is low. 271 

In this study, according to the time distribution characteristics of the epidemic curve of COVID-19 272 

in Jilin Province, taking February 1st as the time cut-off point, the data were divided into two sections 273 

to fit the secondary cases, and the fitting effect was better (R2 = 0.593, P<0.001). According to the 274 

fitting results, the effective reproduction number of the first stage (before February 1st) was 1.64, 275 

indicating that the infection source of COVID-19 could infect about two people during the infectious 276 

period. If intervention had not been taken in time to allow the disease to progress naturally, COVID-19 277 

in Jilin would have continued to spread widely. The effective reproduction number in the second stage 278 

(after February 1st) was 0.05, that is, the infection source of a new coronavirus could infect 0.05 people 279 

during the infectious period, meaning that the epidemic situation had been controlled by this stage. The 280 

comprehensive intervention measures in Jilin Province reduced the transmissibility of COVID-19 by 281 
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96.95%. 282 

Combined with a series of related measures since the outbreak of the epidemic in Jilin Province, a 283 

series of related measures were launched on January 23rd, including closing tourist spots, suspending 284 

business operations, ensuring good disinfection and ventilation in public places, and banning wild 285 

animal trade. On January 25th, 2020, the Jilin provincial government launched a public health events 286 

level I emergency response, strengthened the investigation of non-native people and isolated non-native 287 

people at home, strengthened body temperature testing, implemented disinfection and sterilization 288 

measures, encouraged wearing of masks, and strengthened the management of large scale activities. 289 

From January 31, 2020, the unit flexible working system was implemented to reduce the number of 290 

meetings and personnel input. The above measures were effective in the second stage of COVID-19, 291 

and transmissibility was reduced by 96.95%. Additionally, by the deadline (February 19), the actual 292 

number of secondary cases had been reduced by 92.31%, so that the epidemic could be controlled. If 293 

Jilin had not taken measures and had allowed the disease to develop before February 1st, the 294 

prevalence of COVID-19 would have continued to spread in the province. The peak would have been 295 

reached by October 22, 2020, with the number of cases on that day being 177011. The epidemic would 296 

have continued to be prevalent for 22 months, with a cumulative number of 17129367 cases, and an 297 

attack rate during the epidemic of 63.66%. Therefore, a series of prevention and control measures 298 

formulated and implemented in Jilin Province effectively controlled the progress of the COVID-19 299 

epidemic, and, as much as possible, helped avoid an interpersonal epidemic. 300 

Limitations 301 

The parameters in this research model were calculated based on the actual data of Jilin Province, 302 



 16 / 30 

 

so the quality of the data is high. However, the small number of actual illnesses in Jilin Province would 303 

have had a certain impact on the calculation of the model. There were only four asymptomatic 304 

infections in the data obtained, which reduced the reliability of the proportion estimation of 305 

asymptomatic infections in Jilin Province. At present, studies have shown that asymptomatic infections 306 

also have transmissibility, and they are not easy to find and isolate, which promotes the spread of 307 

disease and the epidemic. This model takes into account the effect of asymptomatic infection in the 308 

population. Therefore, error in the proportion of asymptomatic infections may cause the prediction 309 

results to deviate from the actual situation. 310 

In this study, the reciprocal of the incubation period calculated using the actual data of the 311 

COVID-19 in Jilin Province was a parameter in the model, so the accuracy of the incubation period 312 

calculation can also affect the model’s prediction. The incubation period of COVID-19 is 3-7 days[35], 313 

and the incubation period of the disease calculated in this study was 10 days in Jilin Province. The 314 

reason may be that the time of contact with the first case is uncertain, and there are some cases with 315 

unclear contact time, such as repeated or continuous contact. Therefore, it is necessary to clarify the 316 

activity trajectory of secondary cases, or how long susceptible persons have the ability to infect others 317 

after being exposed to the source of infection. This is also a direction for exploration in future research. 318 

In accordance with the epidemic trend of the disease, this study fitted the actual number of 319 

secondary cases in two stages. Additionally, the transmissibility of COVID-19 after February 1 was 320 

evaluated, and the effectiveness of preventive measures was verified. However, this article evaluated 321 

comprehensive prevention and control measures, and did not evaluate certain specific measures. It is 322 

not possible to determine which specific measure produced an effect. To solve this problem, it will be 323 
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necessary to establish a model that considers separate prevention and control measures. However, the 324 

specific implementation time and completion status of each measure are difficult to determine, so this 325 

situation is difficult to achieve. 326 

Conclusions  327 

COVID-19 had moderate transmissibility in Jilin Province, China. The interventions implemented 328 

in the province had great effectiveness. 329 

 330 

 331 
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Figure legends 470 

Figure 1 SEIAR model for simulating COVID-19 471 

Figure 2 Temporal distribution of COVID-19 in Jilin Province, China 472 

Figure 3 The proportion of disease severity according to gender in Jilin Province, China 473 

Figure 4 The proportion of disease severity in different age groups in Jilin Province, China 474 

Figure 5 The fitting results of the SEIAR model and the data of the actual secondary cases of 475 

COVID-19 cases in Jilin Province, China 476 

Figure 6 Simulation results of the SEIAR model without intervention and the data of the actual 477 

secondary cases of COVID-19 cases in Jilin Province, China 478 

Figure 7 COVID-19 prevalence curve and peak incidence after taking measures at different time 479 

points in Jilin Province, China 480 
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Tables 490 

Table 1 The definition and values of parameters in SEIAR model of COVID-19 in Jilin Province, 491 

China 492 

Parameter Description Unit Value Parameter source 

β1 

Infection rate coefficient  

(before February 19) 

Person-1·day-1 6.7865×10-9 Curve Fitting 

β2 

Infection rate coefficient  

(after February 19) 

Person-1·day-1 2.0519×10-10 Curve Fitting 

k 

Coefficient of 

Transmissibility of A relative 

to I 

1 1 literature[26] 

p 

Proportion of asymptomatic 

infections 

1 0.04 Actual data 

ω 

Relative rate of incubation 

period of I 

day-1 0.1 Actual data 

ω' 

Relative rate of incubation 

period of A 

day-1 0.1 literature[26] 

γ 

Coefficient of time between 

onset and admission 

day-1 0.33 Actual data 
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γ' Infection period coefficient day-1 0.33 literature[26] 

f Fatality rate 1 0 Actual data 

 493 
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Table 2 Prediction of short-term onset of COVID-19 without intervention 495 

Date Number of cases Cumulative number of cases Attack rate 

Feb. 29 20 356  1.32E-05 

Mar. 31 82 1755  6.52E-05 

Apr. 30 313 7033  2.61E-04 

May.31   1250 28485  1.06E-03 

Jun.30 4742 108914  4.05E-03 

Jul.31 18217 427535  1.59E-02 
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Table 3 Prevalence of COVID-19 after comprehensive intervention at different time points 498 

Time for 

comprehensive 

intervention 

Cumulative 

number of 

cases 

Attack rate Peak date 

Peak 

incidence 

Outbreak 

duration 

D175 170197  0.63% Jul. 5 5911  8 month 

D200 510848  1.90% Jul. 30 17462  9 month 

D225 1471201  5.47% Aug. 24 48043  10 month 

D250 3805023  14.14% Sept. 18 109787  11 month 

D275 7892257  29.33% Oct. 13 171253  12 month 

D300 12193645  45.32% Oct. 22 177011  13 month 

D325 14939812  55.52% Oct. 22 177011  14 month 

D350 16235738  60.34% Oct. 22 177011  15 month 

D375 16775568  62.35% Oct. 22 177011  16 month 

D650 17129367  63.66% Oct. 22 177011  22 month 
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