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Abstract 67 

Background: As the second largest burden country, China displays a high incidence of tuberculosis with 68 

frequent occurrence of outbreaks. Summarizing and analyzing the characteristics of tuberculosis 69 

outbreaks can help to quantify the transmissibility and to evaluate the effectiveness of intervention 70 

measures, providing thus technical support for prevention and control.  71 

Methods: We collected data on 4 tuberculosis outbreaks in Changsha city, Hunan Province. Susceptible-72 

Exposed-Infectious-Recovered (SEIR) model was used to fit collected data and calculate transmissibility. 73 

Susceptible-Exposed-Infectious-Quarantined-Recovered (SEIQR) model was used to evaluate the effect 74 

of isolation. Effective reproduction number and prevalence rate were used to quantify the transmissibility 75 

of tuberculosis.  76 

Results: The number of male patients was higher than that of female patients in 4 outbreaks. Most student 77 

cases were distributed in high grades of high school and universities. The Reff of the 4 outbreaks were 78 

15.22, 12.87, 13.47 and 2.70, respectively. Isolating 100% of the patients at first month could reduce the 79 

number of cases by 96.45%, 96.36%, 97.08% and 100.00%, respectively. The median Reff of 4 outbreaks 80 

in Changsha city was 13.17 (IQR 10.33-13.91).  81 

Conclusions: Early detection and isolation of cases are effective methods of prevention of tuberculosis 82 

outbreaks. 83 

 84 
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Background 89 

Tuberculosis (TB) is a respiratory disease caused by the bacterium Mycobacterium tuberculosis 90 

which is mainly transmitted by droplets(1). According to the World Health Organization(2), tuberculosis 91 

was the second lethal infectious disease after COVID-19 in 2021, with a higher death rate than AIDS. 92 

An estimated 10 million people are living with TB, which is considered to kill 1.5 million people 93 

worldwide. In 2020, China has been the world second large country with the highest TB burden while 94 

eight countries, including China, accounted for 57.33% of all new TB cases(2). In 2014, WHO put 95 

forward the slogan "End Tuberculosis Strategy"(3), which aims to reduce TB mortality by 95% and 96 

morbidity by 90% by 2030. However, currently, China is far from achieving this goal, and TB is still an 97 

important public health problem to be solved urgently. 98 

An important reason for the high incidence of tuberculosis in China is the frequent occurrence of 99 

outbreaks, especially in common gathering places such as schools and factories. At the same time, 100 

adolescence is a period of increasing susceptibility of TB, when incidence rate and prevalence rate is 101 

significantly rising (4). Tuberculosis outbreaks in schools are characterized by large number of patients 102 

and long duration. A meta-analysis of tuberculosis among Chinese students(5), showed that 31.8% of the 103 

school outbreaks lasted more than 4 months. Tuberculosis outbreaks on campus have a great impact on 104 

society, especially on students and their families, causing panic in schools and even disrupting social 105 

stability. Thus schools, factories and other gathering places are key places for transmission of 106 

tuberculosis and their study is of high public health significance. 107 

In the past, for most tuberculosis outbreaks, traditional epidemiological description or statistical 108 

methods were often used to analyze and study single outbreak events(6, 7), but systematic researches on 109 

multiple outbreaks used by transmission dynamics model have not been conducted. Although 110 
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transmission dynamic models can well explain the natural history of tuberculosis and some studies have 111 

analyzed the transmission of tuberculosis by constructing Susceptible-Exposed-Infectious-Recovered 112 

(SEIR) model, they have not been applied to the evaluation of multiple outbreaks(8-10). Therefore, 113 

summarizing and analyzing the transmission characteristics of tuberculosis outbreaks can help 114 

quantifying transmissibility and evaluating the effectiveness of intervention measures. 115 

 116 

Methods 117 

Research site 118 

Located in the middle area of mainland China, Changsha city (27°51′ to 28°41N, 111°53′ to 119 

114°15′E) is the capital of Hunan Province. Land area of Changsha city is about 11819 square kilometers, 120 

included six districts, one county and two county-level cities. This city is an important node city in the 121 

middle reaches of the Yangtze River and Yangtze River Economic Belt, an important comprehensive 122 

transportation hub in central China, in which Beijing-Guangzhou high-speed railway, Shanghai-123 

Kunming high-speed railway and Chongqing-Xiamen high-speed railway meet, with a large floating 124 

population. 125 

 126 

Data collection 127 

From 2006 to 2013, several tuberculosis outbreaks occurred in Changsha city. Owing to data access 128 

restriction, only four tuberculosis outbreaks were considered in this study. These 4 outbreaks (A, B, C 129 

and D) took place at a factory, a high school and two universities, respectively(11). Collected data include 130 

variables such as number, gender, age, date of onset and demographics. Demographics include the total 131 

school population, local birth rate and death rate, obtained by field investigation and relative 132 
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reference(11). 133 

 134 

Case diagnosis 135 

The cases of four tuberculosis outbreak events in this study were diagnosed according to the 136 

Diagnostic Criteria for Tuberculosis (WS288-2008)(12). 137 

 138 

SEIR transmission dynamics model  139 

The SEIR model was used to simulate the transmission of tuberculosis, as previously described (15) 140 

(Fig.1). Variable definition and parameter estimation are shown in Table1 and Table2, respectively. 141 

The SEIR model is based on the following assumptions: 142 

(1) The susceptible stage (S) will change into the exposed stage (E) at the rate of βSI after effective 143 

contact with the infected stage (I), where β is the transmission contact rate; 144 

(2) Because of the existence of self-immunity, people will carry out early self-clearance of 145 

Mycobacterium tuberculosis, and thus exposed people will carry out self-clearance at a certain rate θ 146 

(early clearance rate) and become susceptible again; 147 

(3) After incubation period, the exposed stage (E) further developed into active pulmonary 148 

tuberculosis patient (I) at the rate of qωE. q is the proportion of the exposed changing into infectious 149 

cases, and ω is the reciprocal of incubation period; 150 

(4) After infection, the infected stage (I) may undergo three conversions: a. I becomes a 151 

recovered/removed stage (R) at the rate of pγI, and γ is the reciprocal of recovery period; b. I dies at the 152 

rate of fI, and f is the death rate. c. After the body's self-clearance, I becomes an exposed stage (E) again 153 

at the rate of (1-p) I. 154 
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(5) The recovered stage (R) still have the possibility of reinfection, and those who have 155 

recovered/removed will turn into an exposed stage at the rate of 𝛼𝜑𝑅, 𝛼 is the proportion from recovery 156 

to exposure, and φ is the reciprocal of reinfection rate. 157 

The model can be expressed by the following equations: 158 𝑑𝑆𝑑𝑡 = −𝛽𝑆𝐼 + 𝑚𝜃𝐸 159 𝑑𝐸𝑑𝑡 = 𝛽𝑆𝐼 + 𝛼𝜑𝑅 + 𝛼𝜑𝑅1 + (1 − 𝑝)𝐼 160 𝑑𝐼𝑑𝑡 = 𝑞𝜔𝐸 − (1 − 𝑝)𝐼 − 𝑝𝛾𝐼 − 𝑓𝐼 161 𝑑𝑅𝑑𝑡 = 𝑝𝛾𝐼 − 𝛼𝜑𝑅 162 

 163 

SEIQR transmission dynamics model with isolation measure 164 

The quarantined population stage (Q) was be added into SEIR model, to build the SEIQR model for 165 

evaluating the effect of tuberculosis control under isolation measure (Fig.1). The SEIQR model adds the 166 

following assumptions compared with SEIR model: 167 

(1) After taking isolation measures, the infected stage (I) may also follow four conversions:  168 

a. The infected stage (I) changes into the quarantined stage (Q) at the rate of δI, and δ is the 169 

proportion of isolation in infectious cases; b. It may change into the recovered/removed stage (R) at the 170 

rate of (1-δ) pγ1I, and the recovered/removed may relapse again at the rate of αφR and then turn into the 171 

exposed (E); c. (I) dies at the rate of fI, and f is the death rate; d. After body self-clearance, (I) becomes 172 

(E) again at the rate of (1-p) I.  173 

(2) The Quarantined stage (Q) will change into a recovered/removed stage (R1) at the rate of pγ2Q; 174 

However, the recovered/removed stage (R1) after isolation treatment may relapse again at the rate of 175 

αφR1 and then turn into (E), α is the proportion from recovery to exposure, and φ is the reciprocal of 176 
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the reinfection rate. It was also assumed that the isolated patients would be actively hospitalized and 177 

the reciprocal of infectious period (γ2) would be 1. 178 

The model can be expressed by the following equations: 179 𝑑𝑆𝑑𝑡 = −𝛽𝑆𝐼 + 𝑚𝜃𝐸 180 𝑑𝐸𝑑𝑡 = 𝛽𝑆𝐼 + 𝛼𝜑𝑅 + 𝛼𝜑𝑅1 + (1 − 𝑝)𝐼 181 𝑑𝐼𝑑𝑡 = 𝑞𝜔𝐸 − (1 − 𝑝)𝐼 − (1 − 𝛿)𝑝𝛾1𝐼 − 𝑓𝐼 − 𝛿𝐼 182 𝑑𝑅𝑑𝑡 = (1 − 𝛿)𝑝𝛾1𝐼 − 𝛼𝜑𝑅 183 𝑑𝑄𝑑𝑡 =  𝛿𝐼 − 𝑝𝛾2𝑄 184 𝑑𝑅1𝑑𝑡 = 𝑝𝛾2𝑄 − 𝛼𝜑𝑅1 185 

 186 

Simulation of Isolation 187 

In this study, the SEIRQ model was constructed to simulate the effect of isolation measure in two 188 

dimensions according to the transmission mode of 4 tuberculosis outbreaks. Dimension 1: When the 189 

isolation ratio is set to 10~100%. Dimension 2: Simulate isolation measures at different time points. 190 

 191 

Index of Transmissibility Estimate 192 

In this study, effective reproduction number (Reff) and prevalence rate (PR) were used to quantify 193 

the transmissibility of diseases. 194 

Reff refers to the number of people who can be infected by a patient during the average illness period 195 

in the process of infectious disease transmission with certain intervention measures. Usually, when Reff 196 

is greater than 1, infectious diseases will be prevalent among people; when Reff is less than 1, it is 197 

considered that infectious diseases will gradually disappear. In this study, the next generation matrix 198 
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method is used to calculate Reff, and the calculation formula is as follows: 199 

F = [𝛽𝑆𝐼00 ]，and V =[−(1 − 𝑝)𝐼 − 𝛼𝜑𝑅 + 𝑞𝜔𝐸 + 𝑚𝜃𝐸(𝑝𝛾 + 1 − 𝑝 + 𝑓)𝐼 − 𝑞𝜔𝐸𝛼𝜑𝑅 − 𝑝𝛾𝐼 ]， 200 

Disease-free equilibrium point is: (𝑁, 0,0,0,0).  201 

𝐹 = [0 𝛽𝑁0 0 ]，and 𝑉 = [𝑞𝜔 + 𝑚𝜃 (𝑝 − 1)−𝑞𝜔 𝑝𝛾 + 1 − 𝑝 + 𝑓], 202 

so 𝑉−1 = [(𝑓−𝑝+𝛾𝑝+1)𝐴 −(𝑝−1)𝐴𝑞𝜔𝐴 𝑚𝜃+𝑞𝜔𝐴 ]，𝐹𝑉−1 = [(𝑁 𝛽𝑞𝜔)𝐴 (𝑁𝛽(𝑚𝜃+𝑞𝜔))𝐴0 0 ]， 203 

Among them, 𝐴 = 𝑚𝜃 + 𝑓𝑚𝜃 + 𝑓𝑞𝜔 − 𝑚𝑝𝜃 + 𝛾𝑚𝑝𝜃 + 𝛾𝑝𝑞𝜔.  Therefore, 𝑅0  can be 204 

calculated by following formula: 205 

Calculation formula and definition of prevalence rate: 206 

In this study, the prevalence rate (PAR) was used to evaluate the effectiveness of intervention 207 

measures. The formula is as follows: 208 

𝑃𝐴𝑅 = Number of current casesTotal population × 100% 209 

 210 

Statistical Analysis 211 

In this study, Berkeley Mandona 8.3.18 (Developed by Robert Macey and George Oster of the 212 

University of California at Berkeley, CA, USA) software was used for mathematical modelling, and the 213 

fourth-order Runge-Kutta method with tolerance set at 0.05 was used for curve fitting. The Determination 214 

Coefficient (R2) obtained by the curve estimation function of SPSS 23.0 was used to describe the 215 

goodness of fit. 216 

 217 

Results 218 

Epidemiological description  219 
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The Epidemiological characteristics of the four tuberculosis outbreaks in Changsha city are 220 

displayed in Table 3 and Table 4. 221 

Case age in event A was distributed in the range of 28.46 ± 6.25 years, and patients under 30 years 222 

accounted for 61.54% of whole cases. The number of male cases (12, 92.31%) was higher than that of 223 

female cases (1,7.69%). The other three events in Changsha city were all happening at a high school and 224 

two universities: Male and female cases in event B accounted for 62.50% and 37.50%, respectively, and 225 

93.75% of the patients were aged 16~17 years, and all the cases were senior 2 students. Event C was 226 

happening at a university. All cases of event C were men in college junior (9, 75.00%) and senior (2, 227 

16.67%). Event D was taking place at another university. 78.58% of Student cases in Event D were in 228 

college junior, or higher grade. In Changsha city, 82.5% of university student cases were distributed in 229 

college junior and higher grade; all high school student cases are in senior 2, as shown in Table 4. The 230 

occurrence of TB outbreaks in school may be related to the grade of student: most student cases were 231 

distributed in high grade of high school and university. 232 

 233 

Implementation of intervention measures 234 

The implementation of intervention measures for 4 outbreaks in Changsha city are shown in Fig.2. 235 

The above results showed that the Median of final period of the outbreak is mainly 7.5 months, and the 236 

Median of control time of epidemic is 6 months. Such as close screening, screening and environmental 237 

disinfection and other local intervention measures were taken with forceful and speedy effects. No 238 

outbreak was discovered at an early stage. Among 4 outbreaks, only the CDC in the area where event B 239 

was located took active measures before intervention, carried out daily classroom disinfection and 240 

strengthened morning inspection. No active intervention measures have been taken in other regions. 241 
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 242 

Model fitting and transmissibility  243 

According to the determination coefficient R2, the model fitted the prevalence rate of several 244 

outbreaks well, which proved that the model was suitable for this study (Fig.3). In this study, Reff of 245 

ascend stage of outbreak, which is defined as Rascent, and PR were used to quantify the transmissibility 246 

under rapid rising of tuberculosis outbreaks. The Rascent of three events, i.e. A, B and C, in Changsha city, 247 

were all greater than 10, i.e., 15.22, 12.87 and 13.47 respectively, while the Rascent of event D was much 248 

smaller, 2.70.  249 

The median Rascent of 4 outbreaks in Changsha city was 13.17 (IQR 10.33-13.91). This means, in the 250 

case of high population density, that one patient could infect 13 people on average in Changsha city. 251 

According to the Guidelines for implementation of Tuberculosis Prevention and Control program 252 

in China, all TB patients must accept more than 2 months of intensive phase treatment followed by 253 

several Sputum smear examinations since patients may still discharge M. tuberculosis, with a risk of 254 

infection. Thus, we regarded the time at which the number of patients was below 1 as the actual end time 255 

of outbreak. If the number of cases keep increasing with Rascent, the predicted number of patients in the 256 

four events would reach 141, 110, 137 and 12 cases, respectively at the end of the actual epidemic.  257 

Among the 4 outbreaks of tuberculosis, there were 3 events with Rascent > 10. Rascent of event A, B 258 

and C were above 10, and Rascent of event D was 2.70, which was weaker than that of events A, B and C. 259 

However, due to improper handling of event D, the epidemic lasted for a long time, causing great 260 

influence.  261 

 262 

Effectiveness of isolation 263 
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SEIQR model was used to evaluate the effectiveness of isolation. The Rascent of 4 events were 264 

considered as initial reproduction numbers to simulate the real outbreak event. This study simulated and 265 

evaluated the effectiveness of isolation under the two dimensions of different isolation ratio and different 266 

isolate-time, proving that timely detection with isolation and enhancing isolation ratio are effective 267 

intervention methods to control TB transmission. Prevalence rate was considered as the assessment index 268 

for effectiveness of isolation. 269 

If the number of patients dropped below 1, it may indicate the outbreak may be over. (Fig.4) In 270 

event D, when isolate-time were at 1st and 2nd month, 3rd to 4th month, 6th to 8th month, 9th to 10th month, 271 

11th month, 12th month and 13th month, keeping isolation ratio at range of 0.4 to 1.0, 0.5 to 1.0, 0.6 to 1.0, 272 

and 0.7 to 1.0, 0.8 to 1.0, 0.9 to 1.0 and 1.0, respectively, the number of cases can be below 1. As the 273 

Rascent of event D was lower than 10, outbreaks could be easier control than for other events whose Rascent 274 

were over 10.  275 

Laura and others found that through control measures: early detection and isolation of patients 276 

infected with tuberculosis, the infection rate can be reduced by 50%(13). In this study, according to the 277 

simulated results of SEIQR model, under isolation ratio of 1.0 and with the earliest isolate-time, the case 278 

number of events A, B, C and D were 5, 4, 4 and 0 respectively. Compared with the simulated predicted 279 

results of SEIR model (without isolation measures), under isolation ratio of 1.0 and with the earliest 280 

isolate-time, proportion of decreasing case number in events A, B, C and D were 96.45%, 96.36%, 281 

97.08%, 100.00%. This indicates that the most optimal isolation measure, i.e., isolation of 100% of 282 

patients could reduce the number of cases by more than 95%.  283 

 When the isolation ratio was certain, the faster the measures were taken, the lower the prevalence 284 

rate (Fig.4). Simultaneously, the higher the isolation ratio, the greater the difference in prevalence rate 285 
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and the better the effect of controlling transmission. Taking early isolation with higher the isolation ratio, 286 

would provide the lower prevalence rate.  287 

However, with the postponement of isolate-time, the effect of isolation would gradually be 288 

decreased. Even if the isolation ratio was increased, there would be still no way to reduce the prevalence 289 

rate, which would lead to the outbreak of the epidemic. 290 

 291 

Discussion 292 

From 2012 to 2017, Changsha city had 1,482 registered student tuberculosis cases on average every 293 

year, who accounted for 18.7% of student tuberculosis cases in Hunan province(14). The proportion of 294 

tuberculosis among students in Changsha city is higher than that in other cities and states of the Hunan 295 

province(14). In consideration of the special geographic location of Changsha city (An important node 296 

city in central region of China), once a tuberculosis outbreak occurs in here, it will spread widely. 297 

Therefore, the control experience of tuberculosis outbreak in Changsha city is of great significance to the 298 

prevention and treatment of tuberculosis in other large cities. 299 

Tuberculosis outbreaks often occur in population gathering places, especially schools and factories. 300 

They are very prone to tuberculosis outbreaks due to crowded personnel, closed teaching and workplace 301 

and poor ventilation(15). In this study, M. tuberculosis detected in the ventilation system of the factory 302 

caused the occurrence of event A. The dormitories of two universities located in Changsha city were 303 

relatively old, where students smoked frequently and sanitary conditions were poor, which was 304 

conducive to the development and transmission of TB. In addition, the outbreaks studied in this work 305 

may also be related to the age of the population. The age class displaying a high incidence of tuberculosis 306 

is generally the adolescence(16). Of the 4 outbreaks in Changsha city, 3 outbreaks happened in a high 307 
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school, and two universities, and the age classes of the cases were 16 to 19 and 22 to 25 years, respectively.  308 

We found the occurrence of TB outbreak in schools is not only related to the age of student but also 309 

the life behavior of student in different grades. Most student cases was mostly distributed in high grade 310 

of senior school and university. In China, high school students have a strict entrance examination system 311 

for progression. Therefore, many students in high grade spend a lot of time studying for exams, which 312 

may lead to lack of sleep time, staying up late, lack of exercise, low immunity, high stress, psychological 313 

anxiety and so on. By contrast, university students who have more free time to socialize may have more 314 

opportunity to infect tuberculosis with more parties and social contacts. All of factors above are the 315 

inducements of TB infection in student. Simultaneously, this study also found that some students did not 316 

timely report to the doctor after the onset of the disease, which led to the aggravation and spread of the 317 

disease. This phenomenon might be related to the insufficient daily inspection of the school, the failure 318 

to disinfect the environment frequently and the inadequate publicity and education on tuberculosis. 319 

Previous researches show that the R0 of tuberculosis ranges from 1.2 to 3.5(17, 18), but these studies 320 

were based on family and community studies, and the R0 of school outbreaks is generally significantly 321 

larger than this range. Some articles have also calculated that the R0 of a campus outbreak is 8.4(19), and 322 

the results of this study basically concur with our estimated range of transmissibility. In this study, 323 

However, when quantifying the transmissibility, we should also combine different geographical 324 

environment, campus management and other factors to make a more accurate assessment. 325 

Many studies showed that timely diagnosis(20, 21), rapid detection of infectious patients and 326 

thorough contact investigations (22, 23) are still important means to reduce the spread of tuberculosis. 327 

Schools would take measures such as suspension of classes, suspension of school and active treatment 328 

after students are diagnosed with tuberculosis according to rules and regulations. However, many 329 
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outbreak events are caused by ignorance or incomprehension of patients of early-stage symptoms, 330 

leading thus to the aggravation of the illness and possibility of transmission. This suggests that it is 331 

necessary for schools and factories, or other population gathering places, to carry out daily surveillance, 332 

check-up and environmental disinfection. 333 

Even so, this study still has some limitations: Firstly, the parameters of model construction mainly 334 

came from references, without sensitivity analysis, which may have some influence on results. Secondly, 335 

the lack outbreak data directly collected from schools and factories outbreaks prevents to fully reflect the 336 

characteristics of TB transmission. Thirdly, owing to the lack of relative information and data, the effect 337 

of intervention measures other than isolation could not be simulated in this study. 338 

 339 

Conclusion 340 

The occurrence of tuberculosis outbreaks related to gender and student cases in high grades may 341 

account for the high proportion of TB cases in China. The median Reff of 4 outbreaks in Changsha city 342 

was 13.91 (IQR 10.33-13.91). Isolating all patients at the first month of the four outbreaks could reduce 343 

the number of cases by 96.45%, 96.36%, 97.08% and 100.00%, respectively. Early isolation and 344 

increasing isolation ratio as much as possible is of great significance to the prevention and control of 345 

tuberculosis outbreaks with good effect on preventing the transmission. 346 
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 472 

Figure legends 473 

Fig.1 The frame of transmission dynamic model (a. SEIR model, b. SEIQR model).  474 

Fig.2 Implementation of intervention measures and number of cases of four tuberculosis outbreaks 475 

in Changsha city. 476 

Fig.3 Result of model fitting and prediction of four tuberculosis outbreaks in Changsha city. 477 

Fig.4 Heat map of prevalence rate under different isolation ratios and diverse isolate-time of four 478 

tuberculosis outbreaks in Changsha city. 479 

 480 

Table 1. Variable definition table of the SEIR model and the SEIQR model. 481 

Variable Description Unit 

S Susceptible individual density Individuals·km-2 

E Exposed individual density Individuals·km-2 

I Infectious individual density Individuals·km-2 

Q Quarantined/isolated individual density Individuals·km-2 

R Recovered/removed individual density Individuals·km-2 

 482 

Table2. Parameter definition and value of SEIR model and SEIQR model. 
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Parameter Description Unit Value  Method  

β 

Transmission contact 

rate  

km2 · individuals-

1·month-1 

- Curve fitting 

m 

Proportion of early 

clearance  

- 0.25 Reference(24) 

θ Early clearance rate   month-1 0.5 Reference(25) 

q 

Proportion of from 

exposed to infectious 

cases 

- 0.1 Reference(26) 

ω Incubation relative rate   month-1 0.667 Reference(27) 

p 

Proportion of from 

infectious cases to 

recovery  

- 0.83 Reference(28, 29) 

f 

Death rate of infectious 

cases 

- 0.1284 Reference(30, 31) 

γ1 Recovery rate month-1 0.111 Reference(32) 

γ2 Recovery rate month-1 1 Reference(33) 

δ 

Proportion of isolation 

in infectious cases 

- 0.1-1 Artificial setting 

α 

Proportion from 

recovery to exposed 

- 0.05 Reference(29, 34, 35) 

φ Reinfection rate month-1 0.154 Reference(36) 
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 483 

Table 3. Epidemiological Characteristic of Event A, in Changsha City, Hunan Province 

Epidemiological Characteristic  

Number (%) of cases 

Total 

Event A 

Gender    13 

Male  12(92.31)  

Female  1(7.69)  

Age   13 

20~  3(23.08)  

25~  5(38.46)  

30~  3(23.08)  

35~  2(15.38)   

 484 

Table 4. Epidemiological Characteristic of 3 Events (B, C and D), in Changsha City, Hunan Province 

Epidemiological Characteristic  

Number (%) of cases 

Total 

Event B Event C Event D 

Gender         

Male  10(62.50) 12(100.00) 16(57.14) 38 

Female  6(37.50) - 12(42.86) 18 

Age      

16~  15(93.75) -  15 

18~  1(6.25) 2(16.67) - 3 
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20~  - 5(41.67) 1(3.57) 6 

22~  - 3(25.00) 9((32.14) 12 

24~  -   2(16.66） 18(64.29) 20 

Grade      

Senior 1 in high school      

Senior 2 in high school  16(100.00) - - 16 

Senior 3 in high school  - - -  

College Freshman   - 1(8.33) 3(10.71) 4 

College Sophomore  - - 3(10.71) 3 

College Junior  - 9(75.00) 21(75.00) 30 

College Senior  - 2(16.67) - 2 

Postgraduate  - - 1(3.58) 1 
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Figures

Figure 1

The frame of transmission dynamic model (a. SEIR model, b. SEIQR model). 



Figure 2

Implementation of intervention measures and number of cases of four tuberculosis outbreaks in
Changsha city.



Figure 3

Result of model �tting and prediction of four tuberculosis outbreaks in Changsha city.



Figure 4

Heat map of prevalence rate under different isolation ratios and diverse isolate-time of four tuberculosis
outbreaks in Changsha city.
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