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Abstract. Epidemic model is a model that consist of mathematical equations to 10 
describe the spread of a disease in a population. To measure the magnitude of the 11 
spread of disease in a population is called the basic reproductive number ( ), if 12 

 declared not epidemic and if  the condition of an epidemic is 13 
declared. One way to determine the value  is using the next generation matrix, 14 
which is the use of this method depends onlu on the infected compartment, with 15 

 is defined as the spectral radius of the next generation matrix. Hantavirus is a 16 
disease caused by mice, more mice become infected, then in the human 17 
population the chances of lungs or kidney infections will increase. The model 18 
that are used in this research is SEIR epidemic model on the mice population, 19 
using the next generation matrix obtained value  to control the progression of  20 
the desease in the mice population. 21 

Keywords: SEIR deterministic model, linearization, basic reproductive number, next 22 
generation matrix method, Hantavirus 23 

1. Introduction  24 
 Development of science and technology in the field of medicine has an 25 
important role in preventing the spread of disease that has not spread, that is by 26 
giving a vaccine against a disease-infected population. Development of science 27 
in the field of Mathematics also gives an important role in the prevention of a 28 
disease outbreak. The role of mathematics in the form of a mathematical model, 29 
called the mathematical model of the epidemic. Epidemic mathematical model 30 
was first published by Daniel Bernoulli, and modern epidemic models 31 
developed by AG McKendrick and W.O. Kermarck ( 1927). [12] 32 
 In this paper, the model used is SEIR epidemic models. SEIR models 33 
are presented as a system of differential equations. System of differential 34 
equations SEIR epidemic is an outline describing the flow spread of disease 35 
spread individual subpopulations susceptible (vulnerable) and before the 36 
individual susceptible truly infected, the virus is present in a subpopulation of 37 
exposed (latent) in the body and the proliferation of the virus has not happened 38 
yet, so if durability susceptible individual body is weak, then the individual 39 
becomes infected through direct contact or other intermediaries, but if it 40 
happens otherwise, it would not susceptible individuals infected with the virus. 41 
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Further infected individuals are able to survive the disease will be cured and 42 
into subpopulations recovered (healed). 43 
 A population that has been infected with the virus can lead to the 44 
transmission of infectious diseases from one individual to another or in other 45 
words the transmission of disease in the population , another factor that must be 46 
considered is the average number of cases of the disease if there are cases of 47 
secondary or better known as basic reproduction number . This paper 48 
analyzes the model of the spread of Hantavirus disease rodent population using 49 
Next Generation Matrix method for determining . 50 
 51 

2 . Basis Theory 52 

 53 

2.1. Epidemic Model 54 
 Mathematical modeling which model the transmission of a disease 55 
called epidemic mathematical models. In epidemic models itself many models 56 
are used to model the spread of a disease in a population. With the expansion of 57 
knowledge , there are some models that are tailored to the type of epidemic 58 
outbreaks of disease, including models of SIR, SI, SIS, SEIS, and SEIR. 59 
 Epidemic is a disease that arises as a new case in particular, within a 60 
specific time period, at a rate that exceeded estimates. In other words, the 61 
plague epidemic is occurring more rapidly than expected. Common disease that 62 
occurs in a constant rate but high enough in a population is called endemic. [ 4 ] 63 
 A disease is said to be endemic in a if the infection in the population 64 
took place without any outside influence. An infectious disease is said to be 65 
endemic if every person who contracted the disease spread to the right of 66 
another individual. If the infection is not lost and the number of people who are 67 
infected do not add up, then an infection is said to be in a state of permanent 68 
endemic (endemic steady state). An infection that began as an epidemic will 69 
eventually reach a state of endemic lost or fixed, depending on a number of 70 
factors, including the virus spreads and how the disease concerned. 71 
 Epidemic models is a mathematical model used to look at the incidence 72 
of disease in a population. Conditions epidemic occurs when there is a 73 
vulnerable individual in the population, all individuals who are in the 74 
population has the opportunity to be a population of susceptible individuals, and 75 
most likely the infection will be prevalent in this population. So in the end all 76 
potentially infected individuals in the population.  Basically, the notation 77 
of class epidemiology on a model of disease that is currently being 78 
standardized, the phase Susceptibles, Infected, and Removed, defined [16]: 79 

- The way that someone can get out of the vulnerable groups is infected. 80 
The way that someone can get out of the infected group was recovering 81 
from illness. Once a person has been recovered , the person receives 82 
immunity; 83 
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- Age, sex, social status, and race did not affect the possibility of being 84 
infected; 85 

- There is no immunity derivatives; 86 
- Members of the population homogeneous mixture ( having the same 87 

interaction with others at the same level. 88 
Mathematical model used in this paper is a deterministic mathematical models, 89 
deterministic mathematical model is a model that does not consider the 90 
influence of inter- individual random. [21] 91 
 92 

2.2. Basic Reproduction Number ( ) 93 
 In a mathematical model of the epidemic, there are parameters which 94 
have a very important role in the spread of infectious virus, the Basic 95 
Reproduction Number ( ) which is the average number of secondary cases the 96 
endemic period.  is the potential transmission of the disease in susceptible 97 
populations is the average number of individuals who will be infected directly 98 
by someone who has been infected during transmission on entirely within 99 
vulnerable populations. According Hethcote,  is a ratio that shows the 100 
number of susceptible individuals who may suffer from diseases caused by a 101 
single infected individual. 102 
 The greater the value of  it is increasingly difficult to control the 103 
outbreak of a disease. For a simple model , the proportion of the population who 104 
need to be vaccinated to prevent the spread of sustainable . Basic reproductive 105 
rate is influenced by several factors including the duration of infected 106 
individuals. 107 
 When  > 1 then the infected person can spread the virus to the 108 
individuals who are susceptible class and lead to an outbreak of a disease and 109 
when  < 1 then someone who is infected does not cause other people affected 110 
by the same disease , in other words not an epidemic in this population. [8] 111 
 Basic Reproduction Number ( ) is equivalent to: 112 

- Duration of disease transmission . 113 
- The number of cases of vulnerable populations per unit time . 114 
- The possibility of transmission of infection in a meeting with a number 115 

of susceptible individuals. 116 
 117 

2.3. Next Generation Matrix method 118 
 From the results linearization which produces Jacobi matrix, the next 119 
step is determining the eigenvalues, which is the greatest value that will be 120 
dominant in the system eigenvalues are named as spectral radius . 121 
 If A is a matrix of size  with eigenvalues , denoted by 122 

, then the spectral radius of A is defined by [10] 123 
 124 

    (1) 125 



4 Elis Ratna Wulan 

NGM is a matrix which is constructed from sub- populations that cause 126 
infections only. For the general model with  disease compartment and  127 
disease-free compartments. 128 

 is defined as the expectation of the number of secondary cases generated by 129 
a particular infection in the whole population in vulnerable circumstances. 130 
 NGM methods introduced by Diekmann et al (1990) , this method is a 131 
common method  decline in a case of epidemic, include some situations 132 
become diseased compartment and the compartment without the disease. For 133 
the specific implementation, the assumption is that the probability estimates 134 
between the transmission is constant or the same conditions, so the distribution 135 
of each condition is exponential. [12] 136 
 Generation on the model of an epidemic wave of secondary infections 137 
that flows from any pre-existing infections. This matrix is a matrix that is 138 
constructed from sub- populations that cause infections only. For the general 139 
model with compartments i and j compartment disease without the disease,  140 
value can be calculated for each compartment. By using the NGM, can facilitate 141 
in determining  when in a model of epidemic that has more than two 142 
variables are interrelated. 143 
 As described earlier, that the application of the method NGM, only 144 
focused on the infected compartment alone . Where  is a matrix with the 145 
emerging new infections, and  is the transition matrix between sub-classes. For 146 
any nonnegative vector , the elements of the vector  describe the growth rate 147 
of each infected compartment. [3] 148 
 In the formation of the next generation operator on the discussion here, 149 
because the model used is a dynamic model when discrete time, it is assumed 150 
that the value of the matrix , where  is the transition of each 151 
condition, with nonnegative elements. 152 
  and  is a nonnegative matrix is not zero, so that all the number of 153 
columns , because the element  of  describes the fraction of 154 
individuals in class  that survive and move to class  at time intervals, and the 155 
elements  of  describes a new number appears on the class  alighted from 156 
a single individual in class  in the time interval. 157 
 Matrix model of population dynamics is expressed as a series of 158 
nonnegative vector  as much  , is defined as, 159 
 160 

    (2) 161 
 162 
to prove that  is nonzero where  is the  matrix with nonnegative 163 
entries. It is assumed that 164 
 165 

     (3) 166 
 167 
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where  and  is a nonzero nonnegative matrix such that the number of 168 
columns of  is not greater than 1 . 169 
 The probability of infection of a population is assumed 170 
 171 

 172 
 173 
for the initial conditions the population as a whole (nonnegative vector) . 174 

 By examining the effect of  on the basis of standard unit vectors , 175 
this condition will be the same show with the system (3) in turn, it is known that 176 
the condition is the same as 177 
 178 

     (4) 179 
Assumption (4) describes the distribution that satisfies the conditions of the 180 
birth of a new born offspring and collected during the whole lifespan of the 181 
population . Because the initial conditions, , using MacLaurin series, 182 
in order to get [5] 183 
 184 

    (5) 185 
 186 
Because , then 187 
 188 

   (6) 189 
 190 

So NGM for discrete time model is [5] 191 
 192 

    (7) 193 
 194 

 is not negartif eigenvalue with the largest eigenvalue or spectral radius of 195 
NGM, that is the number of new infections from all types of hosts in the next 196 
generation. Thus, [16] 197 
 198 

    (8) 199 
 200 
Theorem 1: [ 1 ] 201 

System  has the disease-free equilibrium and 202 

linearization of the DFE system containing the system , 203 

where matrix  with the matrix  and  non-negative. And  204 

satisfy (4). Then the basic reproductive number of system 205 

 is defined by (8). Thus, the DFE is locally 206 

asymptotically stable if  < 1 and unstable if  > 1 . 207 
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3. Discussion 208 

 209 

3.1. Modification Model 210 
 The model used is the model for disease epidemics SEIR Hantavirus 211 
that occurs in the rodent population. Models birth given, [1] 212 
 213 

    (9) 214 

 215 
where,  and  so 216 

.  is a function of the average birth harmonic. 217 

 For a model that describes the occurrence of infection in a population , 218 
it is assumed the number of contacts between male and female rodents is a 219 
random distribution of the rodent population. Thus, the amount of contact 220 
between rodents follow a Poisson distribution. 221 
 Assuming a Poisson distribution, with 222 
 223 

 224 
 225 
because the only result of the inter- individual contacts infected, then the 226 
chances rodents live in vulnerable conditions become infected individual is 227 

. [23] 228 
Assumed that the birth and the occurrence of an infection in accordance with 229 
the density- dependent survival so it can be assumed that the density-dependent 230 
survival is a logistical nature. 231 
 Known to be modeled as a logistic growth, [1] 232 
 233 

 234 
 235 
where  is the density-dependent or a function that depends on the density of 236 
population,  is the carrying capacity, and  is the exponential of the 237 
intrinsic growth rate. With an average litter size  that describes that on an 238 
individual rodents in one breeding individuals produce as much  . 239 
  values in humans likely to generate little b above 1, there may be a 240 
twin , but rarely, and the value of b in rodents is likely to produce more value . 241 
So that  depends on ,  will be smaller if  resulting from the proliferation 242 
slightly. And the opposite applies. 243 
 Given deterministic system of a rodent population, [ 1 ] 244 
 245 
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 246 

 247 
 248 
 249 

 250 

 251 

 252 

 253 
 (10) 254 

 255 
Inisialization conditions of the system (10) non-negative,  256 

 where  257 

 258 
 259 

 dan  260 

 261 
 262 
where  a direct contact with male rodent male,  is a direct contact with 263 
female rodents,  is the probability of infection, and  is the probability of 264 
recovery from infection. 265 

 And the value of the parameters are positive, so the solution to the SEIR 266 
model is non-negative for . So that the vector of epidemic SEIR models is 267 

. 268 

 269 

3.2. Application of Method 270 
 Using the Next Generation Matrix method for determining the value of 271 

 on rodent population, as it is known in advance that the NGM method is 272 
divided into two compartments, the diseased compartment, , where 273 

. And compartment without disease, , where . 274 

After that the linearization process system (10), the result, 275 
 276 

 277 
 278 
with  an  matrix, 279 
 280 
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 281 
 282 

(11) 283 
 284 

Where  is the Jacobi matrix , whose entries are the first derivative of the 285 
system (10), by using the concept of a Poisson distribution, where in a 286 
population resulting only one infected contact, then it is likely that rodents live 287 
in vulnerable conditions become infected individuals is . Transfer rate 288 
on individuals in the interaction between the two categories of the population , 289 
such as individuals vulnerable, with contact with infected individuals led to 290 
individuals who are in a vulnerable category will be infected, and the presence 291 
of the reaction processes that are infected will recover, this statement is said to 292 
be the law of mass action. [ 6 ] If the average number of contacts per infected 293 
individual susceptible individuals with an infected male or female fulfill the law 294 
of mass action, then , so that 295 

 296 

 297 
    (12) 298 

 299 
in relation to the level of male aggressiveness, it is assumed that the contact 300 
between males is greater than the contact between male and female or female 301 
and female, so 302 
 303 

 304 
 305 
and for that , then the Poisson distribution for vulnerable females is 306 
 307 

    (13) 308 

 309 
The total population of the system (10) there is a logistic growth (Beverton-Holt 310 
growth), 311 
 312 

 313 
 314 
cause . [1] 315 
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 From the Disease-free Equilibrium state in which it is assumed there is 316 
a spread of infection, then , known , 317 

and , as previously assumed that in a population is 318 

assumed to be entirely in a state susceptible (S), then  . [1] 319 

 320 
So,  321 

 322 
 323 
where  is    matrix. 324 

Because the NGM nethod only focus on the diseased compartment, 325 
, where , so that 326 

 327 

 328 
(14) 329 

 330 
where  is  matrix. 331 

So that, 332 
 333 

 334 

 335 

 336 
 337 
then, 338 
 339 
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 340 
(15) 341 

 342 
where  is  matrix, that  is an emerging infection and  is a transition 343 
period of the disease, with  and  is  matrix so obtained 344 
 345 

 and 346 

 347 

(16) 348 
By using NGM, where  is defined as spectral radius or largest 349 

eigenvalues of the matrix , where   is NGM. 350 
 351 

 352 
 353 

 354 

    (17) 355 
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Furthermore, it will find the inverse matrix (17) using row reduction, 356 
 357 

 358 

 359 
 360 

 361 
(18) 362 

 363 
 364 
then,  365 
 366 

 367 
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 368 
 369 

 370 
(19) 371 

 372 
Furthermore, find eigen value from (19), bu using, 373 

 374 
 375 

 376 
 377 
 378 
Assumed that, 379 

 380 

 381 

 382 
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So that, 383 
  384 

 385 
 386 

Because the matrix used is a  matrix, so to find its 387 
eigenvalues using row reduction, row reduction here will be on the first line, 388 

 389 
   (20) 390 

 391 

 392 

 393 

 394 

 395 

 396 
 397 

 398 
 399 

 400 
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substitute to (20), 401 
 402 

(  + 403 

(  404 

 405 
 406 
or written as,  407 

dan 408 

 409 
 410 
by using  ABC formula, 411 

 412 

 413 
 414 

 415 
 416 

 417 
(21) 418 

 419 
Because  defined as the largest positive eigen value from , then 420 
 421 

 422 
 423 
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 424 
(22) 425 

 426 
Results of (22) satisfy Theorem 1, with the value obtained from the linearized 427 

 on the system (10), the matrix J is defined by (11) and the matrix F, T non-428 
negative. 429 
That if the value  then the situation is not stable in other words occur 430 
endemic, whereas if the value  then the state of the local asymptotically 431 
stable in other words do not occur endemic. 432 
 433 
Corrolary 1: [1] 434 
For example  is defined by (22). In the SEIR model (10), 435 

. So, if  then the DFE in (10) is 436 

locally asymptotically stable and if , then it is unstable. 437 
 In the epidemic SEIR model in the rodent population, will increase the 438 
value of  depend on the parameters  and , because the parameters 439 
describing the rate of infection in a population, the greater the value of the 440 
parameter  will increase, and if the value of the parameter is smaller then  441 
will decrease. 442 
 443 

4. Simulation 444 

 445 

4.1. SEIR Model For Disease Hantavirus 446 
 Simulations performed to describe the spread of Hantavirus disease in 447 
the rodent population, using the system (10) and in accordance with the 448 
previous discussion, it is assumed for the behavior of male rodents / male is 449 
more aggressive than female rodents, causing, 450 
 451 

 452 
 453 
can be seen in the rodent population graph for t = 5 years in Figure 1, 454 
 455 
 456 
 457 
 458 
 459 
 460 
 461 
 462 
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Table. 1. SEIR Deterministic Model Parameters 463 
 464 

 465 
 466 
 467 
 468 
 469 
 470 
 471 
 472 

Figure 1. Exposed and Infected Individuals Charts For Seir Deterministic Model 473 
 474 
From Figure 1 it can be seen that for t = 5, the rate of contact on male larger 3-5 475 
fold compared to the rate of individual contacts in the female. And contacts 476 
between individual males also have larger contact rate compared with the rate of 477 
contact between the individual male and female, or female and female 478 
individuals. 479 
 When the Disease-free Equilibrium conditions, which indicates that in a 480 
population no outbreak, with , where  is a 481 

population of rodents so that , to see the state role in 482 
the spread of disease DFE using the following parameter values, 483 
 484 
 485 
 486 
 487 
 488 
 489 

Parameter Value 

 1000 rodent 

 2 rodent 

 0.4 

 0.01 

 0.9 

 0.5 

 0.5 
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Table. 2. Parameter DFE Value SEIR Deterministic Model 490 
 491 
 492 
 493 
 494 
 495 
 496 
 497 

 498 
 499 
 500 
 501 

(a)            (b)  502 
Figure 2 . Graphs individual males (a) and female (b) in a state of DFE 503 

 504 
In Figure 2 (a) and (b) shows that the number of individuals who are in a 505 
vulnerable state  in the time interval  will go to a value of 500 , 506 
which is where the value is the total population of each of the male and female 507 
rodent. And the number of individuals in a state of latent/ hidden  which has 508 
a value initialized early  in the time interval  will be 509 

close to the value 0, it is due to the spread of disease produced by these rodents, 510 
and for the infected state  did not show any disease-infected individuals. 511 
Since there are no infected individuals, resulting in no individuals who 512 
recovered  of the disease , it can be concluded that by using these 513 
parameters do not occur in other words not endemic outbreaks and disease will 514 
disappear. Data obtained from the analysis of the value of , 515 

 516 

Parameter Value 

 1000 rodent 

 2 rodent 

 0.01 

 0.004 

 0.5 

 0.5 

 0.005 
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because  , then the rodent population no outbreak and the system (10) is 517 
said locally asymptotically stable . 518 
When endemic conditions, using the parameters in Table 3, 519 
 520 

Table 3. Parameter Value Endemic SEIR Deterministic Model 521 
 522 
 523 
 524 
 525 
 526 
 527 

 528 
 529 
 530 
 531 
Obtained graph 532 
depicting the endemic condition in the Figure 3, 533 
 534 

(a)              (b) 535 

Figure 3 . Graphs individual males ( a) and female (b) in a state of endemic 536 
 537 
In Figure 3 (a) and (b) shows that the number of individuals who are in a 538 
vulnerable state  in the time interval  will decrease , and the 539 
condition of latent/ hidden that has previously been initialized with an 540 
initial value  in the time interval , due to the 541 

possibility of infection rate (δ) of the population has a high enough value, thus 542 
resulting in the existence of individuals who are infected with the disease. This 543 
leads to the occurrence of endemic conditions, in other words an outbreak in the 544 

Parameter Nilai 

 1000 rodent 

 2 rodent 

 0.04 

 0.01 

 0.05 

 0.05 

 0.25 
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population during the time span . Data obtained from the analysis of the value 545 
of ,  546 

 547 
because , then the rodent population outbreak and the system (10) is said 548 
to be unstable. 549 
 To cope with so many outbreaks of disease spread to all individuals 550 
who are in the population, usually using vaccination to an individual in 551 
accordance with the level of need in this population. 552 
 553 

4.2. Hantavirus disease and  554 
 Results of analysis for determining the basic reproductive number ( ) 555 
the system (10), using Next Generation Matrix (NGM), which is  is defined 556 
as the value of the largest eigenvalues or spectral radius of the matrix Q. And 557 
the elements of the matrix Q is itself an element related to the state of the 558 
infected , the epidemic SEIR model of the state of infection is 559 

. For example use cases of epidemic SEIR models, the 560 

deterministic model of the disease Hantavirus SEIR, which will further analyze 561 
mathematical models of the Hantavirus epidemic itself, which is divided into 562 
two gender in a closed population, namely male and female. 563 
 From the analysis of the system (10), obtained for a  value rodent 564 
population, namely 565 
 566 

 567 
where  parameter has a positive value . 568 

 value is used to see how many individuals are infected in a population that is 569 
dependent on the value of , using the parameters in Table 4, 570 

 571 
 572 
 573 
 574 
 575 
 576 
 577 
 578 
 579 
 580 
 581 
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Table. 4. Parameter Value Analysis  582 
 583 
 584 
 585 
 586 
 587 
 588 
 589 
 590 
 591 
 592 
 593 
 594 
graph depicting the number of infected individuals , 595 

 596 
  597 

Figure 4. Graph of the number individu in Exposed and Infected to  598 
 599 

In Figure 4 it can be seen that the number of male individuals in a latent 600 
condition ( ) is greater than the number of female individuals in the condition 601 
( ), as has been discussed earlier that this is the case because the contact rate 602 
( ) male individuals at a rate greater compare to contact ( ) individual female. 603 
The greater the value of  major impact on the number of individuals who 604 
enter into a state of  . If state  is high enough, then there are chances of 605 
infected individuals, in other words if there is not likely going to happen 606 
prevention of disease in the population . 607 
 From Figure 4, it can be seen the number of infected individuals at each 608 
value of . The greater the value of  , the greater the potential of individuals 609 

Parameter Value 

 1000 rodent 

 2 rodent 

 0.04 

 0.004 

 0.005 

 0.005 

 0.02 
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in a population exists in a latent state ( ) and has a chance to get in on the 610 
infected condition (I). In epidemic models Seir when a population is assumed 611 
for all individuals in it are in a vulnerable condition ( ), then the individual is 612 
when the body resistance is weak then he is in a latent condition ( ), in other 613 
words, the individual is exposed to an infection, but infection the body has not 614 
spread , the factors supporting the spread of a disease that is a weak immune 615 
system and environmental factors, if the individuals who are in a latent 616 
condition ( ) the disease has spread, then the individual is in a state of infected 617 
(I), when given the vaccination in individuals infected, then with a good 618 
immune system and vaccination according to the need, in the time interval t 619 
such individuals will be in a state of recovery (R). 620 
 In accordance with the analysis that has been discussed previously, that 621 
a population will not be an outbreak if   and a population of disease 622 
outbreaks will occur if . To measure the potential of a population in a 623 
state of disease-free equilibrium or the endemic state, the parameters that 624 
support was instrumental in spreading a disease or not, one of the parameters 625 
that influence the spread of the disease among individuals contact rate 626 
parameter ( ). For the case of this Hantavirus disease, the parameter ( ) 627 
depends on the gender of the population, due to gender Hantavirus disease is 628 
divided into two gender, namely male and female rodents. Previously been 629 
presented that the level of contact rodent aggressive male larger than the female, 630 
so that  . 631 

The influence of parameter  as the rate of contact between individu 632 
shown in Figure 5, 633 

 634 
 635 
 636 
 637 
 638 

 639 
 640 

 641 
 642 
 643 
 644 
 645 
 646 
 647 
 648 

Figure 5. Graph of Parameter  and   to Infection Occurence Opportunities 649 
 650 
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From Figure 5 it can be seen that the value of the parameter β plays an 651 
important role for the occurrence of the disease infected opportunities in a 652 
population, the smaller the value of β, the less the possibility of infection in a 653 
population. 654 
 655 

5 . Conclusion 656 
 Epidemic SEIR model is a mathematical model that describes the 657 
spread of a disease that is in four conditions, namely susceptible (S), latent (E), 658 
infected (I), and recovered (R). To determine the spread of a disease in a 659 
population is determined by  . One way to determine the value  using 660 
NGM. NGM method is a method that relies on the infected compartment, for 661 
the case of SEIR who become infected compartment is . 662 
 Hantavirus is a disease from rodents, commonly called rat. Hantavirus 663 
be fatal if a person infected with this virus, a disease caused by an infection of 664 
the lungs (for the Americas and Asia) and kidney (for Europe). Mode of 665 
transmission can be through air, food, or objects that have been contaminated 666 
with the virus. In the rodent population itself does not affect anything. But if 667 
more and more infected rodents, it is probable that the virus will spread to the 668 
human population. Hantavirus in this model, gender differences in rodents is 669 
very important, because the behavior of male is more aggressive than the 670 
female. By dividing the system (10) into two compartments, namely  671 
and , and to determine the value of  using the NGM obtained, 672 
 673 

 674 
 675 
Spread of a disease depends on the size of the resulting  value, the greater  676 
value the greater the chances of a disease outbreak in a population, the contrary, 677 
the smaller  value, then the chances are very small to outbreaks of disease in 678 
a population. 679 
 680 
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