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Acquired immunity, 3, 16, 107-112, 121. See also
Immunity: Cross or partial

Additive noise, 193-200

Age at first infection, 31-33
calculation, 31-33, 40, 115, 295
use in models, 46, 82, 161-162, 181, 302, 305
use in parameterization, 51-52

Age structure, 77-93
control, 81-82, 303-306
general, 46, 114, 159, 181-183
measles, 84-89
parameterization, 82—84
rubella, 304-306

AIDS, 55, 71-74. See also HIV

Annual forcing, 155-187, 302, 327-333
deterministic period, 177-178, 186
dominant period, 174, 177-178, 188
resonance, 160-164

Anthrax, 144

Antibiotic resistance, 111-113

Assortative mixing, 58, 60, 67-69, 75, 82, 84,
306-308

Asymptomatic infection, 4, 148, 193, 317-320

Attractors
coexisting, 167-170, 179-180, 185-188
periodic, 163-164, 177-178, 327-334
stability, 170
See also Equilibria

Bacterial infections, 2-3
Basic reproductive ratio, 5, 19-21
for malaria strains, 115
in multi-compartment models, 97-98
in multi-strain models, 127
in risk structured models, 59-62, 66-68, 75, 80
in simple models, 19-21, 28, 35, 36, 38, 39, 42, 45,
49-52,293
in spatial models, 241-245, 267
in vector-born models, 138
Basins of attractors, 167-170, 179-180
Biennial cycles, 112-114, 162-167, 185-187
measles, 87-89, 112-114, 173-176, 178-180, 220
Bifurcation diagrams, 164-167, 170
generic for measles, 166, 169, 172, 180
pulsed births, 186
sinusoidal births, 185, 188
sinusoidal forcing, 169, 172
term-time forcing, 172, 180

Bite rate of mosquitoes, 136-138, 150-151
Bioterrorism, 9, 144, 313-314
Birth rate
constant, 26-28
density dependent, 74-75, 133, 328
pulsed, 186, 187, 329
sinusoidal, 185, 188
Bovine spongiform encephalopathy (BSE), 38, 89-92,
99
Brucellosis, 144
Bubonic plague, 6, 23, 77, 105, 148

Carriers, 44-46. See also Asymptomatic infection
Case reports, 23, 27, 56, 88, 106, 146, 156, 176, 179,
207,261, 272,324
compared to prevalence, 50
parameterization using, 50
Cellular automata, 257-262
Chaos, 166-167, 172-173, 178, 180-181
Chickenpox, 5, 16, 21, 44, 156, 161, 182,294
Chlamydia, 56, 74-76
Cholera, 2, 124, 158
Citrus Tristeza virus, 6, 269-274
Coexisting attractors, 167-170, 179-180, 185-188
Coexisting strains, 119, 128
Co-infection, 116-117, 125-128
Commuters, 209-211, 242-245
Compartmental models, 16-19
SEIR, 41-43, 94-95
S1,34-39
S1R with demography, 26-34
STR without demography, 19-26
SIS, 39
Competition, 108-112, 119-122, 128
Competitive exclusion, 108-109
Contact process, 258-259
Contact tracing, 7, 274, 308-309, 312-321
Control, 291-335
by contact tracing, 7, 308-309, 312-321
by culling, 6, 91-92, 271, 274-276, 321-325,
327-333
by quarantining, 6, 308-311, 313-331
by vaccination, 5-6, 9, 63-64, 67, 81-82, 213-214,
249-250, 292-308
Coupled lattice models, 255-257
Coupling, 235-236, 245-246
for commuters, 243-245, 245-246
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Coupling (cont.)
for humans, 242-243, 245-246
lattices, 252, 256
metapopulations, 238-240, 251
networks, 280
for sessile hosts, 240-241, 245-246
for wildlife, 241-242, 245-246, 252, 253
Covariances between S and 7, 195-197, 228-229, 286
Creutzfeldt-Jacob Disease, 89
Critical community size, 205-209
Critical vaccination threshold, 292-308
Cross immunity, 107-109, 118-119, 125-127.
complete, 107-112
partial, 118-125, 125-128
Culling, 6, 91-92, 271, 274-276, 321-325, 327-333
Cyclic dynamics
due to seasonality, 155-189, 327-334
due to stochasticity, 195-196, 197-198

Damped oscillations, 29-32, 35-36, 4041, 42, 73
Data, 21, 23, 27, 56, 70, 71, 88, 86, 93, 114, 106, 146,
156, 176, 179, 207, 261, 272, 324
comparing model to, 23, 27, 86, 88, 93, 100, 114,
132, 171-172, 175-176, 207, 253-254
parameterization from, 21, 48-52, 64-70, 82-84,
129, 148-151, 219, 236, 253-254
Demographic stochasticity, 200-214
Dengue fever, 34, 106, 124, 129, 135, 158
Density-dependent birth rate, 74-75, 133, 328
Density-dependent transmission, 17-18, 35-36, 133,
241
Deterministic vs. stochastic, 190-193, 213-214,
227-228,
Diffusion, 262-266
Direct vs. indirect transmission, 2-3
Discrete space, 255-262, 264, 270-271
Discrete time
approximations, 25, 204-205, 270
models, 46-48
Disease vs. infection, 3-5, 23, 37, 50-51, 89, 100,
193, 310, 318
Disease-induced mortality, 34-39, 72, 74-76, 109,
125-128, 133-135, 141-143, 318, 327-329
Distributions, 4, 93-102, 208-209, 318-321
Dispersal, 240-241, 253, 265-268, 272-274
Drift-dynamics of influenza, 120-122

Ebola, 129, 144, 328
Effective reproductive ratio, 63, 77, 108, 299, 306
Eigenvalues, 30-31, 42, 47, 60-62, 72, 170,
Eigenvectors, 60—-62
Endemic, 26-29. See also Equilibria
Epidemic, 28-31, 35-39, 43, 57-61, 116-118,
127-128, 139, 235, 245, 250-251, 267-278
Equilibria
S1S,39
S1,38-39
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SIR,28-29, 35,36, 38
SEIR, 42
stability, 30-31, 42, 47
See also Attractor

Eradication, 63-64, 82, 91-92, 213-214, 246-250,
292-333. See also Control

Event-driven models, 200-221, 321-327

Evolution, 109-112, 120-122

Exponential distribution
age-related susceptibility, 51-52, 80-81, 115-116,

303-304, 304-306

infectious and incubation periods, 94-96

Exposed (or latent) class, 3—4, 41-43, 4648, 84-87,
89-91, 94-99, 100-102, 125-127, 149-151,
317-321, 327-329

Extinction
deterministic, 76, 82, 108, 117, 128, 133-135
stochastic, 205-214, 236, 246-250, 295-296
See also Eradication

Fadeout, 205-209
Faroe Islands, 260-261
Fixed points. See Equilibria
Fleas, 141-143
Fluctuations
seasonal, 155-189, 327-334
stochastic, 195-196, 197-198
Fokker-Plank equations, 222-227
Foot-and-mouth disease (FMD), 9, 131-133,
274-276, 321-327
Force of infection, 17-18, 80-81, 122-124, 237-238,
243-244,267-268, 272-273, 280
Forcing, 155-188
pulsed birth rate, 185-186, 327-333
sinusoidal birth rate, 183—188
sinusoidal transmission, 159170
term-time transmission, 85-89, 171-183
Forest-fire models, 259-260
Forward Euler, 25, 194, 264
Frequency of oscillations, 29-32, 35-36, 40-41, 42,
73, 160-162, 177-178. See also Cyclic dynamics
Frequency-dependent transmission, 17-18, 36-37,
136
Fourier spectrum, 176, 177-178, 182, 187188

Gamma distribution, 93-102, 208-209, 318-321
Genetic drift, 121-122

Genetics, 76-77, 102, 120-122

Gillespie’s methods, 201, 203, 204, 205

Graphs and networks, 68-70, 276-280
Gonorrhea, 55-56

Hantavirus, 144-146
Harmonic resonance, 160-163
Herd immunity, 294
Hepatitis B, 44-46
Heterogeneities

age, 77-92
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risk, 55-77

sexual partners, 65-67, 71-74

space, 232-290

use in control, 63-64, 67-68, 81-82, 89-92,

246-250, 275-276, 303-306, 306-308, 321-327

HI1V, 55, 70, 71-74
High-risk groups, 57-64
Horizontal transmission, 75, 89-90

Immigration, 210-212, 241-242
Immunity
acquired, 3, 16-34
cross or partial, 107-128
waning, 40-41, 214-217, 298-301
Immunization. See Vaccination
Imports of infection, 209-212, 260
Incubation period, 4, 93, 317-320
Indirect vs. direct transmission, 2-3
Individual-based models, 217-219, 268-275
Infected vs. infectious, 41-44
Infection vs. disease, 3-5, 23, 37, 50-51, 89, 100,
193,310, 318
Infectious class, 16-32
Infectious period, 16-19, 93-102, 208-209, 318-321
Influenza, 21, 26-27, 120-122
Integration methods, 25-26, 194, 264
Integro-differential equations, 99-100, 265-268
Interference, 113-115, 125-128
Invasion, 28-31, 35-39, 43, 57-61, 116-118,
127-128, 139, 235, 245, 250-251, 267-278
Isolation, 236, 308-321

Jacobian, 30-31, 42, 47, 170

Koalas & Chlamydia, 74-76
Kolmogorov-forward equations, 223-228

Latent period, 4, 41-43, 94-98. See also Exposed
class
Lattices, 255-262, 282-283
cellular automata, 257-262, 269-274
networks, 277-279
ordinary differential equations (ODEs), 252,
255-257
Levins-type metapopulation, 250-251, 252-255
Likelihoods, 51-52, 219
Livestock infections, 3, 144, 145, 210, 241, 291
bovine spongiform encephalopathy (BSE), 38,
89-92, 99
foot-and-mouth disease (FMD), 9, 131-133,
274-276, 321-327
porcine reproductive and respiratory syndrome
(PRRS), 214-217
Leishmania, 105, 135, 148
Low-risk groups, 57-64

Macro- vs. micro-parasite, 2-3
Malaria,
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age structure, 115-116
RO estimation, 115-116
vector transmission, 135-141
Mass-action transmission
formulation, 17-18
mortality, 36-37
See also Frequency—dependent transmission
Mass vaccination, 5-6, 9, 292-306
measles, 178-181, 294
rubella, 304-306
problems, 9, 314, 317-318
pulsing, 249-250, 301-303
smallpox, 5-6, 9, 314, 317-318
stochasticity, 295-296
thresholds, 293-294
uses, 292, 314, 317-318
See also Control; Vaccination
Master equations, 223-228
Maternal antibodies/immunity, 28, 33
Matrices for transmission, 58—-61, 76-77, 83-85, 88,
130-131, 138, 150
Measles, 84-89, 93, 112-115, 155-158, 159-181,
193, 206-209, 210-211, 260-261
Meningitis, 4, 9, 106
Metapopulation, 237-255, 282-283
basic structure, 237-238
for humans, 242-245, 245-246
Levins-type, 250-251
phocine distemper, 252-253
rabies, 252-255
for sessile hosts, 240-241, 245-246
UK communities, 243-244
for wildlife, 241-242, 245-246
Methicillin 4, 310
Resistant Staphylicoccus Aureus (MRSA),
Micro- vs. macro-parasite, 2-3
Migration, 241-242, 245-246
Minimum infected ratio, 137
MMR (measles-mumps-rubella) vaccine, 298, 304
Models, 7-10
comparison to data, 23, 27, 86, 88, 93, 100, 114,
132, 171-172, 175-176, 207, 253-254
good practice, 10, 149, 200, 204, 269, 282-283
parameterization, 21, 23, 48-52, 64-70, 82-84,
148-151, 156-157, 219, 253-254, 268, 272
simple vs. complex, 10, 42-43, 88-89, 92, 149,
208-209, 220-221, 251, 255, 257-259, 261,
282-283,291-292, 318
uses, 8-10, 63-64, 71-74, 77-78, 89-92, 100, 106,
111, 116, 135, 144-145, 148-150, 214, 243-244,
274-276, 298, 304-306, 313-321, 321-327,
327-333
Moment closure,
for networks, 283-286
for spatial processes, 286-287
for stochastic models, 227-229
Mortality, 34-39, 72, 74-76, 109, 125-128, 133-135,
141-143, 318, 327-329

This content downloaded from 73.8.248.103 on Thu, 14 May 2020 00:14:40 UTC
All use subject to https://about.jstor.org/terms



364

Mortality (cont.)
density-dependent transmission, 35-36
frequency-dependent transmission, 36-37
late in infection, 37-39
Mosquitoes, 136-142, 148152, 158, 140-142
fast dynamics, 140-142
minimum infected ratio, 137
quasi-equilibrium, 140-142
standard models, 136-138
threshold density, 139-140
Multiple attractors, 167-170, 179-180, 185-188
Multiple hosts, 128-151, 274-276, 321-327
Multiple strain, 106-128
Mumps, 156-157, 260-261, 294, 298
Mutation, 109-111, 120-122

Natural period, 29-32, 35-36, 40, 42. See also
Resonance
Networks, 276-282, 282-283
lattices, 255-262, 277-279
random, 277
scale free, 279-280
sexual, 68-70, 312-313 (see also Contact tracing)
simulation, 280-282
small world, 279
social, 261, 276, 279-280 (see also Contact tracing)
spatial, 279
Noise, 192-200, 222-224
demographic, 197 (see also Demographic
stochasticity)
observational, 193
in parameters, 198-200
process, 193-198
Number of sexual partners, 64-70, 71-72
Numbers vs. proportions, 17-19, 191
Numerical integration, 25-26, 194, 264

Observational noise, 193

Oscillations
cross immunity, 122-125
damped, 29-32, 35-36, 40, 42
natural period, 29-32, 35-36, 40, 42
seasonally forced, 155-188
stochastic, 195-198

Pediatric vaccination, 292-296, 298-301, 303-306
age of first infection, 295, 304-305
eradication threshold, 293-294
pulsed, 301-303

Pairwise approximations, 283-287
networks, 283-286
spatial, 286-287

Parameterization, 10, 48-52, 55, 64-70, 82-84, 129,
148-151, 219, 236, 253-254

Parapox virus, 133-135

Partial differential equations (PDEs), 79, 222-223,
262-265
from case reports, 50-51, 82-84, 87-88, 100-102,

175-176
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from serology, 51-52, 82-84, 86, 148-151, 215
for ordinary differential equations (ODEs), 52,
64-70, 82-84,
for seasonally forced models, 85, 87-88, 175-176
for stochastic models, 219, 253-254, 269, 272
Period of oscillations, 29-32, 35-36, 4041, 42, 73,
160-162, 177-178. See also Cyclic dynamics
Period,
exposed, 3-4, 41-43, 46-48, 84-87, 89-91,
94-99,100-102, 125-127, 149-151, 317-321,
327-329
incubating, 4, 93, 317-320
infectious, 16-19, 93-102, 208-209, 318-321
prodromal, 4, 319
Periodicity
determining, 177-178
due to forcing, 155-189, 327-334
due to stochasticity, 195-198
Persistence, 205-209, 211-212, 212-213
Pertussis, 112-115, 207, 220, 260-262, 294
Plague, 6, 23, 77
Phocine distemper virus, 252-253
Porcine reproductive and respiratory syndrome
(PRRS), 21, 214-217
Power-law distributions, 110-111, 235, 260-262,
267-268, 272-274, 279-280
Prodromal period, 4, 319
Prophylactic vaccination, 292-297, 298-308
eradication threshold, 293-294, 297, 299
age of first infection, 295, 303-304
seasonality, 301-303
Proportions vs. numbers, 17-19, 191
Pseudo mass action
formulation, 17-18, 133, 241
mortality, 35-36
See also Density-dependent transmission
Publication rates, 39271
Pulsed births, 186-187, 329
Pulsed vaccination, 301-303
synchrony due to, 249-250

Quarantine, 6, 112-115, 125-128, 308-321
Quasi-equilibrium dynamics, 140-141

Rabbit hemorrhagic disease, 185-187

Rabies, 21,145, 183, 251-255

Random numbers, 190-191

Random parameters, 198-200

Random partnership model, 65-67

Reaction-diffusion equations, 262-265. See also
Partial differential equations

Recovery rate, 3-4, 16, 19-24, 26-28, 4042, 44-45

Reproductive ratio, 63, 77, 108, 299, 306. See also
Basic reproductive ratio

Resistance, 3, 16-34, 40-41. See also Immunity;
Recovery

Resonance, 160-164, 192, 196-198
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Ring culling, 6, 271, 275-276, 323
Ring vaccination, 294, 306, 314, 326-327
Rubella, 21, 304-306

SARS, 6,77, 100-102
Scale-free networks, 279-280
School terms, 171-183. See also Forcing
SE IR models, 4-5, 41-43, 85-88, 94-95, 166-182,
205-207
comparison to SIR, 42-43, 94-95
equilibrium, 42
seasonally forced, 163, 166-168, 173174,
176-182
stability, 42
Seasonality, 155-188
pulsed birth rate, 185-186, 327-333
sinusoidal birth rate, 183—-188
sinusoidal transmission, 159-170
term-time transmission, 85-89, 171-183
Serology, 51-52, 139, 215
age of infection, 32-33, 115-116
parameter estimation, 51-52, 65, 80-83, 85-86,
115-116
Sessile vectors, 141-143
Sexually transmitted infections, 4, 40, 55-76, 110,
116-117, 276
number of partners, 65-69, 70-72
risk structure, 57-64, 72-74
S1S models, 39, 116-117, 202-203, 220-221, 223,
312-313
Shared hosts, 130-135. See also Vectors; Zoonoses
S1 models, 38-39
S1R models, 16-34, 78-79, 107-108, 130-131, 136,
145, 159-160, 184, 186, 194, 197, 199, 201, 237,
241-242, 259-260, 263, 293, 309
basic reproductive ratio, 20-21
with demography, 26-34
without demography, 19-24
equilibria, 28-29
stability, 29-31
S1S models, 39, 116-117, 202-3, 220-221, 223,
312-313
basic reproductive ratio, 39
equilibria & stability, 39
risk—structure, 57-74
See also Sexually transmitted infections
Simulation methods
ordinary differential equations (ODEs), 25-26, 194,
264
networks, 280-282
spatial processes, 270-271
stochastic event-driven models, 201, 204, 217-219
stochastic noisy models, 194
Simulation time, 203-205
Sinusoidal forcing, 159-170, 183-188
Slaved dynamics, 59-62, 66, 73, 80, 139
Smallpox, 5-6, 9, 21, 292-294, 313-321
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Small-world networks, 279
Spatial models, 232-290
Spectral analysis, 176, 177-178, 187-188
Squirrels, red vs. gray, 133-135
Stability, 30-31
Jacobian, 30-31, 42, 47, 170
SEIR equilibrium, 42-43
S18S equilibrium, 39
S1R equilibrium, 29-32
Stochasticity, 190-232, 321-327,
additive noise, 193-200
demographic stochasticity, 200-221
imports, 209-212
need for, 190-193, 216-217
parameterization, 219
persistence, 205-209, 211-213, 236
resonance, 192, 196-198
scaled noise, 197-200
simulation methods, 201, 204, 217-219
and spatial models, 221, 232
vaccination, 213-214, 295-296
variance, 191, 195-198, 227-229, 234-235
See also Cellular automata; Individual-based
models; Metapopulations; Networks
Subharmonic resonance, 160-164
Susceptibility, 90-92, 116-117, 118-120, 131-132,
274,308
Susceptible class, 16-22, 26-29, 34, 38-39
Swine fever, 327-333
Synchrony, 88, 234-235, 245-250, 303
Syphilis, 40, 55-56

Targeted control, 5-7, 291-292
culling, 6, 91-92, 274-276, 321-325, 327-333
quarantining, 6, 112-115, 125-128, 308-321
vaccination, 5-6, 213-214, 292-308, 314
t—leap methods, 204-205, 217, 270
Temporal forcing, 159-188, 327-333
Term-time forcing, 85-89, 171-183
Thresholds
for eradication, 63-64, 82, 91-92, 213-214,
246-250, 292-333
for invasion, 28-31, 35-39, 43, 57-61, 116-118,
127-128 139 (see also Basic reproductive ratio)
for vaccination, 213, 293-294
Ticks, 136, 141-142
Time since infection, 5, 74, 93-95, 98-101, 218, 310
Toxoplasmosis, 144-145, 291
Trade-offs and evolution, 109-111
Transmission, 16-19
Transmission kernel, 235, 267-275, 286-287, 322

Vaccination, 5-6, 179, 213-214, 292-308, 314
age-structured, 81-82, 86, 295, 303-306
boosting, 298-301
mass, 297-298, 325-326
pediatric, 81-82, 86, 178-180, 292, 298-301
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Vaccination (cont.)
pulsed, 249-250, 301-303
ring, 326-327
rubella, 304-206
targeted, 63-64, 67-68, 81-82, 306-308
thresholds, 213, 293,294
wildlife, 296-297
Vector notation, 64—65
Vectors, 136-143, 148-152
fast dynamics, 140-142
Vertical transmission, 74-75, 89-90
Virulence, 109-111. See also Disease—induced
mortality
Virus, 1-3, 15

WAIFW (Who Acquires Infection From Whom),
58-61, 76-77, 83-85, 88

Waves, 123, 149, 234-235, 252-255, 256-257,
265-266, 267-268

West Nile virus (WNV), 148-151

Whooping cough, 112-115, 207, 220, 260-262,
294

Wildlife diseases, 3, 17-18, 130-131, 183-187,
251-255,296-297
Chlamydia in koalas, 74-76
metapopulation coupling, 241-242, 245-246,

252

parapox virus, 133-135
phocine distemper, 252-253
rabbit hemorrhagic disease, 38, 185-188
rabies, 21, 145, 183, 233, 252-255, 296
swine fever, 327-333
transmission assumptions, 17-18, 74-75, 134
vaccination, 296-297

West Nile virus (WNV), 148-151
zoonoses, 143-151

Zoonoses 3, 143-151
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