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Abstract

Our study focuses on a seasonally forced model with temporar
cross immunity and possible secondary infection, motivéte
dengue fever epidemiology. The notion of at least two défifer
strains is needed in a minimalistic model to describe diffiees
between primary infections, often asymptomatic, and sgagn 500 - n A /J\ r
infection, associated with the severe form of the diseaseeXy o b, ML A D adn
tend the previously studied non-seasonal model by addiag se 1985 1950 1885 2000 2005
sonal forcing, mimicking the vectorial dynamics, and a louv i t

port of infected individuals, which is realistic in the dynis of
dengue fever epidemics. A comparative study between tlifee d
ferent scenarios (non-seasonal, low seasonal and highredas 2500 L L L L
with a low import of infected individuals) is performed.
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Introduction
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In many countries in Asia and South-America dengue fever) @t 1085 1o 1995 2000 2005
dengue hemorrhagic fever (DHF) has become a substantikd prelalth

concern leading to serious social-economic costs. Mattieahanod-

els describing the transmission of dengue viruses haves$eclion the
so called antibody-dependent enhancement (ADE) effecttemgbo-

rary cross immunity trying to explain the irregular behavad dengue
epidemics by analyzing available data. However, no sysienmesti-

gation of the possible dynamical structures has been peefdrso far. e
We investigate the extended multi-strain model with terappicross [T
immunity and possible secondary infection, motivated bygie fever a) R b) R
epidemiology presented first in [3] and [4]. We add seasomwiirig

aractor
into the previous multi-strain dengue model, mimicking treetorial o . pertibed
dynamics, and a low import of infected individuals, whichréslistic Figure 3: Bifurcation diagram comparison between seasonal m
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Figure 2: Empirical DHF incidence data [8, 7]
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in the dynamics of dengue fever epidemics. The completeysisaf models. In a) bifurcation diagram for the low seasonal model oz
the extended models shows complex dynamics and qualitaiveery without import of infected, where the degree of seasonality <
good result when comparing empirical DHF data and model sitiom. n = 0.1 and in b) bifurcation diagram for the high seasonal

The effects of the vector dynamics are only taken into accbyrthe model with a low import of infected. Here, the degree of seaso 002
force of infection parameters in the SIR-type model, but notleling ; _ ; _ 1010 20
this mechanisms explicitly. Since vector models withouttivairain ality n = 0.35 and the import factop = 10 R
aspects only shows stationary dynamics [5] and seasomatted SIR . . 0 02 04 06 08 1 12 1984 1992 2000 2008 2016 2024
systems can show already deterministic chaos [6], the predenodel Time series a) " b) t

is minimalistic in the sense that it can capture the esdefifiarences of 015 3000 pr—
primary versus secondary infection under periodic fordingis not too " 0 perbed
high dimensional so that future parameter estimation déragempt
to estimate all initial conditions as well as the few modetpaeters.
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50t Figure 4: Time series simulations. In a) time series sinmiat
s for the non- seasonal mode} (= 0). In b) time series simu-
Ijg = —-S1(I “N+¢Iip)— I . . N t
12 N 12 +e- N+éli2) = (v+u)l1z lation for the low seasonal model, with seasonaljty= 0.1. a)
In c) time series simulation for the seasonal model with a low  Figure 9: Empirical DHF incidence data matched with the nhode

. B(t) import of infected. Here, the degree of seasonaljity= 0.35 simulation
Ig1 = = S2Uite N+éla1)—(v+uia and the import of infecteg = 10~ 1©
Conclusions
R =~v(I12+121)—pR . o
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