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We developed a stochastic individual-based discrete-time
model to assess the impact of pandemic influenza containing
strategies. The spread of influenza was then modeled with
specific levels for households, schools/workplaces, and
random contacts. We considered different R values (1.4, 1.7,
2), evaluating the impact of combined preventive measures
(vaccination, antiviral prophylaxis (AVP), border restrictions and
increased social distancing). For each measure, various scenarios
were considered, assuming different target populations,
timing and duration of interventions. The model took about 10
minutes to run on a standard computer (Pentium D 3.20GHz, 4
GB RAM). With R values 1.4-1.7, the use of combined measures
would reduce attack rates (AR) from 34-56% using XX to 4-
10% using YY. Assuming R =2, AR can be reduced from 69%
to 20% only if vaccination starts 4 months after isolation of
the pandemic strain, in combination with a 99% reduction in
airport traffic, closure of schools/workplaces for 4 weeks and
AVP of close contacts of clinical cases. The results show that this
individual-based model is a convenient tool allowing simulation
of influenza spread, and estimation of the impact of various
control measures.

Introduction

Different mathematical models have been recently implemented
to examine the feasibility of pandemic containment using
different strategies [1-7]. In particular, individual-based models
can provide reliable estimates about the worldwide spread of
influenza [1, 2]. These models have shown that the worldwide
spread of influenza would occur over a period of 2 to 6 months,
depending on the basic reproductive number (R), and that,
to reduce transmission, it would be necessary to implement
multiple control measures [2-4,6,8]. In this study, we evaluate
the diffusion of pandemic influenza in Italy and the impact of
various control measures (antiviral prophylaxis, social distancing
measures, including travel restrictions, and vaccination, both
pandemic and pre-pandemic vaccine), assuming different R,
values. In order to reduce the computational time, we modeled
the random spread of infection, using national commuting
data. Since it has been shown that seasonal influenza vaccine
effectiveness is higher in adults than in elderly and children
[9-11], we also assumed that both pandemic and pre-pandemic
vaccine effectiveness varies by age.

Methods

The worldwide spread of pandemic influenza and the
consequent importation of cases in Italy were modelled using
a global deterministic SEIR model [7]. We assume that infectious
individuals are all symptomatic and no longer travelling and
that exposed individuals are asymptomatic and possibly
travelling before the infectious phase. To estimate the number
of imported cases we couple the results of the global SEIR
model with 2003 data on arrivals and departures in Italy’s 38
international airports [13]. The national impact of pandemic
influenza and of various control measures were predicted using
a stochastic individual-based model (IBM) [1]. All parameters
implemented in the model were based on published studies
[1,2, 6, 8]. We considered different transmission rates to obtain
R, values of 1.4, 1.7, and 2, which in the IBM corresponded to
cumulative infected attack rates (AR) of 34.0, 55.6, and 68.7%,
respectively, indicating a mild, moderate and severe scenario
[12]. Data for the Italian population was obtained from the
2001 Census, which includes information on age structure,
household size, household composition (e.g., singles or couples
with or without children), school attendance, employment
categories, municipality of residence, and data on the
population that commutes daily within national borders [14].
Based on previous studies showing that work commutes are a
good predictor of the spread of influenza [1, 2,15], we used data
on commuting, available from 2001 Census data [14]. Schools
and workplaces were generated using previously reported
methods [1]. Infection can be transmitted within households,
schools/workplaces, and among random contacts. While we
assumed homogeneous mixing in households, schools and
workplaces, random contacts depend on each individual’s
specific social network. We modeled random contacts on the
basis of commuting data [14]. The R  of the simulated epidemics
were estimated according to a previously published model [16].
Controlmeasures:Social distancing.We considered the nationwide
closing of all schools and some public offices not providing
essential services. We assumed that school and office closings
begin after the onset of the first 20 symptomatic cases in Italy
and that this measure be maintained for 4 weeks. We considered
travel restrictions that would reduce incoming international
flights by 90% or 99% for two months after the first national case.
Antiviral prophylaxis. AVP for uninfected individuals (household
contacts and contacts in school or workplace) was assumed to
reduce susceptibility to infection by 30% and infectiousness
by 70% [3]. We assumed that AVP be provided to 90% of close
contacts of clinical cases (50% of all infected individuals). We did
not consider the therapeutic use of antiviral, since it has been
demonstrated that it does not affect virus transmission [18].
Vaccination. Vaccine effectiveness (VE) was assumed to be 70%.
It was also assumed that VE varies by age: i) 59% in 2-18 year-old
individuals [10]; ii) 70% 40-64 year-old individuals [9]; and iii) 40%
in =65 year-old individuals [11]. We assumed that an adequate
supply of vaccine could be reached at 4, 5 and 6 months after
the first world case. We assumed that we would administer two
vaccine doses, one month apart. Vaccination coverage was fixed
at 60% of the target population, basing on 2005-2006 National
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influenza coverage [17]. The target population was divided into
4 categories: i) personnel providing essential services (15% of
the 25-60-year-old workers) [25]; ii) =65 year-old individuals; iii)
2-18 year-old individuals; and iv) 40-64 year-old individuals.

Results

Our model took about 10 minutes for a single run, allocating
about 3GB of RAM memory on a Pentium D 3.2GHz workstation,
allowing for real-time simulations using a standard computer.
For different R, scenarios, the results of the global SEIR model
showed that the number of imported cases would be 160,000,
226,000 and 315,000, with the first Italian case appearing,
respectively, after 133, 85 and 50 days from the first world case.
The epidemic peak would be reach after 259, 162 and 104 days,
respectively, for the three different scenarios. The cumulative
infected AR would be 34%, 55.6% and 68.7%, for the three
scenarios. Border restriction, antiviral prophylaxis and social
distancing measures are effective in delaying the epidemic’s
arrival and dampening the peak, allowing us to gain time for
developing vaccines and implementing preparedness measures.
However, none of these measures singly implemented is
sufficient to contain a moderate to severe epidemic. Our results
show that applying all containment measures to a mild to
moderate epidemic, AR decreased from 34% to 4.4% and from
56% to 10%, respectively (Figure 1). In the severe scenario, only
the immediate vaccine availability (4 months from the first world
case), along with severe border restrictions (90% of airport
traffic reduction for two months), social distancing measures
(closure of schools and workplaces for 4 weeks), and antiviral
prophylaxis of close contacts of the clinical cases can reduce
the impact of the epidemics (with attack rates decreasing
from 69% to 20%) (Figure 1). The assumed VE (i.e., 70% for all
target categories or different VE for different target categories)
would not substantially affect the cumulative infected AR. If
vaccinating personnel providing essential services (15% of
the 25-60-year-olds Italian workers), elderly persons, and 2-18
year-olds, the AR would also decrease among individuals 19-64
years of age. In particular, it would reduce by approximately two
times the AR in unvaccinated 30-50-year-old adults. Excluding
the elderly from vaccination would not affect the infected AR in
the other age groups.
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Discussion

The containment of an emergent pandemic strain of
influenza is feasible, but it requires a combination of different
interventions such as pre-pandemic vaccination, prophylactic
use of antiviral drugs and social distancing measures. As other
recent analysis show [1, 3], the outbreak could be mitigated
through a combination of antiviral prophylaxis and reduction
of social contacts. Vaccinating 2-18 year-olds would reduce
by approximately two times the AR in unvaccinated adults,
showing a clear herd immunity effect. These findings suggest
that vaccinating children should be a higher priority than
vaccinating elderly [20]. The role of restricting international
travel remains controversial [2, 6, 7, 15, 23-24]. Our results show
that assuming a R <2, the role of such restrictions is limited,
but has a role if the R, were 2. The results of this study show
that this individual based model is a convenient tool allowing
the simulation of influenza spread and estimation of the impact
of control measures with little computational effort.
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