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We estimate the risk of acquiring the new influenza A(H1N1) for Brazilian travelers to Chile, Argentina and the
USA. This is done by a mathematical model that quantifies the intensity of transmission of the new virus in those
countries and the probability that one individual has of acquiring the influenza depending on the date of arrival
and time spent in the area. The maximum estimated risk reached 7.5 cases per 10,000 visitors to Chile, 17 cases per
10,000 travelers to Argentina and 23 cases per 10,000 travelers to the USA. The estimated number of imported cases
until 27 July is 57 ± 9 from Chile, 136 ± 27 from the USA and 301 ± 21 from Argentina, which are in accord with the
official figures. Estimating the number of imported cases was particularly important for the moment of the disease
introduction into this country, but it will certainly be important again as a tool to calculate the number of future
imported cases from northern countries in our next inter-epidemic season, were imported cases can constitute again
the majority of the new influenza burden to the Brazilian health services.
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The recently emerged swine-origin H1N1 influenza viruses are being detected in an increasing number of countries (Neuman et al. 2009). In fact, influenza A viruses
have caused several pandemics during the last century and
continue to cause annual epidemics (Massad et al. 2008).
The H1N1 flu mainly spreads in the same way as
regular “seasonal influenza”, being directly transmitted
from infected to susceptible individuals through the air
from coughs and sneezes or touching infected surfaces.
As of 27 July 2009, 134,503 cases were reported, including 816 deaths (WHO 2009a). The lethality of this
new strain varies from 0.11-4.48% with average around
0.5% (WHO 2009b).
In Brazil, the last official report from the Ministry of
Health (MS 2009) notify 1,566 confirmed cases, the majority (55.2%) of which are imported cases. Three countries, Argentina, USA and Chile comprise 91.7% of the
imported cases. However, in 16 July 2009 the country’s
health authorities declared sustainable transmission of
the new influenza virus in Brazil.
One key aspect of planning the control against this
new virus strain is the estimation of the risk of acquiring the new influenza people are subject to when traveling to affected areas. This is a composite function of the
intensity of transmission in the visited region and the
number of visitors to those regions.
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According to the Brazilian Ministry of Tourism (MT
2009) a total of 7,410 passengers from Argentina, 8,140
from the USA and 3,880 from Chile disembark every
day in Brazil. Of these, an estimated 7,264 from Argentina, 6,480 from the USA and 3,340 from Chile are
Brazilians. Therefore, a daily total of more than 17,000
Brazilians are at risk of acquiring the new influenza by
traveling to those affected countries.
This paper aims to estimate the risk of acquiring the
new influenza A(H1N1) for Brazilian travelers to Chile,
Argentina and the USA. This is done by a mathematical
model that quantifies the intensity of transmission of the
new virus in those countries and the probability that one
individual has of acquiring the influenza depending on
the data of arrival and time spent in the area.
Methods

We applied a mathematical model of SIR type (Massad
et al. 2008, Massad & Wilder-Smith 2009) to calculate the
risk (probability) a traveler to an affected area has of acquiring the disease. The model applied is comprised by a system
of differential equations with stochastic input components.
The model considers two subpopulations representing
residents in the affected area and the travelers to the area.
The latter subpopulation is followed up along the epidemic
course and is used to calculate the probability of acquiring
the new influenza strain. We use a deterministic version of
the model to describe the influenza dynamics at the resident population level and a stochastic version to describe
the risk (probability of contracting influenza) that a single
individual traveler visiting the region is subject to. This is
based on the assumption that, since the visitors consist of
just a small number of individuals, random fluctuations of
the contact rate and probability of infection should be considered. Model’s details can be found in the appendix.
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The calculated risk is a function of the intensity of
transmission, represented by the force of infection (incidence density) (Anderson & May 1991), the proportion of susceptible travelers with respect to the total
population (the travelers are assumed to be distributed
uniformly over the transmission area) and the period of
time those susceptible travelers remain in the affected
area. The model provided a good fit to the observed accumulated number of cases along the period since the
beginning of the outbreak.
In order to calculate the probability of an individual
acquiring influenza, λflu after the introduction of a single
case in an entirely susceptible population we considered
a small susceptible cohort followed through the entire
outbreak. The probability of infection in this self-limiting outbreak is then given by the following expression
(Massad et al. 2008, Massad & Wilder-Smith 2009):
∞

∫ S ' (t )λ flu (t )dt
πflu = 0
N ' (0)

(1)

In the above equation, S (t) and N (t) are respectively
the number of susceptible hosts and the total population of
the small travelers cohort and λflu(t) is the force of infection of influenza, defined as the per capita number of new
cases per time unit11 in the whole (resident) population.
One can also calculate the average risk (probability)
of infection for a traveler, who arrives in the affected region at day Ω after the outbreak is triggered and remains
travelers
there for ω days, πflu
:
Ω+ω

∫ S ' (t )λ flu (t )dt

π travelers
=
flu

Ω

N ' (Ω)

one week on average at the affected area. The result is
shown in Fig. 2. Note that the maximum risk reached 7.5
x 10 -4, that is, 7.5 case per 10,000 visitors.
Figs 3-6 show the results of the same procedures for
Argentina and the USA. In this case the model also fits the
data with reasonable accuracy. The calculated basic reproduction number for this area was 1.78. Note that, although
the basic reproduction number of Argentina is equal to the
Chile’s one, the force of infection, the parameter used to
calculate the risk, is much higher in this case.
Note that the maximum risk for travelers to Argentina
is 1.7 x 10-3 that is 1.7 cases per one thousand travelers, more
than 20 times the maximum risk for travelers to Chile.
The calculated basic reproduction number for this
area was 1.87. Note that in the case of the USA the fitting of the model to data is not as good as in the previous two cases. This is probably due to the fact that
the USA are much more heterogeneous than Chile and

Fig. 1: cumulative number of cases in Chile. Diamonds represent actual data and continuous line the model’s output.

(2)

In order to determine which set of parameters best
fits the observed data we choose the one that maximizes
the likelihood function (Choisy et al. 2007):

L(m( x),σ 2 | d) = Π
i

1
2πσ2

exp

− (d i − mi ) 2
2σ2
(3)

where d is a vector of data, m is a vector of model
predictions with a mean trend depending on parameter x
and where the errors are assumed to be normally distributed with variance σ2. We fixed the error in 20% (that
is, we fixed
σ such that the confidence interval is equal
σ
to ± 1. 28 n and varied the parameter space until (3) was
maximized. The seed values from the parameters were
taken from Massad et al. (2007).

Fig. 2: calculated the risk of acquiring flu for visitors to Chile (average and 95% confidence interval).

Results

In Fig. 1 we show the result of the model (1b) performance in explaining the data from Chile. Note that the
model fits the data with reasonable accuracy. The calculated basic reproduction number for this area was 1.78.
From the model’s parameters that best explained the
real data we calculated the risk of acquiring flu according
to equation (2). For this we assumed that visitors spend

Fig. 3: cumulative number of cases in Argentina. Diamonds represent
actual data and continuous line the model’s output.
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number of imported cases with the official data (MS
2009). Note that the model is in accord with the observed
data from Brazil, although the result for Argentina is not
as good as for the other countries analyzed. The possible
reasons for this will be discussed below.
Discussion

Fig. 4: calculated the risk of acquiring flu for visitors to Argentina
(average and 95% confidence interval).

Fig. 5: cumulative number of cases in the USA. Diamonds represent
actual data and continuous line the model’s output.

Fig. 6: calculated the risk of acquiring flu for visitors to the USA (average and 95% confidence interval).

Argentina and the cases are spread throughout a huge
geographical area, which contrasts with the very concentrated outbreaks observed in Santiago of Chile or
Buenos Aires in Argentina.
In this case the maximum risk is 2.3 x 10 -3, or 2.3
cases per 1,000 travelers. Although this is the highest risk
calculated, it must be weighted by the geographical distribution of Brazilian travelers to the USA, who tend to
concentrate their visit in six states, which comprise about
36% of all American cases. Therefore, Brazilian travelers
to the USA are subject to a lower risk than that of those
who travel to Argentina but higher than that to Chile.
Next we calculated the expected number of Brazilians that acquired the new influenza by traveling to those
areas and spent one week there. For this we multiplied
the estimated daily number of Brazilian travelers to each
area by the risk of acquiring influenza in one week. The
result is shown in Table I, which compares the estimated

As the world faces the first pandemic of the XXI
century, each country tries its best to cope with it. Some
countries like Mexico (Government of Mexico 2009)
impose control measures related to the avoidance of
public agglomeration and other measures related to reduce the spread of the virus, other impose draconian
measures that include the culling of its entire pig population, like Egypt (BBC 2009).
In Brazil, the measures to reduce the spread of the
virus are essentially common sense strategies like the
extension of scholar holidays and the education of the
population for frequent hands cleansing and to avoid
agglomerations in public places. The impact of the
governmental attempts on the virus spread is difficult
to estimate and the number of cases and deaths continues to pile up.
Although Brazil has already sustained circulation
of H1N1 the majority of cases are still imported (as of
27 July 2009), in particular from the countries analyzed
in this paper.
As can be observed in the three curves related to risk
of acquiring influenza for travelers, the worst situation
is already over and except for the USA there is only residual risk to get the infection for those traveling nowadays to the other areas analyzed. However, it is important to emphasize the significance of our findings. The
calculation of the risk to get influenza for travelers can
be used to contrast the probability of infection with the
age-dependent incidence of infection in actual travelers.
This would allow the estimation of relative risks distributed according to age and raise hypotheses on why some
ages are more affected than others.
As for our results, the inspection of Figs 1, 3 and 5
demonstrates that the model explains the observed data
with good accuracy and that the parameters chosen are
reliable enough to estimate the risks shown in Figs 2,
4 and 6. For the case of travelers to the USA, if we
multiply the number of travelers by the estimated risk
to acquire the flu, the number of expected cases would
be about three times the one presented in Table I. How-

Table I
Comparison between the model’s outcome and the official data
Official number of
Estimated number imported cases (as
of imported cases
15 July 2009)
Chile
USA
Argentina

57 ± 9
136 ± 27
301 ± 21

70
109
416
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ever, as mentioned above, Brazilian travelers tend to
concentrate their visited places in six American states,
which comprise for around 36% of the total number of
cases. Therefore, as the risk calculated is for the case
of travelers to any place randomly chosen, the actual
number of imported cases from the USA must be adjusted for that percentage.
The results of the estimated number of imported
cases shown in Table I demonstrate that the calculated
risks allowed a good retrieving of the reported cases for
Chile and the USA. However, the model diverges from
the actual data in the case of Argentina. This is because
in the case of that country there is a substantial number
of travelers who go to Argentina by car and who are not
computed in the official statistics available. Therefore,
the number of visitors to Argentina used in our calculations is certainly an underestimation of the actual
number of visitors. This could explain the divergence
of the model from the real data in the case of Argentina. The calculated basic reproduction numbers for the
three countries analyzed are similar among themselves
and are in accord to the current estimations for the new
influenza virus (Fraser et al. 2009).
With the exception of the USA it should be expected
that the number of new cases of influenza A(H1N1) in
the studied countries starts to subside from now on and
so the correspondent risk for travelers to those places
should be proportionately reduced. However, the actual
behavior of this new virus in the next autumn/winter in
the Northern Hemisphere is still to be known. Only then
can we estimate the risk for Brazilian travelers to the
USA from now on with better accuracy.
The model proposed in this paper provides a way to
estimate the number of imported cases of the new influenza A(H1N1) to Brazil. This was particularly important
for the moment of the disease introduction into this country, but it will certainly be important again as a tool to
calculate the number of future imported cases from northern countries in our next inter-epidemic season, were imported cases can constitute again the majority of the new
influenza burden to the Brazilian health services.
The model - The model assumes that the population of
humans is divided into three compartments summarized
in Table II and described below. In addition, we separate
from the human general population (individuals that re-

Table II
Models’ variables
S
I
R
N
S
I
R
N

Human susceptible individuals in the “probe”
Human infected individuals in the “probe”
Human recovered individuals in the “probe”
S +I +R
Human susceptible individuals in the resident population
Human infected individuals in the resident population
Human recovered individuals in the resident population
S+I+R

side in the area) a small cohort (Massad et al. 2008) denoted by primes, followed through their entire exposure
to calculate the risk of influenza acquisition. The model’s
variables are shown in Table I.
The model’s dynamics is described by the following
set of equations:
dS '
(I+I')
= −β ' S '
− μS '
(N+N')
dt
(I+I')
dI '
= β 'S'
−( μ + γ + α )I '
(N+N')
dt

(1a)

dR'
= γI '− μ R'
dt

(I+I')
dS
N + N'
= −β S
− μ S + r (S + S' + R +R') 1 −
(N+N')
dt
K
(I+I')
dI
= βS
−( μ + γ + α )I
(N+N')
dt

(1b)

dR
= γI − μ R
dt

In the main text we used

λflu = β

(I + I ')
(N + N ')

The model’s parameters, their biological meaning and
values used in the simulations are shown in Table III.
The equations (1b) when summed term by term with
equations (1a) with β’ = β represent a classical SIR model
for infectious diseases as given by, for example, in Anderson and May (1991). Equations (1a) represent a cohort
that was separated from the main population with the
purpose of calculating the probabilities needed. Note
that there are no entrance terms to the equations (1a) and
that infected and newborns individuals resulting from
them are added to the general population represented by
equations (1b). A prime was added to the contact rate of
the small cohort represented by equations (1a) because
in the simulations we let it to be a random variable. In
fact β’ in the simulations was taken to be Poisson distributed with the average equal to the term β for the general
population represented by equations (1b). This is based
on the assumption that any single individual (and hence
an occasional visitor) suffers a random number of potentially infective contacts with infective individuals. Since
the cohort was very small with respect to the main population the fact that we took β’ to be a random variable
had no effect on the dynamics of the main population.
Control measures from a given point in time were
simulated by suddenly [from day υi since the beginning
of the outbreak, i = Chile (27), Argentina (27), USA (20)]
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Table III
Model’s parameters
βChile
βArgentina
βUSA
β’
μ
α
γ
r
κ

Potentially infective contacts - Chile
Potentially infective contacts - Argentina
Potentially infective contacts - USA
Poisson (β)
Natural mortality rate
Additional mortality induced by the disease
Recovery rate from disease
Birth rate
Carrying capacity of the population

letting both β and β’ decreasing linearly with time, that
is, we made:

β = β i − (φ it )θ (t − υ i )
β ' = Poisson( β i − (φ it )θ (t − υ i )
where φi [i = Chile (0.0057), Argentina (0.0057),
USA (0.005)] is an attenuation factor and θ(t-υi) is the
Heaviside function.
We assumed a Poisson distribution for the parameter
β’ based on the fact that this is a composite parameter
comprising potentially infective contacts (a discrete random variable) and the probability that those contacts will
generate a new infection.
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