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States in south-eastern Brazil were recently affected
by the largest Yellow Fever (YF) outbreak seen in a
decade in Latin America. Here we provide a quantita-
tive assessment of the risk of travel-related interna-
tional spread of YF indicating that the United States,
Argentina, Uruguay, Spain, Italy and Germany may
have received at least one travel-related YF case
capable of seeding local transmission. Mitigating the
risk of imported YF cases seeding local transmission
requires heightened surveillance globally.

The south-east of Brazil was recently affected by the
largest outbreak of Yellow Fever (YF) reported in a dec-
ade in Latin America, with 784 confirmed human cases
and 267 confirmed deaths reported as of 31 May 2017
[1] (Figure, panels A-B). The outbreak has spread from
Minas Gerais and Espirito Santo to Sao Paulo and Rio
de Janeiro, thus raising public health concern about the
establishment of urban transmission and the spread of
YF beyond Brazil’s national border.

By linking the latest epidemiological data [1] with World
Tourism Organisation data on the volume of air, land
and water border crossings [2], we assessed the risk of
travel-related international spread of YF.

Data sources

The cumulative number of confirmed cases reported in
the south-east of Brazil was obtained from the weekly
epidemiological bulletins on YF published online by the
Brazilian Ministry of Health [3]. The data used in this
analysis refer to bulletin number 43 of 31 May 2017 [1].

For each state, the date of symptom onset of the first
and last confirmed cases (Table) was retrieved from
the time series reported in [1] using a web plot digital-
iser tool [4].
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Population data for Brazil at country and state level rel-
ative to 2016 were obtained from the Brazilian Institute
of Geography and Statistics website [5]. Data on the
annual volumes of air, land and water border cross-
ings for Brazil relative to inbound (arrivals of non-res-
ident tourists at Brazilian national borders by country
of residence) and outbound (trips abroad by Brazilian
resident visitors to countries of destination) tourism for
the year 2015 were purchased from the World Tourism
Organisation (UNWTO) [2]. Information on the monthly
distribution of inbound tourism and on the average
duration of stay of international visitors to Brazil by
country of origin was obtained from a survey on the
touristic demand in Brazil conducted in 2015 [6].

Modelling exportations and importations
We estimated the expected number of YF cases depart-
ing from Brazil during the incubation or infectious
period, comprising infected residents of south-east
Brazil travelling abroad (exportations) and interna-
tional tourists infected by YF during their stay in the
south-east of Brazil and returning to the home country
(importations).

Exportations

Let Cs W denote the cumulative number of confirmed
YF cases reported in state S in time window W, with
W denoting the number of days between the first and
the last confirmed YF case in state S. Comparison of
the observed case fatality ratio (CFR) [1] among con-
firmed cases (34.5%) and among confirmed and sus-
pected cases (23%) in Brazil with the established CFR
[7] among severe cases (47%; 95% confidence interval
(CN): 31-62), mild or severe cases (13%; 95% Cl: 5-28)
and YF infections (comprising severe, mild and asymp-
tomatic cases) (5%; 95% Cl: 2—-12) suggested that
reported confirmed cases in the 2017 YF outbreak in
Brazil are likely to be severe. Therefore, we assumed
that all confirmed cases were severe and, following



FIGURE

Confirmed yellow fever cases in south-east Brazil, 17 December 2016-31 May 2017 (n = 784)
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ES: Espirito Santo; MG: Minas Gerais; R): Rio de Janeiro; SP: Sdo Paulo; YF: yellow fever.

A. Geographical distribution of the range and cumulative number of confirmed cases reported by 31 May 2017 in the south-east of Brazil since

December 2016 [1].

B. Cumulative number of confirmed cases and confirmed deaths by state reported as of 31 May 2017 [1].

C. Mean and 95% confidence interval of the estimated number of YF cases that could potentially seed a YF outbreak in the countries they
are travelling to, comprising infected Brazilian residents travelling abroad during the incubation or infectious period (exportations) and
international tourists infected by YF during their stay in the south-east of Brazil and returning to their home country (importations). The
mean and 95% confidence intervals were obtained by numerically sampling 10,000 times the incubation and infectious period distributions
[8,9]. Only destination countries with an upper 95% confidence limit exceeding one exported case over all states (south-east Brazil) are
shown. The estimated risk of international spread from Sao Paulo and Rio de Janeiro is minimal and is not shown separately.
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TABLE

Date of symptom onset of first and last confirmed yellow
fever cases reported per state, south-east Brazil, 17
December 2016-31 May 2017 (n = 784)

First date of Last date of symptom

S symptom onset onset

Minas Gerais 19 Dec 2016 20 Apr 2017
Espirito Santo 4 Jan 2017 30 Apr 2017
Sao Paulo 17 Dec 2016 20 Apr 2017
Rio de Janeiro 19 Feb 2017 10 May 2017

Source: [1].

Johansson et al., that there were nine mild or asympto-
matic infections for each severe case [7]. This implied
that the cumulative number of YF cases in state S in
time window W was given by (g, =10-C,,, -

Let pop denote the resident population of state S,
pop,, denote the resident population of the whole of
Brazil and TD denote the annual number of Brazilian
travellers visiting country D. The per capita probability
that a Brazilian resident travelled to country D during
time window W was given by

T,W 1

Pp =

365  pop, '

We assumed that the incubation period TE was log-nor-
mally distributed with mean 4.6 days and variance 2.7
days [8] and that the infectious period 7/ was normally
distributed with mean 4.5 days and variance 0.6 days
[9]. The probability pi that a YF case incubated or was
infectious in time window W was

p=Tth
LO

The number of residents of state S infected by YF virus

and travelling abroad during their incubation or infec-

tious period in time window W was given by

ES,W= CS,W “PpP;.

Importations

Let TO denote the annual number of travellers visiting
Brazil from country O, fm the proportion of interna-
tional travellers visiting Brazil in month m and ps,m the
relative proportion of the epidemic window W in state S
occurring in month m. Assuming that travellers to Brazil
pick destination states within the country with a prob-
ability proportional to the states’ population sizes, the
expected number of travellers 7)s visiting state S
from country O in in time window W was given by

12
pop
Ton,/s =1, (meps,mj'zrps .

m=1
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Let LO denote the average length of stay of travellers
visiting Brazil from country O. The per capita risk of
infection of travellers visiting state S during their stay
was estimated as

B Csw-L,
pops W

The probability of returning to the home country while
incubating or infectious was

T.+T
P = EL -

0
where pl was setto 1if (TE+TI) > LO .

;{’S

The expected number of international tourists infected
by YF during their stay in state S and returning to the
home country O before the end of the infectious period
was estimated by

[S,O =T0w,/s '/ls Py

Variability in the incubation and infectious periods was
accounted for by sampling 10,000 times TE and T/ from
their respective distributions, leading to a full distribu-
tion for pl and in turn for ES,W and /S, 0.

International risk of travel-related yellow
fever spread

We show in the Figure (panel C) the expected number
of YF cases departing from Brazil before recovery (i.e.
during the incubation or infectious period), compris-
ing exportations and importations, for the destination
countries with an upper 95% confidence limit exceed-
ing one case over all states in the south-east of Brazil.
We found that the United States, Latin America (spe-
cifically Argentina, Chile and Uruguay), and Europe
(specifically Germany, Italy, Portugal and Spain) may
have already received at least one travel-related YF
case capable of seeding local transmission. Sensitivity
analysis showed that the expected number of YF cases
departing from Brazil before recovery was robust to
alternative assumptions on the distribution of interna-
tional travellers across the Brazilian states (e.g. accord-
ing to rural/urban indicators) and that exportations
were the biggest source of travel-related spread of YF.

Discussion

The southern United States, Argentina and Uruguay
contain regions where Aedes aegypti mosquitos, the
most competent vector species for YF transmission, are
established [10]. While Aedes aegypti mosquitoes are
not present in Europe, except on Madeira, Ae. albopic-
tus mosquitoes, which are potentially also competent to
transmit the YF virus, have been reported in Germany,
and established populations have been observed in
Spain, Italy [11] and in the south and north-east of the
United States [10]. To date, however, there has been no
evidence of natural YF transmission by Ae. albopictus



in any part of the world. In continental Portugal and
Chile, the presence of competent YF vectors has not
been documented [10-12], although both countries are
considered climatically and environmentally suitable
[13-15]. With no new YF cases reported in Brazil since
31 May 2017, the 2017 YF outbreak in Brazil currently
appears under control. We estimated that international
travel-related YF spread may have occurred during the
outbreak, implying that increased awareness, moni-
toring and preparedness was therefore appropriate to
avoid the current YF outbreak in Brazil seeding new YF
outbreaks globally.
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