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Abstract
Objective: to describe yellow fever occurrence in the state of São Paulo, Brazil, in the period 2000-2010. Methods: this 

was a descriptive study using data regarding human cases, epizootics in non-human primates and virus vector isolation in São 
Paulo State, between 2000 and 2010. Results: three sylvatic yellow fever outbreaks were registered in the state with 32 human 
cases and 15 deaths; the cases occurred in unvaccinated individuals exposed to the sylvatic form of transmission; epizootics 
was confirmed before the virus began circulating in humans in the region of São José do Rio Preto and the virus was isolated 
twice in vectors. Conclusion: three sylvatic yellow fever outbreaks occurred in the state between 2000 and 2010, two of them 
in a transition area and the other in an area considered to be unaffected; vaccination and maintaining immunization coverage 
are necessary for preventing the disease. 
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Introduction

Yellow fever is an acute infectious, febrile, hemorrhagic 
and non contagious disease, which has been responsible for 
decimating South American and African populations since 
the seventeenth century.1,2 Two different epidemiological 
patterns of transmission are described: a sylvatic pattern 
and an urban cycle of transmission by the Aedes aegypti.2 

Although previously considered as one of the safest 
vaccine containing the live attenuated virus, the yellow fever 
vaccine can induce adverse events after immunization, 
which can be classified into three levels: mild, moderate 
and severe. Neurotropic and viscerotropic diseases are 
two severe adverse events associated with the vaccine.1-3

Brazil has a large enzootic area for sylvatic yellow 
fever, where every year cases of the disease are reported 
in unvaccinated individuals that have contact with vectors 
and sources of the disease sylvatic cycle.1,2 

The sylvatic cycle is transmitted between non-human 
primates and sylvatic mosquitoes, mainly those belonging 
in the genera Haemagogus and Sabethes that live in 
treetops.3 On the other hand, the urban cycle has the 
mosquitoes in the genus Aedes as the main transmitters, 
being the human the only infection source to these vectors.3,4

Nowadays, in cyclical intervals from three to seven 
years, there can be outbreaks of the sylvatic yellow 
fever, which result from the epizootics in non-human 
primates. In these animals, the disease is periodically 
spread with intervals that contribute to the appearance 
of new vulnerable populations.3

About half century after an epidemiological silence, 
the state of São Paulo recorded again autochthonous 
cases of the disease.5 Despite the efforts to vaccinate the 
population in risk areas of the state, the virus continues 
to spread.6 The risk areas – and, consequently, with 
vaccine recommendation – increased due to the detection 
of new areas with yellow fever virus.  

Taking into account the spread of yellow fever virus 
in São Paulo State, this study aimed to describe the 

occurrence of yellow fever since its reintroduction and 
detection in the state, in 2000, up to 2010.

Methods

This is a descriptive study using secondary data. The 
study was conducted in São Paulo State, located in the 
Southeast of Brazil. This state has 645 municipalities over 
a territorial area of 248,209.3 km², representing 2.91% 
of Brazilian territory. With regard to the surveillance 
actions, São Paulo’s territory was divided into 27 groups 
of epidemiological surveillance. 

Concerning the epidemiological surveillance 
for yellow fever in the state, the occurrence of a 
unique autochthonous case of the disease is already 
considered as an outbreak, initiating the recommended 
containment measures, which are eco-epidemiological 
and entomological evaluations, followed by actions 
to contain the virus circulation. 

The study information was obtained from previous 
data related to epidemiological investigation of human 
and animal confirmed cases of yellow fever in São Paulo 
State, conducted by the agents of the municipal and state 
surveillance, which are available at the Immunization 
and Zoonosis Division of Epidemiological Surveillance 
Center “Prof. Alexandre Vranjac” of the State Health 
Department. The reports of the surveillance conducted 
were also revised.

Data on human cases, human deaths, epizootics 
in non-human primates and virus vector isolation 
were included.

The study was submmited to the Committee on 
Ethics in Research of the College of Medical Sciences 
of the Santa Casa of São Paulo, being dispensed from 
evaluation, because the available data did not have 
personal identification. 

Since this study is part of the Training Program in 
Epidemiology Applied to the Services of the Brazilian 
National Health System in São Paulo State, and this 
program belongs to São Paulo State Health Department, 
the data has been made available, and its use and 
publishing have been authorized.

Results

São Paulo State reported three outbreaks of 
autochthonous sylvatic yellow fever from 2000 to 2010. 
Thirty-two cases were registered with a global case-
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fatality rate of 46.8% (Tables 1 and 2). The disease 
affected mainly men between 15 and 59 years old. All 
the cases occurred in non-vaccinated individuals, who 
had contact with the sylvatic form of transmission of the 
disease (Tables 1 and 2).

In March 2000, the São Paulo State Health Department 
received two notifications of sylvatic transmission of 
yellow fever in the Northwest region of the state, in 
the municipalities of Santa Albertina and Ouroeste, 
located at the margins of Rio Grande, with possible 
autochthonous transmission.

The patients were two men, aged 43 and 44, who lived 
in Dolcinópolis and Ribeirão Preto, respectively. These 
two individuals were unvaccinated and contracted the 
severe form of the disease, progressing to death 10 and 
5 days – respectively – after the onset of symptoms. The 
confirmation criterion of the disease was laboratorial, with 
positive result in the immunohistochemistry test, which 
was carried out by the reference laboratory of the state, 
the Adolfo Lutz Institute (Table 2). An epidemiological 
investigation was conducted in the probable places of 
infection, pointing out that in both cases there were 
reports of fishing activity next to the river Rio Grande, 
on the border with the states of Minas Gerais and Goiás.

A serological investigation was performed with the 
riverside populations in 13 municipalities situated close to 
Rio Grande. The entomological evaluation was conducted 
by capturing the mosquitoes in the municipality of Santa 
Albertina. Dead or ill non-human primates were not found 
in that region. Six samples of serological investigation 
had a monotypic response to yellow fever virus; however, 
it was not possible to conclude that those cases were 
autochthonous, nor was the virus isolated from the 
vector7 (Table 2 and Figure 1).

The state broadened the areas with vaccine 
recommendation due to the virus reintroduction in 
the municipalities of Ouroeste and Santa Albertina. From 

2001 on, 277 municipalities were in the recommendation 
area, which covers nine groups of epidemiological 
surveillance (Figure 2).

In 2003, the State Health Department created the 
passive death surveillance of non-human primates in 
areas with risk of yellow fever transmission in the state, 
in a partnership with the Municipality Zoonosis Control 
Centers, the Municipality Health Departments, the 
Superintendence for Endemic Control, the Environmental 
Police and the Schools of Veterinary Medicine.

Between 2004 and 2007, there was no report of in 
non-human primates’ deaths in the state. In 2008, in the 
period from January to June, the death of 140 monkeys 
was reported in transition areas of yellow fever, allowing 
the laboratory investigation of 96 (68.6%) samples at the 
Adolfo Lutz Institute. The positive result in the samples 
from the municipalities of Mendonça, Nova Aliança and 
Urupês (01/14/2008, 02/18/2008 and 02/18/2008, 
respectively) confirmed, through laboratory tests, the 
epizootics occurrence of yellow fever virus in the region 
of São José do Rio Preto.8,9 Besides that, the death of a 
non-human primate due to yellow fever was confirmed 
by clinical-epidemiological test, in the municipality of 
Bady Bassitt, located in the same region.8-10

After confirming the etiologic diagnosis, 13 
municipalities were defined as priority to prevent 
and control the disease. This definition was based on 
a 30-kilometer radius from where the carcasses of 
the primates were found. In addition to the vaccine 
intensification, since the municipalities that registered 
epizootics cases were already in the area of vaccine 
recommendation since 2001 (after the virus reintroduction 
in the state), other actions were developed in three 
phases: (i) vaccination and search for symptomatic 
individuals visiting all the households, situated both in 
rural and urban areas, (ii) expansion of the vaccine 
recommendation area to 16 municipalities, including the 

Table 1 – Distribution of the yellow fever outbreaks, according to year of occurence, number of cases and the case-
fatality rate in São Paulo State, 2000-2010

Year of outbreaks occurrence
Cases Deaths case-fatality rate

n n (%)

2000 2 2 100

2008 2 2 100

2009 28 11 39.3

Total 32 15 46.8
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Table 2 – Distribution of yellow fever cases according to sex, age group, confirmation criteria, immunization status, 
hospitalization, number of deaths and activity performed in the probable place of infection in São Paulo 
State, 2000-2010

Variables
Male Female Total

n n n

Age group (years)

<14 2 1 3

15-59 20 9 29

Confirmation criteria

Laboratory 21 10 31

Clinical-epidemiological 1 − 1

Immunization status

Unvaccinated 21 10 31

Unknown 1 − 1

Hospitalization

Hospitalized 18 7 25

Non hospitalized 4 3 7

Death 11 4 15

Total 22 10 32

Figure 1 – Detection of yellow fever virus circulation in São Paulo State, 2000-2010
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Figure 2 – Expansion of recommendation areas of the yellow fever vaccine in São Paulo State, 2000-2010
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region of São José do Rio Preto, and (iii) assessment of 
immunization coverage in the other municipalities of the 
groups of epidemiological surveillance.8-10 Apparently, 
these actions were able to prevent the occurrence of 
human cases during that period, which shows the 
importance of the epizootics surveillance.

In April and May 2008, two autochthonous human 
cases of the disease were reported in the region of 
Ribeirão Preto. Both cases occurred with 39 year-old 
males, unvaccinated, residents in the municipalities of 
Cravinhos and Luiz Antônio, and who had been exposed 
to risk activities (fishing). Both patients contracted the 
severe type of the disease, progressing to death within 5 
and 4 days – respectively – after the onset of symptoms.9

The first person to develop the symptoms lived in 
Cravinhos and the infection occurred at the Ecological 
Station of Jataí, in the municipality of Luís Antônio: 
the symptoms began on April 22, 2008 and the death 
occurred on April 26, 2008. In the second case, the 
person lived in the municipality of São Carlos, and 
developed the symptoms on May 23, 2008 and died 
on May 26, 2008. Both cases occurred in the rural 
area of São Carlos, on the border with the municipality 
of Rincão, and next to the Mogi-Guaçu River and the 
Ecological Station of Jataí. The confirmation criterion 
for the disease was laboratorial, and both cases had 
positive result in the immunohistochemistry test, which 
was carried out by the Adolfo Lutz Institute (Table 2). 

The positive results in the laboratory samples confirmed 
the virus circulation and initiated an epidemiological 
investigation, in which samples of humans, monkeys 
and vectors were collected (Table 3). 

During the investigations, a serologic survey 
was conducted with 128 human samples, from the 
municipalities of São Carlos, Rincão and Ribeirão 
Preto, (close to the likely locations of infection); other 
10 samples of patients’ contacts were collected. Three 
samples were positive for IgM antibodies of the yellow 
fever virus, four monkeys tested had a positive diagnosis, 
and the virus of mosquitoes from Urupês region was 
isolated. (Table 3 and Figure 1).8-10 

This spread of virus circulation resulted in the 
increase of vaccine recommendation areas for residents 
and travelers. In 2008, the state included other 62 
municipalities in the vaccine recommendation area, 
in the groups of epidemiological surveillance of the 
municipalities of Araraquara and Bauru9,11,12 (Figure 2). 

In 2009, the disease presented an epidemic 
characteristic: 138 suspected human cases were reported 
in Botucatu region, from February to April. This situation 
was considered an Public Health emergence of National 
Importance, according to the International Health 
Regulations 2005. From the analyzed cases, 110 were 
negative and 28 were confirmed in five municipalities 
– Sarutaiá, Piraju, Avaré, Buri and Tejupá –, none of 
them is in the vaccine recommendation area.11,13,14 
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Table 3 – Positivity for yellow fever virus in samples collected in the outbreak years in São Paulo State, 2000, 
2008 and 2009

Outbreaks

Samples of humans Samples of non-human primates Samples of vectors

Collected
n

Positive
n (%)

Collected
n

Positive
n (%)

Collected
n

Positive 
n (%)

2000 630 6 (0.95) - - 1,100 -

2008 577 3 (0.52) 108 4 (3.70) 3,049 1 (0.03)

2009 86 - 56 2 (3.57) 1,782 1 (0.05)

Total 1,293 9 (0.70) 164 6 (3.66) 5,931 2 (0.03)

From the reported cases, 11 progressed to death, with 
an average of 7 days between the onset of symptoms and 
the death (case-fatality rate: 39.3%). The probable places 
of infection were the rural areas of the municipalities 
of Sarutaiá, Piraju, Tejupá, Avaré and Buri. Ten cases 
occurred in agricultural workers with activities in the 
forest, and 18 cases in individuals who had participated 
in leisure activities. Among the 28 confirmed cases, 18 
(64.3%) cases occurred in males, and the age varied 
from 3 days of life to 52 years old.11,13 

The confirmation of yellow fever virus circulation in 
the municipalities of Avaré, Buri, Itapetininga, Piraju, 
Sarutaiá and Tejupá resulted, once more, in the increase 
of the vaccine recommendation area in São Paulo State. 
From 2009 on, 49 municipalities were included in the 
areas with vaccine recommendation, including more five 
groups of epidemiological surveillance (Figure 2).11,12,14,16 

The immunization actions immediately began after the 
confirmation of the first case in Sarutaiá and they were 
expanded to the probable places of virus circulation. A 
total of 1,018,705 doses of the vaccine were distributed, 
reaching vaccination coverage of 86.8% in the period 
from March and April 2009. During immunization 
campaign, three cases of acute neurotropic disease 
and one case of immediate hypersensitivity were 
confirmed, and all of them progressed to death, and 
there were five cases of acute viscerotropic disease 
that also progressed to death – approximately 1 death 
per 200,000 doses and 1 severe adverse event case 
per 113,000 doses administered.11 

Discussion

Although the virus has reemerged in São Paulo State 
after decades without cases, the disease continues to 

affect mostly men, in the economically active segment of 
the population, the rural workers and individuals who 
expose themselves to risk activities (fishing, hunting, 
ecotourism, among others) in the warmer months 
of the year, in areas with high levels of rainfall and, 
consequently, higher vector density. Previously, yellow 
fever was considered an occupational disease; however, 
nowadays, a new type of risk groups can be identified: 
unvaccinated individuals who expose themselves to 
ecotourism activities in river banks or in areas with 
fragments of preserved forest.4

Throughout history, outbreaks and epizootics 
have been reported in Brazil (and in other endemic 
countries), from time to time. Similar to Brazil, after 
decades of silence, yellow fever outbreaks reemerged in 
Africa, representing risk for the entire population of the 
continent.17 The increase in migration, consequently in 
urbanization, and the travel infrastructure improvement 
are global tendencies that expand the risk of the 
disease circulation in part of the world where the 
disease had disappeared.17,18 

Some experts have been claiming that the epidemics 
repeat in the East of Africa because its savannah is 
relatively dry and, consequently, the population density 
of mosquitoes is lower than the most humid savannah 
in Central Africa. Thus, the human population of the 
savannah in the East of Africa can be exposed to the virus 
less often than the population of Central Africa, and a 
large number of vulnerable young people, just enough 
to maintain an outbreak, grow over the years, between 
the epidemics. On the other hand, epidemiological 
studies suggest that a persistent “silence transmission” 
(without outbreaks of perceived diseases) can occur 
among the inhabitants of the most humid savannah in 
Central Africa, creating a type of herd immunity.17,18 
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In the Amazon region and other endemic areas in 
Brazil, the outbreaks and epizootics were reported 
every 5 to 7 years. This frequency is probably related 
to the renewal of non-human primates’ population, 
which is essential to expand the virus; however this 
situation does not occur with the vectors’ population, 
even considering the possibility of a transovarial or 
vertical transmission.4,5,19

In the current outbreaks registered in different 
regions of the country, in the states of Minas Gerais20 and 
Rio Grande do Sul,21 men are the most affected by the 
disease. In São Paulo State, the disease incidence was 
twice higher in men than in women. The most affected 
age group was the economically active population, which 
is similar to the pattern described for Brazil.4 In the 
largest outbreak, registered in 2009, the affected age 
group varied; three cases were reported in children 
under 14 years old, and one unusual situation occurred: 
a case of perinatal transmission was diagnosed.22

The case-fatality can be an indicator of the surveillance 
sensitivity to detect new cases, as well as the severity 
of the disease. The expected case-fatality rate of the 
disease, in all of its forms, ranges from 5 to 10% and 
the values above indicate low surveillance capacity to 
detect mild cases.20 In the three outbreaks explained 
before, the surveillance conducted an active search 
for oligosymptomatic and asymptomatic cases. There 
was no conclusion if the nine cases confirmed by the 
serological tests were autochthonous. 

The limitations of this study were related to the use of 
secondary data, which aimed to describe the outbreaks. 
This study did not have access to the individual data  
on adverse reactions to the vaccine and in the one case 
of perinatal disease. 

Even though the epizootics surveillance of non-
human primates was implemented in the state in 
2003, the occurrence of those events was already 
considered as a sentinel of yellow fever outbreaks in 
the country. Between 1999 and 2000, after the period 
of high transmission of sylvatic yellow fever in the 
Brazilian Midwest region, involving a record of human 
cases and monkeys’ deaths in the same period, Brazil 
began to register the death of primates as a warning 
to the risk of yellow fever. Consequently, there was 
a fast adoption of measures to prevent human cases 
and to control the transmission.1 

This tool was only useful in the 2008 epizootics, 
in São José do Rio Preto region; probably, because 

that region was already considered a risk area for the 
virus transmission, so the surveillance for these events 
was strong and the health agents were prepared, and 
the human population had already been vaccinated. 
Therefore, the measures of prevention and control 
were adopted before the virus started circulating in 
the human population or infected urban areas – with 
high population density and infested by Aedes aegypti 
–, with risk of the disease re-urbanization, just like 
happened in 2008, in the metropolitan region of 
Asunción, Paraguay.23 That outbreak was immediately 
controlled by the immunization of approximately one 
million people and through vector control activities.17,23,24 

This was the first urban yellow fever outbreak reported 
in the South America since 1942 and raised concerns 
about the potential spread of the virus to non-endemic 
areas, without immunization coverage and with vectors 
for virus transmission, such as the Caribbean, Central 
and North America.23,24 

Although three outbreaks have been confirmed in 
the analyzed period, the virus was able to infect a large 
number of people only when that population was not 
previously vaccinated. It is acknowleged the combination 
of key-factors in the epidemiology of disease transmitted 
by vectors: the ecology and host’s behavior, the ecology 
and vector’s behavior and the level of the population’s 
immunity.2 In the first two outbreaks, only two cases were 
registered, probably, they were introduced by the presence 
of human or non-human infection sources and vectors in 
the probable places of infection. The high immunization 
coverage must have enabled herd immunization (stopping 
the transmission through high vaccine coverage in the 
population), restricting the transmission risk of the rest of 
the population. In the last outbreak, in 2009, even though 
the early start of immunization after the identification of 
the first autochthonous case, the population had not been 
previously vaccinated and it led to the occurrence of 28 
cases. It is clear that the barrier imposed by the vaccine 
and the continuous and high rates of immunization 
coverage are, even today, the most important method to 
prevent and control the disease in areas where ecological 
conditions are favorable to the establishment of the 
transmission cycle. 

In Africa, two different situations are reported: in several 
West African countries, mass immunization campaigns 
had resulted in the disappearance of the disease over the 
following 40 years, whereas countries, such as Nigeria, 
where there is no immunization routine, suffered large 
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outbreaks of the disease in the 1980s. Actually, countries 
with immunization activities reported sporadic cases in 
rural and isolated communities, where the population had 
not been vaccinated. These data confirm the importance 
of the vaccine for controlling the endemics.25,26 

The virus reintroduction in São Paulo State increased 
the vaccine recommendation area every time there was 
new identification of virus circulation. The state passed 
from 277 municipalities and 9 groups of epidemiological 
surveillance in 2001 to 429 municipalities and 15 groups 
with vaccine recommendation, in 2010. 

Although it was previously regarded as one of the 
safest vaccine containing the live attenuated virus, the 
yellow fever vaccine can induce adverse events after 
immunization, which are classified into three levels: 
mild, moderate and severe.1,27 The frequent record of 
these events has forced the health authorities to be more 
careful before expanding the vaccine coverage, trying to 
establish a favorable balance between the risk of acquiring 
the natural infection and the risk of developing severe 
medical conditions after exposure to the vaccine virus. 

Mass immunization campaigns have been associated 
with the increase in detection of the adverse events post-
immunization.28 During these campaigns, the individuals' 
medical history may not be investigated properly. In 
addition, the vaccine in adults without previous immunity 
can increase the rates of severe events, because the 
risk is greater in the first immunization and appears 
to increase with the age.28,29 In this sense, performing 
campaigns after cases detection may represent an option 
that involves greater risk than the previous expansion 
of vaccine coverage.

The outbreaks occurred in Brazil between 2008 and 
2009 were the first in the country to identify rates of 
neurotropic disease associated to the vaccine, similar to 
cases in the United States of America (0.8 per 100.000 
doses administered), suggesting that the increase in 
the surveillance and more sensitive laboratory tests 
(specifically, real-time PCR for RNA detection of yellow 
fever virus in the cerebrospinal fluid) cooperated 
to detect these events – although the diagnosis of 
neurotropic disease can be conclusive only with the 
presence of specific IgM antibodies to yellow fever in 
the cerebrospinal fluid.29

Finally, in the period analyzed, three yellow fever 
outbreaks took place in São Paulo State with 32 
confirmed cases. Almost all of the cases occurred in 
unvaccinated individuals and none of the cases were 
observed in vaccinated individuals. Even though the 
cases of adverse reaction can be associated with the 
vaccine, this is still the best way to prevent the disease 
and the virus circulation.
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