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Yellow fever, a mosquito-borne flavivirus disease occurs in tropical areas of South America and Africa. It
is a disease of major historical importance, but remains a threat to travelers to and residents of endemic
areas despite the availability of an effective vaccine for nearly 70 years. An important aspect is the recep-
tivity of many non-endemic areas to introduction and spread of yellow fever. This paper reviews the
clinical aspects, pathogenesis, and epidemiology of yellow fever, with an emphasis on recent changes
in the distribution and incidence of the disease. Recent knowledge about yellow fever 17D vaccine
mechanism of action and safety are discussed.
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1. Introduction

Yellow fever (YF) is caused by the prototype member of the
genus Flavivirus (family Flaviviridae), which contains approxi-
mately 70 positive-strand, single-strand RNA viruses, the majority
of which are transmitted by arthropods (mosquitoes and ticks). Yel-
low fever is endemic in tropical regions of Africa and South America,
and many review articles describe its epidemiology in the two con-
tinents [1-3]. A recent analysis of country-by-country geographic
risk re-defined the borders of the YF endemic zone, but emphasized
the fluid nature of virus activity and the occurrence of periodic
expansions and retractions [4]. The virus has a relatively narrow
host range for productive infection, and is maintained in nature
by transmission between non-human primates and blood-feeding
mosquitoes mainly belonging to the genera Haemagogus and Aedes
(Stegomyia) in South America and Africa, respectively, and by
transovarial transmission in these vectors. Humans are infected
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sporadically when bitten by sylvatic mosquitoes that previously
fed on a viremic monkey (so-called jungle yellow fever), but may
also serve as the viremic host for inter-human transmission, mainly
by Aedes aegypti, a species that breeds in water-containing vessels
inside dwellings or in close proximity to them (so-called urban
yellow fever). The epidemiology of YF in Africa is often mixed,
involving both sylvatic and domestic vector species in inter-human
transmission. Consequently, the force of infection in Africa is higher
(generally 20-30x) than in South America, the consequence being
large epidemics. In recent years, new efforts have been made to
vaccinate the populations of high-risk countries in West Africa; the
long-term consequences of this effort will be a reduction in major
epidemics.

Yellow fever was a major threat to human health from the 18th
Century to the early 20th Century, with repeated epidemics follow-
ing introductions to coastal towns and cities distant from endemic
areas in North America, the Caribbean and Europe. The identifi-
cation in 1900 of A. aegypti mosquitoes as the agency whereby
YFV was transmitted, and subsequent efforts to control the vector,
resulted in a decline in yellow fever outside the tropical, endemic
zone. The development of two live, attenuated YF vaccines in the
1930s, and their wide deployment in the 1940s, led to a further
decline of the disease. Subsequently, there have been periodic
upsurges of YF activity in endemic regions without routine immu-
nization programs.
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Fig. 1. Cases of yellow fever in Africa and South America, 1985-2009, officially
notified to the World Health Organization.

The annual reporting rate of officially reported cases in South
America and Africashownin Fig. 1, but these rely on passive surveil-
lance and thus significantly underestimate the true incidence. The
latter remains unknown, except in some discrete epidemics that
have been actively investigated. In non-epidemic periods, esti-
mates 0of 200,000 cases derived from serosurvey data and the rate of
inapparent to apparent cases (7-12:1) have been cited from paper
to paper for over 15 years, without supporting evidence. Since 2008,
more active laboratory-based surveillance activities suggest that, of
several thousand suspect clinical cases in Africa investigated, only
1-2% have laboratory evidence for YF. The World Health Organi-
zation (WHO) appropriately treats the detection of a case of YF as
an emergency, since it reflects transmission of the virus and a risk
of a further spread; if the affected region is an area of low vacci-
nation coverage, a regional mass vaccination campaign is generally
conducted in response. Between 2007 and 2010, 57 million peo-
ple were vaccinated against YF in 10 countries at risk in Africa, and
during the same period, 17 million people were protected through
emergency vaccination [5]. In the 1990s, despite 50 years of use
and over 500 million doses distributed, new safety concerns about
the live attenuated YF 17D vaccine have come to light, revealing
that in rare circumstances the vaccine can cause a disease similar
to parental wild-type virus. This fact has modified vaccine policy
and regulations in some circumstances, as will be discussed later
on.

Despite the availability of vaccines since the 1940s, large
epidemics occurred in areas without a background of naturally
acquired or artificial immunity. Dramatic upsurges in YFV activity
occurred in Africa in the 1960s and the late 1980s each involv-
ing >100,000 cases, and recent outbreaks affected southern Brazil,
Paraguay and Argentina (2007-2009), Uganda (2010), and Sudan
and Ethiopia (2012-2013). Although the absence of an immune
barrier in the human population is a key factor, the underlying
reasons for virus amplification remain unclear, and are multifacto-
rial, involving deterministic (vector density and competence, viral
virulence), and stochastic factors. Expansions of YFV activity have
sometimes been associated with the emergence of a new virus lin-
eage [6], but the lack of information about biological correlates of
genetic change, make it difficult to assign causality. Perturbations
of weather, particularly prolonged increases in rainfall and high
temperatures have been associated with outbreaks of YF in Africa
and South America.

In humans, YF is a severe acute illness with fever, nausea,
vomiting, epigastric pain, hepatitis with jaundice, renal failure,
hemorrhage, shock and death in 20-60% of cases. Yellow fever is
the prototypical viral hemorrhagic fever, and shares many patho-
physiological features with unrelated diseases associated with a
similar syndrome, except that the severity of hepatic dysfunction
is generally greater in YF patients. The lower case fatality in Africa
(~20%) than in South America (40-60%) [7], suggests that genetic
factors determine lethality of the infection, a subject that deserves
further study. Interestingly, the neutralizing antibody response
to YF 17D vaccine is statistically higher in Caucasians than in
African-Americans [8] possibly indicating genetic resistance to YF
in the latter. Some New World monkeys, notably Alouatta (howling
monkeys), are also susceptible to lethal infections, and epizootics
associated with monkey deaths may precede the occurrence of
human cases, a useful surveillance tool [9]. In contrast, almost all
African nonhuman primates have inapparent, viremic infections.
This reflects the origin of yellow fever virus (YFV) in Africa several
thousand years ago, and a balanced co-evolution of virus and hosts.
Based on these factors and genetic analyses, YFV was introduced
into the Americas from West Africa during the slave trade about 400
years ago [10], and rapidly invaded a new ecological niche involv-
ing local hosts and vectors, much like another flavivirus, West Nile,
did after its more recent introduction into the Americas.

A serious concern for the future is whether YFV could be
introduced by a viremic air traveler to A. aegypti-infected areas out-
side the endemic zone, and particularly India and Southeast Asia.
The recent spread of another virus transmitted in a human-Aedes
cycle—Chikungunya—inislands of the Indian Ocean, India, southern
Europe, and the Caribbean illustrates the threat. Although the WHO
maintains an emergency YF 17D vaccine stockpile, an extensive
outbreak could create a significant shortfall in vaccine supply.

2. Advances in epidemiology
2.1. Geographic distribution

2.1.1. Yellow fever outbreaks in the Americas

Beginning in 1997 and extending throughout the years of the
first decade of the present century, intense YFV circulation was
observed in Brazil (Para and Goias states) which has extended to
areas in contiguous states of Goids and Mato Grosso do Sul (Central
Brazil), and then outside endemic region, as well as to countries
such as Paraguay and Argentina, which had not identified YFV cir-
culation for the previous 34 and 41 years, respectively. Additionally,
many outbreaks were reported in Colombia and Peru, both being
endemic countries, the latter being responsible for almost 50% of
all YF cases reported in the Americas [11].

In Paraguay, YF was recognized in 2008 when cases of jungle yel-
low fever were diagnosed in San Izidro and San Pedro Departments.
A few weeks later, a cluster of cases was diagnosed in the district
of Laurelty in the metropolitan area of Asuncién, the Paraguayan
capital. This was only the second instance of urban YF in South
America since the early 1940s. Urban transmission was limited
to 14 recognized cases (8 fatal), though undoubtedly there were
many more people infected. After vector control measures and a
mass vaccination campaign, no further cases were reported. Before
the occurrence of cases, A. aegypti Breteau and house indices were
approximately 30% in the affected area.

In Argentina, 5 jungle YF cases and a single death were reported
in Misiones Province. An interesting finding in this country was
the implication of a new vector, Sabethes albiprivus in yellow fever
transmission [12].

In Brazil, the spread of YF in 2008-2009 was impressive. Initial
cases were reported in State of Para (municipalities of Afua and
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