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Editorial

Challenges in the control and
treatment of yellow fever in Brazil

Flaviviridae , transmitted by mosquitoes of the genera Haemagogus

and Sabethes (wild-type yellow fever), as well as by those of the genus
Aedes (urban-type yellow fever). The virus was probably brought from the
African continent to the Americas in the sixteenth century, on slave ships,
together with the vector of the urban form, Aedes aegypti. In the nineteenth
century and early twentieth century, several yellow fever epidemics occurred
in Brazil, most notably a highly lethal epidemic that occurred in the city of
Rio de Janeiro. In 1901, Emilio Ribas, then Director of the Sio Paulo State
Department of Health, wrote the first work on the subject in Brazil, entit-
led “The mosquito considered an agent of the spread of yellow fever”, and
recommended that the public “avoid allowing water to stagnate”. In 1903,
Oswaldo Cruz, a public health physician, was appointed director general of
the National Public Health Institute (now the National Ministry of Health)
and led several campaigns to eradicate Aedes aegypti in the states of Rio de
Janeiro, Sao Paulo, and Minas Gerais.!” At that time, yellow fever was an
urban disease. Although other outbreaks followed, the campaigns of Emilio
Ribas and Oswaldo Cruz, together with the development of the yellow fever
vaccine in 1937, epidemics of urban yellow fever were controlled, the last
case occurring in the state of Acre, Brazil, in 1942.

Over the past 20 years, several outbreaks of wild yellow fever have oc-
curred in southern and southeastern Brazil. Municipal, state, and federal
public health authorities have underestimated the magnitude of those out-
breaks, which have intensified, extending to populated regions and resulting
in the deaths of hundreds to thousands of monkeys. At the end of 2016, the
epidemic began to intensify even further, especially in the states of Minas
Gerais, Sio Paulo, and Rio de Janeiro. The deaths of monkeys serve as sen-
tinel events, indicating that the virus is circulating in a given region. The
objective of monitoring epizootics in nonhuman primates is to detect the
circulation of the virus early in the enzootic cycle and to initiate measures
for the prevention and control of yellow fever outbreaks. According to the
dates and locations of the monkey deaths was constructed an epidemiolog-
ical model that describes the direction, speed, and likely pathways of the
spread of the disease.”’ Coming from the region known as the Tridngulo
Mineiro, located in the western part of the state of Minas Gerais, the virus
traveled an average of 0.9 km per day towards the coast of Sao Paulo, car-
ried by mosquitoes, marmosets, and black capuchin monkeys. By January
2018, the virus had moved from north to south at rates of 2.7 km per day
in the warmer months and 0.5 km per day in the cooler months.? In the
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first months of 2018, extensive efforts were made to expand vaccination in
the areas designated as high-risk, where the disease is concentrated in non-
human primates.

The epidemics of yellow fever are directly related to climate change and
changes in social structure. High temperatures and high humidity increase
the voracity of the female mosquito for blood (from monkeys and eventu-
ally from humans), in order to ensure successful oviposition. Deforestation,
natural disasters, and anthropogenic disasters, resulting in population dis-
placements to areas near forests, increase the possibility of human-mosquito
contact, as do environmental imbalances.

After the infected mosquito bites, the yellow fever virus spreads to den-
dritic cells, to regional lymph nodes, and subsequently throughout the en-
tire body. Entry into the cell occurs through binding of the viral E protein
to the cell membrane. The E protein can be detected by monoclonal an-
tibodies, as can nonstructural proteins such as NS1, which binds to the
membrane of the infected cell. The organ most often affected by yellow
fever is the liver, followed by the kidneys, spleen, heart, and brain. In severe
cases, hepatic necrosis caused by coagulation is characterized by widespread
destruction of hepatocytes, probably by apoptosis.”)

The incubation period of yellow fever is 3—6 days. The majority of cas-
es are asymptomatic or mildly symptomatic; approximately 20% evolve to
the severe forms, with jaundice. Among patients with severe yellow fever,
mortality ranges from 20% to 60%. Early diagnosis is quite important.
Although molecular biology techniques -detection of the viral genome by
polymerase chain reaction or detection of viral antigens - are feasible, they
are not available in most emergency departments. From the fifth day of
infection, infected individuals test positive for antibodies against the yellow
fever virus, although antibody titers are less sensitive because they can cross
with those against other flaviviruses and vaccine-related antibodies.

There is as yet no specific treatment for yellow fever. Patients with severe
forms are admitted to the intensive care unit for monitoring, volume resus-
citation, and replacement of coagulation factors, which are reduced in se-
vere liver failure. In such cases, the treatment of last resort is liver transplan-
tation. Recently, liver transplants have been performed in specialized liver
transplantation centers in the southeastern region of Brazil, mainly in the
city of Sao Paulo. Although the results have not yet been consolidated, those
valiant efforts have undoubtedly saved many lives. Antiviral agents with
anti-flavivirus activity, such as sofosbuvir, could be a therapeutic alternative
for patients with yellow fever. In a recent study, Freitas et al.®’ demonstrat-
ed, in vitro, that sofosbuvir binds to conserved amino acid residues in the
NS5 RNA-dependent RNA-polymerase of the yellow fever virus, inhibiting
viral replication in human hepatocytes and decreasing mortality in animal
models.

The yellow fever vaccine is highly effective in preventing the disease. As
previously discussed, the yellow fever virus is endemic to tropical and subtrop-
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Organization recommends administering a standard dose of the vaccine, stat-
ing that the standard dose is sufficient to ensure immunity and lifelong pro-
tection for travelers to endemic areas. In January 2018, the World Health
Organization declared the state of Sao Paulo a high-risk area for yellow fever
and recommended vaccination for all international travelers passing through
the state.) Since January 2018, 10 travel-related cases of yellow fever, includ-
ing four deaths, have been reported in international travelers returning from
Brazil. None of the 10 travelers had received yellow fever vaccination.®

With the advance of the epidemic to areas of high population density in
Brazil, a large number of doses were required and were not available in the
short term. Therefore, the use of a fractional dose was adopted as an alter-
native means of containing the epidemic. A fractional (0.1 mL) dose of the
yellow fever vaccine, corresponding to one fifth of the total dose, was used
in the epidemic that occurred in Angola and the Democratic Republic of
Congo in 2016. In 2018, Ahuka-Mundeke et al.© evaluated the immune
response to that fractional dose of the vaccine in children over 2 years of age
and nonpregnant adults. The authors concluded that the fractional dose was
effective in inducing seroconversion in individuals who were seronegative
prior to administration of the vaccine. The proportion of individuals under-
going seroconversion (98%; 95% CI: 96-99) was similar to the > 98% pre-
viously reported for those who received the full dose. To date, there are no
conclusive studies on the timing of immunity maintenance in individuals
who took the fractional vaccine and also the immune response in children
under the age of 2 years, in pregnant, immunocompromised, and elderly
individuals. The incidence of serious adverse events related to the use of the
fractional dose is calculated at 0.5 events per 100,000 doses, similar to that
calculated for the use of the full dose.

We have learned much from the current epidemic of yellow fever. Major
advances in the identification of new therapeutic alternatives and preventive
measures are being evaluated. Although wild-type yellow fever can not be
eradicated by immunization, because nonhuman primates serve as a natural
reservoir in the forest, it will be possible to control the current outbreak with
ample vaccination coverage.
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