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Yellow fever, the prototype viral haemorrhagic fever, is an acute 
infection characterized by hepatitis, renal failure, cardiovascular 
collapse and bleeding. The causative agent, a mosquito-borne 
RNA virus belonging to the family Flaviviridae, is related to the 
viruses that cause dengue and Japanese encephalitis. Yellow fever 
was a significant problem until the early 20th century, and remains 
endemic and epidemic in tropical regions of South America and 
Africa. The virus is not found in Asia. Recurrent epidemics in 
Africa reflect inadequate immunization programmes. Mortality 
is high (20–50%).

Epidemiology

In 1990–1999, 11,297 cases of yellow fever and 2648 deaths were 
officially reported to the WHO; 9358 cases (83%) occurred in 
Africa. The largest number was reported from Nigeria, which 
sustained a series of epidemics between 1986 and 1994. In 1992, 
the disease was reported in East Africa (Kenya) for the first time 
in 26 years. Since 2000, notable outbreaks of yellow fever have 
occurred in Guinea, Sierra Leone, Liberia and Burkina Faso.
 In South America, yellow fever occurs in the Amazon region 
and contiguous areas, and intermittently on the island of Trinidad. 
Between 1990 and 1999, 1939 cases and 941 deaths were officially 
reported; the average was about 200 cases per year. In 2000 and 
2001, only 152 cases were reported. It should be emphasized that 
yellow fever is under-reported, and that the number of cases in 
Africa and South America may be as high as 200,000 per year.
 In 1996–2002, there were five fatal cases of yellow fever in 
unvaccinated travellers from the USA and Europe, to Brazil (three 
cases), Venezuela and Côte d’Ivoire.

Transmission

Yellow fever is mainly a zoonosis transmitted between tree-hole-
breeding mosquitoes and monkeys in the forests of Africa and 
South America, but urban transmission also occurs.
 Jungle yellow fever – in South America, sporadic cases of 
jungle yellow fever occur principally in young adult males who 
have been bitten by mosquitoes while clearing the forest. In the 
rainforest zone of Africa, the epidemiology is similar to that in 
South America. In the savannah, however, where the density of 
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tree-hole-breeding Aedes (Stegomyia) mosquitoes is high during 
the rainy season, humans may be the intermediate host. In these 
circumstances, explosive epidemics occur. Up to 80% of patients 
are children, because of cumulative immunity to yellow fever with 
age, and possibly cross-immunity following infection with other 
flaviviruses.
 Urban yellow fever results from transmission of the virus in 
densely populated areas by A. aegypti, a domestic mosquito that 
breeds principally in man-made water containers. In West Africa, 
A. aegypti-borne epidemics are common. In the Americas, urban 
yellow fever disappeared by 1954 following efforts to eradicate 
A. aegypti; however, the mosquito re-invaded South America in 
the 1970s and is now widespread.

Pathology and pathogenesis

After inoculation by mosquito bite, the virus replicates in draining 
lymph nodes. The ensuing viraemia seeds the main target organs 
(Figure 1). Liver cells are injured as a direct result of virus replica-
tion; little inflammatory response is evident. The liver pathology 
is unique; necrosis and eosinophilic degeneration (Councilman 
bodies), probably reflecting apoptosis, occur in the mid-zone 
(Figure 2). Hepatocytes around the central veins and portal areas 
are spared.
 Post-mortem examination of the kidneys reveals acute tubular 
necrosis. The myocardium shows focal necrosis, and damage may 
contribute to circulatory failure. Haemorrhage occurs as a result 
of reduced synthesis of clotting factors by the liver; disseminated 
intravascular coagulation (DIC) and abnormal platelet function 
may be contributory factors. Cerebral oedema explains the late 
encephalopathic signs. The mediators of shock have not been 
identified.

Clinical features

The spectrum of illness in yellow fever is variable, ranging from 
nonspecific febrile disease, which cannot be diagnosed without 
virological tests, to severe infection characterized by liver and 
kidney failure, shock and haemorrhage.
 Severe (classical) infection – after an incubation period of 
3–6 days, the onset of illness is sudden, with fever, chills, head-
ache, myalgia, lumbosacral pain and nausea. This influenza-like 
syndrome may last several days, during which virus is present in 
the blood and the patient is a source of infection for mosquitoes. 
Examination reveals only fever, injection of the conjunctivae, red-

What’s new ?

• Rare, life-threatening vaccine-associated viscerotropic 
adverse events characterized by multi-organ failure 
(resembling natural yellow fever infection) have come to 
light in the last 5 years

• Thymic disease and thymectomy are risk factors for 
viscerotropic adverse events and are contraindications 
to vaccination
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ness of the tongue along the edges, and relative bradycardia. The 
disease may remit briefly, but patients subsequently relapse with 
increasing fever, toxicity, vomiting, abdominal pain, dehydration, 
jaundice, oliguria, albuminuria, hypotension and haemorrhage, 
particularly haematemesis. In fatal cases, shock, stupor, coma 
and convulsions precede death, which occurs during the second 
week.
 Clinical laboratory findings include:
• neutropenia and thrombocytopenia
• proteinuria
• elevated serum aminotransferases (aspartate aminotransferase 

typically exceeds alanine aminotransferase)
• elevated bilirubin and creatinine
• prolonged prothrombin and partial thromboplastin times.

Diagnosis

It is not difficult to diagnose yellow fever during an epidemic of 
fulminant hepatitis, but sporadic cases in residents or travellers 
are more difficult. Yellow fever may be confused with fulminant 
viral hepatitis, leptospirosis, severe malaria, typhoid fever, dengue 
haemorrhagic fever, Rift Valley fever, Crimean–Congo haemor-
rhagic fever or Ebola virus disease. A careful history of vaccination 
and potential exposure helps in diagnosis. Areas reporting yellow 
fever are listed in the WHO Weekly epidemiologic record. Surveil-
lance is rudimentary, however, and published sources do not give 
an accurate assessment of geographical risk.
 Investigations – during the first few days of illness, detection of 
virus in serum by enzyme-linked immunosorbent assay (ELISA) or 
polymerase chain reaction analysis can provide a rapid diagnosis. 
Virus can also be cultured from serum. Towards the end of the 
first week, IgM antibodies are detectable by ELISA. Serological 
tests (including ELISA, immunofluorescence, haemagglutination–
inhibition, neutralization) show that antibody titres are greater 
in convalescent than in acute sera. Tests are available only in 
reference laboratories, and national health authorities should be 
consulted regarding collection and shipment of specimens.
 Serological surveys to define the prevalence of yellow fever 
may be complicated by the fact that available tests (including 
ELISA) do not distinguish between antibodies elicited by yellow 
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2 The unique histological appearances of yellow fever in the liver. 

a Councilman bodies. These are small, round or oval, hyalinous, 

acidophilic inclusions in the cytoplasm, believed to represent 

apoptopic liver cells. b Severe mid-zonal necrosis.
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fever vaccine and those by infection with the virulent wild-type 
virus. An exception may be the complement fixation test, which is 
diagnostic for recent infection with wild-type virus. Cross-reactions 
between yellow fever and other flaviviruses also complicate sur-
veys and diagnostic serology, particularly in areas where multiple 
flaviviruses co-circulate. For these reasons, tests with multiple 
antigens and neutralization tests (which are most specific) may 
be required to establish the aetiology of infection.

Management

Management of yellow fever is supportive. Patients who are 
severely ill require intensive attention to fluid, electrolytes and 
acid–base balance, and treatment of hypotension and shock. The 
gastric mucosa should be protected, using H2-blockers or proton 
pump inhibitors. Established guidelines for patients with fulminant 
viral hepatitis may be followed. Patients with haemorrhage may 
require fresh blood or fresh frozen plasma. It has been suggested 
that heparin therapy should be used in patients with suspected 
DIC, but data are insufficient to warrant a clear recommendation. 
Haemodialysis has been useful in patients with renal failure. 
There are no data on treatment with corticosteroids. Interferon 
and antiviral drugs (e.g. ribavirin) are not useful after the onset 
of symptoms.

Prognosis

Of patients who are jaundiced as a result of yellow fever, 20–50% 
die, usually 6–9 days after onset. A poor prognosis is indicated 
by:
• early appearance and deepening of jaundice
• markedly elevated serum aminotransferase
• increased prothrombin time
• severe haemorrhage.
Few patients survive shock and coma. Survivors recover rapidly 
from the acute intoxication, but may experience weakness and 
fatigue for several weeks. Bacterial pneumonia and parotitis may 
complicate recovery. Patients may survive the acute hepatitis, only 
to succumb to the late complications of renal tubular necrosis. 
Patients who survive acute hepatitis exhibit complete regeneration 
of the liver without post-necrotic fibrosis.

Immunization

Yellow fever 17D is a live attenuated vaccine produced in chicken 
embryos. Over the last 50 years, more than 400 million doses have 
been administered. Re-immunization is required every 10 years 
to maintain a valid international vaccination certificate; however, 
effective immunity is probably lifelong. The vaccine is given as 
a single 0.5 ml subcutaneous injection; 99–100% of immunized 
individuals develop neutralizing antibodies after vaccination. 
Immunity is present by 10 days after vaccination. Although routine 
childhood yellow fever vaccinations are performed in some coun-
tries, the continued presence of the disease, particularly in Africa, 
reflects under-utilization of vaccine and low coverage.
 Yellow fever vaccine may be administered simultaneously 
with other travellers’ vaccines, including hepatitis A, hepatitis B, 
poliomyelitis, measles, diphtheria/pertussis/tetanus, typhoid and 
oral cholera vaccine.

 Yellow fever vaccine is a live vaccine, so theoretically should not 
be given to pregnant women or to immunosuppressed individuals. 
A single fatal adverse reaction (encephalitis) has been reported 
in an immunosuppressed individual with HIV/AIDS. In the USA, 
current recommendations indicate that HIV-infected individuals 
without AIDS who are at risk of exposure to yellow fever should 
be immunized; in the UK, the Department of Health recommends 
that yellow fever vaccine should not be given to HIV-positive 
individuals. Yellow fever vaccine has been administered safely to 
individuals taking low doses of corticosteroids.
 Side-effects (injection site reactions, fever, malaise, headache) 
are mild and occur in a minority of vaccinees within the first 
few days after inoculation. Individuals who are allergic to eggs 
must undergo skin testing with the vaccine before immunization. 
Infants under 6 months of age are at risk of yellow fever vaccine-
associated neurotropic adverse events (YEL-AND) and should 
not be immunized. Unless exposure to yellow fever is likely, 
vaccinations should be delayed until 9 months of age. YEL-AND 
is seldom seen in adults, and is characterized by self-limiting 
meningoencephalitis or, occasionally, allergic phenomena such 
as Guillain–Barré syndrome.
 A rare, potentially fatal adverse event described in Brazil, the 
USA, Australia and Europe is characterized by a multisystem illness 
beginning within a few days of vaccination and closely mimicking 
infection with wild-type yellow fever virus. The syndrome, termed 
‘yellow-fever vaccine-associated viscerotropic adverse events’ 
(YEL-AVD), has an incidence of about 2.5 cases per million vaccin-
ations. Severe adverse events with yellow fever vaccine, including 
YEL-AVD, appear to be more common in elderly patients and in 
those who have undergone thymectomy. 
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