Viral Hemorrhagic
Fever-Induced Acute Kidney Injury

Emerson Q. Lima, MD, PhD,* and Mauricio L. Nogueira, MD, PhD"

Summary: Viral hemorrhagic fevers (VHFs) are diseases caused by the RNA virus from 4
different families (Flaviridiae, Arenaviridae, Bunyaviridae, and Filoviridae) that are ac-
quired through the bite of an infected arthropod or by the inhalation of particles of rodent
excreta. Among the VHFs, dengue and yellow fever are the most prevalent in tropical regions
worldwide. The clinical presentation is characterized by fever, malaise, increased vascular
permeability, and coagulation defects that can result in bleeding. Acute kidney injury is an
uncommon complication but renal dysfunction has been associated with various VHFs. In this
article we review the renal manifestations of dengue and yellow fever infections.
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iral hemorrhagic fevers (VHFs) are dis-

eases caused by the RNA virus from 4

different families (Flaviridiae, Arena-
viridae, Bunyaviridae, and Filoviridae) that
are acquired through the bite of an infected
arthropod (dengue, Rift Valley yellow fever,
and the Crimean-Congo virus) or by the inhala-
tion of particles of infected rodent excreta
(Lassa, Junin, Machupo, and Hantaan virus)
(Table 1). The natural host and the transmission
route of the Marburg and Ebola virus are un-
known. Although they have some differences,
the clinical picture of VHF is characterized by
fever, malaise, increased vascular permeability,
and coagulation abnormalities that may lead to
bleeding. Even though acute kidney injury
(AKD) is an unusual complication of these dis-
eases, renal dysfunction has been reported in
association with several VHFs.!22 Of the VHFs,
dengue and yellow fever have the greater inci-

*Division of Nephrology, Sao Jose do Rio Preto Medical School, Sao Jose do
Rio Preto, Sao Paulo, Brazil.

fLaboratory of Virology, Division of Infectious Diseases, Sao Jose do Rio
Preto Medical School, Sao Jose do Rio Preto, Sao Paulo, Brazil.

Emerson Q. Lima was supported in part by a grant from Fundagdo de Amparo
a Pesquisa do Estado de Sdo Paulo (FAPESP), Brazil, and Mauricio L.
Nogueira was supported by FAPESP and Conselho Nacional de Desenvolvi-
mento Cientifico e Tecnoldgico grants.

Address reprint requests to Emerson Q. Lima, MD, PhD, Av. Brigadeiro Faria
Lima 5416, Sio Jose do Rio Preto, Sao Paulo, Brazil 15090-000. E-mail:
equintino@uol.com.br

0270-9295/08/$ - see front matter

© 2008 Elsevier Inc. All rights reserved. doi:10.1016/j.semnephrol.2008.04.009

Seminars in Nephrology, Vol 28, No 4, July 2008, pp 409-415

dence in tropical regions and are the objective
of this review.

DENGUE

Dengue is currently the most important human
viral mosquito-borne infection of public health
significance. The main dengue vector is the
female of the Aedes aegypti mosquito. There
are 4 serotypes of the dengue virus (DEN-1 to
DEN-4), a RNA flavivirus. They are closely re-
lated antigenically, but whereas infection with
one serotype produces lifelong immunity to
that serotype, immunity to other serotypes lasts
only a few months.?32¢

Approximately half of the world’s population
lives in areas potentially at risk for dengue—
tropical and subtropical regions around the
world—and up to 100 million cases are esti-
mated to occur annually.?32° Because travelers
to endemic areas are at risk of acquiring the
disease, health professionals of regions not af-
fected by dengue must be aware of its clinical
picture, diagnosis, complications, and adequate
treatment.

After the mosquito bite, there is an incuba-
tion period of 7 to 10 days, followed by a
viremic phase, when the patient becomes fe-
brile. The infection by the dengue virus may be
asymptomatic or trigger an unspecific febrile
disease, dengue fever, dengue hemorrhagic fe-
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Table 1. Viral Hemorrhagic Fevers of Major Interest

Virus Family Genus

Geographic Distribution

Flaviviridae Dengue virus All tropical regions
YF virus Africa, South America
Arenaviridae Lassa virus Western Africa
Junin virus Argentina
Machupo virus Bolivia
Guaranito virus Venezuela
Bunyaviridae  Rift Valley fever virus Sub-Saharan Africa
Crimean-Congo hemorrhagic fever virus  Africa, Asia, Middle East, Eastern Europe
Hantaan virus Eurasia
Filoviridae Ebola virus Central Africa

Marburg virus

Central Africa

ver (DHF), or dengue shock syndrome (DSS)
(Table 2). The clinical picture depends on the
patient’s age and, usually, young children have
unspecific fever followed by maculopapular
rash. Adolescents and adults usually present the
classic dengue symptoms such as fever, head-
ache, retroocular pain, myalgia, arthralgia, nau-
sea, vomiting, and skin rash. Leukopenia, rela-
tive lymphocytosis, thrombocytopenia, and an
increase of liver enzyme levels may be ob-
served. DHF is a severe form of the disease
characterized by a high fever lasting 2 to 7 days,
hemorrhagic phenomena, thrombocytopenia,
and evidence of plasma leakage (increased he-
matocrit level, pleural effusion, ascites, and hy-
poalbuminemia). DHF usually occurs in second-
ary dengue infections, although it may follow
primary infections, particularly in infants.?> In
southeast Asia DHF affects predominantly chil-
dren, whereas in North and South America all
age groups are involved.?32427 In the end stage
of the febrile period, some patients present
severe plasma leakage and shock (DSS). Patients
with DSS have a high mortality rate (up to 40%)
if not treated promptly and adequately.

The diagnosis of dengue may be confirmed by
isolating the virus in serum; serology to detect
antidengue antibodies; detection of the virus in
the tissue, serum, or cerebrospinal fluid by immu-
nohistochemistry; immunofluorescence; or en-
zyme-linked immunosorbent assay. The diagnosis
also may be performed by the detection of viral
RNA by reverse-transcription polymerase chain

reaction (RT-PCR). When the patient is examined
at the onset of fever, diagnosis may be performed
only by the detection of the virus, RNA, or viral
proteins in the blood. Serologic diagnosis will be
positive only once there is no longer fever. On the
other hand, patients with DHF/DSS, in whom
symptoms of increased vascular permeability are
observed only after there is no longer fever, the
serology for dengue (IgM) will be positive
whereas RT-PCR may be negative.

The differential diagnosis for dengue and DHF
includes other virus diseases (human immunode-
ficiency virus, hantavirus, measles, rubella, en-
teroviruses, influenza, hepatitis, Chikungunya vi-
rus, yellow fever, and other viral hemorrhagic
fevers), bacterial (leptospirosis, meningococce-
mia, scarlet fever, and typhoid fever), parasitic
diseases (malaria), as well as autoimmune disor-
ders (polymyositis, dermatomyositis, and vasculi-
tis).2*2> In particular, leptospirosis and Hantavirus
infection may mimic DHF in almost all aspects,
including renal injury and renal histology. How-
ever, infection by Hantavirus with hemorrhagic
manifestations and/or renal abnormalities (hemor-
rhagic fever with renal syndrome and epidemic
nephropathy) are very rare in tropical regions. In
North and South America, Hantavirus infection is
the cause of human pulmonary syndrome, a flu-
like disease with pulmonary edema and hypoten-
sion. In this case, AKI is secondary to respiratory
failure and shock.

Severe dengue infections, particularly DHF
and DSS, may give rise to several organ dysfunc-
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Table 2. World Health Organization Definition of Dengue Infection

Dengue fever

Acute febrile illness with 2 or more of the following:

Headache
Retro-orbital pain
Myalgia
Rash
Hemorrhagic manifestations
Leukopenia

Dengue hemorrhagic fever

All of the following must be present:

Fever, lasting 2 to 7 days, occasionally biphasic

Hemorrhagic manifestations with at least one of the following:

Positive tourniquet test,
Petechiae, ecchymoses, or purpura

Bleeding from mucosa, gastrointestinal tract, injection sites, or other locations

Hematemesis or melena
Thrombocytopenia (=100,000/mm?3)

Evidence of plasma leakage manifested by at least one of the following:
Increase in the hematocrit level '20% for age, sex, and population
Decrease in the hematocrit after volume replacement =20% of baseline
Signs of plasma leakage such as pleural effusion, ascites, and hypoproteinemia

Dengue shock syndrome
Criteria for DHF associated with:
Tachycardia
Pulse pressure <20 mm Hg
Hypotension for age
Cold skin and restlessness
Laboratory criteria confirmation
At least one of the following:

Isolation of the dengue virus from serum or autopsy samples

=4-fold change in IgG or IgM antibody specific to dengue virus

Detection of dengue virus in tissue, serum, or cerebrospinal fluid by immunohistochemistry,
immunofluorescence, or enzyme-linked immunosorbent assay

Data from World Health Organization.>>

tions such as liver failure, encephalopathy,
myocarditis, and AKI. AKI is an unusual com-
plication of dengue, usually associated with hy-
potension, rhabdomyolysis, or hemolysis. Renal
injury comprising creatinine increase, protein-
uria, glomerulonephritis, AKI, and hemolytic
uremic syndrome has been reported in dengue
patients.!17

Tanphaichitr et al® found one case of “tran-
sient azotemia” and one case of “acute renal
shutdown” among 17 patients with DHF and
G-6-PD deficiency. Mendez and Gonzalez?
found a 1.6% rate of acute renal failure (ARF)
among 617 children with DHF in Colombia.

More recently, Lee et al'! reported a 4.9% rate
of ARF in 81 Chinese patients suffering from
DHF/DSS, and Abboud!? reported a 5% rate of
ARF in DHF. Wiwanitkit!? revised the literature
concerning fatal cases of DHF in Thailand, find-
ing 51 fatalities in a total of 6,154 DHF cases.
Among these patients 17 had AKI, yielding a
rate of 33.3% of AKI in the patients who died
and a rate of 0.3% of AKI for all DHF cases.
Khan et al'® described the outcome of 91 hos-
pitalized patients with dengue in Saudi Arabia.
Two patients (2.2%) presented with AKI at ad-
mission, with recovery of renal function during
hospitalization. Besides these series of patients



412

E.Q. Lima and M.L. Nogueira

there were 8 cases of AKI reported in patients
with dengue fever®+51415 and 6 cases reported
in patients with DHF or DSS.72-10.1617.19 The
mortality rate was very high among these pa-
tients (38%).

Dengue virus also may cause a direct renal
injury in the absence of hypotension, rhabdo-
myolysis, hemolysis, or the use of nephrotoxic
drugs.!” In a consistent way, Futrakul et al!
reported a 71% rate of albuminuria, a 12.5% rate
of hematuria, and an 82% rate of low C3 in DHF
patients. The same group performed renal bi-
opsies in 20 children with DHF and proteinuria,
hematuria, or both (18 of them presented pro-
teinuria, ranging from traces to 3+). All biopsy
specimens showed glomerular changes charac-
terized by hypertrophy and hyperplasia of mes-
angial and endothelial cells, the presence of
monocyte-like cells in some of the glomerular
capillary lumen, and focal thickening of the
glomerular basement membrane. Immunocom-
plexes (gG, IgM, or both, and C3) were found
at glomeruli and arterioles in 10 patients under-
going a biopsy 2 weeks after the onset of symp-
toms. Dense, spheric particles were found in
the 12 patients in whom electronic microscopy
was performed. The investigators hypothesized
that these particles might be nucleocapsid
cores of dengue virions.? Actually, Jessie et al*®
showed the presence of viral antigens in the
renal tubular cells of DHF and DSS patients.
Horvath et al®® also reported a 74% rate of
proteinuria during a dengue-3 epidemic in Aus-
tralia, including a patient with nephrotic syn-
drome (proteinuria, 10.8 g/24 h). More evi-
dence that the dengue virus can induce
glomerulopathy comes from 2 studies in which
dengue virus type 2 was inoculated in mice. In
the first study, diffuse proliferative glomerular
injury was seen 14 days after the inoculation.?®
In the second study, there was enlarged glomer-
ular volume, increased endocapillary and mes-
angial cellularity, and glomerular IgM deposi-
tion 48 hours after virus inoculation.3!

The autoimmune-mediated mechanisms likely
involved in the pathogenesis of DHF also might
be related to the renal injury observed.!-2>27:32.33

The severity of dengue is related to immune
activation markers (interleukin [IL]-6 and IL-8,
tumor necrosis factor [TNF] «, interferon vy, and

complement), platelet function, dendritic cells,
monocytes, and T-lymphocyte abnormalities.
IL-2, TNF-a, and interferon y might increase
vascular permeability in patients with DHF.2°
Endothelial dysfunction also could be induced
by cross-reactivity between the antidengue
nonstructural protein 1 and host proteins and
endothelial cells.3* Dengue nonstructural pro-
tein 1 activates the complement by the alterna-
tive route, a mechanism that could explain the
complement consumption observed in patients
with DHF and AKI.3® Decreased T-cell response
and immunosuppression-induced IL-2 genera-
tion in kidney transplant patients may explain
the few reports of DHF in this population.®3¢
Management of dengue is symptomatic be-
cause there is no specific drug to treat dengue
virus. Maintenance of hydration is the major
concern in the treatment of these patients.
Acetaminophen might be used to treat fever.
Aspirin should not be used because of the high
risk of Reye’s syndrome and bleeding. Patients
with signs of dehydration or bleeding should be
hospitalized to reduce the risks of complica-
tions and death related to the dengue virus.

YELLOW FEVER

Yellow fever (YF) is a noncontagious infectious
disease and it is endemic in tropical Africa,
South America, and Panama. In Africa, the larg-
est number of cases is observed in Nigeria. In
South America, there are numerous cases in
Brazil, Peru, and Bolivia. The YF virus is the
prototype of the Flavivirus genus (Flaviviri-
dae family), which includes approximately 70
viruses, most of them arboviruses.373°

YF is transmitted to human beings by blood-
eating insect bites of the Culicidae family, es-
pecially by the Aedes and Haemagogus gen-
era.’® There are 2 cycles, a sylvatic cycle and an
urban cycle. The sylvatic cycle affects occa-
sional visitors in economic or recreational ac-
tivities who go into the forest and are in contact
with the vectors. The urban cycle is carried by
Aedes aegypti and involves the virus transmis-
sion to people in urban areas by the vector. In
North and South America the urban cycle was
extinguished in the 1940s and 1950s, although
the resurgence of this cycle was documented
recently in Bolivia.“># The migration of in-
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fected individuals during the viremic period
from the jungle to cities with a high density of
the vector can trigger explosive urban epidem-
ics and affect thousands of people among the
nonvaccinated population.37:45

There is no evidence of YF in Asia, despite an
extensive spread of vectors. It is believed that
the hyperendemicity of dengue in southwest
Asia has protected this population by the cross-
reaction of antibodies. This mechanism also
might explain the lack of re-emergence of the
urban YF in Brazil after the re-introduction of
the Aedes vector and the occurrence of a large
number of cases of dengue in the past 20
years.>8

Clinically, YF virus infection might be asymp-
tomatic, cause acute or moderate febrile dis-
ease, or be severe, causing hemorrhagic fever,
liver and renal failure, and death.3® The disease
symptoms are characterized by high fever, mal-
aise, headache, muscular pain, tiredness, and
chills. After 3 to 4 days, most patients (85%) are
fully recovered and permanently immunized
against the disease. About 20% of the patients
infected with the YF virus develop the severe
form, with hemorrhagic fever, liver and renal
failure, and death in 50% of patients.3738:40

The disease incubation period ranges from 3 to
6 days. Its clinical picture starts abruptly with
fever, chills, anorexia, myalgia, headache, vomit-
ing, and bradycardia. There is concomitant vire-
mia, and hemorrhagic manifestations, such as ep-
istaxis, may occur. Then there is a remission
period with symptom improvement. Mild cases
do not have any further manifestation.384° In the
hemorrhagic form fever comes back, followed by
vomiting, epigastralgia, and jaundice. This is
called the intoxication phase. Laboratory tests
show important transaminases and bilirubin in-
creases (bilirubin levels may be >200 umol/L).
Aspartate aminotransferase levels usually are
greater than alanine aminotransferase levels, indi-
cating damage of skeletal and cardiac muscula-
ture.® Hemorrhagic events such as hematemesis,
melena, petechiae, bruises, mucosa bleeding, and
metrorrhagia in women may occur. The genesis
of coagulation disorders are multifactorial, caused
by reduction of the synthesis of vitamin-K- depen-
dent coagulation factors caused by hepatic dam-
age and consumptive coagulopathy.’® Microthrom-

bosis, disseminated intravascular coagulation,
tissue anoxia, oliguria, and shock may occur.
These events are related to changes in TNF-a and
other cytokine levels.3*% Leukopenia and S-T seg-
ment abnormalities also are found. The picture
might evolve into dehydration, oliguria, and albu-
minuria. The worsening of jaundice, hyperten-
sion, hypothermia, tachycardia, azotemia, and
coma precede death. The lethality of these cases
reaches 50%.373%:46

YF diagnosis is performed by serum IgM in-
vestigation, viral isolation in insect or mammal
cells, and by molecular methods such as RT-
PCR.3%4047 The most significant pathologic
finding of YF is liver injury with formation of
Councilman’s corpuscles, which are typical
markers of apoptosis and are different from the
necrosis found in viral hepatitis. Both viral RNA
and antigens are found in these cells, suggesting
a direct action of the virus. Liver cells support
YF replication in vitro and apoptosis is frequent
in this system. In case of recovery there is no
liver fibrosis.38:46,48,49

Renal manifestations of YF are common in
the severe forms. Renal dysfunction usually is
observed after 5 days of disease and manifests
as urinary volume decrease. The presence of
urinary volume less than 500 mL/24 hours is a
frequent finding even with adequate hydra-
tion.?* The patient might evolve with anuria
and acute tubular necrosis. Mortality is in-
creased in this period. In African patients AKI
often is observed sooner and in the absence of
jaundice or liver abnormalities. This group has
higher and earlier mortality.>*>° The mecha-
nisms of kidney injury are poorly known. Ex-
perimental studies in Rhesus monkeys per-
formed in the 1980s account for most of our
understanding of the pathogenesis of YF.3%48 In
this model, renal disorder seems to be prerenal
until the last 24 hours of life of the animal. In
the terminal phase, marked oliguria occurs, fol-
lowed by azotemia, proteinemia, acidosis, and
cylindruria. Severe tubular necrosis is observed
at necroscopy. 851

In human beings, the microscopy of cases of
YF indicates an eosinophilic degeneration of
the epithelium without the presence of inflam-
matory tubular cells.3®4%5! Viral antigens are
identified in renal epithelium and the virus has
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been also isolated from renal tissue in patients
with viscerotropic disease caused by the vac-
cine.>>33 These data, as well as the identifica-
tion of viral antigens in the glomeruli 2 to 3 days
after experimental infection in monkeys, sug-
gest that the virus has a direct action on renal
tissue.8 In fact, in a murine model, renal tissue
abnormalities are observed as early as the first
day of infection.>*

In summary, little is known about the role of
the virus and its relationship with the host in
the genesis of AKI secondary to YF. Although
YF is one of the most common hemorrhagic
fevers worldwide, scarce attention has been
given to this disease. A better understanding of
the systemic abnormalities induced by this viral
disease is essential to provide a more effective
approach to patient care.
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