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Abstract

In this 2-part review, | will focus on emerging virus infections of the central nervous system (CNS).
Part 1 will introduce the basic features of emerging infections, including their definition,
epidemiology, and the frequency of CNS involvement. Important mechanisms of emergence will be
reviewed, including viruses spreading into new host ranges as exemplified by West Nile virus
(WNV), Japanese encephalitis (JE) virus, Toscana virus, and enterovirus 71 (EV71). Emerging
infections also result from opportunistic spread of viruses into known niches, often resulting from
attenuated host resistance to infection. This process is exemplified by transplant-associated cases of
viral CNS infection caused by WNV, rabies virus, lymphocytic choriomeningitis, and lymphocytic
choriomeningitis—like viruses and by the syndrome of human herpesvirus 6 (HHV6)-associated
posttransplantation acute limbic encephalitis. The second part of this review begins with a discussion
of JC virus and the occurrence of progressive multifocal leukoencephalopathy in association with
novel immunomodulatory therapies and then continues with an overview of the risk of infection
introduced by imported animals (eg, monkeypox virus) and examples of emerging diseases caused
by enhanced competence of viruses for vectors and the spread of vectors (eg, chikungunya virus)
and then concludes with examples of novel viruses causing CNS infection as exemplified by Nipah
and Hendra viruses and bat lyssaviruses.

Emerging viral infections can be defined as diseases that have infected new hosts, have spread
into new geographic ranges, have altered characteristics of their pathogenesis, or are caused
by agents not previously recognized as pathogenic.1 The number of emerging infectious
diseases (EIDs) and the magnitude of their threat to global health is increasing.2 In a review
of risk factors for human disease emergence, Taylor and colleagues3 identified 1415 species
of infectious organisms known to be pathogenic to humans. Of this group, 175 organisms were
considered to be emerging, and by far the largest taxonomic group of emerging pathogens were
viruses and prions, which accounted for 77 (44%) of the total.3 It appears that among taxonomic
divisions of microorganisms, the highest relative risk for emergence is among viruses.
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Of the EID viruses identified by Taylor et al,3 approximately 80% had a primary nonhuman
animal source (“zoonotic™). Among pathogens at large, it has been suggested that the majority
of EID events (60%) are also caused by zoonotic pathogens.2 This strongly suggests that factors
that enhance contact between humans and animals, particularly wild animals, are significant
risk factors for EIDs generally and viral EIDs particularly. Similarly, approximately 40% of
the viral zoo-notic EIDs are vectorborne,2:3 suggesting that increased human exposure to
mosquitoes and other common arthropod vectors is another major factor in disease emergence.
Climate change and climatic anomalies, including global warming, are likely key drivers in
expanding vector ranges and thereby enhancing opportunities for vector-human contact.4 In
addition to these pathogen-related factors, a number of host factors are likely to play a key role
in EIDs. One of the most frequently cited is the increased susceptibility of humans to infection,
resulting in substantial part from the human immunodeficiency virus/AIDS pandemic and to
a lesser degree, from immunosuppression resulting from cancer chemotherapy, antirejection
regimens in transplant recipients, and drugs used to treat autoimmune and immune-mediated
disorders.

Emerging infections are often thought of as occurring predominantly in exotic geographical
areas. Arecent analysis contradicts this view and instead suggests that the highest concentration
of EID events per million kilometers squared occurs between 30° and 60° north and 30° and
40° south latitude, encompassing the United States, Europe, Japan, and southeast Asia.?
However, a predictive model designed to identify “hotspots” where new EIDs may occur
suggests that EIDs due to zoonotic and vectorborne pathogens are likely to occur in lower-
latitude developing countries, especially in tropical Africa, Latin America, and Asia.?

Olival and Daszak? recently tried to quantify the proportion of viral EIDs that involved the
nervous system. Their analysis suggested that 39% of viral EIDs commonly produced severe
neurological symptoms, including encephalitis, and that an additional 10% rarely or
occasionally did so.! This review highlights this series of emerging CNS viral infections.

POLIOMYELITIS

Although attention is naturally focused on the emergence of “new” viruses and their
contribution to disease, it is equally important to recognize that viruses can also disappear as
causes of human disease (“submergence™), either as a result of human interventions, such as
vaccination (eg, polio, measles, mumps, rabies, varicella), or independently (eg, western equine
encephalitis virus [WEEV]). Polio provides a striking example of the submergence of a human
neurotropic viral infection due to human efforts. The last outbreak of poliomyelitis caused by
wild virus (type 1) in the United States occurred in 1979 and involved 13 cases of paralytic
disease in unvaccinated members of Amish communities in 3 US states and in Ontario, Canada.
Polio has been the target of a massive worldwide eradication campaign.® In 2007, for example,
more than 400 million children were immunized against polio. Despite concerted efforts to
fully eradicate the disease, several pockets of active wild-type poliovirus infection remain. In
2007, 1315 cases of poliomyelitis were reported worldwide, the majority occurring in India
(66%) and Nigeria (22%), with smaller numbers elsewhere in Africa (Congo, Chad, Niger,
Somalia, Angola, Sudan, Cameroon) and in Pakistan, Afghanistan, Myanmar, and Nepal
(Figure 1).Unfortunately, the number of cases of polio reported worldwide in 2008 increased
to 1652, with Nigeria (48.5%) and India (34%) again accounting for the bulk of cases, but with
disease also occurring in 16 additional countries in Africa and Asia (Pakistan, Nepal,
Afghanistan).® This is still a dramatic reduction for a disease that during its peak in the early
1950s was responsible for 35 cases of paralysis per 100 000 population in the United States
alone. However, even in areas where polio has been eradicated, imported cases in travelers
from endemic areas may still appear, and lack of familiarity with the disease may delay
diagnosis.6
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Unfortunately, there has been an unexpected down-side to the use of the Sabin live attenuated
trivalent oral polio vaccine as the primary tool for polio eradication. Viruses circulating in
nature that were originally derived from Sabin polio strains are shed in stool by vaccinated
hosts (“vaccine-derived circulating polioviruses™) and may undergo mutations that allow
reversion to virulence and can also recombine with other circulating nonpolio enteroviruses.
Based on studies suggesting that the degree of divergence of the gene encoding the viral capsid
protein VP1 can be used as a “molecular clock” to estimate how long viruses have been
circulating, it is clear that these vaccinederived poliovirus strains can continue to circulate for
years after oral vaccination has ceased.

The first polio outbreak attributed to circulating vaccinederived poliovirus occurred in 2000
in Hispaniola.” Subsequent outbreaks occurred in the Philippines, Indonesia, Cambodia, China,
Egypt, and Madagascar.8:9 Even though the use of oral polio vaccine ended in the United
States in 2000, a small outbreak of polio infection resulting from vaccinederived poliovirus
occurred in 2005, resulting in infections, but fortunately no paralytic disease, in 4 unvaccinated
Amish children in Minnesota.10 The vaccine-derived type 1 poliovirus responsible had likely
been circulating in the Amish community for several months before the index case was
identified and contained neurovirulent genetic determinants, although it was not known to have
caused paralytic disease. The largest vaccine-derived poliovirus outbreak, involving 46
confirmed cases of paralytic disease, occurred on the Indonesian island of Madura in 2005.8
The patients were children with a mean age of 2 years (range, 0.5-14 years) who presented
with typical polio, including fever (95%) and asymmetrical paralysis (46%). Paralysis persisted
at least 60 days in about two-thirds of cases.8

In an outbreak in China, it was found that the vaccinederived polioviruses causing paralytic
disease had undergone recombination with human enterovirus C (HEV-C) species. In the 2005
Madagascar outbreak, there were 5 reported cases of type 2 vaccine-derived paralytic
poliomyelitis. Careful studies of circulating vaccine-derived polioviruses also identified
viruses that had recombined with HEV-C. The genomes were often complex mosaic structures
of poliovirus and HEV-C with regions of HEV-C genome occurring at the 3'- and 5’- noncoding
ends of the genome, in the P2 region encoding the 2A, 2B, and 2C nonstructural proteins, and
in the P3 region encoding the 3D nonstructural protein.®

Although the submergence of poliovirus is clearly the result of concerted human efforts aimed
at virus eradication, the submergence of WEEV remains mysterious. Western equine
encephalitis virus is a mosquito-borne alphavirus that was initially identified in 1930 and first
described as a cause of human encephalitis in 1938. Following a peak period in the 1950s,
WEEYV has declined dramatically in importance as a human pathogen. In the 20-year period
from 1964 to 1985, there were only 587 Centers for Disease Control and Prevention—confirmed
human cases of western encephalitis in the United States.1 There have only been 5 confirmed
human cases of western encephalitis in the United States in the last 20 years (Centers for
Disease Control and Prevention) and none in nearly a decade since the last reported case in
1999 in Minnesota.11 Western equine encephalitis virus circulates enzootically between birds
and mosquitoes. However, the submergence of WEEV as a human pathogen does not appear
to be due to changes in the capacity of contemporary viral isolates to infect their principal
mosquito vector (Culex tarsalis) or to produce viremia and disease in birds or mice.12:13 It
remains possible that the drop in disease incidence simply reflects less human exposure to virus
or changes in virulence specific for humans. Western equine encephalitis virus continues to
circulate in the United States and, like dormant volcanoes, submergent viruses have the
potential to re-erupt. For example, after California encephalitis virus was first identified as a
cause of human disease in 1952, it was not found to be responsible for another human case of
encephalitis in California for half a century!# (although related members of the California
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encephalitis serogroup, such as La Crosse virus, continue to be important causes of
encephalitis).15

VIRUSES SPREADING INTO NEW HOST RANGES
West Nile Virus

Perhaps the most dramatic recent example in the United States of a virus spreading into a new
host range is WNV (Figure 2). The virus was initially isolated in the West Nile province of
Uganda in 1937. The first cases of naturally occurring WNV encephalitis in the western
hemisphere occurred in the New York City, New York, area in 1999.16 The number of cases
in 1999 to 2001 was small and they were confined to the East Coast. In 2002 and 2003, WNV
disease exploded, expanding westward in the United States and producing nearly 3000
confirmed cases of neuroinvasive disease (encephalitis, meningitis, acute flaccid paralysis) in
each of these years.1’ These represented the largest epidemics of arboviral meningoencephalitis
in US history and the largest epidemics of WNV neuroinvasive disease reported to date.18

The mechanism by which WNV initially spread to North America remains unknown. Sequence
analysis of the initial New York isolates (NY1999) indicated the virus was closely related to
a virus isolated from the brain of a goose in Israel in 1998.19-21 Closely related viruses were
also circulating in Rumania and Eastern Europe at the time. It has been suggested that
individuals arriving in New York City via airplane from Tel Aviv, Israel, in which a WNV
outbreak was ongoing, introduced the virus into the United States.18:22 This seems unlikely,
as the magnitude of WNV viremia in humans is not likely to have been sufficient to allow
mosquito infection.

Culex species of mosquitoes are the predominant vectors of WNV, and birds serve as the
principle vertebrate host during natural cycles of infection. It has been suggested that the rapid
spread of virus across the United States was facilitated by migratory birds with disease
spreading along bird flyways,23 although more recent models suggest dissemination by spread
of resident rather than migratory bird species is a more likely explanation.24 Migratory birds,
however, could conceivably have been responsible for WNV entry into the United States. The
East Atlantic migratory bird flyway, for example, connects the East Coast of the United States
with Europe and the west coast of Africa.

Unlike humans, many species of birds develop prolonged high-titer WNV viremia following
infection.25 Following experimental inoculation of WNV, some Passeriforme species develop
viremias in excess of 1011 plaque-forming units (PFU)/mL of serum that can persist for a week
or longer.2® This is nearly 10 billion—fold higher than median viral loads of approximately
5x103 copies/mL (approximately 1.25x10! PFU/mL) reported in viremic human blood donors.
26,27 The degree of host viremia also influences the likelihood of mosquito infection. For
example, a recent study in Fox squirrels suggested that more than 56% of biting mosquitoes
were infected when feeding on squirrels with viremia of 1044 PFU/mL or greater.28 Taken
together with the data cited on levels of human viremia, this would seem to make it unlikely
thatan infected person served as the initial source of WNV infection and perhaps more plausible
that introduction resulted from an infected bird that subsequently was bitten by a susceptible
mosquito, or even by an infected mosquito that traveled to North America from a WNV
endemic area in a boat, plane, or other conveyance.

The basic epidemiology, clinical features, diagnosis, and treatment of WNV CNS infection
have been reviewed elsewhere and are only briefly reviewed here.29734 The majority of WNV
infections are asymptomatic. Approximately 20% of infected individuals develop an acute
febrile flulike illness (West Nile fever) and only approximately 1 in 150 infected individuals
develop neuroinvasive disease. The major categories of neuroinvasive disease include
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meningitis, encephalitis, and acute flaccid paralysis/poliomyelitis, although there is often
substantial overlap between these syndromes. Patients who develop encephalitis are typically
substantially older (mean age, 60 years) than those with meningitis (mean age, 46 years) or
acute flaccid paralysis (mean age, 56 years). Additional risk factors for development of
encephalitis in addition to increasing age include immunosuppression, hypertension, diabetes
mellitus, and liver disease.3:36 Host genetic factors also contribute to risk of developing severe
neuroinvasive disease, including single-nucleotide polymorphisms in oligoadenylate
synthetase L37 and deletions in the chemokine receptor CCR5.38 The former is likely involved
with the interferon-induced host antiviral response, whereas the later influences lymphocyte
trafficking into the CNS.

West Nile virus meningitis is clinically similar to other forms of “aseptic” meningitis and is
characterized by fever, headache, nuchal rigidity, and photophobia. Cranial nerve palsies,
particularly of the facial nerve, occur in about 20% of cases. The cerebrospinal fluid (CSF)
shows a pleocytosis with a mean of about 200 cells/mm?3 (median, approximately 100 cells/
mm?3), an elevated protein level in 70% (mean, 76 mg/dL ; to convert to grams per liter, multiply
by 10), and a normal glucose level.3° Almost half the patients will have an initial
polymorphonuclear pleocytosis rather than the lymphocytic pleocytosis generally
characteristic of viral meningitis. Neuroimaging study findings are usually normal.

Patients with encephalitis have clinical or laboratory evidence of involvement of the brain
parenchyma. Signs may include fever, headache, mental status changes, and movement
disorders, including myoclonus, tremor, parkinsonism, ataxia, and weakness. The CSF findings
are similar to those seen in meningitis.39 Magnetic resonance imaging (MRI) is more sensitive
than computed tomography, with abnormalities found in about half the patients.40:41 An
additional 25% may have abnormalities seen only on diffusion-weighted imaging sequences.
When present, abnormalities typically consist of areas of increased signal on T2 and fluid-
attenuated inversion recovery (FLAIR) sequences that occur in the thalamus, basal ganglia,
and upper brainstem (Figure 3).

Acute flaccid paralysis is a poliomyelitislike illness that occurs in perhaps 5% to 10% of
patients with neuroinvasive disease.42:43 More than half the affected patients have associated
encephalitis with concomitant findings of parkinsonism, myoclonus, or tremor. Approximately
90% have associated fever and headache. In 1 large series, 44% had respiratory impairment
requiring intubation. The CSF findings resemble those seen in meningoencephalitis. Magnetic
resonance imaging may show increased signal on T2 sequences in the anterior horns of the
spinal cord. Electromyogram/nerve conduction velocity studies show reduced or absent
compound muscle action potentials with relatively preserved sensory neural action potentials.
Electromyogram abnormalities develop after several weeks and include evidence of
denervation (fasciculations, increased insertional activity, positive sharp waves).

Diagnosis of WNV disease is typically based on serologic testing.44:45 Serum IgG antibodies
likely persist for life and are indicative of past exposure. IgM antibodies develop acutely and
are still present at 3 months postinfection in almost all patients and at 6 months postinfection
in 60% to 70%.%° By 18 months postinfection, 20% of cases still have detectable serum IgM
antibodies. Detection of CSF WNV IgM antibodies is diagnostic of neuroinvasive WNV
disease, as the large size of IgM molecules means they only cross the blood-brain barrier poorly
and, as a result, their presence in CSF is generally indicative of intrathecal synthesis. Reverse
transcriptase—polymerase chain reaction (RT-PCR) of CSF is highly specific but relatively
insensitive in diagnosis of neuroinvasive disease.

There is no known specific treatment of proven benefit for WNV infection. A randomized
placebocontrolled clinical trial of an Israeli intravenous immunoglobulin preparation (Omr-
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IgG-am) has recently been completed, but the results are not yet available

(Clinical Trials.gov Identifier: NCT00068055). A phase 1 clinical trial of a humanized
monoclonal antibody directed against an epitope on the envelope glycoprotein has been
completed (ClinicalTrials.gov Identifier: NCT00515385) and this antibody is now being
evaluated in phase 2/3 trials. There is also an ongoing trial of the use of interferon alfa, although
this agent was not found to be effective in a placebo-controlled randomized trial in JE.46 Several
“chimeric” vaccines in which the genes encoding the WNV PrM and E proteins are inserted
into the backbone of other attenuated related viruses, such as the vaccine strain of yellow fever
virus or dengue, have successfully undergone phase 1 clinical trials and are now being
evaluated in phase 2 trials.

Toscana Virus

JE Virus

In Europe, an emergence nearly as dramatic as that of WNV in the United States involved
Toscana virus. Toscana virus is an arbovirus belonging to the family Bunyaviridae that is
transmitted by the bite of sandflies (Phlebotomus perniciosus and Phlebotomus perfiliewi).
The virus was first isolated in 1971 from a sandfly in central Italy. The sandfly may be both
the vector and the reservoir, with virus persisting and spreading in sandflies through both
venereal and transovarial transmission.47 No bird or small mammal reservoir is known. The
virus appears to have a tropism for the CNS, and Toscana virus is now the most common cause
of summertime (May-October) viral meningitis in central Italy, with a frequency eclipsing that
of enteroviruses.47 The virus has spread within Europe to Spain, Portugal, and France and
cases have been reported in several other European countries in travelers returning from
endemic areas.48 Most infections are mild or self-limited febrile illnesses. Symptoms of
meningitis include headache (100%), meningeal signs (50%-95%), fever (75%-95%), and
nausea and/or vomiting (65%-90%).47 Tremors, myalgia, and weakness can also occur.
Glasgow Coma Scale score was normal in about 70%, with no patient having a score less than
12 in 1 small case series.48 Cerebrospinal fluid shows a lymphocytic (60%-90%) pleocytosis
(30-900 cells/mm3), elevated protein level (67-183 mg/dL), and normal glucose level 8 In
patients with meningitis, neuroimaging results are typically normal, although
electroencephalogram abnormalities have been found in about 60%.48 There are rare reports
of severe encephalitis and meningoencephalitis.49:50 Diagnosis is typically made by detection
of IgM antibodies in serum or CSF or by RT-PCR amplification of viral RNA. Most infected
individuals recover fully.

Japanese encephalitis remains the single most important cause of acute viral encephalitis on a
worldwide basis, accounting for 30 000 to 50 000 cases and 10 000 to 15 000 deaths annually.
51 Transmission occurs primarily via Culex tritaeniorrhyncus and Culex vishnui mosquitoes,
with water birds, including herons and egrets, serving as natural reservoirs and domestic pigs
also serving as an important amplifying host.51:52 Infected humans are dead-end hosts as the
level of viremia and its generally short duration make mosquito infection unlikely. After JE
was first identified in Japan in the 1870s, it spread gradually but progressively to the Korean
peninsula (1933), the Chinese mainland (1940), the Philippines (1950), Singapore and
Malaysia (1952), India (1955), and Southeast Asia (Cambodia, Thailand) (1964-1965). More
disturbing has been the recent extension within the Indian subcontinent (Bangladesh, 1977;
Pakistan, 1983) and the recent reports of cases of JE from Papua New Guinea and the Torres
Strait in Northern Australia (1995)°2(Figure 4).

The expansion of JE host range has been fueled by dramatic population growth in endemic
areas; the increased exposure of humans to vectors and amplifying hosts, such as pigs because
of occupational pig rearing; and the expansion in area and intensity of rice farming.>2 It has
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been estimated that nearly half the world’s population currently lives in countries where JE
52
occurs.

The largest recent major outbreak of JE occurred in the Utter Pradesh province of India in 2005
affecting more than 5000 people and causing 1300 deaths.51 In a recent study from Malaysia,
the acute mortality was 8%, with 57% of survivors having moderate or severe neurological
sequelae.53 Common clinical features include fever (>95%), altered consciousness (about
80%), seizures(50%-80%), headache (about 70%), and focal limb weakness (about 25%).53
No effective therapy for JE virus exists, with neither ribavirin54 nor interferon alfa46 having
shown efficacy in treatment. An effective live attenuated vaccine (SA 14-14-2) has been
available for several decades, and 2 new candidate vaccines are in advanced clinical
development55; however, economic issues will likely significantly affect the ability to
disseminate these vaccines into underdeveloped areas.

Enterovirus 71

Enterovirus 71 (EV71), like JE virus, represents another emerging pathogen whose geographic
range has steadily expanded. The virus was first isolated in 1969 and is a member of the
Enterovirus genus of the family Picornaviridae. Clinical illness occurs predominantly in
children, usually taking the form of hand-foot-and-mouth disease (HFMD). Since 1997, there
have been numerous outbreaks of EV71 disease in the Southeast Asia and Pacific region
(Malaysia, Taiwan, Singapore, Japan, Vietnam, Australia), resulting in hundreds of thousands
of cases.56 The incidence of neurological sequelae and the form of neurological disease has
varied considerably across outbreaks for reasons that remain poorly understood. Common
neurological manifestations include aseptic meningitis, encephalitis, and poliomyelitislike
acute flaccid paralysis, but there are also reports of EV71-associated cerebellitis, brainstem
encephalitis, opsoclonus-myoclonus syndrome, Guillain-Barre syndrome, and transverse
myelitis.57 A recent review56 found an approximately 30% incidence of CNS disease among
patients with positive EV71 isolates during an HFMD epidemic in Sarawak, Malaysia. Within
this group, 52% of those with CNS disease had evidence of HFMD (rash on palm or soles,
mouth ulcers/vesicles or herpangina) and 48% had aseptic meningitis without HFMD. Patients
with aseptic meningitis typically had a CSF pleocytosis (mean, 75 cellss/mm3), with
lymphocytic predominance (78%) and a normal glucose level (90%). Common signs and
symptoms in those with HFMD and CNS disease included fever (98%), mouth ulcers (88%),
reduced consciousness (58%), and irritability (40%) and cough, coryza, and vomiting (37%
42%). Diagnosis usually depends on virus isolation (throat, ulcer/vesicle, or rectal swabs;
serum, CSF) or demonstration of seroconversion. Enterovirus CSF polymerase chain reaction
(PCR) using “group-specific” primers may fail to reliably detect EV71.58

The explanation for the variations in the incidence and type of neurological disease associated
with EV71 are unknown.%® Like other RNA viruses, EV71 has an extremely high spontaneous
mutation rate and new EV71 viruses are constantly emerging. Phylogenetic studies based on
sequence analysis of the viral VP1 gene sequence have identified 3 genotypes (A, B, and C)
and numerous subtypes (C1-3, B1-5). It has been suggested that viruses belonging to some
genotypes are less neurovirulent. For example, in the series of cases from Sarawak, there was
a 15% incidence of CNS disease in patients infected with the B4 genotype as compared with
about 28% in those infected with other genotypes.®8 Additional factors influencing incidence
and severity of CNS disease may include coinfection with other viruses60 and host immunity.
61

NEW NICHES FOR OLD AGENTS

The immunosuppressant state created by antirejection therapy in patients receiving solid organ
and bone marrow transplants has opened new niches for infections caused by a variety of
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neurotropic viruses, including rabies, lymphocytic choriomeningitis virus (LCMV), HHV6,
and JC virus.

There are more than 28 000 solid organ transplants performed annually in the United States
using organs derived from nearly 15 000 individual donors. The most commonly transplanted
organs include kidneys (about 17 000), liver (about 6000), heart (about 2000), lung (about
1400), and pancreas (about 400). Transplants are performed at more than 250 sites nationally
with organs from a single donor typically going to multiple recipients at geographically
dispersed sites.62 Recognition of infections, including those involving the CNS, is more
difficult in transplant recipients because of a variety of confounding factors, including
immunosuppression-related attenuation in the signs and symptoms of infection, allograft
rejection, and toxic effects from antirejection therapy.63 When infection does occur, it may be
donor derived, recipient derived, nosocomial, or community acquired. Donors are routinely
screened for human immunodeficiency virus, syphilis, herpesviruses (herpes simplex virus,
varicella zoster virus, Epstein-Barr virus, cytomegalovirus), and hepatitis viruses (hepatitis B
virus, hepatitis C virus)63 but not routinely for other microbial pathogens. Clusters of cases of
CNS disease in transplant recipients have resulted from infection with WNV,64 rabies virus,
6566 and LCMV/LCMV-like viruses.87:68

West Nile Virus

Rabies

In the WNV transplant-associated cases, 4 individuals received 2 kidneys, a liver, and a heart
from a 20-year-old, previously healthy organ donor who died of trauma.4 Pretransplant serum
from the donor was negative for WNV nucleic acid by RT-PCR and for WNV IgM antibodies,
although her posttransfusion serum was culture and RT-PCR positive for WNV. As part of an
unsuccessful resuscitation effort, the donor received 53 U of blood components, including 31
U of packed red blood cells, 17 U of fresh frozen plasma, and 5 U of platelets as well as a 10-
U pool of antihemophilic factor. It subsequently was discovered that 1 of the transfused plasma
units contained detectable WNV RNA by PCR. The donor of this unit had developed symptoms
2 to 3 weeks before donation consistent with WNV infection but was asymptomatic at the time
of blood donation. This donor was tested postdonation and found to have WNV IgM antibodies.
Three of the 4 organ recipients (those receiving the kidneys and heart) developed WNV
encephalitis, with 1 dying of this disease and another dying of an unrelated cause. In these
patients, symptoms began 10 to 17 days after they received transplanted organs. The fourth
recipient (liver) developed WNV fever 7 days after transplant. Diagnosis of infection in the
organ recipients was based on positive CSF and serum serologic test results (cases 1 and 3)
and brain detection of antigen and viral nucleic acid at autopsy in a patient with negative
serologic test results (case 2).

In 2004, 4 patients died of rabies after receiving kidney, liver, and iliac artery segment
transplants from a donor who died of encephalitis of unknown cause.65:6 In retrospect, it was
discovered that a bat had bitten the organ donor, and his serum was later shown to have 1gG
and IgM antirabies virus antibodies at the time of his death. Prior to death, he had complained
of nausea, vomiting, and dysphagia and then developed a progressive neurological disease
characterized by altered mental status and seizures. His diagnosis was complicated by the
presence of both active substance abuse (cocaine, marijuana) and detection of a subarachnoid
hemorrhage on cranial computed tomography. The organ recipients developed rabies within a
month of transplant. In all cases, the clinical disease was characteristic and included signs and
symptoms of altered mental status, agitated delirium, seizures, respiratory failure, and CSF
pleocytosis (mean, 18 cells/mm3) and MRI abnormalities, including increased signal on T2
and FLAIR sequences involving the hippocampi, brainstem, temporal lobes, and basal ganglia
(Figure 5).
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At autopsy, all patients showed Negri bodies (intracytoplasmic viral inclusions in neurons) and
had tissue that stained positive for rabies antigen. One patient had rhabdovirus particles seen
by electron microscopy. Three of 4 patients were rabies virus antibody positive at the time of
their death, which occurred 7 to 23 days (mean, 13 days) after onset of neurological symptoms.

Lymphocytic Choriomeningitis Virus

The first 2 clusters of transplant-associated transmission of LCMV occurred in 2003 and
2005.57 A subsequent report described an additional cluster of cases attributed to an arenavirus
closely related to LCMV.88 In all instances, the donor did not have clinical evidence suggestive
of LCMV infection, and in only 1 of 3 clusters was there even epidemiological evidence of
exposure to an infected rodent. The neurological components of the illnesses in the recipients
are summarized briefly later; more details on the nonneurological components of their illness
can be found in the original reports.

In the 2003 cluster, 4 recipients of kidneys, liver, and a lung developed fatal illnesses and died
9 to 76 days posttransplant. The donor was a 51-year-old man who had died of a subdural
hematoma. Neurological signs and symptoms were prominent in the 2 kidney recipients but
minimal or absent in the other 2 recipients. In the first kidney transplant recipient, neurological
symptoms began 40 days posttransplant and included seizures, polymyoclonus, and
chorioretinitis leading to death 13 days later. A lumbar puncture showed a markedly elevated
protein level (720 mg/dL) with a normal cell count and MRI showed bilateral subdural fluid
collections and dural thickening but no intraparenchymal abnormalities. The CSF culture was
positive for LCMV, and viral antigen was detected in leptomeningeal and brain tissue at biopsy.
Seroconversion did not occur. Case 2, a second kidney recipient, developed altered mental
status, seizures, and myoclonus 31 days posttransplant. Death occurred on day 76 and was
preceded by further deterioration in mental status with worsening meningeal signs
(photophobia and nuchal rigidity). The CSF revealed a mild lymphocytic pleocytosis (12 cells/
mm3) and markedly elevated protein level (620 mg/dL). The MRI showed bilateral subdural
fluid collections and dural enhancement. The CSF cultures were positive for LCMV, and the
patient developed LCMV-specific IgM antibodies. In the second cluster of cases in 2005, a 45-
year-old woman who died of complications of a stroke donated kidneys, liver, and a lung. The
lung recipient developed headache, fever, and seizures and ultimately died 26 days
posttransplant. Epidemiological investigation uncovered the fact that a pet hamster had been
introduced into the donor’s household 3 weeks before her death. The hamster was subsequently
found to have been LCMV infected. By contrast, no history of rodent exposure was identified
in the donor in the 2003 cluster. Regardless of the epidemiology, neither donor had clinical or
laboratory evidence of acute LCMV infection.

The most recent cluster of transplant-associated infection with an LCMV-like arenavirus was
reported in 2008.58 Diagnosis required the application of sophisticated high-throughput
molecular biological techniques. A 57-year-old man died of cerebral hemorrhage and served
as a liver and kidney donor. All 3 organ recipients developed a febrile illness with
encephalopathy leading to death 29 to 36 days after transplant. Viral RNA was amplified from
CSF and brain tissue of the first kidney recipient. Diagnosis in the other cases was based on
seroconversion (1) and amplification of viral RNA from multiple tissues or serum. Although
there was no clear history of rodent exposure or LCMV-like illness in the donor, he was
subsequently found to have both IgG and IgM antibodies against LCMV.

In the cases of transplant-associated illness due to WNV, rabies, and LCMV described here,
the transplanted organs served as the source of infection in the recipients. A far more common
scenario is for the transplant recipients to be infected by viruses in the environment or latent
in their own tissues. Antirejection therapy not only depresses the likelihood of graft rejection
but also depresses the ability of the host to control reactivation of some latent viruses. Several
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recent articles have described transplant-associated cases of limbic encephalitis due to HHV6
and an increased risk of development of progressive multifocal leukoencephalopathy, a disease
associated with reactivation of JC virus (see part 2 of this review).

Human Herpevirus 6

Human herpesvirus 6 is a member of the B-herpesvirus subfamily of Herpesviridae, a group
also including cytomegalovirus. Two variants with 65% to 95% nucleotide sequence identity
occur (HHV6A and HHV6B). In addition to causing the childhood disease exanthema subitum
(roseola infantum) and being associated with febrile seizures (HHV6B), these viruses can cause
encephalitis in immunocompetent children and adults.69°71 In 1 recent study based on a subset
of cases of encephalitis of unknown etiology referred to the California Encephalitis Project for
diagnostic evaluation, cell-free HHV6 DNA was amplified by PCR from 14 of 35 CSF
specimens (40%). Human herpesvirus 6—specific IgG was detected in 37% and IgM in 28% of
CSF specimens examined, although the results were not always concordant with DNA
amplification. Prior studies have suggested that HHV6 accounted for about 7% of cases of
acute focal encephalitis in immunocompetent adults.69 The higher prevalence of HHV6 as a
cause of encephalitis in the California Encephalitis Project study may reflect the patient referral
bias intrinsic to this project, with physicians failing to refer cases of encephalitis in which
diagnosis can be easily established. Additional studies will be needed before the importance
of HHV®6 as a cause of encephalitis in immunocompetent adults can be more precisely
established. Fatal HHV6B encephalitis in a hematopoietic stem cell transplant recipient was
first described in 1994,72 and several series have now been reported in both children73 and
adults.74 The virus appears to be the major cause of the syndrome of “posttransplant acute
limbic encephalitis.”74 A series of 9 cases from a total of 584 hematopoietic stem cell
transplants performed during a 3%-year period at the Dana Farber Cancer Center is consistent
with a cumulative incidence of about 1.5% for posttransplant acute limbic encephalitis among
hematopoietic stem cell transplant recipients.”# The mean age of patients was 41 years (range,
22-60 years); surprisingly, all were male, and all experienced graft-vs-host disease either before
(5 cases) or after (4 cases) limbic encephalitis. Neurological symptoms began a month after
transplant (range, 14-61 days). The core clinical features included the acute onset (range, 1-3
days) of dense anterograde and patchy retrograde amnesia often preceded by a confusional
state and clinically evident seizures. Eight of the 9 patients had hyponatremia due to syndrome
of inappropriate antidiuretic hormone secretion.

Magnetic resonance imaging showed bilateral focal medial temporal abnormalities in all
patients that were hyperintense on T2 and FLAIR sequences and had restricted diffusion on
diffusion-weighted images (Figure 6). Areas involved typically included the uncus, amygdala,
hippocampal body, entorhinal cortex, and subiculum, with sparing of the parahippocampal
gyrus.74:7> Seven of 9 examined patients had focal electroencephalogram abnormalities in
temporal and frontotemporal areas, epileptiform activity, and periodic lateralized epileptiform
discharges (3 cases). The CSF showed a mild lymphocytic pleocytosis (1-41 cells/ mm?3) and
a mildly elevated protein level (median, 48 mg/dL). Seven of 9 patients had at least 1 CSF
specimen from which HHV6 DNA was amplified by PCR. The efficacy of antiviral treatment
for HHV6 CNS infections including posttransplant acute limbic encephalitis is unclear,
although recent guidelines recommend use of ganciclovir or foscarnet sodium either singly or
in combination in immunocompromised patients with HHV6 encephalitis.’®
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Figure 1.
Distribution of wild-type poliomyelitis cases worldwide 2008. Source: World Health

Organization.®
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Number of cases of West Nile virus (WNV) infection reported to the Centers for Disease
Control and Prevention (CDC) in 2007 (A) and 2008 (B) and incidence per million population

in 2007 (C) and 2008 (D). Reproduced with permission from the CDC.
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Figure 3.

Axial proton density magnetic resonance image (left) and coronal fluid-attenuated inversion
recovery magnetic resonance image of patients with West Nile virus encephalitis showing
increased signal in the upper brainstem, thalamus, and basal ganglia (A) and substantia nigra
of the midbrain (B).
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Figure 4.

Approximate geographic distribution of Japanese encephalitis virus. Source: copyright 2006,
Massachusetts Medical Society®?; all rights reserved.
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Figure 5.

Axial fluid-attenuated inversion recovery magnetic resonance images at day 22 (A and B) and
day 28 (C and D) in a patient with posttransplant rabies encephalitis. Day 22 images show
subtle leptomeningeal and pontomesencephalic junction increased signal. Day 28 images show
increased signal in anteromedial temporal lobes including hippocampi. Coronal fast spin-echo
image at day 28 (E) shows diffuse anterior temporal and anterior and inferior frontal increased
signal. Source: copyright 2005, American Medical Association5®; all rights reserved.
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Figure 6.

Axial fluid-attenuated inversion recovery (top rows) and diffusion-weighted (bottom rows)
sequences in patients with human herpesvirus 6-associated posttransplant acute limbic
encephalitis showing abnormal increased signal in the limbic system, including the uncus,
amygdala, and anterior hippocampus in all patients. Reproduced with permission from Wolters
Kluwer Health.”
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