New pathogens causing CNS infections
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Abstract

Many emerging infections, mainly viruses, are
contributing to the reshaping of the global land-
scape of central nervous system (CNS) infections.
Several new organisms causing CNS infection
have been discovered over the last decade, and
new neurological syndromes have been described
for many other known pathogens. Advances in
diagnostic techniques such as modern DNA
amplification methods have led to the detection
of some of the newly identified pathogens. The
global attention generated by disease epidemics
has helped in the improved understanding of the
neurological complications associated with some
known pathogens, such as Zika virus, Ebola virus
and Enterovirus D68. A better understanding of
the evolution of the new pathogens, their host-
vector-environment dynamics, and their disease
causation is clearly needed for us to be better
prepared to meet these emerging threats.

Central nervous system (CNS) infections produce
large numbers of death and disability, especially in
resource-limited settings such as Sri Lanka®2 Early
targeted treatment is crucial in minimising the deaths
and disability*3*. Early targeted treatment, however,
depends on establishing a microbiological diagnosis
early, and this appears to be easier said than done.
Globally, an aetiology is not detected in 85% of cases
suspected CNS infection®. Lack of diagnostic facilities in
resource-limited settings is an important reason for the
low diagnostic yields*®, but a definitive cause is not found
in over 60% of cases even in studies conducted with good
microbiological support in settings without resource
limitations>”®. Studies on the epidemiology of CNS
infection in Sri Lanka are limited, but the available data
show similar low isolation rates ranging from 0.5% to
27.3%9,10,11,12,13,14,15.

The global landscape of CNS infections, it seems, is
changing. Many factors contribute to this, but a key
reason is the emergence and re-emergence of many
neurotropic pathogens®>*. This review will focus on CNS
infections caused by several new organisms described
in the last decade. Some of them are newly discovered
organisms, whereas some are well known pathogens
previously not associated with CNS involvement.

New kids on the block: novel pathogens producing
CNS disease

Encephalitis from squirrels: Variegated squirrel Bornavirus

Between 2011 and 2013, three men from the same
geographical area (Saxony-Anhalt) in Germany developed
an unexplained progressive fatal meningo-encephalitis.
Clinical features included confusion, ataxia, myoclonus,
ocular paresis, psychomotor slowing and coma, and they
died 2-4 months after onset of the illness. MRI changes
were seen in cortical areas, basal ganglia and brainstem
with meningeal enhancement; spinal cord was not
affected. They were breeders of variegated squirrels
(Sciurus variegatoides) and members of the same squirrel-
breeding club, and had exchanged their pet squirrels on
many occasions. Two of them had reported bites and
scratch injuries by the squirrels'’. On meta-genomic
studies, a new bornavirus (named Variegated squirrel
Bornavirus-1; VSBV-1) was detected in CNS samples from
the three patients, with detection of viral RNA from brain
biopsy tissue and anti-Bornavirus 1gG antibodies in blood
and CSF. Nearly identical generic sequences were detected
from one squirrel*”-8,

Borna viruses are single-stranded RNA viruses. Borna
disease (1** described in 1885 among cavalry horses in
the town of Borna, Germany) is a well known encephalitic
iliness in horses and sheep, and is caused by the Borna
disease viruses (BoDV). VSBV-1 is considered to be
a different virus belonging to the same genus and
family?”*°. There is some debate over the causation of
human disease by BoDV-1'"%°. Interestingly, four cases of
human encephalitis due to BoDV-1, with 3 of them
transmitted by solid organ transplantation from a single
donor, were reported in March 2018, again from
Germany?®°.

Bocavirus and Encephalitis

Human Bocavirus (HBoV) is a single stranded DNA
virus of the Parvovirus family, first described in Sweden
in 2005. It has been associated with acute respiratory
infections (mainly in children) and gastroenteritis, and
has been isolated from respiratory samples (genotype
HBoV-1) and stools samples (mainly genotypes HBoV-1,2
and 3) worldwide?®. More recently, the association of
HBoV infection with encephalitis has been reported from
several countries. The first report was in 2012, when
HBoV-1 and 2 were isolated from Bangladeshi children
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with encephalitis®*. The second report was from Sri Lanka
in 2013, where HBoV-1, 2 and 3 were detected in 5 out of
191 CSF samples from adults and children with CNS
infection!**, HBoV-associated encephalitis has subse-
quently been reported in several case series?>%,

There is ongoing debate on whether HBoV is a true
pathogen or an innocent bystander®?*, Diagnosis of HBoV
infection is mainly based on genome detection by PCR
techniques in biological samples. Culture techniques or
animal models for virus isolation are still not available;
as such, the true pathogenicity of HBoV remains to
be defined. However, the presence of high viral loads
and the decline in viral concentrations with symptom
resolution are considered to be strongly suggestive of a
causal role in pathogenesis?.

CRESS-DNA viruses and CNS

CRESS-DNA viruses are a group of viruses with
circular, replication initiator protein (Rep) encoding,
single stranded DNA (CRESS-DNA) genomes. They are the
smallest viruses known to infect mammals and carry the
smallest genomes among autonomously replicating
eukaryotic viruses, containing only the Rep and capsid
proteins'?, Several novel CRESS-DNA viruses have been
recently reported to be associated with CNS disease.

A study from Vietnam in 2013 reported the detection
of a cyclovirus in two patients with CNS infection of
unknown etiology, following a search for novel pathogens
causing CNS infection using next generation sequencing;
the new virus was named Cyclovirus-Vietnam (CyCV-VN).
It was subsequently detected in 4% of 642 CSF specimens
from patients with suspected CNS infection. It was also
isolated in stools from healthy children suggesting the
possibility of food-borne or orofaecal transmission, and
in stools from pigs and poultry suggesting the existence
of animal reservoirs?. In 2015, the identification of two
novel CRESS-DNA viruses in Sri Lankan patients with unex-
plained encephalitis was reported. The genomes of a
cyclovirus, named Cyclovirus-Sri Lanka (CyCV-SL), and a
gemycircularvirus, named Gemycircularvirus-Sri Lanka
(GemyCV-SL), were detected by deep sequencing in one
and three out of 201 CSF samples, respectively?. This
was the first report of an association of encephalitis with
a gemycircularvirus, and the second with a cyclovirus
(following the report from Vietnam). Another report of
gemycircularvirus-associated encephalitis was subse-
quently reported from China?®. Another novel cyclovirus
has been detected from patients with paraplegia in
Malawi?’.

Similar to Bocavirus, the causal importance of these
CRESS-DNA viruses in CNS infection is yet to be determined.
However, it is pertinent to note that circoviruses,
belonging to another genus of CRESS-DNA viruses, have
been identified in serum and brain tissue of foxes and
pigs with unexplained meningo-encephalitis??.
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Old dogs with new tricks: newly described CNS
involvement with known pathogens

Zika and the CNS

Zika virus (ZIKV) is an arthropod-borne flavivirus
transmitted by Aedes aegypti mosquitoes. It was first
identified in 1947 in a Rhesus monkey in the Zika forest
in Uganda, and the first human infection was reported in
Nigeria in 195483031 |t gained global attention with
its recent pandemic re-emergence, with explosive
outbreaks in the Pacific region (2013-14) and the
Americas (2015)%32, Interestingly, it followed in the wake
of a pandemic of Chikungunya infection, a pattern that
had been noted in Africa for decades®?. Neurological
involvement with ZIKV was first noted during these
outbreaks; until then ZIKV infection was considered a
self-limiting mild or subclinical viral illness3?.

A number of neurological syndromes including
Guillain-Barre syndrome (GBS), encephalitis, ence-
phalopathy, myelitis, acute disseminated encephalo-
myelitis, cerebral vasculopathy leading to strokes, CIDP
and sensory neuropathy have been reported with ZIKV
infection3031323334353637  Of these, GBS appears to be the
commonest manifestation®’. The association with GBS
was first described following the French Polynesian
outbreak; these cases were of the acute motor axonal
neuropathy (AMAN) type, but did not have the typical
anti-ganglioside antibody profile of AMAN. In contrast,
the majority of GBS cases in a Brazilian study were of
demyelinating type®’. ZIKV-related GBS is characterized
by a short latency period following infection and rapid
progression3®3!, The association with recent ZIKV
infection was demonstrated by anti-ZiV IgM serology in
affected patients®. ZIKV associated encephalitis presents
as a typical viral encephalitis. MRI changes are seen in
subcortical areas, and CSF has a meningitic picture with
a polymorphonuclear leucocyte-predominant pleo-
cytosis. Presence of ZIKV in CSF has been demonstrated
by RT-PCR and positive culture®. Unlike with other
flaviviruses encephalitis and other forms of neurological
involvement seems to be uncommon with ZIKV,

The first evidence of neurotropism of ZIKV was seen
in the form of cases of microcephaly and other foetal
malformations reported during the 2014-16 outbreaks
383940 An epidemic of microcephaly was noted in Brazil,
with a 20-fold increase in numbers in 2014-15%2, Women
who had ZIKV infection during the first two trimesters of
pregnancy were 17 times more likely to deliver a baby
with microcephaly®**°. The association with ZIKV has been
demonstrated by the presence of ZIKV genomes by RT-
PCR and IgM antibodies in the CSF and serum of
newborns®. Further, ZIKV-RNA has been detected in
amniotic fluid and placentae of pregnant mothers, and
foetal brain tissue of dead infants®®. Microcephaly is



only one part of what is now recognized as ‘congenital
Zika syndrome’; other manifestations include cerebral
atrophy, intracranial calcifications, neural tube defects,
optic nerve abnormalities and hearing loss®’. It is
noteworthy that microcephaly is well documented in
association with other viral infections such as rubella
and CMV during pregnancy, and it has recently been
reported with intrauterine infection with West Nile and
Chikungunya viruses.

Ebola virus disease

Ebola virus is a single stranded RNA virus of the
filovirus family. It was first discovered during two
simultaneous outbreaks of Ebola virus disease (EVD) in
1976, in South Sudan and in a village near the Ebola
river in the Democratic Republic of Congo*!. EVD is
considered to be a zoonosis, and Old World fruit bats of
the Pteropodidae family are believed to be the natural
hosts for the virus***2. The virus is transmitted to people
by handling of dead or sick forest animals (such as mon-
keys, chimpanzees, gorillas, antelopes or porcupines),
or by contact with infected bats. Human-to-human
transmission occurs through blood or body fluids,
including sexual transmission**2, To date, EVD outbreaks
have been confined to the African continent, but the
possibility of transcontinental spread due to global air
travel remains a major concern®.

EVD is a viral haemorrhagic fever with 50-80% case
fatality***2. Neurological involvement is considered
uncommon??, but has been reported in up to one-third of
patients in some series. Some neurological mani-
festations (seizures, confusion, meningism, tinnitus and
hearing loss) were reported during a 1995 Ebola outbreak
in the Democratic Republic of the Congo, however, these
were not well documented or investigated*. Neurological
complications first came into prominence during the
largest ever outbreak of Ebola virus infection in West
Africa (Guinea, Sierra Leone, Liberia) in 2014-16%. The
main neurological findings included seizures, encephalo-
pathy, encephalitis, meningitis and frontal lobe
dysfunction®® 44 4546 Cortical atrophy, subcortical white
matter lesions and spinal cord lesions have been reported
on MRI*#> Detection of Ebola virus genomes in CSF and
serum by RT-PCR is the mainstay of diagnosis**%47,
Serological tests are of limited value as they may be
negative in fatal cases*?. Residual cognitive deficits and
neurological sequelae have been reported in many
patients!®*>. The virus is thought to be capable of
persisting in immunologically privileged sanctuary sites
such as the CNS, and producing late relapsing infection
and delayed transmission'®*. Several cases of late
encephalitis and meningitis among survivors have been
reported*>*,
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Enteroviruses and the CNS

Beginning 2012, a large number of cases of acute
flaccid paralysis of unexplained aetiology were reported
from various regions in the United States. The illness
was characterised by rapid onset paralysis and cranial
neuropathy, and was termed Acute Flaccid Myelitis (AFM).
The weakness was asymmetric, proximal more than
distal, and with upper extremity more than lower
extremity involvement. CSF showed pleocytosis with
elevated proteins, and involvement of spinal cord grey
matter and brain stem was seen on MRI. Epidemiological
studies revealed a strong association with Enterovirus
D68 (EV-D68), which is usually a respiratory pathogen,
and the virus was identified in respiratory secretions of
affected children®>%>1, Long term residual neurological
deficits have been reported in many of the children.

Enterovirus A71 (EV-A 71) is better known to produce
CNS involvement. It usually causes hand, foot and mouth
disease (HFMD) in children, and has recently caused large
outbreaks in Southeast Asia and the Pacific region®. It
was first isolated in 1969 from a child with encephalitis
in California, USA>*, but gained global attention due to
the high rate of neurological complications and case
fatality during the more recent outbreaks®**. EV-A71
produces an aseptic meningitis, similar to other
enteroviuses. However, unlike them, it is capable of
invading the brainstem, cerebellum and spinal cord.
Brainstem involvement with damage to the vasomotor
and respiratory centres in the medulla is believed to be
responsible for the severe pulmonary oedema seen in
some patients®®. The spectrum of neurological disorders
includes meningitis, encephalitis, paralytic syndrome,
myoclonus, tremors, ataxia, Guillain Barre syndrome and

transverse myelitis, with or without the presence of HFMD
53,54,55

CONCLUSION

Many CNS infections remain undiagnosed, and it is
likely that many of these are caused by newly emerging
infections. Several such emerging infections have been
characterised in the last decade, contributing to the
changing landscape of CNS infection. Outbreak
investigations have helped define the neurological
syndromes associated with some known pathogens (such
as Zika, Ebola, EV-A71), whereas searching for elusive
pathogens with modern diagnostic methods has enabled
the discovery of several novel organisms producing CNS
infection (e.g., VSBV-1). The pathogenic role of some of
the newer pathogens is yet to be confirmed. No specific
treatments or vaccines are currently available for many
of these infections, and disease surveillance and
prevention are the cornerstones of minimising deaths
and disability caused by them. The disease patterns are
hauntingly similar to some epidemics from yesteryear
(e.g, EV-A 71 and polio), and learning from the past lessons
would stand us in good stead in facing the new threats.
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Key points

The global landscape of central nervous system
infections is rapidly changing.

Neurological syndromes caused by many emerging
organisms, mainly viruses, have been defined in the
last decade.

Epidemic surveillance and investigation have helped
in the characterisation of many such neurological
syndromes.

Advances in diagnostic techniques have led to the
discovery of many new pathogens causing central
nervous system infections.
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