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I congratulate the editors to select such a timely topic for their book. This book
comprises a broad range of viral and fungal central nervous system infections,
including the cause, the pathogenesis, the diagnosis, the therapy, and the prophy-
laxis. CNS infections continue to be life-threatening conditions that frequently
necessitate intensive neurosurgical interventions for accurate diagnosis and treat-
ment, despite advancements in antimicrobial treatments and resuscitation
techniques. Viral and Fungal Infections of the Central Nervous System: A
Microbiological Perspective serves as a refresher for teachers, clinical practitioners,
graduate and postgraduate students, and researchers in microbiology. The twenty
chapters that follow delve into the intricacies of viral and fungal infections of the
CNS, covering a wide range of topics that span from basic microbiology to advanced
clinical management. Each chapter is meticulously crafted by experts in the respec-
tive fields, ensuring that you receive the most up-to-date and accurate information
available. I wish the students and readers a successful educational experience and
success to authors and editors.

Principal, INMCH, AMU, Haris M. Khan
Aligarh, India
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I am delighted to write the foreword for Viral and Fungal Infections of the Central
Nervous System: A Microbiological Perspective, which reports updated information
on central nervous system (CNS) infections of viral and fungal etiologies.

This book serves as a valuable window, connecting the world of medical
neurovirology and neuromycology with the world of clinical practice. Medical
neuromycology and neurovirology are specialties that have made great strides in
recent years and have had a significant impact on clinical outcomes, especially for
those with immunocompromised conditions like AIDS.

The availability of a wide range of antifungals, newly discovered antivirals, or
immunological-based medicines, supported by successful trials, has improved over
the past several decades from a time when there were only a few agents available.
The reader will find that all these aspects are covered in this book. The text also
briefly covers: approach to a patient with suspected CNS infection; an account of all
the causes of CNS infections, including bacterial, parasitic, prion, and
postinfectious; immunology aspects of CNS illnesses; role of neuroinfections in
immunocompromised states; future diagnostic aspects.

This timely, comprehensive text will plant the roots of knowledge with the final
aim to support academicians, neurologists, physicians, and all healthcare personnel
to be confident in identifying and managing neuroinfections. I anticipate that
healthcare professionals, including medical students, will find this book to be a
useful learning tool and reference, which will result in better patient care.

I congratulate all the involved editors and writers for their commendable work,
with the hope that it will be widely appreciated by all readers.

Department of Microbiology Meher Rizvi
and Immunology, College of Medicine

and Health Sciences, Sultan Qaboos University

Muscat, Oman



There are many different types of microorganisms that may affect the meninges and
brain causing central nervous system (CNS) infections. Likewise, the number of
CNS illnesses attributed to viruses and fungi is increasing over the globe. Despite the
development of novel diagnostic techniques and the accessibility to cutting-edge
healthcare technologies, CNS infections are associated with considerable morbidity
and mortality worldwide. The importance of this group of diseases for medical care
demands the creation of a well-structured resource for recent scholarly literature,
which encompasses up-to-date clinical and diagnostic practices as well as novel,
prospective advances in the identification, treatment, and prevention of viral and
fungal CNS infections.

The book is divided into four main parts. The reader is given profound knowledge
on the various etiologies, patho-physiologies, and host responses involved in differ-
ent CNS infections in the first part. It lists not only the common bacteria, viruses,
fungi, parasites, but also the rarer microbes, including prions responsible for neural
infections. Syndrome-driven strategies for neuro-infections are also stressed,
together with patient history, nervous system examination, cerebrospinal fluid
findings, laboratory diagnostics, imaging, and management principles.

The two parts that follow go in depth on CNS illnesses caused by certain viral and
fungal pathogens. It includes extensive extracts on neurotropic viruses’ long-term
effects, mycological neuro-infections, along with the inclusion of lesser-known
viruses and fungi that cause neurological disease. In the relevant chapters, subjects
including the fundamentals of aggressive antifungal therapy and procedures are
actively covered.

The book’s final part, which stands out for its originality, is devoted to giving
clinicians an understanding of the prospects for effectively identifying and treating
viral and fungal neuro-infections in the future in order to address related morbidities.
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xii Preface

Neurologists, clinical microbiologists, and medical professionals who work with
patients suffering from neurological infections might use this book's clinically
focused counsel. The ultimate goal is to shape the reader into someone who is
self-assured enough to draw logical conclusions and effectively manage patients
with viral or fungal central nervous system infections.

Aligarh, India Hiba Sami
Safiya Firoze
Parvez A. Khan
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Abstract

Infections of the central nervous system (CNS) are of utmost importance because
of the various pathogens, emergence and re-emergence of new infections, and the
hefty burden they impose on healthcare systems. Despite advances in antimicro-
bial therapies and resuscitation practices, CNS infections still persist as life-
threatening circumstances, often requiring aggressive neurosurgical interventions
for proper diagnosis and treatment. CNS infection etiologies vary depending on
the geographical location, seasonal time, age group, existing co-morbidities,
vaccination status, and the routes of pathogen acquirement. CNS infections
predominantly affect low- and middle-income countries (LMICs). CNS
infections are caused by a wide range of viruses that can lead to a variety of
neurological manifestations, ranging from mild to severe. The etiology of viral
CNS infections is attributable to various viruses such as enteroviruses, herpes
simplex virus (HSV), varicella-zoster virus (VZV), cytomegalovirus (CMV),
Epstein—Barr virus (EBV), and human immunodeficiency virus (HIV). Crypto-
coccus remains the most common cause of fungal CNS infections, with most
cases occurring in sub-Saharan Africa, where it is the leading cause of meningitis.
Aspergillosis, histoplasmosis, coccidioidomycosis, and blastomycosis are other
common fungal CNS infections.

N. Faizi (<)
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1.1 Introduction

Central nervous system (CNS) infections are a set of infections that affect the brain,
spinal cord, optic nerves, and the membranes that cover them. CNS infections lead to
significant morbidity and mortality, with the persistence of neurological sequelae
among survivors. The spread of microorganisms from the blood causes most of these
infections. They could be due to the breaching of the blood—brain barrier, head
trauma, or even extrinsic contamination, such as in neurosurgery and implants. The
epidemiology of CNS infections have changed over time, with new pathogens
emerging and the existing ones evolving. These changes are driven by multiple
factors, including global travel, migration, climate change, and medical
advancements. Despite advances in antimicrobial therapies and resuscitation
practices, CNS infections still persist as life-threatening circumstances, often requir-
ing aggressive neurosurgical interventions for proper diagnosis and treatment. CNS
infection etiologies vary depending on the geographical location, seasonal time, age
group, existing comorbidities, vaccination status, and route of pathogen acquisition.
The viral CNS infections predominantly cause meningitis—the infection of
meninges surrounding the brain and spinal cord, and, encephalitis—the inflamma-
tion of the brain. While encephalitis is diagnosed by an altered state of conscious-
ness, focal deficits, and seizures, often, meningitis is underdiagnosed (Tuppeny
2013). Fungal CNS infections once considered rare, are no longer rare with the
increasing use of immunosuppressive therapies and rising fungal resistance. CNS
infections are caused by bacteria, mycobacteria, and other parasites as well.

1.2  Epidemiology

CNS infections predominantly affect low- and middle-income countries (LMICs),
with an overall combined incidence of 726 cases in low-income countries, 299 in
middle-income countries, and 11 in high-income countries per 100,000 people
(Robertson et al. 2018). This restricted estimate of incidence selected only five
diseases: neurocysticercosis, bacterial meningitis, intracranial abscess, tubercular
meningitis/osteomyelitis, and non-tuberculous spinal osteomyelitis. In comparison,
the incidence of viral meningitis alone exceeds the combined incidence of all other
etiologies, with enteroviruses causing 90% of all viral meningitis (Irani 2008). The
global burden of disease reports a reduction in deaths by 21% from 1990 to 2016, but
an increase in incidence from 2.50 to 2.82 million in the same time period (Zunt et al.
2018). While viral meningitis is more common than bacterial meningitis, bacterial
meningitis is more serious if left untreated.
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Viral CNS infections are a significant global public health concern, with an
incidence ranging from 0.26 to 17 cases per 100,000 people, varying with age and
other factors (McGill et al. 2017). Venkatesan et al. (2013) found that the incidence
of viral meningitis in the United States was approximately 0.7 cases per 100,000
people per year, while viral encephalitis occurred at a rate of 1.7 cases per 100,000
people per year. Additionally, Granerod et al. (2010) estimated that the incidence of
acute encephalitis syndrome (AES) was approximately 7.4 cases per 100,000 popu-
lation per year in Europe, with viral etiologies accounting for up to 60% of cases.
Viral CNS infections are distributed and reported worldwide, with a predominance
of specific subtypes in certain geographies. The burden of viral CNS infections is
particularly high in resource-limited settings, where they are associated with high
morbidity and mortality rates. For instance, a study by Preux et al. (2017) estimated
that the annual incidence of AES in sub-Saharan Africa was approximately 4.3 cases
per 100,000 people, with a case-fatality rate of up to 45% in some regions.

Fungal CNS infections were considered rare before the 1970s, reported largely
from immunocompromised patients. Fungal CNS infections are now found even in
immunocompetent hosts using steroids, cytotoxic drugs, and antibiotics
(Chakrabarti 2007). With each passing year, the incidence of fungal CNS infections
is steadily increasing owing to a multitude of such factors, despite diagnostic
concerns. Fungal central nervous system (CNS) infections are now a significant
cause of morbidity and mortality worldwide, particularly in immunocompromised
individuals. The burden of fungal CNS infections varies depending on the geo-
graphic location, immune status of the host, and the specific causative organism.
Cryptococcosis is the most common fungal infection affecting the CNS, with an
estimated 223,100 cases and 181,100 deaths globally annually (Rajasingham et al.
2017). In the United States, the incidence of cryptococcal meningitis, one of the most
common fungal CNS infections, is estimated to be between 0.2 and 0.4 cases per
100,000 people per year (Perfect et al. 2010). Its incidence is higher in sub-Saharan
Africa, where HIV/AIDS is endemic, with an estimated incidence of 13 cases per
100,000 people per year (Park et al. 2009). Other fungal pathogens causing CNS
infections, such as Aspergillus and Candida species, are less common, but can also
lead to significant morbidity and mortality, especially in immunocompromised
patients.

Mycobacterial infections also affect the central nervous system, especially in
Southeast Asia. CNS tuberculosis accounts for 1% of all TB cases and TB meningitis
is the most common form of CNS TB (Thakur et al. 2018). CNS TB accounts for
approximately 5-10% of all extrapulmonary TB (EPTB) cases and approximately
1% of all TB cases. Cerebral malaria caused by Plasmodium falciparum dispropor-
tionately (>90%) affects children in African regions (WHO 2009).

1.2.1 Epidemiological Triad

The concept of causation has changed drastically since the early days of Henle—
Koch’s postulates. The mere presence of the agent is not sufficient to cause a disease.
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The predispositions are equally important for the causation of a disease. The cause of
a disease is defined as “an event, condition, or characteristic that preceded the
disease event and without which the disease event either would not have occurred
at all or would not have occurred until some later time” (Rothman and Greenland
2005). This sufficient cause model is a conceptual framework used to understand the
complex interplay of multiple risk factors in the development of a disease. In this
model, a disease is considered to be the result of a combination of one or more
necessary and sufficient factors. A necessary factor is one that must be present for the
disease to occur, whereas a sufficient factor is one that alone can cause the disease. In
the case of cryptococcal CNS infection and immunosuppressant status, Cryptococ-
cus is a necessary factor for the occurrence of infection as it is the causative
organism. However, the immune system plays a critical role in the prevention and
control of infections. Hence, in a sufficient cause model, the combination of immu-
nosuppression and exposure to C. neoformans may be sufficient to cause cryptococ-
cal infection. For example, an HIV-infected person who is also receiving
immunosuppressive therapy for another medical condition may be at a higher risk
of developing cryptococcal infection if they are exposed to C. neoformans. The
sufficient cause model highlights the importance of understanding the complex
interplay of multiple risk factors in the development of a disease. By identifying
the necessary and sufficient factors involved in a disease, researchers and clinicians
can develop targeted prevention and treatment strategies to reduce the risk of disease
development and improve outcomes in affected individuals.

The classical epidemiological triad comprising agent, host, and environmental
factors helps us conceptualize and understand the implications of viral and fungal
CNS epidemiology and etiology (Fig. 1.1). Different viruses may show different
patterns of transmission and prevalence in different geographic regions. For exam-
ple, West Nile virus is primarily transmitted through mosquitoes and is most
commonly found in parts of the United States, while Japanese encephalitis virus is
prevalent in parts of Asia and is primarily transmitted through mosquito bites.

1.3 Viral CNS Infections

Viral infections of the central nervous system (CNS) are caused by a wide range of
viruses that can lead to a variety of neurological manifestations, ranging from mild to
severe. The etiology of viral CNS infections can be attributed to a variety of viruses
such as enteroviruses, herpes simplex virus (HSV), varicella-zoster virus (VZV),
cytomegalovirus (CMV), Epstein—Barr virus (EBV), and human immunodeficiency
virus (HIV) among others (Venkatesan and Geocadin 2014). Viruses are among the
most common causes of meningitis and more common than the combined meningitis
cases of all other microorganisms. Focal infections such as viral myelitis are less
common. Etiologically, viruses also cause aseptic meningitis which is difficult to
distinguish and diagnose (Irani 2008).

Host conditions affect the prevalence of viral CNS infections. In pregnancy, the
most common viral CNS infections are Herpes Simplex virus, especially HSV
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Virus *Age (e,g, children, elderly) *Climate (e.g. temperature,
eViral species (eg. Remerging humidity)
viruses) eImmune status (competent or
eViral load compromised) *Geographic distribution (e.g.
eVirulence factors (e.g. tropism, endemicity, spread)
ability to evade immune system) «Genetic predisposition (e.g. HLA
* Antigenic variability (e.g. types, genetic susceptibility) *Human Behaviour (e.g. travel,
mutation, reassortment) migration, outdoor activities)
e Viral latency and reactivation eSex (e.g. male, female)
*Time of the year (e.g. seasonal e Healthcare settings (e.g. long term
epidemics) «Comorbidities (e.g. diabetes, care facilities)
hypertension)
s Fungi *Vector-borne transmission (e.g.
*Fungal species (e.g. Aspergillus, e Occupational exposures (e.g. mosquito, tick)
Cryptococcus, Candida, healthcare workers, laboratory
Histoplasma) personnel) *Faeco-oral transmissions (e.g.
e Virulence factors (e.g. capsule Enteroviruses)
formation, melanin production) eUnderlying neurological disease
*Antifungal resistance (e.g. Alzheimer's, Parkinson's, *Natural disasters (e.g. flood,
¢ Biofilm formation epilepsy) hurricane)
*Growth conditions (e.g.
temperature, pH, oxygen) ¢ Nutritional status (e.g. *Environmental exposure (e.g. soil,
*Route of infection (e.g. inhalation, malnutrition, obesity) bird droppings)

ingestion, trauma)

e Comorbidities (e.g. diabetes,
hypertension)

Fig. 1.1 Epidemiological triad for viral and fungal CNS infections

2, Cytomegalovirus, Zika Virus and Rubella virus (Curcio et al. 2020). Arboviral
infections such as La Crosse and West Nile virus are more common in certain parts
of the world including the United States.

In immunocompromised hosts, the viral CNS infections include Herpes Simplex,
Varicella Zoster, Cytomegaloviruses, Epstein—Barr virus, John Cunningham virus,
and Human Herpes virus-6 (Walker et al. 2019, Johnston and Guinan 2019).
Similarly, causes of viral CNS infections could include poliomyelitis, zika, measles,
Japanese encephalitis, and others (Table 1.1).

1.4  Fungal CNS Infections

Cryptococcus remains the most common cause of fungal CNS infections, with most
cases occurring in sub-Saharan Africa, where it is the leading cause of meningitis.
Aspergillosis, histoplasmosis, coccidioidomycosis, and blastomycosis are other
common fungal CNS infections that are associated with significant morbidity and
mortality.

Immunocompromised individuals, such as those with HIV/AIDS, solid organ or
stem cell transplant recipients, and individuals receiving chemotherapy, are at higher
risk for fungal CNS infections (Harvard Health Publishing 2022). Other risk factors
include age, diabetes mellitus, and prolonged corticosteroid use.

Prevention and treatment of fungal CNS infections can be challenging due to the
limited diagnostic tools and the high mortality rates associated with these infections.



Table 1.1 Viral CNS infections

Viral CNS infections
Enteroviruses
Coxsackie virus
Echo viruses
Parechoviruses

Papovaviruses (John Cunningham

virus)

Herpes viruses (Herpes simplex,
varicella zoster, cytomegalovirus,

and others)
Zika virus
Japanese encephalitis virus

West Nile virus

La Crosse virus

Tick-borne encephalitis virus
Dengue virus

Rabies virus

Poliomyelitis virus

Measles, Mumps, Rubella viruses
Opportunistic infections such as

Arenaviruses-Lymphocytic
choriomeningitis virus

Host conditions

Humans (especially
children),
immunosupression therapy

Humans, previous
infections, and pregnancy
immunosuppression
Humans

Pigs, birds, and humans

Birds, humans, and horses

Humans exposed to
arthropods

Mammals

Humans especially
children

Reduced CD4 in
HIV-infected persons

N. Faizi and J. Hassan

Environmental conditions

Poor water, sanitation, and
hygiene (Feco-oral
transmissions)

Immunosuppression,
primary infection with
herpes simplex virus
Mosquito-infested areas

Mosquito-infested areas,
rice fields

Mosquito-infested areas
Arthropod-infested areas

Exposure to infected
animals’ saliva

Poor vaccination coverage,
sanitation, and hygiene

Poor treatment access or
adherence

Early diagnosis and prompt initiation of antifungal therapy are crucial for improving
patient outcomes. There are various fungal CNS etiological agents associated with
different hosts and environment conditions (Table 1.2).

1.5 Emerging and Re-emerging Infections

Emerging infections are newly recognized or with an increased occurrence within
the last few decades and include four distinct categories (Loscher and Priifer-Kramer
2010).

1. Emerging diagnosis of infectious diseases: old diseases with a recent discovery of
the responsible infectious agent.

2. Newly emerging infectious diseases.

3. Re-emerging infectious diseases: reoccurrence or new outbreaks of old infectious
diseases with important public health relevance, and

4. Emerging resistance: increasing resistance of infectious agents to antimicrobial
substances.
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Table 1.2 Fungal CNS infections

Fungal CNS
infections

Cryptococcosis

Aspergillosis

Histoplasmosis

Coccidioidomycosis

Blastomycosis

Host conditions

Immunocompromised individuals
(HIV/AIDS)

Immunocompromised individuals
(neutropenia, transplantation)
Immunocompromised individuals
(HIV/AIDS)

Individuals living in or traveling to
endemic areas (Southwestern
United States, Central and South
America)

Immunocompromised individuals
(HIV/AIDS)

Environmental conditions

Encapsulated yeast found in soil,
bird droppings, and decaying
wood

Found in soil and decaying
organic matter

Found in soil with high nitrogen
content, such as that enriched by
bird and bat droppings

Found in soil in arid and semi-
arid regions

Found in soil and decaying
organic matter

Table 1.3 Emerging and re-emerging viral and fungal CNS infections

Emerging infectious
agent

Zika virus

Japanese encephalitis
West Nile virus
Nipah virus

Hendra virus

Herpes simplex virus
Varicella zoster virus
Cryptococcus
neoformans
Aspergillus spp.

Host

Humans, primates
Humans, birds, pigs
Birds, humans, horses
Humans, pigs, bats

Humans, horses, bats

Humans

Humans

Humans, especially
immunocompromised

Humans, especially
immunocompromised

Environmental conditions
Mosquito-borne
Mosquito-borne
Mosquito-borne

Bat-borne, person-to-person
transmission

Bat-borne, person-to-person
transmission
Person-to-person transmission
Person-to-person transmission
Tropical climates

Tropical climates

Emerging and reemerging infections pose a significant public health threat
because of their potential for rapid spread and high mortality rates, many of which
include CNS infections. Emerging infections have peaked since the 1980s because
of multiple factors, such as climate change and globalization at the planetary level
with high population density (megacities), intensive farming, and other factors. The
emerging and re-emerging viral CNS infections (Table 1.3), such as Zika virus and
West Nile virus have caused large-scale outbreaks in recent years. Many
arboviruses, primarily transmitted by mosquitoes, have spread widely because of
changes in agricultural practices such as rice and pig farming, urbanization, rise in
international travel, urbanization, and other such causes (Chow and Glaser 2014).
Arboviruses cause a range of neurological symptoms, including encephalitis,
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meningitis, and myelitis. Herpesviruses, such as herpes simplex virus and varicella-
zoster virus, can also cause CNS infections through person-to-person transmission.
These viruses establish latent infections in the sensory ganglia, where they can
reactivate and cause viral encephalitis, meningitis, or myelitis. Varicella-zoster
virus is a particularly common cause of CNS infections in immunocompromised
individuals.

Fungal pathogens, including Cryptococcus neoformans and Aspergillus spp., are
other significant causes of CNS infections (van de Beek et al. 2019). These fungi are
commonly found in the environment and can cause meningitis, encephalitis, or brain
abscesses in immunocompromised individuals.

1.6  Bacterial, Mycobacterial, and Parasitic CNS Infections

Among the bacterial causes, the most common pathogens are Streptococcus
pneumoniae and Neisseria meningitidis (Bhimraj 2012). Hemophilus influenzae
type b is also a known cause in children, but its incidence has reduced due to
effective vaccination in some settings. In Southeast Asia, tubercular meningitis is
common especially in children (Nair et al. 2010). The non-tubercular mycobacterial
CNS infections such as Mycobacterium abscessus are very rare (Lee et al. 2012).
Among the parasitic causes, protozoans such as malaria parasites, toxoplasmosis,
and helminths—neurocysticercosis and schistosomiasis—are the most common
parasitic organisms causing CNS infections (Garcia 2021). The epidemiological
triads for important bacterial, mycobacterial, and parasitic causes of CNS infections
are associated with diverse host and environment conditions (Table 1.4).

1.7 Conclusion

The epidemiology and etiology of CNS infections are complex and varied. Under-
standing the epidemiology, distribution, and determinants is crucial for preventing
this rise in viral and fungal CNS infections. There are five significant concerns with
the viral and fungal CNS infections:

1. Public Health: CNS infections caused by viruses and fungi are a significant public
health concern worldwide. Understanding the epidemiology of these infections,
including their incidence, prevalence, and distribution, is essential for developing
effective prevention and control strategies.

2. Diagnosis and treatment: Early diagnosis and treatment of CNS infections are
critical for preventing long-term neurological sequelae and mortality. Improved
understanding of the etiology, pathogenesis, and clinical presentation of viral and
fungal CNS infections can aid in their timely diagnosis and management.

3. Emergence of new pathogens: Advances in diagnostic technologies and global
travel and migration have led to the emergence and re-emergence of viral and
fungal pathogens causing CNS infections. Studying these pathogens is important
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Table 1.4 Bacterial, mycobacterial, and parasitic CNS infections

CNS infections
Bacterial
Neisseria
meningitidis
Streptococcus
pneumoniae

Haemophilus
influenzae type

Listeria
monocytogenes

Mycobacterial

Mpycobacterium
tuberculosis

Non-tubercular
Mycobacteria

Parasite

Plasmodium
falciparum
Taenia solium

Schistosoma

Toxoplasma
gondii

Host conditions

Humans, especially
unvaccinated

Humans, particularly the
elderly and
immunocompromised
individuals

Children, particularly those
under the age of 5

Neonates, pregnant women,
and immunocompromised
individuals

Humans, most common in
South East Asia

Rare, immunosuppressive
conditions

Humans affected by cerebral
malaria

Humans (neurocysticercosis)
Humans, especially children
Humans,

immunocompromised and
pregnant women

Environmental conditions

Crowded living conditions, close contact
with carriers, and travel to endemic areas
Crowded living conditions, exposure to
carriers, and comorbidities such as
diabetes and HIV

Crowded living conditions, exposure to
carriers, and lack of vaccination

Consumption of contaminated food,
exposure to contaminated environments,
and maternal—fetal transmission

Common in low socio-economic
conditions such as overcrowding and
immunosuppression

Immunosuppressed conditions

Tropical and subtropical malarial regions,
poor water, sanitation, and poor housing
Poor water and sanitation, consumption of
undercooked pork

Exposure to freshwater sources with snails
or containing parasitic eggs in feces/urine
contaminations

Contact with cat feces, undercooked meat
consumption, hot, humid climates and
lower altitudes

for identifying emerging infectious diseases and developing effective strategies
for their prevention and control.

. Drug resistance: The emergence of drug-resistant fungal strains is a growing
concern, and understanding the mechanisms of resistance can aid in the develop-
ment of new antifungal agents. Similarly, the evolution of viral strains can impact
the effectiveness of existing antiviral therapies.

. Interdisciplinary collaboration: The management of CNS infections requires a
multidisciplinary approach, involving infectious disease specialists, neurologists,
neurosurgeons, and other healthcare professionals. Collaborative research on
viral and fungal CNS infections can lead to improved patient outcomes and better
public health policies.

For a more complete knowledge of these illnesses on a global scale,

advancements in CNS viral and fungal infection detection and research are required.
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The prevalence of CNS illnesses will inevitably rise as planetary health continues to
be afflicted with climate change and antimicrobial resistance.
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Abstract

Infections of the central nervous system (CNS), which include those of the brain’s
cerebrum and cerebellum, spinal cord, optic nerves, and the membranes that
cover them, are medical emergencies that are associated with high rates of
morbidity, mortality, or long-term effects that can have detrimental effects on
the quality of life of affected individuals. Acute CNS infections may be caused by
microorganisms, such as bacteria, viruses, fungi, and parasites, or by trauma
caused by fractures at the base of the skull or the cribriform plate, which can
cause an opening between the CNS and the adjoining areas, such as sinuses,
mastoid, middle ear, or nasopharynx, which may serve as a gateway for
infections. Infections in the CNS can manifest as a subarachnoid space infection,
such as meningitis, or a parenchymal infection, such as encephalitis, myelitis, or
abscess. It is most usually disseminated hematogenously but it can also spread
directly from nearby structures (otitis, sinusitis, and dental abscess) as well as
invasive and non-invasive trauma (cranial fractures, foreign bodies, and ventric-
ular shunt). CNS infection clinical syndromes may include acute meningitis:
characterized by an acute onset of fever, headache, vomiting, meningismus, and
impaired mental status in bacterial and viral infections; fast progression over
hours to days; subacute or chronic meningitis: found in tuberculosis or fungal
infections, with a low-grade fever that develops gradually over weeks; acute
encephalitis that is caused by viruses manifests itself in two ways: (a) diffuse:
changed mental condition and (b) focal: viral tropism for a single place; and
encephalopathy caused by a systemic infection, such as Shigella, typhoid,
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malaria, Rickettsia, or endocarditis. Symptoms range from mild to severe and are
frequently linked to mood swings.

Keywords

Central nervous system - Meningitis - Encephalitis - Myelitis - Abscess

2.1 Introduction

The brain (cerebellum and cerebrum), spinal cord, optic nerves, and their encasing
membranes make up the central nervous system (CNS). The stiff boundaries of the
cranium and spinal canal of the vertebral column safeguard these structures. The
meninges are three layers of continuous protective tissues that surround the spinal
cord and the cerebral cortex, the outermost, gray tissue layer of the brain. The pia
mater is the deepest meningeal layer that directly covers the cerebral cortex. The
arachnoid and dura mater, respectively, are the terms for the middle and outermost
layers (Archibald and Quisling 2013).

2.2 Meningitis
2.2.1 The Meninges: Anatomical and Functional Attributes

The meninges are three layers of continuous protective tissues (Fig. 2.1) that
surround the spinal cord and the cerebral cortex, the outermost, gray tissue layer
of the brain. The pia mater is the deepest meningeal layer that directly covers the
cerebral cortex. The arachnoid and dura mater, respectively, are the terms for the
middle and outermost layers of the meninges. A number of compartments, including
sinuses for venous drainage, are formed by the dura mater (Archibald and Quisling
2013). These sinuses are entered by arachnoid villi, which are a part of the arachnoid.
The Virchow—Robin spaces are connected with the subpial space. The subarachnoid
space is not connected to these two compartments, which transmit different vessels
to and from the brain parenchyma. While the subarachnoid space is continuous and
situated between the pia mater and the arachnoid, the subdural space is situated
between the arachnoid and the dura mater. The epidural gap is the space between the
dura and the skull. The infection continues to be close to the initiating factor. The
majority of infections that spread into the epidural spaces are spread from a nearby
source of infection, and the infection remains around the original nidus of infection.
Subdural infections, on the other hand, are frequently linked to extracerebral sources,
and these infections can also spread broadly inside the subdural compartment, far
from the initiating source. The four ventricles of the brain’s choroid plexuses
continually produce cerebrospinal fluid (CSF). The lateral and third ventricles
transport CSF to the fourth ventricle, which is situated between the cerebellum and
the midbrain. CSF surrounds the entire central nervous system and travels from the
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fourth ventricle to the subarachnoid space, arachnoid villi, and the superior sagittal
sinus of the dura mater before being reabsorbed into the bloodstream.

Understanding the etiology of CNS infections also requires a solid understanding
of the blood supply. The brain and spinal cord have a special capillary supply as the
outer layers of endothelial cell layers are merged together. These specialized brain
microvascular endothelial cells make up the blood-brain barrier, which isolates the
brain and meninges from the circulating blood and prevents the infiltration of
microorganisms, toxic agents, and the majority of other compounds while regulating
the flow of crucial nutrients and molecules for normal neural function.

As a result, bacteria can infect the central nervous system if they manage to cross
the blood—brain barrier. Such breaches can be caused by the organisms themselves,
such as Escherichia coli, mycobacteria, and spirochetes, or by damage to the blood—
brain barrier (such as microhemorrhage or necrosis of the surrounding tissue), the
mechanical obstruction of microvessels by parasitized red blood cells, leukocytes, or
platelets, excessive production of cytokines that degrade tight junction proteins, or a
combination of these factors. The treatment implications are obvious: in order for
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antimicrobials administered for CNS infections to be successful, they must be able to
cross the blood—brain barrier.

2.2.2 Routes of CNS Infection

Meningitis, encephalitis, and abscesses are the three main types of acute CNS
infections, and they are all typically brought on by the transmission of the
corresponding microbes through the blood. Bacteremia or viremia can be caused
by primary infections at more distant anatomic sites, such as the lungs, heart, skin,
gastrointestinal tract, or kidney, as well as locations close to or contiguous to the
central nervous system (CNS), such as the mastoid, sinuses, or middle ear. The most
frequent predisposing diseases in children are middle ear or sinus infections, which
cause temporary bacteremia and hematogenous seeding of the central nervous
system (CNS) (Kim 2010; Schuchat et al. 1997). Infections with bacteria in the
paranasal and otomastoid sinuses frequently result in phlebothrombosis of the
nearby cortical veins that drain into them. It is possible for this thrombotic process
to enter nearby dural sinuses. A direct passage from the infected sinus to the nearby
extra axial spaces or the brain via cortical venous drainage pathways is provided by
the phlebothrombosis turning into thrombophlebitis.

When an organism enters the venous sinuses of a patient with bacteremia or
viremia, it may cross the blood—brain barrier, pierce the dura as well as arachnoid,
and enter the subarachnoid space, infecting the CSF and spreading the infection
further all over this anatomic space. Openings between the CNS and the sinuses,
mastoid, middle ear, or nasopharynx can result from fractures near the base of the
skull or cribriform plate. All of these locations are close to the upper respiratory
system; therefore, if there is a CSF leak at one of these locations, respiratory bacteria
may track backward up into the subarachnoid space. Intraoperatively, during neuro-
surgery procedures, an extrinsic contamination of the CNS can happen. In addition,
implants or adjunct hardware (such as shunts, ventriculostomies, or external drain-
age catheters) can colonize and act as foci of infection. Spina bifida and sinus tracts
are two examples of congenital abnormalities that can colonize and serve as sources
of infections. Through intraneural routes, viruses including polioviruses, herpes
simplex virus (HSV), and rabies can travel to the CNS and cause encephalitis
(Archibald and Quisling 2013).

2.2.3 Acute Bacterial Meningitis

An inflammatory reaction following pyogenic bacterial invasion of the pia mater, its
arachnoid membranes, and the area surrounding the central nervous system is known
as bacterial meningitis. Because the subarachnoid space is continuous, this infection
frequently affects the full length of the neuraxis, including the brain itself (cerebrum
and cerebellum), the spinal cord, optic nerves, and associated encasing membranes.
Non-pyogenic microbes (such as mycobacterium or spirochetes like Leptospira
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Fig. 2.2 Etiological agents of bacterial meningitis according to different age groups

spp.) are more rarely implicated in pyogenic meningitis and are linked with a
prominent, acute inflammatory exudate. Clinically, the illness begins suddenly and
progresses over a few hours to a few days to include a fever, headache, irritability,
and stiff neck, along with or without specific neurological symptoms (Hsu et al.
2009; Schuchat et al. 1997; Wall et al. 2021).

Streptococcus pneumoniae, Neisseria meningitidis, and Haemophilus influenzae
type B are the three pathogens most commonly responsible for community-acquired
bacterial meningitis. Additionally, specific groups, such as newborns, pregnant
women, transplant recipients, and elderly persons, are susceptible to meningitis
caused by Gram-negative bacteria like Escherichia coli and Klebsiella pneumoniae
and Group B Streptococci, Listeria monocytogenes, and Streptococcus suis (GBD
2016 Meningitis Collaborators 2018). The age distribution, for the most prevalent
agents (Schuchat et al. 1997) in bacterial meningitis, is enumerated in Fig. 2.2.

2.2.4 Tubercular Meningitis

Infection of the meninges with Mycobacterium tuberculosis (MTB) bacilli results in
tuberculous meningitis (TBM), which presents as extrapulmonary tuberculosis.
Droplet inhalation causes the alveolar macrophage to get infected with MTB,
which is then transmitted to the host. The lung is where the primary infection first
manifests itself, spreading later to the lymph nodes. MTB seeds the meninges in
tuberculous meningitis, causing Rich foci, which are sub-ependymal clusters. These
foci have the potential to burst into the subarachnoid space, triggering a severe
inflammatory reaction that results in meningitis symptoms. This reaction’s exudates
have the potential to enclose cranial nerves and result in nerve palsies. They can
obstruct the flow of cerebral spinal fluid (CSF), which causes hydrocephalus, and
entrap blood vessels, resulting in vasculitis. Patients who overcome tuberculous
meningitis (TBM) may experience chronic sequelae from these immunological
reactions (Slane and Unakal 2023; Thwaites et al. 2000).
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Meningitis, tuberculoma, and spinal arachnoiditis are all possible symptoms of
Mycobacterium TB infection in the central nervous system (CNS). There are
typically three main stages of clinical presentation of TBM (Farinha et al. 2000):

Low-grade fever, malaise, headaches, and a change in behaviors are all signs of
the early prodromal phase. Typically, it lasts between 1 and 3 weeks. The meningitic
phase then follows, which is distinguished by significant neurologic symptoms, such
as persistent headache, urge to vomit, meningismus, fatigue, disorientation, and
different presentations of cranial nerve and long-tract indications. In the paralytic
phase, confusion is followed by stupor, seizures, coma, and frequently hemiparesis.
Untreated sickness frequently ends in death 5-8 weeks after it starts.

2.2.,5 Chronic Meningitis

Meningeal inflammation that lasts at least 4 weeks and is accompanied by a CSF
pleocytosis is referred to as chronic meningitis (Thakur and Wilson 2018). Atypical
bacteria, endemic fungal organisms, and noninfectious etiologies are more fre-
quently responsible for chronic meningitis than community-acquired bacteria and
viruses, which are more frequently the causes of acute meningitis. The three most
frequent causes of chronic meningitis are neoplasm, TB, and fungal infections.

Chronic meningitis patients with infectious etiology may exhibit symptoms and
signs of raised intracranial pressure (ICP), especially when the infection is brought
on by Cryptococcus neoformans subsp. Fungal meningitis is increasingly
recognized in immunocompetent patients as well as those with immunologic
diseases taking immunosuppressant drugs or monoclonal antibodies like rituximab.
Previously, the disease was thought to only affect those with HIV infection or a
hematologic malignancy (Baldwin and Zunt 2014). A list of causes of chronic
meningitis (Aksamit 2021; Hildebrand and Aoun 2003; Tan 2003) has been
presented in Table 2.1.

2.2.6 Aseptic Meningitis

The phrase “aseptic meningitis” refers to inflammation of the meninges that line the
brain caused by a variety of etiologies with sterile cerebrospinal fluid (CSF) culture
results. It is determined by CSF pleocytosis of more than 5 cells/mm® (Kaur et al.
2023; Tattevin et al. 2019). Although viruses are the most frequent cause of aseptic
meningitis, other causes may be categorized as infectious and non-infectious causes.

2.2.7 Meningitis Following Trauma Episodes
Regardless of temporal proximity, post-traumatic meningitis denotes a meningeal

infection that is associated with cranio-cerebral trauma. One of the most frequent
skull fractures is a basilar skull fracture (BSF) (Das and Pal 2021). Meninges and the
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Table 2.1 Causes of chronic meningitis

Infectious causes
Bacterial

Brucella species
Francisella tularensis
Actinomyces species

Listeria monocytogenes
Ehrlichia chaffeensis

Nocardia species

Tropheryma whipplei (Whipple disease)
Spirochetal

Borrelia burgdorferi

Treponema pallidum

Leptospira species
Mycobacterial

Mpycobacterium tuberculosis
Fungal

Cryptococcus neoformans/gattii

Sporothrix schenckii

Blastomyces dermatitidis

Coccidioides immitis

Others (scedosporium apiospermum,
Paracoccidioides, dematiaceous molds)
Parasitic

Taenia solium

Angiostrongylus
Schistosoma

Toxoplasma gondii

Acanthamoeba

Balamuthia mandrillaris

Non-infectious
Systemic lupus
erythematosus (SLE)
Neoplastic
Sarcoidosis
Wegener’s
Granulomatous
Polyangiitis (GPA)
Behcet’s disease

Central nervous system
vasculitis

Chemical or drug-induced
meningitis

Idiopathic

21

Drugs
NSAIDS

Intravenous
Immunoglobulins
Intrathecal agents

brain are anatomically close to the inside of the skull; therefore, BSF can cause a
dural rupture that causes CSF to leak. BSF frequently involves the frontal and
ethmoid bones (Costa et al. 1993). The physical characteristics of the skull bones,
especially their thickness and flexibility, play a major role in the degree of deforma-
tion and amount of fracture/defect after a skull fracture. The horizontal cribriform
plate of the ethmoid bone connects to the frontal bone’s ethmoid notch to form a
substantial and dense bone complex. However, because of the difference in bone
density between these structures, the intersection between the cribriform plate and a
comparatively thinner ethmoid labyrinth harboring ethmoidal air cells is especially
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susceptible to stress. Additionally, frontal sinus involvement is frequent in BSF and
even regarded as high risk due to its relationship with a contusion to the anterior part
of the frontal lobe and with dural cuts that may result in CSF leakage.

2.3 Space-Occupying Lesions and Associated Infections

An “Intra-cranial space occupying lesion” (ICSOL) may be defined as a mass lesion
in the cranial cavity with diverse etiologies, including inflammatory, neoplasm
(benign or malignant), parasitic, hematoma, or AV malformation (Hema et al.
2016). The infectious causes of space-occupying lesions involve pyogenic abscess,
tuberculosis (Tuberculoma, TB abscess, TB pachymeninigitis), fungal infections
(Aspergilloma, Chromomycosis, Zygomycosis, Cryptococcoma, and Candida), par-
asitic infections (Cysticercosis, Hydatid cyst, and Toxoplasmosis), and viral
infections (progressive multifocal leukoencephalopathy caused by JC virus; Santosh
et al. 2010).

24 Healthcare-Associated Infections of the CNS

Healthcare-associated meningitis or ventriculitis (HCAVM) is defined as “the pres-
ence of a positive CSF culture or at least two symptoms (among fever >38 °C,
headache, meningeal or cranial nerve signs), along with at least one additional
criterion either of abnormal CSF (increased white cells, elevated protein, and
decreased glucose), detection of bacterial growth in CSF on Gram Staining, bacter-
emia, or diagnostic antibody titers” (Ippolito et al. 2022). Common symptoms
include fever, new-onset headache, nausea, convulsions, and changes in mental
status. There may also be erythema. Intrathecal infusion pumps may contribute to
the development of surgical site drainage and wound infections. It can be challeng-
ing to diagnose HCAVM associated with the presence of ventriculoperitoneal,
ventriculopleural, or ventriculoatrial shunts because of the presentation, which
might include symptoms of peritonitis, abdominal discomfort, pleuritis, glomerulo-
nephritis, or bacteremia. The treating physician should be prompted to include
HCAVM in the differential diagnosis if there are no other sources of infection that
are suspected. The clinical presentation might not be particularly specific because it
may be complicated by the underlying neurological disease (e.g., issues that result in
a reduced state of consciousness or coma) or because it may be similar to other
concurrent conditions (e.g., septic shock from other sources). Shunt infections
typically arise as a result of skin flora colonizing the shunt. This could happen
during or afterward surgery because of the disintegration of the surgical wound or
surrounding skin. Staphylococci are the most common pathogens in these infections,
which happen in the first few weeks following shunt implantation. The most
common kind of cerebrospinal fluid shunt infection is an early infection with skin
flora; approximately, half of all shunt infections are caused by coagulase-negative
staphylococci, and approximately, one-third of cases are caused by Staphylococcus
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aureus. Diphtheroids, like Corynebacterium jeikeium and Cutibacterium [previ-
ously Propionibacterium] acnes, may also be pathogenic.

2.5 Viral Encephalitis and Encephalopathies

Encephalopathy is defined as “an altered consciousness persisting for longer than
24 h, including lethargy, irritability or a change in personality or behaviour”
(Granerod et al. 2010). Encephalitis is defined as “encephalopathy and evidence of
CNS inflammation, demonstrated by at least two of:

* Fever.

+ seizures or focal neurological findings attributable to the brain parenchyma,

* CSF pleocytosis (more than 4 white cells per pL).

* EEG findings suggestive of encephalitis neuroimaging findings suggestive of
encephalitis”(Granerod et al. 2010).

Various known causes of Encephalitis (Ellul and Solomon 2018), which may be
viral etiology, autoimmune etiology, or due to other causes (Table 2.2).

“Inflammation of the brain parenchyma brought on by a virus” is known as viral
encephalitis. It coexists commonly with viral meningitis and is the most prevalent
kind of encephalitis. Viruses enter the host outside of the central nervous system and
then travel retrogradely from nerve terminals or hematogenously to the spinal cord
and brain (Said and Kang 2023). Important causes of viral and fungal encephalitis
are discussed in later chapters of this book.

Table 2.2 Important causes of encephalitis

Viral

HSV 1 and 2, VZV, Enteroviruses, Adenoviruses, Measles, Parechovirus, HIV, West Nile
virus, Japanese Encephalitis, EBV, CMV, HSV-6 and 7, Mumps, Rubella, t. Louis virus, Eastern
equine virus, Western equine virus, Dengue virus, and Rabies virus
Autoimmune

NMDAR antibody encephalitis (ovarian teratoma), LGI-1 antibody encephalitis (thymoma),
antibodies against intracellular antigens: anti-Hu (small cell lung tumor), anti-Ma (testicular
tumors), anti-GAD, acute disseminated encephalomyelitis, and Bickerstaft’s encephalitis

Infective

Bacterial meningitis, TB, opportunistic infections in immunocompromised patients
(e.g. crytococcus, toxoplasma, and CMV), Systemic sepsis with encephalopathy

Inflammatory

Vasculitis, systemic lupus erythematosus with CNS involvement, Behcet’s disease, and
neurosarcoidosis

Metabolic

Hypoglycaemia, hyponatremia, hepatic encephalopathy, and toxins (drugs and alcohol)
Neoplastic

Primary brain tumor (mainly low-grade glioma mirroring CNS inflammation), metastases
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2.6 Mycotic Neuro-Invasions

A host’s immunological wellness plus a fungal pathogen’s degree of virulence play
major roles in neuro-invasion (Hernandez-Chavez et al. 2017). Mycoses result in
considerable morbidity in immunosuppressed hosts; in addition, neurological
complications may have lethal effects (Table 2.3) (Goéralska et al. 2018). Still,
several fungi (e.g., Coccidioides, Cryptococcus, Histoplasma, etc.) may also infect
patients who have a functioning immune system (Guarner and Brandt 2011).

Cryptococcus neoformans-associated meningoencephalitis is an exceptionally
common mycotic neuro-infection infection globally (Maziarz and Perfect 2016).
CNS involvement is frequently linked to diffuse mycosis. Patients exhibiting an
aggressive cryptococcosis are predicted to experience full-blown neurological
involvement in 67-84% of cases. Likewise, 3-64% of invasive Candida infections
tend to cause secondary neuro-invasion. Some cases of blastomycosis (40%),
disseminated coccidioidomycosis (25%), disseminated histoplasmosis (5-20%),
mucormycosis (12%), and invasive cases of severe aspergillosis (4—6%) may also
bring about neuropathological sequelae (Géralska et al. 2018).

2.6.1 Blood-Brain-Barrier Interactions in Fungal Invasion

Fungal organisms may reach the central nervous system directly or indirectly by
penetrating the blood—brain barrier. Direct seeding can occur via iatrogenic means or
via an incident/s of trauma. Fungi can penetrate the blood—brain barrier by three
main mechanisms (Table 2.4; Fig. 2.3) (Snarr et al. 2020).

Table 2.3 Overview of mycotic neuro-involvements

Fungal pathogen | Remarks

Aspergillus Brain abscess, skull/base involvements, infarction/stroke, and dissemination
Absidia Rhino-cerebral syndromes

Blastomyces Brain abscess

Candida Brain abscess, dissemination, meningitis, and meningoencephalitis
Coccidioides Brain abscess, dissemination, meningitis, and meningoencephalitis
Cryptococcus Dissemination, meningitis, and meningoencephalitis

Exserohilum Meningitis

Histoplasma Brain abscess and meningitis

Mucoromycetes Brain Abscess, dissemination, and infarction/stroke

Rhizomucor Rhino-cerebral syndromes

Syncephalastrum | Rhino-cerebral syndromes

Table 2.4 Main

byl 1 fueal Mechanism Remarks
mee ‘”““T“ m gga 1. Paracellular Weakened cell-to-cell adhesions
blood—brain-barrier
2 Transcellular Adherence to endothelial cells

penetration
3. Trojan Horse Carried over by phagocytes
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The expression of toll-like receptors as well as C-type lectin receptors on
astrocytes and microglia enables the detection of invading fungi in the host’s CNS
(Wu et al. 2023). Subsequently, the glial cells may either actively combat the insult
(i.e., fungal clearance from the CNS) or they may bring in particular immune cells by
releasing certain chemoattractant peptides and cytokines (Lionakis et al. 2023). It is
possible to eradicate the insult with the help of innate (i.e., neutrophils) and adaptive
(i.e., T helper 1, 17, etc.) immune system cells. However, resultant severe inflamma-
tion plus immunotoxicity may negatively impact the nervous system indefinitely
(Bartemes and Kita 2018).

2.6.2 Rhino-Cerebellar Syndromes

A relatively less common condition known as rhino-cerebral mucormycosis, some-
times known as zygomycosis, affects the central nervous system, paranasal sinuses,
and the nose (Bhandari et al. 2023). This represents opportunistic fungi that may be
isolated among those with compromised immune systems (Hernandez-Chavez et al.
2017). A rapid spread of rhino-orbital-cerebral mucormycosis (ROCM) was
witnessed in India, among active and post COVID-19 patients (predominantly in
diabetic groups) (Dubey et al. 2021).
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The filamentous fungi (Table 2.5) spread quickly and vigorously given that they
affect people who already have compromised immune systems, leading to a clearly
distinguished, fulminant, often fatal condition (Bhandari et al. 2023). In order to
reduce associated morbidities and avoid irreversible neurological consequences,
timely action is essential (Chikley et al. 2019). The majority of the time, these
rhino-cerebral syndromes display acute presentations, but they can also be chronic
infections with slower progressions over a period of weeks (Bhandari et al. 2023).

2.6.3 Disseminated Syndromes

Systemic fungal infections and, occasionally, neuro-mycosis may arise from spread-
ing through the bloodstream from distant sites, such as the lungs, gut, or artificial
heart valves (Géralska et al. 2018). Therefore, CNS seeding arises via direct
propagation from juxta-cranial locations or via hematogenous dissemination
(Raman Sharma 2010). Cryptococcosis and coccidioidomycosis are among some
of the common disseminated syndromes resulting in CNS fungal infections
(Goéralska et al. 2018). In addition, meningitis may occur as an unanticipated
consequence of disseminated candidiasis (Lionakis et al. 2023). Disseminated blas-
tomycosis, mainly in immunocompromised patients, can present with CNS sequelae,
manifesting as meningitis, brain abscess, or epidural abscess (McBride et al. 2017).

2.7 Infections of the Brainstem, Cerebellum, and Spine

Although primary infectious pathologies involving the brainstem are less common,
when present, they usually manifest as an abscess or as encephalitis. Staphylococci,
certain streptococci, and Mycobacterium tuberculosis are frequent culprits for the
development of abscesses in the brainstem (Li et al. 2020). Herpes simplex virus and
Listeria monocytogenes infection are frequent culprits for brainstem-linked enceph-
alitis (Cunha et al. 2007). During primary brainstem infections, typical brainstem
findings occur infrequently and may manifest features of cerebrospinal fluid block-
age, as is the case in neurocysticercosis (Archibald and Quisling 2013; Garcia et al.
2014).

Microorganisms, such as John Cunningham virus (JCV), L. monocytogenes, and
varicella zoster virus (VZV), commonly or primarily attack the cerebellum
(Archibald and Quisling 2013; Le Govic et al. 2022). Other such causative viral
illnesses include Epstein—Barr virus (EBV), echovirus, and Coxsackievirus
infections (Muscat et al. 2017; Muzio 2022). Infections can occasionally produce
cerebellar inflammation, which impairs the cerebellum’s functional capacity and
leads to ataxia. Although bacterial diseases, like Lyme disease, can also produce
cerebellar ataxia, viral illnesses like chickenpox are predominantly to blame (Arav-
Boger et al. 2002; Betancourt Fursow et al. 2013). This causes an abrupt or rapid
bout of ataxia in an individual who was previously well, and it affects youngsters far
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more frequently than it does adults. Acute post-infectious ataxia or acute cerebellar
ataxia are common names for this type of ataxia (Fogel 2012).
Some relevant points regarding spinal infections:

» It is conceivable that a far-off infection source acts as a nidus for the hematoge-
nous propagation of bacteria toward the spinal cord. Typical antecedent locations
include the epidermis and the genitourinary system, but other potential foci have
also been identified, including sinusitis, pulmonary, gut, oral infections, septic
arthritis, and subacute bacterial endocarditis (Tsantes et al. 2020).

» Spinal infections are increasingly being caused by intravenous drug usage.
Staphylococcus aureus tends to be the microbe that is most probably responsible
for infecting the spine, but among intravenous drug abusers, Pseudomonas strains
are as frequently responsible (Tsantes et al. 2020).

* Yeast, other fungi, parasitic pathogens, and M. tuberculosis are all potential
causes of non-pyogenic osteomyelitis of the spine (Moritani et al. 2014; Skaf
et al. 2010).

» Following spinal operations, surgical-site infections may occur as a negative
outcome. The frequency of such infections in spinal surgeries can be decreased
by following rigorous aseptic protocols and by timing pre-op antimicrobial
prophylaxis effectively (Aleem et al. 2020).

» Mycotic spinal infections are relatively less common, and they typically affect
elderly, diabetic, or immune-compromised people. Alcoholics, leukemic patients,
people on chemotherapeutic agents, those suffering from lymphomas, and trans-
plant patients are more vulnerable to such fungus infections (Frazier et al. 2001;
Kim et al. 2006).

» The region of the lumbar spine has the highest rate of vertebral osteomyelitis due
to the great blood supply there (Graeber and Cecava 2023). Intravenous drug
addicts are especially prone to getting cervical spine infections, while in tubercu-
losis, the thoracic spine tends to be the commoner site (Garg and Somvanshi
2011; Singh et al. 2006).

» The most prevalent kind of spinal infection is spondylodiscitis, which is an
infection of the intervertebral disc and the nearby vertebral body. More specifi-
cally, primary pyogenic (bacterial) spondylodiscitis, in which the pathogen
affects the site(s) by hematogenous dissemination, is the most frequent form of
spinal infection (Tsantes et al. 2020).

2.7.1 Epidural Abscess of the Spine

A fairly well-demarcated, pus-filled mass can compress the spinal cord or compro-
mise its blood supply (spinal epidural abscess), inflicting spinal cord damage (Gala
and Aswani 2016). A purulent growth within the column’s epidural space has the
potential to press against the cord, resulting in sensory, motor, and paralytic
impairments or if left untreated, even death (Ameer et al. 2023). Morbidity and
mortality rates tend to be greater for epidural abscesses of the cervical spine than for
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Fig. 2.4 MRI (sagittal and T2-weighted images of thoracic 11 (T11) to Lumbar 2 (L2) vertebra
levels) of a patient diagnosed with a methicillin-sensitive Staphylococcus aureus infection. There is
ventral, 1—epidural and 2—subdural spinal collection with 3—dorsal displacement of conus
medullaris. The 4—dura mater can be seen delineating the theca and separating the subdural and
epidural spaces. (Image Source—Emerging Infectious Diseases journal—CDC (Jewell et al.
2019)—Copyright Restrictions: NONE; this image is in the public domain and thus free of any
copyright restriction)

the more frequently encountered, lumber and thoracic spine abscesses (Sharfman
et al. 2020). Although numerous other species, including Brucella, Coagulase-
negative Staphylococci, Escherichia coli, mycobacteria, and Pseudomonas, are all
documented causes, Staphylococcus aureus remains the most reported culprit to date
(Fig. 2.4) (Ameer et al. 2023). Methicillin-resistant S. aureus (MRSA) is more
commonly seen among those who have had spinal procedures, implant insertions,
or who have a history of MRSA abscesses (Pi et al. 2023). Individuals who are
immunodeficient may present with spinal epidural abscesses linked to unlikely
causative microorganisms, including certain fungi (Tsantes et al. 2020).

2.7.2 Neurodegenerative Disorders with Possible Infective
Linkages

Neurodegenerative diseases, such as amyotrophic lateral sclerosis (ALS),
Alzheimer’s disease (AD), and Parkinson’s disease (PD), are characterized by
progressive neuronal degeneration and functional decline (Katsuno et al. 2018).
The fundamental molecular mechanisms behind the pathogenesis of these extremely
complicated disorders, which are frequently caused by a number of interrelated
hereditary and environmental variables, are still poorly understood (Jellinger 2010).

According to several literary works, it is possible that neuro-infections contribute
to the development of neurodegenerative illnesses on multiple fronts (De Chiara
et al. 2012; Vigasova et al. 2021; Zhou et al. 2013). ALS, which affects motor
neurons, may be caused by enteroviruses and human herpesviruses, according to
some serological investigations (Cabrera et al. 2020; Xue et al. 2018). Due to the
striking resemblance involving the medical manifestations of Japanese encephalitis
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virus (JEV) and PD, a JEV-origin for PD has recently been suggested (Ogata et al.
2000; Tadokoro et al. 2018). The flu virus, influenza, has frequently been proposed
as a co-factor for PD, dating back to early articles documenting CNS manifestations
linked to influenza (Cocoros et al. 2021; Henry et al. 2010; Takahashi and Yamada
2001). A number of research results also suggest that pathogens, mainly herpes
simplex virus-1 and Chlamydia pneumoniae, play a role in the development of
Alzheimer’s disease, a complex illness with varying patient-to-patient
manifestations (basal cortical neuron, cognition, hippocampus involvement, demen-
tia, etc.) (Breijyeh and Karaman 2020; Harris and Harris 2015; Nicolson and Haier
2009; Wouk et al. 2021). Cytomegalovirus (CMV), EBV, human herpesvirus-6
(HHV-6), HSV, VZV, and now even HHV-7 have been found to be contributors
to multiple sclerosis, an inflammatory condition that causes axonal demyelination in
the column and brain (Donati and Jacobson 2002).

Transmissible Spongiform Encephalopathies—Prion illnesses, commonly
referred to as transmissible spongiform encephalopathies (TSEs), are a collection
of deadly CNS illnesses, with the most common theory that they are spread by prions
(Moore et al. 2009). Microscopy from affected brain matter reveals numerous
cortical holes that resemble a sponge, hence the name. The illness damages CNS
function and leads to persistently worsening memory loss, behavioral changes, and
difficulties with motion. Human TSEs include Creutzfeldt—Jakob disease (sporadic,
familial, iatrogenic, and variant forms), kuru, fatal familial insomnia, and
Gerstmann—Straussler—Scheinker syndrome (Poggiolini et al. 2013). In addition,
familial spongiform encephalopathy and variably protease-sensitive prionopathy
have also been identified. Having overlapping manifestations, these ailments make
up a wide range of disorders (Geschwind 2015; Imran and Mahmood 2011).

2.7.3 Peripheral Nerve Involvement in CNS Infections

Infection may serve as a neglected cause of peripheral nervous system (PNS) disease
(Table 2.6) while being very uncommon in comparison to autoimmune, primary
inflammatory, or vascular causes. Nevertheless, PNS illness brought on by infection
has the potential to result in serious damage to the nervous system, either directly
from the microorganism or indirectly via secondary immunological exacerbation.
Knowing the variations among multiple illnesses and differentiating between infec-
tious and noninfectious neurological causes may assist in making correct treatment
choices and, in certain circumstances, cure or at the very least stop further harm from
happening to the patient (Brizzi and Lyons 2014).

2.7.4 Transverse Myelitis, etc.
Transverse myelitis may result from bacterial or viral infections (Table 2.7) that

impact the spinal cord. When this inflammatory condition is linked to an infectious
etiology, it typically develops following the recovery period (Beh et al. 2013). The
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Table 2.6 Microorganisms associated with peripheral nervous system involvement

Microorganism
PNS manifestations Bacteria Viruses
Acute flaccid paralysis of - Adenovirus, Enterovirus EV68,
limb(s) Human Immunodeficiency virus
(HIV), Poliovirus, Rabies virus,
and West Nile virus (WNV)
Acute inflammatory Campylobacter jejuni Cytomegalovirus (CMV),

demyelinating
polyneuropathy

Epstein-Barr virus (EBV), HIV
(early stage), and Varicella
zoster virus (VZV)

Axonal sensory
polyneuropathy

Hepatitis C virus

Compressive
radiculopathy

Mycobacterium tuberculosis

Cranial neuropathy

Borrelia burgdorferi, Brucella
species, Corynebacterium
diphtheriae, and
Mycobacterium tuberculosis

HIV (early stage), VZV

Demyelinating - WNV
polyneuropathy
Distal peripheral - CMV
neuropathy
Distal sensorimotor Corynebacterium diphtheriae | —
polyneuropathy and Mycobacterium

tuberculosis
Distal symmetric Mycobacterium leprae HIV (late stage)
polyneuropathy
Encephalomyeloradiculitis | — CMV
Flaccid paralysis - WNV

Mononeuropathy
(or mononeuritis)
multiplex

Borrelia burgdorferi and
Mycobacterium leprae

CMYV, HIV (early stage)

Motor neuropathy/motor
neuron disease

Human T-lymphotropic virus
(HTLV), VZV

Myasthenia gravis-like
syndrome

HTLV

Myeloradiculitis/
myeloradiculopathy

CMV, EBV, VZV

Peripheral neuropathy

Brucella species

Polyneuropathies with - HTLV
autonomic dysfunctions

Polyneuropathy Borrelia burgdorferi -
Postherpetic neuralgia - VZV

Radiculopathy

Borrelia burgdorferi, Brucella
species

Sacral radiculitis

Herpes simplex virus

Soft palate neuropathy

Corynebacterium diphtheriae

(continued)
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Table 2.6 (continued)

Microorganism
PNS manifestations Bacteria Viruses
Symmetric descending Clostridium botulinum -
paralysis
Tropical spastic - HTLYV type 1-associated
paraparesis myelopathy

Table 2.7 Microorganisms associated with transverse myelitis

Bacteria Viruses

Actinomyces species CMV

Bordetella pertussis EBV

Borrelia burgdorferi (extremely rare Echovirus

complication)

Clostridium tetani Enteroviruses (Coxsackievirus, Poliovirus,
etc.)

Corynebacterium diphtheriae Hepatitis B virus

Mpycobacterium tuberculosis Herpes viruses

Treponema pallidum HIV

Transverse myelitis can also be brought on by | Influenza virus
bacterial infections of the skin, gastroenteritis, | Measles virus
and some strains of pneumonia-causing

8 Mumps virus
bacteria.

Rubella virus
WNV
Zika virus

Other viruses that do not directly infect the
spinal column may nevertheless cause an
autoimmune response-associated transverse
myelitis.

spinal column can occasionally be affected by parasites and fungi (Beh et al. 2013;
Kibiki and Murphy 2006).

Poliomyelitis—The extremely contagious poliomyelitis disease is brought on by
the poliovirus, a member of the Picornaviridae family. The main method by which
poliovirus spreads from person-to-person is the fecal-oral transmission. For a
number of weeks, it can shed in oral secretions, and for a number of months, it
can shed in the feces. The virus is capable of destroying the spinal column’s anterior
horn cells (Mehndiratta et al. 2014).

There are two forms of poliovirus infections: a minor form and a major form
(Mehndiratta et al. 2014). The minor-related ailments begin 1-3 days before paraly-
sis presents and are gastrointestinal in nature, including nausea, vomiting, discom-
fort in the abdomen, cramping, and diarrhea. Additionally, those affected,
experience systemic signs, such as headache, fatigue, fever, and sore throat (Wolbert
and Higginbotham 2023). The persistence or emergence of any muscular aches and
pains indicates that the acute phase has not ended; this phase generally continues for
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2-3 weeks but can even last as long as 2 months (Mehndiratta et al. 2014). All
poliovirus-related CNS syndromes, such as paralytic poliomyelitis, nonparalytic
polio or aseptic meningitis, poliovirus-encephalitis, and bulbar polio, singly or
combined, are among the major forms of illness (Mehndiratta et al. 2014).

Countless lives have been affected worldwide by the devastating malformations
that have been linked to this illness. The genetic makeup of polioviruses, along with
their pathogenicity could only be understood thanks to the persistence and resilience
of outstanding scientific researchers during the 1900s (Quarleri 2023). The invention
of the oral polio vaccine and the inactivated polio vaccine by Salk and Sabin signaled
the beginning of a new era in science. The World Health Organization (WHO)
declared the Americas region free from the three forms of wild poliovirus, i.e., types
1, 2, and 3, in 1994. The Western Pacific region followed suit in 2000 and then the
European region in June 2002. In 2013, poliovirus was still prevalent in just three
nations, namely, Pakistan, Afghanistan, and Nigeria. Polio must be globally
eradicated or there will always be a risk of an outbreak (Mehndiratta et al. 2014).

Pott’s Spine—Tuberculous spondylitis, referred to as Pott’s spine or Pott disease,
is a typical extrapulmonary tuberculosis (TB) manifestation. It can cause substantial
functional decline and is linked to serious morbidity. Spinal TB is now uncommon in
industrialized nations due to the development of anti-tuberculosis medications and
better public health practices, yet it remains a serious disease in the developing world
(Garg and Somvanshi 2011). Extensive morbidity from spinal involvement of
Mycobacterium tuberculosis, in the form of serious deformities and lifelong neuro-
logical impairment, is conceivable (Rajasekaran et al. 2018). Most people can get
their condition under control with therapeutic measures or a combination of thera-
peutic plus operative regimens (Rasouli et al. 2012).

2.8 Tropical Neuro-Infections

Infections that are common or specific to the subtropics or to the tropics are referred
to as tropical diseases (Zumla and Ustianowski 2012). In general, among the more
frequent disease, vectors are insects like flies and mosquitoes. The vectors might be
carrying a virus, bacteria, or parasite capable of infecting humans as well as animals.
The most common way that disease is spread is by the bite of an insect, which
transmits the disease-causing agent via subcutaneous blood exchange. Many of these
tropical illnesses are not covered by vaccinations, and some may not have efficient
treatments (Williams 2023). The presence of extensive wintertime seasons, which
drive insects into hibernation, reducing their population, is one reason why these
infections are not as common in temperate zones. However, prior to today’s knowl-
edge of the causal relationship of different diseases, plenty of these tropical illnesses
existed in the Nordic regions and North America around the seventeenth and
eighteenth centuries (Rosenau 1925; Zumla and Ustianowski 2012). Expeditions
of tropical rainforests by humans, deforestation, increased immigration, global
travel, as well as other forms of tropical tourism have all contributed to a spike in
the occurrence of such illnesses in non-tropical nations (Lindahl and Grace 2015).
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2.8.1 Brain Injury Caused by Neuro-Parasites

Medical manifestations of parasitic CNS infections may vary. It might be challeng-
ing to diagnose an illness because its symptoms are frequently modest or ambiguous.
It is more probable to identify and treat parasitic neuro-infections when one is
acquainted with the fundamental epidemiological traits and distinctive diagnostic
imaging results (Carpio et al. 2016) (Table 2.8).

2.8.2 Cerebral Malaria

Cerebral malaria happens to be a particularly serious CNS consequence of Plasmo-
dium falciparum disease. It comprises a medical illness marked by coma or other
sequelae (Table 2.9); blood films reveal asexual falciparum forms. There is substan-
tial mortality, and those who survive develop sustained brain insult, with lasting
cognitive deficits (Idro et al. 2010).

2.8.3 Emerging and Re-emerging Tropical CNS Infections

Globally, as much as 85% of CNS infections are brought about by unidentified
causes, with emerging infections (Table 2.10) anticipated to account for a sizable
fraction of them. To uncover previously unsuspected infections, clinicians must
begin looking beyond the conventional diagnostic algorithms (Ranawaka 2022).
Provincial or worldwide outbreaks can be caused by emerging pathogens as they
broaden their geographic distribution (such as the Chikungunya virus), often
circulating through nonhuman reservoirs (such as the Nipah virus), or developing
novel neurovirulence (such as the Chikungunya virus) (Tyler 2009).

29 Post-infection Neurological Complications

The relationship between infection and the majority of autoimmune neurological
diseases is somewhat complicated. Many individual autoimmune illnesses have been
linked to different pathogens, indicating that infections may cause autoimmunity via
processes other than just molecular mimicry (Table 2.11) (Blackburn and Wang
2020).
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Table 2.8 Overview of CNS lesions caused by parasites (Carpio et al. 2016)

Parasite/disease

Acanthamoeba species,
Balamuthia species
(granulomatous amoebic
encephalitis)
Echinococcus granulosis
(intracranial hydatidosis)

Echinococcus multilocularis
(alveolar hydatid disease)

Naegleria fowlerii, etc. (primary
amoebic meningoencephalitis)

Paragonimus species
(paragonimiasis)

Schistosomiasis (S. hematobium
favours the spinal column, but
other species can infect other parts
of the CNS)

Sparganosis

Taenia solium (neurocysticercosis)

Toxoplasma gondii
(toxoplasmosis)

Trypanosoma brucei (Human
African trypanosomiasis)

CNS lesion(s)

Ring-enhancing lesion(s) of gray/
white matter, + perilesion edema,
mass effect; arterial occlusion and
infarction

Non-enhancing, thin-walled,
globular cysts/small cysts around a
bigger cyst, usually in the parietal
area

T2WI: contrast-enhanced, globular
lesions, +calcification,
+perilesional edema

T2WI: global edema mostly at the
base of the brain, stroke secondary
to intracranial tension

T2WI: ‘grape-cluster’ ring lesions
with perilesion edema at frontal/
temporal grey/white matter

T1WI: contrast-enhanced lesions
with inflammation

T1WI: mass-like lesion with central
linear enhancement

T2WI: hyperintense lesions,
+perilesion edema, mass effect
CT: variably enhancing,
hyperdense lesion(s), +low-density
perilesion edema, mass effect
T2WI: edema (increased signal
intensities)

TIWI/MRI: enhancing/linear mass
lesions at frontal/parietal lobes
(Rare—cerebellar/brainstem/spinal
column involvement)

CT: Solitary lesion/punctate
calcification

T1WI: ‘hole-with-dot’ sign,
solitary hypointense ring-
enhancing lesion (cystic)
Intraventricular/subarachnoid/
spinal cysts

Multiple ring-enhancing cerebral
lesions, basal ganglia involvement,
+cerebral edema

T1WI: Diffuse grey matter/basal
ganglia/internal capsule bilateral
hyperintensities

Common
medications

Fluconazole,
flucytosine,
pentamidine,
sulfadiazine

Albendazole

Albendazole

Amphotericin B

Praziquantel

Praziquantel

Praziquantel

Albendazole,
corticosteroids

Sulphonamides,
pyrimethamine,
spiramycin
Pentamidine
isethionate,
corticosteroids,
melarsoprol

(continued)
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Table 2.8 (continued)

Common
Parasite/disease CNS lesion(s) medications
Trypanosoma cruzi (Chagas’ T1WI: enhanced, hypointense Benznidazole,
disease) lesions at frontal/parietal lobes corticosteroids

T2WI: hyperintense perilesion
edema, mass effect

T2WI T2-weighted imaging, T1WI T1-weighted imaging, MRI magnetic resonance imaging, CT

computed tomography

Table 2.9 Cerebral malaria’s neurocognitive consequences (may be resolving or non-resolving)

(Peixoto and Kalei 2013)

Neurocognitive
impairments

Attention/executive function/learning/memory abnormalities

Epileptic manifestations

Generalized/tonic clonic seizures

Motor impairments

Spasticity, central hypotonia, cranial nerve palsies, quadriparesis/
hemiplegia/quadriplegia

Movement impairments

Ataxia, dystonia, tremors

Neuropsychiatric
manifestations

Abnormal behaviors, attention problems, and hyperactive
syndromes

Post malaria neurological
syndrome

Abnormal behaviors, acute psychosis, catatonia, hallucinations,
inappropriate speech, and seizures

Speech abnormalities

Aphasia, language/pragmatic/vocabulary impairments

Vision abnormalities

Mild (resolving) blindness
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Table 2.10 Emerging/reemerging tropical pathogens, which may cause CNS involvement

Emerging/reemerging tropical pathogen

Neurological involvements

Burkholderia pseudomallei

Neurological Melioidosis

Chandipura virus

Acute encephalitis

Chikungunya virus

Encephalitis

Encephalomyelitis

Encephalopathy

Guillain-Barré syndrome

Meningitis

Myelopathy

Myopathy

Peripheral neuropathy

Dengue virus

Acute disseminated encephalomyelitis

Cerebellitis

Cranial/peripheral neuropathy

Dengue-associated muscle dysfunction

Encephalitis

Encephalopathy

Guillain-Barré syndrome

Optic neuritis and

Transverse myelitis

Nipah virus Encephalitis
Ebola virus Encephalitis
Encephalopathy

Frontal lobe dysfunction

Meningitis

Seizures




38

S. Firoze et al.

Table 2.11 Post-infection autoimmune CNS complications (Blackburn and Wang 2020)

Infective pathogen

Autoimmune CNS disorder

Coxsackie B virus

Dengue virus

HIV

Legionella

Measles

Mumps

Mycoplasma pneumonia

Varicella Zoster virus (VZV)

Acute disseminated
encephalomyelitis

Herpes simplex virus

Japanese encephalitis virus

Mycoplasma pneumoniae

Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2)

West Nile virus (WNV)

Autoimmune encephalitis

Campylobacter jejuni

Chlamydia pneumonia

Cytomegalovirus

Epstein Barr virus

Haemophilus influenzae

Hepatitis A virus (HAV), HEV

HIV

Influenza viruses

Mycoplasma pneumonia

Guillain—Barre syndrome

SARS-CoV-2

Zika virus

WNV Myasthenia gravis

VZvV Neuromyelitis optica spectrum
disorders

WNV Stiff person syndrome

Group A Streptococcus

Sydenham’s chorea
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Clinical Presentation and Diagnosis of CNS
Infections Through a Systematic Approach

Farheen Shaikh

Abstract

Patients with CNS infections may present with a broad range of vague symptoms
and signs; fever, headache, altered mental status, and altered behavior. Tradi-
tional physical examination maneuvers, such as Brudzinski’s and Kernig’s signs,
are specific for predicting CSF pleocytosis, although relatively less sensitive. The
involvement of parenchyma in patients with encephalitis or brain abscess may
experience focal neurologic deficits or seizures. CNS infections are best
diagnosed with a combination of neuroimaging and CSF analysis via lumbar
puncture. The approach to CNS infections, like in other life-threatening emer-
gency conditions, necessitates keen observation and a high index of suspicion
based on the vigorous history and physical examination, which needs to be
confirmed with appropriate imaging as well as laboratory evaluation.

Keywords

CNS infections - Altered mental status - Meningeal signs - Neuroimaging - CSF
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3.1 Introduction

Timely diagnosis of CNS infections is essential in clinical practice. A high index of
suspicion is necessary to both start treatment in a timely manner and to improve
patient outcomes. For example, in the case of bacterial meningitis, untreated
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infections are associated with a near 100% mortality (Fitch et al. 2008). With the
advent of antibiotic and adjunct steroid administration, these mortality rates are now
less than 30% (Ziai and Lewin 2006). The clinician must be swift in their initial
examination and diagnostic evaluation.

3.2 Clinical Presentation

An ill patient with a CNS infection can clinically present with many symptoms.
These can include headache, fever, focal neurological deficits, seizures, acute con-
fusion, lethargy, neck pain, photophobia, back pain, nausea, vomiting, syncope,
coma, as well as dermatological manifestations such as a new rash. Constitutional
symptoms can include lymphadenopathy, arthralgias, and myalgias. Focal neurolog-
ical deficits can virtually involve any sensory and motor function originating both
centrally and peripherally. Neurological deficits can also include hemiparesis, cra-
nial nerve palsies, abnormal, or pathologic deep tendon reflexes.

Given the broad spectrum of presenting symptoms as well as causative agents, a
definitive diagnosis often takes a few days. Thus, the initial assessment should be on
obtaining focused patient histories. It must be noted that there is no specific symptom
that allows the recognition of causative agents of CNS infections based solely on
history and examination (Mandziuk and Kuchar, 2023).

3.2.1 Meningitis

Acute meningitis is an infection of the membranes (meninges) covering the brain
and spinal cord (Li et al. 2020). It is the most common infectious disease of the CNS
(Li et al. 2020).

Fever, neck stiffness, and altered mental status are considered the classic triad of
meningitis. Retrospective reviews have found this triad to possess a low sensitivity for
the diagnosis of bacterial meningitis (Ziai and Lewin 2006). In a 2004 Dutch study of
696 episodes of adult community-acquired acute bacterial meningitis confirmed by
CSF cultures, only 44% of cases had the full triad (van de Beek et al. 2004). Dorsett
and Liang (2016) report 99—100% of patients found to have meningitis presented with
at least one component of the classic triad (Dorsett and Liang 2016). Individual
sensitivities have the following reported ranges (Dorsett and Liang 2016): fever
42-97%; neck stiffness 15-92%; and altered mental status 32-89%.

For instance, for a patient who presents with a headache and neck stiffness, the
probability of this patient having meningitis can be as high as 92%. A clinician must
hold a high index of suspicion for evaluating CNS infections if two or more of the
triad symptoms are noted at presentation.

The onset of symptoms varies depending on the cause of meningitis. For the
leading causes of bacterial meningitis, the progression of symptoms can be as
short as hours to 1-2 days (Pruitt 1998). An example of this is S. pneumoniae
meningitis which can lead to a rapid clinical decline with septic shock and death
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Table 3.1 Pathogens that

- i Causative agent Involved age groups
cause ba.cterlal meningitis ¢ Escherichia coli >1 month (m) to <3 years (y)
with their common
presenting ages  Group B streptococcus >lmto <3y
* Haemophilus influenzae >3to <19y
* Listeria monocytogenes >l mto <3m
>50y
* Neisseria meningitidis >3mto50y
* Streptococcus pneumoniae >3 mto >50y

(Fitch et al. 2008). Thankfully, with the advent of Pneumococcal vaccines in
2000, there has been a reduction in mortality in the United States. Comparatively,
mortality associated with S. pneumoniae meningitis was 0.073 in 2002 and 0.024
in 2008, per 100,000 people, respectively (Castelblanco et al. 2014).

With regard to incidence, some key highlights are important in a physician’s
clinical acumen. A general age-based distribution of causative agents (Table 3.1) for
bacterial meningitis exists (Schuchat et al. 1997).

While Streptococcus pneumoniae and Neisseria meningitidis are the most com-
mon offenders for most cases of bacterial meningitis, it is important to have a high
index of suspicion for agents such as Listeria monocytogenes which is known to
impact infants and elderly patients.

Additionally, meningococcal meningitis due to Neisseria meningitidis is particu-
larly worrisome because of its potential to cause epidemics (Castelblanco et al.
2014). Demographic details such as areas of close co-habitation (dorm rooms,
prisons, military barracks, shelters) are important to elucidate as well as this can
lead to the timely identification of other exposed individuals.

3.2.2 Encephalitis

Clinically, patients with encephalitis can range from subtle deficits to complete
unresponsiveness (Whitley and Gnann 2002). The same plethora of neurological
manifestations seen in meningitis can be seen in encephalitis patients. Seizures are
also common with encephalitis. Patients also classically present with a fever above
38 °C within the last 72 h (Dorsett and Liang 2016).

Of note, meningeal symptoms such as nuchal rigidity may be absent (Fitch et al.
2008). Patients can have a wide range of altered mentation from being confused to
obtunded. The hallmark of viral encephalitis is the acute onset of a febrile illness
(Whitley and Gnann 2002). Presenting symptoms are often milder than those
associated with meningitis.

With viral encephalitis, the presentation is often consistent with the causative
agent’s predilection for certain CNS cells. For example, in the case of the herpes
simplex virus, the infection affected the temporal lobe leading to findings of aphasia,
anosmia, temporal lobe seizures, and focal neural deficits (Gilden 2008).
Polioviruses in comparison affect motor neurons preferentially.
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Encephalitis is most commonly due to viral agents (Whitley and Gnann 2002).
Incidence in a particular age group is not as clearly discernible as it is for bacterial
agents. However, the immunization status is an important diagnostic clue. For
example, vaccination programs have greatly limited the sequalae associated with
common childhood viral encephalitis illnesses such as measles, mumps, and rubella
(Pruitt 1998). Travel to endemic areas and exposure to vectors and hosts (animal
bites) are also important clues in the patient’s history.

3.2.3 Brain Abscess

A brain abscess is defined as a localized zone of neurosis with a surrounding
membrane within the brain parenchyma as a result of infection (Bokhari and Mesfin,
2023). Etiology can consist of direct local spread or hematogenous spread from
peripheral foci of infection. Examples of direct local spread include infections from
frontal or ethmoid sinuses, dental infections, recent surgical instrumentation in the
head and neck region, and paranasal sinus infection which is reported to account for
30-50% of known causes (Honda and Warren 2009).

CNS abscesses are usually solitary lesions; however certain agents can cause
multiple lesions. For example, brain abscesses that are a result of hematogenous
spread are associated with multiple infectious collections. Staphylococcus aureus
and Viridian streptococci are the most common pathogens isolated in these cases
(Bokhari and Mesfin, 2023).

CNS infections resulting in a brain abscess can present similarly with generalized
neurological manifestations. An important distinction is the possibility of mass effect
due to the physical space occupied by the abscess. An increase in intracranial
pressure (ICP) is what causes a mass effect, which is often difficult to determine in
a clinical exam without radiological corroboration. In addition to altered mental
status and neurological deficits, patients with increased ICP may also present with
nausea and vomiting (Pruitt 1998). Comprehensive ophthalmic exams are essential.
Although papilledema is not specific to brain abscesses; it is an important determi-
nant of increased intracranial pressure (ICP). Increased ICP is a relative contraindi-
cation to performing a lumbar puncture due to the risk of brain herniation (Honda
and Warren 2009).

Fever, headache, and neurological deficits are common. Headaches are noted in
approximately 60-70% of patients (Olie et al. 2022). Headaches are usually
localized to the area of the infection and can be both gradual and sudden in onset.
Fever is the second most common symptom; presenting in up to 50% of patients
(Britt et al. 1984). Up to 30% of patients can present with new-onset seizures and are
particularly common with frontal lobe abscesses (Olie et al. 2022).
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3.3 Physical Examination

A focused physical exam provides necessary diagnostic clues that further prompt
specific tests and studies. A patient presenting with symptoms inclusive of a new
headache, fever, and altered mental status must immediately prompt the physician to
evaluate for CNS infections. The World Health Organization (WHO) has published
diagnostic definitions (Fig. 3.1) for the classification of CNS infections (Dubot-Péres
et al. 2019).

3.3.1 Fever

Fever as a solitary vital sign holds a broad differential diagnosis and prompts a
comprehensive assessment. It certainly speaks for the systemic immune response our
body mounts physiologically against foreign pathogens. For the purposes of
diagnosing CNS infections, it is an important finding that needs to be assessed in
conjunction with other presenting symptoms.

Fever is defined as a temperature >37.5 °C, typically within 72 h of presentation.
The patient may have fevers on the initial presentation as well. However, of
importance is recognizing the absence of fevers in certain patient populations.

Encephalitis case Meningitis case

sny age g history of fever or
+ o recorded temp.
any season = >37.50C
g +
* .
acute onset fever S neck stiffness or
= altered
+ = consciousness or
altered mental other signs of
status &/or new meningism

onset seizure

Clinical CNS Infection

fever
+

neck stiffness &/or seizure history &/or <15 Glasgow Coma Scale

Fig. 3.1 WHO encephalitis and meningitis case definitions
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Patients who are elderly, immunocompromised, or have had recent antibiotic treat-
ment may not mount a febrile response (Ziai and Lewin 2006).

A retrospective review done in Laos between 2003 and 2011 ((Dubot-Péres et al.
2019) noted that out of 622 adults who presented with a fever, 425 had a confirmed
CNS infection or approximately 68% of cases. Therefore, the presence or absence of
fever as a solitary symptom is not conclusive for a definitive diagnosis of CNS
infections.

3.3.2 Classical Maneuvers

In the case of bacterial meningitis, there are two well-known maneuvers conducted
as a part of the physical examination: Kernig’s sign and Brudzinski’s sign. Kernig’s
sign (Fig. 3.2a), first described in 1882, consists of flexing the patient’s neck and
then extending the patient’s knees. It is considered positive when the maneuver
elicits pain while the neck is flexed (Ward et al. 2010). Brudzinski’s sign (Fig. 3.2b),
first reported in 1909, consists of passive flexion of the neck while the patient is in a
supine position. It is considered positive if it results in flexion of the hips and knees
(Waghdhare et al. 2010).

The historical significance of these signs in determining meningeal irritation is
important to appreciate in clinical practice, however, their utility in modern practice
is limited for definitive diagnostic evaluation. When compared with CSF analysis
showing pleocytosis, several studies have shown that the presence and more impor-
tantly absence of these signs is not diagnostic (Dorsett and Liang 2016). A retro-
spective analysis of several studies on sensitivities and specificities for classic
meningeal signs (Table 3.2) in predicting CSF pleocytosis was done by Dorsett
and Liang (2016).
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Fig. 3.2 Depiction of (a) Kernig’s sign and (b) Brudzinski’s sign. (Image Source: Emergency
Care Journal, 2022; 18:10929; page press (Siu et al. 2022) [Copyright Restrictions — NONE; this

image is free of any copyright restrictions))

Table 3.2 Sensitivity and

ficity chart f . Sensitivity Specificity
specificity chart for menin- JORTr
geal signs (with 95% confi- Nuch.al, r1g.1d1ty 394 70.3
dence intervals) Kernig’s sign 14.1 923

Brudzinski’s sign 11.1 93.4
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Notably, these physical signs have very low sensitivities which negates the sole
reliance on their presence as a diagnostic measure. More importantly, for both
Kernig’s and Brudzinski’s signs, greater than 85% of the time, the diagnosis is
missed if the sign is absent. Therefore, much like fever in the absence of neurological
symptoms; the presence or absence of these meningeal signs is not diagnostic on
its own.

Additionally, it must be noted that when present, both Kernig’s and Brudzinski’s
signs hold high specificities for predicting CSF pleocytosis and should increase
clinical suspicion of meningitis (Waghdhare et al. 2010).

3.3.3 Neurological Examination

Patients with CNS infections often present with a neurological complaint or
sequalac. As mentioned previously, neurological symptoms can range from
headaches to focal neurological deficits, seizures, obtundation, or comatose state.
Objective assessment of these patients initially begins with a thorough neurological
exam including cranial nerve assessment, peripheral motor, and sensory evaluations
as well as alertness and behavior assessments. In addition to the above, a widely used
tool in the initial assessment is the Glasgow Coma Scale. It is used to objectively
describe the extent of impaired consciousness. The scale (Table 3.3) assesses
patients according to three aspects of responsiveness: eye-opening, motor, and
verbal responses (Jain and Iverson, 2023).

An abnormal conscious state as graded by the GCS is a strong predictor for poor
disease outcomes in CNS infections (Ward et al. 2010). Specifically, scores less than
12 are reported to correlate with disease severity and warrant prompt management
(Jain and Iverson, 2023).

In the case of bacterial meningitis, a retrospective review from Lucas et al. (2014)
conducted in the Netherlands demonstrated patients presenting with a minimal
Glasgow Coma Scale score on admission along with bilaterally absent pupillary

Table 3.3 Glasgow Coma Scale

Motor response (MR) Verbal response (VR) Eye opening (EO) response
Scoring Scoring Scoring

Obeys command 6 Oriented 5 EO 4
spontaneously

Localizes pain 5 Confused 4 EO to verbal 3
command

Withdraws from 4 Inappropriate 3 EO to pain 2

pain words

Flexion response to | 3 Incomprehensible 2 No EO 1

pain sounds

Extension response 2 No VR 1

to pain

No MR 1
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light responses, bilaterally absent corneal reflexes, or signs of septic shock on
admission all died (Lucas et al. 2014). Thankfully, the incidence of such severe
neurological compromise was not high in the cases reviewed.

Another retrospective analysis done by van de Beek et al. (2004) showed that
patients with pneumococcal meningitis had more severe disease than did patients
with meningococcal meningitis, as reflected by a higher frequency of seizures
(P = 0.001) and focal neurologic deficits (P < 0.001) and a lower level of
consciousness (P < 0.001). Thus, in the case of meningitis itself, the causative
agent can pose its own independent risk of mortality and disease severity.

The utility of this grading tool was evaluated in a prospective study by Barsi¢
et al. (1996). They investigated ICU mortality outcomes in critically ill patients with
CNS infections vs critically ill patients with other infections using GCS scores. Their
analysis suggests a prognostic value for GCS in patients with CNS infections but not
in other infectious disease patients. Thus, obtaining initial and serial GCS scores is
an important monitoring and assessment tool.

3.3.4 Ancillary signs

A clinician must also pay special attention to ancillary signs and symptoms noted on
a physical exam that can provide diagnostic clues with respect to the patient’s
neurological presentation. In the case of CNS infections, there are numerous
etiologies and causative agents. Some unique characteristics apply to certain
pathogens. For example, in the case of meningitis: petechial or purpural rash is
seen in meningococcal meningitis (Archibald and Quisling 2013). van de Beek et al.
(2004) conducted a retrospective review where a petechial rash was seen in 26% of
the patients with confirmed meningitis. Therefore, once again, the presence and
absence of any constitutional symptom is not diagnostic based on examination
alone.

Another example of common ancillary signs is the case of Haemophilus
influenzae meningitis where ataxia and labyrinthitis are noted. For tuberculosis
meningitis, we can commonly see cough, weight loss, night sweats, and cranial
nerve deficits (Archibald and Quisling 2013). In the world of viral infections, a
morbilliform rash and Koplik’s spots are noted in measles encephalitis and parotitis
and orchitis are noted in Mumps encephalitis (Archibald and Quisling 2013).
Adjunct pathologies such as pleuritis, myocarditis, and myositis are also seen with
many infectious agents that pose a risk for CNS infections. Considerable overlap
exists in constitutional symptoms and associated prodromes for many infectious
agents and a clinician must evaluate all systems and associated exposures or risk
factors in every presenting patient.
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3.4 Diagnostics
3.4.1 Initial Laboratory Tests

Once a patient has been assessed for suspected CNS infection, diagnostic testing
must take place rapidly. Initial laboratory tests include complete blood count with
differential and platelet count, erythrocyte sedimentation rate, serum C-reactive
protein, blood cultures (drawn before initiating antibiotic therapy), and HIV serology
(Bokhari and Mesfin, 2023). Certain infections also demonstrate liver pathology and
electrolyte derangements, therefore assessing for these is also recommended. For
patients with specific exposures (i.e., known tick bites), obtaining serologies for
specific viral agents is also indicated.

3.4.2 Lumbar puncture

A patient with a high index of suspicion for a CNS infection, cerebrospinal fluid
analysis (CSF) obtained via a lumbar puncture (LP) is very revealing with respect to
the causative agent. Neuroimaging with a prior head CT must be conducted to rule
out increased intracranial pressure due to the risk of herniation and death associated
with performing LP (Bokhari and Mesfin, 2023). Samples obtained can be employed
for culture, Gram stain, serology, histopathology, and polymerase chain reaction.

3.4.3 Neuroimaging

Initial CNS infection diagnostics must include neuroimaging. The two main utilized
imaging modalities are computed tomography (CT) and magnetic resonance imag-
ing (MRI).

CT scan is highly sensitive to acute intracranial hemorrhages (parenchymal or
extra-axial), calcified lesions, or bony deformities (Li et al. 2020). A CT done with
contrast in the setting of a hemorrhagic focus will confound this important finding
and therefore the first diagnostic brain imaging should be a CT head without
contrast. While findings definitive for CNS infections are more likely to be absent
in initial imaging, the presence of mass effect, midline shift, or potential for hernia-
tion can still be determined. This must be reviewed prior to undergoing lumbar
puncture (Hasbun et al. 2001). Additionally, a non-enhanced CT can also identify
fluid collections that may be eligible for CT-guided stereotactic drainage. Serial CT
scans can be done with contrast administration including dedicated vascular studies.
For example, a CT angiogram of the head and neck can reveal vascular
complications of CNS infections impacting arterial or venous structures (Li et al.
2020).

While obtaining a CT scan yields a quick analysis of intracranial pathology, it has
its limitations with respect to resolution and detail in comparison to an MRI scan.

MR imaging (Fig. 3.3) is much more sensitive for detecting early changes of CNS
infections and depicting various imaging findings during each disease process, due
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Fig. 3.3 Examples of anatomical imaging classification in MRI head studies with confirmed final
diagnosis of CNS infection. (Image Source: Scientific Reports, 2022; 12:15805 (Lim et al. 2022)
[Copyright Restrictions — NONE; this image is free of any copyright restrictions])

to its high anatomy resolution, soft tissue differentiation, multi-planar acquisition,
and versatile sequences of delineating different characters of pathologic processes of
CNS infections (Gilden 2008). Furthermore, in the appropriate patient (i.e., no
contrast allergy, appropriate renal function, etc.) the administration of intravenous
contrast in MRI increases the sensitivity and specificity of the MRI technique
(Li et al. 2020) helping further delineate the pathology, exclude most noninfectious
etiologies, and narrow down the differential diagnoses.

Both scan modalities are useful for diagnostics and should be considered in all
patients presenting with CNS infections.

For example, in the case of CNS abscess, both CT and MRI provide useful data.
Enzmann et al. (1980) reported that CT findings of patchy enhancement in early
cerebritis evolve to a rim of enhancement in late cerebritis which later on forms the
brain abscess. As cerebritis evolves, a more conspicuous rim-enhancing lesion
becomes visible. Can also see satellite daughter lesions or separate adjacent well-
located lesions. Vasogenic edema is also noted (Britt et al. 1984). MRI is the
imaging modality of choice for diagnosis as well as follow-up of lesions. It allows
for greater contrast between cerebral edema and the brain and is also more sensitive
for detecting the spread of inflammation into the ventricles and subarachnoid space
(Bokhari and Mesfin, 2023).

A 10-year retrospective analysis by Lim et al. (2022) reviewed the most common
radiological findings on MRI for CNS infections. A total of 109 patient data were
reviewed. Their analysis demonstrated the following: pathological enhancement was
seen most frequently (46.8%) followed by hemorrhage (22.0%) and restricted
diffusion (19.3%). With respect to disease distribution; multifocal-parenchymal
was the most common (34.9%), focal-parenchymal (29.4%), and leptomeningeal
(11.9%).

For the purposes of initial assessment, special attention can be paid to positive
radiological findings and their association with a specific pathogen. Bacterial CNS
infections may have characteristic findings attributable to a single pathogen, how-
ever, this is not the case with viral CNS infections. While this is not a comprehensive
list, examples of certain pathological distributions of certain viruses are listed in
Table 3.4.
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Table 3.4 Characteristic MRI findings associated with certain viral pathogens (Gilden 2008)

Cytomegalovirus encephalitis * Ependymal enhancement around lateral ventricles
Herpes simplex virus * Abnormal signal and edema in left temporal lobe, insult,
encephalitis and cingulate gyrus

* Typically spares deep nuclear structures

* Mass effect compressing the left ventricle with uncal
herniation

Human immunodeficiency virus * Brain atrophy, diffuse white matter attenuation
infection in the CNS

John Cunningham virus infection | » Multifocal and confluent subcortical non-enhancing white

of the CNS matter hyperintensities, extension into the cortical gray
matter

Varicella zoster virus * Ischemia and infarction are more commonly seen in the

vasculopathy white matter

* Predilection for gray-white matter junctions

3.4.4 Cerebrospinal Fluid (CSF) Analysis

Cerebrospinal fluid analysis analysis is the cornerstone of diagnosis and manage-
ment of CNS infection. Together with presenting neurological symptoms, the
presence or absence of positive radiological findings, CSF analysis is the most
important diagnostic test for elucidating causative agents.

For patients with suspected CNS infections, timely diagnostics is critical. The
current standard of care necessitates obtaining a CT head prior to performing a
lumbar puncture. The importance of a CT head prior to lumbar puncture was
investigated by Hasbun et al. (2001). Of 78% of patients who underwent CT before
LP, 24% had an abnormal finding, and 5% had a mass effect with clinical signifi-
cance (Hasbun et al. 2001). Even without abnormalities on CT, clinical signs
suggestive of increased ICP should caution against the use of LP. As a safety
measure, the smallest amount of CSF sampling should be obtained to minimize
leakage (Hasbun et al. 2001).

Distinctive CSF findings (Table 3.5) are classically seen in bacterial, viral, and
fungal infections of the CNS. In the case of bacterial meningitis, CSF Gram’s stain
will indicate organisms in 60-90% of cases and positive cultures in 80% of cases
(Hrishi and Sethuraman 2019). Additionally, 90% of patients with bacterial menin-
gitis will have a leukocytosis greater than 100. Classically, CSF glucose values will
be low in comparison to normal CSF values and protein levels are elevated. Of all the
parameters obtained on CSF analysis, a retrospective analysis done by Olie et al.
(2022) demonstrated that the presence of CSF leukocytes is the most important
predictor of CNS infection, independently.

In terms of diagnostic yield, nearly all CNS infectious patients will have positive
cytology noted after 3 LP attempts. Up to 70% can be diagnosed with the first LP
(Hrishi and Sethuraman 2019). The yield of Gram stain and culture is significantly
reduced if patients have received antibiotics before LP (Bokhari and Mesfin, 2023).
Cultures can also take some time to demonstrate growth. Co-administration of
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therapy, while diagnostics are being obtained, is the clinical standard of practice in
order to decrease morbidity and mortality associated with delay of treatment.

35 Summary

The following summarizes the clinical approach to CNS infections. A patient with a
suspected CNS infection may present with a range of neurological symptoms, which
in isolation are not diagnostic. The classic triad in bacterial meningitis is not often
seen in every confirmed case. The combination of fever along with neurological
symptoms must alert the clinician to carry out neurological diagnostics. The presen-
tation for patients with encephalitis and brain abscesses can range from vague and
chronic symptoms to new-onset seizures and coma. Neuroimaging in the form of a
CT head without contrast should be obtained in all patients. Along with serum
analysis, CSF analysis via lumbar puncture is an important diagnostic tool that
yields the most accurate diagnosis including the identification of the causative
agent. All efforts should be made to avoid delay of treatment as CNS infections
can result in rapid patient decline and deterioration.
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Abstract

The neurological invasion of pathogens into the central nervous system (CNS)
causes inflammatory host—cell interactions, which inexplicably control the
pathogens’ ability to replicate or to be removed from the host. Undoubtedly,
the pathogen’s mechanism of entering the CNS determines how the immune
response develops. The portal of entry and the types of pathogens determine the
exact mechanism of immune response in the CNS. Furthermore, immunological
cellular interactions within this kind of ecosystem encourage the expression of
inflammatory mediators, which has an acute impact on neuronal function at the
cellular level. An increase in neutrophil chemoattractant molecules (like
CXCL2), cellular adhesion molecules (ICAM), and complement C5a is observed
if pathogen invasion happens. Antigen-presenting cells which are present in both
meninges and choroid plexus support ongoing stimulation of T cells upon viral
and fungal infections. However, high levels of TH1 cell cytokines, such as tumor
necrosis factor, interferon, and IL-1, may potentially cause sustained cognitive
function impairment even after the eradication of neurotropic pathogens. Auto-
immune diseases in CNS could be better treated once the exact mechanism of
molecular mimicry due to infections is clearly understood.
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4.1 Immune Responses in the Cerebrospinal Fluid

The central nervous system (CNS) exists in a strictly confined biological environ-
ment as a result of the CNS’s evolution over time. Due to the local tissue barrier and
a variety of immunosuppressive microenvironments, the CNS has an “immune
privilege” status (Engelhardt et al. 2017). The presence of viruses, foreign patrticles,
and tissue in the CNS can therefore be tolerated by the human immune system, up to
a certain tolerable threshold (Banks and Erickson 2010). However, it is not neces-
sarily the status quo. Physiological or pathological changes to the CNS that go
beyond the point of toleration, however, are regarded as life-threatening occurrences.
The CNS appears to have a subtle yet distinct strategy for defending itself against
intruders from other bodily systems.

The immunological responses in the CNS have been studied and the science
behind immune response is undergoing development to expand our current under-
standing regarding the immune defence. Based on the condition and functionality of
the immune candidates infused inside the cerebrospinal fluid, our understanding of
the immune responses can be divided into a number of barriers, which are positioned
between the blood and the CNS, in addition to the regular physiological surveillance
mechanisms that are in placed to watch over the CNS environment. Blood—brain
barrier (BBB), the blood—CSF barrier, and the arachnoid barrier are the three most
vital physical barriers within the CNS (Brooks et al. 1983). The anatomical and
physiological design of the BBB’s functions to restrict or prevent the flow of cells,
infections, or any macromolecules into the CNS. By accomplishing this, the interac-
tion between peripheral immune cells and local immune cells in the CNS is
restricted. Under certain pathological conditions, the peripheral immune cells have
the capacity to pass through the BBB to reach the brain.

In addition to the physical barrier, at the cellular level, CNS has been considered
to be an organ, which is inhabited by a limited immune repertoire, such as the
parenchymal tissue of the CNS. It contains resident microglia as the main immune
cell together with perivascular macrophages (Bailey et al. 2006).

Findings in this field in particular are pointing toward a novel mechanism that
may help with immune surveillance within the skull. It has been discovered that CSF
which is secreted by the choroid plexus is being transported through the channels
within the skull. It suggests that CSF may very well be able to travel via the
perivascular spaces of the dural blood vessels, through the channels in the skull,
and into the marrow cavities. By leveraging the CSF outflow into the marrow
cavities, pathogens could cause the release of immune cells in response to inflam-
mation, resulting in cranial emergency hemopoiesis (Engelhardt et al. 2017). This
demonstrates unequivocally that CSF is essential for immunological responses in the
CNS. This discovery is believed to provide an explanation regarding how the brain
and skull might interact to cause an immune response toward incoming pathogens
within the CNS. It is obvious that CSF participation in the immune response has a
deeper significance than previously considered.
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4.2 T-Cell-Mediated Inmune-Regulation

Both resident microglia and perivascular macrophages have a role in inhibiting the
infiltration of foreign bodies into the CNS. These cells are part of a non-specific type
of immune response against outside intruders. The presence of the specific immune
response, also known as the adaptive immune system, is observed in strengthening
the nonspecific immune response. The efficiency of the entire spectrum of the
immune response in the CNS as a whole have been demonstrated to be increased
by this particular form of specific immune response. Within the context of cell-
mediated immune response, T cell is the primary immune cell that strives to
eradicate any viral infection and obligatory intracellular bacterial infection, together
with the B cell (Walsh et al. 2014). T lymphocytes in the CNS will frequently clear
viral infections predominantly by non-cytolytic viral clearance processes (Ellwardt
et al. 2016). This role of T cells within the perivascular region is enhanced as CNS
exhibits an increased expression of T-cell receptors (TCRs) recognition in terms of
regulation (Walsh et al. 2014).

Activated T cells move from blood vessels to the subarachnoid space by passing
through the stroma of the choroid plexus. This is one way that T cells move from the
blood into the CNS. The blood—cerebrospinal fluid barrier that surrounds the choroid
plexus stroma is made up of epithelial cells interconnected by tight junctions.
Activated T cells are able to cross this barrier. Additionally, recent studies have
suggested that the region of the meninges may have a lymphatic system (Walsh et al.
2014). This discovery indicates that T lymphocytes in the CNS may come from
additional sources of T cells located within the CNS.

Both CD4+ and CD8+ T lymphocytes were present in meninges, choroid plexus,
parenchyma, and the naive brain compartment. There are two unique ways by which
T cells in our CNS function. Certain T-cell subtypes can contribute to repair from
one perspective, while another subtype can contribute to damage from another.
When certain T-cell subtypes are activated, these two actions are seen simulta-
neously. T cells have the capacity to concurrently cause neurodegeneration and
inflammation when acting as a collective (Louveau et al. 2015). Consequently,
depending on the characteristics of the pathogen of interest, a concise and thorough
modulation of T-cell-mediated immune response is quite important.

Every pathogen will display a certain protein pattern known as ‘“pattern-
associated molecular patterns,” which is where the control of T cells comes into
play (PAMPs). PAMPs can bind to or adhere to pattern recognition receptors (PRRs)
that are present on specific immune cells. This causes the type I interferons (IFN-I) to
be expressed as a result, and IFN-I then binds to the IFN-alpha receptor chain
1 (IFNARI1) (Kumar 2019). Any ligand that binds to IFNAR activates the
JAK-STAT signaling cascade, which in turn produces the impact of antiviral
clearance, one of the numerous functions that IFN-I is assigned (Begolka et al.
2005). IFN can be generated by cells in the CNS ecosystem that are infected with a
virus, including astrocytes and microglia (Kumar 2019).

This will have a direct impact on IFN-stimulated gene expression (ISG). The
interaction between CXCL10 and CCL2, which is already strengthened, improves
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the regulation of T cells (Begolka et al. 2005). The combined effects are produced
with ISG and both of these important chemokines result in an inflammatory envi-
ronment. These quicken the process of T-cell recruitment into the CNS. But the
primary function of resident myeloid as antigen-presenting cells (APC) is crucial in
evoking the inflammatory ecology, which is crucial in activating the stimulation and
recruitment of antiviral T cells.

4.3  Cellular and Humoral Inmune Responses Against
Different Pathogens

Anatomically, the immune system in the CNS is designed to safeguard itself against
invading infections. The CNS is further strengthened by cellular heterogeneity,
which can prevent and react to numerous neurotropic infections. Despite having
robust physical defences already in place, some neurotrophic pathogens including
bacteria, viruses, fungi, and protozoa are able to get through the blood—brain barrier
(BBB) leading to CNS infections. Meningitis, encephalitis, and myelitis are the
results of CNS infections and are categorized clinically based on the affected
locations. However, some neurotropic viruses have pathogen-associated molecular
patterns (PAMPs) that are particularly important in inducing immune responses
inside the CNS. Intrinsic features within PAMP of neurotropic pathogens are crucial
in triggering the specific immune response against themselves (Daniels et al. 2014).

Immune response in the CNS is often divided into innate and adaptive immune
responses, similar to immune responses induced in other regions of the infected
human body (Pedemonte et al. 2006). The initial response includes a strong response
from the region-specific local innate immune responses which include a solid
antimicrobial response throughout the CNS. Later, the immune response will change
or need to employ the adaptive immune response if the infection persists (Kipnis
2016). A particular antigen-presenting mechanism carried out by microglia cells
must be initiated to ignite the immune system’s adaptive response (Pedemonte et al.
2006).

Astrocytes and microglia, which function as active antigen-presenting cells, will
express MHC class II, coupled with B7-1 and B7-2, which are termed “co-stimula-
tory molecules” and will eventually trigger the activation of several T-cell subtypes.
The humoral immune response, which involves the identification and removal of
pathogens by antibodies released by B cells, can be stimulated within the CNS by
this action alone (Kipnis 2016). The meninge are where the majority of B
lymphocytes reside. Additionally, B cells and other immune cells are prevalent in
the meninges’ dura mater layer, which is part of the meninges. Additionally, recent
research suggests that B cells sensitized in the gut may contribute to humoral
immunity in the CNS (Wraith and Nicholson 2012). This appears to be a possibility,
when specific bacteria enter the blood through the gut, causing bacteraemia. Activa-
tion of naive B cells in the meninges will take place once the pathogen from the
blood is able to breach the blood—brain barrier (Klein et al. 2017).
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This summarizes all the different modes of immune responses that are present in
CNS toward different types of pathogens. This difference in response is due to the
various portal of entry and the unique nature of PAMP that is presented to B and T
cells.

4.4 Neurotropism

Neurotropism is referring to the ability of microorganisms, especially viruses that
can invade and live in neural tissue. Neurotropic viruses are those that have the
ability to infect the central nervous system causing diseases with both neurovirulent
and neuroinvasive characteristics. Numerous viruses, including the herpes simplex
virus, poliovirus, enteroviruses, parechovirus, West Nile virus, Japanese encephalitis
virus, measles, and mumps viruses, are classified as neurotropic viruses. Some are
quite neurovirulent and neuroinvasive, whilst others are not. In the case of herpes
simplex viruses, it is extremely neuroinvasive yet weakly neurovirulent toward the
peripheral nervous system. However, at the same time, it is weakly neuroinvasive
and highly neurovirulent toward the central nervous system (Abdullahi et al. 2020).
This clearly shows the presence of selective neurotropism.

The genomic makeup of the virus, the biological location of the virus, the host
immunological state, and a few other environmental factors are among the key
determinants of viral infections in the central nervous system leading to a wide
range of clinical presentations. However, they are frequently misdiagnosed, and their
etiology missed, in part because of inadequate diagnostic tools and in part because of
inadequate knowledge of viral biology and epidemiology (Steffen 2019).

The Flaviviridae family includes the West Nile virus, Japanese encephalitis virus,
dengue virus, Murray Valley encephalitis virus, and St. Louis encephalitis virus. A
flavivirus infection in the CNS affects the anterior horn neurons, substantia nigra,
thalamus, and neocortex (Neal 2014). One factor affecting neuroinvasion is the
flavivirus E envelope protein’s glycosylation, which increases axonal and trans-
epithelial transport. Flavivirus uptake into the axon is inhibited by neutralizing
antibodies synthesized against the NS and E proteins. CD8+ T cells are vital for
the removal of West Nile virus infected cells from the CNS (Neal 2014). The
disruption of the blood—brain barrier is observed as a result of the anti-virus response
mediated by TLR-3 and TLR-7, allowing virally infected leucocytes and free living
virus to enter the CNS (Neal 2014). Semaphorin 7A, low density lipid receptors
(LDLR), glycosamino glycans (GAG), heparan sulfate (HSPG), and DC-SIGN are
among the numerous cellular virus attachment factors that facilitate flavivirus entry
into the host cell. However, these receptors are not specifically expressed for
flaviviruses. By destroying tight junction complexes, the flavivirus also penetrates
epithelial and endothelial barriers, increasing blood—brain barrier permeability (Neal
2014).

Axonal (either anterograde or retrograde) transport of SARS-CoV-2 into the CNS
may occur after it has entered the respiratory tract through the cranial nerves’ nerve
ends that innervate it. After establishing viremia, the virus will be able to cross the
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BBB and/or blood—cerebrospinal fluid barrier (Ludlow et al. 2016). Once the virus
successfully enters the CNS, they can cause alterations in neurons that result in
neuronal histopathological damages in the cortex and hypothalamus (Gu et al. 2005).
In addition to radiological investigations, SARS-CoV-2’s neurovirulent potential
has been rigorously investigated in post-mortem brain tissue, using vivo animal
models during both acute and post-acute stages of COVID-19. The findings from the
radiological investigations are pointing toward the presence of edema and
microbleeding in the olfactory bulb together with the loss of gray matter in the
parahippocampal gyrus, lateral orbitofrontal cortex, and insula (Douaud et al. 2022).

Since SARS-CoV-2 has a variety of underlying neurovirulent disorders, it is
possible that more than one mechanism could be responsible for these changes.
Furthermore, host factors, such as age, sex, and other underlying diseases, may
contribute to complications associated with SARS-CoV-2 infection in CNS. The
possible emergence of future variants could make the CNS issues even more
complicated. Additionally, immunization could impact the possibility of
experiencing various degrees of CNS complications (Bauer et al. 2022). However,
it is agreed that the outcome of the CNS complications is influenced in circumstances
whereby vaccination is required.

Only few organs, including the brain and spinal cord, can reproduce the poliovi-
rus. This restricted tropism shown by poliovirus may be an effect of organ-specific
differences in relation to translation initiation by its internal ribosome entry site
(IRES). Viral proliferation in CNS can be eliminated by C-to-U mutation at base
472 in the IRES of the Sabin type 3 poliovirus vaccination strain. This may further
decrease neurovirulence (Kauder and Racaniello 2004).

Rabies virus infection occurs either through bites from infected animals or contact
with infected saliva or secretions. Subsequently, the virus enters neural axons of
sensory and motor nerves via an endosomal transport pathway. The virus then
migrates along peripheral nerves using the fast axonal transport system toward
CNS at an estimated speed of 8-20 mm/day (Hemachudha et al. 2002). The
incubation period for rabies is dependent on the site of inoculation. Furthermore,
in patients who have been bitten on the face or neck as opposed to more distant
places (such as the arms or legs), the virus will take longer time to reach the central
nervous system (Hemachudha et al. 2002).

The progression of the disease is also dependent on certain receptors. It appears
that two specific receptors: neural cell adhesion molecule (NCAM) and nicotinic
acetylcholine receptor (nAchR) might play a crucial role in concentrating virus
particles at the neuromuscular junction and facilitating effective transportation in
the intracellular space. Viral replication begins with the transcription of the viral
genome by P-L polymerase and subsequent assembly of new viruses occurs mainly
in dorsal-root ganglia and anterior-horn cells, once the intact virions have entered the
central nervous system. It will result in the formation pathognomonic cytoplasmic
inclusions know as Negri bodies. The virus subsequently disseminates throughout
the CNS, mostly by cell to cell direct infection, plasma-membrane budding, or trans-
synaptic spread, with predominant localization within the brainstem, thalamus, basal
ganglia, and spinal cord (Schnell et al. 2010).
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The development of immune responses and autoimmune reactions against
infected neurons, as well as direct cell death due to virus replication, could add
toward compounded neurotoxicity (Hemachudha et al. 2002). It is crucial to note
that the massive cytokine production that results from CNS infection has a signifi-
cant impact on the hippocampus and other limbic-system activities, altering electri-
cal cortical activity, the serotonin metabolism, and hypothalamo—pituitary—adrenal
axis (Hemachudha et al. 2002). Rabies virus returns to the periphery later in the
disease’s progression via intra-axonal transport, with increased tropism toward
salivary and lacrimal glands (Mrak and Young 1994).

Based on the examples of neurotropic viruses discussed above, the conclusion
that could be derived clearly points toward a complex interplay between various
factors, responsible for the pathogenesis of diseases. To have an effective interven-
tion for these infections of the nervous system, molecular, genomic aspect, and
neuropathogenesis need to be explored further.

4.5 Immunosuppressive Effects of Pathogens

HIV, measles virus, and cytomegalovirus (CMV) are the viruses that most com-
monly lead to immunosuppression. They impede hemopoiesis and/or antigen pre-
sentation to T cells. The measles virus is a distinct form of a non-persistent,
immunosuppressive infection.

In the early years of the twentieth century, Clement von Pirquet noticed that acute
measles could temporarily inhibit the results of individuals’ tuberculin skin test. This
indicates that measles virus infection leads to immunosuppression (Naniche and
Oldstone 2000). Following an acute measles infection, this temporary immunosup-
pression may extend for up to 6 months. High morbidity and mortality rates have
commonly been linked to the immunosuppression that comes with measles virus
infection (Naniche and Oldstone 2000).

Only a portion of how measles affects the immune system is known. The main
site of measles virus replication is the lymphoid tissue, and both B and T cells can
become infected via CD150 (Griffin 2021). During acute infection, this leads to the
depletion of lymphocytes. However due to increased adaptive immune responses, in
the form of higher degree of lymphocytes proliferation and an increased production
of specific antibodies and T cell against measles virus are observed. This results in
the elimination of the measles virus (Griffin 2021). To develop lifelong immunity,
the genetic material of measles should exist in the lymphoid system for longer
duration along with germinal center proliferation, generation of antibody-secreting
cells, functionally of different populations of T cells, and the maturation of antibody
avidity. A decrease in the variety of already-present antibodies, amount of memory,
and naive B cells leads to an increased susceptibility to other infections (Griffin
2021).

Considering HIV infection, it also able to induce severe immunosuppression,
which develops slowly and creates an environment that is progressively favorable
for opportunistic infections and the reactivation of latent diseases. It is well known
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that helper T cells are the primary targets of HIV infection, and depletion of these T
cells counts leads to AIDS (Macatonia et al. 1990). Antigen-presenting cells’ (APC)
abnormalities due to HIV infection may potentially trigger the corresponding
decrease of CD4 responses at the early stage of the infection. This is observed
when the T-cell counts are still within the normal range. Furthermore, it must be
noted that dendritic cell (DC) counts in the peripheral blood also decline as the virus
progresses in HIV patients (Macatonia et al. 1990). Peripheral major histocompati-
bility complex (MHC) class II expression is necessary for CD4 T-cell survival. Thus,
DCs with high levels of class II expression may help keep CD4 T cells functional.
The demise of the CD4 T cells is because fewer functioning DCs are present.
Therefore, it is possible that the infection of bone marrow auxiliary cells, which is
promoting hemopoiesis, causes the impairment of DC, macrophage, and/or T-cell
production in AIDS (Naniche 2000).

HIV, which can infect lymphoid, myeloid, and monocytic progenitor cells, could
exacerbate the problem with hemopoietic cell lineage regeneration. In addition to
CD4 T lymphocyte depletion, APC malfunction and inability of hemopoietic regen-
eration have been suggested to contribute to the immunosuppression induced by
HIV. According to a theory, apoptosis hinders the immune system’s ability to
respond in people with HIV. HIV-positive people’s CD4 and CD8 T cells are
extremely vulnerable to Fas-induced apoptosis. In addition, it has been shown that
homing receptor-mediated signaling encourages death in dormant, nonactivated
CD4 cells that are HIV-infected (Wang et al. 1999).

Additionally, it has been suggested that HIV’s gp120 and tat proteins may have
immunosuppressive properties. By blocking CD4 interaction with the APCs, Gp120
attaches to uninfected CD4 cells and causes a nonresponsive state to develop (Fidler
and Rees 1999). The soluble viral protein Tat can cause apoptosis in uninfected cells
(Cohen et al. 1999: Li et al. 1995). It been proposed that increased levels of some
cytokines, such IL-10, can decrease the immune response (Schols and De Clercq
1996).

Another example of a virus that causes immunodeficiency is the human cytomeg-
alovirus. CMV infection in normal immune person results in an acute infection with
temporary immunosuppression. Over the course of a few weeks or months, the
immunological malfunctions return to the normal state. Following that the virus
creates a latent infection with minimal or no symptoms at all. Hence, CMV
completely differs from measles and HIV in that it causes a persistent infection
with temporary immunosuppression (Naniche 2000).

In peripheral blood mononuclear cells, CMV significantly induces IFN-o/p.
These IFN-a/f decreases the oxidative activity and phagocytosis in monocytes
leading to the inhibition of functions of monocytes (Noraz et al. 1997). Infection
with CMV also results in the suppression of hemopoiesis in the bone marrow. While
some wild-type field isolates can only influence stromal cells in the bone marrow,
others can directly infect progenitor cells and restrict their proliferation. The remi-
niscent of HIV infection and stromal cell tropism decrease the production of growth
factor G-CSF leading to the inhibition of in vitro progenitor cell colony (Lagneaux
et al. 1994; Simmons et al. 1990).
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Unlike HIV, which exclusively infects auxiliary support cells, CMV is able to
infect both primitive progenitor cells and stromal support cells. Consequently, CMV
infection in the bone marrow is responsible for the primary mechanism of
CMV-induced immunosuppression. As stated above, these example viruses: measles
virus, HIV, and CMV cause systemic immunosuppression but have radically diverse
consequences. They affect the body through (a) modifying the early IL-12/Th1/Th2
cytokine equilibrium, (b) impairing macrophage and dendritic cell activities,
(c) inhibiting hemopoiesis, and (d) generating proteins that have immunosuppressive
actions. The immune system can be destroyed by viruses that target hemopoiesis,
like HIV, or they can develop benign latency, like CMV. These numerous sequels
are thought to be caused by the complex alterations in the viral life cycle (Naniche
2000).

Another pathogen that tends to infect CNS leading to invasive diseases among
immunodeficient person is Aspergillus fumigatus which causes 30-95% mortality
rate. This fungus is the most important airborne fungus and possesses the virulent
component epidithiodioxopiperazine gliotoxin. By hindering functions of
neutrophils, gliotoxin decreases innate immunity in patient with invasive aspergillo-
sis. Leukotriene (LT)B4, which is generated by 5-lipoxygenase and LTA4 hydrolase
(LTA4H), is a chemoattractant which causes the migration of neutrophils to infec-
tion sites. By direct inhibition of LTA4H, gliotoxin reduces the formation of
chemoattractant LTB4. This finally leads to interfering neutrophil phagocytic
activities in patients with invasive aspergillosis (Konig et al. 2019).

4.6 Infection-Induced Autoimmune Responses

Our own immune system may at times become reactive to our own self-antigen. This
is due to inherent deficiencies of peripheral self-tolerance. The underlying cause
could be brought on by an intrinsic genetic defect or by other factors (Bhagavati
2021). With the current scientific understanding, it is a well-established fact, that the
majority of organ-specific autoimmune illnesses are prone to involve autoreactive
pathology as their root mechanism (Bhagavati 2021). It takes a great deal of
observation and persuasive scientific evidence to completely understand the patho-
physiological mechanisms involved in each autoimmune illness. This is because a
paradigm change concerning how infections lead to autoimmune disorders will
eventually influence how people with autoimmune diseases are treated (Ndondo
et al. 2022).

One of the most prevalent CNS autoimmune illnesses is multiple sclerosis (MS).
It has a fundamental cause that is strongly connected to a person’s genetic make-up.
However, not all autoimmune reactions are due to a person’s genetic composition.
Some of them may also be brought on by an infection. In such an instance, viral or
certain bacterial infections are most often than not the root causes of autoimmune
illnesses (McKechnie et al. 2002). It is thought that viruses could potentially be able
to initiate an autoimmune reaction due to the fact that they have been shown to
influence immune cells with the objective to defend themselves (Getts et al. 2013).
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However, it is yet unknown what causes MS in its specific form. Animal studies
showing that myelin-specific CD4+ T lymphocytes can cause clinical sickness
similar to that seen in MS in mice have supported the basic idea that MS is an
autoimmune disease (Croxford et al. 2002). This is our understanding till today.

It has been observed that young children could get infected with a particular virus
at an early age. Due to the fact that MS patients are often diagnosed between 20 and
40, the viruses that may have been the primary causes of the disease may have
disappeared by the time, when, the condition presents. Therefore, it is vital to
investigate for evidence that might contribute toward virus-induced autoimmunity
using MS animal models to further our understanding regarding the relationship
between autoimmune and infections (Croxford et al. 2002). Considering the situa-
tion of HIV infection, there is a possibility that HIV-1 may hide in resident
macrophages and microglial cells in the CNS. This act enables HIV to evade the
full immune response, turns into latency, and eventually causes various
complications.

This type of mechanism of infection enables the peripheral immune response to
be well organized leading to a coordinated cascade of the immune response. The
reactions, however, may change into an abnormal result of their own accord based
on unanticipated variables and conditions. In this instance the immune response
appears to be unable to recognize the difference between self and foreign antigen
(Getts et al. 2013). It is understood that the immune system begins to lose its capacity
to tolerate self-antigen shortly after an infection. It has been widely accepted that the
“molecular mimicry” theory may be the basic theory that could justify the
aftereffects of an infection in this context. The observed endpoint includes a cross-
reactive reaction involving T-cell response, which in turn results in autoimmune
disease in the CNS too (McKechnie et al. 2002).

Another example that should be considered is Theiler’s murine encephalomyelitis
virus (TMEV). It is a neurotropic mouse virus that exists naturally, which belongs to
the Picornaviridae family. A virus-specific CD4 T-cell response develops after
TMEV infection, leading to a concentration of the virus-infected macrophages and
microglia (Croxford et al. 2002). However, approximately 50 days after infection,
the white matter of the neurons in the spinal cord starts to demyelinate, at the same
duration, CD4 T-cell responses which is myelin specific begin to come into effect.
Clearly, this is a sign of an autoimmune response. This implies the prospect of the
“epitope spreading” process, involving a viral-specific response, which in turn
becomes a myelin-specific response. This discovery does suggest autoimmunity in
the CNS caused by viral infection (Croxford et al. 2002). Even though, the informa-
tion that we have now is revolving, around “epitope spreading” as the most probable
explanation on how a viral infection of the CNS leads to an autoimmune reaction
specifically to myelin, the extensively investigated scientific theory, which is
thought to be the underlying mechanism of autoreactive T-cell activation, is still
molecular mimicry. An earlier observation of a hepatitis B virus peptide-induced
T-cell reactivity to the myelin basic protein (MBP) revealed the same underlying
mechanism (Croxford et al. 2002). Conclusively, it is obvious that an auto-immune
response arises in this situation following an infection, with molecular mimicry
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serving as the basic mechanism by which a normal immune response changes to an
auto-immune response (Croxford et al. 2002).

The West Nile virus (WNV) is another virus that is suspected to be capable of
inducing inflammatory illness in the CNS. It is also known to be the neurotropic
flavivirus that infects humans and capable of progressively spreading causing
symptoms ranging from a simple febrile illness (WNV fever) to a neuroinvasive
condition manifesting that includes meningitis and encephalitis (Leis et al. 2014).
Bringing together the possibilities of molecular mimicry between WNV antigens and
acetylcholine receptor subunits with the length of time that myasthenia gravis
(MG) takes to manifest after an acute WNV neuroinvasive illness, it is speculated
that the complex process of mimicry may have contributed to the disruption of
immunological self-tolerance that brought about MG as observed during WNV
infection (Leis et al. 2014).

In conclusion, based on the current findings and postulations, there is great
potential for virus and fungus to successfully establish themselves as potent
candidates that are capable of inciting autoimmune diseases in the CNS.

References

Abdullahi AM, Sarmast ST, Singh R (2020) Molecular biology and epidemiology of neurotropic
viruses. Cureus 12(8):¢9674. https://doi.org/10.7759/cureus.9674

Bailey SL, Carpentier PA, McMahon EJ, Begolka WS, Miller SD (2006) Innate and adaptive
immune responses of the central nervous system. Crit Rev Immunol 26(2):149-188. https://doi.
org/10.1615/critrevimmunol.v26.i2.40

Banks WA, Erickson MA (2010) The blood-brain barrier and immune function and dysfunction.
Neurobiol Dis 37(1):26-32. https://doi.org/10.1016/j.nbd.2009.07.031

Bauer L, Laksono BM, de Vrij FMS, Kushner SA, Harschnitz O, van Riel D (2022) The
neuroinvasiveness, neurotropism, and neurovirulence of SARS-CoV-2. Trends Neurosci
45(5):358-368. https://doi.org/10.1016/j.tins.2022.02.006

Begolka WS, McMahon EJ, Miller SD (2005) Cytokines and immune regulation in the nervous
system. In: Cytokines and the CNS. Routledge, Milton Park, pp 137-162

Bhagavati S (2021) Autoimmune disorders of the nervous system: pathophysiology, clinical
features, and therapy. Front Neurol 12:664664. https://doi.org/10.3389/fneur.2021.664664

Brooks BR, Hirsch RL, Coyle PK (1983) Cellular and humoral immune responses in human
cerebrospinal fluid. In: Neurobiology of cerebrospinal fluid, vol 2. Plenum Press, New York,
pp 263-329

Cohen SS, Li C, Ding L, Cao Y, Pardee AB, Shevach EM, Cohen DI (1999) Pronounced acute
immunosuppression in vivo mediated by HIV Tat challenge. Proc Natl Acad Sci U S A 96(19):
10842-10847. https://doi.org/10.1073/pnas.96.19.10842

Croxford JL, Olson JK, Miller SD (2002) Epitope spreading and molecular mimicry as triggers of
autoimmunity in the Theiler’s virus-induced demyelinating disease model of multiple sclerosis.
Autoimmun Rev 1(5):251-260. https://doi.org/10.1016/s1568-9972(02)00080-0

Daniels BP, Holman DW, Cruz-Orengo L, Jujjavarapu H, Durrant DM, Klein RS (2014) Viral
pathogen-associated molecular patterns regulate blood-brain barrier integrity via competing
innate cytokine signals. mBio 5(5):e01476-14. https://doi.org/10.1128/mBio.01476-14

Douaud G, Lee S, Alfaro-Almagro F, Arthofer C, Wang C, McCarthy P, Lange F, Andersson JLR,
Griffanti L, Duff E, Jbabdi S, Taschler B, Keating P, Winkler AM, Collins R, Matthews PM,
Allen N, Miller KL, Nichols TE, Smith SM (2022) SARS-CoV-2 is associated with changes in


https://doi.org/10.7759/cureus.9674
https://doi.org/10.1615/critrevimmunol.v26.i2.40
https://doi.org/10.1615/critrevimmunol.v26.i2.40
https://doi.org/10.1016/j.nbd.2009.07.031
https://doi.org/10.1016/j.tins.2022.02.006
https://doi.org/10.3389/fneur.2021.664664
https://doi.org/10.1073/pnas.96.19.10842
https://doi.org/10.1016/s1568-9972(02)00080-0
https://doi.org/10.1128/mBio.01476-14

70 K. K. Win and P. A. Parmasivam

brain structure in UK Biobank. Nature 604(7907):697-707. https://doi.org/10.1038/s41586-
022-04569-5

Ellwardt E, Walsh JT, Kipnis J, Zipp F (2016) Understanding the role of T cells in CNS
homeostasis. Trends Immunol 37(2):154—165. https://doi.org/10.1016/j.it.2015.12.008

Engelhardt B, Vajkoczy P, Weller RO (2017) The movers and shapers in immune privilege of the
CNS. Nat Immunol 18(2):123—-131. https://doi.org/10.1038/ni.3666

Fidler SJ, Rees AD (1999) Antigen presenting cell function in HIV-1 infected patients. Immunol
Lett 66(1-3):129—-134. https://doi.org/10.1016/s0165-2478(98)00171-0

Getts DR, Chastain EM, Terry RL, Miller SD (2013) Virus infection, antiviral immunity, and
autoimmunity. Immunol Rev 255(1):197-209. https://doi.org/10.1111/imr.12091

Griffin DE (2021) Measles immunity and immunosuppression. Curr Opin Virol 46:9—14. https://
doi.org/10.1016/j.coviro.2020.08.002

Gu J, Gong E, Zhang B, Zheng J, Gao Z, Zhong Y, Zou W, Zhan J, Wang S, Xie Z, Zhuang H,
Wu B, Zhong H, Shao H, Fang W, Gao D, Pei F, Li X, He Z et al (2005) Multiple organ
infection and the pathogenesis of SARS. J Exp Med 202(3):415-424. https://doi.org/10.1084/
jem.20050828

Hemachudha T, Laothamatas J, Rupprecht CE (2002) Human rabies: a disease of complex
neuropathogenetic mechanisms and diagnostic challenges. Lancet Neurol 1(2):101-109.
https://doi.org/10.1016/s1474-4422(02)00041-8

Kauder SE, Racaniello VR (2004) Poliovirus tropism and attenuation are determined after internal
ribosome entry. J Clin Invest 113(12):1743—-1753. https://doi.org/10.1172/jci21323

Kipnis J (2016) Multifaceted interactions between adaptive immunity and the central nervous
system. Science 353(6301):766—771. https://doi.org/10.1126/science.aag2638

Klein RS, Garber C, Howard N (2017) Infectious immunity in the central nervous system and brain
function. Nat Immunol 18(2):132—141. https://doi.org/10.1038/ni.3656

Konig S, Pace S, Pein H, Heinekamp T, Kramer J, Romp E, StraBburger M, Troisi F, Proschak A,
Dworschak J, Scherlach K, Rossi A, Sautebin L, Haeggstrom JZ, Hertweck C, Brakhage AA,
Gerstmeier J, Proschak E, Werz O (2019) Gliotoxin from Aspergillus fumigatus abrogates
leukotriene B(4) formation through inhibition of leukotriene A(4) hydrolase. Cell Chem Biol
26(4):524-534.e525. https://doi.org/10.1016/j.chembiol.2019.01.001

Kumar V (2019) Toll-like receptors in the pathogenesis of neuroinflammation. J Neuroimmunol
332:16-30. https://doi.org/10.1016/j.jneuroim.2019.03.012

Lagneaux L, Delforge A, Snoeck R, Stryckmans P, Bron D (1994) Decreased production of
cytokines after cytomegalovirus infection of marrow-derived stromal cells. Exp Hematol
22(1):26-30

Leis AA, Szatmary G, Ross MA, Stokic DS (2014) West nile virus infection and myasthenia gravis.
Muscle Nerve 49(1):26-29. https://doi.org/10.1002/mus.23869

Li CJ, Friedman DJ, Wang C, Metelev V, Pardee AB (1995) Induction of apoptosis in uninfected
lymphocytes by HIV-1 tat protein. Science 268(5209):429—431. https://doi.org/10.1126/
science.7716549

Louveau A, Harris TH, Kipnis J (2015) Revisiting the mechanisms of CNS immune privilege.
Trends Immunol 36(10):569-577. https://doi.org/10.1016/j.it.2015.08.006

Ludlow M, Kortekaas J, Herden C, Hoffmann B, Tappe D, Trebst C, Griffin DE, Brindle HE,
Solomon T, Brown AS, van Riel D, Wolthers KC, Pajkrt D, Wohlsein P, Martina BEE,
Baumgirtner W, Verjans GM, Osterhaus A (2016) Neurotropic virus infections as the cause
of immediate and delayed neuropathology. Acta Neuropathol 131(2):159-184. https://doi.org/
10.1007/s00401-015-1511-3

Macatonia SE, Lau R, Patterson S, Pinching AJ, Knight SC (1990) Dendritic cell infection,
depletion and dysfunction in HIV-infected individuals. Immunology 71(1):38—45

McKechnie NM, Giirr W, Yamada H, Copland D, Braun G (2002) Antigenic mimicry: onchocerca
volvulus antigen-specific T cells and ocular inflammation. Invest Ophthalmol Vis Sci 43(2):
411-418


https://doi.org/10.1038/s41586-022-04569-5
https://doi.org/10.1038/s41586-022-04569-5
https://doi.org/10.1016/j.it.2015.12.008
https://doi.org/10.1038/ni.3666
https://doi.org/10.1016/s0165-2478(98)00171-0
https://doi.org/10.1111/imr.12091
https://doi.org/10.1016/j.coviro.2020.08.002
https://doi.org/10.1016/j.coviro.2020.08.002
https://doi.org/10.1084/jem.20050828
https://doi.org/10.1084/jem.20050828
https://doi.org/10.1016/s1474-4422(02)00041-8
https://doi.org/10.1172/jci21323
https://doi.org/10.1126/science.aag2638
https://doi.org/10.1038/ni.3656
https://doi.org/10.1016/j.chembiol.2019.01.001
https://doi.org/10.1016/j.jneuroim.2019.03.012
https://doi.org/10.1002/mus.23869
https://doi.org/10.1126/science.7716549
https://doi.org/10.1126/science.7716549
https://doi.org/10.1016/j.it.2015.08.006
https://doi.org/10.1007/s00401-015-1511-3
https://doi.org/10.1007/s00401-015-1511-3

4 Immune Responses in Infections of the Central Nervous System 71

Mrak RE, Young L (1994) Rabies encephalitis in humans: pathology, pathogenesis and pathophys-
iology. J Neuropathol Exp Neurol 53(1):1-10. https://doi.org/10.1097/00005072-
199401000-00001

Naniche D (2000) Generalized immunosuppression: individual viruses, intertwined targets. Virol-
ogy 275(2):227-232. https://doi.org/10.1006/viro.2000.0552

Naniche D, Oldstone MB (2000) Generalized immunosuppression: how viruses undermine the
immune response. Cell Mol Life Sci 57(10):1399-1407. https://doi.org/10.1007/pl00000625

Ndondo AP, Eley B, Wilmshurst JM, Kakooza-Mwesige A, Giannoccaro MP, Willison HJ, Cruz
PMR, Heckmann JM, Bateman K, Vincent A (2022) Post-infectious autoimmunity in the central
(CNS) and peripheral (PNS) nervous systems: an African perspective. Front Immunol 13:
833548. https://doi.org/10.3389/fimmu.2022.833548

Neal JW (2014) Flaviviruses are neurotropic, but how do they invade the CNS? J Infect 69(3):
203-215. https://doi.org/10.1016/j.jinf.2014.05.010

Noraz N, Lathey JL, Spector SA (1997) Human cytomegalovirus-associated immunosuppression is
mediated through interferon-alpha. Blood 89(7):2443-2452

Pedemonte E, Mancardi G, Giunti D, Corcione A, Benvenuto F, Pistoia V, Uccelli A (2006)
Mechanisms of the adaptive immune response inside the central nervous system during inflam-
matory and autoimmune diseases. Pharmacol Ther 111(3):555-566. https://doi.org/10.1016/j.
pharmthera.2005.11.007

Schnell MJ, McGettigan JP, Wirblich C, Papaneri A (2010) The cell biology of rabies virus: using
stealth to reach the brain. Nat Rev Microbiol 8(1):51-61. https://doi.org/10.1038/nrmicro2260

Schols D, De Clercq E (1996) Human immunodeficiency virus type 1 gp120 induces anergy in
human peripheral blood lymphocytes by inducing interleukin-10 production. J Virol 70(8):
4953-4960. https://doi.org/10.1128/jvi.70.8.4953-4960.1996

Simmons P, Kaushansky K, Torok-Storb B (1990) Mechanisms of cytomegalovirus-mediated
myelosuppression: perturbation of stromal cell function versus direct infection of myeloid
cells. Proc Natl Acad Sci U S A 87(4):1386—1390. https://doi.org/10.1073/pnas.87.4.1386

Steffen R (2019) Tick-borne encephalitis (TBE) in children in Europe: epidemiology, clinical
outcome and comparison of vaccination recommendations. Ticks Tick Borne Dis 10(1):
100-110. https://doi.org/10.1016/j.ttbdis.2018.08.003

Walsh JT, Watson N, Kipnis J (2014) T cells in the central nervous system: messengers of
destruction or purveyors of protection? Immunology 141(3):340-344. https://doi.org/10.1111/
imm.12187

Wang L, Chen JJ, Gelman BB, Konig R, Cloyd MW (1999) A novel mechanism of CD4
lymphocyte depletion involves effects of HIV on resting lymphocytes: induction of lymph
node homing and apoptosis upon secondary signaling through homing receptors. J Immunol
162(1):268-276

Wraith DC, Nicholson LB (2012) The adaptive immune system in diseases of the central nervous
system. J Clin Invest 122(4):1172—1179. https://doi.org/10.1172/jci58648


https://doi.org/10.1097/00005072-199401000-00001
https://doi.org/10.1097/00005072-199401000-00001
https://doi.org/10.1006/viro.2000.0552
https://doi.org/10.1007/pl00000625
https://doi.org/10.3389/fimmu.2022.833548
https://doi.org/10.1016/j.jinf.2014.05.010
https://doi.org/10.1016/j.pharmthera.2005.11.007
https://doi.org/10.1016/j.pharmthera.2005.11.007
https://doi.org/10.1038/nrmicro2260
https://doi.org/10.1128/jvi.70.8.4953-4960.1996
https://doi.org/10.1073/pnas.87.4.1386
https://doi.org/10.1016/j.ttbdis.2018.08.003
https://doi.org/10.1111/imm.12187
https://doi.org/10.1111/imm.12187
https://doi.org/10.1172/jci58648

Part Il

Viral Pathogens: Pathogenesis, Pathology,
Diagnosis and Treatment



®

Check for
updates

Sumathi Muralidhar

Abstract

Double-stranded DNA herpesviruses are capable of establishing latency and
reactivation. They are subdivided into eight human herpesviruses (HHVs): herpes
simplex virus type 1, type 2, varicella-zoster virus, Epstein—Barr virus, cytomeg-
alovirus, HHV-6, HHV-7, and Kaposi sarcoma virus. Most HHVs have the
potential to cause serious neurological disease, which may be acute, chronic,
monophasic, or recurrent; clinical features vary depending on the herpesvirus
involved. During the course of primary infections, or even during reactivations or
re-infections, neurological disease in the form of encephalitis, cerebellitis, men-
ingitis, or myelitis may occur. Herpes simplex encephalitis is life-threatening,
whereas herpes simplex virus type 2-associated recurrent aseptic meningitis is
self-limited, presenting with headache, episodic fever, and meningismus. Poly-
merase chain reaction testing of cerebrospinal fluid is the method of choice for
diagnosis, along with supplementary clinical findings and magnetic resonance
imaging (MRI). Cerebrospinal fluid-polymerase chain reaction analysis has
brought about an upgrade in the diagnosis of central nervous system (CNS)
viral infections, especially those caused by herpesviruses, replacing aggressive
brain biopsy techniques. Additionally, quantitating viral DNA levels in the
cerebrospinal fluid (CSF) allows prognosis determination. Treatment modalities
often involve starting the patient on empiric acyclovir; discontinued only when
herpesvirus is ruled out.
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5.1 Herpesviruses in Central Nervous System Infections
5.1.1 Introduction

Infections affecting the central nervous system (CNS) in humans may be a result of
bacteria, viruses, fungi, or parasites. Viruses can affect the CNS in one of many
ways.

(a) By directly infecting the central nervous system, viruses may replicate and
destroy the cells, as seen in encephalitis. Common etiological pathogens linked
to viral encephalitis are herpes viruses (chiefly, herpes simplex virus) and
arboviruses, (example, West Nile virus).

(b) By infection limited to the meninges, i.e., meningitis.

(c) Infections elsewhere in the body may trigger the immune system to attack and
damage cells around the nerves, leading to a CNS infection; acute disseminated
encephalomyelitis, for example.

The inflammatory changes that occur following neuroinfections can affect one or
more anatomical regions. Accordingly, meningitis occurs if the meninges are
involved, encephalitis in case of brain parenchyma involvement and myelitis if the
spinal cord is involved. Multiple regions may also be involved simultaneously, such
as meningoencephalitis or encephalomyelitis (Swanson and McGavern 2015).

Encephalitis is parenchymal inflammation of the brain, resulting from either
non-infective, infective, or post-infective causes, accompanied by neurologic dys-
function. Approximately, 50% are due to infectious causes (Bradshaw and
Venkatesan 2016).

Common encephalitic viruses are: Herpes simplex virus type 1 (HSV-1) and
2 (HSV-2), the non-polio enteroviruses, and arboviruses. Apart from these, the
cytomegalovirus (CMV), Epstein—Barr virus (EBV), human herpesvirus
6 (HHV-6), and influenza viruses are also relevant. Humans are the only reservoirs
for Herpesviruses. Once infected by herpesviruses, reactivation is possible, espe-
cially in immunocompromised individuals, because these viruses remain latent in the
host. It is important to diagnose the various herpes virus infections, both clinically
and radiologically, at the earliest, because most of them, if treated early and
efficiently, have a favorable outcome.

Human herpes viruses (HHV) are a group of viruses that come under the family of
Herpesviridae and entail eight species relevant to human infections. The human
herpesviruses are mostly neurotropic and cause serious disease of the CNS, with
acute or chronic presentations. All eight herpes viruses are capable of establishing
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Table 5.1 Classification of viruses in the family-herpesviridae

Official designation of the

Subfamily Common name virus
Alphaherpesvirinae Herpes simplex virus-type-1 (HSV-1) Human herpes Virus-1
(HHV-1)
Alphaherpesvirinae Herpes simplex virus-type-2 (HSV-2) Human herpes Virus-
2 (HHV-2)
Alphaherpesvirinae Varicella zoster virus (VZV) Human herpes Virus-3
(HHV-3)
Gammaherpesvirinae | Epstein-Barr virus (EBV) Human herpes Virus-4
(HHV-4)
Betaherpesvirinae Human cytomegalovirus (HCMV) Human herpes Virus-5
(HHV-5)
Betaherpesvirinae Human herpes virus —6 Human herpes Virus-6
(HHV-6)
Betaherpesvirinae Human herpes virus —7 Human herpes Virus-7
(HHV-7)
Gammabherpesvirinae | Kaposi sarcoma-associated herpes virus Human herpes Virus-
(KSHV) 8 (HHV-8)

latency after primary infection in the natural host. Latency can be reactivated after
varying periods of time, in accordance with the molecular nature of latency in the
virus, as well as its type. The herpesviruses can affect the CNS by presenting as
cerebellitis, encephalitis, meningitis, or even myelitis. Furthermore, these
presentations may be linked to a fallout of primary infection or as an occurrence
of viral re-infection or reactivation (Meyding-Lamadé and Strank 2012).

Over the past few decades, considerable importance has been given to
herpesviruses, mainly due to their possible role in Alzheimer’s disease (AD) and
other neuro-degenerative disorders. These ailments are thought of as being linked to
not only HSV-1 but also HHV-6 and EBV (Duarte et al. 2019).

The family Herpesviridae along with its subfamilies (Table 5.1) include DNA
viruses with icosahedral capsids and a host nuclear-membrane-derived envelope
(Muralidhar and Chawla 2019). The genomic constitution is that of a single, linear,
double-stranded DNA, encoding 70-200 proteins, which depends on the species.
There are three subfamilies in the family Herpesviridae.

5.1.2 General Features for Herpetic CNS Infections

An extensive clinical history along with physical examination are important in
making an accurate diagnosis of herpesvirus-associated neuroinfections
(Table 5.2). A viral etiology is implicated when there are classic signs and symptoms
of meningeal inflammation (including Brudzinski sign, fever, headache, Kernig sign,
neck rigidity, photophobia, etc.), along with any characteristic findings pointing
toward viral involvement (e.g., vague abdominal symptoms of diarrhea or vomiting,
conjunctivitis, herpangina, pharyngitis, rash/s, specific skin lesions, etc.). Focal



S. Muralidhar

78

JoUIBIS0J
“I1A0JOPI)

IIAOJOPID
puE 1ouIedSOq

JOUIRISOJ
pue IAO[OIOURD)
IIAOJOPIO
pue JIAO[JIOURD)

ITAOOIOURS
pue IAO[IAOY

IIAO[OAORTRA
puB JAO[AOY
JOUIRISOJ

pue IAO[AIY
JOUIRISOJ

pue IAO[AOY

JUSWIASEURTA

‘VSI'Td ‘9ouadsalonpjountuul
‘sKesse o130[010§

odwres 4SO Jo YDd

ajdures 4§D Jo YDd
qrdures
ASD JO ¥Dd pue UOne[ost SNIIA

odwres 4SO Jo YOd

opdues D Jo ¥Y0d
ordures JSD Jo YDd PuE ‘@Im[ndo
[exA ‘(z-ASH ASojo1as ogroads)
ordures 4§D Jo YDd Pue ‘aIm[nd
rexna ‘(1-ASH A3ojo19s oyroads)

sisougeIp A1ojeroqe|

exde] orydonoAwe ‘xa[dwod
enuowep-SATY ‘sureydoousy

gTvd pue snieydooug
spiduruowr ondose
pue ‘sisoxo[ds J[dnnw ‘(FTvd)

spipeydoous orquuiy ynoe juejdsuen

-1s0d ‘Asdoqide 9qoj Terodwa)

‘KyredoreAw ‘spipeydasuso3uruajy

Ayyedornorpeikjod pue

‘sprRAw ‘snieydoous-oIurudy
saryredoanau [ereyduad pue
‘ferueIO ‘QWOIPUAS go) ‘SHIfOAU
as10Asuen) ‘spreAwonorperfjod
‘BIXE]R TR[[9Q2I20 2JNOR

‘INFQAV ‘snifeydooud ‘SnISuuay
Aypedoinau pue ‘erxeje

JR[[2QaID 9INJL ‘QUIOIPUAS S, QA

‘STINOSE A “SIIT[OAW ‘STI[[9QaIaD
‘spiguruaw ‘snireydoouyg
SpIfeAW

pue ‘spiSuruowr ‘snifeydoouyg
SOIfAW

pue ‘spiduruow ‘snifeydoouy

uonodUI SND

BWIODTES

s 1sodey]
Ssou[y

I B[[aqnt
pue wmIiqns
BWOYIUBXT

wmiqns
BWAYUEXE

SIIpIBOOAW
spuownaug

SISOd[ONUOUOW
SnonodJu|

(xoduayoryo)
B[[9OLIBA
streiqe sadioy
sierqe sadioy

U0y UL
Arewtid

spue[3 AIeAlfes pue
s hooydwA| +qD

anssn ureiq
pue sogeydoroewr
pue $91A00UOTA
a8eoury

projoAu jo s[[a)

S[[9o
[erjoypida pue s[jeo g

uor[3ues 1001 [esI0p
pue [euruad ],

er3ued
Iequin pue [e1oes

uor[3ued reurwoFuy,

s Aouaje|

8-AHH

L-AHH

9-AHH

S-AHH

¥-AHH

¢-AHH
CAHH

I-AHH
SNIIA
sadioy
uewng

ON

‘IS

sepurasadioy ey Jo (AHH) sosniia sodIoy uewny Jo soNSLIaORIEYD PUE SAINJESJ [BIOUSD) Z°G d|qel



79

5 Herpesvirus Infections of the Central Nervous System

Kesse JuUaqIOS ouNWWI PAYUI] SWAZUS YS774 ‘Uonoear ureyd aserowkod yHdq

ITAO[OTOURS[RA
pue ‘Iaopoues

ordures
dSD 30 ¥Dd 1019 UIIsOM pue

ewroydwAy
SNO Arewid pue {(STV) S1S019]0s

w0y awoside ue ut

VNA [[23 03 punoq
st owoua3 SAHH




80 S. Muralidhar

sensory impairments or motor deficits typically indicate encephalitis of viral etiol-
ogy. Also, when there is a history of exposure to diseased contacts, mosquitoes, rats,
and ticks or there are seasonal viral outbreaks, a diagnosis of CNS infection by
herpesvirus should be suspected (Autore et al. 2021).

(Note: There is a difference between Encephalitis and Encephalopathy. Enceph-
alopathy is a broad terminology, referring to a clinical state, defined by changes in
behavior, confusion, disorientation, and further cognitive impairments. These
changes may be seen not only in encephalitis but also in various other
non-inflammatory conditions).

The presentation of encephalitis can be misleading, with prodromal symptoms
favoring a diagnosis of upper respiratory infections. The clinical manifestations of
encephalitis may then evolve over a period of days, presenting with fever, headache,
seizures, and sometimes focal neurological deficits, which are all common features
occurring in many conditions, and not specific to any one disease.

5.1.3 Diagnosis of Herpetic Encephalitis

In general, when investigating a case of suspected herpetic encephalitis in adults, the
following tests should be performed:

— Cerebrospinal fluid (CSF) (at least 5 ml to be collected)—bands, cell count with
differential count, glucose, Gram’s stain, immunoglobulin G index, India ink
staining for Cryptococcus lactose, opening pressure, and protein concentration.

— Bacterial cultures as relevant.

— Blood culture.

— Serology (acute and convalescent serum to be tested with titers) VDRL, ELISA
for IgM and IgG of relevant organisms (HSV, EBV, etc.)

— Polymerase chain reaction (PCR) test for HSV-1/HSV-2, VZV, enteroviruses,
and other possible pathogens.

— For non-neurologic findings, added syndrome-oriented testing ought to be carried
out, accordingly (e.g., bronchoalveolar lavage, endobronchial biopsy, skin
biopsy, throat swab PCR/culture, etc.).

— Brain MRI may be normal or with specific findings.

— More than 80% of viral encephalitic cases exhibit an abnormal electroencephalo-
gram (EEG) with diffuse slow waves of high amplitude, with or without focal
epileptiform activity. It is often necessary to continuously monitor EEG, espe-
cially to identify non-convulsive status (da Costa and Sato 2020).

— Blood tests—Blood gas analysis, complete blood count (CBC), differential white
blood cell (WBC) count, platelet count, CRP, procalcitonin, serum electrolytes,
kidney function test (KFT), liver function tests (LFT), international normalized
ratio for prothrombin time (INR), and partial thromboplastin time (PTT).

There are several indications for performing imaging before a lumbar puncture
(Autore et al. 2021)
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(a) Severe case of depressed mental status.
(b) Papilledema.

(c) Hydrocephalus.

(d) Trauma history or CSF shunt procedure.
(e) Focal CNS impairments.

5.1.4 Treatment of Herpetic Infections of CNS

5.1.4.1 Initial Management

When an emergency case presents with alterations in consciousness, it is of utmost
importance to recognize and treat emergency issues first, including hemodynamic
and respiratory insufficiency. A quick assessment of other potential reversible
associations in encephalopathy should be made, like electrolyte disturbances, hypo-
glycemic conditions, and so forth, which can be executed easily in an emergency
setting. Once these irregularities are handled and the patient is stabilized, proper
triaging and assessing for intensive care unit admission should be carried out. A
neurological ICU, with a multi-disciplinary team, if available, is recommended,
especially for patients with comorbidities, autonomic dysfunctions, or in a coma
(Bradshaw and Venkatesan 2016).

5.1.4.2 Empirical Treatment of Encephalitis

Empirical treatment, in all encephalitis cases, must be started right away, while
relevant investigations may be carried out alongside. Intravenous acyclovir should
be started early at 10 mg/kg eighth hourly and continued for 14-21 days, along with
a broad-spectrum antibiotic for bacterial causes, till a definitive diagnosis is made,
when it may have to be stopped. This is because bacterial meningoencephalitis is
often indistinguishable from herpes virus encephalitis. Till a definite diagnosis is
established, the patient has to be followed up very closely (Bradshaw and
Venkatesan 2016).

Although there exists an extensive list of different viruses associated with CNS
infections, most of them follow similar cascades of pathogenic events. More or less,
they involve events such as the infringement of the blood—brain barrier, as well as the
release of glutamate, interferon-1, reactive oxygen species, tumor necrosis factor-
alpha, and other potentially neurotoxic mediators. It should be noted that these
universal mediators may just as well serve as current or future targets for therapeutic
agents (Autore et al. 2021).
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5.2  Emphasis on Individual HHV Types Causing Infections
of the CNS

5.2.1 HHV-1 Also Known as Herpes Simplex Virus Type-1 (HSV-1)

5.2.1.1 Introduction

As a neurotropic agent, HSV-1 exhibits a wide array of medical disorders, ranging
from oral and facial skin manifestations to serious infection of the CNS. In adults, it
remains the most common reason for severe, life-threatening sporadic, necrotizing
encephalitis (85%). The CNS infections of HSV-1 may be labeled as “neonatal HSV
neuro-infection,” in neonates, or “herpes simplex encephalitis” (HSE) in age groups
outside the neonatal age. Apart from this, HSV-1 is implicated as a cause of blinding
keratitis, as well as a cause of neonatal disseminated herpes (Mielcarska et al. 2022).
Almost 90% of encephalitis in children and adults is due to HSV-1, with a world-
wide incidence of 2 and 4 cases/1,000,000, and the majority of these infections occur
in over 50-year-olds (Bradshaw and Venkatesan 2016; Shoji et al. 2002).

5.2.1.2 Pathogenesis
Following infection in an uninfected individual, HSV-1 becomes latent in peripheral
sensory neurons of the trigeminal or dorsal root ganglion, and the vestibular and
facial ganglion, where it remains latent and causes changes in the cellular processes
essential for the normal functioning of neuronal cells (Mielcarska et al. 2022). The
asymptomatic individuals with HSV-1 infection serve as important reservoirs of the
virus, contributing to transmission via means of viral shedding. Recent studies
suggest that HSV-1 neuro-infection may be contributory to Alzheimer’s disease,
wherein it damages the neurons and glial cells and also affects the homeostatic and
immune functions. This hypothesis is backed by various incidences involving the
detection of AD-linked biomarkers in HSV-1 neuro-infection cases. In addition,
advanced age predisposes to HSV-1 reactivation and its entry into the brain
(Mielcarska et al. 2022).

The various known routes for HSV-1 to reach the central nervous system include
the following:

(a) Olfactory tract via the olfactory epithelium and neurons to the olfactory bulb.

(b) Trigeminal tract—Viral particles can also undergo CNS migration through the
anterograde route (along trigeminal neurons) (Swanson and McGavern 2015).

(c) Vertical transmission is also possible after the previous infection of the mother
and subsequent HSV-1 infection through the hematogenous route.

(d) After a recurrent HSV-1-orofacial infection, peripheral ganglia reactivation can
occur, followed by axonal migration to the CNS.

HSV-1 virions, when present in the CNS, are able to trigger a continuous
microglial activation, leading to the emission of large amounts of cytokines and
chemokines, as well as substantial neuro-inflammatory events (Campos et al. 2021).
These biochemical and morphological changes in the neurons may ultimately end in
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glial cell and neuronal loss. Acute herpes simplex type 1 encephalitis causes
apoptotic or necrotic neuronal cell loss. It involves the frontal lobes, temporal
lobes, and certain areas of the cerebral hemispheres (i.e., insular cortex). The
immune system clears any virus at the infection site, while those residing within
the neurons enter a latent phase, with their DNA existing as episomes. Here, the viral
protein is not expressed, except for limited genes (latency-associated transcripts, i.e.,
LAT) (Mielcarska et al. 2022).

The virus can be reactivated by several stress factors, such as emotional stress,
trauma, fever, immunosuppression, ultraviolet rays, hormonal changes, dental
operations, etc. (Duarte et al. 2019). It is clear that the immune system serves a
crucial part in preventing the reactivation of the virus because the latent virus enters a
lytic replication cycle when the immune system is suppressed.

Pathology—Herpes simplex virus enters host tissues via broken skin barriers or
mucous membranes, and journeys toward the dorsal root neurons (retrograde axonal
transport). It interacts with glycosaminoglycans at cell surfaces, for example,
heparan sulfate and cell-adhesion molecules like nectin-I (da Costa and Sato 2020).

Histopathological examination of brain tissue, within 7 days, reveals areas of
mononuclear inflammation, and necrotizing processes, characteristically in the fron-
tal and/or temporal lobes, with perivascular inflammation, edema in the affected
neurons, as well as microglial engulfment of neurons (Swanson and McGavern
2015).

Associated frontal and temporal lesions may be necrotic, inflammatory, or hem-
orrhagic. Intracerebral hemorrhage and infarction are both pathologically distinct
HSV-associated neuro-infection findings. Infection-associated intracerebral hemor-
rhage occurring in the temporal region is almost exclusively linked to HSV-1, with
morbid consequences (Hauer et al. 2019).

Eosinophilic, intranuclear inclusion bodies are present in the neuron and glial
cells. Inclusions containing viral antigen and herpesvirus particles are seen on
immunohistochemistry and electron microscopic examination, respectively. Latent
states of HSV by PCR analysis have been found in parts of the limbic system such as
in the cerebellar amygdala and hippocampus (Shoji et al. 2002; Bradshaw and
Venkatesan 2016).

5.2.1.3 Clinical Features

Primary HSE is seen in 30% of cases, while 70% of cases are recurrent infections,
with almost all cases due to HSV-1. HSV-1 is highly invasive and capable of
accumulation in the dorsal root nerve ganglia (DRG). It is also capable of cerebral
cortex, hippocampal, insular, mesial temporal, and orbitofrontal migration. These
cases are highly vulnerable to Alzheimer’s disease. The majority of adult encepha-
litic cases are due to HSV-1 infection (Campos et al. 2021). Primary HSV-1
infections usually have a subclinical presentation. When symptomatic, the infections
may be gingivostomatitis in younger age groups, or tonsillitis and pharyngitis in
adult populations. Eye infections in the form of keratoconjunctivitis are also of
importance, as they can lead to corneal scarring and blindness. Herpetic lesions
typically begin as vesicles that eventually become shallow ulcers, many a time



84 S. Muralidhar

accompanied by systemic findings of fever, malaise, and myalgia (Muralidhar and
Chawla 2019).

HSE has a non-specific clinical picture, with a transitory influenza-like illness or
with an abrupt onset. Encephalitis must clinically be suspected once indicators of
CNS dysfunction present acutely (in 24—72 h), in the form of headache, seizures,
behavioral abnormalities, focal deficits, or coma, along with common systemic
manifestations or known risk factors (da Costa and Sato 2020; Meyding-Lamadé
and Strank 2012; Shoji et al. 2002).

Complications of HSE—Imperative complications of acute encephalitis, apart
from respiratory and circulatory insufficiencies, include cerebral edema, herniation,
raised intracranial pressure, and seizures (Bradshaw and Venkatesan 2016).

Differential Diagnosis of HSE—Several clinical conditions have to be actively
looked for and ruled out when making a diagnosis of HSE. These include the
following:

(a) Vascular causes—cerebral venous sinus thrombosis, intracerebral hemorrhage,
ischemic stroke, posterior reversible encephalopathy syndrome, reversible vaso-
constriction syndrome, subarachnoid hemorrhage, and vasculitis.

(b) Metabolic disturbances—electrolyte imbalances, hepatic/renal
encephalopathies, hypoglycemic states, mitochondrial encephalopathy-lactic
acidosis-stroke-like episodes (MELAS), septic encephalopathy, and Wernicke’s
encephalopathy.

(c) Toxic causes—Alcohol, drugs and lactic acidosis.

(d) Trauma.

(e) Malignancy—Primary brain tumor with cerebral metastases.

(f) Epileptic causes—Status epilepticus (non-convulsive).

(g) Infective causes—Other viral encephalitis, other post-infectious encephalitis,
bacterial, mycobacterial, and fungal meningitis (Shoji et al. 2002).

5.2.1.4 Laboratory Diagnosis of HSV-1 Encephalitis

(a) Serology—four-fold elevation of HSV antibody (ELISA for IgG and IgM).

(b) Serum/CSF antibody ratio < 20; antibody index >/= 1.91.

(c) Polymerase chain reaction—HSV-DNA detection by CSF-PCR is the current
gold standard diagnostic test, which is highly reliable and avoids the invasive
procedure of brain biopsy. For HSV, it has 100% specificity, along with a
sensitivity of more than 95%. In cases with a negative primary test despite
high clinical suspicion, the recommendation is to test an additional sample in
2-7 days’ time. In view of situations where there is a negative CSF-PCR for
HSYV initially, which later turns out to be positive, it is always required to give
importance to clinical suspicion (James et al. 2009; Shoji et al. 2002).

(d) Viral culture—HSYV isolation from CSF.

(e) Chemi-luminescence immune-assay (CLIA).

(f) Cerebrospinal fluid examination—CSF may be hemorrhagic and shows
pleocytosis (>5 nucleated cells/ml) with pressure moderately or greatly
increased. There may or may not be pleocytosis in the CSF, but lymphocytes
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are predominant, and RBCs are frequently seen. The usual HSE-CSF findings

comprise (1) moderate lymphocytic pleocytosis of 10-200 cells per mm®,

(2) mildly raised red blood cells, (3) moderately elevated protein (50—100 mg/

dl), and (4) mostly normal glucose levels (Shoji et al. 2002).

(g) Electroencephalogram (EEG) studies—FElectroencephalography should ideally
be executed in all suspected individuals to perceive any generalized/focal
epileptiform activities. It might correspondingly aid in distinguishing the origin
of specific behavioral alterations, primarily involving psychiatric states or
encephalopathy (da Costa and Sato 2020). EEGs might indicate non-specific,
slowing periodic lateralizing epileptiform discharges known as PLEDS
(da Costa and Sato 2020). The changes in EEG usually involve one side initially
and subsequently progress toward the contralateral temporal region.

(h) Brain imaging techniques.

— Brain computed tomography (CT) scans—CT changes in 80% of patients
with HSV show decreased attenuation in the temporal lobe/s or hyper-
intensified regions. Whenever there are signs of increased intracranial pres-
sure, a non-contrast CT scan is generally suggested before lumbar puncture
(Meyding-Lamadé and Strank 2012).

— Magnetic resonance imaging (MRI)—MRI is considered the most sensitive/
specific radiological investigation in HSE, especially in its initial course, and
provides a great account of parenchymal inflammation, demonstrates focal,
contrast-enhancing lesions, and helps in recognizing idiopathic inflammatory
neurological findings. Brain MRI shows hyperintensity regions on fluid-
attenuated inversion recovery (FLAIR) images, T2-weighted (T2W) images,
diffusion-weighted images, and T1W images, which may show gadolinium-
enhanced cingulate gyrus, insular cortex, orbitofrontal, and/or gadolinium-
enhanced temporal lobes (Shoji et al. 2002).

(i) Brain biopsy, although rarely performed these days, is designated for postmor-
tem cases or for highly suspicious, unresponsive cases (Meyding-Lamadé and
Strank 2012).

The vital way for early identification and management of HSE includes attaining
familiarity with the clinical syndromes and features associated with it. It must also be
remembered here that in immunosuppressed patients (e.g., those on chemotherapy,
those taking corticosteroids, transplant recipients, or those with human immunodefi-
ciency virus (HIV) infection or other immune-suppressing ailments), the atypical
presentations may occur, further complicating the diagnosis, thus needing a strong
sense of suspicion (Meyding-Lamadé and Strank 2012).

5.2.2 Treatment

HSE if left untreated has a mortality of 70%, and those who do survive end up with
significant neurological deficits, nearly 97%. The first antiviral agent used to treat
HSE was idoxuridine, but it was both toxic and ineffective. The next drug to counter
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HSE was vidarabine, which was better tolerated and brought down the mortality to
54%, although 86% of the survivors had residual neurologic deficits. Acyclovir is
presently the usual treatment of HSE in most parts of the world. It is a guanine
analog, acycloguanosine, given in a 3-week course of 30 mg/kg/day (3 divided
doses) (James et al. 2009). Empiric treatment with acyclovir for suspected cases
(until ruling out of HSE) still remains the recommendation (Autore et al. 2021).
However, it is also vital to be mindful of the fact that none of the anti-herpetic drugs
can actually cure a latent infection or prevent symptom recurrence and asymptomatic
viral shedding.

5.2.3 Human Herpes Virus (HHV)-2 Also Known as Herpes Simplex
Virus Type-2

5.2.3.1 Introduction

About 80% of neonatal encephalitis cases transmitted from mothers to newborns are
due to HSV-2, which reduces to less than 10% after the neonatal period. Thereafter,
the acquisition of HSV-2 infection is mostly through the sexual route. HSE in
neonates typically presents clinically around 2 weeks after delivery. In adults, it is
the most common cause of uncomplicated genital herpes, although it can occasion-
ally affect the CNS and cause meningitis, radiculomyelitis, and rarely encephalitis
(Meyding-Lamadé and Strank 2012). Determination of adult HSV-2 infection is
made by various history points, e.g., age of sexual debut, race, sexual partners,
female gender, positivity for other sexually transmitted infections, and the presence
of HIV or other infections.

5.2.3.2 Pathogenesis

Primary infection often begins at mucocutaneous surfaces with retrograde viral
migration and latency of its genome in peripheral sensory ganglia. Subsequently,
episodic reactivation occurs when there is antegrade communication to nerve
endings and mucocutaneous surfaces. HSV-2 affects several parts of the CNS,
including brain matter, brainstem, cranial nerves, nerve roots, retina, spinal column,
and other parts of the neuroaxis. Primary HSV-2 associated aseptic meningitis cases
may be seen in 13% males and 36% females (Hauer et al. 2019). Serious
cerebrovascular-related consequences of HSV neuroinfections can occur, which
are mostly comorbidities, irrespective of gender, age, and immunosuppression
status.

5.2.3.3 Clinical Features

Herpes simplex encephalitis due to HSV-2 accounts for 1.6—-6.5% in adults, espe-
cially in immunocompromised hosts. HSV-1 affects the orbitofrontal and/or tempo-
ral lobes, but HSV-2 prefers to infect the brainstem. It remains latent in the sacral and
lumbar ganglia. HSV-2 encephalitis can occur without features of meningitis.
Alterations in awareness, cranial neuropathies, hemiparesis, as well as hemisensory
loss, are some of the CNS manifestations. Lumbosacral or thoracic ascending
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myelitis may occur in immunocompromised hosts. Acute retinal necrosis, which is
characterized by red eyes, periorbital pain, decreased vision, episcleritis, keratotic
precipitates, retinal vasculitis, and retinal detachment, is one of the eye syndromes
that meningoencephalitis can afflict. In infants and neonates, the HSV-2 infection
may present in a localized or disseminated form, either of which can lead to
encephalitis, with a more serious prognosis than HSE due to HSV-1. Meningitis
and myelitis linked to genital herpes are more prevalent in adults, and HSV-2 as an
opportunistic infection accompanying AIDS can cause acute encephalitis and acute
necrotizing myelopathy. HSV-2 causes Mollaret’s meningitis, which is a type of
recurrent aseptic meningitis, although benign, and characterized by recurrent, 2- to
5-day meningitis bouts, which may occur several weeks to years apart.

5.2.3.4 Diagnosis

(a) Tzanck smear—To check for multinucleated giant cells, a swab is obtained from
a lesion’s base and stained with Giemsa.

(b) Immunofluorescence and immunoperoxidase stains—Here, antibodies to early
viral proteins are detected. This is more sensitive than the Tzanck smear.

(c) Viral culture—specimens used for HSV-2 culture include vesicle scraping,
genital swabs, or fluid. The virus is grown on human tissue culture; syncytia
development and intranuclear Cowdry type A inclusion bodies in host cells are
signs of viral growth. Though specific, this is not a very sensitive method of
diagnosis.

(d) Serology—Intrathecal monitoring of HSV-2 antibodies is useful after the acute
infection stage. In general, the serological tests are not very sensitive and are
useful only in differentiating between HSV-1 and 2.

(e) Brain imaging—In the early stages of HSE, CT and MRI scans of the head
reveal diffuse edema, while later stages show calcifications, cystic
encephalomalacia, and cerebral atrophy.

(f) Electroencephalography (EEG)—There is slow background and paroxysmal
discharges in the EEG.

(g) Cerebrospinal fluid—As in all CNS infections of viral etiology, CSF analysis
shows normal glucose, raised protein levels, and lymphocytic pleocytosis,
which is not quite specific.

(h) PCR—It can detect HSV-2 in cerebrospinal fluid, serum, and other tissues. It is
currently the gold standard for the identification of HSV neuroinfections since it
is quick, specific, and sensitive for herpes simplex virus type 1 and 2.

5.2.3.5 Treatment
Currently, intravenous administration of acyclovir sodium at a dose of 10 mg/kg
every 8 h for 2-3 weeks is advised for treating HSE in adults and children older than
three months. Neonatal patients receive a dose of 20 mg/kg, 8 hourly, for a 2-3 week
course.

Age, level of awareness at presentation, duration, severity of encephalitis, and
HSV load are some of the variables that influence HSE therapy and prognosis. If
HSV-2 DNA is still present in the CSF post 3 weeks of treatment, acyclovir
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(intravenous) medication is given for an additional 2 weeks. PCR of a cerebrospinal
fluid sample is done again for HSV-DNA. Acyclovir sodium is used as therapy for
HSV-2 meningitis at 5—-10 mg/kg three times per day. Acyclovir is used to manage
myelitis or radiculitis in a similar manner (10 mg/kg three times each day). In
patients with HSV-2 myelitis, it is recommended that glucocorticosteroid be given
in high-dose IV therapy along with acyclovir, to decrease the risk of ascending
myelitis, as a complication (Shoji et al. 2002). Drug resistance to acyclovir in HSV-1
and -2 can occur due to thymidine kinase mutations and can be treated with
valacyclovir. Acyclovir-resistant HSV also responds to cidofovir and foscarnet
sodium (Berger and Houff 2008).

5.2.4 Human Herpes Virus (HHV)-3 Varicella Zoster Virus

5.2.4.1 Introduction

Varicella zoster virus (VZV) in the young (as varicella infection) has decreased
considerably since there is a reliable vaccination available. VZV CNS infections
occur in about 1% of varicella cases, a few days or weeks before or after the
appearance of rash. These CNS infections may follow the cranial nerve dermatome
or may present as cerebellar ataxia or encephalitis. Immunocompromised patients
are clearly at increased risk.

5.2.4.2 Clinical Features

Among the CNS infections caused by VZV, VZV meningitis is the most common,
followed by encephalitis, myelitis, Reye’s syndrome, acute cerebellar ataxia, and
neuropathy (Shoji et al. 2002). Clinically, VZV Encephalitis often presents as an
acute or subacute delirium and generally non-specific features, such as fever,
headache, meningism, ataxia, and seizures. There is a lot of variation regarding the
areas of the brain that are impacted, the extent of the CNS impairment, and the
cognitive functions that are involved (Meyding-Lamadé and Strank 2012).
Postherpetic neuralgia, which lingers long after the cutaneous signs have
disappeared, is the major consequence. The peripheral and central nervous systems
are both susceptible to acute neurological problems (Meyding-Lamadé and Strank
2012). In HIV-positive individuals, there may be difficulty in diagnosis because the
CNS infections may be a part of the opportunistic infections, in the absence of the
typical skin eruptions (zoster sine herpete).

5.2.4.3 Diagnosis

The clinical diagnosis of varicella is relatively easy when typical skin lesions are
present. Laboratory diagnosis involves cerebrospinal fluid analysis, which exposes a
slight mononuclear pleocytosis along with normal glucose and protein levels.

As in HSV infections, real-time PCR is the favored test, for use in the diagnosis of
VZV DNA in CSF. Quantitative PCR is more useful than qualitative PCR. Com-
pared to individuals with other VZV-related CNS disorders, those suffering from
encephalitis or meningitis generally have greater viral loads. This might be useful for
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anticipating the course of VZV-meningoencephalitis in HIV-infected persons as well
as evaluating therapeutic efficacy (Meyding-Lamadé and Strank 2012).

Massive and minor ischemic infarcts or hemorrhagic infarcts are visible on brain
MRI, in cortical or subcortical grey and white matter. The likelihood of VZV
involvement is highly considered when abnormalities, particularly at the gray-
white matter junctions, are noted.

5.2.4.4 Treatment

Routine vaccination of children aged 12-15 months, and healthy persons aged
13 years and above, is known to minimize infections of CNS and complications in
later life. Treatment of varicella is essentially symptomatic. Herpes zoster manage-
ment involves antiviral therapy, which should be started within 72 h of the rash’s
emergence. Valacyclovir, which is known to be superior to acyclovir (8 days: per
oral 800 mg 5 times a day), is advised for 1 week, per orally as 1 g three times a day
(Meyding-Lamadé and Strank 2012). If steroid treatment is indicated, it should be
for a short duration of 3—5 days, only to minimize side effects (Meyding-Lamadé and
Strank 2012).

5.2.5 Human Herpes Virus (HHV)-4 Also Known as Epstein—Barr
Virus (EBV)

5.2.5.1 Introduction

Epstein—Barr virus is responsible for infectious mononucleosis (IM) as well as
neuroinfections. Among the most prolific viruses, it affects over 90% of people
within the first 10 years of life and lasts the entire person’s lifetime. Primary
infection is usually asymptomatic and occurs through infected saliva, in childhood,
as well as up to 40% of adults and teenagers, leading to infectious mononucleosis.
Meningitis is a rare but serious side effect of EBV infection and typically develops
during the initial illness.

5.2.5.2 Pathogenesis

Unlike CNS infections caused by HSV, neurological diseases caused by EBV have
distinct etiology. Brain biopsies of EBV-encephalitis cases fail to reveal
EBV-proteins or nucleic acids, unlike the presence of HSV proteins in encephalitic
brain tissue of HSVE cases. Thus, an autoimmune mechanism has been attributed to
EBV-associated CNS disease (Meyding-Lamadé and Strank 2012).

It is important to note that EBV establishes latency only in lymphoid cells and not
in neurons. Hence, upon reactivation, the extra-neural locations are likely to become
infected with the virus, and infected lymphocytes will then disseminate the EBV to
the CNS (Meyding-Lamadé and Strank 2012).

5.2.5.3 Clinical Features
A sore throat with fever and adenopathy, or even splenomegaly, are common
symptoms of infection with Epstein—Barr virus, which is typically a self-limiting,
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lymphoproliferative condition. The CNS infections may occur before, during, or
after IM and can be grouped into two categories—CNS infections occurring with
primary or reactivated EBV, and occurrence of a chronic-active EBV involvement.
Acute cerebellar ataxia, acute disseminated encephalomyelitis (ADEM), cranial/
peripheral neuropathy, encephalitis, Guillain—-Barré syndrome, meningitis, poly-
radiculomyelitis, and transverse myelitis are among the medical conditions that
may affect the central nervous system (Meyding-Lamadé and Strank 2012). The
involvement of the cerebellum is more common in EBV CNS infections. Other
presentations, although uncommon, include gait abnormalities, extrapyramidal
involvement, Reye syndrome, improper antidiuretic hormone secretion, or acute
fatty liver disease along with encephalopathy. Cases of chronic encephalitis or
recurrent meningitis have also been described (Shoji et al. 2002; Meyding-Lamadé
and Strank 2012).

5.2.5.4 Diagnosis and Treatment

Traditional diagnosis of EBV infections involves serological tests to detect both
specific and non-specific antibodies to the virus. The heterophile antibody detection
by the conventional Paul-Bunnel test, along with clinical features and the presence of
atypical lymphocytes, is fairly diagnostic for Epstein—Barr virus involvement.

In addition to alterations in serology that are indicative of acute EBV infection,
PCR analysis for CSF-DNA can be used to identify neurological disorders
associated with EBV. While CT scans may be normal, MRI may nevertheless detect
lesions since it is so sensitive, especially on T2W imaging. With brain-MRI, basal
ganglia can display focal abnormalities that could aid in differential diagnosis. In
cases of encephalitis, EEGs usually reveal generalized slowness with sporadic
episodes (Meyding-Lamadé and Strank 2012).

Treatment—For the treatment of EBV infections of CNS, acyclovir and
corticosteroids are recommended. Some groups recommend acyclovir usage, or
ganciclovir, for managing EBV-encephalitis (da Costa and Sato 2020).

5.2.6 Human Herpes Virus (HHV)-5 Also Known as Human
Cytomegalovirus (HCMV)

5.2.6.1 Introduction

CMV is known to cause congenital maternal—fetal infection, with asymptomatic
maternal infection leading to symptomatic cases in newborns. CMV causing
acquired CNS infection is rare in healthy children but can cause severe disease
and complications in immunocompromised hosts, with high residual adverse effects
and mortality.

5.2.6.2 Pathogenesis and Clinical Features

Congenital cytomegalovirus infection’s neuropathogenesis is due to the dissemina-
tion of CMV through the CSF, including the brain’s endothelial cells, the contiguous
astrocytes, and the choroidal epithelial cells. Viral replication in these cells leads to
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intranuclear inclusion bodies, like all herpes viruses and lysis of cells. Immune-
mediated damage is also implicated in the antigen—antibody complex deposition
(James et al. 2009).

Clinical Features—CMYV infection rarely causes CNS infections in adults.
However, when it does affect the CNS, the cases may present as myelitis, encepha-
litis (CMVE), or radiculopathies. Diagnosis of CMVE is very difficult because there
are no clinical features unique to this condition, and it may present with non-specific
signs, such as confusion, seizures, or disorientation. In addition, it may be clinically
indistinguishable from HIV dementia (Meyding-Lamadé and Strank 2012).
Ventriculoencephalitis or encephalopathy is seen in immunocompromised hosts,
such as AIDS patients. Cases of CMV lumbosacral radiculoneuritis have also been
reported, which include progressive flaccid paralysis of limbs, areflexia, and recto-
urinary impairment.

5.2.6.3 Diagnosis and Treatment
No typical laboratory or neuroimaging finding exists for CMVE. Once cerebral fluid
pleocytosis and CMV-PCR test are confirmed, the condition is diagnosed.
Treatment—CMYV infections are treated with IV ganciclovir at 15 mg/kg per day
every 12 h, for 6 weeks (Shoji et al. 2002). As CMYV infection is self-limited and
usually tends to resolve, antiviral treatment is generally not recommended for
immunocompetent children. However, a 12-month maintenance therapy with
valganciclovir 15 mg/kg/dose twice a day, per orally, is advised for immunocompe-
tent kids with severe symptomatic infections (Autore et al. 2021). With this course,
hearing outcomes are improved in neonates having symptomatic congenital cyto-
megalovirus neuroinfections, presenting as aberrant CSF for age, chorioretinitis,
hearing loss, intracranial calcifications, and/or microcephaly. One of the limitations
of antiviral treatment of congenital CMV infection is that the damage to CNS has
already been done in utero before the condition is recognized. That is why, preven-
tive efforts are of paramount importance (James et al. 2009).

5.2.7 Human Herpes Virus (HHV)-6 Also Known as HHV-6

5.2.7.1 Introduction

Among the most pervasive herpes viruses, HHV-6 infects humans at a prevalence of
close to 100%. HHV-6 type A (HHV-6A) and type B (HHV-6B) are the two
different types that make up this virus. Although HHV-6A is not linked to any
serious human illnesses, HHV-6B is the source of the widespread childhood illness,
exanthema subitum, often known as the sixth disease, or as roseola infantum. It often
affects children between the ages of 1 and 2. It is characterized by a fever of 23 days
and, in 25-30% of newborns, a non-vesicular, cutaneous rash that is primarily on the
trunk and back. Via saliva from mother to child, or among children, is the most likely
method of transmission.
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5.2.7.2 Pathogenesis and Clinical Features

HHV-6 is also known to establish latency, like all other herpes viruses, which is in
monocytes or macrophages, as well as in brain tissue. Reactivation commonly
occurs in immunocompromised patients but may also be seen in immunocompetent
hosts.

Clinical Features—The primary infection with HHV-6B, exanthema subitum,
usually presents with fever and rash. The CNS is affected as a complication of this
primary infection, which may present as encephalopathy, meningitis, meningoen-
cephalitis, seizures, or even hemiplegia. A seemingly rare complication of exan-
thema subitum in healthy children is aseptic meningitis, which generally has a good
prognosis (Autore et al. 2021).

In adults and elderly patients, HHV-6 may affect the CNS and cause epilepsy,
myelopathy, temporal lobe epilepsy, post-transplant acute limbic encephalitis
(PALE), and multiple sclerosis without skin lesions (Shoji et al. 2002). HHV-6
virus establishes latency in the cells of medial temporal lobes, and hence, the clinical
features of PALE include abnormal temporal lobe EEG readings, significant antero-
grade amnesia, or even seizures (Meyding-Lamadé and Strank 2012).

Differential diagnosis—On MRI, HHV-6 CNS infections have to be
differentiated from HSVE, other viral encephalopathies, lymphoproliferative
disorders affecting the CNS, and drug-induced encephalopathies. Radiological
findings of mesial temporal lobe region association along with an immunocompro-
mised state, particularly in post-transplant recipients on prophylactic acyclovir
maintenance, are the distinguishing features that allow for a definitive diagnosis of
HHV-6 involvement (Meyding-Lamadé and Strank 2012).

5.2.7.3 Diagnosis

CSF, in HHV-6 infections of CNS, shows mild pleocytosis. MRI abnormalities
include bilateral, non-enhancing, medial temporal lobe T2W, or FLAIR
hyperintensity images, sharply defined by para-hippocampal gyrus sparing. A
major diagnostic tool, however, is CSF-PCR for HHV-6-DNA detection, although
the findings of this test have to be interpreted with caution. This is because the
HHV-6 virus is known to get integrated into host chromosomes; hence, this chro-
mosomal integration has to be distinguished from primary infection and reactivation
of the virus (Meyding-Lamadé and Strank 2012). Verifying that CSF-PCR positivity
is followed by a negative serum PCR result will help to solve this issue (da Costa and
Sato 2020).

5.2.7.4 Treatment

In immunocompetent children, there is really no need to treat HHV-6 infections, as
these are self-limiting and recovery is the norm. However, in immunocompromised
hosts, there can be life-threatening complications of CNS infections, which need
immediate action. Acyclovir is not effective in treating this condition, due to the
absence of the thymidine kinase enzyme. Therefore, ganciclovir is utilized as first-
line, in HHV-6-encephalitis, either by itself or in synergistic combination with
foscarnet (da Costa and Sato 2020). It should be noted that acyclovir/ganciclovir
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as a prophylaxis is already given to individuals receiving immunosuppressive
medication to stop any reactivation of HSV and CMYV, respectively. In these
circumstances, ganciclovir may also work as prophylaxis to stop HHV-6 reactivation
(Meyding-Lamadé and Strank 2012). There is no effective vaccine available for the
prevention of HHV-6 infections.

5.2.8 Human Herpes Virus (HHV)-7 Also Known as HHV-7

5.2.8.1 Introduction

HHV-7 is a ubiquitous virus, present worldwide, mostly acquired in infancy.
Seventy percent of youngsters get the illness via droplets or breast milk, by the
age of four. Due to its amino acid resemblance with that of several HHV-6 proteins
and properties, the clinical features and pathogenicity are similar in both these viral
infections. This virus reactivates in around 20% of recipients of solid-organ
transplants, resulting in infection.

5.2.8.2 Pathogenesis

In CD4+ T cells, HHV-7 develops both active and latent infection. It very easily
creates continuing infection within the salivary glands. Other tissues implicated in
the latency of this virus are the tonsils, skin, mammary glands, lungs, kidneys, and
liver. It partakes a narrower tissue tropism as compared to HHV-6. In immunocom-
promised patients, it can reactivate either alone or with HHV-6B and CMV viruses.
Human herpesvirus 7 infects, yet does not multiply in macrophages and monocytes
in vitro. In Kaposi sarcoma lesions, HHV-7 has been found to affect CD34+
hematopoietic progenitor cells, CD68+ macrophages, and monocytes. Additionally,
it can be present in breast milk.

5.2.8.3 Clinical Features

Sporadic viral encephalitis is known to occur with HHV-7, HHV-6A, as well as
HHV-6B, especially in immunocompromised individuals, when serious encephalitis
and generalized symptoms can be present. Risk factors for reactivation of HHV-7
leading to encephalitis comprise repeated hematopoietic stem cell transplantations,
unmatched cord blood transfusions, immune suppression, and cytotoxic drugs. The
condition of post-transplantation acute limbic encephalitis (PALE), which is linked
to significant morbidity, is perhaps the most severe symptom. Occasionally, primary
HHV-7 infection can invade the brain and induce febrile convulsions. HHV-7 is also
known to cause infantile hemiplegia together with skin rash (Shoji et al. 2002).

5.2.8.4 Diagnosis and Treatment

Both HHV-7 and HHV-6 have similar growth characteristics, notably their cyto-
pathic outcomes in cell culture, which include the production of refractile, ballooned,
multinucleated giant cells. In comparison to HHV-6, HHV-7 tends to grow at a
slower pace and is not as cytopathic.
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To culture human herpesvirus 7 from a continuous CD4+ lymphoblastic cell line,
peripheral blood mononuclear cells, or cord blood, primary phytohemagglutinin-
stimulated CD4+ T cells are needed.

Enzyme-linked immunosorbent assays (ELISA) or indirect immunofluorescence
assays are used to identify antibodies in serological screening for Human herpesvirus
7 in children. The absence of antibodies makes it more likely that the existence of the
viral-DNA in blood will be indicative of an acute HHV-7 infection. In adults, the
recognition of viral protein appears to be considerably more specific than viral DNA,
in determining the cause of encephalitis to be due to HHV-7.

Treatment—Treatment of HHV-7 is best accomplished with cidofovir and
foscarnet in vitro, although ganciclovir inhibits viral replication.

5.2.9 Human Herpes Virus 8 (HHV-8) Also Known as Kaposi
Sarcoma-Associated Herpes Virus (KSHV)

5.2.9.1 Introduction

All types of Kaposi sarcoma (KS), classic, AIDS related, endemic, transplant related,
primary effusion lymphoma (PEL), even solid organ variants, and
lymphoproliferative, multicentric Castleman’s disease (MCD), are etiologically
linked to HHV-8. In general, HHV-8 does not cause CNS infections, except when
there is immunosuppression in the host, wherein several complications can occur.

5.2.9.2 Pathogenesis and Clinical Features
In the latent state, the HHVS8 genome is tethered to the cellular DNA as an episome.

Clinical Features—KSHYV infection is prevalent in individuals all over the world
and is associated with a rare cancer called Kaposi sarcoma. The lesions of this
malignancy may involve the skin, nose, throat, or other body tissues. KSHV also
causes certain types of lymphoma.

In terms of neurological syndromes, HHV-8 is linked to primary CNS
lymphomas, amyotrophic lateral sclerosis, and AIDS—dementia complex. As a part
of any differential diagnosis for unexplained viral encephalitis, this virus should
always be taken into consideration, especially in immunocompromised persons
(Shoji et al. 2002).

5.2.9.3 Diagnosis and Treatment
The majority of the time, serologic analyses like immunofluorescence, ELISA, and
Western blots are used in laboratories to determine whether a patient has HHV-8
infection. PCR of CSF samples is the test of choice for diagnosing HHV-8 encepha-
litis. Minimal KSHV titers, as determined by PCR, do not always imply that a
condition is linked to KSHV infection (Meyding-Lamadé and Strank 2012).
Treatment—Anti-HSV agents that are known to be effective against KSHV are
cidofovir, foscarnet, ganciclovir, and valganciclovir. They act by reducing HHVS
viremia and thus contribute to controlling diseases presenting with high levels of
KSHYV replication.
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Abstract

Enteroviruses are from the family of Picornaviridae, consisting of hundreds of
serotypes, all having single positive-stranded RNA genome. The Enterovirus
group comprises of 12 species, including 4 human species: A to
D. Encephalitis and meningoencephalitis are infrequent presentations of entero-
viral infection, but various enterovirus serotypes, coxsackievirus serotypes,
and echovirus serotypes are reported in epidemics in the Southeast Asia region
and some European countries. Enteroviruses mostly enter via faeco-oral routes
and present with asymptomatic or mild diseases. However, they are also known to
present as biphasic prodromal disease, with neurological involvement often
beginning as invasion in the anterior horn cells, or even as progression to the
brainstem, cerebellum, midbrain, or motor cortex, causing paralysis from neuro-
nal death. More so, enterovirus encephalitis can present as fever with headache,
altered sensorium, acute onset muscle flaccidity, hyporeflexia, meningeal signs,
and myoclonic jerks. The diagnosis of enteroviral neurological illness is ‘defini-
tive’ when it is detected by cerebrospinal fluid polymerase chain reaction or
culture, along with detection by polymerase chain reaction from throat, rectal
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swabs, and serum. Diagnosis is ‘probable’, if enterovirus is detected in polymer-
ase chain reaction analysis of throat and rectal swabs. If it is detected in either
throat or in rectal swab polymerase chain reaction tests, it is denoted as “possible’
enterovirus infection. There is no definitive treatment for enteroviruses, although,
intravenous immunoglobulins and ribavirin have shown some promising
outcomes in patients diagnosed with enteroviral encephalitis.

Keywords

Enteroviruses - Encephalitis - Meningoencephalitis - Cerebrospinal fluid

6.1 Pathogens
6.1.1 Overview of Enteroviruses

The genus, Enterovirus, EV, from the Picornaviridae family, is classified by the
ICTV, International Committee on Taxonomy of Viruses, into a total of 12 species,
of which seven are notable human pathogens (Lei et al. 2016). Human infection-
associated EVs comprise of coxsackieviruses (CV-A, CV-B), numbered
enteroviruses (EV-A71, EV-D68, etc.), echoviruses (ECV), human rhinoviruses
(HRV), and even polioviruses (PV) (Jubelt and Lipton 2014) (Table 6.1).

These ubiquitous RNA-viruses are often times involved in human infections of
varying spectra; some with limited time frames of illness, and some presenting as
fulminant, non-reversible changes in different organs or systems. These viruses can
cause diseases ranging from neurological illnesses, including paralysis, inflamma-
tory reactions, and even morbid conditions contributing to death. Enteroviruses have
the potential to cause outbreaks of poliomyelitis disease. Moreover, they tend to
cause morbid conditions in the form of encephalitis, meningitis, and vesicular
stomatitis in susceptible individuals. But these viruses may be responsible for
simpler conditions too, such as the common cold (Nikonov et al. 2017; Rotbart
2000).

6.1.2 Viral Structure

The genomic component of an EV comprises of a positive-sense, single-strand
ribonucleic acid of up to 8000 nucleotides with an open reading frame- ORF of a
5’ untranslated region- UTR and a 3’-UTR end (Table 6.2).

The 3’-UTR has a poly (A) tail (pseudoknot) and the 5’-UTR has a 40S ribosome
subunit-binding site, known as the IRES (internal ribosomal entry site), for
cap-independent translation. The polyprotein precursor with its regions: P1, P2,
and P3, is encoded by the ORF (Fig. 6.1). In the initial phase, as an EV infects a
cell, viral 3C proteinase cleaves between P2 and P3 of this precursor protein, while
2A proteinase cleaves at the P1-P2 junction (Racaniello 2016). Eventually, mature
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Table 6.2 Genomic components of Enteroviruses (and other Picornaviruses)

Viral genome (+) sense; single-stranded RNA (non-segmented); 6.7 to 10.1 kb

Virion 30-32 nm; icosahedral capsid; non-enveloped

viral ZAprotginase  3C peoteinase
b A ke A =
P1 P2 (p3

I

Pseudoknob, 3'
Poly (A) tail/” UTR

[non-structural proteins)

Fig. 6.1 Basic Enterovirus Virion and Genome

EV proteins are processed from this polyprotein precursor, consisting of structural
capsid proteins: VP1, VP2, VP3, VP4, non-structural proteins: 2A, 2B, 2C, 3A, 3B,
3C, and 3D. The modulation of proteins involved with apoptosis, innate immunity,
poly-adenylation, ribonucleic acid processing and translation is aided by 2A and 3C
proteinases, in particular, which in turn, profoundly, effects the infected host cells
(Krdusslich et al. 1987; Lei et al. 2010, 2002; Wang et al. 2013; Weng et al. 2009).

6.1.3 Epidemiological Profile

Non-polio enteroviruses (NPEV) may give rise to an array of syndromes, ranging
from common cold, haemorrhagic conjunctivitis, hand-foot-mouth disease,
herpangina, meningitis, myocarditis, neonatal sepsis, as well as paediatric fever-
rash illnesses. This chapter provides a well-constructed insight on non-polio entero-
viral CNS infections; encephalitis and meningitis, in particular.

Meningitis and encephalitis are most commonly caused by viral aetiologies, out
of which NPEV remain the prominent cause (Michos et al. 2007; Romero 2002;
Rotbart 2000). They have been suggested to cause 10% of viral encephalitis cases
(Calleri et al. 2017). NPEVs are also responsible for 50-80% aseptic meningitis
cases in adults (Han et al. 2016). Compared to meningitis of other viral or bacterial
aetiologies, EV meningitis often has a milder course, with occasional serious illness
reserved for the early childhood populations, and those with weakened immune
systems.

Amongst non-polio enteroviruses, several subspecies of Enterovirus A (e.g.,
EV-A71, CV-A10), B (e.g., CV-A9, CV-B5, ECV-6, ECV-9), C (e.g., CV-All,
CV-A13), and D (e.g., EV-D68) have been implicated in CNS infections, resulting
in a variety of neurological complications, namely, aseptic meningitis, acute flaccid
paralysis, and encephalitis (Table 6.3).
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Table 6.3 Neurological infections caused by NPEVs (B’Krong et al. 2018; Fan and Liu 2019;
Messacar et al. 2018; Pallansch et al. 2013; Sun et al. 2019; Suresh et al. 2018)

CNS
infection

Aseptic
meningitis

Encephalitis

Acute flaccid
paralysis

Commonly implicated serotypes

Enterovirus A:

Coxsackievirus A2, A5-7, A10, Al6;
Enterovirus A71

Enterovirus B:

Coxsackievirus B1-6, A9;

Echovirus 14, 6,7, 9, 11-21, 24, 25,
27,29-31;

Enterovirus A:

Coxsackievirus A2, A6, A10, A16;
Enterovirus A71

Enterovirus B:

Coxsackievirus B1, B2-5, A9;

Echovirus 3-7, 9, 11, 13, 14, 16-19, 21, 24,
25, 217, 30, 33;

Enterovirus A:

Coxsackievirus A2-7, A10, A12, Al4, A16;
Enterovirus A71, A76, A90;

Enterovirus B:

Coxsackievirus B1-6, A9;

Echovirus 1-7, 9, 11-22, 24-27, 29-33;
Enterovirus B73-75, B77, B79-81, B85-88,

Enterovirus C:
Coxsackievirus All, A13,
Al7, A22, A24;
Enterovirus D:
Enterovirus D68, D70

Enterovirus C:
Coxsackievirus Al1, A13;
Enterovirus D:
Enterovirus D68, D70

Enterovirus C:
Coxsackievirus Al, All,
Al3, Al17, A20-22, A24,
Enterovirus C96, C99,
C109;

Enterovirus D:

Enterovirus D68, D70, D94

B93, B97, B100, B106, B107

Enteroviral transmission occurs almost exclusively via faeco-oral routes
(Nikonov et al. 2017; Rotbart 2000). There are, however, reports of person-to-person
transmission of enteroviruses via respiratory droplets and also via contact with
enterovirus-contaminated objects. EVs reside in the gut of infected persons, and
are shed in their faeces. They are quite stable and capable of living in environments
outside of the human body as well. Contact with faecal matter can lead to the
contamination of hands and surfaces with enteroviruses. Viral particles that are
ingested and/or in contact with mucosal membranes lead to EV infection. Improved
hand hygiene can thereby reduce the spread of enteroviruses (Romero 2002; Rotbart
2000).

Infected individuals can be asymptomatic for long periods, during which entero-
virus shedding potentiates risks of giving rise to epidemics in different time frames
and countries, making it difficult to trace the initial source (Nikonov et al. 2017).
Even while enterovirus infections are often contracted, very few of those infected go
on to acquire meningitis or encephalitis. Also, there is very little chance of close
contact-associated spread of EV meningitis. Enteroviral infections in general may
occur on a perennial basis in the subtropics or tropics, and in temperate climates they
tend to have seasonal surges during the summers or early autumns (Romero 2002;
Rotbart 2000). Infected populations are predominantly children and infants, with
epidemic or sporadic occurrences. Even though numerous enterovirus serotypes can
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cause encephalitis or meningitis, only a few are actually widespread (Greenberg
2003).

6.2  Etiopathogenesis
6.2.1 Routes of Central Nervous System Invasion

Enteroviruses which cause meningoencephalitis most commonly infect the human
through the faecal-oral route and rapidly replicate in the gastrointestinal tract.
However, there are few exceptions like for example enteroviruses, EV-D68, they
spread via respiratory secretion and can cause respiratory infection. After initially
infecting the first exposed area, the viruses easily gain access to the central nervous
system via various pathways, which are not mutually exclusive (Rhoades et al. 2011;
Huang and Shih 2015).

6.2.1.1 Through the Bloodstream

First, the neurotropic enteroviruses take the course of bloodstream to reach the CNS.
Normally, there is a highly selective semipermeable blood brain barrier (BBB)
which restricts the viral particle spread from brain’s blood vessels to the CNS.
However, if the central nervous system’s microvascular endothelial cells (BMECs)
are infected the integrity of the BBB is largely compromised. The cytokines which
are locally produced during the time of infections also poses a big threat to the BBB.

6.2.1.2 Through the Peripheral Circulating Immune Cells (Trojan Horse
Route)

In this route, the immune cells which are circulating peripherally carry intracellular
viruses (Tabor-Godwin et al. 2010). As a well-established fact, that brain has an
active immune surveillance system comprising numerous non-specific leukocytes
like lymphocytes and phagocytes to be involved into the meninges and cerebrospinal
fluid (Forrester et al. 2018). Additionally, it has been demonstrated that cerebrospi-
nal fluid (CSF) has an appropriate number of trafficking mononuclear cell types,
with T cells accounting for the majority 90%, B lymphocytes for a minor 5%,
monocytes for the remainder, and dendritic cells for the smallest percentage, i.e.,
less than 1% (Ransohoff and Engelhardt 2012). These cells become vehicles for
viruses to enter the CNS after being infected. The enterovirus is released from
myeloid cells upon entrance into the CNS, where it then infects the neuroglial
cells and neurons. Recent studies have shown that the sialomucin membrane protein
hPSGLI, which is produced on the surface of leukocytes, can bind to EV-A71,
exhibiting leukocytic infection (Nishimura et al. 2013).

6.2.1.3 Through Nerves in the Periphery Via Retrograde Axonal
Transport and Trans-Synaptic Propagation

Peripheral nerves, which are accessible to enteroviruses through retrograde axonal

transport and trans-synaptic propagation, are another possible route for them to enter
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the CNS (Gromeier et al. 1996; Chen et al. 2007; Ong et al. 2008). Transport via
axons is an important cellular process in neurons which is required for the movement
to and from the cell body of synaptic vesicles, lipids, proteins, and other organelles
including mitochondria, lysosomes, endosomes, and autophagosomes. Few neuro-
tropic viruses have the ability to hijack the retrograde axonal transport to directly
invade and infect the central nervous system. The viral particles which are
endocytose in the terminal end of axon are moved in retrograde direction through
dynein-mediated vesicular transport towards the cell body without uncoating (Ohka
et al. 2009). The event of uncoating takes place upon arrival of the motor neuron at
the cell body (Chen et al. 2007; Ong et al. 2008; Hixon et al. 2017). The ability of
EV-AT71 to directly infect the brainstem via cranial nerves has been shown, which is
intriguing and implies that for CNS infiltration, not only does the virus use the motor
portions of spinal nerves, but also the cranial nerves (Tanet al. 2014).

6.2.2 Cell Receptors for Virus Entry

There are numerous entry mechanisms and receptors used by enteroviruses to invade
and infect the host cell. EnteroVirus-71 has been conclusively shown to use several
receptors, including P-selectin glycoprotein ligand-1, sialylated glycans, and Scav-
enger receptor B2 (Nishimura et al. 2013, Yamayoshi et al. 2014, Yang et al. 2015).
Some of the enteroviruses are capable of using multiple receptors to invade the host
cell. The first barrier for the virus’s entrance is determined by the receptor expression
on the targeted cells. An infection may become less likely during differentiation, as
the amount of viral receptor diminishes. This is what was concluded in a recent study
that specifically linked reduced coxsackievirus and adenovirus receptor (CAR)
expression in differentiated-primary neurons, to a decrease in infection (Ahn et al.
2008).

6.2.3 Tropism

Tropism is distinct for each enterovirus and is mainly determined by a number of
host and viral factors. As elaborated above, neurotropic enteroviruses invade CNS
and cause neurological disorders. There is evidence of viral dissemination into the
CNS sporadically. There is also evidence that interferons (IFN) which are the innate
immune antiviral activities are essential for virus tropism (Wessely et al. 2001;
Ida-Hosonuma et al. 2005). EV-A71 invades the nervous system and the areas
infected are very distinct. Encephalitis of the brainstem is the commonest neurologi-
cal presentation of EV-A71 infection. The lesions produced by the virus are pro-
foundly found in the brainstem and is located in various parts of medulla oblongata
like the ventral, medial, and caudal areas. (Kao et al. 2004). The spinal column,
cerebellum, and cortex may also present with a few lesions. In severe EV-A71
infection, the CNS exhibits significant histo-morphological changes that are
characterized by inflammatory damage that specifically cause heart failure and
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neurogenic pulmonary oedema. It has been determined that the medullary neurons
are liable for the development of neurogenic pulmonary oedema (Davison et al.
2012). According to recent investigations in postmortem, EV-A71 can also affect
neurons and produce neuronal degeneration, triggering inflammatory responses in
the afflicted area and resulting in encephalitis (Yan et al. 2000; Khong et al. 2012;
Yao et al. 2012; Feng et al. 2016). It is interesting to note that while EV-A71 can
infect neurons, it seems to primarily target astrocytes and neural progenitor cells.
The ability to undergo mitosis, that could prove essential for virus replication, is a
shared characteristic for the two cell types (Yu et al. 2015). Cognitive, learning,
memory, and other such functions depend on neural progenitor cells which are
thought of as the cells which give rise to neuroglial and neuronal cells. Therefore,
the loss of neural progenitor cells brought on by an EV infection may result in long-
term or permanent neurological problems (Chang et al. 2007).

6.2.4 Enteroviruses and Autophagy

Enteroviruses have been shown to greatly benefit and induce the degradation at
cellular levels. This process is commonly known as autophagy (Huang et al. 2009;
Suhy et al. 2000, Wong et al. 2008). They utilize the autophagosome membrane for
replication of the virus as a scaffold. In an experimental work, scientists inferred that
induction of autophagy was seen in rat-primary neurons due to raised viral
replications (Yoon et al. 2008). Autophagy plays a vital role in preventing neuronal
cellular damage (Alirezaei et al. 2015).

6.2.5 Persistent Infection

Although enteroviruses are proved to be cytolytic and the caused disease by the
infection is short-lived, numerous studies are now showing association with lifelong
disorders which are permanent. The cause of this is not clear yet but is hypothesized
that this persistence of enteroviral infection may occur due to the presence of
infected viral RNA and protein in the affected tissues at stages of disease after
acute infection (Chapman and Kim 2008). Due to lack of proofreading capacity in
RNA polymerases, the enteroviruses have high mutation rates thereby generating a
variety of mutants to invade the immune system. As CNS is inaccessible to immune
surveillance, it makes it vulnerable to persistent infection.
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6.3 Diagnosis
6.3.1 Presenting Features

Encephalitis, meningitis, myelitis, and neuritis are a few of the important clinical
presentations of enteroviral invasion of the central nervous system. In general terms,
encephalitis refers to brain parenchymal inflammation characterized by signs of
neurologic impairment in the form of clinical, laboratory, or imaging findings.
Aseptic meningitis, on the other hand, refers to sudden development of meningeal
warning signs, with/without fever, and pleocytosis on CSF biochemistries, as well as
negative bacterial cultures, along with no evidence of parenchymal involvement.
Owing to the structure of the nervous system, patients with meningitis generally
always have concomitant involvement of the brain parenchyma (meningo-
encephalitis), and in some cases, there may also be involvement of the spinal cord
(encephalomyelitis) or nerve roots (encephalomyeloradiculitis). The individual path-
ogen and the host’s immunological status have a significant impact on the clinical
spectrum of neurologic dysfunction as well as the prognosis (Mandell et al. n.d.) In
spite of an extensive workup, the cause of encephalitis remains elusive in up to
approximately 60% of the population. Enterovirus is the most common cause of
aseptic meningitis in children as well as adults; however, the data regarding entero-
viral encephalitis in adults vis a vis the presentation and outcomes is sparse (Fischer
et al. 2022; Glaser et al. 2003; Hasbun et al. 2017). Most of the reported cases of
enteroviral encephalitis in adults are centred around outbreaks involving the
paediatric population, with common culprits implicated including echovirus
30 and enterovirus-A71 (Peigue-Lafeuille et al. 2002; Sapkal et al. 2009; Solomon
et al. 2010), and cases are generally diagnosed and reported retrospectively.

There are two known types of infection-related encephalitis: primary and post- or
para-infectious. Direct central nervous system invasion plus neuronal damage,
which frequently also affects the grey matter, conduces to a primary encephalitis.
While the symptoms of a post- or para-infectious encephalitis are similar to those of
a primary encephalitis, these infections do not directly invade the CNS, and instead,
the neurologic effects are a result of the host’s immune response, which frequently
affects the white matter (Lewis and Glaser 2005).

Data shows that the onset of enteroviral encephalitis may be gradual or abrupt,
and there may be a brief prodrome of fever and chills, with severe headache being
the predominant complaint. Meningismus may be present, varying from mild to
severe, depending on the extent of meningeal involvement. Kernig and Brudzinski
signs are present in only about one-third of patients. Other symptoms may include
photophobia, nausea, vomiting, diarrhoea, and myalgia (Peigue-Lafeuille et al.
2002). Pharyngitis and other symptoms suggestive of upper respiratory tract infec-
tion are commonly present. Quite often, there may be a biphasic pattern of presenta-
tion, resembling poliomyelitis, with an initial prodromal phase comprising of fever,
upper respiratory tract symptoms, and myalgias, a phase of defervescence of
symptoms for a few days followed by an abrupt relapse with the trifecta of fever,
headache, and meningism (Bernit et al. 2004).
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General physical examination may herald a few clues, for example the presence
of herpangina, or hand-foot-and-mouth disease may indicate coxsackievirus; how-
ever, most often the findings would be too non-specific for the clinician to clinch a
specific viral organism.

The neurologic manifestations of enteroviral encephalitis may be broadly consid-
ered under four headings: behavioural alterations (i.e., agitation, altered mentation,
hallucinations, personality changes, psychosis, etc.), cognitive decline (e.g., acute
memory problems), focal CNS conditions (i.e., anomia, dysphasia, hemianopia,
hemiparesis, etc.), and seizures, depending on the site of involvement (Steiner
et al. 2005). The most frequent focal neurologic manifestations include ataxia,
aphasia, hemiparesis, myoclonus, cranial nerve palsies, and seizures. Involvement
of centres for autonomic control may manifest as a loss of vasomotor tone and
temperature control, and rarer presentations include the syndrome of inappropriate
secretion of antidiuretic hormone (SIADH) or diabetes insipidus owing to hypotha-
lamic dysfunction. Other presentations may include brainstem involvement or even
involvement of the anterior horn cell, resulting in acute flaccid paralysis (Mandell
et al. n.d.).

A severe, and often fatal form of brainstem encephalitis (thombencephalitis) is
known to be caused by enterovirus-A71 and, occasionally, other EV serotypes. It is
also accompanied by secondary cardiac symptoms, such as neurogenic pulmonary
oedema and cytokine storm (Hamaguchi et al. 2008; Huang et al. 1999). Countries of
the Asia-Pacific Rim belong to one of the hotspots for EV-A71 encephalitis, with
records of multiple large outbreaks over the past 10-15 years (Solomon et al. 2010).
Principally affecting toddlers and infants, typically neurological manifestations are
preceded by hand-foot-and-mouth disease or herpangina. This is followed by the
development of progressive myoclonic jerks, tremors, and ataxia; mortality is
reported to be as high as 19% (Chan et al. 2003; Ho et al. 1999).

Those who have immunodeficiencies (whether congenital or acquired) have
shown a notable predisposition for the acquisition and development of serious EV
infections which can present as acute or even chronic infection involving multiple
organ systems. Such individuals have been described as having a wide range of CNS
consequences, like brainstem involvement, cerebellar manifestations, cranial nerve
palsies, encephalopathy, extrapyramidal defects, frontal dementia, and localized
(focal) cortical involvement. There is a high prevalence of cochlear nerve involve-
ment when it comes to cranial nerve palsies in these patients (Wagner et al. 2021).
Echovirus has also commonly been implicated in the setting of encephalitis in
patients with hypogammaglobinaemia (Prentice et al. 1985).

6.3.2 Differential Diagnosis

The constellation of signs and symptoms associated with viral encephalitis and
meningitis, including fever, nuchal rigidity, and headache is not specific, and the
various differentials include bacterial meningitis, cerebritis, brain abscess, subdural
and epidural empyemas, and septic cerebral venous or sinus thrombosis, which
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should accordingly be ruled out by imaging and further testing. The most important
differential to rule out would be bacterial meningitis, as some cases of inadequately
treated bacterial meningitis patients may resemble viral encephalitis, especially with
regards to the CSF parameters (Steiner et al. 2005).

Viral aetiologies of encephalitis in immunocompetent patients typically include
Epstein—Barr virus, herpes simplex virus, and varicella-zoster virus; arboviruses are
associated with epidemics of encephalitis. Other differentials to consider would be
leptospirosis, borreliosis, Lymes disease, lymphocytic choriomeningitis virus, and
acute human immunodeficiency virus infection, which account for most of the
remaining cases of infectious aseptic meningitis (Glaser et al. 2003).

6.3.3 Laboratory Diagnostics

Pleocytosis and other inflammatory alterations in the cerebral fluid, along with EV
detection by polymerase chain reaction (PCR) analysis, are used for diagnosing
enteroviral encephalitis and meningitis (Logan and MacMahon 2008). EV-induced
CNS infections, however, may be difficult to diagnose in the presence of unusual
clinical manifestations, particularly among elderly persons, as well as in
circumstances with lack of cerebrospinal fluid pleocytosis (Ihekwaba et al. 2008;
Valcour et al. 2008; Wang et al. 2014). Concurrent testing from locations other than
the cerebrospinal fluid may help with diagnosis; however, EV is produced by around
7-8% of healthy controls during viral seasons and is shed from various body sites for
several weeks after infection has cleared up (Table 6.4). Moreover, genotyping of
enteroviruses with phylogenetic analysis is already a common practice, particularly
during epidemics (Savolainen-Kopra et al. 2011; Torok et al. 2017). Enteroviruses
spread through the faeco-oral route or less commonly, through respiratory routes,
and symptoms can appear anywhere post the incubation period of 3-21 days
(Harvala et al. 2018).

Clinical samples should be collected in accordance with clinical symptoms
(Table 6.5). Ideally, they should be transported directly to the lab in viral transport
media (VTM) and if need be, stored at 4 °C for up to 24 h.

6.3.3.1 Cerebrospinal Fluid (CSF) Biochemistry

To obtain cerebrospinal fluid for a definite diagnosis, a lumbar puncture is carried
out. The CSF biochemical analysis typically displays normal glucose levels;
although reduced glucose levels may be seen in 15% of patients (Greenberg
2003). White blood cell (WBC) counts in the CSF of aseptic meningitis cases are
somewhat higher. Lymphocyte and other mononuclear cell predominance
(pleocytosis) is found in more than 66% of infections (Table 6.6). However, in
some patients, abundant polymorphonuclear leukocytes in the CSF may also be
detected within the initial 648 h. Also, whilst the level of protein is normal to
slightly elevated, the level of glucose may occasionally be slightly lowered (Chia
2018).
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Table 6.4 Laboratory Techniques to diagnose EV Meningitis and/or Encephalitis (Harvala et al.

2018; Storch 2000; Ye et al. 2013)

Laboratory techniques
Cerebrospinal fluid (CSF) biochemistry

Electron microscopy

Immunohistochemistry
Molecular methods:
i. In situ hybridization

ii. Nucleic acid sequence-based amplification
(NASBA)

iii. Reverse transcription-polymerase chain
reaction (RT-PCR) [nested, multiplex, probe-
based, etc.]

iv. RT-PCR is more sensitive (95—-100%) than
culture; > 97% specific

v. Real-time RT-PCR (rtRT-PCR)
Serology:

i. Antigen detection

ii. Enteroviral IgM antibodies

iii. Enzyme immunoassays

iv. Enzyme-linked immunosorbent assay
(ELISA)

v. Fluorescent antibody staining

vi. Immuno-peroxidase antibody staining
vii. Neutralization assays

Viral culture (Cell/tissue culture)

Comments

Definitive diagnosis may be obtained by CSF
analysis plus CSF polymerase chain reaction
(PCR)

Reserved for research and further
morphological identification/characterization
Reserved for research studies

Reserved for research studies
Up to 100% sensitivity

PCR has higher diagnostic value than EV
culture;

Sensitivity of up to 100%; specificity of >96%
Routine serology testing for acute EV infection

diagnosis is NOT recommended due to subpar
EV detection standards of most of these tests

NOT sensitive (~30-70%); NOT for routine
diagnostic use, but may be used for further EV
characterization at national level

Table 6.5 Advised Sample types for EV Meningitis/Meningoencephalitis Laboratory Diagnosis

(Ye et al. 2013)

Clinical Sample
Cerebrospinal fluid (CSF)

Remarks
Viral RNA in CSF is detectable by PCR in almost all

EV meningitis cases, but detection is inconsistent in EV
encephalitis cases

Other sterile sites: Serum/urine/
vesicular fluid/collection at autopsy
Respiratory sample; throat/nasal
swabs; Faeces sample

More reliable than non-sterile sites

There is prolonged viral excretion in faecal samples and
throat, but its detection does not directly imply any

etiological link, i.e., may merely imply coincidental

carriage
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Table 6.6 Typical CSF Findings in EV Aseptic Meningitis and/or Encephalitis (M. Tille 2021)

Findings Normal Ranges

Glucose Normal/slight | 45-100 mg/dL [glucose CSF: Serum of 0.6 or
[30-45 mg/dL] 50-70% of normal blood glucose value]

Leukocytes 2-1000 0-5

(mm?’)

Opening Normal/slight T < 180 mmH,0

pressure

Predominant T lymphocytes None

cell type

Protein Normal/slight T 15-50 mg/dL

[50-100 mg/dL]

6.3.3.2 Electron Microscopy

Electron microscopy (EM) is reserved mostly for research purposes in highly
professional and designated research facilities. Morphological characteristics can
be discovered and studied using EM or transmission electron microscopy as the basis
for virus identification using thin-section, negative staining, or cryo-EM technique
(with cell or brain tissue specimens). Unfortunately, it has a low sensitivity and
needs at least 10° virions per milligram of specimen to be visible under a microscope
(Hussin et al. 2022).

6.3.3.3 Immunohistochemistry

Immunohistochemistry and other histology-based techniques are mostly reserved for
research studies. For instance, immunohistochemistry of encephalitic brain matter
may be done, using different antibodies to look for significantly stained cytoplasm of
affected neurons or microglia. Patented anti-CV-B polyclonal antibodies, EV-A71
mouse monoclonal antibodies, and mouse monoclonal antibodies to conserved EV
VP1 are some of the antibodies that may be used (Dourmashkin et al. 2012).

6.3.3.4 Molecular Methods

Polymerase Chain Reaction—Culture identification of enteroviruses in meningitis
or encephalitis are not sensitive (around 30%), because of low EV titres in cerebro-
spinal fluid. For EV meningitis and encephalitis, reverse transcription-polymerase
chain reaction (RT-PCR) tests are much more sensitive (up to 100%) and over
94-97% specific (Chia 2018; Torok et al. 2017). Due to their sensitivity, specificity
and quick turnaround time, RT-PCR and real-time reverse transcription-polymerase
chain reaction (rtRT-PCR) tests targeting the 5’ non-coding regions should be
employed for EV infection diagnosis. Yet, it is crucial to guarantee that the technique
being used is regularly updated and can identify all types of enteroviruses. Every
laboratory that conducts EV testing ought to be accredited (Harvala et al. 2018). It is
quite effective at identifying EV RNA in CSF samples, with several studies reporting
a 100% sensitivity with 97% specificity. To put it simply, the gold standard for
diagnosing neurological enteroviral infections has been supplanted by EV RT-PCR
since it has a far higher sensitivity than culture techniques (DeBiasi and Tyler 2004).
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This test is authorized for the diagnosis of enterovirus meningitis, and results are
available within 24 h. But in patients presenting with myalgic encephalomyelitis or
chronic fatigue syndrome, only 30% have EV identified by PCR test of their blood
specimens. The yield is less reliable for other bodily fluids such faeces samples,
respiratory secretions, and blood (Chia 2018).

For other chronic EV infections, PCR is not thought to be sensitive. The likeli-
hood of EV RNA or gene being detected in blood by PCR is minimal since the
enteroviruses are swiftly eliminated from circulating blood. With specialized
methods and repetitive testing, EV RNA can be discovered in almost 30% of
whole blood specimens obtained from individuals presenting with persistent entero-
viral infection (Chia 2018). Also, False-negative reports can sometimes be produced
because of improper CSF handling or collection during late phases of EV illness
(Ye et al. 2013).

Nucleic acid sequence-based amplification—Even though PCR tests are widely
accessible at viral diagnostic institutes, nucleic acid sequence-based amplification
(NASBA) is another molecular technique which can be explored as a good option for
efficient detection and amplification of EV sequences in a variety of clinical samples,
including cerebrospinal fluid (Fox et al. 2002). It is an in-vitro, isothermal,
transcription-based amplification technique that has been converted into
standardized kits for use in diagnostic labs where RT-PCR technology is not
accessible. NASBA doesn’t require certain specialized equipment like thermal
cyclers (DeBiasi and Tyler 2004).

In situ hybridization—This technology is applied for EV positive-sense RNA
detection in formalin-fixed paraffin-embedded specimens with the aid of designated
probes. It enables anatomical localization and serotype determination of viruses
(Laiho et al. 2015). In situ hybridization (ISH) techniques, when used alongside
reverse transcription quantitative real-time polymerase chain reaction, may provide
useful information on the EV infection and on potential targets for antivirals, paving
ways for further discoveries (Salmikangas et al. 2020). Nucleic acid hybridization,
however, is time-consuming and occasionally insensitive enough for diagnosis, for
instance, in EV RNA detection in cerebrospinal fluid; they are yet to be standardized
and reserved for research purposes only.

6.3.3.5 Serology

Only some numbered enteroviruses, including echoviruses- 6, 7, 9, 11, 30, and
coxsackie viruses B1 through B-6 can be detected using serology-based diagnostic
methods. These tests are unable to distinguish between the other known
enteroviruses. It should be noted, a negative EV-serology test result does not always
indicate that enterovirus is absent (Chia 2018). Serologic assays do not perform well
in cases of acute enteroviral infections and have little use in cases of chronic EV
illnesses (Nasri et al. 2007).

Serotyping mostly has no bearing on how a patient is managed. The establish-
ment of EV immunoassays has been impeded by the lack of a broadly shared
antigen. Although findings of monoclonal antibodies which cross-react with several
EV serotypes are encouraging, additional research is necessary to discover whether
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those findings have any clinical significance (Ye et al. 2013). Simply put, serology-
based assays are reserved for specialized or public health research lab facilities and
only used for specific indications, such as enterovirus serotyping (Peaper and Landry
2014).

The most frequently used techniques for identifying antibodies to enteroviruses
are microneutralization assays. In between acute and convalescent periods of entero-
viral disease, a serological investigation may show a rise in the level of antibodies
that neutralize enteroviruses. In these circumstances, serum samples from both acute
as well as convalescent cases must be taken with a spacing of not less than 4 weeks
apart. A fourfold or larger rise of antibody titre levels between acute and convales-
cent samples can be used to retroactively diagnose an acute EV infection. Initially in
the course of illness, serum IgM antibodies to CV-B groups can frequently be found,
but positive results are not serotype-specific. Antibody titres of 1: 160—320 or higher
can indicate recent infections. Nonetheless, serologic diagnosis is time-consuming
and is usually impracticable in the clinical context since it requires collecting
samples of both acute and convalescent time frames (Chia 2018; Sandoni et al.
2022).

Commercial lab facilities provide type-specific immunoassays which measure
antibodies for only some enterovirus serotypes; however, due to cross reactivity and
subpar standards, these tests are seldom useful.

Acute enteroviral illnesses really aren’t confirmed using serological techniques
like neutralization assays or enzyme-linked immunosorbent assays (ELISA).
Although there are immunoglobulin M and G assays for the identification of
enteroviral infections, their clinical value is constrained due to antigen cross-
reactivity between different serotypes (Anwar 2022).

Serological tests can take 2 weeks to complete, rendering sluggish diagnosis and
clinical irrelevance. As direct sample isn’t really possible in the diagnosis of EV
cardiomyopathy, myocarditis, or pericarditis, serological testing may be implicated.
As aresult, antibody detection may be helpful in these cases. It is possible to measure
neutralizing antibodies by testing them against certain enteroviruses (Anwar 2022).

The multiplicity of serotypes of enteroviruses hinders serologic methods. Conse-
quently, it is challenging to distinguish enteroviral neuro-illness from bacterial
meningitis with just these methods. As a result, unnecessary tests and interventions
involving empirical IV antibiotics are performed often, and hospital stays are
prolonged (DeBiasi and Tyler 2004).

6.3.3.6 Viral Culture

Based upon the affected site, EV may be isolated from blood, CSF, or stool. Yield
increases if sampling is done from multiple sites. The VP1 gene sequencing
approach or neutralizing assays (CDC approved ones) utilizing type-specific antisera
may be employed to further determine serotypes of EVs recovered by this method
(Chia 2018). Both viral culture as well as shell vial culture require considerable time
to conduct, are relatively insensitive and are unreliable since they depend on the
existence of viable enterovirus.
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Viral cultures are unable to accurately define several EV strains due to improperly
collected, handled, or processed specimens, or because the cell lines being employed
may be inherently insensitive. When the EV is present at low titres in samples such
as cerebrospinal fluid, viral culture might take as long as 8 days for cytopathic effect
(CPE) to manifest, and several coxsackievirus-A types will not thrive in cell culture.
Also, even though the culture time for shell vial culture with monoclonal antibodies
has been shortened compared to tube culture, it is less sensitive than traditional
culture (Ye et al. 2013). Neutralizing antibodies, relatively low viral loads at time of
diagnosis and the fact that some enterovirus serotypes are inherently uncultivable are
all likely to play a role in the viral culture’s insensitivity. In most cases, as much as
8 days are needed for the tissue culture method for enterovirus isolation from
cerebrospinal fluid. The labour-intensive process of EV culture necessitates cultiva-
tion on numerous cell lines. Although extended excretion (4 and 16 weeks, respec-
tively) from both sites can occur after enteroviral disease, faeces sample or throat
swab cultures give only circumstantial proof of aetiology in the presence of menin-
gitis or encephalitis (DeBiasi and Tyler 2004). Whereas a CPE normally takes
3-8 days to develop in a cerebrospinal fluid EV culture, PCR data are available
within 24 h (~5 h), reducing the turnaround time compared to viral culture in all
cases. Hence, polymerase chain reaction tests are preferred since the expenses are
comparable (Ye et al. 2013).

6.3.4 Imaging

Patients with enterovirus infection usually present with picture of
rhombencephalitis. The spinal and cranial nerves involvement is common. Imaging
findings are variable based on patient’s symptoms. Imaging can be normal even in
positive CSF analysis. Here are the most commonly reported imaging findings in this
group of patients.

Computed Tomography (CT)—Fast and feasible specially in emergency
department, it is helps in patient’s screening and to exclude other mimickers like
acute infarction, haemorrhage, hydrocephalus, brain herniation, and tumours. CT
scan can be normal in most of cases. If there is a large parenchymal involvement by
encephalitis, this can appear as an area of hypodensity at the affected brain. MRI is
the second step used for confirming findings and disease characterization.

MRI Brain—The commonest MRI findings are rhombencephalitis; it commonly
appears as a hyperintensities on fluid-attenuated inversion recovery images (FLAIR)
(Fig. 6.2) and T2-weighted images, involving posterior aspect of brainstem, along
with dentate or cerebellar regions. MRI may show normal findings in some patients.
Cranial nerve palsies commonly are associated with specific coxsackievirus and
adenovirus receptors (CAR) in the cochlea, which are linked with viral docking, seen
as abnormal enhancement of the affected cranial nerve (Excoffon et al. 2006; Venail
et al. 2007; Wagner et al. 2021). Rare locations that have been reported are the
hippocampus, thalamus, putamen, cerebral region along with subcortical region, and
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Fig. 6.2 (a, b) Axial FLAIR images show an abnormal hyperintensities at bilateral Pulvinar,
insular ribbon (a) and left periventricular WM (b) (white arrows), no corresponding enhancement
(c), or diffusion restriction (d, e). Image Source: Courtesy of King Abdulaziz Medical City- Western
Region, Jeddah, KSA [Copyright Restrictions — NONE; this image is free of any copyright
restrictions]

corpus callosum in patients with EV71 infection (Jang et al. 2012; Lian et al. 2012;
Zeng et al. 2012).

MRI Spine—Patients with spinal involvement usually had acute flaccid paraly-
sis, which appears in MRI as an ipsilateral anterior horn signal changes with or
without enhancement. It usually affects lower cervical/upper thoracic cord, or cauda
equina nerve roots based on level of involvement. It can be unilateral or bilateral
(Chen et al. 2001; Chonmaitree et al. 1981; Chumakov et al. 1979; Kornreich et al.
1996; Melnick 1984).

Electroencephalography (EEG)—Most of viral infections show a picture of
encephalitis in EEG. It remains challenging to find a specific pattern of encephalitis
in EEG (Rubifios and Godoy 2020). Electroencephalography may demonstrate
periodic discharges (unilateral/bilateral), electrical discharges, and generalized
slow waves (generalized or focal), which are able to show a non-specific
characteristics pattern (Halperin 2017; Rubifios and Godoy 2020; Sutter et al.
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2015). The associated neurological changes are mostly regional in nature and less
commonly associated with global brain involvement.

6.4 Management and Treatment
6.4.1 General

Most enteroviral infections are self-limiting, requiring only supportive care, with the
exception of enteroviral encephalitis, meningitis, myocarditis, neonatal infections,
and infections in B-cell deficient patients. Every acute encephalitis case necessitates
hospitalization with access to intensive therapy unit, and mechanical ventilation
should be prompt, depending on the severity of symptoms. Strict monitoring of the
patient’s fluids, a stringent lookout for any warning signs of deep vein thrombosis or
aspiration pneumonia along with their prevention, medical management of increased
intracranial pressure, and any secondary bacterial infections, are all part of the
management strategy. Antiepileptics are indicated if the patient develops seizures.
Secondary complications including cerebral infarction, cerebral venous thrombosis,
SIADH, aspiration pneumonia, and disseminated intravascular coagulopathy are
frequent and contribute significantly to morbidity and mortality.

Impending uncal herniation or elevated intracranial pressure in encephalitis that is
unresponsive to medicinal therapy (steroid and mannitol) are indications for surgical
decompression (Steiner et al. 2005).

6.4.2 Antivirals

There is currently no approved antiviral medication available for the treatment of
severe enteroviral infections, including encephalitis and meningitis. Pleconaril, an
antiviral that prevents enteroviral replication, was developed as a result of the
molecular characterization of enteroviruses. By binding to the viral protein capsid,
it prevents enteroviral attachment and uncoating. At doses of 0.1 pg/mL or less, it
has wide antiviral effects on enteroviruses, with antiviral effectiveness against more
than 90% of the frequently circulating serotypes (Sawyer 2002), although it is
currently not licensed for use.

6.4.3 Newer Agents

Owing to a lack of specific enteroviral agents in our repertoire, intravenous
immunoglobulins (IVIG) are frequently utilized as a therapeutic as well as prophy-
lactic measure in enteroviral encephalitis. Immunodeficient patients consistently
have better outcomes with IVIG, as shown by the encouraging response of intra-
ventricular or intravenous administration of IVIG in patients with X-linked
hypogammaglobinaemia (Dwyer and Erlendsson 1988; McKinney et al. 1987).



116 A. Halawani et al.

Enteroviral encephalitis in patients with iatrogenic hypogammaglobinaemia, as seen
in patients subjected to rituximab therapy, which is a B-cell depleting therapy, has
also been associated with a positive response to IVIG administration; however, its
use in patients who are immunocompetent is currently debatable (Schilthuizen et al.
2010; Wagner et al. 2021). Patients with para-infectious enteroviral encephalitis are
good candidates for immunomodulatory therapy including corticosteroids and IVIG
(Pillai et al. 2015).

6.4.4 Complications/Prognosis

Patients with enteroviral encephalitis, especially adults, are seen to less frequently
have severe disease and have better outcomes as compared to other causes of viral
encephalitis. These patients also have a shorter length of hospital stay and less severe
morbidity; however, there are differences in outcomes based on the infective serotype
(Fowlkes et al. 2008).

While a majority of enteroviral infections behave like acute febrile illness with a
short-lived course and their natural history is specific for conclusion with either
recovery or acute worsening, recent data have also uncovered the presence of
persistent infection, as well as an association with lifelong disorders like
amyotrophic lateral sclerosis, schizophrenia, type 1 diabetes mellitus, and post-
viral cardiomyopathy (Chen et al. 2020). Enteroviral encephalitis in children has
also been linked to autism spectrum disorder and attention deficit hyperactivity
disorder (ADHD) (Chou et al. 2015; Marques et al. 2014). EV-A71 encephalitis
has been associated with long-term sequelae like limb weakness and atrophy, as well
as long-term behavioural issues in children (Huang et al. 1999).

Patients with X-linked agammaglobulinemia are prone to develop chronic entero-
viral meningoencephalitis of agammaglobulinemia (CEMA), marked by prolonged
enteroviral encephalitis. It is characterized by diverse neurologic manifestations with
subsequent involvement of multiple organ systems, most commonly associated with
echoviruses, and has a guarded prognosis with regards to morbidity and mortality
(McKinney et al. 1987).

6.4.5 Prevention

In response to the extensive EV-A71 outbreaks that have been detected in the Far
East, a phase III research for an EV-A71 vaccine recently concluded successfully
against EV-A71-associated hand, foot, and mouth disease, with up to 90% or more
efficacy outcomes observed. (Li et al. 2014; Zhu et al. 2013, 2014). Further efficacy
outcomes remain to be seen.
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Abstract

Togaviridae, Flaviviridae, Bunyaviridae, and Reoviridae families of Arboviruses
are known to affect the neurological system. Mosquitoes, ticks, biting flies, mites,
and nits transmit arboviruses to vertebral hosts during blood feedings. While the
majority of arboviral infections do not cause neuro-invasive illness, they are
among the most serious infectious threats to the central nervous system’s health.
Arboviruses replicate in peripheral tissues, cause viremia, penetrate the CNS,
replicate in neurons, and disseminate to other neuron populations, potentially
resulting in encephalitis. Apart from encephalitis, they can also cause meningitis,
myelitis, encephalomyelitis, neuritis, and myositis. Which, in some situations,
can result in long-term central nervous system abnormalities. This is seen in Zika
virus-related prenatal brain abnormalities(e.g., microcephaly), as well as West
Nile virus-induced synaptic dysfunctions that can persist long after infection and
result in cognitive deficits. Hence, when evaluating a febrile patient with neuro-
logical symptoms, arboviruses are relevant differentials to investigate.
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7.1 Introduction

Encephalitis is inflammation of the brain parenchyma caused by various pathogens
and an autoimmune response, resulting in morbidity, mortality, and permanent
neurological disability in both adults and children. The development of a coherent
case definition for encephalitis is further complicated by the clinical overlap between
encephalitis and encephalopathy. These terms are often used synonymously in the
literature, but they can represent different pathophysiological processes. Encepha-
lopathy is a clinical condition of altered mental status characterized by confusion,
disorientation, behavioral changes, or other cognitive impairment with or without
inflammation of brain tissue (Granerod and Crowcroft 2007). The inflammation
causes the brain to swell, which can lead to headaches, stiff necks, photophobia,
inner confusion, and seizures. The disease affects 1.9-14.3 people per 100,000
population each year and causes an average of 20,258 hospitalizations per year.
According to reports from different countries, it continues to cause 5639.3% of the
deaths among the affected patients. The condition can affect anyone but is more
common in younger people. In fact, in an algorithmic testing panel, the specific
cause of the encephalitis remains unknown in about 3040 cases (Vora et al. 2014).

Encephalitis by viral pathogens is the most common form of encephalitis and
often co-occurs with viral meningitis. Viruses enter the host outside of the central
nervous system and then enter the spinal cord and brain via hematogenous spread or
retrograde from nerve endings. Vaccinations against measles, mumps, rubella, and
chickenpox have reduced the incidence of encephalitis from these diseases, but other
infections can also cause encephalitis. Contagious encephalitis is generally caused
by a viral infection, most commonly Arboviruses, Herpes simplex infections types
1 and 2, Varicella zoster infection, and Enteroviruses (Jmor et al. 2008; Palus et al.
2014).

7.2 Diagnostic Criteria of Encephalitis (Refer to Table 7.1)

Confirmed encephalitis requires one of the following (Venkatesan and Geocadin
2014; Glaser et al. 2006):

. Pathologic confirmation of brain inflammation consistent with encephalitis;

. Defined pathologic, microbiologic, or serologic evidence of acute infection with a
microorganism strongly associated with encephalitis from an appropriate clinical
specimen (for examples, see references;

3. Laboratory evidence of an autoimmune condition strongly associated with

encephalitis.

DN =

Fever is common in patients with acute encephalitis but is nonspecific. The
requirement for objective documentation of fever within a limited period of
72 hours after hospitalization was chosen to rule out secondary health-related
infections. It is known that fever can occur as a result of a number of infections
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Table 7.1 Diagnostic criteria of encephalitis

Major Criterion:

(personality change) lasting >24 h with no alternative cause identified. Patients presenting to
medical attention with altered mental status (defined as decreased or altered level of
consciousness, lethargy or

Minor Criteria (2 required for possible encephalitis; >3 required for probable or confirmed
encephalitis):

Documented fever >38 ° C (100.4 °F) within the 72 h before or after presentation
Generalized or partial seizures not fully attributable to a preexisting seizure disorder

New onset of focal neurologic findings

CSF WBC count >5/cubic mm

Abnormality of brain parenchyma on neuroimaging suggestive of encephalitis that is either new
from prior studies or appears acute in onset

Abnormality on electroencephalography that is consistent with encephalitis and not attributable to
another cause

outside the central nervous system that can cause encephalopathy, as well as
noninfectious diseases that resemble encephalitis. It is also recognized that fever
can be variable and therefore patients with infectious encephalitis may not have an
objective fever at the time of clinical evaluation Furthermore, immunosuppressed
patients with encephalitis may not mount a fever.

Seizures associated with encephalitis can be generalized, indicating global CNS
dysfunction, or focal, indicating a localized process. Subclinical seizures may also
occur, which may be a cause of altered sensory perception. Seizures associated with
high temperature are relatively common in young children and, when isolated, do not
require testing for encephalitis. The main requirement for at least 24 h of altered
mental status was chosen to exclude the postictal state that occurs in patients with
febrile seizures.

CSF pleocytosis indicates an inflammatory process in the brain parenchyma,
meninges, or both (meningoencephalitis). However, the absence of CSF pleocytosis
does not rule out encephalitis. In particular, it is known that the liquor in immuno-
compromised patients can be cell-free. Conversely, in inflammation confined to the
meninges, the CSF profile may be indistinguishable from that in patients with
encephalitis. However, in most cases of encephalitis, the absolute leukocyte count
is <1000/mm” and lymphocytes typically predominate.

To ensure adequate sensitivity of the definition, the group defined CSF
pleocytosis as >5 WBC/mm?. In cases where there are large numbers of red blood
cells in the CSF, such as with a traumatic lumbar puncture, the following formula
may allow correction of the WBC count: True CSF WBC = actual CSF WBC—
(WBC in blood X RBC in CSF)/RBC in blood. Notably, rules for adjusting
leukocytes in blood-contaminated CSF have not been well validated.

Neuroimaging plays a critical role in evaluating patients with suspected encepha-
litis as it can aid in the diagnosis of a specific etiology or identify alternative
disorders that resemble encephalitis. Magnetic resonance imaging (MRI) is the
radiological procedure of choice for evaluating patients with suspected encephalitis.
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Several studies have confirmed that MRI is superior to computed tomography
(CT) for detecting CNS abnormalities.

MRI can be helpful in determining the etiology because the localization of the
inflammation to specific pathogens (e.g., temporal lobe involvement in patients with
herpes simplex virus encephalitis) or to an autoimmune phenomenon (e.g., demye-
lination in patients with acute disseminated encephalomyelitis). A non-contrast CT
scan is most useful to assess the safety of performing a spinal tap and to rule out
alternative diagnoses such as a subarachnoid hemorrhage. We recognize that MRI or
CT may not be available in resource-constrained environments. In this case, the
diagnosis of encephalitis must be based on clinical and laboratory criteria (Glaser
et al. 2006; Weil et al. 2002).

The EEG abnormalities reported in encephalitis range from nonspecific
generalized slowing to characteristic patterns indicative of distinct entities, including
repetitive sharp wave complexes over the temporal lobe or periodic lateralizing
epileptiform discharges in HSV-1 and bilateral synchronous periodic sharp and
slow waves associated with subacute sclerosing panencephalitis. EEG abnormalities
are often nonspecific and may be due to medication or metabolic disorders. The EEG
can identify epileptiform discharges when there are no clinical signs of seizure
activity (subclinical or nonconvulsive status epilepticus) as a cause of drowsiness.

7.2.1 Viral Encephalitis Pathogenesis

The first step in triggering viral encephalitis is to disrupt the Blood Brain Barrier.
Once the virus enters the CNS, the first line of defense consists of microglia, which
represent the CNS’s primary innate immune response. In the brain, microglia cells
play an essential role in maintaining homeostasis by supporting neurons through the
secretion of neurotrophins and growth factors, in addition to their contribution to the
immune response against pathogens. Microglia are susceptible to infection by
multiple viruses, including WNV, JEV, DENV, ZIKV, HIV, and HSV-1 (Jhan
et al. 2017). Astrocytes are one of the most abundant cell types in the brain and
play multiple roles in brain homeostasis, such as regulating ionic balance and
neurotransmitters, supporting neuronal synapses, and maintaining Blood Brain
Barrier permeability. Similarly activated astrocytes can secrete factors that allow
recruitment of immune cells to the injured area, thus promoting amplification of
neuroinflammation. Astrocytes are tolerant to infection by WNV, JEV, ZIKV,
TBEV, HSV-2, HIV, hRSV, and SARS-CoV-2. Depending on their location in the
brain, neurons can have different functions. For example, neurons near the blood—
brain barrier help regulate blood flow and secrete factors that promote angiogenesis,
among other things. The function of the glutamatergic pyramidal neurons in the
hippocampus is mainly associated with learning, memory, and emotions. For several
viruses including WNV, JEV, ZIKV, TBEV, HSV, HIV, influenza virus, hRSV and
SARS-CoV-2, neurons are the primary target of infection in the brain. Infection of
neurons promotes cell damage, cell death, secretion of cytokines that induce immune
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cell recruitment, and changes in neurocognitive processes (Kofler and Wiley 2011;
Bohmwald et al. 2021).

7.3  Arbovirus Causing Encephalitis (Refer to Table 7.2)

Arboviruses are classified into three families in the current virus classification
system, namely Togaviridae, Flaviviridae, and Bunyaviridae. Other groups of
arboviruses include the Rhabdoviridae, Reoviridae, and Asfarviridae; They all
play minimal or no pathogenic role in the origin of human infections. Encephalitis
is caused by certain arboviruses that are transmitted by vectors such as mosquitoes,
ticks, and other insects or animals (Salimi et al. 2016; Vasilakis and Tesh 2015). The
group of arboviruses that cause encephalitis are:

» Japanese encephalitis virus (JEV).

*  West Nile virus (WNV).

» Dengue virus (DV).

* La Crosse virus.

* St. Louis Encephalitis Virus (SLE).

* Tick-Borne Encephalitis Viruses.

+ California group viruses such as Lacrosse virus.
» Eastern equine encephalitis (EEE).

» Western equine encephalitis (WEE).

* Venezuelan Encephalitis Virus (VEV).
* Powassan virus.

» Zika

* Chikungunya.

Each of these viruses is more common in certain parts of the United States.
Travelers abroad are most at risk of contracting Japanese encephalitis and tick-borne
encephalitis. Japanese encephalitis is transmitted by mosquitoes. It is mainly found
in India, China, Japan, Korea, and eastern Russia. It is also less common in the
Republic of China (Taiwan), Singapore, and Hong Kong. In all these areas, Japanese
encephalitis is mainly a rural disease. In 1999, an outbreak of West Nile encephalitis
occurred in the New York area; West Nile virus is closely related to St. Louis
encephalitis virus and is common in Africa, Asia, and the Middle East. Emerging
infections such as Zika, Chikungunya, and Powassan viruses may also contribute to
this trend. Other infectious microorganisms such as bacteria, rickettsia such as
typhoid, fungi, and parasites can also, although rarely, cause encephalitis (Cdc
2001; Emedicine n.d.).

Arboviral infections typically occur from June to October when mosquitoes are
active. Few species of mosquito carry and transmit these arboviruses, and usually
only a small proportion of these mosquitoes are carriers of the virus. Another virus,
eastern equine encephalitis (EEE), has been found in rare cases in birds and horses in
the United States. Tick-borne encephalitis is a viral infection of the central nervous
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Table 7.2 Arboviral encephalitis etiology

Arboviral
family/genus
Flaviviridae/
flavivirus

Togaviridae/
Alpha virus

Reoviridae

Bunyaviridae

Virus name

Japanese
Encephalitis

West Nile
Virus

Dengue Virus

Zika virus

Tick borne
Encephalitis

St. Louis
Encephalitis

Murray Valley
Encephalitis

Powassan

Chikungunya

Eastern Equine
Encephalitis

Western Equine
Encepabhilitis

Venezuelan
Equine
Encephalitis
Colorado tick
fever

La Crosse
encephalitis
California
encephalitis

Genome

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Single stranded
positive sense
RNA

Double stranded
RNA

Single stranded

negative sense
RNA

Vector
Mosquito

Mosquito

Mosquito

Mosquito

Ticks

Mosquito

Mosquito

Ticks

Mosquito

Mosquito

Mosquito

Mosquito

Ticks

Mosquito,

small
midgets

S. Shukla and S. Prakash

Geographical
distribution

Asia
Asia, Africa, South
America

Asia, Africa, America,
Europe, Pacific Islands

Asia, Africa, America,
Europe, Pacific Islands

Assia nad Europe

America

Australia

Europe, Canada, North
United States

Asia, Africa, America,
Europe, Pacific Islands

America

America

Central and South
America

Western Canada and
United States
United States

Asia and Europe

system. Transmission occurs through the bite of certain ticks. Humans can become
infected through the bite of infected Ixodes ricinus ticks. This often happens in
people who visit or work in forests, fields, or pastures. You can also get it from
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eating unpasteurized dairy products from infected cows, goats, or sheep. Infection
with an arbovirus occurs only through the bite of an infected arthropod, such as a
mosquito. These diseases are not transmitted from person to person. The main vector
(transmitter) of SLE and WNYV is the northern house mosquito (Culex pipiens). The
northern house mosquito breeds in small stagnant bodies of water (such as ditches,
roadside catch basins) and containers — such as discarded tin cans, flower urns, old
tires, buckets, and other containers — that contain water. Mosquitoes become
infected with St. Louis encephalitis virus and WNV after biting infected birds. The
mosquito that transmits California encephalitis (LaCrosse) is the tree hole mosquito
(Aedes triseriatus) (WHO n.d.-a). Found in forested areas, the tree hole midge breeds
in discarded tires and other objects filled with water.

7.3.1 Japanese Encephalitis Virus

Japanese encephalitis virus JEV is the most important cause of viral encephalitis in
both Asia and India. Transmission of JEV is endemic in 24 countries in the WHO
Southeast Asia and Western Pacific region, putting more than 3 billion people at risk
of infection. It is a mosquito-borne flavivirus and belongs to the same genus as
dengue, yellow fever, and West Nile viruses. The first case of Japanese encephalitis
virus (JE) disease was documented in Japan in 1871. The annual incidence of clinical
disease varies in both within and in endemic countries, with outbreaks ranging from
<1 to >10 per 100,000 population or more. A review of the literature estimates that
there are nearly 68,000 clinical cases of JE each year worldwide, with approximately
13,600 to 20,400 deaths. JE mainly affects children. Most adults in endemic
countries have natural immunity after childhood infection, but individuals of any
age can be affected. Although symptomatic Japanese encephalitis (JE) is rare, the
mortality rate in people with encephalitis can be as high as 30%. Permanent
neurological or psychiatric sequelae can occur in 30-50% of people with encephali-
tis. JEV is transmitted to humans through bites of infected Culex mosquitoes (mainly
Culex tritaeniorhynchus). Humans do not develop sufficient viremia after infection
to infect feeding mosquitoes. The virus exists in a cycle of transmission between
mosquitoes, pigs, and/or waterfowl (enzootic cycle). The disease occurs mainly in
rural areas

7.3.1.1 WHO Recommended Case Definition for Japanese Encephalitis
(JE) (WHO n.d.-a)

7.3.1.1.1 Clinical Case Definition

Clinically, a case of acute encephalitis syndrome (AES) is defined as a person of any
age, at any time of year, with the acute onset of fever and a change in mental status
(including symptoms such as confusion, disorientation, coma, or inability to talk)
AND/OR new onset of seizures (excluding simple febrile seizures). Other early
clinical findings can include an increase in irritability, somnolence, or abnormal
behavior greater than that seen with usual febrile illness.
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7.3.1.1.2 Case Classification
Suspected case: A case that meets the clinical case definition for AES. Suspected
cases should be classified in one of the following four ways.

Laboratory-confirmed JE: A suspected case that has been laboratory-confirmed
as JE.

Probable JE: A suspected case that occurs in close geographic and temporal
relationship to a laboratory-confirmed case of JE, in the context of an outbreak.

Acute encephalitis syndrome — other agent: A suspected case in which diagnostic
testing is done and an etiological agent other than JE virus is identified.

Acute encephalitis syndrome — unknown: A suspected case in which no diagnostic
testing is done, or in which testing identified no etiological agent, or in which the test
results were indeterminate.

Sometimes, it may be difficult to differentiate JE from those caused by other
viruses, bacteria, etc., as clinical signs of JE are indistinguishable from other causes
of AES. Under such circumstances, laboratory confirmation is essential for accurate
diagnosis of JE. Confirmation of a suspected or probable case of JE would require
the support of a well-equipped laboratory to test blood and cerebrospinal fluid (CSF)
for the same.

WHO recommends testing for JEV-specific IgM antibodies in a single sample of
cerebrospinal fluid (CSF) or serum using an IgM capture ELISA. Testing of a CSF
sample is preferred to reduce the false-positivity rate due to previous infection or
vaccination. Surveillance of the disease is mostly syndromic in acute encephalitis
syndrome. Confirmatory laboratory testing is often performed at dedicated Sentinel
sites, and efforts are being made to expand laboratory-based monitoring. Case-based
surveillance is established in countries that effectively control JE through vaccina-
tion. There is no antiviral treatment for the disease. Treatment focuses on relieving
severe clinical symptoms and helping the patient overcome the infection. Safe and
effective vaccines are available to prevent JE. (WHO n.d.-a; Turtle and Solomon
2018) WHO recommends that JE vaccination be included in national immunization
plans in all areas where JE disease is recognized as a public health problem. Safe and
effective JE vaccines are available to prevent disease. WHO recommends strong JE
prevention and control activities, including JE immunization in all regions where the
disease is a recognized public health priority, and strengthening surveillance and
reporting mechanisms. Although the number of confirmed JE cases is low, vaccina-
tion should be considered where there is a suitable environment for transmission of
the JE virus. There is little evidence of a reduction in the burden of JE disease by
interventions other than vaccination of humans. Therefore, vaccination of humans
should be given priority over vaccination of pigs and mosquito control measures.

Four main types of JE vaccines are currently used: inactivated mouse brain
vaccines, inactivated Vero cell vaccines, live attenuated vaccines, and live recombi-
nant (chimeric) vaccines. In recent years, the China-made live attenuated vaccine
SA14-14-2 has become the most widely used vaccine in endemic countries and was
prequalified by the WHO in October 2013. Cell culture-based inactivated vaccines
and live recombinant vaccine based on the yellow fever vaccine strain have also been
approved and prequalified by the WHO. In November 2013, Gavi opened a funding
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window to support JE vaccination campaigns in eligible countries. To reduce the risk
of JE, all travelers to Japanese encephalitis endemic areas should take precautions to
avoid mosquito bites. Personal prevention measures include the use of mosquito
repellent, long-sleeved clothing, coils, and vaporizers. Travelers staying in JE
endemic areas for extended periods are advised to be vaccinated prior to travel.
Major JE outbreaks occur every 2—15 years (WHO n.d.-a; Cdc. gov n.d.).

JE transmission increases during the rainy season when vector populations
increase. However, so far there is no evidence of increased JEV transmission after
major floods or tsunamis. The spread of JEV into new areas is related to agricultural
development and intensive rice cultivation supported by irrigation programs.

WHO recommends and supports implementation of JE vaccination in all regions
where the disease is a recognized public health priority. It provides technical support
for JE surveillance, JE vaccine rollout, and large-scale JE vaccination campaigns,
and evaluation of JE vaccine efficacy and programmatic impact.

7.3.2 Chikungunya Virus

Chikungunya virus is an alphavirus (genus Alphavirus, family Togaviridae) trans-
mitted to humans primarily by Aedes mosquitoes and occasionally mother-to-child
transmission. The word Chikungunya comes from the Makonde language spoken in
Tanzania and Mozambique and means “that which bends”; this refers to the
debilitating arthralgia that often occurs in the acute phase of infection, along with
fever, myalgia, headache, and rash. Although the first outbreaks were described in
the 1960s, the virus was not recognized as a major public health problem until 2004,
when it caused explosive outbreaks in the tropics. Serious complications of
chikungunya infection, including neurological disorders, are increasingly
recognized. Classically, alphaviruses are divided into two groups: the Old World
viruses, including Sindbis, Onyongnyong, and Ross River viruses, which cause a
predominantly arthritic syndrome, and the New World viruses, which include
Eastern, Western, and Venezuelan equine encephalitis viruses, responsible for
outbreaks of encephalitis. Chikungunya virus is now recognized as a cause of
arthritic and neurological diseases throughout the tropics.

Dengue fever and Zika are also arthropod-borne viruses (arboviruses) transmitted
by Aedes mosquitoes like chikungunya, but are flaviviruses (genus Flavivirus,
family Flaviviridae). All 3 arboviruses initially cause a fever-arthralgia-intoxication
syndrome and are associated with neurological complications (Mehta et al. 2018).

Neurological disorders following chikungunya virus infection were first reported
in an outbreak in 1964 in Madras, India. Four cases of chikungunya virus have been
described and confirmed serologically or by virus isolation. Two presented with a
meningoencephalitic picture (delirium or coma and signs of meningeal irritation
with neck stiffness and Kernig’s signs, sluggish pupillary response, etc.), one with
acute flaccid paralysis and elevated CSF protein suggestive of Guillain—Barr syn-
drome (GBS) and one with transient dysarthria. Since then, neurological
manifestations have been reported throughout the Indian Ocean, southern Asia, the
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Pacific Islands, southern Europe, the Caribbean, and South America, ranging from
mild behavioral disturbances to severe acute syndromes of both the CNS and
peripheral nervous system. (Mehta et al. 2018; Webb et al. 2022)

Diagnosis is based on clinical, radiological, serological, and molecular assays.
Although not yet commercially available, there is hope that a vaccine against
chikungunya is on the horizon. Two phase 1 clinical studies to date have shown a
good safety and immunogenicity profile. A recent study testing an insect-specific
alphavirus as a vaccine platform showed promising results in mice and macaques,
including immunogenicity after a single dose (Webb et al. 2022).

7.3.3 Dengue Virus

Dengue infection is the most important tropical viral disease in the world today.
According to the World Health Organization, 50 million symptomatic dengue
infections occur annually, which is a major public health problem, especially in
Southeast Asia and the Western Pacific. Dengue viruses (DENV) are single-stranded
RNA arboviruses with four serological types (DENV 14) and belong to the
Flaviviridae family. (WHO n.d.-b) Clinical signs of dengue infection vary and
range from simple myalgia, arthralgia, headache, dengue fever (DF), dengue hem-
orrhagic fever (DHF), dengue shock syndrome (DSS) to neurological dengue fever,
manifested as encephalopathy, encephalitis, encephalomyelitis, myelitis and bra-
chial neuritis, Guillain-Barre syndrome, hypokalemic palsy, viral myositis, and rare
opsoclonus-myoclonus syndrome. Dengue infection with acute encephalopathy was
first reported in 1976 by Sanguansermsri et al. Since then there have been reports
from several Southeast Asian countries. Although the basic pathophysiology of
central nervous system involvement in dengue infection remains unclear, in the
reported cases the encephalopathy has been attributed to cerebral edema, anoxia,
hemorrhage, hyponatremia, liver failure, and release of toxic substances. Various
animal experiments and clinical studies indicate a neurotrophic potential of DENV
that can lead to encephalitis. Detection of viral antigen in brain autopsy specimens,
dengue-specific immunoglobulin M antibody (IgM-Ab), and positive reverse tran-
scriptase PCR (RT-PCR) in cerebrospinal fluid (CSF) support the hypothesis of
neuro-invasion during acute dengue infection (WHO n.d.-b; Li et al. 2017).

Both patients and doctors are struggling as the symptoms of dengue fever and
COVID-19 overlap. Even after using rapid dengue tests, misdiagnosis of COVID-19
as dengue fever has been reported. The consequences of COVID-19 and dengue
misdiagnosis are relevant and may include ineffective patient management, poten-
tially resulting in preventable patient death, and unsuccessful prevention strategies
including rapid patient isolation (in the case of COVID-19) and vector control (in the
case of Dengue fever). Therefore, before any treatment, there should be diagnostic
(clinical, hematological, and biochemical) accuracy. Due to the lack of the above
literature on early confirmatory clinical and laboratory diagnosis of DENV, we
planned this study. The aim of this study was to investigate the incidence, predictive
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and prognostic factors of dengue encephalitis (DE) against the background of DENV
infection (Li et al. 2017).

Dengue encephalitis is rare and occurs as a result of direct infection of neurons by
the dengue virus. Dengue encephalitis is believed to be benign but can sometimes be
fatal. The role of an antiviral agent in such cases needs to be further defined because
of the extensive parenchymal involvement and possible adverse outcome. Clinically
presents with decreased consciousness, headache, seizures, disorientation and
behavioral symptoms. Radiological Imaging features alone are not diagnostic.
Bilateral thalamic involvement with positive CSF IgG/IgM for dengue fever virus
is diagnostic of dengue encephalitis. A polymerase chain reaction (PCR) is required
to confirm viral RNA as antibodies are not always visible. Differential Diagnoses of
dengue encephalitis is Japanese encephalitis which depicts bilateral thalamic
involvement with hemorrhagic foci, involving the temporal lobe and brainstem is
usually present and is very rare in dengue fever. Chikungunya and herpetic enceph-
alitis is another differential diagnosis. Chikungunya encephalitis on MRI shows
hyperintense T2W white matter lesions with restricted diffusion. No bleeding or
involvement of the basal ganglia was reported whereas herpetic encephalitis shows
bilateral and asymmetric involvement. Basal ganglia and thalami are typically
spared. Treatment is mostly supportive. Ribavarin is a newer, promising drug that
inhibits viral replication; however, further validation is needed in dealing with the
virus (Li et al. 2017; Carod-Artal et al. 2013).

7.3.4 Zika Virus

Zika virus (ZIKV) is an arthropod-borne virus (arbovirus) of the genus Flavivirus
and family Flaviviridae. ZIKV was first isolated from a nonhuman primate in 1947
and from mosquitoes in Africa in 1948. Human ZIKV infections were sporadic for
half a century before emerging in the Pacific and Americas. ZIKV is usually
transmitted through the bite of infected mosquitoes. The clinical presentation of
Zika fever is nonspecific and can be misdiagnosed as other infectious diseases,
particularly those caused by arboviruses such as dengue fever and chikungunya.
Before the large outbreak in French Polynesia in 2013 and 2014, when severe
neurological complications were reported and in Brazil there was a dramatic increase
in congenital malformations (microcephaly) suspected to be related to ZIKV; till that
time ZIKV infection was only associated with minor illnesses. Zika virus infection
during pregnancy is a cause of microcephaly. During pregnancy, a baby’s head size
proportionately increases with fetus brain tissue. Microcephaly can occur because a
baby’s brain did not develop properly during pregnancy or stops growing after birth.
(Ferrari-Marinho et al. 2022)

Laboratory diagnosis of Zika fever is based on virus isolation or detection of
ZIKV-specific RNA. Serological diagnosis is complicated by cross-reactivity
between members of the Flavivirus genus. The adaptation of ZIKV to an urban
cycle involving humans and native mosquito vectors in tropical areas where dengue
fever is endemic suggests that the emergence of ZIKV infections may be
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underestimated. There is a high potential for ZIKV emergence in urban centers in the
tropics that are infested with competent mosquito vectors such as Aedes aegypti and
Aedes albopictus. ZIKA virus infection has been continuously reported from many
states of India where dengue disease is already a known and endemic entity (Shukla
et al. 2023).

7.4  Clinical Manifestation of Arboviral Encephalitis

Arboviral infections can be asymptomatic or result in disease of varying severity,
sometimes with central nervous system (CNS) involvement. When the CNS is
affected, clinical syndromes can occur, ranging from febrile headache to aseptic
meningitis to encephalitis, and are usually indistinguishable from similar syndromes
caused by other viruses. Arboviral meningitis is characterized by fever, headache,
neck stiffness, and pleocytosis. Arboviral encephalitis is characterized by fever,
headache, and an altered mental state ranging from confusion to coma, with or
without additional signs of brain dysfunction (e.g., paresis or palsy, cranial nerve
palsies, sensory deficits, abnormal reflexes, generalized convulsions, and abnormal
movements). The symptoms of WNV, SLE and LaCrosse encephalitis virus are
similar. If the infection is severe, severe headache, high fever, muscle pain, stiffness
in the neck, problems with muscle coordination, disorientation, convulsions, and
coma can occur rapidly. Symptoms usually appear five to 15 days after an infected
mosquito bite (Jmor et al. 2008; Cdc 2001).

Although anyone can be infected with an arbovirus, JEV and dengue commonly
affect children and adolescents, while WNV and SLE usually occur in people over
the age of 50. Most patients make a full recovery, although in rare cases severe
infection can result in neurological damage or death. Infection with California
(LaCrosse) encephalitis virus is most common in children. The disease is generally
milder than JE, dengue, WNV, and SLE, and fatalities are rare. However, studies
suggest that some children with California encephalitis virus (LaCrosse) may expe-
rience persistent neurological problems. Infection with an arbovirus can confer some
immunity to that specific virus but not to other arboviruses (Cdc 2001).

7.5 Diagnosis
7.5.1 Case Classification

7.5.1.1 Probable

An encephalitis or meningitis case occurring during a period when arboviral trans-
mission is likely, and with the following supportive serology: (1) a single or stable
(less than or equal to twofold change) but elevated titer of virus-specific serum
antibodies; or (2) serum IgM antibodies detected by antibody-capture EIA but with
no available results of a confirmatory test for virus-specific serum IgG antibodies in
the same or a later specimen.
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7.5.1.2 Confirmed
An encephalitis or meningitis case that is laboratory confirmed.

Closely related arboviruses show serological cross-reactivity, positive results
from serological tests with antigens from a single arbovirus can be misleading. In
certain circumstances (e.g., in areas where two or more closely related arboviruses
are present, or in the case of imported arbovirus diseases), it may be epidemiologi-
cally important to attempt to closely isolate the infecting virus by conducting cross-
neutralization tests with an appropriate battery related viruses to locate viruses. This
is important, for example, to determine whether detected antibodies to St. Louis
encephalitis virus are not the result of West Nile virus (or dengue virus) infection or
vice versa, in areas where both are present, viruses occur. Although pathological
examination of brain tissue is considered the gold standard diagnostic test for this
syndrome. However, because of the potential morbidity associated with invasive
neurosurgical intervention, it is rarely performed premortem. In the absence of
pathological confirmation, encephalitis was previously defined on the basis of
selected clinical, laboratory, electroencephalographic, and imaging features. Arbo-
virus infection is usually diagnosed by a blood test or cerebrospinal fluid test. A
doctor will try to relieve the symptoms of the disease, but there is no specific
treatment or cure for these diseases.

7.5.1.3 Laboratory Criteria for Diagnosis of Arboviral encephalitis
(Venkatesan and Geocadin 2014):

For most arboviruses, serological testing of serum and CSF is preferable to molecu-
lar testing because the peak of viraemia typically occurs before the onset of
symptoms. For example, in West Nile Virus (WNV) patients associated with
neuroinvasive disease, CSF-PCR is relatively insensitive (57%) compared to
detecting WNV IgM in CSF. The cumulative percentage of seropositive patients
increases by approximately 10% per day during the first week of illness, suggesting
the need for repeat testing when patients with initially negative results are strongly
suspected of having disease. In particular, arbovirus IgM antibodies may be persis-
tently detectable in serum and, more rarely, in CSF many months after an acute
infection and may therefore not be indicative of a current infection. Therefore, when
possible, documentation of acute infection by seroconversion and/or a fourfold or
greater increase in titer using paired sera is recommended.

» Fourfold or greater change in virus-specific serum antibody titer, OR.

» Isolation of virus from or demonstration of specific viral antigen or genomic
sequences in tissue, blood, cerebrospinal fluid (CSF), or other body fluid, OR.

» Virus-specific immunoglobulin M (IgM) antibodies demonstrated in CSF by
antibody-capture enzyme immunoassay (EIA), OR.

* Virus-specific [gM antibodies demonstrated in serum by antibody-capture EIA
and confirmed by demonstration of virus-specific serum immunoglobulin G (IgG)
antibodies in the same or a later specimen by another serologic assay (e.g.,
neutralization or hemagglutination inhibition).

* PRNT.
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Molecular real time PCR.
Serotyping and genotyping.

7.6 Treatment

Young children and the elderly are most often seriously ill. There are no proven
treatment options for arboviral encephalitis. Most people recover from the disease,
but permanent brain problems and death can result.

7.7  Preventive strategies (Olliaro et al. 2018)

Because the mosquitoes that transmit arboviruses thriving in small pools of water,
removing potential breeding grounds is the most effective form of disease preven-
tion. Here are a few suggestions:

Remove or empty water from old tires, tin cans, buckets, barrels, bottles, or other
places where mosquitoes might breed. Be sure to check clogged gutters and flat
roofs that may have poor drainage. Make sure cisterns, sumps, septic tanks, fire
barrels, rain barrels, and dumpsters are tightly covered with a lid or 16-mesh
screen.

Empty plastic wading pools at least once a week and store indoors when not in
use. Swimming pools should be properly maintained; if not used, pools should be
drained and kept dry during mosquito season.

Change the water in bird baths, plant saucers, and trays weekly.

Store boats covered or upside down, or remove rainwater weekly.

Empty your pet’s water bowl and refill daily.

Level the ground around your home so water can run off and not collect in low
spots. Fill in holes or depressions near your home that accumulate water.

Fill in tree rot holes and hollow stumps that hold water.

Stock ornamental water gardens with fish (e.g., minnows, “mosquito fish,” or
goldfish) that eat mosquito larvae.

Small pools of water can be treated for mosquito larvae with “Bti,” a bacterial
insecticide. Many hardware stores carry Bti briquettes (such as donut-shaped
Mosquito Dunks) for this purpose. Be sure to follow the insecticide label exactly.
Keep weeds and grass cut short; adult mosquitoes look for these shady places to
rest during the hot daylight hours. If adult mosquitoes are present in high weeds
along the edge of a yard, that location can be sprayed with an appropriately
labeled insecticide.

Be sure screens in homes and buildings are intact and tight-fitting to prevent the
entry of mosquitoes. Use a flyswatter or household spray to kill mosquitoes, flies
or other insects that get into buildings.

Some mosquito control methods are not very effective. Bug zappers and anti-
mosquito buzzers (or sound devices) are not effective in controlling biting
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mosquitoes. Various birds and bats will eat mosquitoes, but there is little scientific
evidence that this reduces mosquitoes around homes.

+ Some communities conduct community-wide mosquito abatement programs.
Whenever possible, the primary effort of such programs should be identification
of mosquito-breeding sites, followed by removal or treatment of these sites with
an insecticide used for control of mosquito larvae.

* Use mosquito repellents sparingly on exposed skin. An effective repellent will
contain 20% to 30% DEET (N,N-diethyl-meta-toluamide). Higher concentrations
may cause side effects, particularly in children. Avoid applying repellents to the
hands of children and do not use repellents on children under 3 years of age.
Follow package instructions carefully.

+ If participating in outdoor activities when mosquitoes are biting, wear protective
clothing (shoes, socks, shirt, and long pants). For additional protection from
mosquitoes, use an insect repellent. The Environmental Protection Agency
(EPA) registers products for use as mosquito repellents. Products containing
DEET, picaridin, oil of lemon eucalyptus (PMD), or IR3535 typically provide
reasonably long-lasting protection when applied to skin and clothing. The CDC
also recommends the use of permethrin-containing products on clothing, shoes,
bed nets, and camping gears. The efficacy and duration of protection may vary
among products and types of mosquitoes. If you start to get mosquito bites,
reapplication maybe needed.
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Lymphotropic Virus Infections
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Abstract

Human immunodeficiency virus (HIV) is a virus from the Lentivirus subgroup, of
the Retroviridae family. Neurological involvement is frequent in pediatric human
immunodeficiency virus infection and acquired immunodeficiency syndrome
(AIDS). Direct invasion of the central nervous system by HIV type 1 (HIV-1)
may result in HIV-1 associated encephalopathy, categorized as normal neurolog-
ical findings, static encephalopathy, or as progressive encephalopathy. Aseptic
meningitis, acute encephalitis (HIV-associated neurological disorder, HAND),
and polyneuropathy typically occur earlier in the illness, whereas AIDS dementia
complex often presents later. HIV/AIDS-associated encephalopathy is linked to
HIV’s tropism for macrophages or microglial cells, and for lymphocytes (CD4+).
In HIV infection with neurologic manifestations, a CSF analysis and neuroimag-
ing is mandatory for ruling out other opportunistic infections. The Retroviridae
family also comprises of the Human T cell lymphotropic virus, HTLV. CNS
involvement is principally from immunologically mediated insult. HTLV type
1 has a classical neurogenic presentation of myelopathy, labeled as HAM, HTLV-
l-associated myelopathy, or as TSP, tropical spastic paraparesis. However,
HAM/TSP is not the only neurological outcome that can result from HTLV-1
infection. Cases of complicated encephalitis have been reported in patients
afflicted with HTLV type 1 infections.
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Abbreviations

ADC AIDS dementia complex

AFB Acid fast bacilli

AKT Anti Koch’s therapy

ANI Asymptomatic neurological involvement
CALAS Cryptococcal capsular antigen with latex agglutination
cART Combination anti-retroviral therapy
CBNAAT Cartridge-based nucleic acid amplification test
M Cryptococcal meningitis

CMV Cytomegalovirus

CNS Central nervous system

CSF Cerebrospinal fluid

CT Computed tomography

DSP Distal symmetric polyneuropathy

EBV Epstein Barr virus

ELISA Enzyme linked Immunosorbent assay

FDG PET Fluorodeoxyglucose positron emission test
HAART Highly active anti-retroviral therapy

HAD HIV-associated Dementia

HAND HIV-associated neurocognitive disorders
HHV6 Human herpes virus 6

HIV Human immunodeficiency virus

HIV-VM  Human immunodeficiency virus-vacuolar myelopathy
HTLV Human T cell lymphotropic virus

[HDS International HIV dementia scale

IRIS Immune reconstitution inflammatory response
IVIG Intravenous immunoglobulin

JC virus John Cunnigham Virus

LFA Lateral flow assay

MMSE Mini mental status examination

MND Mild neurocognitive disorder

MND Motor neuron disease

MoCA Montreal cognitive assessment

MRI Magnetic resonance imaging

NHL Non-Hodgkin’s lymphoma

PCNSL Primary CNS lymphoma

PCR Polymerase chain reaction

PLWHA  People living with HIV AIDS

PML Progressive multifocal leukoencephalopathy

SPECT Single photon emission computed tomography
SSRI Selective serotonin reuptake inhibitor
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Neurological involvement is observed very frequently in retroviral infections like
HIV and HTLV. The spectrum is quite broad and their comprehension is important
due to high prevalence of HIV. In this era of HAART, there is a significant increase
in longevity among PLWHA. These neurological observations are also increasing.
They involve neurological systems at almost all the levels. In this chapter, we try to
see them in an organized fashion. This in no way would attempt be an extensive
record but intends to be a practical one.
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8.1 Brain

Central nervous system comprises of brain and spinal cord. Involvement of CNS is
seen from very early stages of HIV infection.
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8.1.1 HAND (HIV-Associated Neurocognitive Disorders)

Cognitive involvement is very common among patients with HIV, even with invent
of HAART, approximately half of the patients do suffer from cognitive involvement.
This cognitive involvement may be due to the presence of HIV virus inside the
central nervous system itself or due to the various opportunistic infections. The
former type of cognitive involvement is referred as HIV-associated neurocognitive
disorders.

Symptoms Patients suffering from HAND may be asymptomatic (ANI, i.e.,
asymptomatic neurological involvement) which can be demonstrated only with the
detailed neuropsychological tests. Or they may have minimal affection so that daily
activities are mostly unaffected (MND—mild neurocognitive disorder). The severe
form where day-to-day activities are affected due to cognitive limitations is HAD
(HIV-associated dementia). ADC (AIDS dementia complex) was the term used in
pre-cART era, for slowly progressive form of subcortical dementia where attention,
concentration, cognitive, and motor slowing were the main features (Clifford and
Ances 2013). Now with HAART, executive functions (planning, organizing, moni-
toring, and correcting the tasks), language, memory (cortical functions) are the more
commonly affected domains of higher mental functions. Initial mild personality
changes, fall in occupational and social performances are better and earlier noticed
by the family members. So, interviewing family members may provide deeper
insight to the problem. HAND include this spectrum of asymptomatic to severe
cognitive impairment seen in HIV patients.

Diagnosis Versions of MMSE (mini mental status examination), MoCA (Montreal
cognitive assessment), CogState tools and The International HIV Dementia scale
(IHDS), etc: the limitations to these are that they are time-consuming and less
sensitive to very mild cognitive involvements. Neuroimaging (MRI) may show
cerebral atrophy and signs suggestive of (mostly symmetric) white matter
involvement.

Treatment No definitive therapy is available for HANDs at present. HAART is the
mainstay of the treatment for viral control. Various adjuvant therapies have been
tried like SSRI, memantine and are of questionable benefit.

8.1.2 Opportunistic Infections
The opportunistic infections involving CNS are bacterial like tuberculosis; viral like

CMV, JC, Virus, etc: parasitic like toxoplasma, etc., or fungal like cryptococcus,
nocardia, etc.
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8.1.2.1 Tuberculous Meningitis

The risk of tuberculosis infection increases from 10 to 30% depending upon the
stages of HIV over lifetime as compared to HIV uninfected population. There is
inflammation, increased pro-inflammatory cytokines, free radicles in chronic HIV
infection. So, there is reduction of glutathione which normally scavenges free
radicles, which possibly increases susceptibility for CNS tuberculosis (Wilkinson
et al. 2012). CNS tuberculosis may present as tuberculous meningitis, tuberculomas,
and tuberculous abscess. The spinal cord involvement is also common as myelitis
and arachnoiditis. It is pragmatic to investigate every patient of tuberculous menin-
gitis for HIV with ELISA and not to content with mere card tests. In India, tubercu-
lous meningitis is a common presenting illness of HIV infection. The course
observed may be more fulminant as compared to the immune-competent individuals.

Symptoms Fever, headache, vomiting, blurring of vision, double vision, alteration
of sensorium, seizure, limb weakness, cranial nerve paresis.

Signs neck stiffness, Kernig’s sign (when trying to extend a knee of a lower limb
flexed at hip and knee, elicits pain and discomfort at neck due stretching of the
inflamed meninges), Brudzinski’s sign, cranial nerve palsy, papilledema, limb
paresis, etc.

Investigations CT/MRI brain with contrast-may show meningeal post contrast
enhancement, tuberculomas, abscess, infarcts, hydrocephalus (communicating or
noncommunicating depending on whether the CSF flow is affected at arachnoid
granulations or between the ventricles of the brain) (Image 8.1). CSF evaluation may

Image 8.1 MRI (T1 GAD
enhanced) brain image of
patient with TBM, showing
leptomeningeal (pia and
arachnoid mater)
enhancement. And
communicating
hydrocephalus
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show elevated cell count (mostly lymphocytes), elevated protein, and low sugar
levels. AFB staining may show acid fast bacteria, CSF CBNAAT may be positive.

Treatment AKT (anti Koch’s therapy) (first line: Isoniazid, Rifampicin, Ethambu-
tol, pyrazinamide, Streptomycin), second line drugs used in case of drug resistance
or drug-related side effects. Adjuvant use of steroids. Treatment of tuberculosis in
HIV needs special caution as simultaneous administration of AKT and ART may
lead to paradoxical deterioration in clinical status due to hyperactivation of the
immune response leading to IRIS (Immune reconstitution inflammatory response).

8.1.2.2 CNS Toxoplasma Infection

Toxoplasma is obligate intracellular parasite. Infection is acquired mainly via
contaminated water and food or vertical transmission. Tachyzoites are the rapidly
replicating and bradyzoites are slow replicating forms. There is constant transition
between these forms. Few of these intermediates may evade the host immune
response leading a possible persistent infection. Brain is the main organ where
bradyzoites encyst, other being skeletal muscle, cardiac muscles, spinal cord, and
retina. Vast necrosis of midline and periventricular structures, i.e., Corpus callosum,
septum pellucidum, fornix, and basal ganglia were observed during autopsy of the
affected patients. (Horowitz et al. 1983) Seroprevalence for toxoplasma among
immunocompetent and immunocompromised population is reported to be between
15-67% in different studies. Geographical differences are hypothesized to be the
cause for these differences (Basavaraju 2016). Immunocompromised hosts are
highly susceptible to toxoplasma mainly through reactivation of the latent infection.
Basal ganglial contrast (central or ring) enhancing lesions in such patients should
raise suspicion for toxoplasma and guide further evaluation.

Symptoms May be associated with fever, headache, altered sensorium, psychosis,
dementia, seizure, focal neurological deficit as limb weakness, sensory deficit, etc.:
other extracranial toxoplasma manifestations like chorioretinitis (diminution of
vision, blurring of vision, scotomas, eye pain, etc.), pneumonitis like illness may
accompany.

Signs Focal neurological deficits may be elicited. Chorea if present is considered as
pathognomic.

Diagnosis In suspected cases (mostly immunocompromised individuals with CD4
count <100/pl) if there is positive toxoplasma serology (IgM and IgG ELISA, CFT),
symptoms and signs suggesting meningoencehalic involvement (neck stiffness,
Kernig’s sign, or focal deficit and suggestive neuroimaging; diagnosis of CNS
toxoplasmosis is contemplated. Positive response (takes approximately 2—4 weeks)
to the treatment may be considered as diagnostic evidence. Biopsy of the lesion
provides definitive diagnosis, but may not be feasible in each suspected case.
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Radiological diagnosis can be done with CT brain and MRI. Out of these, contrast
enhanced MRI offer better visualization and sensitivity of the early lesions.
Hypodensities, ring or central enhancing lesions with perilesional edema mainly
affecting basal ganglia, cortical, and cerebellar regions are noted. ‘Eccentric target
sign’ where nodule is noted at the rim of the enhancing ring on contrast enhanced T1
weighted imaging is highly specific but unusual radiological sign of toxoplasma.
The ‘concentric ring sign’ with alternating hypo and hyperintense rings may be seen
on T2 weighted imaging.

Treatment Sulfadiazine, pyrimethamine, folinic acid, and clindamycin are the first
choices for the treatment. Other drugs which may be used are atovaquone,
azithromycin, clarithromycin, and dapsone are used. Chemoprophylaxis with
co-trimoxazole or dapsone and pyrimethamine is advisable for immunocompro-
mised patients.

8.1.2.3 CNS Fungal Infections

The fungi capable of causing CNS pathologies fall under three major morphological
categories like yeasts, dimorphic fungi, and molds; these morphological
characteristics are important determinants of their clinical manifestations. Small
Yeasts (e.g., Cryptococcus, histoplasmosis, sporotrichosis, blastomycosis,
coccidiomycosis) cause leptomeningeal involvement. Whereas large yeasts like
candida involve brain parenchyma predominantly manifesting as abscesses and
granulomas. Those with large branched hyphae like Aspergillus, Zygomycosis
invade blood vessels causing strokes or involve orbit, paranasal sinuses, and skull
bones (Nathan et al. 2021).

8.1.2.3.1 Cryptococcal Meningitis (CM)
CM is accountable for approximately 15% of HIV AIDS-related deaths globally
(Rajasingham et al. 2017). It mostly manifests as subacute meningoencephalitis,
occurs due to inhalational infection by fungi of group basidiomycetes; encapsulated
yeasts found in soil contaminated by bird (mainly pigeon) droppings (most common
pathogenic species being C. neoformans, C. gattii). And is prevalent in population
where HIV is rampant. It is also seen in patients with cell-mediated immunodefi-
ciency due to various other causes like cytotoxic drugs, in organ transplant
recipients, and in patients with hypogammaglobulinemia, liver disease, Cushing’s
syndrome, even immunocompetent individuals may suffer from CM.
Cryptococcus is the most common cause of fungal meningitis in humans both
immunocompromised and immunocompetent (C. gattii mostly affects immunocom-
petent individuals) (Pyrgos et al. 2013). From lung and lymph nodes, these fungi
spread to various organs through hematogenous and lymphatic route. Access to the
subarachnoid space is achieved via transcellular migration across ependymal cells.
As there is lack of complement mediated and soluble ant-cryptococcal factors in
brain, there is predilection for CNS affection by cryptococci. As CM carries very
high mortality in untreated cases, it should be considered as differential in all cases
of lymphocytic meningitis (Williamson et al. 2016).
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Symptoms Headache (most common and prominent feature), fever (may not be a
feature in chronic course), alteration of sensorium, seizures, focal neurological
deficits (cranial nerve palsies), visual disturbances.

Signs Neck stiffness, Kernig’s sign may be present. papilledema, focal deficits.

Diagnosis CSF evaluation (lymphocytic pleocytosis, elevated protein and
decreased glucose levels), India ink test of CSF have good sensitivity, CSF culture,
CSF Ag LFA (lateral flow assay), detection of cryptococcal capsular antigen with
latex agglutination (CALAS).

MRI brain may show dilated Virchow Robbin spaces, pseudocysts, contrast
enhancing cryptococcomas (mainly involving basal ganglia) (though enhancing
lesions are less common in immunocompromised individuals), less frequently
leptomeningeal enhancement may be noted. Vascular infarcts, may be seen, etc.

Treatment Amphotericin B, flucytosine for induction phase, fluconazole, and
flucytosine for consolidation phase and fluconazole for maintenance phase.

8.1.2.4 Opportunistic Viral Infections

8.1.2.4.1 Cytomegalovirus

Cytomegalovirus is the most important opportunistic virus causing neurologic
complications in HIV patients. Other important ones are Epstein Barr virus (mainly
its role in CNS lymphoma in HIV patients), varicella zoster virus, HHV-6, and JC
virus (causing Progressive Multifocal Leukoencephalopathy). CMV is a human
herpes virus, infects humans through close contacts, sexual intercourse, perinatally,
through blood products and organ transplantations. Most CNS complications are
caused by through the reactivation of prior infection due to immunodeficiency.
Median CD4 count in CMV encephalitis is <20 cells/microliter. Encephalitis,
myeloradiculitis, and neuritis are main neurologic disease manifestations seen in
CMV infection. Focal cell aggregation and or necrosis; ventriculoencephalitis,
which is the most distinctive clinical reflection of CMV encephalitis, presents with
focal or diffuse ependymal inflammation and periventricular necrosis. Aggressive
CMV-dependent dementia is also a noted clinical presentation of CMV.

Symptoms CMV encephalitis—Confusion, lethargy and progressive dementia.
Focal neurological deficits and cranial neuropathies are commonly seen as opposed
to HAND where focality is not a feature. Internuclear ophthalmoplegia, ataxia, and
vertigo are also frequently noticed.

Signs Retinitis, pneumonitis, esophagitis, colitis, adrenalitis, etc., other signs of
systemic involvement are commonly found. Along with this alteration of sensorium
and evidence of dementia on dementia assessment tools. Focal neurological deficits,
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cranial neuropathies and other peripheral neuropathies, and myeloradiculopathy
might be noted.

Diagnosis CSF evaluation may suggest moderate rise in protein levels, polymor-
phic pleocytosis (more so in myeloradiculitis rather than ventriculomyelitis), posi-
tive Polymerase chain reaction for CMV is highly sensitive. Neuroimaging (MRI
with contrast) may show cerebral atrophy, ventricular dilatation with periventricular
contrast enhancement.

Treatment Antivirals like ganciclovir, foscarnet, and cidofovir.

8.1.2.4.2 Herpes Zoster Virus
Symptoms trigeminal nerve and multidermatomal radicular involvement is fre-
quent with immunodeficiency. Radicular pain, dysesthesia, reddish papules, vesicles
involving dermatomal distribution is seen.

Encephalitis with necrotizing vasculitis may present with altered sensorium, focal
deficits and seizures, meninomyeloradiculitis, and retrobulbar optic neuritis are other
reported manifestations.

Diagnosis CSF evaluation, CSF PCR. MRI Brain
Treatment Injectable acyclovir, steroids may be used.

8.1.2.4.3 PML (Progressive Multifocal Leukoencephalopathy)

It occurs due to infection of CNS oligodendrocytes by JC virus. It is seen in
immunocompromised hosts like HIV infection, malignancies (especially lymphoid),
patients on immunomodulator agents.

Signs and Symptoms Neurological symptoms develop slowly over weeks. Neuro-
psychological symptoms include affection of attention, concentration, cognitive and
motor slowness (subcortical dementia), executive dysfunctions, visual disturbances,
and motor deficits. Its course remains progressive, ultimately leading to death in
months.

Diagnosis CSF evaluation, presence of JC virus in CSF by PCR, biopsy of brain.

MRI brain in early-stage show areas of patchy demyelination (non-contrast
enhancing, asymmetric T1 hypo and T2 hyperintensities with no perilesional
oedema or mass effect) in subcortical white matter (which progressively becomes
more confluent and necrotic.

Treatment cART in HIV-affected patients. Steroids are used in PML IRIS patients
with impending brain herniation (Weissert 2011).
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8.1.2.5 Primary CNS Lymphoma (PCNSL)

Among the AIDS defining cancers (Kaposi sarcoma, PCNSL, NHL non-Hodgkins’s
lymphoma, Burkitt’s lymphoma, and cervical cancer), PCNSL is frequent CNS
involving cancer (Rubinstein et al. 2014). Approximately 15% of NHLs in HIV
patients present as PCNSL. Mostly these are related to Epstein bar virus and thought
to be due to ineffective immunoregulation. Supratentorial solitary or multiple mass
lesions is a common presentation.

Symptoms and Signs Suggestive of raised intracranial tension (headache,
vomiting, and blurring of vision), focal neurological deficits, seizures, alteration of
sensorium, cranial nerve palsies.

Diagnosis Biopsy of the lesion with histopathological evaluation even though very
sensitive diagnostic test. The yield drops vastly with the use of steroids. CSF
cytology and flow cytometric immunophenotyping. CSF EBV DNA PCR
(as HIV-associated PCNSL is consistently associated with EBV). FDG PET,
SPECT.

MRI brain may show solitary or multiple hypo to isointense lesions on T1
weighted images. They are mostly located in periventricular regions with homoge-
neous contrast enhancement in immunocompetent patients whereas are located at
cortical or subcortical regions with ring or heterogeneous less avid enhancement in
immunocompromised patients. Periventricular location with subependymal and
leptomeningeal spread is mostly observed.

Treatment Whole brain radiotherapy, high dose methotrexate-based
chemotherapy.

8.2  Spinal Cord

Spinal cord injury mediated by HIV is mostly by indirect mechanisms like immune
modulation, degeneration, and opportunistic infections and neoplasms. The patho-
logical mechanism may involve necrosis, demyelination, or vasculitis. Acute trans-
verse myelitis is seen mostly in early stages of seroconversion, whereas Vacuolar
myelopathy and opportunistic infections are noted in late stages of illness.

Signs and Symptoms may present with difficulty in walking (weakness in lower
limbs -spastic paraparesis, incoordination while walking-sensory ataxia, autonomic
disturbances—bowel/bladder involvement etc.).
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8.2.1 Diseases Affecting Spinal Cord in Early Stages of HIV

Primary HIV-Associated Transverse Myelitis Is noted in early stages of sero-
conversion. Mostly accompanied by constitutional features like fever, malaise, and
backache, which gets followed by symptoms of acute transvers myelitis. Biopsy
suggests specific multinucleated giant cells or microglial nodules. CSF may suggest
lymphocytic pleocytosis. MRI may show T2 hyperintensities (dorsal spine is mostly
involved). Steroid pulse therapy mostly shows clinical improvement.

Immune Mediated Transverse Myelitis Mimics CNS demyelinating disorder like
multiple sclerosis and Neuromyelitis Optica spectrum disorder. With brain and
spinal cord demyelinating lesions may also present with optic neuritis (painful loss
of vision and painful eye movements). There is absence of characteristic multinucle-
ated giant cells or microglial nodules and JC virus. Clinical picture suggestive of
longitudinally extensive transverse myelitis may be seen. cCART and steroids are
used for the treatment.

HIV-Associated Motor Neuron Disease (MND) Presents with symptoms of both
upper motor neuron (weakness, hyperreflexia, hypertonia) and lower motor neuron
(weakness, atrophy, fasciculations) disorder. Even though exact pathology is
unknown, histopathology of HIV-associated MND shows pathology other than
ALS (amyotrophic lateral sclerosis). Those with HIV-associated MND present
earlier and progress rapidly as compared to ALS. cART, intravenous IVIG show
stabilization and clinical reversal.

8.2.2 Spinal Cord Involvement in Late and Uncontrolled HIV Stages

Vacuolar myelopathy (HIV-VM) is a very common entity seen due to direct viral
pathology (Wuliji et al. 2019). Its prevalence is quite high up to 22-55% and does
not carry good prognosis. There is formation of myelin sheath vacuoles and lipid-
filled macrophage infiltration predominantly in lateral and posterior parts of the
spinal cord with subsequent cord atrophy. This is mainly noted in lower thoracic
spinal cord. Advanced disease may show complete demyelination, axonal degener-
ation, and astrocytic gliosis (Mongezi et al. 2021).

The viral particles were cultured from the spinal cord tissue, but immunohisto-
chemical studies did not demonstrate them in the vacuoles.

HIV-VM is a diagnosis of exclusion. It has got subacute onset and slow progres-
sion. The possible causes of spinal cord involvement like infectious, inflammatory,
demyelinating, compressive, and metabolic has to be considered and looked for
through neuroimaging and CSF evaluation. There is no definitive treatment at
present. ¢ ART and symptomatic therapy is mostly provided (Robinson-Papp et al.
2019).

In humans, tropical spastic paraparesis and Japanese myelopathy are due to
HTLV infection.
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PCNSL is frequently associated with spinal cord involvement. The disease
harbors poor prognosis.

CMYV myeloradiculitis may present as acute transvers myelitis. When presenting
with polyradiculitis may show LMN (lower motor neuron) type of weakness with
bowel and bladder involvement. May mimic GBS (Guillain Barre syndrome).

Herpes simplex virus (HSV) sacral myeloradiculitis presents with perinium
numbness with bowel bladder incontinence and progressive ascending paresis.
And this too may mimic GBS. HSV may also cause severe necrotizing myelitis
in HIV.

Varicella zoster may case radicular involvement. Retrograde spread may cause
myelitis and encephalitis. It carries poorer prognosis.

Syphilis (Treponema Pallidum) and tuberculosis (Mycobacterium Tuberculosis)
frequently cause extensive spinal cord and radicular involvement.

8.3 Peripheral Nerves

Peripheral neuropathy is one of the commonest complication seen in HIV patients.
As the longevity among HIV patients is increasing with the advent of HAART, the
prevalence of neuropathies is also increasing. Even though distal symmetric neurop-
athy is more frequent presentation, virtually all forms of peripheral neurological
involvement can be seen in HIV. These include acute and chronic inflammatory
demyelinating polyradiculopathies, mononeuropathies, mononeuropathy multiplex,
cranial neuropathies, autonomic neuropathies, and ALS like motor neuropathies.
And it is very difficult to distinguish between those due to direct viral injury and
those due to antiviral drugs (Kaku and Simpson 2014). In pre-ART era, low CD4
count and viral load was associated with HIV DSP. But nowadays this correlation is
not well established (Morgello 2004). Other factors like diabetes,
hypertriglyceridemia, use of statins, older age, height, etc., play a more
important role.
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Abstract

Measles and mumps are two vaccine-preventable viral diseases that can have
serious neurological complications. Four types of encephalitis are associated with
measles infection—primary measles encephalitis, postinfectious encephalomyeli-
tis, subacute sclerosing panencephalitis (SSPE), and measles inclusion body
encephalitis (MIBE). Primary measles encephalitis usually occurs during the
exanthem phase of measles. Postinfectious encephalomyelitis is an autoimmune
disorder with acute disseminated encephalomyelitis (ADEM) occurring soon
after the measles rash and associated with high mortality. SSPE is a rare, rapidly
progressive, and fatal complication occurring usually 610 years after measles
infection. MIBE is similar to SSPE but occurs in immunocompromised hosts
usually within 9 months of measles infection. Meanwhile, the neurological
complications of mumps are usually benign. Aseptic meningitis is the most
common extrasalivary manifestation of mumps with usually complete recovery
within a few days. Mumps-associated encephalitis today is rare. Sensorineural
hearing loss is possible with both measles and mumps. The most effective
prevention strategy for neurological complications of measles and mumps is
vaccination. This is evident by the decline in these neurological complications
in regions with high vaccination rates. Low rates of vaccinations in certain
regions and the rise of vaccine hesitancy continue to make the eradication of
measles and mumps challenging.
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9.1 Measles and Its Neurological Complications
9.1.1 Introduction

Measles, also known as rubeola, is a highly contagious, yet preventable viral disease.
Before the introduction of anti-measles vaccines, measles would result in 30 million
cases and 2 million deaths globally (World Health Organization 2017). By the age of
15 years, more than 95% of children would have had measles infection.

Measles was first documented by the Persian physician Abu Bakr Al-Razi as a
distinct disease from smallpox around the ninth century (World Health Organization
2023a). Then in 1757, the Scottish physician Francis Home proved its presence in
blood. It would not be until 1963 that a vaccine would be publicly introduced for the
prevention of measles and 1971 that Dr. Maurice Hilleman would combine the
individual measles, mumps, and rubella vaccines to create the live attenuated
“MMR” vaccine.

Between 2000 and 2021, vaccination prevented 56 million deaths globally from
the measles virus (Minta et al. 2022). Of note, the COVID-19 pandemic briefly
hampered vaccination efforts globally with vaccination rates for one dose of measles
vaccine dropping from 86% in 2019 to 83% in 2020 and 81% in 2021 (Minta et al.
2022).

The Centers for Disease Control and Prevention (CDC) in the United States
advises that every child receive the MMR vaccine with the first dose between
12 and 15 months; and then, a booster between 4 and 6 years of age (McLean
et al. 2013). In the United Kingdom, the first dose of MMR is recommended at
12 months and the second at 3 years and 4 months (NHS 2020). The World Health
Organization (WHO) in its 2017 position paper recommends the first dose of anti-
measles vaccine at 9 months in areas with high cases of measles and infant mortality
secondary to it (World Health Organization 2017). Most countries have their own
measles vaccination schedule recommendations based on their public health infra-
structure and local incidence of measles.

Despite the time-proven efficacy and benefit of the measles vaccine, the number
of deaths and complications from this preventable disease remains high. This is due
to variable factors from lack of access to vaccines to a rise in vaccine hesitancy. In
2018 alone, the WHO reported more than 140,000 deaths from the measles virus
(World Health Organization 2023b).



9 Neurological Complications of Measles and Mumps 157

9.1.2 \Virology

The measles virus (MeV), which belongs to the Paramyxoviridae family and Mor-
billivirus genus, is responsible for measles disease. It is a single-stranded, negative-
sense RNA virus (Ryan 2022). MeV comprises about 16,000 nucleotides encoding
six structural proteins—nucleoprotein (N), phosphoprotein (P), large protein (L),
matrix protein (M), hemagglutinin protein (H), and fusion protein (F) (Griffin 2014).
There are also two nonstructural proteins—V and C. The genome is encapsulated
helically by the N proteins and packaged with P and L proteins necessary for the
RNA-dependent RNA polymerase (RdRp) complex (Ryan 2022; Watanabe et al.
2019). This core is then enveloped by a host-derived lipid membrane with the M
protein lying on the inner side. H and F proteins can be found on the surface of the
lipid envelope forming glycoprotein spikes.

Humans are the only known hosts for the wild-type measles virus. Due to mainly
genetic variability in the H and N genes, up to 24 genotypes of the wild-type measles
virus have been identified (Beaty and Lee 2016). However, the limited variability in
the surface glycoproteins (H and F) allows for only one known serotype with long-
term immunity achieved from either primary infection or vaccination. This is why
measles vaccines derived from the now-extinct wild-type genotype A continue to
confer immunity against all genotypes of measles (Griffin 2014; Moss 2017). In
public health, genotyping can help in outbreaks by tracking the infection, determin-
ing the country of origin, and distinguishing infection from wild-type measles virus
versus vaccination (CDC 2022a).

9.1.3 Pathogenesis

Measles is a highly contagious viral disease as reflected by its high basic reproduc-
tion number—R, = 12—18, where R naught (R) reflects the average number of
uninfected and unvaccinated people one person with measles can infect (Maldonado
and Shetty 2018a). One person with measles can infect up to 90% of their close
nonimmune contacts and are usually highly infectious four days prior to and 4 days
after the measles rash appears (CDC 2020; World Health Organization 2023b). The
measles virus (MeV) is transmitted through infected respiratory droplets and
aerosolized particles which may remain contagious in the air or on surfaces for up
to two hours (Gastafiaduy and Goodson 2023).

The viral envelope surface proteins—hemagglutinin (H) and fusion (F)—play an
important role in the pathogenesis of measles infection (Rota et al. 2016). The H
protein allows for binding to the host cell via the signaling lymphocytic activation
molecule (SLAM) receptor found mainly on immune cells. The F protein then
facilitates the fusion of the viral lipid envelope with the host cell’s plasma mem-
brane. This allows for the viral genetic core and RdRp complex to enter the host
cell’s cytoplasm where replication occurs. The matrix (M) protein then helps with
assembling the replicated virus and budding of new virions. The F protein plays a
role in also allowing lateral cell-to-cell viral transmission as well as fusion between
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cells (Cherry and Lugo 2019). Meanwhile, the V and C proteins have been shown to
play a role in evading the host’s immune system (Rota et al. 2016).

When the measles virus first enters the respiratory tract, it appears that it is unable
to directly infect the respiratory epithelial cells as they lack SLAM receptors.
Instead, the virus is believed to first infect the SLAM™ antigen-presenting cells
(APCs) like dendritic cells and macrophages in the respiratory tract (Laksono et al.
2016). These APCs likely extend their arm-like projections between the tight
epithelial cellular junctions coming in contact with the MeV (Noyce and Richardson
2012). Once infected via the SLAM receptor, these immune cells allow for MeV
replication within the local lymph nodes. From there, the MeV disseminates
throughout the lymphoid tissues in the body that have high concentrations of
SLAM* immune cells (Griffin 2014; Rota et al. 2016). This results in viremia
occurring in the first week of infection (during the incubation period) with the
virus spreading throughout the body including lymphoid tissues, spleen, lungs,
kidney, and skin (Griffin 2014). The infected SLAM* immune cells likely then
infect the respiratory epithelial cells on the basolateral side via the cellular adhesion
molecules—nectin 4—using them as a receptor for entry (Miihlebach et al. 2011;
Noyce and Richardson 2012; Singh et al. 2016). The respiratory epithelial cells then
transmit the virus laterally from cell to cell via the nectin 4 cellular adhesions. The
matrix (M) protein of the MeV helps with the assembly and budding of the new
virions apically from these infected respiratory cells allowing for transmission to
other susceptible hosts. The fusion (F) protein facilitates the fusion of infected cells
in the epithelium creating giant multinucleated cells that can be identified in urine
and secretions from the eyes and nose (Griffin 2014).

9.1.3.1 Neuropathophysiology

How the measles virus enters the central nervous system (CNS) remains unclear.
However, MeV RNA has been found in some brain tissue samples in those with
neurological complications of measles (Griffin 2014). The viral RNA antigens
isolated from brain tissue appear to show mutations when compared to the wild-
type virus. It is believed that the MeV may cross the blood—brain barrier through
infected immune cells via the Trojan horse method. Once in the CNS, it likely
spreads laterally via cell-to-cell transmission. In some CNS complications,
intranuclear and cytoplasmic inclusion bodies may also be seen in the neurons
reflecting hyperfusogenic activity by the mutated MeV (Sato et al. 2018; Watanabe
etal. 2019). Given that SLAM and nectin 4 are normally not expressed by neurons, it
is likely that some other receptors or mechanisms may play a role in the pathogenesis
of the CNS.

9.1.4 Clinical Manifestations
9.1.4.1 Classic Measles

Measles infection can be clinically split into three distinct periods—incubation,
prodromal, and exanthem (Cherry and Lugo 2019).
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Fig. 9.1 Koplik spots can be
seen on the mucosa of the soft
palate and oropharynx in this
patient with measles. Image
source: Centers for Disease
Control and Prevention—
Public Health Image
Library—ID#3187
(Eichenwald 1958)—
copyright restrictions: none;
this image is in the public
domain and thus free of any
copyright restriction

The incubation period starts with the measles virus entering the respiratory (or in
some cases conjunctival) mucosa and leads to viremia. It lasts on average about
10 days but can be as long as three weeks (Gastafladuy et al. 2021; Riedel et al.
2019).

The short prodromal period then follows lasting about 2—4 days and is
characterized by fever with a gradual increase in temperature of up to 39.5-40.5 °
C (Gastafiaduy et al. 2021). This is accompanied by one or more of the classic three
Cs—cough, coryza (rhinitis), and conjunctivitis.

In about 60% of infected individuals, Koplik spots (Fig. 9.1) on buccal and
sometimes vaginal mucosa may be seen 1-2 days prior to the onset of the measles
rash (Cherry and Lugo 2019; Perry and Halsey 2004). Koplik spots (the enanthem of
measles) are considered pathognomonic for measles and may allow for earlier
diagnosis. They are characterized as blue-white spots on an erythematous mucosal
base usually seen in the mouth opposite the lower molars.

The exanthem period begins about 14 days after the initial exposure to the
measles virus and is characterized by the measles rash (Gastafaduy et al. 2021).
The rash (Fig. 9.2) starts as an erythematous maculopapular eruption involving the
forehead and behind the ears and spreads centrifugally along the trunk to the
extremities (Perry and Halsey 2004; Riedel et al. 2019). Over a few days, the rash
may become confluent in some places, especially the face (Cherry and Lugo 2019).
The first few days of the rash are commonly associated with high fevers, pharyngitis,
and lymphadenopathy. The measles rash lasts for about 5—7 days fading in the same
cranial to caudal fashion as it had spread. Meanwhile, the cough may last for about
10 days more.

9.1.4.2 Modified Measles

Modified measles occurs in a subset of individuals that are partially immune to the
measles virus and presents with milder symptoms (Cherry and Lugo 2019). The
incubation period can be longer (up to 21 days) with a shortened prodromal period
(Perry and Halsey 2004; Riedel et al. 2019). Koplik spots may not occur, and the
respiratory symptoms and rash may be milder. Modified measles can occur in infants
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Fig. 9.2 A boy diagnosed
with measles exhibiting the
measles rash on day 3 of the
exanthem period. Image
source: Centers for Disease
Control and Prevention—
Public Health Image
Library—(Measles Photos
2023)—copyright restrictions:
none; this image is in the
public domain and thus free of
any copyright restriction

with maternal measles antibodies transferred transplacentally, individuals with prior
immunoglobulin administration for measles postexposure prophylaxis, or more
commonly from secondary vaccine failure (Cherry and Lugo 2019).

9.1.4.3 Atypical Measles

Atypical measles is another clinical presentation that is rare today. It was primarily
seen in individuals that were vaccinated with the inactivated measles vaccine in the
United States from 1963 to 1968 (Perry and Halsey 2004). Clinical presentation was
with higher fevers, atypical rash spreading from extremities to the trunk, and
pulmonary involvement from hilar lymphadenopathy to pneumonia (Cherry and
Lugo 2019).

9.1.5 Diagnosis

Any person exhibiting a fever, rash, and one or more of the three C symptoms—
cough, coryza, or conjunctivitis—should be suspected of measles (World Health
Organization 2022). Laboratory diagnosis is needed for confirmation of a measles
case to help distinguish it from other diseases with rashes such as rubella or
parvovirus B19 (World Health Organization 2017). Reverse transcriptase polymer-
ase chain reaction (RT-PCR) analysis for MeV from nasopharyngeal, oral, or urine
specimens, as well as the detection of MeV-specific immunoglobulin M (IgM)
antibodies in serum samples, are typically used for laboratory-based confirmatory
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testing (World Health Organization 2017). False negatives with IgM testing may
occur in those with secondary vaccine failure (Cherry and Lugo 2019). A significant
rise in anti-measles immunoglobulin G (IgG) titers between the acute and convales-
cent phase may be also used for establishing a laboratory diagnosis (Gastafiaduy and
Goodson 2023). Isolation of the measles virus in cell culture is rarely done for the
purpose of establishing measles infection.

The CDC advises healthcare professionals to collect two samples when measles is
suspected: serum to detect anti-measles IgM antibodies and throat or nasopharyngeal
swabs for RT-PCR analysis (CDC 2022b). A urine sample may also be collected to
detect MeV RNA. As IgM antibodies tend to peak within 1-3 weeks from the
appearance of the measles rash, in about 25% of individuals they may not be
detectable if checked within 3 days of rash onset (Moss 2017). In this case, if
RT-PCR testing was either not done or negative, repeating IgM antibody testing
within ten days is recommended by the CDC.

9.1.6 Management

Supportive care is the primary approach to treating measles infection. It may include
rehydration and nutritional support as well as targeting specific symptoms such as
antipyretics for fever and antitussives for cough. Antibiotics may be indicated in
those that develop superimposed bacterial infections like pneumonia (Moss et al.
2009). Given that measles is extremely contagious, those infected should isolate for
at least four days after rash onset (CDC 2022c).

The WHO recommends giving oral vitamin A to acutely infected children with
measles, as vitamin A deficiency has been linked to recovery delays and higher post-
measles complication risks (World Health Organization 2017). Meanwhile, the CDC
recommends vitamin A only for hospitalized cases of severe measles in children
(CDC 2022c).

9.1.7 Neurological Complications

Most people infected with measles usually experience complete recovery within
10-14 days of rash onset. Up to 30% may experience complications from measles
infection including otitis media, pneumonia, diarrhea, laryngitis, myocarditis, peri-
carditis, and encephalitis (Cherry and Lugo 2019; Gastafiaduy et al. 2021). Enceph-
alitis from measles is one of the most feared complications as it can sometimes be
fatal. Ever since the discovery and implementation of measles vaccination, the
incidence of these neurological complications (Table 9.1) has significantly dropped
globally. There is no specific therapy available for measles-associated encephalitis,
making prevention through vaccination key.
Measles-associated encephalitis can be classified into four diseases:
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. Primary measles encephalitis.

. Postinfectious encephalomyelitis.

. Subacute sclerosing panencephalitis.
. Measles inclusion body encephalitis.

W N =

9.1.7.1 Primary Measles Encephalitis

9.1.7.1.1 Epidemiology

Primary measles encephalitis (PME) is a form of encephalitis that usually occurs
during the exanthem (rash) period of the measles infection. The incidence of PME is
predominantly based on older literature putting it to be about 1 per 1000 cases of
measles (La Bocetta and Tornay 1964). It should be noted that in some reports,
primary measles encephalitis and postinfectious encephalomyelitis have been
grouped as one entity.

9.1.7.1.2 Clinical Presentation

The onset of primary measles encephalitis is usually within a few days of the rash
developing during the exanthem period (Cherry and Lugo 2019). Presenting
symptoms may include fever, altered mental status, convulsions, irritability, focal
neurological symptoms, and coma (La Bocetta and Tornay 1964). Infrequently,
primary measles encephalitis may present without a rash in immunocompetent
hosts as Zeng et al. reported 12 such cases in the literature (Zeng et al. 2016).

9.1.7.1.3 Diagnosis

Clinical diagnosis can be challenging and usually dependent on establishing concur-
rent measles infection and encephalitis. The differential diagnosis for encephalitis is
broad and may include viral, bacterial, fungal, inflammatory, toxin, or tumorous
etiologies.

Encephalitis can be clinically suspected using the criteria outlined by the Con-
sensus Statement of the International Encephalitis Consortium. It requires altered
mental status and the onset of at least 2 or 3 of the following—fever, convulsions,
focal neurological abnormalities, pleocytosis in the cerebrospinal fluid (CSF),
abnormalities on neuroimaging, or abnormal electroencephalogram (EEG) changes
(Venkatesan et al. 2013). Lumbar puncture, EEG, and neuroimaging (preferably
magnetic resonance imaging) should be performed.

In primary measles encephalitis, the CSF analysis usually reveals lymphocytic
pleocytosis, slightly elevated protein, and normal glucose levels (Cherry and Lugo
2019; La Bocetta and Tornay 1964). MeV may also be detected in the CSF in some
cases (Zeng et al. 2016). EEG may show nonspecific changes such as generalized
slowing (Gibbs et al. 1959). Neuroimaging with magnetic resonance imaging (MRI)
may reveal nonspecific scattered bilateral hyperintensities on T2-weighted imaging
(Carmo et al. 2019; Lee et al. 2003).
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9.1.7.1.4 Treatment

Treatment for primary measles encephalitis is largely supportive with symptomatic
management such as antiepileptics for seizures and osmotically active agents for
severe cerebral edema (Buchanan and Bonthius 2012). Ribavirin has been used in
some cases with mixed results.

9.1.7.1.5 Prognosis

Death can occur in about 15% of cases and with 25% having permanent neurological
sequelae like deafness or intellectual disability (Buchanan and Bonthius 2012;
Cherry and Lugo 2019; La Bocetta and Tornay 1964).

9.1.7.1.6 Neuropathophysiology and Neuropathology

Primary measles encephalitis is believed to possibly be due to direct CNS infection
by the MeV. The underlying neuropathophysiology remains unclear and controver-
sial. Initially, it was believed that these cases of primary measles encephalitis may
actually have been secondary to the autoimmune demyelinating process of acute
disseminated encephalomyelitis (ADEM). However, studies have reported viral
antigen being detected in brain tissue suggesting direct invasion of the brain by
the measles virus (Cherry and Lugo 2019). Neuropathology findings may include
significant perivascular infiltration, edema, hemorrhage, demyelination, and
intranuclear and intracytoplasmic inclusion bodies (Adams et al. 1966).

9.1.7.2 Postinfectious Encephalomyelitis

9.1.7.2.1 Epidemiology

Acute disseminated encephalomyelitis, often referred to as “ADEM,” is a poorly
understood neurological autoimmune disorder that is characterized by demyelination
of the central nervous system. It typically occurs following a systemic viral illness,
hence sometimes referred to as “postinfectious” encephalomyelitis. The most com-
monly implicated viral infections include measles, mumps, rubella, varicella, and
influenza (Noorbakhsh et al. 2008). Other implicated infections include Epstein-Barr
virus, herpes simplex virus, human immunodeficiency virus, group A beta-
hemolytic streptococcus, Legionella pneumophila, Salmonella typhi, Mycoplasma
pneumoniae, and Rickettsia rickettsii to name a few (Noorbakhsh et al. 2008). The
term acute postinfectious measles encephalomyelitis is also sometimes used when
referring to ADEM associated with measles.

About 75% of children with ADEM have a preceding (usually upper respiratory
tract) infection, and about a third may have no identified cause (Cole et al. 2019;
Menge et al. 2005; Noorbakhsh et al. 2008; Tenembaum et al. 2002). ADEM is a
rare autoimmune disorder that is seen mostly among children and has an incidence of
about 0.2-0.8 per 100,000 children (Cole et al. 2019; Leake et al. 2004; Noorbakhsh
et al. 2008). The median age of onset is around 5 years, and a slight male predomi-
nance has been reported in some studies (Cole et al. 2019; Johnson et al. 1984;
Tenembaum et al. 2002). The incidence of ADEM following measles infection is
around 1 per 1000 cases and based on older reports (Griffin 2014).
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9.1.7.2.2 Clinical Presentation

In individuals with measles infection, ADEM usually presents within 10 days after
the onset of the exanthem phase, but in some cases may occur weeks after (Perry and
Halsey 2004). It often begins with fever starting again, headaches, and malaise
which after a few days are followed by neurological symptoms. These may include
encephalopathy from altered mental status to coma, cranial nerve deficits, acute
hemiparesis, cerebellar ataxia, extrapyramidal symptoms, seizures, and other motor
and sensory deficits (Johnson et al. 1984; Noorbakhsh et al. 2008; Tenembaum et al.
2002). Spinal column involvement in the form of acute transverse myelitis may
also occur resulting in loss of bladder and bowel control (Buchanan and Bonthius
2012).

9.1.7.2.3 Diagnosis

ADEM is a diagnosis of exclusion that is usually made based on clinical history,
CSF findings, and neuroimaging after other diagnoses have been excluded. Differ-
ential diagnosis for ADEM is quite broad, but the help of neuroimaging with MRI
can help further distinguish diagnoses like multiple sclerosis, viral or bacterial
encephalitis, viral or bacterial meningitis, vasculitis like primary angiitis of the
central nervous system (PACNS), toxic leukoencephalopathies, or tumors like
astrocytoma (Hemingway 2020; Pohl et al. 2016).

The CSF analysis may appear normal or with slight pleocytosis, mildly increased
protein concentration, and normal glucose levels (Griffin 2014; Hemingway 2020).
CSF testing should also be done to rule out infectious etiologies. EEG is usually
abnormal with nonspecific findings of generalized slowing (Cole et al. 2019).

Neuroimaging is essential for establishing a clinical diagnosis of ADEM with
magnetic resonance imaging (MRI) being the ideal modality as computed tomogra-
phy (CT) scans initially may be unremarkable. Fluid-attenuated inversion recovery
(FLAIR) and T2-weighted imaging often reveal demyelination with multiple, bilat-
eral, large, asymmetric, and hyperintense lesions in the deep white matter and
subcortical regions of the CNS (Noorbakhsh et al. 2008; Tenembaum et al. 2002).
Gray matter lesions can be observed in the basal ganglia and in the thalamus. The
spinal column may also be involved with clinical transverse myelitis symptoms
(Pohl et al. 2016).

While there are no defined criteria for identifying ADEM in adults, the Interna-
tional Pediatric Multiple Sclerosis Study Group (IPMSSG) has suggested a diagnos-
tic criteria for diagnosing ADEM in the pediatric population. It includes children
presenting with unexplained noninfectious encephalopathy and multifocal clinical
CNS involvement secondary to a presumed inflammatory or demyelinating event
that is supported by MRI findings (Krupp et al. 2007). While ADEM is usually
monophasic, in some cases it may be recurrent or multiphasic; these have also been
defined by the IPMSSG. Brain biopsy may be done in some cases when a clinical
diagnosis is not able to be established.
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9.1.7.2.4 Treatment

Given that ADEM is believed to be essentially an autoimmune disorder, the general
consensus is to treat with immune-modulating therapies. Treatment regimens are
largely based on observational studies. The initial choice of treatment is usually
high-dose intravenous glucocorticoids followed by an oral glucocorticoid taper over
4-6 weeks (Hemingway 2020; Pohl et al. 2016). Intravenous immunoglobulin and in
refractory cases—plasma exchange—may also be considered.

9.1.7.2.5 Prognosis

Mortality associated with acute postinfectious measles encephalomyelitis (ADEM
occurring following a measles infection) is high and has been reported to be between
10 and 40% in prior studies (Griffin 2014; Johnson et al. 1984; Noorbakhsh et al.
2008). Morbidity is also high in these individuals with up to a third having residual
neurological deficits like cognitive impairment, hemiparesis, behavioral problems,
and epilepsy (Cherry and Lugo 2019; Noorbakhsh et al. 2008).

This is in contrast to nonmeasles-associated ADEM where up to 75% may have a
complete recovery (Noorbakhsh et al. 2008). In one study of 84 pediatric patients
with ADEM but without known primary measles infection, 89% had complete
neurological recovery or mild neurological impairment without disability
(Tenembaum et al. 2002).

9.1.7.2.6 Neuropathophysiology and Neuropathology

The exact underlying mechanism of acute postinfectious measles encephalomyelitis
remains unclear. Some hypothesize that it is a result of molecular mimicry between
the measles virus itself and the myelin proteins leading to this exaggerated immune
response rather than direct viral CNS invasion (Laksono et al. 2016; Noorbakhsh
et al. 2008). Genetic predisposition has also been implicated in possibly playing a
role in this likely autoimmune process (Griffin 2014).

Histopathological findings of white and gray matter include perivascular inflam-
mation and demyelination with axons being relatively spared (Noorbakhsh et al.
2008). Viral proteins, RNA, and inclusion bodies are not seen suggesting again no
direct infectious invasion of the central nervous system. Histopathological findings
of ADEM have been found to be analogous to those seen in experimental autoim-
mune encephalomyelitis (EAE) animal models.

9.1.7.2.7 Postvaccination Encephalomyelitis

Rare incidences of ADEM have been reported after vaccination, in which case they
can be referred to as “postvaccination” encephalomyelitis. Whether vaccines such as
MMR truly cause ADEM remains controversial. The Vaccine Safety Datalink
reviewed 64 million vaccine doses that were administered between 2007 and 2012
in the United States. Eight cases of ADEM and seven cases of transverse myelitis
were found to have occurred within the 5-28 days of the defined “primary exposure
window” (Baxter et al. 2016). Vaccines like MMR were not found to have an
increased risk of ADEM in this study. The Tdap vaccine, however, did show an
attributable risk of 0.4 cases of ADEM per million vaccine doses (Baxter et al. 2016).
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It should be noted that this was based on only 2 cases of ADEM being reported in the
post-Tdap vaccination group. Vaccinations were not found to be associated with an
increased risk of transverse myelitis.

In some studies, the incidence of post-measles vaccination encephalitis has been
reported to be around 1 case of encephalitis per 1,000,000 live measles vaccines. In
these studies, however, encephalitis was not defined as ADEM specifically. Regard-
less, in comparison to the primary wild-type measles infection risk of 1 case of
ADEM per 1000 measles infections, the advantages of measles immunization clearly
outweigh any possible risks.

9.1.7.3 Subacute Sclerosing Panencephalitis (SSPE)

9.1.7.3.1 Epidemiology

Subacute sclerosing panencephalitis (SSPE) is a rare, rapidly progressing, late-onset,
and fatal neurological complication of measles. SSPE onset prior to vaccination was
around 6-10 years after primary measles virus infection but could occur even more
than 10 years after (Griffin 2014). The median age of onset is around 9 years with a
range of 5—-15 years usually (Campbell et al. 2007; Dyken 1985; Maldonado 2008).
There is a gender predilection with SSPE affecting boys more than girls with about a
3:1 ratio (Campbell et al. 2007; Jabbour et al. 1972). A higher risk of developing
SSPE has also been associated with primary measles infection at an age of less than
2 years (Bellini et al. 2005; Jabbour et al. 1972).

Since the introduction of the measles vaccine, SSPE incidence has significantly
decreased and is reportedly around 4—11 SSPE cases per 100,000 cases of measles
infection (Campbell et al. 2007; Griffin 2014; Leung and Marlow 2022). The
prevaccination incidence of SSPE is unclear. There is also great variability in the
reported incidence of SSPE among different countries with it being quite rare in
those with high rates of vaccination against measles.

In the United States between 1960 and 1974, the risk of developing SSPE
following measles infection was determined to be on average 8.5 cases of SSPE
per million cases of measles with the first measles vaccine being licensed in 1963
(Dyken et al. 1982). The incidence of SSPE in those under 20 years of age was about
0.61 per million population in 1970 and with increased vaccination having dropped
to 0.35 in 1975 and 0.06 in 1980 (Dyken et al. 1982). By the late 1980s, only 1-2
cases of SSPE per year were reported, thanks to increased vaccination coverage
(Bellini et al. 2005). Between 1989 and 1991, there was a resurgence of measles
infection; Bellini et al. estimated the risk of developing SSPE to be much higher
during this period at about 22 cases of SSPE per 100,000 cases of measles and
suggested possible underreporting of true SSPE incidence (Bellini et al. 2005;
Campbell et al. 2007).

In South India from 1983 through 1987, the annual incidence of developing SSPE
was estimated to be much higher between 2.14 to 21 cases of SSPE per 1 million
population (Saha et al. 1990). It should be noted that the Universal Immunization
Program (UIP) began in 1985 in India with about 45% reported measles coverage by
1987 (Government of India 2005). This higher incidence of SSPE in India and other
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countries may be attributable to high measles infection rates and measles infection
occurring at a younger age. For example, in India, 60% of measles infections
occurred in those younger than two years of age (Cherry and Lugo 2019).

9.1.7.3.2 Clinical Presentation

Initial symptoms of SSPE can be subtle like progressively worsening school perfor-
mance, inattentiveness, changes in personality, and behavioral problems that can be
initially misdiagnosed as psychiatric disorders (Cherry and Lugo 2019; Perry and
Halsey 2004). These initial symptoms are classified as stage I of IV of SSPE and
associated with 0-30% disability lasting for less than 6 months and in some cases for
years (Dyken 1985).

This is followed by stage II which includes characteristic myoclonic jerking
movements of the head, trunk, and limbs occurring repetitively and eventually
every 5-10 s (Dyken 1985). Seizures, loss of coordination, spasticity, extrapyrami-
dal symptoms such as chorea-athetosis and cognitive decline including dementia
occur (Jabbour et al. 1969). This stage lasts for about 3—12 months and is associated
with 31-55% disability (Dyken 1985).

Neurological symptoms continue to deteriorate further in stage III with myo-
clonic jerks giving way to increased rigidity and decerebrate posturing (Dyken 1985;
Jabbour et al. 1969). Stage III lasts around 3-18 months and is associated with
55-80% disability (Dyken 1985).

Stage IV is defined by mutism, loss of cerebral cortex function, flaccidity or
spasticity, autonomic dysfunction, a vegetative state, and then death (Dyken 1985;
Jabbour et al. 1969). SSPE is rapidly progressive and may result in death in months
to a few years. Seizures and death can occur at any stage. Ocular involvement may
occur in 50% of SSPE cases and includes papillitis, macular degenerative changes,
chorioretinitis, optic neuritis, and blindness (Colpak et al. 2012).

9.1.7.3.3 Diagnosis
The modified Dyken’s criteria is often used to make a clinical diagnosis of SSPE
(Dyken 1985; Gutierrez et al. 2010). It requires that both major criteria and at least
one minor criteria be met.

The two major criteria include the following:

1. Typical or atypical clinical presentation—not all presenting with SSPE may be
noted or recognized to be going through the previously described 4 stages of
SSPE. Typical presentations may include a clinical course that is acute and
rapidly progressive, subacute and progressive, chronic and progressive, or
chronic relapsing and remitting. Atypical presentations may include those with
prolonged stage I so that the diagnosis is missed, seizures, or presentation at an
unusual age like during infancy or adulthood (Dyken 1985). Most present with an
acute or subacute progressive form of SSPE (Dyken 2001).

2. Elevated anti-MeV IgG antibody titers in CSF.

The four minor criteria include the following:



9 Neurological Complications of Measles and Mumps 169

1. Typical EEG findings—discussed further below.
2. Cerebrospinal fluid globulin levels comprising more than 20 percent of total CSF
protein—this includes gamma globulins with or without oligoclonal bands.
. Brain biopsy—demonstrating histopathological findings consistent with SSPE.
4. Molecular diagnostic testing—detection of wild-type measles virus with
mutations.

w

Classic EEG findings of SSPE are usually seen during the myoclonic stage of
SSPE—stage II. These are characterized as bilaterally synchronous periodic bursts
of two to four high-amplitude slow waves occurring every 2-20 s (Ekmekci et al.
2005; Markand and Panszi 1975). However, other EEG findings may also be seen
ranging from normal in stage I to low amplitude and disorganized in stage IV (Dyken
1985). Many different types of nonclassical or atypical EEG findings such as
prolonged discharges, periodic bursts that are asynchronous, or lateralized periodic
bursts have been reported in the literature making EEG alone insufficient to rule out
SSPE (Ekmekci et al. 2005; Markand and Panszi 1975).

On neuroimaging, CT and MRI may initially be normal in SSPE at the time of
presentation. However, with disease progression, T2-weighted images on MRI may
reveal hyperintensities usually involving the periventricular and subcortical white
matter and diffuse cerebral atrophy (Anlar et al. 1996). MRI findings may or may not
correlate with the clinical neurological symptoms. Differential diagnosis can be
broad and include psychiatric disorders, seizure disorders, viral encephalitis, auto-
immune encephalitis, multiple sclerosis, brain tumors, or progressive rubella
panencephalitis (Garg 2008).

9.1.7.3.4 Treatment

Treatment for subacute sclerosing panencephalitis is largely supportive such as the
use of antiepileptic drugs for managing seizures or antispasmodic drugs for spasms.
Some medications used for management based on mostly small clinical studies or
case reports with varying degrees of effect include immunomodulator drugs
(isoprinosine, interferon alpha, interferon beta, amantadine, intravenous immuno-
globulin) and antiviral drugs (ribavirin, favipiravir, and remdesivir) (Samia et al.
2022).

9.1.7.3.5 Prognosis
SSPE is a fatal disease that usually results in death within 1-3 years of onset
(Buchanan and Bonthius 2012). The only preventative measure is vaccination.

9.1.7.3.6 Neuropathophysiology and Neuropathology
The exact mechanism by which the measles virus leads to subacute sclerosing
panencephalitis remains unclear. MeV RNA detected from brain tissue of SSPE
cases appears to be “defective” or “mutated” compared to the wild-type measles
virus (Maldonado and Shetty 2018a).

It is believed that the wild-type measles virus, through an unknown mechanism
(perhaps via the Trojan horse method) enters the central nervous system during the
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initial primary measles infection. An immune response is then mounted by the host
but does not completely eliminate the virus from the CNS (Griffin 2014). The
measles virus is able to replicate within the neurons and likely spreads by the use
of unknown receptors or mechanisms.

The M protein which is responsible for budding and viral shedding appears to be
highly mutated in SSPE. This suggests that the MeV does not rely on budding as a
mechanism of CNS infection and persistence. MeV in cell culture with mutations in
the F protein tail has been found to be hyperfusogenic (Rima and Paul Duprex 2005;
Watanabe et al. 2019). This may enable the virus to propagate from cell to cell in the
CNS with viral persistence for years until the onset of SSPE. It is unclear why a
latent period exists between the initial exposure to the measles virus and SSPE onset.
Also, what triggers the onset of SSPE is not known.

Histopathological findings of tissue samples from brain biopsy or postmortem
analysis may reveal perivascular inflammation with infiltration of lymphocytes and
plasma cells, astrocytosis, presence of intranuclear and intracytoplasmic MeV inclu-
sion bodies in glial and neuronal cells, and diffuse cortical atrophy (Bellini et al.
2005; Jabbour et al. 1969; Ryan 2022). MeV antigens can often be identified from
brain tissue samples demonstrating that SSPE is a complication of measles involving
a defective measles virus strain that has managed to evade the host’s immune
responses.

9.1.7.3.7 Immunization and SSPE

There has been some controversy regarding whether the live attenuated measles
vaccine could directly cause SSPE. This is because there have been some instances
of SSPE being diagnosed in those without a history of prior measles infection but a
history of measles vaccination. The current evidence does not support a causation
link between SSPE and the measles vaccine (World Health Organization 2005). It is
possible that these cases attributed to postvaccination SSPE are actually related to
wild-type primary measles infection. Bellini et al. analyzed measles virus RNA from
brain tissue samples of 11 patients with SSPE that had been referred to the US
Centers for Disease Control and Prevention (Bellini et al. 2005). All of these samples
revealed genotypes consistent with wild-type measles virus including the six cases
with a history of measles vaccine but no prior history of measles infection or rash
reported. Campbell et al. reported 23 cases of SSPE from the literature in vaccinated
individuals all revealing nonvaccine, wild-type genotype virus (Campbell et al.
2007). If SSPE is caused by the measles vaccine the isolated virus should be the
vaccine genotype and not the wild type. This suggests that reports of postvaccination
SSPE may actually be from exposure to wild-type measles virus with either the
diagnosis being missed or perhaps having had subclinical symptoms. The benefits of
vaccination outweigh any potential risk of SSPE and have made it a rare complica-
tion in regions with high vaccination rates.
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9.1.7.4 Measles Inclusion Body Encephalitis

9.1.7.4.1 Epidemiology

Measles inclusion body encephalitis (MIBE) is another rare, rapidly progressive, and
fatal complication of measles. It occurs in immunocompromised individuals with
impaired cell-mediated immunity like acute lymphoblastic leukemia, other
malignancies, human immunodeficiency virus (HIV) infection, and transplantation
(Griffin 2014). MIBE may also occur in immunocompromised individuals following
MMR vaccination with onset of about four to nine months after vaccination (Bitnun
et al. 1999; Gastafiaduy et al. 2021).

The actual incidence of MIBE is unclear. Mustafa et al. in 1993 published a case
series of 33 patients diagnosed with MIBE in which the mean age of diagnosis was
around six years (Mustafa et al. 1993). MIBE appears to be similar to SSPE with
underlying measles virus persistence, except that the host in MIBE is
immunocompromised.

9.1.7.4.2 Clinical Presentation

Measles inclusion body encephalitis presents weeks to months after exposure to the
measles virus (Cherry and Lugo 2019). Initial measles infection may be missed at the
time of presentation due to the absence of symptoms or only mild symptoms
occurring due to the host’s impaired immune responses. The enanthem of measles
(Koplik spots) may be absent, and the exanthem of measles (rash) may be mild or
have an atypical presentation (Hughes et al. 1993). Most cases of MIBE present with
altered mental status and intractable seizures without any fevers (Griffin 2014;
Mustafa et al. 1993). Other neurologic symptoms such as hemiparesis, ataxia,
aphasia, visual disturbances, dysphagia, emotional lability, and hypertension may
occur (Mustafa et al. 1993).

9.1.7.4.3 Diagnosis

At presentation, CSF findings in MIBE are usually normal with undetectable anti-
measles virus antibodies (Mustafa et al. 1993). EEG is nondiagnostic and may reveal
focal or generalized epileptiform discharges or generalized slowing (Buchanan and
Bonthius 2012). MRI brain imaging initially may be normal and eventually reveal
nonspecific multifocal cortical lesions (Aldecoa et al. 2020; Buchanan and Bonthius
2012; Lytvyn et al. 2020; Rodriguez et al. 2020). Definitive diagnosis is usually
made on brain biopsy or postmortem analysis of the brain with the measles virus
being identified (Griffin 2014).

9.1.7.4.4 Treatment

There is no approved treatment for MIBE with management primarily being sup-
portive. The use of antiviral therapy with ribavirin and interferon has been reported
in some cases but overall has been unsuccessful.
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9.1.7.4.5 Prognosis

MIBE has a very poor prognosis with over 75% dying from it within a few weeks to
ten months (Mustafa et al. 1993). Those that survive usually are left with significant
neurological impairment.

9.1.7.4.6 Neuropathophysiology and Neuropathology

The exact mechanism by which the measles virus leads to measles inclusion body
encephalitis remains unclear. It is likely similar to SSPE with mutated MeV spread-
ing through the central nervous system (Griffin 2014).

Electron microscopy of brain tissue usually reveals intranuclear and/or
intracytoplasmic inclusion bodies within neurons and glial cells comprising of
paramyxovirus nucleocapsid (Mustafa et al. 1993; Rima and Paul Duprex 2005).
Other histological findings of brain tissue may include gliosis, perivascular cuffing
by leukocytes, neuronal necrosis, and demyelination (Jabbour et al. 1969; Mustafa
et al. 1993). Defective MeV proteins and RNA can be identified from brain tissue
samples (Griffin 2014).

9.1.7.5 Hearing Loss

Prior to widespread immunization against measles, it is reported that 5-10% of
bilateral sensorineural hearing loss in the United States was secondary to measles
(McKenna 1997). Today, measles-associated hearing loss is uncommon in nations
where immunization rates are high. The underlying pathophysiology is unclear. One
mechanism may be secondary otitis media with bacterial superinfection (Cohen et al.
2014). On histopathological evaluation of temporal bone, diffuse cochlear destruc-
tion is often seen involving the cochlear neurons, organ of Corti, and stria vascularis
(McKenna 1997).

9.2 Mumps and Its Neurological Complications
9.2.1 Introduction

Mumps is a contagious, often mild, and self-limiting viral illness that is most
commonly clinically associated with parotitis. The annual global incidence of
mumps is 100-1000 cases of mumps per 100,000 unvaccinated people (World
Health Organization 2007). It affects mostly children between the ages of five and
nine. Outbreaks of mumps spike every 2—5 years. People born before 1957 are
considered to have natural immunity.

The first mumps vaccination was authorized in the United States in 1967, and the
measles, mumps, and rubella (MMR) vaccine was introduced in 1971 (Marlow et al.
2021). With the advent of the MMR vaccine, mumps cases in the United States
decreased by more than 99% from 152,209 cases in the year 1968 to just 338 in the
year 2000 (CDC 2023; Leung and Marlow 2022). Between 2000 and 2005, the
number of cases remained low with annually being around 200-350 until 2006 when
there was a peak of 6584 cases reported (CDC 2023; Dayan et al. 2008).
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Interestingly, this outbreak occurred among young adults who had already received
at least one dose of the MMR vaccine. This outbreak and others continue to occur
periodically usually in young adults in prolonged close contact environments like
universities (Clemmons et al. 2019). It is unclear why vaccinated individuals may
still get mumps but believed to be due to either primary vaccine failure or secondary
vaccine failure with waning immunity. Similar to the United States, other nations
with high immunization rates like the Netherlands and Sweden have experienced
similar outbreaks among vaccinated individuals (Ramanathan et al. 2018).

Despite this, the MMR vaccine is still the most effective preventative measure
against mumps. A person’s chance of contracting mumps is reduced by roughly 88%
after receiving two doses of the MMR vaccine and by 78% after receiving just one
(CDC 2021a). Additionally, the symptoms are typically less severe in those with a
prior history of vaccination. Vaccination is important in limiting the size of these
outbreaks.

In contrast to the United States, the United Kingdom experienced a mumps
epidemic predominantly in unvaccinated people between the years 2004 and 2005
with around 56,000 cases being reported in England and Wales (Savage et al. 2006).
These occurred mainly in those between the ages of 15-24 years with about 3.3%
having received 2 doses of MMR vaccine and 30.1% having received 1 dose of
MMR (Savage et al. 2006). The low vaccination rate was due to the mumps vaccine
not being introduced in the United Kingdom until 1988 (UK Health Security Agency
2022).

9.2.2 Virology

The mumps disease is caused by the mumps virus (MuV), which like the measles
virus is also a single-strand, negative-sense RNA virus of the family
Paramyxoviridae, but the genus Rubulavirus (Ryan 2022). The mumps genome is
comprised of about 15,000 nucleotides helically encapsulated and surrounded by a
lipid membrane—similar to the measles virus. The genome encodes for seven main
structural proteins—nucleocapsid (NP), phospho (P), matrix (M), fusion (F), small
hydrophobic (SH), hemagglutinin—neuraminidase (HN), and large (L) (Li et al.
2009; Maldonado and Shetty 2018b). The P sequence also encodes for 2 nonstruc-
tural proteins—V and I (Rubin et al. 2015). This genome is helically encapsulated by
nucleocapsid proteins attached to an RNA-dependent RNA polymerase (RdRp)
complex derived from L and P proteins (Rubin et al. 2015). This entire structure is
surrounded by a lipid membrane with glycoprotein spikes—F and HN proteins.
Like the measles virus, the mumps virus only has humans as known hosts. While
there are 12 distinct mumps genotypes identified, only one serotype exists
(Maldonado and Shetty 2018b). The SH gene has the greatest genetic variation
allowing for heterogeneity in the strains (Jin et al. 1999; McNall et al. 2020).
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9.2.3 Pathogenesis

Mumps is a contagious viral disease that is transmitted via the respiratory route when
contact occurs with infected oral or respiratory secretions (Cherry and Quinn 2019).
The mumps virus (MuV) likely infects the respiratory epithelial cells by
hemagglutinin—neuraminidase protein (HN) binding to the host cell’s surface sialic
acid with the fusion (F) protein allowing for the viral lipid membrane to fuse with the
host cell’s (Rubin et al. 2015). The M protein facilitates the budding process of new
virions from the infected host cell along with HN’s neuraminidase activity. The V
and SH proteins have been implicated in the evasion of the host’s immune system
(Xu et al. 2012). The V protein has been shown to interfere with interferon and
interleukin-6 signaling, while it appears that the SH protein prevents cell apoptosis
(Franz et al. 2017; Rubin et al. 2015; Stinnett et al. 2020; Xu et al. 2012).

Viral replication occurs likely within the respiratory epithelial cells with the virus
spreading to lymph nodes with subsequent viremia (Cherry and Quinn 2019).
Viremia allows for the spread of the MuV to distant organs such as the central
nervous system (CNS), thyroid, pancreas, kidneys, testicles, and ovaries. The vire-
mia itself seems to be transient and limited likely due to the host’s humoral response;
this may explain why the MuV is rarely detected in blood (Overman and Durham
1958; Rubin et al. 2015).

It is still unknown how the mumps virus enters the CNS. It is possible that it may
cross the choroid plexus or use the Trojan horse method entering via an infected
leukocyte (Hviid et al. 2008).

9.2.4 C(Clinical Manifestations

Viral replication occurs in the respiratory epithelial cells with viral shedding into the
respiratory tract. Infected individuals are usually most infectious 2 days prior to the
onset of parotitis and 5 days following it (Cherry and Quinn 2019).

Mumps has an incubation period of about 14-21 days (Scheid 1961). Classically
mumps infection clinically begins with a prodrome period of 1-2 days of usually
low-grade fever along with headaches, myalgias, and malaise (Cherry and Quinn
2019; Leung and Marlow 2022; World Health Organization 2007). This is then
followed by bilateral parotid swelling (Fig. 9.3) which may be unilateral in up to
20% of people. Acute parotitis may, however, only occur in about 15-20% of
infected people (Watson et al. 1998). The parotid swelling lasts for about a week
(on average 5 days) (Leung and Marlow 2022). Other salivary glands may be
involved in about 10% of infected people including the submaxillary, sublingual,
and submandibular glands (Cherry and Quinn 2019; Rubin et al. 2015; World Health
Organization 2007). For the majority of people, the symptoms resolve after a week.
Approximately 30% of persons can be asymptomatic or only have extremely mild,
nonspecific respiratory problems (Rubin et al. 2015; World Health Organization
2007).
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Fig. 9.3 A young boy with
bilateral parotitis as well as
thyroid swelling secondary to
mumps. Image source:
Centers for Disease Control
and Prevention—Public
Health Image Library—
ID#1861—(Farmer 1963)—
copyright restrictions: none;
this image is in the public
domain and thus free of any
copyright restriction

9.2.5 Diagnosis

The differential diagnosis for parotitis includes other viruses like the Epstein-Barr
virus, influenza A virus, cytomegalovirus, human herpesvirus-6, enteroviruses, and
human immunodeficiency virus (Cherry and Quinn 2019; Marlow et al. 2021).

A diagnosis of mumps is usually clinically suspected when an individual presents
with fever and parotitis, especially during a geographical outbreak of mumps.
Diagnosis of mumps can be confirmed virologically through RT-PCR or viral
culture or can be done serologically by testing for IgM or IgG antibodies to
mumps. The two most common methods for establishing a laboratory diagnosis of
mumps infection are testing for anti-mumps virus (anti-MuV) IgM antibodies and
using RT-PCR to detect MuV-RNA usually from a buccal or oral swab (Marlow
et al. 2021).

The Centers for Disease Control and Prevention (CDC) in the United States
advises obtaining a buccal sample for RT-PCR analysis after a 30 s parotid gland
massage if parotitis has been present for three or fewer days (CDC 2021b). If it has
been more than 3 days since the onset of parotitis or mumps is clinically suspected in
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the absence of parotitis, the CDC recommends collecting both a buccal specimen for
RT-PCR testing and testing serum for anti-MuV IgM antibodies. This is because
after 3 days the sensitivity of detecting anti-MuV IgM antibodies increases while by
RT-PCR decreases (Rota et al. 2013). Diagnosis may also be confirmed by viral
culture from a buccal or urine sample though this can be time-consuming.

Checking serum IgG antibodies to MuV during acute and convalescent phases of
infection for IgG seroconversion is not recommended due to the increased possibility
of false positives and false negatives (Marlow et al. 2021). Mumps virus can also be
cultured from saliva, blood, cerebrospinal fluid, and urine but is not commonly used
for establishing diagnosis given the time it takes (Marlow et al. 2021).

Negative virological or serological testing for mumps does not rule out mumps
infection. Mumps-infected individuals with a prior history of mumps vaccination
may not develop an IgM antibody response or mount a four-fold IgG titer rise for
IgG seroconversion (Cherry and Quinn 2019; Marlow et al. 2021). They may also
shed the virus for a shorter period of time and thus miss detection by RT-PCR.

9.2.6 Management and Treatment

There is no specific treatment for mumps and for most individuals, it is a short and
self-limiting disease. Supportive care targeting symptomatic management such as
antipyretics for fever and anti-analgesics for pain may be used. Infected individuals
should also self-isolate for at least five days after the onset of parotitis to prevent
transmission to other susceptible individuals (CDC 2021c).

9.2.7 Neurological Complications

The most common neurological complications of mumps include meningitis,
encephalitis, and hearing loss (Hviid et al. 2008). Other possible but less common
neurological complications include acute disseminated encephalomyelitis (ADEM),
transverse myelitis, paralysis, cranial nerve palsies, Guillain—-Barré syndrome,
acquired aqueduct stenosis, and hydrocephalus (Maldonado and Shetty 2018b).
Non-neurological complications of mumps include orchitis and epididymitis which
can occur in up to 30% of postpubertal men, oophoritis, mastitis, pancreatitis,
nephritis, and myocarditis (Marlow et al. 2021; Watson et al. 1998).

9.2.7.1 Meningitis
Meningitis is the most common and usually self-limiting neurological complication
of mumps. The incidence of meningitis related to mumps has ranged in past
literature from 1% to 30% (Levitt et al. 1970; Russell and Donald 1958; Scheid
1961). It is about 3 times more common in males than in females (Levitt et al. 1970;
McLean et al. 1964).

Mumps-associated meningitis usually presents with symptoms of meningeal
inflammation—fever, headaches, neck stiffness, and vomiting (Levitt et al. 1970;



9 Neurological Complications of Measles and Mumps 177

McLean et al. 1964). Symptoms begin on average within a few days of parotitis
onset but may occur from 6 days prior to 20 days after parotitis (Levitt et al. 1970;
McLean et al. 1964). Furthermore, up to 50% may develop meningitis without the
involvement of the parotid or any other salivary gland (Levitt et al. 1970; McLean
et al. 1964).

Diagnosis can often be made clinically without the need for lumbar puncture or
neuroimaging. Cerebrospinal fluid (CSF) analysis, if done, may reveal lymphocytic
pleocytosis, mild increase in protein concentrations, and normal glucose levels
(Cherry and Lugo 2019; Levitt et al. 1970). MuV may be isolated from CSF for
up to 3 days post-onset of symptoms (McLean et al. 1964). Viral culture is usually
not done and CSF is tested for anti-mumps virus IgM antibodies and RT-PCR to
detect viral RNA.

Complete recovery usually occurs without any complications within 2-3 days
with treatment primarily being supportive (McLean et al. 1964; Russell and Donald
1958).

9.2.8 Encephalitis

With the introduction of anti-mumps vaccines, mumps encephalitis today is rare
with a reported incidence of around 0.1% (Hviid et al. 2008). It usually occurs about
7-9 days after mumps onset and presents with high fevers, altered mental status, and
other focal neurological symptoms like ataxia and hemiplegia (Koskiniemi et al.
1983; Levitt et al. 1970; Russell and Donald 1958). Seizures may also be observed in
some with EEG mostly revealing nonspecific changes (Koskiniemi et al. 1983).
Parotitis may not occur in some during the clinical course of the mumps infection.
The CSF analysis results are comparable to those described in mumps meningitis
with some lymphocytic pleocytosis.

In some older literature, mumps encephalitis has been reported to have a high
mortality rate with one study reporting it to be around 20% (Russell and Donald
1958). Scheid argued that death was actually uncommon with prior reports of high
mortality secondary to encephalitis being incorrectly attributed to mumps infection
(Scheid 1961). Koskiniemi et al. reviewed 41 patients with encephalitis from
laboratory-confirmed mumps infection in Southern Finland between 1968 and
1980. They reported only one death from acute hydrocephalus occurring in a child
with congenital toxoplasma and cytomegalovirus (Koskiniemi et al. 1983). Today,
mortality associated with mumps encephalitis is reported to be around 1.5% with
neurological long-term complications being rare (Hviid et al. 2008).

The neuropathophysiology of mumps encephalitis is not well understood. Given
that the mumps virus can be isolated from CSF, it is clear that it is able to cross the
blood-brain barrier (Poggio et al. 2000). Encephalitis may be the consequence of
direct viral infection of the brain in some cases or possibly postinfectious presenting
as ADEM in others.
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Neuropathology findings are difficult to establish given its rarity. However, some
have demonstrated perivascular infiltration, hemorrhage, and demyelination (Rubin
et al. 2015; Scheid 1961).

9.2.8.1 Hearing Loss

Sensorineural hearing loss is another neurological complication of mumps and can
be transient or permanent. It is usually unilateral and reversible occurring within 45
days of symptoms onset from mumps (Hall and Richards 1987). The incidence in
older literature of permanent hearing loss has been reported to be around 1 per
20,000 cases of mumps (Hall and Richards 1987; Hviid et al. 2008). Atrophied organ
of Corti and stria vascularis with endolymphatic hydrops can be seen in histopath-
ological evaluation of temporal bones (McKenna 1997).
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Abstract

Rabies virus belongs to family Rhabdoviridae and Genus Lyssavirus. It is a lethal
disease spread by animal bites that carry the virus in their saliva. Rabies enceph-
alitis has the greatest fatality rate among infectious diseases, with an average time
gap of 5 to 7 days for furious or encephalitic rabies and 11 to 14 days for paralytic
or dumb rabies from the onset of clinical disease to death. The disease is spread
through the bites of dogs and other wild animals. Inhalation in bat-infested caves
and laboratory settings are two further methods of transmission. Human-to-
human transmission has been described in rare cases due to contaminated corneal
transplants. Depression and fever are the first symptoms, followed by agitation,
increased salivation, and hydrophobia. The presence of the rabies antigen in
nuchal skin biopsies and corneal impression smears is required for antemortem
diagnosis using the fluorescent antibody approach. The presence of Negri bodies
on histological analysis of the brain confirms the postmortem diagnosis of rabies.
The vaccine and rabies immunoglobulin are given as a preventative measure. Till
date, the disease has no known treatment.
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10.1 Introduction

The causative agent of rabies disease is a RNA virus, namely rabies virus (RABV).
The characteristics of this RNA virus is that it is single-stranded, negative sense, and
non-segmented (Rupprecht 1996). The family Rhabdoviridae has three genera
Lyssavirus, Ephemerovirus, and Vesiculovirus (Dietzgen et al. 2017). Rabies virus
belongs to the genus Lyssavirus and is the only medically important virus of this
genus. Rabies virus causes rapidly progressive acute infection of the CNS in humans
and animals. Rabies disease is almost exclusively caused by bites of rabid animals,
and prevention may be sought for before exposure and also after exposure to RABV,
provided the vaccination is administered on time (Rupprecht 1996). Rabies till now
is a major public health problem because it is almost always fatal (Koury and
Warrington 2023).

10.2 Rabies Virus Structure

The rabies virus is bullet-shaped. The size of virus is 180 nm in length and 75 nm
wide (Willoughby 2012). They have a lipid envelope in which 10 nm long
peplomers are embedded. The envelope is lined internally by a layer of matrix
protein, and the nucleocapsid has a helical symmetry. The rabies genome encodes
five proteins (Fig. 10.1): Nucleoprotein (N), phosphoprotein (P), matrix protein (M),
glycoprotein (G), and polymerase (L) (Gérard et al. 2022; King et al. 2012).

10.3 Epidemiology

Rabies has been reported from almost all countries except Australia and Antarctica.
Low awareness among people to seek medical advice after a dog bite has claimed
lives of more than 55,000 to 60,000 people each year in Asia and Africa (Hampson
et al. 2019). India accounts for the most deaths in Asia 65% of human rabies deaths.
The age group which is most commonly affected are children less than 15 years and
it accounts for about 30-60% of reported rabies cases and deaths in India (Sachdeva
et al. 2022). Countries like Middle East, Africa, and Central Asia also have a high
burden of the disease.
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Fig. 10.1 Depiction of structure and genome of rabies virus

10.4 Transmission

The transmission of rabies can be divided into bite and non-bite exposure. In
majority of cases, rabies is acquired through bite of dogs and bats. In some case,
animals like foxes, raccoons, jackals, and mongooses can also transmit the disease
through their bite. Non-bite exposure results from direct saliva contact with open
skin or mucous membranes. Other non-bite exposure are transplantation from a
donor who was infected with the virus and rarely inhalation of virus-containing
aerosols (Hampson et al. 2019; Menezes 2008). Transmission of rabies through
fomites or through household contacts has not been reported. During rabies surveil-
lance in the United States, four animals have been identified as reservoir of rabies
virus, these are bats, foxes, raccoons, and skunks (Blanton et al. 2012; Zhu et al.
2015).

10.5 Pathogenesis (Fig. 10.2)

Post human transmission via the bite of an infected animal, RABV begins to
multiply at the inoculation site. After multiplying, the virus enters local motor and
sensory nerves by spreading centripetally (Burrell et al. 2017; Rupprecht 1996). The
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glycoprotein projections on the surface of virus attach to the nicotinic acetylcholine
receptors at the neuromuscular junction of the muscle cells. The viruses then enter
nerve cells (Lian et al. 2022; Unwin 2013). Lyssaviruses have a predilection for
neurons and spread centripetally along motor nerves. Lyssaviruses produce neuronal
dysfunction. Malfunctioning of the mitochondria in infected neurons and other cells
of the CNS is due to oxidative stress leading to various observed abnormalities (Scott
and Nel 2021).

Viruses then travel in a retrograde manner within the axoplasm of nerves at a
speed of 50 to 100 mm per day and reaches the dorsal root ganglia of the spinal cord
(Tsiang et al. 1989). Rabies virus then reaches up to the spinal cord and the brain,
initially infecting the diencephalon, hippocampus, and brainstem (Juntrakul et al.
2005; Mahadevan et al. 2016). Spread of virus occurs centrifugally along the somatic
and autonomic nerves resulting in widespread dissemination to salivary glands,
cornea, and other organs (Jackson 2011) (Fig. 10.4).

Rabies infection after an exposure is dependent on various factors, including the
site of exposure (Rupprecht 1996; Yibrah and Damtie 2015). Exposures of the head
or neck area are more likely to result in a productive infection than an exposure to
distal part of the body. Host immunity, size of inoculum, and increase virulence of
strain are also important factors for developing full blown disease (Grill 2009). In
order to evade adaptive or innate immune response and subsequently promote
replication and dissemination, rabies virus upregulates a few host pathways (Scott
and Nel 2016).
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10.6 Immune Evasion

Within the central nervous system, RABV is shown to evade the adaptive immuno-
logical response (Fig. 10.3) and also interfere with innate immune response
(Fig. 10.4). When RABYV infects neurons, it sequesters Toll-like receptor 3 (i.e.,
TLR3) into Negri bodies, preventing TLR3 from being activated as an innate sensor.
Immune sensors (i.e., RIG-I and MDAS) detect RABV-RNA in neuronal cytoplasm,
and this recognition of RABV-RNA triggers the expression of innate antiviral type-I
interferon (IFN-alpha/beta) through the generation of a complex of proteins that
phosphorylate interferon regulatory factors 3 and 7 (IRF3/7). Along with activator
protein, AP-1, and nuclear factor B, i.e., NF-B, phosphorylated-IRF3/7 is
transported to nuclei in order to stimulate IFN-o/f transcription. Rabies virus
phosphoprotein alters IFN-a/p gene transcription by preventing IRF3/7’s phosphor-
ylation and nuclear import while leaving activator protein-1 and nuclear factor-B

Neuron which is infected

The death of migratory T
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Surface expressions
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B7H1]

Blood-brain barrier

T lymphocytes
which are
activated

Fig. 10.3 (Adaptive) immune response evasion
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activation unaffected. The signal transducer and activator of transcription (STAT)
signaling pathway is also suppressed by viral phosphoproteins. Viral phosphopro-
tein inhibits nuclear import of (phosphorylated) STAT, binds to intranuclear STAT-
IRF9 complex, and binds to intracytoplasmic (phosphorylated) STAT to suppress
interferon stimulated gene (ISG) transcription. Even though the blood—brain barrier
is preserved in RABV-infected individuals, activated T lymphocytes and monocytes
can penetrate it and enter the central nervous system. RABV-infected neurons that
exhibit the immunosubversive components, namely, B7-H1 (B7-homolog 1, also
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known as programmed death-ligand 1), Fas ligand (FasL), and human leukocyte
antigen G (HLA-G) on their surfaces, cause T cells that express the appropriate
ligands to bind, which is promptly accompanied by the death of migratory T cells.

10.7 Clinical Presentation

The incubation period of rabies is between 4 weeks to 12 weeks days but can go up
to several weeks to many years after an exposure (Rupprecht 1996).
The clinical manifestation has three stages (Table 10.1), which are

* Prodromal phase.

* Acute neurological phase- can either be encephalitic (80% cases) or paralytic
(20% cases).

* Coma and death- after the neurological phase the patient goes into coma and
eventually dies within 2 weeks. Death is almost certain and recovery and survival
is rare.

* The classical symptom of rabies is hydrophobia. It occurs in 33 to 50% of
patients (Tongavelona et al. 2018). There is discomfort in throat and difficulty in
swallowing followed by sudden development of fear for water. The terror of

Table 10.1 Clinical phases of rabies disease (Rupprecht 1996)

Phase Clinical manifestations
Prodromal lideally 2 to10 days; marked with nonspecific symptoms:
phase * Fever

* Malaise

* Anorexia

» Nausea and vomiting
* Photophobia

* Abnormal sensation

« Sore throat

« Pain at the site of bite

Excitation * Restlessness and tremor
phase « Pharyngeal and laryngeal spasm
 Aerophobia
« Hydrophobia
« Respiratory distress and cardiac arrythmias
« Hallucination
» Hypertension and autonomic dysfunction
« Change in tone and pitch of voice
* Death

Paralytic phase | It mostly occurs in persons who are partly vaccinated or infected with bat
rabies virus
* Flaccid paralysis
* Facial paralysis
* Paralysis of all the four limbs
* Unconsciousness
* Death
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water leads to involuntary spasms of the muscles of pharynx during attempts to
drink (Koury and Warrington 2023; Tongavelona et al. 2018).

* Aerophobia is also pathognomonic of rabies (Mahadevan et al. 2016). Painful
inspiratory spasms of the diaphragm and accessory inspiratory muscles can lead
to aspiration, coughing, choking, vomiting, and hiccups; when severe, these
spasms can lead to asphyxiation and respiratory arrest (Kietdumrongwong and
Hemachudha 2005).

* Autonomic hyperactivation occurs in 25% of cases (Mahadevan et al. 2016). As
a result of overactivity excess salivation, lacrimation, sweating, goose flesh, and
mydriasis occur. Increased heart rate and cardiac arrhythmias are common and it
may be related to myocarditis which results from direct viral injury (Alexander
et al. 2021; Park et al. 2019).

+ Difficulty in speaking, difficulty in swallowing, and double vision may occur.
Dysphagia was reported in approximately half of all cases in one retrospective
series (Kietdumrongwong and Hemachudha 2005).

» Aggression and excitation are also common (approximately 50% of patients).
During the aggression phase patient is restless, agitated, and disoriented. Halluci-
nation is a common symptom in this phase. After a period marked by agitation,
the patient often goes into a period of calmness (Koury and Warrington 2023).

* Respiratory and cardiac complication is the leading cause of death in rabies
patients (Alexander et al. 2021).

10.8 Diagnosis

The diagnosis of rabies requires a detailed history taking from the patient and a high
level of suspicion. Rabies should be kept in mind as a differential diagnosis in all
patients presenting with acute progressive encephalitis irrespective of history of
animal bite or exposure (Chacko et al. 2017; Madhusudana and Sukumaran 2008).
There are two methods—direct tests and indirect tests.
Direct tests:

» Antigen detection- sellers staining, direct fluorescence antibody test (DFAT),
direct rapid immunohistochemistry test (DRIT), rapid antigen detection test
(RADT) (Lembo et al. 2006; Torquato et al. 2020).

* Molecular methods- nucleic acid amplification test (NAAT).

* Virus isolation- rabies tissue culture inoculation tests (RTCIT), mouse inocula-
tion test/biological test (MIT/BT).

Indirect tests:
* Serology—Enzyme linked immunosorbent assay (ELISA), Rapid fluorescent

focus inhibition test (RFFIT), indirect fluorescence antibody testing (IFA)
(Debnath et al. 2019).
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Fig. 10.5 Antemortem laboratory confirmation of rabies

The diagnosis of rabies can be made both antemortem and postmortem. All
samples from suspected cases of rabies should be considered as highly infectious
and must be properly sealed and labeled in leak-proof containers. Antemortem
samples include serum, saliva, CSF, biopsy from skin and corneal impression
(Fig. 10.5). Postmortem samples which can be collected are brain, spinal cord, and
salivary gland (Fig. 10.6) (Jackson 2011; Madhusudana and Sukumaran 2008).

10.8.1 Sample Collection

10.8.1.1 Saliva

Around 500 pL saliva is collected in a sterile container and sealed securely. No
preservative is required. Laboratory tests to be performed include detection of rabies
RNA by RT-PCR technique (Madhusudana and Sukumaran 2008; Singh and
Ahmad 2018).
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10.8.1.2 Cornea

Eyelids are retracted using thumb and finger. A clean slide is pressed against the
cornea. Excess pressure is avoided to prevent any damage to the eye. Corneal
impression is air-dried for 10—15 min at room temperature. Then it is treated with
chilled acetone and processed further for Direct Fluorescent Antibody Test (DFAT)
(Zaidman and Billingsley 1998).

10.8.1.3 Skin Biopsy

From the nape of the neck, 5 to 6 mm of skin tissue sample, with an approximate
depth of 5 to 7 mm, is procured. The specimen should contain hair follicles and
cutaneous nerves at the base of hair follicles. An excision or punch biopsy may be
collected (Madhusudana and Sukumaran 2008; Singh and Ahmad 2018). The skin
biopsy is placed on the slide and covered with a piece of sterile moistened gauze to
prevent specimen from drying. No fixative is required. The sample can be used for
DFAT/DRIT for detecting viral antigens. RT-PCR for detecting viral nucleic acid,
and RTCIT for virus isolation.

10.8.1.4 CSF

Two to three millilitre each of serum and CSF is collected in a sterile vial with all
aseptic precautions. If vaccine or immunoglobulin has not been given, the presence
of antibody to rabies virus in the serum can be diagnosed. Antibody to rabies virus in
the CSF suggests a rabies virus infection regardless of the immunization history.
Laboratory tests for antibodies include ELISA, indirect immunofluorescence, and
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virus neutralization. CSF samples can also be processed for RTCIT and molecular
technique (NAAT-PCR) (Mani and Madhusudana 2013; Torquato et al. 2020).

10.8.2 Laboratory Testing

10.8.2.1 Negri Bodies

Some viral infections are linked with the production of inclusion bodies in the
affected cells. These inclusion bodies are of two types- intranuclear and
intracytoplasmic. In Rabies infection, intracytoplasmic inclusion bodies commonly
known as Negri bodies which are acidophilic in nature can be demonstrated. Negri
body-staining is carried out by the seller’s staining test (SST) (Lahaye et al. 2009).

10.8.2.2 DFAT

It is considered as gold standard test. It works on the following principle: Rabies-
specific antibodies and antigens combine to form an antigen—antibody complex
when mixed and kept under optimum condition The complex formed is not visible to
the naked eye. Fluorescent dyes, like fluorescein isothiocyanate (FITC), can be used
to visualize this antigen—antibody complex under a fluorescence microscope. To
achieve this, the FITC is tagged with an anti-rabies antibody to form the conjugate.
As the conjugate directly binds to the antigen, the process is called the direct
fluorescent antibody test (DFAT) (Realegeno et al. 2018; Vengatesan et al. 2000).

10.8.2.3 DRIT

Detects rabies antigen in the sample based on specific antigen—antibody reaction
followed by detection using a compound microscope. The formaldehyde fixed
smears are incubated with polyclonal or monoclonal anti-rabies antibodies which
are labeled with biotin moiety. The unbound antibodies are washed away. The biotin
moiety has a significant affinity toward streptavidin. The slide is then incubated with
streptavidin conjugated with horseradish peroxidase (HRP). After removing
unbound reagent, the slide is incubated with chromogen substrate (amino-ethyl
carbazole, AEC) in the presence of Hydrogen Peroxide (H,O,). The substrate is
converted into an insoluble red precipitate which is visible under compound micro-
scope (Debnath et al. 2019).

10.8.2.4 RADT

It is based on immunochromatographic principle in lateral flow format. The assay
employs a lateral flow device which has an anti-rabies antibody immobilized on a
nitrocellulose membrane. The reagent has a secondary anti-rabies antibody which
forms a complex with the virus present in the sample. The secondary antibody is
usually tagged with a reporter dye or colloidal gold. Formed complexes in the
prepared samples chromatographically move along the lateral flow device till they
are captured by immobilized anti-rabies antibodies present at designated bands. This
results in formation of a colored band at the site of immobilized anti-rabies antibody
in lateral flow device. The band can be observed visibly. A second immobilized
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antibody captures a control protein from the sample. This control should be clearly
visible to interpret the assay results (Wang et al. 2010).

10.8.2.5 NAAT

It is based on the detection of genomic material of the target organism in the sample.
Reverse Transcriptase Polymerase Chain Reaction (RT-PCR) can be used for Rabies
RNA detection in suspected samples. Therefrom, extracted samples are tested
following pan-lyssavirus nested-PCR protocols. Initial reactive processes involve
degenerate primers to amplify RNA of all lyssaviruses followed by a second reaction
using both pan-lyssavirus degenerate primers and rabies-specific primers. The pro-
tocol confirms the presence of rabies and non-rabies lyssavirus RNA in the suspected
sample (Biswal et al. 2012).

10.8.2.6 ELISA

It is used to demonstrate rabies antibodies in human and animal (dogs, cats, fox)
serum. The assay is a quantitative indirect ELISA which uses WHO’s (human
samples) and WOAH’s (animal samples) traceable standards for quantification of
antibodies. The microwells are coated with rabies glycoprotein extracted from
inactivated and purified rabies membrane. Therefore, the antibodies detected are
specific to rabies glycoprotein (Piza et al. 1999; Servat et al. 2007).

10.8.2.7 RFFIT

It is a type of rabies virus neutralization test. It is carried out in cell culture to
demonstrate the rabies virus antibody level in human or animal sera. Immunofluo-
rescence staining is used as an indicator of viral growth (Burgado et al. 2018).

10.8.2.8 RTCIT

It is based on the ability of rabies virus to infect some cell lines in vitro. Murine
neuroblastoma 2A (MNA) has been shown to be the most sensitive cell line for this
method. However, Baby Hamester Kidney (BHK) cell line is easy to maintain and
commonly employed for RTCIT. The growth of the virus in the cell culture can be
ascertained by a sensitive technique such as DFAT (Chhabra et al. 2007).

10.8.2.9 MIT/BT

The growth of rabies virus takes place only in living tissues (Rupprecht 1996). These
living tissue could be animals, chick embryo, or tissue culture (Koprowski et al.
1954). Rabies virus is pathogenic to all animals when introduced via intracerebral
route. Animals for experimental studies are mouse, rat, guinea pigs, hamster, rabbit,
and dog (Jackson 2011). RABV-positivity in any sample may be determined by
intracerebral inoculation of the specimen into mice, and also by keeping the animal
under observation to check for any sickness development or RABV-induced death
(Madhusudana and Sukumaran 2008; Rupprecht 1996).
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Table 10.2 Differential Phase
diagnosis of rabies: differ-
ent phases of rabies
resembles closely to
conditions as given in clin-
ical manifestation

Clinical manifestation

Prodromal phase * Nonspecific viral illness
* Mononucleosis
* Meningitis
* Bacteremia
* Hysteria
* Encephalitis

Encephalitis phase * Herpes simplex virus encephalitis
» West Nile virus encephalitis
* Central nervous system vasculitis
* Toxic or metabolic encephalopathy
* Auto immune encephalitis
* Delirium tremens
* Belladonna poisoning

Paralytic phase * Acute polyneuritis
* Acute transverse myelitis
* Poliomyelitis
* Guillain Barre syndrome
» Neuromuscular junction disorders

10.9 Differential Diagnosis

The nonspecific prodromal phase of rabies may be confused with a wide range of
disorders (Table 10.2). In patients with signs and symptoms of encephalitis, more
common infection such as herpes simplex virus, west Nile virus and other
non-infectious disorders of the CNS should be ruled out. Other causes of muscular
rigidity that can be seen with rabies includes: Tetanus, dystonia, and strychnine
poisoning.

10.10 Management and Prevention

In rabies endemic countries, there is continuous animal to animal transmission and
therefore any animal bite should be considered as bite by rabid animal and postex-
posure prophylaxis (PEP) should be started as early (Menezes 2008; Radhakrishnan
et al. 2020). To maintain uniformity, WHO has classified type of exposure into three
classes and has recommended appropriate PEP (Table 10.3) (O’Brien and Nolan
2019).

10.10.1 Wound Toilet

Mostly the virus enters the body through a bite or scratch, so it is important to
remove the infected saliva from the wound (Di Quinzio and McCarthy 2008). The
wound should be washed with soap and water thoroughly (Scholand et al. 2022).
Antiseptic with virucidal activity can be used. Rabies virus multiply locally at the
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Table 10.3 WHO guidelines for recommended postexposure treatment against rabies based on
categories of exposure

Recommended
Category | Type of exposure postexposure prophylaxis
| Touching or feeding of animals None if reliable case
Licking on unbroken skin history is available
Exposure of unbroken skin with secretions/excretions | Wash exposed area with
of infected animal/human case water and soap
I Nibbling of uncovered skin Wound cleaning
Small scratches or abrasions with no bleeding Rabies vaccination
i One or many transdermal bites or scratches Wound cleaning
Lick on non-intact skin Rabies immunoglobulin
Staining of mucous membrane with saliva Rabies vaccination

bitten for a long period and hence wound cleaning must be done even if the patient
comes late. Tetanus prophylaxis should be given as per guidelines. Local treatment
along with proper instillation of ERIG or HRIG in the wound is also given (Liu et al.
2017; Pounder 2005).

10.10.2 Passive Immunization

10.10.2.1 Equine Rabies Immunoglobulin (ERIG)

Immunoglobulin gives passive immunity in the form of ready-made anti-rabies
antibody to overcome the acute phase of the infection (Terryn et al. 2016). RIG
binds with the rabies virus, and makes the virus noninfective (Bharti et al. 2017).
Immunoglobulin should be started as soon as possible, but can be given up to 7 days.

10.10.2.2 Human Rabies Inmunoglobulins (HRIG)

HRIG do not possess the side effects encountered with ERIG. HRIG has a longer
half-life, and so their dose is half of ERIG. The Immunoglobulin should be brought
to room temperature (20-25 °C) before use (Haradanhalli et al. 2022).

10.10.2.3 Dose of Rabies Immunoglobulins (RIG)

The dose of ERIG is 40 IU per kg body weight and is given after testing of
sensitivity, up to a maximum of 3000 IU can be given. (Bharti et al. 2017). The
dose of HRIG is 20 IU per kg body weight, maximum of 1500 IU can be given
(Madhusudana et al. 2013).

10.10.3 Active Immunization
Administering potent and safe Cell Culture Vaccines (CCVs) bring about active

immunization. There is a Rabies immunization schedule (Table 10.4) that has been
issued by the World Health Organization (WHO) (O’Brien and Nolan 2019).
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Table 10.4 Vaccination routes and their respective schedules for postexposure prophylaxis (PEP)
and pre-exposure prophylaxis (PrEP) for rabies virus

Types of
prophylaxis
Postexposure
prophylaxis

Pre-exposure
prophylaxis

Re-exposure

Route of
administration*

1D

M

ID

™M

1D

™M

Dose of
vaccine

0.1 mL

per dose
1 entire

vaccine

vial

0.1 mL

per dose

1 entire

vaccine

vial

0.1 mL

per dose
1 entire

vaccine

vial

Day of dose
0, 3, 7, and 28

0, 3,7, 14, and 28

0,7, [plus 21 or
28 in previous
regimen]

0, 7 [plus 21 or
28 in previous
regimen]

Oand 3

0 and 3

Injection
per visit
2

No. of
visits
4

2[3in
previous
regimen]
2[3in
previous
regimen]
2

Immunization with live attenuated vaccines produce humoral and cell mediated
immunity within a week and provides protection (Overduin et al. 2019). Immuno-
globulin gives instant passive immunity with proven effectiveness over the initial
few weeks after exposure in humans (Haradanhalli et al. 2022). The antibodies help
in managing the growth of rabies virus infection as they are capable of neutralizing
the virus. The induction of a potent cytotoxic T lymphocyte (CTL) response appears
to be related to both the effectiveness of postexposure immunization and the long-
term benefits of vaccine-induced prophylaxis against rabies (Venkataswamy et al.

2015).

Intramuscular Regime for Rabies Postexposure Prophylaxis—There are three
intramuscular schedules for category 2 and 3 exposures:

* The 5-dose regimen (1-1-1-1-1):
Vaccination is given on day 0, 3, 7, 14, and 28.
Site: Deltoid region for adults and anterolateral aspect of thigh in children.

* The 2-1-1 regimen (2-0-1-0-1).
Vaccination is given on: 2 doses on day 0, one dose on day,7 and one on day 21.

* The 4-dose regimen with RIG in both category 2 and 3.

Intradermal Regime for Rabies Postexposure Prophylaxis:

+ 2 Site intradermal method (2-2-2-0-2) given on day 0, 3, 7, 28.
* One dose of vaccine 0.1 mL intradermally at two different sites.
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Site of injection:

* Adult- deltoid muscle.
» Infants and children- anterolateral thigh.
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Abstract

Lymphocytic choriomeningitis virus (LCMV) is from the family, Arenaviridae,
having single- stranded RNA genome. Adult lymphocytic choriomeningitis viral
infection has a biphasic presentation, with a primary phase of fever, malaise, and
myalgias. The next phase of neurological disease involves aseptic meningitis,
with headaches, fever, photophobia, nuchal rigidity, and vomiting. Congenital
infection is generally diagnosed by immunofluorescent antibody testing and
enzyme- linked immunoassays. Another important miscellaneous cause of CNS
infection is coronavirus. Although coronavirus disease—2019 (COVID-19) prin-
cipally targets the pulmonary system, it has come to be recognized as a potential
neuropathogen. Impaired consciousness/encephalopathy is a widely documented
symptom of COVID-19 among the central nervous system (CNS) symptoms.
Severely critical cases have been reported of COVID-19-associated encephalitis,
in which the patients were critically ill, presenting with new-onset seizures and
delirium. We also discuss crucial features of prion-related CNS disorders, as
viruses and prions are intimately related. Prion disorders are a category of closely
related neurodegenerative illnesses that afflict both animals and humans.
Creutzfeldt-Jakob disease (CJD) and Gerstmann—Striussler—Scheinker (GSS)
in humans, bovine spongiform encephalopathy (BSE, or “mad cow disease”) in
cattle, chronic wasting disease (CWD) in mule deer and elk, and scrapie in sheep
are among the diseases covered. All prion illnesses are fatal, and there is now no
effective treatment; nevertheless, recent advances in our understanding of their
aetiology have led to the prospect of viable therapeutic approaches in the near
future.
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11.1 Overview and List of Miscellaneous Viral CNS Infections

Infants and people with impaired immune systems are frequently affected by viral
infections, which are often linked to central nervous system (CNS) involvement.
Encephalitis, meningitis, myelitis, and very infrequent meningoencephalitis are the
main clinical manifestations of viral CNS infections (Abdullahi et al. 2020). This
comprehensive exploration of miscellaneous CNS viral infections in this chapter,
which have not been covered elsewhere, emphasizes their underappreciated role in
neurologic diseases across different stages of life. We have also tried to cover prions
here. Though prions are not viruses, they share some similarities in terms of their
ability to self-propagate and cause infection. By recognizing the potential impacts of
these infections and considering them in differential diagnoses, clinicians can
improve patient outcomes through early detection, timely interventions, and appro-
priate management strategies. Future research and collaboration are crucial to further
unravel the complexities of these infections and develop effective preventive
measures and treatments. Table 11.1 enlists miscellaneous causes of CNS viral
infections.

Table 11.1 Miscellaneous viral causes of CNS infections

Infants

Parechovirus A

Zika virus

Childhood

Rubella

All ages

Adenoviruses

Borna disease virus (BDV)

Ebolavirus

Henipavirus

Hepeatitis C virus (HCV)

Hepatitis E virus (HEV)

John Cunningham virus (JCV)

Lymphocytic choriomeningitis virus (LCMV)

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
Prion-related CNS disorders (proteinaceous agents; not viruses, but mentioned here)
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11.2 Parechovirus A

Parechovirus A is a member of the Picornaviridae family’s Parechovirus genus that
can cause serious sickness in children (Sridhar et al. 2019). The PeV-A virion has a
diameter of around 30 nm and is made up of an RNA genome that is protected by an
exterior protein capsid that is devoid of a lipid envelope (Sridhar et al. 2019). The
7300 nucleotide (nt) single-stranded positive-sense (+ss) genome has one open
reading frame and two untranslated regions (UTRs) (Stanway et al. 1994). The
genus Parechovirus consists of four species: Parechovirus A, Parechovirus B (for-
merly known as Ljungan virus), Parechovirus C (Sebokele virus), and Parechovirus
D (ferret parechovirus). Each species represents a distinct group of viruses within the
Parechovirus genus. Species PeV-A virus genotypes are capable of infecting humans
and causing serious sicknesses such as meningoencephalitis, convulsions, or sepsis-
like syndrome (Chiang et al. 2017). There are currently 19 PeV-A types named from
PeV-Al to PeV-A19; PeV-Al is further split into clusters 1A and 1B (Williams et al.
2009).

Clinical Features Human parechovirus (hPeV) infections have been related to a
broad range of clinical symptoms in children, from minor, self-limiting symptoms
including rash, diarrhoea, and respiratory sickness to more serious symptoms like
sepsis and meningoencephalitis (Felsenstein et al. 2014). Transmission mainly
occurs by faeco-oral or respiratory routes, as well as through ambient environmental
water sources.

Neonatal central nervous system (CNS) infections caused by HPeV have been
linked to white matter abnormalities, leading to long-term consequences, as well as
sudden infant death syndrome (Sedmak et al. 2010; Verboon-Maciolek et al. 2008).
Neurological disease is generally associated with PeV3 infection. Full- term infants
have an onset of disease within the first two weeks, whereas those born premature
have an onset between two and three months. Though symptoms from enterovirus
(EV) and hPeV are indistinguishable, studies have found that seizures and CNS
symptoms are much more common in hPeV-infected children than in EV-infected
children (Felsenstein et al. 2014). Even in the most severe cases, the CSF is typically
normal, ruling out an infectious cause. Periventricular echogenicity can be seen on
ultrasound, but 90% of deep white matter abnormalities can be seen on MRI.

Diagnosis Parechovirus has been identified predominantly by molecular techniques
in blood, plasma, throat swabs, nasopharyngeal swabs, bronchoalveolar lavage,
faeces, CSF, and tissue biopsies. In cell culture, most HPeV grows ineffectively or
not at all. Today, laboratories use molecular methods that are more sensitive than
culture and enable type assignment, such as reverse transcriptase polymerase chain
reaction. Antibody neutralization was previously used to separate HPeV from EV
(Shah and Robinson 2014).
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Treatment There are presently no antiviral medications for PeV-A infection that
have received clinical approval. Only supportive care and, very rarely, passive
immunization with IVIG administration are available as treatments (Wildenbeest
et al. 2010).

11.3 Rubella Virus

Rubella, often known as “German” or “3-day” measles, is a single-stranded, posi-
tive-sense enveloped RNA virus that belongs to the Togaviridae family. It typically
results in an acquired postnatal infection, which is generally benign and self-
limiting. This infection is commonly observed in children and is characterized by
symptoms such as fever and rash, but the most significant manifestation of rubella
infection is when it occurs during early pregnancy. The rubella virus can easily cross
the placenta and infect the foetus, which can lead to a number of difficulties. These
complications can include spontaneous abortion (miscarriage), stillbirth, or a severe
combination of birth defects known as congenital rubella syndrome (CRS) (Frey
2008). Approximately 25 years ago, another central nervous system syndrome
associated with the rubella virus was identified. This syndrome is known as progres-
sive rubella panencephalitis, and it is characterized by a progressive and
incapacitating encephalopathy. Unfortunately, this condition is uniformly fatal,
meaning that it inevitably leads to death.

Prior to the widespread use of effective vaccines, rubella epidemics typically
occurred every 6-9 years (Tyor and Harrison 2014). This pattern is still present in
some parts of the world where routine immunization is not practised, such as
Ethiopia (Getahun et al. 2016). Although the majority of congenital rubella syn-
drome (CRS)-related symptoms, including rash, fever, and lymphadenopathy, are
mild and do not result in long-term consequences, vaccination is the main strategy
for preventing these symptoms. The prevalence of rubella has greatly decreased
thanks to vaccination campaigns that offer at-risk groups either the MMR or MMRV
vaccines against measles, mumps, rubella, and varicella. These shots are normally
given between the ages of 12 and 15 months, with a second dose given before to
entering kindergarten or first grade. The high seroconversion rate (>95%) achieved
through widespread vaccination has greatly contributed to the reduction in rubella
cases and CRS (Tyor and Harrison 2014).

Clinical Features The rubella virus (RV) can result in four distinct clinical
conditions. Firstly, it can cause an acquired postnatal infection, primarily affecting
children, which is generally benign and self-limiting, characterized by fever and
rash. Secondly, rubella encephalitis can occur as a complication of the acquired
infection but is extremely rare, affecting less than 0.1% of patients. Thirdly, congen-
ital rubella syndrome (CRS) can develop in infants born to mothers who acquired the
virus during the first trimester of pregnancy. CRS is characterized by microcephaly,
cataracts, and hearing loss. Rubella may also lead to progressive rubella
panencephalitis, which is extremely uncommon. This condition, which includes



11 Miscellaneous CNS Viral Infections: Underappreciated Causes of. . . 209

neurological impairment, can appear ten years or more after either the CRS or the
acquired postnatal infection.

Exanthem Illness Major symptoms of rubella include a febrile acute infection with
the development of a rash, which is erythematous and maculopapular. The severity is
less than that of measles (Bale 2014). Most cases of acquired postnatal rubella
infection in children are mild or asymptomatic, with studies indicating that up to
40% of children may not show clinical signs of the disease. However, more severe
cases tend to occur in adults (Tyor and Harrison 2014). In populations without
vaccination, acute rubella infection is commonly observed in school-age children
(Bale 2014). Patients with rubella are contagious for two weeks, starting one week
before the onset of the rash and continuing for one week afterwards. In the majority
of cases, infection or vaccination leads to lifelong immunity. Recurrent infections are
rare and typically asymptomatic, without viraemia, and can only be detected through
laboratory testing. Lymphadenopathy is a symptom of a clinically obvious rubella
infection, and its absence should make other diagnoses more likely. The posterior
auricular, posterior cervical, and suboccipital lymph nodes are all involved in the
recognizable lymphadenopathy. This lymphadenopathy could last for a few weeks
(Bale 2014; Tyor and Harrison 2014).

According to Figueiredo et al. (2008), encephalitis, aseptic meningitis, myelitis,
and Guillain—Barre syndrome (GBS) are among the neurologic consequences that
might result from a rubella infection. In cases of encephalitis, these sequelae
commonly manifest six days after the rash with symptoms like headache, vomiting,
somnolence, and convulsions. In rare instances of GBS, symmetric weakness with
hyporeflexia may be observed (Connolly et al. 1975). It is important to note that
neurologic complications occur in less than 0.1% of rubella cases.

CRS Congenital heart problems, such as patent ductus arteriosus or septal
abnormalities, as well as sensorineural hearing loss and cataracts, are among the
particular clinical symptoms that define congenital rubella syndrome (CRS). The
rubella virus can infect different tissues, resulting in additional manifestations like
chorioretinitis, intrauterine growth retardation, microphthalmia,
hepatosplenomegaly, hepatitis, the “blueberry muffin” rash (Fig. 11.1), osteopathy,
interstitial pneumonitis, or thrombocytopaenia, even though these are considered the
hallmarks of CRS (Bale 2014). A study showed that infants infected with rubella
before the 11th week of gestation primarily developed congenital heart disease and
deafness, while those infected at 13—16 weeks mainly experienced deafness alone.
No rubella-related defects were found in children infected after 16 weeks of gesta-
tion (Miller et al. 1982). Also at birth, around 25% of infants with congenital rubella
syndrome (CRS) exhibit central nervous system (CNS) involvement, which can
manifest as symptoms like lethargy, hypotonia (low muscle tone), irritability, or
seizures (Desmond et al. 1967).
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Fig. 11.1 Infant with
“blueberry muffin” skin
lesions with congenital
rubella. Image Source:
Centers for Disease Control
and Prevention—Public
Health Image Library—
ID#713—(Lebrun 1978)—
Copyright Restrictions:
NONE; this image is in the
public domain and thus free of
any copyright restriction

Progressive Rubella Panencephalitis It is an extremely rare manifestation that can
occur lately as a complication of congenital rubella syndrome (CRS) or acute rubella
infection (Frey 2008). This neurologic disorder typically presents in the second
decade of life and is characterized by symptoms such as spasticity, ataxia, intellec-
tual deterioration, and seizures (Townsend et al. 1975). Compared to subacute
sclerosing  panencephalitis associated with measles, progressive rubella
panencephalitis exhibits more prominent cerebellar symptoms (Rorke and Spiro
1967).

Diagnosis Routine laboratory findings in rubella infection may show leukopaenia
(low white blood cell count), atypical lymphocytosis (abnormal increase in certain
types of lymphocytes), or thrombocytopaenia (low platelet count). Cerebrospinal
fluid (CSF) examination may show a lymphocytic pleocytosis (increased number of
lymphocytes) and a higher protein concentration in cases of aseptic meningitis.
Rubella-specific I[gM antibodies can be used to support the diagnosis of infection,
and rubella virus can be found in throat washings or by using the reverse
transcription-polymerase chain reaction (RT-PCR) to find rubella virus RNA in
CSF, urine, or saliva. The rubella virus’ genotype can reveal important epidemio-
logical data (Charlton and Severini 2016).

In cases of congenital rubella syndrome (CRS), CSF analysis typically shows
increased protein concentration and lymphocytic pleocytosis (Shukla and Maraqa
2023). Neuroimaging studies such as ultrasonography, CT scans, or MRI scans often
reveal findings such as atrophy, calcifications, cystic lesions, or leukomalacia in
affected children. Rubella-specific IgM antibodies can be found in serum or CSF to
support the diagnosis of CRS, and rubella virus RNA can be found in clinical
samples or isolated from urine, CSF, or throat washings to provide confirmation.
For several months, infants with CRS may continue to expel the virus in their saliva
or urine. Rubella virus in amniotic fluid or rubella-specific IgM antibodies in foetal
blood can be used for prenatal diagnosis of CRS.
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Treatment Since there is presently no particular antiviral medicine available,
supportive care is usually used to treat rubella virus infections, whether acquired
or congenital. People who have developed rubella infections and neurologic
sequelae typically make a full recovery with supportive care.

On the other hand, children who develop congenital rubella syndrome (CRS),
particularly those who contract it during the first trimester of pregnancy, may
experience long-term effects like microcephaly, developmental delays, epilepsy,
growth impairment, behavioural problems, and permanent deafness. Sensorineural
hearing loss is the most prevalent and severe consequence of CRS, affecting 50-60%
of infected neonates. Diabetes mellitus, thyroid issues, and the uncommon neurode-
generative condition known as progressive post-rubella panencephalitis—which has
certain clinical and EEG characteristics with subacute sclerosing panencephalitis
(SSPE)—are other late sequelae of CRS (Townsend et al. 1975).

The measles, mumps, and rubella (MMR) immunization offers protection against
both CRS and acquired rubella infections. The MMR vaccine is a useful tool for
lowering the prevalence and consequences of rubella virus infections and the
complications that go along with them (Bale 2014).

11.4 Hepatitis C Virus and Hepatitis E Virus: Associated
Neurological Disorders

The positive-sense, enveloped, ssSRNA virus known as hepatitis E virus (HEV) is a
common global cause of acute viral hepatitis. HEV is divided into four main
genotypes; genotypes 1 and 2 are spread through the consumption of tainted water
sources in developing nations, while in both poor and wealthy countries, the
ingestion of undercooked pork or game products regularly spreads genotypes
3 and 4 (Kamar et al. 2012). Although the majority of HEV infections are asymp-
tomatic, about 5% of them can result in a range of clinical problems, including
hepatitis, acute pancreatitis, kidney damage, neurological disorders, and other
immune-mediated symptoms (Pischke et al. 2017). HEV is associated with various
neurological syndromes, which include Bell’s palsy, encephalitis, myelitis,
mononeuritis multiplex, Guillain—Barré syndrome (GBS), neuralgic amyotrophy
(NA), and GBS (Dalton et al. 2016). While the relationship between HEV and
other neurological diseases has been observed, the causality is not as clear. The
frequency of neurological diseases linked to HEV varies between 2.4% and 11% in
different cohort studies conducted in the UK, France, Netherlands, and Bangladesh
(Wang et al. 2018). The primary neurological manifestations associated with HEV
infection are Guillain—Barré syndrome (GBS) and neuralgic amyotrophy (NA), both
of which exhibit clinical similarities to other infectious causes. Nerve pain in arm
and shoulder is a hallmark of neuralgic amyotrophy, and people frequently test
positive for HEV RNA as soon as their symptoms start. On the other hand, HEV
RNA is typically not detected in cases of GBS, but serological tests remain positive,
indicating an immune-mediated mechanism (Dalton et al. 2016).
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Hepatitis C virus, a well-known cause of blood- borne hepatitis, has a long history
of links to a variety of neurological conditions, including meningitis, encephalitis,
and inflammation of the brain’s white matter (leukoencephalitis) (Forton et al. 2006;
Zampino et al. 2013). Patients with chronic HCV infection commonly experience
symptoms such as fatigue, depression, and cognitive impairment, with fatigue being
present in approximately 80% of cases. Numerous investigations have found
neurocognitive deficits in people with chronic HCV infection, even in the absence
of hepatic encephalopathy. It is yet unknown if viral replication is supported by the
central nervous system (CNS). Recent studies have shown that brain microvascular
endothelial cells, which are in charge of creating the blood—brain barrier, contain
HCYV receptors. Interestingly, these endothelial cells are the only cells in the neuro-
nal pool known to possess HCV receptors. This shows that the ability of microvas-
cular endothelial cells to facilitate the entry of HCV into the CNS may be extremely
important (Fletcher et al. 2010).

11.5 John Cunningham Virus

The John Cunningham virus (JCV), additionally recognized as human polyomavirus
2 (HPyV2), was previously referred to as a type of papovavirus (Saribas et al. 2010).
In around 1965, ZuRhein along with Chou, and Silverman along with Rubinstein,
used EM to identify it (Maginnis et al. 2015). Subsequently, culture isolation of the
virus in an affected patient with the name of John Cunningham brought about its
name. HPyV2-induced progressive multifocal leukoencephalopathy (PML) and
other illnesses are seen primarily in association with immune disorders like acquired
immunodeficiency syndrome (AIDS) or while taking immunosuppressive
medications (such as those undergoing organ transplantation). HPyV 2 is responsi-
ble for the disorder affecting the CNS known as PML, which is marked by demye-
lination with frequent JCV detection in CSF and/or neural tissue (Saribas et al.
2010).

11.5.1 Viral Structure

The John Cunningham virus belongs to the human Betapolyomavirus genus of
double-stranded DNA viruses (Boothpur and Brennan 2010). It has a 5.1 kilobase
pair, closed, circular genome and is an icosahedral, nonenveloped DNA virus (Ahye
et al. 2020). The genome of JCV has a bidirectional variety of expression (Fig. 11.2)
(Saribas et al. 2010). T’ proteins (T’): T'135, T'136, and T,165 and antigens (Ag):
small T (Sm-t)-Ag and large T (LT)-Ag are all encoded at HPyV2 genome’s early
coding region (Tyagarajan and Frisque 2006). Structural proteins: viral protein (VP)-
1, VP-2, and VP-3 and regulating protein: agnoprotein are encoded in the genome’s
late coding area (Gasparovic et al. 2006).
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Fig. 11.2 A depiction of human polyomavirus 2’s genome

11.5.2 Epidemiological Profile

John Cunningham virus is a relatively prevalent virus that affects between 70% and
90% of the world’s population. Individuals typically contract the virus during their
early years or as adolescents. Since it is present in urban sewerage in high
proportions all around the world, some experts believe that tainted water is a
common entry point for the disease (Saribas et al. 2010).

It has proven possible to trace the course of mankind’s migrations through the
genetic study of HPyV2 specimens since subtle genetic variants are frequently
discovered in various parts of the globe (Pavesi 2005). There are 14 identified
genotypes or subtypes, each of which is linked to a particular geographic area. In
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both the western and central regions of Africa, there is an African variety called Afl
(Takasaka et al. 2006). Af2, the predominant African form, is widespread across the
African continent, as well as across Western Asia and parts of South Asia (Pavesi
2003; Takasaka et al. 2006). A, B, and C are all prevalent throughout the European
continent. B2, CY, Bl-a, B1-b, Bl-d, SC, and MY are among the acknowledged
Asian types (Saruwatari et al. 2002).

Genotypes (1-8) are numbered using a different system that includes extra
lettering. In addition to indigenous populations in Japan’s northern region, the
Northeast Siberian region, and the northern part of Canada, genotypes 1 and
4 (closely related) are also present in European nations (Sugimoto et al. 2002).
Africa’s sub-Saharan region is linked to type 3 along with type 6. Genotype 3 of
HPyV2 has been found in the Republic of Tanzania, South Africa, and Ethiopia.
Type 6 has been isolated in Ghana. The Aka and Bantu peoples of Central Africa in
particular also exhibit both types (Seyoum et al. 2022). JCV genotype 2 occurs as
subtype 2A, 2B, 2D, and others. 2A is mostly present in Japanese and Native
American communities, whereas 2B is present in Eurasian populations. 2D is present
in Indian populations. Subtype 2E is often present in people from Australia and also
from the west coast of the Pacific (Shackelton et al. 2006). Southern Chinese
territories and the Southeast Asian regions are linked to subtype 7A. Japan, the
Mongolian Republic, and China’s northern part all exhibit JCV subtype 7B. Subtype
7C is associated with predominantly north and south Chinese populations (Cui et al.
2004). The south-western Pacific regions and islands are home to subtype
8 (Ryschkewitsch et al. 2000). The worldwide array of HPyV2 types based on
genotyping may make it easier for racial tracing.

Infection with human immunodeficiency virus has been shown to be a contributor
in 82% of 9675 progressive multifocal leukoencephalopathy cases evaluated in a
USA-based study between 1998 and 2005 (Molloy and Calabrese 2009). A low
prevalence of PML in Africa and India may be related to diagnostic hurdles and
variability in JCV (Shankar et al. 2003). Prior to the development of highly active
antiretroviral therapy (HAART), up to 4% of cases of acquired immunodeficiency
syndrome included PML. Likewise, the prevalence of PML has declined with the era
following HAART implementation (Sidhu and McCutchan 2010). Progressive mul-
tifocal leukoencephalopathy happens to be ranked as the third leading contributor to
encephalopathy among those with HIV infection, as reported by the Italian Registry
Investigative Neuro AIDS (Antinori et al. 2003). From 1996, once HAART gained
practical acceptance, PML-linked mortality began to considerably decline in the
USA. As there were lesser fatalities among individuals with HIV infection, the
mortality rate linked to PML declined from 2.76 lives lost per million
(1992-1995) to 0.66 per million (2002-2005) (Christensen et al. 2010).

11.5.3 Aetiopathogenesis

In progressive multifocal leukoencephalopathy, myelin sheathes around neuronal
axons become damaged over time; demyelination leads to disrupted nerve-impulse
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transmissions. Parietal and occipital lobes’ subcortical white matter are notably
affected (Saji and Gupta 2023). PML causes intra-nuclear inclusions with the
destruction of oligodendrocytes. This demyelinating syndrome is comparable to
multiple sclerosis but advances considerably more swiftly (Ono et al. 2019). A
patient’s extent of immunocompromise directly correlates with the rate of myelin
degradation (Beltrami and Gordon 2014).

Latest research suggests JCV variants to be sources of additional emerging
diseases, despite the fact that human polyomavirus-2 infections are traditionally
linked to demyelinating conditions of white matter, as well as PML development
(Cortese et al. 2021). In this regard, it was recently established that human
polyomavirus-2 infects the cerebellum’s granule cell layer, excluding Purkinje
fibres, eventually leading to significant cerebellar atrophy (Roux et al. 2011). It is
known as JCV GCN, which is short for JCV- associated granule cell layer
neuronopathy, distinguished as a viral illness of prolific and lytic nature caused by
a VPI coding mutation (JCV variant) (Dang et al. 2012).

The JC virus variant linked primarily to cortical pyramidal neuron (CPN) infec-
tion, as well as affecting astrocytes, is known as JCV-CPN. This explains how
HPyV2 seems to have an additional role in mediating encephalopathies (Dang et al.
2012). Evaluation regarding the JCV-CPN variation inferred the presence of a
deletion of 143 base pair within the agnogene, which codes a particular 10 amino
acid, truncated peptide thought to be responsible for CPN tropism (Sariyer et al.
2008). Furthermore, this virion’ subcellular location in axons, cytoplasm, and of
course nuclei lead one to believe that JCV-CPN variant can propagate across axons
to boost infectiousness (Miskin and Koralnik 2015).

In a study by Miskin and Koralnik, HPyV2 was the sole virus found among the
cerebrospinal fluid of a few meningitis patients, suggesting that HPyV2 might
additionally serve as a cause of aseptic meningitis. No coding sequence
modifications were found in any of the regulatory areas of this JCV meningitis
(JCM) variant, when it was subjected to evaluation. The specific molecular processes
governing the meningeal tropism by JC virus are still unknown (Miskin and
Koralnik 2015).

11.5.4 Diagnosis

Clinical Presentation Contrary with various important opportunistic illnesses,
such as focal CNS lesion-causing lymphomas or toxoplasmosis, PML often
develops during a span of weeks rather than a matter of hours or days. It also
progresses much more quickly in contrast to AIDS—dementia complex (Cinque
et al. 2009). The brainstem is far more frequently involved in PML linked to
AIDS, as opposed to PML in other conditions. Neurological findings tend to get
progressively worse and affect a wider area, in correspondence to concentrical
expansion of isolated lesions or extension along white matter segments. By way of
example, early symptoms of lower limb weakness may subsequently evolve into
haemiparesis (Cinque et al. 2009; Saji and Gupta 2023). Affected patients who have



216 H. Sami et al.

Table 11.2 Spectrum of clinical symptoms and signs

Main feature Clinical findings

Classic PML—progressive, mostly Aphasia, hemianopsia, paresis (hemi-/
demyelinating, multifocal CNS deficits (white | quadriparesis), sensory loss, etc.
matter involvement)

PML-immune reconstitution inflammatory Acute, physical deterioration plus exacerbated

syndrome signs and symptoms of classic PML

Classic PML with cortical involvement Seizures plus classic PML findings

Deep grey matter involvement—basal Progressing sensory loss and pareses

ganglia/thalamus/etc.

Behavioural abnormalities Mental status changes, etc.

JCV-associated meningitis Aseptic meningitis findings, CSF JCV-DNA
(PCR) present

Granule cell neuronopathies Cerebellar atrophy—ataxia, coordination
difficulty, dysarthria, gait impairment

Other findings Cognitive abnormalities, cranial nerve signs,

coma, headache, language impairments, visual
impairments (cortical blindness, conjugate gaze
dysfunction, hemianopia)

comparatively competent immune systems might encounter a more gradual illness
progression compared to individuals who are immunocompromised. Focal CNS
features often manifest in the form of aphasia, cortical blindness, dementia,
haemiparesis, and hemianopsia, along with an extensive list of other signs and
symptoms (Table 11.2). Focal findings frequently pertain to the occipital region
and/or other posteriorities of the brain. Clinical signs may sometimes be widespread
as opposed to localized/focal (Berger et al. 2013; Saji and Gupta 2023).

Imaging Radiological findings in classic PML are usually found in the form of
unifocal or multifocal white matter lesions of non-enhancing variety and typically
depict ono mass effect. Lesion(s) can be identified on computed tomography
(CT) and MRI scans. Parieto-occipital region is a common location for most
associated neuro-pathologies, along with asymmetric infra-tentorial lesions. Less
commonly, cortical ribbons may be involved; subcortical matter and spinal cord are
rarely affected (Berger et al. 2013). Post-contrast MRI of PML-affected individuals
might sometimes reveal an enhanced mass lesion. When assessed against white
matter in healthy persons and white matter in HIV-infected, PML-negative patients,
the magnetization transfer ratio is found to be mostly low in PML-positive cases
(Berger et al. 2013; Iannetta et al. 2013). Hypodense areas can be detected on a
computed tomography examination, although they are much less sensitive than
scanning with an MRI. T1-weighted (T1W) MRI scans of PML-affected patients
often reveal characteristic hypodense lesions, whereas hyperintense areas are
appreciated on fluid-attenuated inversion recovery (FLAIR) and T2W MRI (Berger
et al. 2013). In cases of inflammatory PML, imaging can reveal unusual signs, such
as a widespread impact of associated lesions, with adjacent oedema. These cases
might exhibit dramatic contrast enhancement, something that is unusual in classical
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PML and usually limited if it does develop. The brain’s cerebellum is frequently
impacted, although any part comprising white matter is susceptible (Berger et al.
2013; Saji and Gupta 2023).

Lumbar Puncture Although protein amounts in CSF are typically normal, they
might have levels a little above normal. Additional aetiologies are ruled out upon
assessing normal CSF counts and results. Cerebrospinal fluid pleocytosis is possible
on occasion; however, the cell concentration is often below 20 cells per microliter.
CSF-JCV culture is typically unhelpful (Berger et al. 2013).

Regarding the identification of JCV in PML cases, PCR of CSF has been
demonstrated to be very sensitive and specific, 74-93% and 92-99%, respectively
(Lee et al. 2019). False-negative results are occasionally brought about by minimal
CSF viral DNA levels, sample volume or quality, and the loss of nucleic acid while
sample processing. The rate of false positivity has been estimated as 2%. In
individuals on highly active antiretroviral therapy, monitoring CSF-JCV-DNA
load acts as an indicator of the illness’s progress and may be used in therapeutic
studies (Cinque et al. 2009; Landry et al. 2008). This investigation may be able to
replace the necessity for an actual brain biopsy, but, in inflammatory PML cases, the
likelihood of finding JCV in cerebrospinal fluid gets lower. Subsequently, a repeat
CSF study is advised in PML suspects, despite the preliminary report of a negative
JCV PCR from CSF (Cinque et al. 2009; Kuhle et al. 2011).

Brain Biopsy In cases with PML, brain biopsy offers high specificity and sensitiv-
ity, 92—-100% and 74-92%, respectively (Lee et al. 2019). Affected tissue on biopsy
reveals minor cortical atrophy. The most effective way to verify the presence of JCV
in a biopsied material is through in situ hybridization or by immunohistochemistry-
based methods. Numerous demyelinating foci are often visible across cortical grey
matter. In more serious cases, demyelinated brainstem and cerebellar and cerebral
matter may be visible, with or without confluence of foci. Among the most frequent
locations for disease are oligodendrocytes present at grey and white matter junctions.
In addition to astrocyte and oligodendrocyte involvement, JCV is able to affect the
cerebellum’s granule cells (Berger et al. 2013; Lee et al. 2019).

Numerous demyelinate sites are visible under the microscope. Intra-nuclear
inclusions, possessing eosinophilic or basophilic natures, amidst oligodendrocytes’
enlarged nuclei, often near the edges of lesions, are the condition’s morphological
hallmark (Saribas et al. 2010; Shishido-Hara et al. 2014). A further distinctive trait is
the presence of big, often multi-nucleated astrocytes featuring conspicuous pro-
cesses (Saribas et al. 2010). Inclusions in JCV infection can be confirmed via
means of immunohistochemistry (IHC) and electron microscopy (EM) application
(Shishido-Hara et al. 2014). There are pathological findings of perivascular inflam-
matory infiltrates, although a rarity, cystic, or necrotic changes can also exist (Berger
et al. 2013). Sometimes, PML is misinterpreted to be glioma owing to the presence
of cellular atypia.
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Table 11.3 Clinical, radiology, and virology-based criteria for diagnosing progressive multifocal

leukoencephalopathy
Typical clinical
Diagnosis findings
Definite PML | Present
Probable Present
PML Absent
Possible Present
PML
Absent
Not PML Absent
Present
Absent
Table 11.4 Histopathology-based

leukoencephalopathy

Diagnosis
Definite
PML

Probable
PML

Possible
PML

Not PML

Typical histopathologic
triad

Present
Present
Present

Present

Absent

Absent

Typical radiological
findings
Present
Absent
Present
Present

Absent
Absent
Absent
Present

criteria  for

Electron microscopy/

immunohistochemistry proof

Present
Absent/not performed
Present

Absent
Present

Absent

diagnosing  progressive

CSF-JCV-DNA
(PCR)
Present
Present
Present
Absent/not
performed
Present
Absent
Absent
Absent

multifocal

Tissue JCV-DNA/
protein (PCR)
Present

Present
Absent/not
performed
Absent/not
performed
Absent/not
performed

Absent/not
performed

Diagnostic Considerations In accordance with the Neuroinfectious Disease
Section of the American Academy of Neurology, the criteria for diagnosing PML
is based on histopathology evidence, or through clinical, radiology, and virology-
based findings (Tables 11.3 and 11.4) (Berger et al. 2013). Progressive multifocal
leukoencephalopathy’s diagnosis is made based on a characteristic histopathologic
triad of widened oligodendroglial nuclei, presence of bizarre astrocytes, and demye-
lination, as well as proof of John Cunningham virus using PCR, EM, or IHC.
Likewise, it is generally accepted that a combination of concordant clinical
manifestations and recognized radiologic changes, along with positive PCR results
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for JCV in cerebrospinal fluid, suffices to conclusively diagnose PML (Berger et al.
2013; Kuhle et al. 2011; Saji and Gupta 2023).

11.5.5 Management, Treatment, and Prevention

The best-available therapy to date for possibly treating PML targets PD 1, which is a
programmed cell death protein located on lymphocytic surfaces; pembrolizumab
happens to be one such monoclonal antibody. In a preliminary study, 46 weekly
(total three doses per patient) administration of pembrolizumab to 8 PML-affected
subjects was carried out. From the eight patients, five reported betterments in their
clinical statuses (Dang et al. 2016; Patnaik et al. 2015). Aside from this novel,
investigational medication, the main strategy for treating PML includes the use of
antiretroviral medication (Pavlovic et al. 2015). Mefloquine for use in PML patients
has also been proposed, as it has shown some degree of activity towards JCV
in vitro. Additionally, according to some studies, employing pulsed methylprednis-
olone for PML treatment in cases of immune reconstitution inflammatory syndrome
linked to antiretroviral initiation in HIV infections has proven helpful (Tan et al.
2020). Further assessments are currently being carried out towards building a
prospective strategy involving both passive and active immunization against JCV
infection and progressive multifocal leukoencephalopathy (Dunham et al. 2020).

11.6 Lymphocytic Choriomeningitis Virus

The lymphocytic choriomeningitis virus (LCMV), which belongs to the
Arenaviridae family, is what causes lymphocytic choriomeningitis (LCM). In
1934, American physician, Charles Armstrong came up with the name (Beeman
2007; Zhou et al. 2012). It manifests as meningoencephalitis, encephalitis, or aseptic
meningitis, and the viral infection is spread by rodents. Cerebrospinal fluid (CSF),
meningeal membranes covering the brain, and the spinal cord can become infected
with the virus in LCM (Bonthius 2012). The term was chosen regarding a person’s
propensity to display very high lymphocyte counts, while they are ill with the
infection. A cerebral meningitis referred to as choriomeningitis occurs, which
exhibits significant cellular infiltrate throughout the meninges, frequently
accompanied by lymphocytic infiltrate into choroid plexuses (Kang and McGavern
2008).

11.6.1 Viral Structure

The lymphocytic choriomeningitis mammarenavirus has a circular envelope and a
50-200 nm ranging diameter (Radoshitzky et al. 2019). Two negative-sense, RNA
single-strand segments make up the viral genome in its helical-nucleocapsid
(Radoshitzky et al. 2019). The complementary negative- strand RNA to its essential
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positive mRNA signals that, prior to its translation to the necessary proteins, it needs
to be initially transcribed to positive mRNA. An intergenic area divides the L
strand’s ambisense RNA, which codes for several proteins that bind in opposing
orientations. Its size measures to about 7.2 kb and contains the coding for a ring
finger motif-containing 11 kDa short polypeptide Z plus a 200 kDa high-molecular-
mass protein (L) (Lee et al. 2000). The L protein, which encodes LCMV’s RNA
-dependent RNA polymerase, has distinctive motifs that are shared among all of the
RNA -dependent RNA polymerases. The size of the ambisense S strand is about
3.4 kb (Lee et al. 2000). Nucleo-protein, NP, measuring around 63 kDa, as well as
glycoprotein precursor complex, GPC measuring 75 kDa, are both primary structural
proteins that are encoded by it (Papageorgiou et al. 2020).

11.6.2 Aetiopathogenesis

Lymphocytic choriomeningitis mammarenavirus involves a variety of strains; how-
ever, the two that tend to be frequently utilized include LCMV- Clone 13 and
Armstrong. Charles Armstrong discovered the first LCM virus strain in 1934 after
isolating it from brain matter, thus the name “Armstrong”. It causes strong cytotoxic
T lymphocyte responses, which cause the host’s immune system to quickly clear it
out. The term, acute-Armstrong lymphocytic choriomeningitis is used to describe
this (Zhou et al. 2012). The Clone 13 strain is from an Armstrong strain variation that
was isolated from a spleen, i.e. receptive towards the internal organs. The variant
was initially discovered in mice that had been born with a lifelong LCM (Zhou et al.
2012). LCMV-Clone 13 can eventually remain within its host perpetually because it
generates a weaker immune cytotoxic T lymphocyte (CTL) response. It is known as
chronic-Clone 13 lymphocytic choriomeningitis (Oldstone et al. 2018).

11.6.3 Diagnosis

The initial diagnosis of lymphocytic choriomeningitis is made on the basis of a
suspected history, which is verified by several diagnostic investigations (Bonthius
2012). The most reliable and sensitive diagnostic technique is reverse transcriptase
polymerase chain reaction (RT-PCR), which is capable of detecting LCMV in CSF
and serum samples (DeBiasi and Tyler 2004). Analysis of affected cerebrospinal
fluid usually reveals high opening pressure (with occasional papilledema), lympho-
cytic pleocytosis ranging from 10 to more than 3000 cells per microliter, increased
protein concentrations of 50-300 mg/dl, or sometimes even higher, and less com-
monly, hypoglycorrhachia (Seregin et al. 2020; Souders et al. 2015).

Initially, in the infection progression, total blood cell counts might demonstrate
thrombocytopaenia and leukopaenia. It can be helpful to measure the levels of
immunoglobulin M (acute and convalescent) and G from CSF or serum samples.
Compared to immunofluorescence-based testing, enzyme-linked immunosorbent
assays have higher sensitivities for diagnosing lymphocytic choriomeningitis



11 Miscellaneous CNS Viral Infections: Underappreciated Causes of. . . 221

(Riera et al. 2005). The usage of complement fixation tests remains quite insensitive;
thus, it is of limited application. Apart from reverse transcription PCR of specimens,
immunohistochemical staining and viral culture may be somewhat helpful.

11.6.4 Management, Treatment, and Prevention

Research studies for antiviral drugs have not been conducted to treat LCMV
infection. For individuals who are immunodeficient, early detection along with
supportive care, such as prescribing NSAIDs or replacement of fluids, are crucial.
Whenever it is possible, minimizing any further chance of immunosuppression
should be aimed for. In the majority of lymphocytic choriomeningitis virus
infections, no particular medication is recommended as a treatment. Most
individuals experience a spontaneous recovery in 1-3 weeks with little to no long-
term effects (Zhou et al. 2012).

Ribavirin has been successfully utilized in recipients of transplants having serious
illness because it exhibits in vitro efficacy against LCMV. However, ribavirin for
intravenous administration is not offered for commercial use. In accordance with
optimal body weight and renal function, its dosage is administered orally. While
taking ribavirin, the patients ought to be closely watched for any possible adverse
events, notably haemolytic anaemia (Fischer et al. 2006; Mathur et al. 2017).

It has been demonstrated that lymphocytic choriomeningitis virus is inhibited
in vitro by favipiravir [T-705], an RNA-dependent RNA polymerase inhibitor.
Additionally, it has shown promise in lowering the morbidity of additional
arenavirus-associated diseases in experimental animals (Hickerson et al. 2018). To
determine whether favipiravir has the potential to be employed for managing
arenavirus-linked diseases, such as lymphocytic choriomeningitis in human
subjects, more research is required.

LCMYV illness is not currently covered by any specific vaccinations. Although
multi-epitope vaccination strategies were recently suggested, there are currently no
commercially accessible vaccine candidates (Waqas et al. 2023).

The best way to avoid contracting LCMYV is to stay away from outdoor mice and
use caution whenever caring for domesticated or pet guinea pigs, hamster, or mice
(Amman et al. 2007). In the event of a rodent infestation, an individual should refrain
from sweeping or vacuuming in such a manner, which may result in stirring up of
any debris or dust. A specialist should be called for to clean up the infested locations,
including completely soaking the affected region in a solution of bleach to avert
aerosol formation (Oldstone et al. 2018).

Those in laboratories who work with mice or and other rodents are more likely to
become infected with LCMV. There is no documented way to avoid transmission in
these circumstances. While dealing with these animals, it is prudent to wear gloves;
particularly in the event, the handler has any cut or abrasion on his/her hands.
Consider using respirator masks in circumstances with inevitably high infection
rates (Knust et al. 2014). Considering that it is neither specific nor sensitive to
determine whether a donor has a pet rodent or not, there are no reliable means to
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stop the spread of disease through transplantation. Due to the high cost and potential
ineffectiveness of PCR of tissue and immunohistochemistry (IHC) evaluation, it
cannot be frequently done throughout the organ procurement process (White et al.
2018).

11.7 Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2)

The CNS involvement as neurological signs (e.g. the results of hypoxia and throm-
bosis) in coronavirus disease 2019 (COVID-19) has been shown in several case
reports and observational studies (Helms et al. 2020; Lu et al. 2020; Tricco et al.
2018). COVID-19 can exhibit a diverse range of neurological manifestations. While
neurological symptoms are more commonly observed in severe cases of the disease,
it is crucial to maintain a high level of suspicion in order to diagnose patients who
present solely with neurological symptoms, referred to as ‘“neuro-COVID-19 syn-
drome”, at the onset of COVID-19 illness. These neurological presentations may be
atypical and require careful evaluation to establish a timely diagnosis and appropri-
ate management. Approximately 25% of COVID-19 cases have reported
manifestations of central nervous system (CNS) involvement (Mao et al. 2020).
The suggested CNS involvement mechanisms include both direct (neurotropic) and
indirect pathways (Fig. 11.3).

The SARS-CoV-2 uses the angiotensin-converting enzyme 2 (ACE2) receptor to
enter host cells, but with a far higher affinity than the SARS-CoV-2. High levels of
ACE2 receptor expression are seen in adipose tissue, the lung, the heart, the brain,
the liver, the vascular endothelium, and the naso-oral mucosa, making these tissues
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Fig. 11.4 Diagram showing high ACE-2-receptors containing brain regions with possibility of
neuro-invasion by SARS-CoV-2

particularly vulnerable to infection (Jin et al. 2020). The olfactory bulb, motor
cortex, posterior cingulate cortex, middle temporal gyrus, sympathetic pathways in
the brainstem, substantia nigra, ventricles, and circumventricular organs have the
highest concentrations of ACE2 receptors in the brain (Fig. 11.4) (Jin et al. 2020;
Zubair et al. 2020).

The S1 component of the spike protein is used by the SARS-CoV-2 to bind to the
ACE?2 receptors in host cells, while the S2 subunit is used for fusion and subsequent
endocytosis. Once within the cell, the viral RNA is released, allowing sub-genomic
RNA to translate a variety of proteins. The viral particles then assemble, bud, and are
expelled from the host cells (Jin et al. 2020; Zubair et al. 2020).

Clinical Features Fever (77-89%), cough (61-81%), shortness of breath (3—26%),
sore throat (10%), and gastrointestinal issues (5-9%) are the most common presen-
tation of COVID-19 infection, and Tt is worth noting that neurological symptoms
may be present in over 33% of individuals hospitalized with COVID-19 (Galassi and
Marchioni 2020; Xu et al. 2020). The neurological symptoms can occur as a result of
involvement in either the central nervous system or the peripheral nervous system,
either early on or later during the course of the COVID-19 illness. Severe cases of
COVID-19, elderly individuals, and patients with pre-existing medical conditions
often experience neurological symptoms, which can include muscle pain and/or
fatigue, dizziness, headaches, loss of smell (anosmia), loss of taste (ageusia), and
changes in mental state. These neurological features are relatively frequent in these
specific groups (Metlay et al. 2019; Zubair et al. 2020). Acute encephalopathy has
been reported as the most common neurological symptom in COVID-19 patients
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with CNS involvement in various studies (Chou et al. 2021). The initial signs of
moderate neurological symptoms, such as headache, dizziness, hyposmia,
hypogeusia (diminished sense of taste), diplopia, and ophthalmoplegia, appeared
soon after the outbreak (Wenting et al. 2020). Neurological movement problems
such as Guillain—Barré syndrome, Miller— Fisher syndrome, polyneuritis cranialis,
and ataxia have also been observed in COVID-19 (Abu-Rumeileh et al. 2021). In
patients with COVID-19, it is possible to observe prominent delirium and agitation
that may require sedation. On the other hand, some patients may present with
encephalopathy, characterized by somnolence and a decreased level of conscious-
ness (Helms et al. 2020; Mao et al. 2020). Corticospinal tract symptoms, such as
hyperreflexia and extensor plantar reflexes, are frequently observed in these patients.
In people with COVID-19, seizures have also been documented in addition to
encephalopathy (Lyons et al. 2020; Somani et al. 2020).

Diagnosis It has been found that an independent predictor of neurological problems
is a neutrophil-lymphocyte ratio (NLR) > 3 (Zhang et al. 2020). Regular testing of
serum electrolytes and renal and liver functions is recommended to detect multiple
organ dysfunction syndrome (MODS) and rule out metabolic encephalopathy in
COVID-19 patients (Mao et al. 2020). Abnormalities in the coagulation profile, such
as high D-dimer levels, are independent predictors of systemic vascular problems
including stroke (Tang et al. 2020; Vonck et al. 2020). Tests for acute -phase
reactants including serum ferritin and C-reactive protein (CRP), as well as muscle
enzymes like creatine phosphokinase (CPK) and lactate dehydrogenase, are advised.
Patients with primarily central nervous system (CNS) symptoms frequently have
lower lymphocyte and platelet counts and higher blood urea nitrogen levels, whereas
patients with muscle symptoms have significantly higher CPK (>200 U/L), neutro-
phil, CRP, and D-dimer levels along with a lower lymphocyte count (Desai et al.
2021; Mao et al. 2020). Patients with COVID-19 who exhibit unexplained mental
instability, agitation, confusion, or localized neurological abnormalities pointing to a
recent stroke, meningoencephalitis, or an acute myelitis should have neuroimaging,
ideally with MRI, of the relevant region of interest. This is important to further
investigate and assess the neurological condition in these individuals.

The presence of albumino-cytological dissociation in cerebrospinal fluid (CSF)
can assist in diagnosing Guillain—Barré syndrome (GBS) (Abu-Rumeileh et al.
2021). In COVID-19-related para- or post-infectious neuroimmunological disorders
affecting the central or peripheral nervous system, CSF protein levels may be
elevated. COVID-19-related meningoencephalitis (Moriguchi et al. 2020; Pilotto
et al. 2020) and transverse myelitis (AlKetbi et al. 2020) have been associated with
lymphocytic pleocytosis (increased lymphocytes in CSF) and elevated CSF protein
levels. However, as of now, no reports have indicated the presence of positive
immunological markers in CSF, such as IgG index or oligoclonal bands, in any
COVID-19-related cases.

For example, focal or diffuse delta-theta slowing, sporadic epileptiform
discharges (symmetrical or asymmetrical), lateralized periodic discharges with



11 Miscellaneous CNS Viral Infections: Underappreciated Causes of. . . 225

overriding fast activity, generalized sharp waves with spikes, triphasic waves, and
repetitive focal rhythmic bursts indicating nonconvulsive status epilepticus have all
been observed in COVID-19 patients with altered mental status, delirium, or
encephalopathy. Ongoing EEG monitoring is suggested for these patients in order
to diagnose nonconvulsive status epilepticus. Guillain—Barré syndrome (GBS),
myasthenic crisis, inflammatory myopathy, and critical illness neuropathy are
examples of rapidly progressing neuromuscular illnesses that are treated with
electrophysiological examinations such nerve conduction studies (NCS) and elec-
tromyography (EMG) (Helms et al. 2020; Pilato et al. 2022; Vollono et al. 2020).
These studies help assess the function and integrity of nerves and muscles in these
conditions.

Treatment The majority of COVID-19 cases, over 80%, either exhibit no
symptoms or experience mild symptoms that resolve on their own. For symptomatic
cases, the primary approach in managing severe cases involves symptomatic man-
agement, such as oxygen therapy. In instances of respiratory failure that do not
respond to oxygen therapy and for septic shock requiring haemodynamic support,
mechanical ventilation is recommended (Galassi and Marchioni 2020; Zubair et al.
2020). There are ongoing evaluations of various antiviral medications that target
different stages of the viral replication cycle, as well as convalescent plasma, as
potential treatment options for COVID-19. These efforts aim to explore their
effectiveness in combating the virus and improving patient outcomes. Due to the
limited available data on the management of COVID-19-related neurological
manifestations, it is advised to combine supportive management with syndrome-
specific therapy that was used prior to the COVID-19 pandemic. This approach
involves tailoring treatment to the specific neurological syndrome presented by the
patient while providing supportive care. Furthermore, regular monitoring and man-
agement of metabolic and electrolyte imbalances are important. Additionally,
preventing and treating secondary infections can contribute to improved outcomes
in COVID-19 patients with neurological manifestations. By addressing these
aspects, healthcare providers aim to optimize patient care and enhance their overall
prognosis (Desai et al. 2021).

11.8 Prion-Related CNS Disorders

Prion disorders constitute a sizable collection of neurodegenerative-linked illnesses
that impact people and animals (Ritchie and Barria 2021). Mad cow disease,
i.e. bovine spongiform encephalopathy (BSE), CJD, short for Creutzfeldt-Jakob
disease, Gerstmann Striussler Scheinker (GSS), scrapie disease of sheep, and
chronic wasting disease (CWD) in deer are among the illnesses covered under
prion diseases. They have protracted incubation times; however, as soon as clinical
symptoms appear, the diseases generally advance rather rapidly. There remains no
curative option for any prion illness, which all result in death. Nonetheless, new
developments of their aetiopathogenesis and physiology have raised the possibility
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of possible future medical interventions with promising therapeutic outcomes
(Geschwind 2015).

11.8.1 Structure

Addressing the structure that defines prions, a wide range of hypotheses exist,
including the notion that they are either composed solely of protein or nucleic
acid, that they have neither protein nor nucleic acid, or that they are actually
polysaccharides. The protein-only concept is perhaps the most broadly recognized
theory. Prusiner coined the name “prion” to denote scrapie’s association with the
proteinaceous particulate (PrP). PRNP, the PrP gene in humans, is a 253-amino acid
protein, which is located on chromosome 20. PrPC is a small cellular
glycosylphosphatidylinositol (GPI)-anchored protein and its precise biological pur-
pose is still uncertain. Scientific theories suggest that this protein could play a part in
signalling or in cellular adhesions. It is possible that PrP has some function in the
metabolism or transportation of copper since its N-terminal comprises a length of
five 8 amino acid-sequence repeats (also known as octapeptide repeat regions). The
latest research indicates copper imbalance is a significant primary alteration under-
lying prion disease.

Although PrP exists in the majority of bodily tissues, it is most prominent in the
central nervous system, namely within neurons. Additionally, the immune system’s
cells have high levels of PrP expression. Knockout mice that lack prion protein gene
due to genetic engineering do not exhibit any overt pathogenic traits (Steele et al.
2007), but it has been discovered that the circadian patterns, sleep, and synaptic
biology of these mice are aberrant (Bouybayoune et al. 2015).

Mice recombinant prion protein and nuclear magnetic resonance were used to
initially figure out the secondary molecular structure of cellular prion protein (Baral
et al. 2019). Recombinant human and hamster PrP have been employed in recent
years to accomplish this (Charco et al. 2017). According to some researches, PrPC
contains roughly 40% alpha -helices alongside approximately 3% beta -sheets.
PrPSc is extremely aggregated and soluble, which are characteristics, which pre-
clude the utilization of NMR image techniques and other high -resolution structural
analyses. PrPSc possesses roughly 45% beta -sheet alongside 30% alpha-helix
according to less precise structural techniques like Fourier-transfused infrared spec-
troscopy (Requena and Wille 2014; Riesner 2003). The elevated beta- sheet concen-
tration is associated with both PrPSc’s infectivity and resistance to digestion by
enzymes (Sajnani and Requena 2012).

11.8.2 Epidemiological Profile
According to the Creutzfeldt—Jakob disease International Surveillance Network,

there are about one to two occurrences of the disease per million people worldwide
each year (Watson et al. 2021). Israelis of Libyan descent and some Slovakian
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groups, where the prevalence for CJD stands sixty to hundred times beyond
expected, represent two communities that are unduly impacted by the disease. The
widespread prevalence PRNP gene possessing mutation of codon 200 mutation is
associated with these localized elevated CJD rates (Chapman et al. 1994; Meiner
et al. 1997; Mitrova and Belay 2002).

Diseases associated with prion are extremely fatal and progressive (Geschwind
2015). A sporadic case of CJD typically lasts for 8 months, whereas, with a mean
disease duration of 1-1.5 years, the course of variant Creutzfeldt—Jakob disease
(vCID) is lengthier. Also, while Gerstmann—Striussler—Scheinker disease shows an
extended course, lasting roughly 5 years, familial Creutzfeldt—Jakob disease lasts an
average of 2 years (Collins et al. 2001; Coulthart and Cashman 2001; Takada and
Geschwind 2012).

Persons from every demographic background can get sporadic CJD, which often
has comparable symptoms. Certain familial prion conditions, including familial
CJD, may display distinctive characteristics among a race. For instance, besides
many of the conventional CJD symptoms, familial CJD that affects the Libyan Jews
minority (linked to codon 200 mutation) exhibits additional characteristics of
peripheral neurological disorder (Sitammagari and Masood 2022). Variant CJD
has only been found in Europe, with the majority of cases taking place in England
and Wales (Ritchie and Barria 2021).

The average age at which sporadic Creutzfeldt—Jakob disease manifests itself is
60. Its prevalence is approximately one case for every million people, while it is five
for every million with people between 60 and 75 years old (Sitammagari and
Masood 2022). The age spectrum is wide; reports of cases occurring among
individuals who were as young as 17 and those aged at 83 have occurred (Coulthart
and Cashman 2001). Having an average onset age of 28 years, vCJD affects younger
people. The average onset age for familial Creutzfeldt-Jakob disease, GSS, and fatal
familial insomnia (FFI) is between 45 and 49 years old (Cao et al. 2021; Harder et al.
2004; Jeong and Kim 2014; Qi et al. 2020).

In the United Kingdom, 159 variant Creutzfeldt-Jakob disease patients were
documented by the beginning of 2006. Towards the late 2005, there were 15 French
nationals documented with the illness, three from the country of Ireland, two from
the USA, one case from Canada, one from Netherlands, a case in Italy, one case in
Portugal, one in Japan, one in Spain, and one documented case in Saudi Arabia. The
Canadian, Japanese, American, and one of the Irish patients probably had been
infected while residing in Great Britain (Belay et al. 2005; Sanchez-Juan et al. 2007).
With the advent of vCJD, the threat of an epidemic of prionoses involving English
populations, comparable to the bovine spongiform encephalopathy epidemic in cow
populations, has grown (Lee et al. 2013).

11.8.3 Aetiopathogenesis

The neurological pathology associated with prion diseases is a common trait. Grey
matter within the CNS is typically affected by these diseases, which result in neuron
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death, gliosis, and distinctive spongiform alteration. There is a variable degree of
vacuolation in the neurons along with vacuolated neuropil (Soto and Satani 2011).
Also, plaques are often observed in prion disorders, exhibiting typical amyloid
staining characteristics, such as Congo Red stain-associated apple green birefrin-
gence with polarizing light (Yakupova et al. 2019). Amyloid can be found in the area
of the cerebrum or cerebellum in about 10% of CJD patients (Rodriguez et al. 2015).
Cerebellar plaques of multi-centric nature are present in reports of GSS cases (Rossi
et al. 2017). Prion-linked amyloid plaques are responsive to prion antibodies, but
they are unresponsive with other amyloid proteins (i.e. Alzheimer-linked amyloid-
beta) (Rodriguez et al. 2015).

Since prions can spread naturally via ingestion or through transcutaneous
pathways, prions’ ability to enter the central nervous system is a crucial question.
Despite the fact that prion illnesses are neurological disorders, crucial pathogenic
processes happen in specific locations outside of the CNS, particularly in lymphoid
systems (Cobb and Surewicz 2009; Natale et al. 2011). Initial phases of prion
disorders are well known to include lymphoid tissues (Soto and Satani 2011). The
lymph nodes and spleen are frequently shown to be among initial locations of PrPSc
replication following peripheral route infection and to be considerably altered by
intracerebral stimulation. Studies demonstrating the delay of acute symptoms
associated with splenectomy or different procedures, which diminish peripheral
lymphoid tissues, point to their significance for neurological expropriation following
peripheral seeding (Mabbott et al. 2020; O’Connor and Aguzzi 2013).

Investigations that demonstrate that bovine spongiform encephalopathy is trans-
ferable among sheep through transfusions of blood indicate haematogenic transmis-
sion of prions to central nervous system (Houston et al. 2000). A handful of vCJD
cases linked to the use of blood transfusions have likewise been reported. The first
case in point was diagnosed with vCJD in the year 2003, roughly 6.5 years after
receiving a blood transfusion from a blood donor who had been diagnosed with
vCJD just 3.5 years earlier. In another case in 2004, the vCJD patient passed away
5 years after the transfusion, from a non-vCJD -related cause (Dietz et al. 2007,
Pincock 2004). Upon autopsy, the patient’s splenic tissue and cervical lymph node
showed aberrant prion protein; pathological signs of variant CJD could not be seen
in brain matter however. Respective prion symptoms appeared in the donor around
eighteen months post-donation. A third reported case was of a person confirmed with
vCJID in the year 2006, almost eight years after receiving a transfusion; the donor
was identified as having the disease 20 months prior to donation (Dietz et al. 2007;
Pincock 2004; Ritchie and Barria 2021).

There is evidence that B cells are necessary for haematogenic neurological
expropriation (Sisé et al. 2010), but considering that B lymphocytes do not need
to express PrPc for neurological expropriation, experts have hypothesized that their
primary role is to support and upkeep the follicular dendritic cells (Isaacs et al.
2006). Newer evidence, though, indicates that neurological invasion can occur even
without the presence of follicular dendritic cells or B lymphocytes (Sisé et al. 2010).
Additional research has linked prion CNS invasion to unique CD11c+ dendritic cells
(Aucouturier et al. 2001; Bradford and Mabbott 2012).
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Besides haematogenic distribution, parasympathetic vagal route is another means
by which prions are transported to the central nervous system (Sis6 et al. 2010). As a
result, after prions are delivered intraperitoneally, illness may be prevented by
sympathectomy or hastened by sympathetic overstimulation of lymphoreticular
structures (Glatzel et al. 2001). It is yet unknown which of these two distinct CNS
invasion pathways is more significant; this could depend on the particular strain
(Solforosi et al. 2013).

11.8.4 Diagnosis

There are numerous varieties of prion illnesses (Table 11.5) (Geschwind 2015).
Kuru is among the earliest human prion disease that has been recognized. It is
believed that tribal cannibalism is a contributing factor amidst this condition,
which affects the Fore folks that reside in the remote foothills of New Guinea. The
disease is thought to have started when a person who had sporadic CJID was
consumed. Kuru once served as one of the main causes of mortality among Fore

Table 11.5 Various prion-related illnesses

Prion-linked illness Host Method of disease contractions
Bovine spongiform Bovines Contaminated foods
encephalopathy (BSE)
Chronic wasting disease Deer Uncertain
(CWD)
Creutzfeldt-Jakob disease | Humans
(CJD)
* Familial CJD PrP gene mutations
« Jatrogenic CJD Prion-infested material/dura mater, etc.
* Sporadic CJD PrPc spontaneous conversion to PrPsc/somatic
mutation
*vCJD Consumption of bovine produce contaminated with

BSE agent (three known cases via blood transfusion
from previously infected/asymptomatic donor)

Exotic ungulate Antelopes | Contaminated foods
encephalopathy
Fatal familial insomnia Humans Mutation of PrPc into abnormally folded PrPsc
(FFI)
Feline spongiform Felidae Contaminated foods
encephalopathy
Gerstmann—Straussler— Humans PrP gene mutations
Scheinker disease (GSS)
Kuru Humans Cannibalistic rituals
Scrapie Goats and | Susceptible lambs
sheep
Sporadic fatal insomnia Humans Spontaneous conversion of PrPc into PrPsc/somatic

mutation
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women, but since the termination of tribal cannibalism, this illness is practically
gone. Comparable with scrapie, sufferers show medical signs of increasing cerebel-
lar deficit and gait impairment. Demise happens roughly 12 months after the start of
clinical symptoms (Liberski et al. 2019).

Kuru shares some degree of similarity in neuropathological findings of other
prionoses, including extensive spongiform alteration, astrocytosis, and neuronal
death. In kuru, as opposed to Creutzfeldt—Jakob disease, greater intraneuronal
vacuolation is seen. Amyloid plaques have been identified in roughly 70% of
afflicted cases, with deposits of amyloid constituting a frequent, though not always
present, counterpart to the prion diseases (Liberski et al. 2019).

Creutzfeldt—Jakob disease makes up roughly 85% of all cases of human prion
disease worldwide (Sitammagari and Masood 2022). In practice, CJD is distin-
guished by a myoclonic jerk-associated dementia that progresses quickly, along
with a variety of cerebellar, pyramidal, and extrapyramidal abnormalities. Electro-
encephalogram results often reveal noticeable alterations of high-volt, sluggish, 1-2
Hertz, spiky wave complexes over a background of progressively slower and lower
voltage (Xu et al. 2021). Creutzfeldt—Jakob disease’s annual incidence is around
1 out of million worldwide (Rong et al. 2023). A tenth of these cases present with
amyloid plaques, together with gliosis, severe cortical spongiosis, and neuronal
death. A familial autosomal dominant type of CJD associated with PrP gene
mutations accounts for 10% of cases (Bagyinszky et al. 2018).

Creutzfeldt—Jakob Disease (CJD) Sporadic Creutzfeldt—Jakob (sCJD) disease is
defined as a fatal condition of global profound cognitive loss, myoclonic jerks,
quickly worsening multifocal neurological impairment, and mortality in around
8 months time. Forty per cent of those who suffer from sporadic CJD have substan-
tially worsening cognitive decline, forty per cent have cerebellar abnormalities, and
twenty per cent have both. People exhibiting particular sCJD strains might develop
peripheral neuropathy symptoms prior to this. Although PrP(Sc) accumulation is
assumed as the cause, the varied peripheral nervous system (PNS) participation
raises the possibility of tropism being dependent on the involved strain (Sitammagari
and Masood 2022). The diagnostic spectrum quickly broadens to encompass
behavioural deviations, cortex defects, including visual cortex function, pyramidal
signs, extrapyramidal symptoms, and cerebellar abnormalities (Salehi et al. 2022).
The majority of sporadic CJD sufferers experience myoclonic jerks affecting poten-
tially the whole body or a particular limb(s). The jerks are able to be triggered by
tactile or auditory stimuli, as well as by unprompted occurrence. Many of those with
the disease exhibit a recognizable electroencephalogram pattern featuring periodic
(or pseudoperiodic) episodes of sharp waveforms or spiking complexes over a slow-
pace backdrop throughout the sporadic CJD progression. The specificity and sensi-
tivity for such paroxysm per EEG are 87% and 67%, accordingly. Serial EEGs,
however, are able to reveal abnormal periodic complexes in over 90% of case
subjects (Sharma et al. 2009).
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A medical professional ought to adhere to recognized case definitions whenever
assessing an individual for potential sporadic Creutzfeldt—Jakob disease. Character-
istic neuropathology and protease-resistant PrP on a Western blot are required to
label the diagnosis as “definitive CJD”. Progressive dementia together with typical
EEG findings and a minimum of two of the following—akinetic mutism, cerebellar
manifestations, impairment of vision, and pyramidal or extrapyramidal
manifestations—are considered as “probable CJD”. If a suspected case exhibits
progressive dementia, atypical EEG findings or no availability of EEG, and a
minimum of two of the following symptoms—akinetic mutism, cerebellar
manifestations, impairment of vision, and pyramidal or extrapyramidal
manifestations—for a period of under 2 years, the individual is classified as having
“possible CID” (Sitammagari and Masood 2022).

Gerstmann-Striussler—Scheinker Syndrome (GSS) Individuals having this con-
dition also have dementia in addition to truncal and limb ataxia that progresses
gradually. The loss of life follows 3-8 years subsequent to presentation (Zhao et al.
2019). When the patient’s brainstem gets heavily involved, indications of
olivopontocerebellar degeneration are frequently seen. Autosomal dominant
(AD) inheritance is brought on through PrP gene mutations (Prusiner 2013;
Riudavets et al. 2013). Aside from the expected gliosis, neuronal death, and
spongiform modifications, Gerstmann—Straussler—Scheinker syndrome’s neurologi-
cal hallmark includes the occurrence of substantial and consistent amyloid deposi-
tion. It is relevant to note that substantial neurofibrillary tangle production is
observed in a number of GSS Kins (Bruno et al. 2022). PrP-CAA, which is prion
protein congophilic angiopathy, or which is also known as prion protein cerebral
amyloid angiopathy, is a different type of AD inheritance-linked human prion
disorder that is marked by a neurofibrillary tangle component alongside amyloid
deposits within cerebral vessels (Jansen et al. 2010). There is also a crucial compo-
nent known as cerebral amyloid angiopathy (CAA). Both of these prion-related
variations strengthen the connection between the pathophysiology of Alzheimer’s
disease and prion illness (Ghiso et al. 2010).

Fatal Familial Insomnia (FFI) Uncontrollable insomnia, dysautonomic state of
tachypnoea, tachycardia, hyperhidrosis, hypertension, plus hyperthermia, along with
motor palsy and dementia, are common symptoms in these individuals, but the
phenotypic manifestation varies greatly even in cases of identical families (Baldelli
and Provini 2019). The approximate onset age might range between 18 and 60 years
old (Harder et al. 2004). It is vital that one is cognizant that the earliest stages of FFI
can appear with neuro-ophthalmological defects, notably increased saccadic
intrusions, despite the fact that manifestations could differ greatly among each
person (Mastrangelo et al. 2021). The illness can last anywhere from half a year to
3 years after the manifestations start. Genotype analysis is crucial for a firm diagno-
sis due to the variety of CNS manifestations of this condition. Due to gliosis and
neuronal death, there is significant atrophy occurring in mediodorsal thalamic and
anterior ventral nuclei. Spongiform transformation may be minor or not present at
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all, in contrast with alternative prion-linked conditions (Jankovska et al. 2021).
There is a Met located at polymorphic codon 129 and an asparagine replacement
of PrP gene’s codon 178, which is a missense mutation seen in fatal familial
insomnia (Jeong and Kim 2014). DI178N mutations on PRNP genes
(at chromosome 20) are linked to CJD and FFI. Codon 178’s D178N mutation
converts aspartate into asparagine. The codon 129 mutation that causes FFI, encodes
for methionine. The thalamus region is especially vulnerable when it comes to FFI,
but much of the brain’s cortex is preserved; as a result, this type of insomnia lies at
the extreme tip of the continuum of prion-related illnesses having prevalent
neuropsychiatric manifestations (Khan and Bollu 2023; Tan et al. 2020). Among
the Basque Autonomous Community of Spain, there appears to be an unusually high
prevalence of FFI (Zarranz et al. 2004).

Variant Creutzfeldt-Jakob Disease (vCJD) Within the UK, bovine spongiform
encephalopathy has caused the demise of over 160,000 bovines due to unforeseen
epidemics of emerging prion diseases (Calza et al. 2001). This illness is believed to
be brought on by consumption of bone or meat-based supplementations, which had
been contaminated by scrapie-affected sheep and/or BSE-infected cows. A lot of
scientific data point to BSE as the cause of variant Creutzfeldt—Jakob disease (Lee
et al. 2013). In the year 1995, two British teens were diagnosed with one of the
earliest episodes of variant CJD (Diack et al. 2014). Just four occurrences of sporadic
CJD in adolescents have ever been documented; the highest occurrence of sporadic
CJD emergence occurs in adults between the ages of 60 and 65. These teens stood
out due to their early onset and unique CNS pathological findings that featured what
are known as florid amyloid plaques that are similar to amyloid PrP plaques of kuru
(Qi et al. 2020; Sitammagari and Masood 2022). It is noteworthy that these amyloid
plaques likewise serve as a feature of CWD (Sikorska et al. 2009).

Diagnostic Considerations When vCJID first manifests, sensory and psychiatric
disturbances are substantially more prevalent than those found in sporadic
Creutzfeldt-Jakob disease (Sitammagari and Masood 2022). A fast-deteriorating
cognitive health status is revealed by different neuro-psychological assessments.
Ataxia and cognitive dysfunction are among the most typical early signs (Caine et al.
2015; Sundaram et al. 2020). There are far less typical variations like association of
early cortical blindness (e.g. Heidenhain variant in CJD) (Baiardi et al. 2016).
Uncommonly, the initial or predominant feature of CJD might involve unintentional
upper limb levitation, which is a symptom of alien limb syndrome (Graff-Radford
et al. 2013). Myoclonus represents a significant and almost inevitable clinical
manifestation of sporadic Creutzfeldt—Jakob disease, but because it only manifests
somewhat late along the progression of the illness, relying solely on this medical
evidence might hinder those with the disease from being properly identified and
diagnosed with CJD (Collinge 2005). All vCID -affected individuals show cerebel-
lar abnormalities, whereas only around 40% of sporadic CJD patients exhibit
cerebellar impairment symptoms (Will and Ironside 2017).
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Differential Diagnosis It is important to screen out any additional possible reasons
of dementia, especially those that may be treated, like herpes encephalitis
(Geschwind 2015). Increased protein and pleocytosis are present in the cerebrospinal
fluid (CSF) in herpes encephalitis, but there are no such findings in CSF analysis of
CJD patients. Herpes encephalitis also exhibits typical electroencephalogram and
MRI abnormalities, unmatched to prion disease (Coulthart and Cashman 2001).
Neurodegenerative conditions like Alzheimer’s, familial myoclonic dementia, mul-
tisystem atrophy, and Pick’s disease are additional disorders to further add into the
extensive list of diagnostic differentials. In contrast to Creutzfeldt—Jakob disease,
each one of the above diseases has a slower rate of neurodegeneration and associated
CNS manifestations (Paterson et al. 2012).

When considering the context of differential diagnosis for CJD, steroid-
responsive encephalopathy linked to autoimmune thyroiditis (Hashimoto encephali-
tis), although rare, should also be taken into account (Seth et al. 2021). Neurological
signs and symptoms of Hashimoto encephalitis might be really identical to those
associated with possible CJD, including fast -progressing dementia, psychosis,
ataxia, and myoclonus, but contrarily, Hashimoto encephalitis is an autoimmune
condition and hence responds effectively to immunosuppressive therapy. Detection
of raised serum thyroperoxidase autoantibodies are able to aid in diagnosing this
condition, along with EEG reporting of abnormal wave complexes and 14-3-3
protein found in cerebrospinal fluid (Payer et al. 2012).

Typical manifestations of CJD seem highly distinct; however, because of a great
deal of clinical heterogeneity plus a wide range of clinical features shared by more
commonly occurring neurodegenerative illnesses, “CJD-mimics” remain fairly prev-
alent, making a diagnosis difficult. Hyperthermia, hyponatraemia, and seizures are
medical symptoms that point to a “CJD-mimic” condition, instead of CJD (Mead
and Rudge 2017). Magnetic resonance image signalling showing hyperintensity
beyond the cerebral cortex, thalamus, or striatum is also indicative of CNS pathology
besides CJD. Additionally, observing lesions on contrast-enhanced computed
tomography, as well as CSF findings of pleocytosis, strongly suggest a “CJD-
mimic” (Macfarlane et al. 2007; Zerr and Poser 2002).

Laboratory Evaluations Regulating infectiousness or replication at the very
beginning of the illness’s evolution has proven difficult by the lack of a clear
mechanism for detecting preliminary prion illness. Novel approaches like PMCA,
otherwise known as protein misfolding cyclic amplification, and RT-QulC, which is
short for real -time quaking -induced conversion, might nevertheless help us get
around this restriction (Barria et al. 2012; Schmitz et al. 2016). RT-QuIC analyses
use fluorescent markers to track the formation of misfolded PrP gene aggregates at a
real-time basis. The National CJD Research & Surveillance Unit determined that the
RT-QulIC test’s sensitivity with cerebrospinal fluid specimens was 92% and its
specificity was 100% (Green 2019). In individuals receiving screening for
Creutzfeldt—Jakob disease, due to any alarming indications, RT-QulIC assays
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demonstrated to exhibit comparable levels of raised specificity and sensitivity
(Green 2019).

Numerous additional CSF indicators, such as non-phosphorylated tau, alpha-
synuclein, malate dehydrogenase, and neurogranin have shown diagnostic reliability
when applied in electrochemiluminescence -based tests, although some of the above
might not yet be used in healthcare settings (Altuna et al. 2022; Ermann et al. 2018).
Investigations for dementia ought to be part of the first assessment for neurological
disease. Assess erythrocyte sedimentation rate, liver functions, and the usual labora-
tory workups including complete blood cell tests to exclude off metabolic/toxic
encephalopathies. If the presence of bacteria-related illness is believed to exist, take
appropriate samples for culture (e.g. blood cultures) (Connor et al. 2019;
Rosenbloom and Atri 2011). Run evaluations for neurosyphilis (preferably, fluores-
cent antibody test) and assess thyroid status, vitamin B-12 levels, folate, and other
relevant values. Have HIV tests conducted if there is evidence of any concerning risk
factors (Kwon and Kwon 2019). Autoantibodies require being checked whenever
any paraneoplastic syndrome is suspected, for instance, if there is a record of
neoplasia or an undetected tumour is discovered by neuroimaging (Paterson et al.
2012).

Imaging Magnetic resonance imaging (MRI) serves as a crucial diagnostic tool.
Diffusion- weighted or even fluid- attenuated inversion recovery images may portray
hyper-intensified basal ganglia, cortical ribbon, and thalamus regions. Pertaining to
sporadic CJD, fluid- attenuated inversion recovery imaging and diffusion- weighted
imaging were reported as having 95% and 91% specificities and sensitivities,
respectively, with a diagnostic accuracy of 94%, as per a current study (Young
et al. 2005).

Diffusion-based magnetic resonance imaging has been shown to have diagnostic
value, which is in parallel to RT-QuIC when it comes to human prion diseases, with
much higher specificity value than CSF chemistries (Foutz et al. 2017). It should also
be noted that MRI and other such imaging studies are generally not invasive, and
hence of much benefit when compared with some other tests.

There are some radiologically significant findings, such as the hockey stick sign
and the pulvinar sign, which are often seen in variant Creutzfeldt—Jakob disease,
denoting caudate head nucleus plus putamen involvement, as well as bilateral
pulvinar thalamic involvement, respectively (Collie et al. 2003; Van Cauter et al.
2020; Venkatesan and Ramadoss 2015).

PET scan, otherwise known as position emission tomography, done in some
affected individuals (but never routinely), has demonstrated local glucosal
hypometabolic states corresponding to autopsy findings of associated neuropathol-
ogy (Renard et al. 2017).

Ataxia, corticobasal syndrome, myoclonus, limb apraxias/dystonias, parkinso-
nian signs, pyramidal signs, sensory deficits, and visual impairment all come under
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the umbrella of diverse presentations of CJD (Parmera et al. 2016; Sitammagari and
Masood 2022).

Additionally, it may be beneficial to request for abdomen, chest, and pelvis
contrast CT imaging, so as to rule off the likelihood of malignancies, which might
be causing paraneoplastic conditions (Geschwind 2015).

Electroencephalography (EEG) Most sporadic CID- affected individuals demon-
strate distinct periodic/pseudoperiodic wave paroxysms sometime in the disease
progression. These paroxysms are characterized as sharp or associated with spikes
with slow backgrounds. They may, however, not be found as often, in cases of
variant CJD.

Sleep Analysis Video polysomnography is a helpful technique to detect sleep
disorganization and significant drops in total sleep times, which may be experienced
in fatal insomnia suspects (Khan and Bollu 2023).

Genetic Analysis Genetic testing to find loci expressing prion-related genetic risk
might get more popular in the near future, although, as yet, they are neither widely
available, nor recommended (Prusiner 2013).

11.8.5 Management, Treatment, and Prevention

There is no successful or proven therapy for any of the prion disorders, making them
all deadly. Today, only symptoms-specific therapy is given to affected individuals
(Appleby and Lyketsos 2011). To prevent seizures among certain CJD patients,
antiepileptic medications may need to be given, while anti-Parkinson medications
must be given to patients who experience extrapyramidal signs and symptoms
(Appleby and Lyketsos 2011; Burgyone et al. 2004).

In various experiments, it has been demonstrated that some drugs
(i.e. amphotericin B, sulphated polyanions, Congo red analogues, anthracyclines,
tetrapyrroles, and pentosan polysulphates ) may aid in suppressing prion spread
(Barret et al. 2003; Doh-ura et al. 2004; Forloni et al. 2002; Shim et al. 2022;
Wiegmans et al. 2019). Chlorpromazine and quinacrine have also been demonstrated
to be able to possibly prevent the converting of PrPC into PrPSc, as per some tissue
culture trials. Chlorpromazine and quinacrine have also been demonstrated to be
able to possibly prevent the converting of PrPC into PrPSc, as per some tissue
culture trials (Barret et al. 2003; Shim et al. 2022). For prion-related CNS disorders,
and also for different conformational illnesses (e.g. Alzheimer’s), substantial
research is now being done on techniques for therapy that target the aberrant protein
construct linked to the condition (Burchell and Panegyres 2016; Prusiner 2013).

Various other experimental researches on therapeutic approaches for prion
illnesses have been carried out, such as chelation therapies (e.g. with copper and
D-penicillamine ); immunological approaches (e.g. using alpha -helix peptides,
vaccines with attenuated strains of CJD, and prion-peptide-based immunization );



236 H. Sami et al.

use of metformin; and use of antisense oligonucleotides to target PRNP gene; despite
such a vast arena of researches on a global scale, till date, an effective treatment for
human prion illnesses is yet to be discovered.

Prognosis Prion-related CNS disorders advance quite quickly. Beginning with the
moment of diagnoses until death, the average survival period varies between 8 and
60 months. Individuals having sporadic illness typically endure a shorter course
compared to people suffering from familial prion illness (Geschwind 2015).
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