
Copyright © 1984 by Spectrum Publications, Inc. 
Infectious Diseases of the Central Nervous System. 
Edited by R. A. Thompson and J. R. Green. 

Pathophysiology and Epidemiology 

of Acute Viral Infections 

Leslie P. Weiner and John O. Fleming 

INTRODUCTION 

1 

The diseases which result from acute viral infections of the central 
nervous system (CNS) are dependent on the nature of the invading 
microorganism, the response of the host, and the CNS cells that are 
infected. The clinical and pathological features of acute viral infections 
are diverse and include meningitis, encephalitis, poliomyelitis, and im
mune mediated postinfectious demyelinating syndromes. In this report 
we review neurotropic viruses, their epidemiology, viral entry and spread, 
host factors involved in susceptibility including the host immune re
sponse, invasion of the brain, clinical syndromes, and the outcome of 
acute infections. Each topic could be the subject of a lengthy review; it 
is our intention here to give an overview. 

VIRUSES 

Viruses have certain characteristic features such as a well-defined 
structure (protein and only one type of nucleic acid), the lack of metabol
ic apparatus for energy production, the necessity to replicate inside cells, 
and the capacity to induce an immune response when inoculated into a 
suitable host. They have been called parasites at the genetic level.1 These 
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classic or "conventional" viruses, as exemplified by herpes simplex or 
poliovirus, are easily seen by electron microscopy and may be quantitat
ed and analyzed by well-established laboratory methods. 

Recently it has been shown that diseases may be caused by agents 
which resemble conventional viruses in some respects but differ significantly 
from viruses in other ways. For example, Creutzfeldt-Jakob disease, which 
results in CNS degeneration, is initiated by an ultrafiltrable agent which 
is extremely resistant to usual viral inactivators such as formalin and 
ultraviolet light, has not been visualized by electronmicroscopy, and 
appears not to stimulate the host immune system. This and similar 
agents have been categorized as unconventional viruses. 

We will limit our discussion to conventional viruses affecting the 
human CNS. Conceptually, it is important to distinguish disease caused 
by classic viruses from those caused by the relatively un characterized 
unconventional agents. 

Conventional viruses carry their genetic material as a single or dou
ble strand of nucleic acid. This can be either DNA or RNA, but not both 
in one type of virus. The nucleic acid is entwined and/or surrounded with 
protein; together, they form the nucleocapsid. The surrounding protein 
is called the capsid protein. In the "naked" viruses the virion, or virus 
particle, is complete when it contains its nucleic acid and protein. The 
naked RNA viruses include the picornaviruses (e.g., poliovirus) and the 
naked DNA viruses include adenoviruses, parvoviruses, and papovavirus 
(e.g., JC virus, the progressive multifocalleukoencephalopathy agent). 

In the enveloped viruses the capsid proteins are surrounded by an 
envelope of virus-coded proteins in host cell lipid. The envelope is ac
quired as the nucleocapsid buds from cellular membranes. Herpes vi
ruses bud through nuclear membranes, coronaviruses bud through vesicles 
comprising membranes of the endoplasmic reticulum, and paramyxovir
uses, measles, and many other viruses bud from the plasma membranes, 
and thus acquire their envelopes as they leave the cell. 

Viruses have a variety of sizes and shapes. The parvovirus are as 
small as 20 nm and the poxviruses reach a size of 300 nm. The rhabdovir
uses (rabies) are bullet shaped, the coronaviruses (respiratory viruses) 
are pleomorphic, the poxviruses are brick shaped, and the adenovirus 
resemble a crystal with protein projections. 

The replication cycle of each viral type is unique. The virus must 
attach itself to the plasma membrane. Viral receptors on the cell surface 
are the major factor in determining cell susceptibility to infection and 
viral tropism, that is, the propensity of a virus to infect a specific cell 
type. Wild-type poliovirus selectively damages anterior horn cells, but 
attenuated polioviruses which make up the vaccine strain do not have 
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CNS tropism nor are they receptors for these strains present for the most 
part on CNS cells. Viral receptors are glycoproteins. In experimental 
studies it has been suggested that viral receptors might be part of the H-2 
complex2 or a neurotransmitter receptor.3 

Following attachment, the virus must penetrate the plasma mem
brane. Viral penetration is affected by structures at the cell surface such 
as viral receptors, glycoproteins on the surface of the virus, and the 
environment in which the contact between the cell and virus takes place. 
Most viruses enter the cell by a phagocytic mechanism called 
viropexis.4 Paramyxoviruses, measles, respiratory syncytial virus, and 
vaccinia are viruses with evidence of penetration by fusion of viral enve
lope with cell membrane. In herpes simplex infection vir ope xis is the 
primary mechanism with fusion being an auxilIary process. 

After penetration, the capsid protein is "uncoated." The viral nucle
ic acid is then ready for two processes: (1) replication, in which copies of 
the viral genome are produced for incorporation into progeny virions, and 
(2) transcription, in which messenger RNA (mRNA) coding for viral 
proteins is made. Obviously, different viruses must use different replica
tion-transcription strategies depending on whether their nucleic acid is 
DNA or RNA, single or double stranded, and of negative or positive sense 
polarity. Baltimore has classified animal viruses into six general classes 
on this basis.5 

Viral mRNA is translated into proteins in ribosomes in the cyto
plasm. Viral proteins are either structural or nonstructural. Structural 
protein is morphologically part of the mature viral particle or virion. 
Nonstructural proteins, usually enzymes such as nucleic acid polymeras
es, are essential for the viral multiplication cycle but are not part of the 
virion released extracellularly. These nonstructural proteins are impor
tant in replication, transcription, control of host cell macromolecular 
synthesis, viral assembly, and virion release from cells. 

The assembly of viral proteins and nucleic acid into the viral particle 
takes place in the nucleus for most DNA viruses and in the cytoplasm for 
most RNA viruses. The virus is released by a variety of mechanisms. The 
naked viruses such as poliovirus are released by lysis of the cell.6 Envel
oped viruses pick up their lipid coats by budding through membranes. 
Measles and mumps bud through the plasma membrane; herpes viruses 
attain their envelope by budding through nuclear membranes and then 
diffusing through the plasma surface membrane to reach the extracel
lular environment. Coronaviruses and arboviruses bud from cytoplasmic 
membranes and make their way out either by passage through surface 
membrane or by membrane channels. 
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EPIDEMIOLOGY AND RISK FACTORS 

The epidemiology of viral infection is influenced by a number of 
factors. Infections can be spread directly from man to man by respiratory 
or salivary airborne routes (paramyxoviruses), by fecal-oral ingestion 
(enteroviruses, e.g., poliovirus), or by venereal spread (herpes simplex II). 
Infections can be acquired from animals (zoonoses) or via vectors such 
as mosquitos or ticks. In the insect-borne viral infections such as Eastern 
equine (EEE), Western equine (WEE), or St. Louis encephalitides, the 
vector-vertebrate reservoir includes mosquitoes and birds. This type of 
spread has accounted for regional epidemics in the southwestern U.S. 
and Texas.7 

Seasonal variations of viral infections occur with a limited number 
of viruses, and these outbreaks can affect massive numbers of people. 
The variation often depends on reproductive cycles of the vector and the 
social habits of the vertebrate reservoir, such as migration patterns. In 
man-to-man spread, such as occurs with the enteroviruses, infection oc
curs in late summer or early fall. Spread is dependent on social contacts, 
crowds, flies, and the outdoor activity of children, who are the source and 
the target of fecal contamination. 

Exposure is but one element of the pathogenesis of disease produced 
by viruses. In an epidemic of St. Louis encephalitis or even poliovirus, 
hundreds of thousands of may be infected but only a handful will be 
victim to CNS disease. Multiple factors become critical in determining 
the outcome of infection. Most relate to the immune response, but some 
may involve the presence of viral receptors and cellular molecular processes 
which have yet to be defined. Genetic factors are most critical, but cer
tainly nutrition plays an important part in host-defense. Malnourished 
individuals, particularly those with low protein, cannot mount an effec
tive immune response. Sex of the individual also plays a role. Through 
most of life, males are more susceptible to viral infections. However, 
during pregnancy when immune mechanisms are depressed in general, 
women are more susceptible.8 

Age also plays a role. Before birth, diseases related to cytomegalovirus 
and rubella are most common. At birth herpes simplex type II is devas
tating, producing systemic disease and marked cerebral necrosis. In in
fants, parainfluenza viruses, adenovirus, polio, and other enteroviruses 
are most common. In the young child, rhinoviruses, coronaviruses, mea
sles, rubella, mumps, influenza, polio, and chicken pox are the most com
mon, and many of these viruses are associated with CNS invasion. In 
adolescence, infectious mononucleosis attributed to Epstein-Barr 
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virus is common, and in the senior citizen, exacerbations of varicella 
zoster are a frequent occurrence.9 

The patterns of disease often bear little relationship to incidence. 
Herpes simplex, varicella, Coxsackie, rhinovirus, parainfluenzea, influenza 
virus, adenovirus, and coronaviruses are all viruses of high incidence and 
low mortality. Rabies, Marburg virus, Lassa fever, EEE, and WEE vi
ruses are viruses of low incidence, but high mortality. Severe infections 
may occur in small subpopulations converting low mortality to high 
mortality infections. Such subgroups include patients who are immuno
suppressed or have defects in resistance secondary to malignancies or 
malnutrition.9,10 

The host response plays the major role in both susceptibility to 
infection and the disease process. A brief review of the immune response 
cannot truly reflect the complexity of the cellular interactions and the 
biology of soluble substances which control these interactions. The B 
cells (so-called bursa or bone marrow derived cells) are primarily in
volved in humoral responses, consist of at least five populations which 
include precursor B cells, antibody forming B cell precusors, activated B 
cells, memory B cells, and the fully differentiated plasma cell. T cells 
(so-called thyumus-derived lymphocytes) include precursor T cells, helper 
T cells, memory T cells, cytotoxic lymphocytes, and suppressor T cells. 
Other immune cells include macrophages, K cells, and N cells, the gran
ulocytes, mast cells, and monocytes which act primarily as phagocytic 
cells. 11 

The role of antibody in host defense against virus is complex. Anti
bodies can combine with the surface of the virus to prevent attachment 
to susceptible cells, decrease penetration, and interfere with uncoating 
on the initiation of replication. Cytophilic antibodies promote phagocy
tosis and digestion of viruses. Antibodies also react with the surface of 
enveloped viruses to activate the complement system and directly produce 
lysis of the virus or host cells bearing viral antigens in surface mem
branes. Finally, antibodies can combine with the virus, agglutinating 
them and making them more readily phagocytized. 

Macrophages are a critically important group of cells in the protec
tion of the animal from viral infection. They interact with lymphocytes 
and are involved in the production of interferon. They also influence the 
uptake of virus by phagocytizing virus-antibody complexes. Their role 
in antigen processing is important in augmenting lymphocyte activities, 
activating the complement system, and in altering general immune 
regulationY 
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ENTRANCE, SPREAD, AND INVASION OF CNS 

Virus may enter the host by penetration of the skin (St. Louis virus 
and other arboviruses), respiratory tract (measles, mumps), intestinal 
tract (enteroviruses, ie, poliovirus), and urogenital tract (herpes simplex 
II). Virus on entry can grow at the primary site in epithelial surfaces or, 
alternatively, they may penetrate and grow in the subepithelial tissues. 
Spread can be via lymphatics, blood, or, in rare instances, by nerves. In 
this latter case there is growth in perineural or Schwann cells, and the 
virus reaches the CNS by retrograde axoplasmic flowI2 (i.e., herpes sim
plex, varicella zoster, and rabies).13,14 

With those viruses disseminated by the blood, the passage is often 
complex. Togaviruses, polioviruses, and hepatitis type B are free in the 
plasma. Measles, Epstein-Barr virus, cytomegalovirus, herpes simplex, 
and poxviruses are all associated with mononuclear peripheral white 
cells. Coloardo tick fever has been associated with transport in red cells. 

Although viruses are ubiquitous and viral diseases are common, ac
tive infection of the CNS by viruses is uncommon. This is probably 
because of the blood-brain and blood-CSF barriers which largely sepa
rates the CNS from the systemic circulation.15 The morphologic sub
strate for these barriers is complex and includes specialized cells and 
junctions between cells. For example, cerebral capillaries lack the fenes
tration found in the endothelial cells of the systemic vascular bed. Also, 
the apical ends of the choroid plexus epithelial cells are joined by tight 
junctions. 

Viruses can enter the CNS at the choroid plexus by either direct 
passage into the CSF or by growth in choroid plexus cells as is seen in 
the rat parvovirus model. I6 The CNS can be reached through small 
vessels either by transportation in infected leucocytes, infection of the 
vascular endothelium, or by diffusion or viropexus through normal cellu
lar membranes.17 

The concept of the brain as an "immunologic privileged site" is 
undergoing some modification. There now appears to be a modified lym
phatic system. There are, of course, no lymphatic vessels draining region
al nodes, but ligation of lymphocytes in the neck will produce brain 
edema. These so-called "prelymphatics" may be the Vir chow-Robin (V
R) spaces which merge into the subarchnoid space.18 The V -R space has 
been found to contain lymphocytes and macrophages.19 The blood-brain 
barrier, which appears to be relatively impermeable to proteins under 
normal circumstances, can be readily altered experimentally by changing 
blood pressure, pH, and osmotic pressure. Whether alterations of these 
factors influence the brain's immunity is not known. In the case of tumor 
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and skin grafts, an immune reaction is elicited but it is slower than 
elsewhere. Local vascularization, which is part of the rejection mecha
nism, is delayed.2o In experimental viral infection we have shown that in 
intranasal JHM virus infection (a neurotropic strain of mouse coronavir
uses), blood-brain barrier defects occur 12 to 24 hours after the initial 
demonstration of viral antigen and correlates with the earliest presence 
of cellular infiltrates in the meninges and perivascular areas.21 

There is good reason to think that most cells comprising the inflam
matory response in the brain are of hematogenous origin. Phagocytes in 
the brain are primarily derived from the blood.22,23 These phagocytes 
possess IgG and complement receptors.24 In certain species, oligoden
drocytes have been shown to posses a receptor to the Fc fragment of IgG, 
a function generally associated with immune cells.25 We have recently 
shown the presence of Ia antigens of the major histocompatibility com
plex in the white matter of normal adult mouse brain. These cells are 
located in the interfascicular refion and positive cells comprise about one 
percent of the total number.2 Preliminary data from chimera studies 
indicate that Ia positive cells derived from the donor spleen will find the 
way into the brain of an x-irradiated recipient with a different Ia 
background.27 Thus, in normal brain white matter, there are cells derived 
from the reticuloendothelial system synthesizing Ia antigen. These cells 
are usually associated with immune function and may be part of the 
brain's defense system. 

OUTCOME OF INFECTION 

There are many possible outcomes of viral infection.28 The initial 
infection may be either asymptomatic (subclinical) or may result in acute 
disease (clinical). Either subclinical or clinical infections may be followed 
by complete clearance of the virus or by viral persistence. Viral persist
ence itself may be symptomatic, result in delayed symptomatology (e.g., 
subacute sclerosing panencephalitis), or give rise to many recurrences of 
acute episodes (e.g., herpes simplex). Another possibility which has not 
been shown in man but has been demonstrated in animals is the develop
ment of malignant transformation and tumors.29 Finally, virus can trig
ger an unusual or idiosyncratic host response which results in acute 
disease. This is thought to be in the case in Reye's syndrome where a mild 
viral infection is followed in rare individuals by liver necrosis and brain 
edema. 

On a cellular level, tissue damage can be the result of several processes 
both in acute disease and in chronic processes.30 Virus may produce lysis 
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of cells. This occurs in nonenveloped agents at the completion of replica
tion and is related to release into the environment (e.g., poliovirus, 
adenovirus, and papovaviruses). There can be cell dysfunction and death 
by the inhibition of host macromolecular synthesis. These may be caused 
by viral nonstructural proteins, but in many instances the mechanisms 
have not been defined. Special functions may be inhibited. The so-called 
"luxury functions" may be involved. Impairment does not result in cell 
death, but in cell malfunction. 31 Disease may be due to im
mune-mediated processes directed against viral antigens (e.g., lymphocy
tic choriomeningitis). It is possible that immune-mediated disease may 
be directed at altered host antigens or that the immune response might 
not recognize a host antigen as self. Finally, disease may be due to the 
inflammatory response via nonspecific phagocytoxis, lysosomal release, 
hemorrhage, or thrombosis. These effects are difficult to sort out from 
direct viral-host interactions.32 

A number of viral infections of the CNS are commonly encountered 
in neurology. The syndrome of aseptic or nonpurulent meningitis is 
often caused by viruses such as coxsackie, echoviruses, mumps, adenovi
rus, and lymphocytic choriomeningitis virus. This syndrome is usually 
associated with headache, fever, meningeal signs, and a predominance of 
mononuclear cells in the cerebrospinal fluid. The prognosis is generally 
good. It is important to rule out nonviral causes of this syndrome such 
as tuberculosis, cryptococcosis, syphillis, and partially treated pyogenic 
meningitis, all of which have specific therapies. Other viruses such as 
herpes simplex and many arboviruses (WEE, EEE, St. Louis encephali
tis) may invade the brain parenchyma and produce acute viral menin
goencephalitis. By contrast with aseptic meningitis, this syndrome 
frequently results in fulminant disease with significant mortality and 
residual effects. Some cases of Parkinson's syndrome have been sequelae 
of acute encephalitis. Another group of diseases is seen days to weeks 
after viral infections; these are termed postinfectious encephalomyelitis. 
Some forms may be hemorrhagic or demyelinating. The relationship of 
these syndromes to viral persistence and the immune system is unclear 
at present. Finally, some acute infections, both subclinical and clinical, 
have been shown to initiate viral persistence and chronic disease; condi
tions in this category include subacute sclerosing panencephalitis, mea
sles virus, progressive multifocalleukoencephalopathy, JC, BK, SV-40 
viruses, and progressive rubella panencephalitis. There is currently much 
interest in viruses in neurology in part because chronic viral infections 
have now been shown to cause diseases formerly thought to be "degener
ative"; this raises the possibility that viruses may account for other 
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CONCLUSIONS 

The pathogenesis of acute CNS viral infections is dependent on a 
number of environmental and host factors. Overall, the incidence of CNS 
infections and subsequent disease is uncommon. The outcome depends 
on the virulence of the virus and such host factors as the patient's age, 
nutrition, sex, and genetic factors which influence the immune response 
and interferon productions. 
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