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Preface

Virology is currently one of the most dynamic areas of
clinical medicine. Challenges related to novel viruses,
changing epidemiologic patterns, new syndromes, unmet
vaccine needs, antiviral drug resistance, and threats of
bioterrorism are balanced against improved insights into
viral pathogenesis, better diagnostic tools, novel immu-
nization strategies, and an expanding array of antiviral
agents. The demands on clinicians, public health work-
ers, and laboratorians will continue to increase as will the
opportunities for effective intervention. This text, now in
its fourth edition, is designed to inform scientists and
health care professionals about the medically relevant
aspects of this rapidly evolving field.

Clinical Virology has two major sections. The first ad-
dresses infections and syndromes related to particular
organ systems, as well as the fundamentals of modern
medical virology, including immune responses and vac-
cinology, diagnostics, and antivirals. The second provides
agent-specific chapters that detail the virology, epidemi-
ology, pathogenesis, clinical manifestations, laboratory
diagnosis, and prevention and treatment of important
viral pathogens. In a multiauthored text like Clinical Vi-
rology, the selection of authors is key. The senior authors
for individual chapters were chosen because of their in-

XV

ternationally recognized expertise and active involve-
ment in their respective fields. In addition, common
templates for the syndrome-specific and separately for the
agent-specific chapters allow the reader to readily access
material. Since publication of the third edition in 2009,
all of the chapters have been extensively revised to in-
corporate new information and relevant citations. The
timeliness and presentation of the fourth edition have
been enhanced by publication of chapters online as they
have become available and by the increased numbers and
incorporation of color figures into the text. New chapters
on Bornaviruses and Anelloviruses have been added, and
the rapidly expanding field of antiviral drugs demanded
dividing the subject into four chapters.

We have been particularly fortunate in receiving in-
valuable help from our administrative assistants, Mayra
Rodriguez, Dunia Ritchey, and Lisa Cook. In addition, we
express our appreciation for the enthusiastic professional
support provided by Christine Charlip, Lauren Luethy,
and Larry Klein of ASM Press.

DOUGLAS D. RICHMAN
RICHARD J. WHITLEY
FREDERICK G. HAYDEN



Important Notice (Please Read)

This book is intended for qualified medical professionals
who are aware that medical knowledge is constantly
changing. As new information becomes available,
changes in treatment, diagnostic procedures, equipment,
and the use of drugs and biologicals become necessary.
The editors, authors, and publisher have, as far as it
possible, taken care to ensure that the information is up-
to-date but cannot guarantee that it is.
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Consequently, readers are strongly advised to confirm
that the information, especially with regard to drug usage,
complies with the latest legislation and standards of
practice. The authors, editors, and publisher make no
warranty, expressed or implied, that the information in
this book is accurate or appropriate or represents the
standard of care for any particular facility or environment
or any individual’s personal situation.



Introduction
DOUGLAS D. RICHMAN, RICHARD J. WHITLEY, AND FREDERICK G. HAYDEN

Clinical virology incorporates a spectrum of disciplines and
information ranging from the x-ray crystallographic structure
of viral proteins to the global socioeconomic impact of dis-
ease. Clinical virology is the domain of molecular biologists,
geneticists, pharmacologists, microbiologists, vaccinologists,
immunologists, practitioners of public health, epidemi-
ologists, and clinicians, including both pediatric and adult
health care providers. It encompasses events impacting his-
tory that range from pandemics and Jennerian vaccination
to the identification of new pathogens, mechanisms of dis-
ease, and modern countermeasures like antiretrovirals. For
example, since the previous edition of this text, sequencing
techniques from human specimens have led to the identifi-
cation of numerous new members of several virus families,
including polyomaviruses, orthomyxoviruses, and bunyavi-
ruses (1-3). New viral pathogens have emerged or been
recognized, including a camel-associated coronavirus caus-
ing the SARS-like Middle East respiratory syndrome, the
tick-borne zoonotic orthomyxovirus (Bourbon virus) (2),
the bunyaviruses (severe fever with thrombocytopenia virus)
(3) and Heartland virus (4, 5), and newly emerged avian and
swine influenza viruses causing zoonotic infections (H7N9,
H5N6, H6N1, HIONS, H3N2v) (6-10). A bornavirus, be-
longing to a virus family known to cause disease in animals
but with an unproven role in human disease, has been iso-
lated in a cluster of encephalitis cases (11). Well-recognized
pathogens like Chikungunya and Zika viruses have spread
geographically to cause major outbreaks in the Western
Hemisphere (12, 13). The political and social consequences
of vaccine denialism have delayed the eradication of polio
and measles globally and resulted in re-emerging outbreaks
of measles in Europe and North America. Most dramatically,
the pattern of relatively limited, albeit lethal, outbreaks of
Ebola virus in central Africa over the past 40 years changed
in 2014 with the West African outbreak that caused over
28,000 infections leading to over 11,000 fatalities, including
more than 500 health care workers, before coming under
apparent control in 2016 (http://www.who.int/csr/disease/
ebola/en/).

On the positive side, the development of new diagnostic
technologies has provided dramatic advances for the de-
tection of new pathogens and the diagnosis and manage-
ment of virus infections in the clinic. Human “virome”
projects based on high-throughput serologic screening, se-

quencing, and other technologies have documented the
frequent but individually unique patterns of infection that
we have with these microbes (14-16). Since the previous
edition we have seen the revolutionary impact of combi-
nation antiviral therapy for HIV, with approximately 15
million people under treatment globally in 2015, followed by
the development of 8- to 12-week interferon-free regimens
for hepatitis C, with cure rates of over 95%. Modified viruses
have become therapeutic tools in treating some forms of
malignancy (e.g., herpes simplex virus for glioblastoma) (17,
18). In addition, promising new antiviral drugs and vaccines
are in development for many other virus infections. The
editors hope that the fascinating breadth and importance of
the subject of clinical virology will be conveyed by this text.
In this fourth edition, the editors have attempted to update
and expand upon the information in the previous edition,
while making the content more accessible with Internet-
based technology.

A few words about nomenclature are necessary. Students
(among others) are plagued by virus classification. Histor-
ically, classification reflected the information available from
general descriptive biology. Viruses were thus classified by
host (e.g., plant, insect, murine, avian), by disease or target
organ (e.g., respiratory, hepatitis, enteric), or by vector (e.g.,
arboviruses). These classifications were often overlapping
and inconsistent. Molecular biology now permits us to
classify viruses by genetic sequence and biophysical struc-
ture, which can be quantitative and evolutionarily mean-
ingful. Table 1, which shows the taxonomy of human
viruses, is derived from the comprehensive Ninth Report of
the International Committee on Taxonomy of Viruses (19).

The list in Table 1 represents viruses known to infect
humans. Many of the agents are primarily animal viruses that
accidentally infect humans: herpesvirus B, rabies, the Are-
noviridae, the Filoviridae, the Bunyaviridae, and many
arthropod-borne viruses. The role of intraspecies transmission
of viruses is becoming increasingly appreciated. Although its
contribution to zoonotic infections like HSN1 and antigenic
shift of influenza A virus is well documented, the role of
intraspecies transmission is a major consideration in the
“emerging” diseases caused by Sin Nombre virus and related
hantaviruses, Nipah virus, Ebola virus, arenavirus, hemor-
rhagic fevers, variant bovine spongiform encephalopathy,
and most importantly, the human immunodeficiency viruses.

doi:10.1128/9781555819439.chl
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TABLE 1 Taxonomy of human viruses

Family Subfamily Type species or example Morphology Envelope Chapter
Genus
DNA viruses
dsDNA viruses
Poxviridae Pleomorphic + 19
Chordopoxvirinae
Orthopoxvirus Vaccinia virus, variola
Parapoxvirus Orf virus
Molluscipoxvirus Molluscum contagiosum virus
Yatapoxvirus Yaba monkey tumor virus
Herpesviridae Icosahedral +
Alphaherpesvirinae
Simplexvirus Human herpesvirus 1 and 2 20
Cercopithecine herpesvirus 1 (herpesvirus B) 21
Varicellovirus Human herpesvirus 3 22
Betaherpesvirinae
Cytomegalovirus Human herpesvirus 5 23
Roseolovirus Human herpesvirus 6 and 7 24
Gammaherpesvirinae
Lymphocryptovirus Human herpesvirus 4 25
Rhadinovirus Human herpesvirus 8 26
Adenoviridae Mastadenovirus Human adenoviruses Icosahedral - 27
Polyomaviridae Polyomavirus JC virus Icosahedral - 28
Papillomaviridae Papillomavirus Human papillomaviruses Icosahedral - 29
ssDNA viruses
Parvoviridae Icosahedral -
Parvovirinae 30
Erythrovirus B19 virus
Dependovirus Adeno-associated virus 2¢
Bocavirus Human bocavirus
Anelloviridae Alphatorquevirus Torque teno virus® Icosahedral - 31
DNA and RNA reverse
transcribing viruses
Hepadnaviridae Orthohepadnavirus Hepatitis B virus Icosahedral with envelope 32
Retroviridae Spherical



RNA viruses
dsRNA viruses

Reoviridae

Negative-stranded ssRNA viruses

Paramyxoviridae

Rhabdoviridae

Filoviridae
Orthomyxoviridae

Bornaviridae
Bunyaviridae

Arenaviridae

Deltaretrovirus
Lentivirus

Spumavirus

Orthoreovirus
Orbivirus
Coltivirus
Seadornavirus

Rotavirus

Paramyxovirinae
Respirovirus
Morbillivirus
Rubulavirus
Henipavirus
Pneumoniavirinae
Pneumovirus

Metapneumovirus

Vesiculovirus
Lyssavirus
Filovirus

Influenzavirus A
Influenzavirus B
Influenzavirus C

Bornavirus

Onrthobunyavirus
Hantavirus
Nairovirus
Phlebovirus

Arenavirus

HTLV 1 and 2
Human immunodeficiency viruses 1 and 2

Spumavirus (foamy virus)”

Icosahedral
Reovirus 3¢
Kemerovo viruses
Colorado tick fever virus
Banna virus

Human rotavirus
Spherical

Human parainfluenza viruses
Measles virus
Mumps virus

Nipah virus

Human respiratory syncytial virus

Human metapneumovirus
Bacilliform

Vesicular stomatitis virus

Rabies virus

Ebola virus Bacilliform
Spherical

Influenza A virus

Influenza B virus

Influenza C virus

Borna disease virus Spherical
Amorphic

Bunyamwera virus, LaCrosse virus

Hantaan virus, Sin Nombre virus

Congo-Crimean hemorrhagic fever virus

Rift Valley fever virus

Lymphocytic choriomeningitis virus Spherical

33
34

35
35
35
36

37
38
39
40

37
37

42
3

57
44

+ 45

(Continued on next page)



TABLE 1 Taxonomy of human viruses (Continued )

Family Subfamily Type species or example Morphology Envelope Chapter
Positive-stranded ssRNA viruses
Picornaviridae Icosahedral -
Enterovirus Polioviruses 46
Rhinovirus Human rhinoviruses 47
Hepatovirus Hepatitis A virus 48
Cadliciviridae Calicivirus Norwalk virus Icosahedral - 49
Hepeviridae Hepevirus Hepatitis E virus Icosahedral - 50
Astroviridae Mamastrovirus Human astrovirus 1 Icosahedral - 51
Coronaviridae Coronavirus Human coronavirus Pleomorphic 52
Flaviviridae Spherical
Flavivirus Yellow fever virus 53
Hepacivirus Hepatitis C virus 54
Togaviridae Spherical +
Alphavirus Western equine encephalitis virus 55
Rubivirus Rubella virus 56
Subviral agents: satellites,
viroids, and agents
of spongiform encephalopathies
Subviral agents
Satellites (single-stranded RNA) Deltavirus Hepatitis delta (D) virus Spherical + 58
Prion protein agents Creutzfeld-Jakob agent ? - 59

“Human virus with no recognized human disease.



Although not a documented risk, the theoretical threats of
organ transplants from primates and pigs prompted a section
on xenotransplantation in the chapter on transplantation. In
addition, a number of human viruses have not been recog-
nized to cause human disease, including spumaretroviruses,
reoviruses, anelloviruses, and the adeno-associated parvovi-
ruses. The text does not elaborate on these viruses in detail,
but the editors did elect to include a chapter on Torque teno
virus and related anelloviruses, despite any proven disease
association, because of their remarkably high prevalence in
human populations globally and the remarkably high titers
achieved in blood. We have also added a new chapter on
bornaviruses, which may represent either a newly recognized
zoonosis or an emerging infection.

In order to provide a comprehensive yet concise treat-
ment of the diverse agents and diseases associated with hu-
man viral infections, the editors have chosen to organize the
textbook into two major sections. The first provides infor-
mation regarding broad topics in virology, including immune
responses, vaccinology, laboratory diagnosis, and principles
of antiviral therapy, and detailed considerations of important
organ system manifestations and syndromes caused by viral
infections. The second section provides overviews of specific
etiologic agents and discusses their biology, epidemiology,
pathogenesis of disease causation, clinical manifestations,
laboratory diagnosis, and management. We have attempted
to ensure that the basic elements are covered for each of the
viruses of interest, but it is the authors of each of these
chapters that have done the real work and to whom we owe
our gratitude and thanks.
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Respiratory viral infections have a major impact on health.
Acute respiratory illnesses, largely caused by viruses, are the
most common illness experienced by otherwise healthy
adults and children. Data from the United States, collected
in the 1992 National Health Interview Survey, suggest that
such illnesses are experienced at a rate of 85.6 illnesses per
100 persons per year and account for 54% of all acute con-
ditions exclusive of injuries (1). A total of 44% of these
illnesses require medical attention and result in 287 days of
restricted activity, 94.4 days lost from work, and 182 days lost
from school per 100 persons per year. The morbidity of acute
respiratory disease in the family setting is significant. The
Tecumseh study, a family-based surveillance study of respi-
ratory illness, estimated that approximately one-quarter of
respiratory illnesses result in consultation with a physician
(2). Illness rates for all acute respiratory conditions are
highest in young children, and children below the age of 9
have been estimated to experience between five and nine
respiratory illnesses per year (3).

Mortality due to acute viral respiratory infection in oth-
erwise healthy individuals in economically developed
countries is rare, with the exception of epidemic influenza
and possibly respiratory syncytial virus. However, acute res-
piratory infection is a major cause of childhood mortality in
low- and middle-income countries (4), and it is estimated
that 4.5 million children under 5 years of age die annually
from acute respiratory infection. Viruses are estimated to
play a contributing role in approximately 20% to 30% of
these deaths (4). In response, the World Health Organ-
ization has undertaken a major new initiative, the Battle
against Respiratory Viruses (or BRaVe) to foster research on
these pathogens (5).

Both RNA and DNA viruses are responsible for these
infections, producing clinical syndromes ranging in severity
from merely uncomfortable to life threatening. Each of these
viruses may be responsible for different clinical syndromes
depending on the age and immune status of the host. Fur-
thermore, each of the respiratory syndromes associated with
viral infection may be caused by a variety of specific viral
pathogens (Table 1; also see Table 1 in Chapter 52). This
chapter describes the clinical syndromes of respiratory virus
infection, the spectrum of viruses associated with these
syndromes, and the pathophysiology of these illnesses.
Specific features of the virology and pathophysiology of

disease induced by individual viral agents are described in
greater detail in each of the virus-specific chapters.

SEASONAL PATTERNS OF RESPIRATORY
VIRUS INFECTION

Many of the viruses associated with acute respiratory disease
display significant seasonal variation in incidence (Fig. 1).
Although the exact seasonal arrival of each virus in the
community cannot be predicted with precision, certain
generalizations are useful diagnostically and in planning
control strategies. For example, both influenza and respira-
tory syncytial virus epidemics occur predominantly in the
winter months, with a peak prevalence in January to March
in the northern hemisphere. Although the periods of peak
incidence for these two viruses usually do not coincide, there
is often overlap between the two seasons. Parainfluenza virus
type 3 (PIV-3) infections show a predominance in the
spring, while types 1 and 2 (PIV-1 and PIV-2) cause out-
breaks in the fall to early winter. Rhinoviruses may be iso-
lated throughout the year, with increases in frequency in the
spring and fall. The peak prevalence of enteroviral isolations
is in late summer and early fall, while adenoviruses are iso-
lated at roughly equal rates throughout the year. The her-
pesviruses do not show significant seasonal variation in
incidence, except for varicella, which occurs throughout the
year, but more commonly in late winter and early spring.

COMMON COLDS

Clinical Features and Syndrome Definition

Common colds are familiar to most adults and are usually
self-diagnosed. Most observers consider colds to include
symptoms of rhinitis with variable degrees of pharyngitis; the
predominant associated symptoms include nasal stuffiness,
sneezing, runny nose, and sore throat. Patients often report
chills, but significant fever is unusual. Cough and hoarseness
are variably present and may be more frequent in the elderly
(6). Headache and mild malaise may occur. Although a
multitude of viruses may be associated with this syndrome,
the pattern of symptoms associated with colds does not ap-
pear to vary significantly among agents. Physical findings are
nonspecific and most commonly include nasal discharge and

doi:10.1128/9781555819439.ch2
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10 W VIRAL SYNDROMES AND GENERAL PRINCIPLES

TABLE 1 Estimated frequency” with which individual viral respiratory syndromes are caused by specific common viral pathogens
Pneumonia
Immuno-
Virus Colds Pharyngitis Tracheobronchitis Croup Bronchiolitis Children” Adults compromised
RNA viruses

Influenza virus

Type A +0 ++ — 4+ + + et ++

Type B + ++ ++ + ++
Parainfluenza virus

Type 1 + ++ ++++

Type 2 + ++ ++

Type 3 + ++ +++ ++ +++
Respiratory syncytial virus ~ ++ + i+ Sttt I e+ it
Human metapneumovirus + ++ ++ +
Measles virus + + +
Rhinovirus +H++ ++ S et . 4
Enterovirus ++ ++ + + +
Coronavirus ++ + ++ + + +

DNA viruses

Adenovirus ++ + ++ o+ et 4 4
Herpes simplex virus + + + + it
Varicella virus + +
Epstein-Barr virus ++ + +
Cytomegalovirus + T+ + .

“The relative frequency of causation is graded semiquantitatively as follows: %, rarely if ever reported, occasional case reports; +, causes some cases (1%-5% of cases); ++;
fairly common cause, (5%-15% of cases); +++; common cause, (15%-25% of cases); ++++, major cause (>25% of cases)

"Individuals under the age of 5.
“In affected regions during outbreaks.

pharyngeal inflammation. More severe disease, with higher
fever, may be seen in children.

Overall, colds are one of the most common of disease
experiences. Adults average 6 to 8 colds per 1,000 person-
days during the peak cold season and from 2 to 4 colds per
person per year (7). Rates of colds are higher in children,
who average 6 to 8 colds per year. Adults with children at
home have a higher frequency of colds, and women are
generally affected more often then men.

Colds are self-limited, with a median duration of illness of
approximately 9 to 10 days in adults (8) and longer in
children (9). Recognized complications of colds include
secondary bacterial infections of the paranasal sinuses and
middle ear and exacerbations of asthma, chronic bronchitis,
and emphysema. Involvement of the middle ear is common,
and changes in middle ear pressures have been documented
following both experimentally induced as well as naturally
occurring rhinovirus (10) and influenza virus (11) infection.
These abnormalities are likely due to eustachian tube dys-
function and probably account for the frequency with which
otitis media complicates colds. Colds are associated with
symptomatic otitis media in approximately 2% of cases in
adults (12) and in a higher proportion in young children
(13). Rhinoviruses and other common cold viruses have
been detected in middle ear fluids in approximately 20% to
40% of cases of otitis media with effusion in children (14).
Infections with RSV, influenza, and adenoviruses are often
also associated with otitis media (13).

Colds are also associated with detectable abnormalities of
the paranasal sinuses that may or may not be evident clin-
ically. Mucosal thickening and/or sinus exudates have been

observed by computerized tomography in as many as 77% of
subjects with colds (15, 16). However, clinically manifest
acute sinusitis is seen only in a small (0.5% to 5%) pro-
portion of adults with naturally occurring colds.

Clinical colds in atopic individuals may be more severe or
more likely to result in wheezing than in normal individuals,
and rhinoviruses have been identified as major causes of
asthma exacerbations in children and adults (17). The
mechanism of this increased susceptibility is unclear but may
be related to an altered immune response to infection.
Rhinovirus colds may increase asthma by augmenting airway
allergic responses such as histamine release and eosinophil
influx after antigen challenge. Rhinoviruses have also been
identified as important causes of exacerbations of chronic
obstructive pulmonary disease (18, 19).

Etiology and Differential Diagnostic Features

The majority of common colds are associated with infection
with rhinoviruses or other picornaviruses, particularly when
very sensitive techniques, such as reverse-transcriptase-
polymerase chain reaction (RT-PCR), are used for diagnosis
(8). Other agents frequently associated with common colds
include coronaviruses and nonprimary infections with par-
ainfluenza and respiratory syncytial viruses, with a variety of
other agents implicated occasionally (Table 1).

The differential diagnosis of individuals presenting with
typical signs and symptoms is limited. However, in the
presence of additional signs or symptoms which are not part
of this clinical description, such as high, persistent fever,
signs of respiratory distress, or lower respiratory tract disease,
alternative diagnoses should be sought. Allergic causes
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should be considered in individuals who present with re-
current symptoms restricted to the upper respiratory tract.

Pathogenesis

Studies of the pathogenesis of the common cold have largely
focused on rhinoviruses, the most commonly implicated
viral etiology. Transmission of most of the viruses responsible
for the common cold is by direct contact, with inoculation of
virus into the upper respiratory tract. In situ hybridization
studies of nasal biopsy specimens from rhinovirus-infected
subjects demonstrate that infection is largely confined to
relatively small numbers of ciliated nasal mucosal epithelial
cells (20), although occasional non-ciliated cells are also
infected (20). Sloughing of these epithelial cells is seen in
naturally occurring colds, but the epithelial lining remains
intact, with structurally normal cell borders (21). Infection is
not associated with significant increases in the numbers of
lymphocytes in the nasal mucosa (22), but increases in the
numbers of polymorphonuclear leukocytes have been de-
tected in nasal mucosa and secretions, probably due to
elaboration of IL-8 by infected cells (23). Although rhino-
viruses are not able to grow efficiently at core body tem-
perature, virus can be detected within cells of the lower
airway even in uncomplicated colds in healthy subjects (24).

In general, the number of infected cells appears to be
quite limited, even in fairly symptomatic individuals (20).
Such findings suggest that virus-induced cellular injury is not
the direct cause of symptoms in rhinovirus colds and that
inflammatory mediators and neurogenic reflexes play im-
portant roles. The nasal secretions during the initial response
to rthinovirus infection are predominantly the result of in-
creased vascular permeability, as demonstrated by elevated

levels of plasma proteins in nasal secretions (25). Glandular
secretions (lactoferrin, lysozyme, and secretory IgA) pre-
dominate later in colds (25). Similar observations have been
made in allergic rhinitis. However, in contrast to the sit-
uation in allergic rhinitis, histamine does not appear to play
a role in the induction of symptoms in colds, because nasal
histamine levels do not increase, and therapy with selective
(nonsedating) H1 antihistamines is not effective (26-28).
Local cytokine production is associated with symptoms in
colds. Nasal secretion of kinin, IL-1, IL-6, and IL-8 levels
increases during colds, and kinin and IL-8 concentrations
correlate with symptoms (26). The low IL-6 production
polymorphism has been associated with greater symptom
magnitude following experimental rhinovirus challenge in
susceptible adults (29) while polymorphisms in I-L10 or
TNFa do not have a discernable effect. Intranasal admin-
istration of bradykinin mimics the induction of signs and
symptoms in the common cold, including increased nasal
vascular permeability, rhinitis, and sore throat (27, 30).
Enhanced synthesis of proinflammatory cytokines and cell
adhesion molecules in the middle ear may also contribute to
the pathogenesis of otitis media associated with colds (31).

Treatment and Prevention

Treatment of colds in clinical practice is directed toward
alleviation of symptoms. Symptoms of sneezing and rhinor-
thea can be alleviated with nonselective antihistamines
such as brompheniramine, chlorpheniramine, or clemastine
fumarate, at the cost of some sedation (32, 33). The effect
is probably due to the anticholinergic properties of these
drugs because, as mentioned earlier, treatment with selec-
tive H1 inhibitors is not effective. Topical application of
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vasoconstrictors such as phenylephrine or ephedrine pro-
vides temporary relief of nasal obstruction but may be asso-
ciated with a rebound of symptoms upon discontinuation if
used for more than a few days. Studies of pseudoephedrine
have demonstrated measurable improvements in nasal air
flow consistent with a decongestant effect (34, 35). Non-
steroidal anti-inflammatory drugs such as naproxen moder-
ate the systemic symptoms of rhinovirus infection (30).
Symptomatic therapy with systemic anticholinergic drugs or
anticholinergic-sympathomimetic combinations has not
been shown to confer any benefit and to be associated with
significant side effects (37). In particular, the use of the
decongestant phenylproponolamine has been shown to be
associated with an increased risk of hemorrhagic stroke (38,
39), and this drug has been removed from over-the-counter
cold remedies. However, topical application of ipratropium,
a quaternary anticholinergic agent that is minimally ab-
sorbed across biologic membranes, reduces rhinorrhea sig-
nificantly in naturally occurring colds (40). This agent
probably exerts its major effect on the parasympathetic
regulation of mucous and seromucous glands.

As expected, there is no benefit in treatment of colds
with antibacterial agents, although they are frequently pre-
scribed in colds, particularly in children. Echinacea has been
suggested as having efficacy in colds, but a recent random-
ized trial showed no benefit (41), and administration of this
remedy is not associated with a shorter duration of symptoms
(42). Zinc gluconate may slightly reduce the duration of
colds but does not reduce symptom severity and is associated
with a high frequency of adverse events (43).

Clinical Features and Syndrome Definition

Pharyngitis is a common complaint of both adults and
children and is one of the more common reasons for seeking
outpatient medical care. In general, this syndrome refers to
individuals who present with the primary complaint of sore
throat and should probably be reserved for those individuals
who manifest some objective evidence of pharyngeal in-
flammation as well. The clinical manifestations of phar-
yngitis are dominated by the specific causative agent and
can be divided into those cases in which nasal symptoms
accompany pharyngitis, which are predominantly viral in
nature, and those cases without nasal symptoms, which have
a somewhat more diverse spectrum of etiologic consid-
erations, including both group A and nongroup A strepto-
cocci, chlamydia (strain TWAR), mycoplasma, and other
agents (44).

Etiology and Differential Diagnostic Features

Viral pathogens associated with acute pharyngitis are sum-
marized in Table 1. Rhinovirus colds are frequently accom-
panied by pharyngitis, although objective signs of
pharyngeal inflammation are uncommon. Adenovirus in-
fections are frequently associated with pharyngitis, and a
specific syndrome of pharyngoconjunctival fever, consisting
of fever, pharyngitis, and bilateral conjunctivitis is associated
with adenovirus types 3 and 7. A variety of enteroviral se-
rotypes are associated with febrile pharyngitis. Herpangina is
a specific coxsackievirus-induced pharyngitis in which small
(1 to 2 mm) vesicular lesions of the soft palate rupture to
become small white ulcers. Pharyngitis is a typical compo-
nent of acute influenza in which individuals experience the
sudden onset of systemic symptoms of fever, myalgias, and
malaise accompanied by upper respiratory signs and symp-
toms including pharyngitis. Primary oral infection with
herpes simplex virus may present with pharyngitis, typically

with vesicles and shallow ulcers of the palate, and cervical
lymphadenopathy.

Pharyngitis will be a significant complaint in approx-
imately one-half of cases of the acute mononucleosis syn-
drome due to Epstein-Barr virus (45). Pharyngitis in this
syndrome is generally exudative and is accompanied by
cervical and generalized lymphadenopathy, as well as fever,
hepatosplenomegaly, and other systemic symptoms. The
heterophile antibody test is typically positive in the second
week of illness. Cytomegalovirus can cause an identical
syndrome that is monospot-negative and may be associated
with pharyngitis more commonly in children than in adults.
An acute mononucleosis-like syndrome with pharyngitis
may also be the presenting manifestation of primary HIV
infection. Viruses associated with hemorrhagic fever, such as
Ebola, Marburg, or Lassa, produce an acute pharyngitis that
occurs early in the disease, before skin lesions appear.

The differential diagnosis of acute pharyngitis generally
centers upon the differentiation of streptococcal from viral
etiologies. Features suggestive of streptococcal pharyngitis
include tonsillar swelling, moderate to severe tenderness on
palpation, enlargement of lymph nodes, presence of scarla-
tiniform rash, and absence of coryza (46). The bacterium
Fusobacter necrophorum has also been recognized as fre-
quently associated with acute pharyngitis in adults and has a
clinical presentation similar to that of streptococcal phar-
yngitis (47).

The presence of nasal symptoms or of conjunctivitis fa-
vors a viral etiology, and as described above, some viral
syndromes may present with distinguishing characteristics
that help in their identification. Generally, acute pharyngitis
in children less than 3 years of age is predominantly viral in
origin. The presence of exudate is suggestive of bacterial
etiology, but exudates may also be seen with adenovirus or
EBV. Rapid diagnostic tests for the office identification of
group A streptococci are widely available and are indicated
in most cases where the etiology is uncertain. When highly
sensitive tests are used, backup cultures are generally not
necessary (48).

Pathogenesis

The pathophysiology of those virus infections for which
pharyngitis is part of the clinical presentation is described in
the individual virus-specific chapters of this book. As de-
scribed above, pharyngitis in the common cold is probably
the result of chemical mediators of inflammation, which are
potent stimulators of pain nerve endings. Potentially similar
mechanisms may account for pharyngitis in other viral
syndromes as well. Direct viral damage and other host in-
flammatory responses may also contribute.

Treatment and Prevention

The treatment of most cases of viral pharyngitis is sympto-
matic, as noted in the section on common colds. Patients
suspected of having influenzal pharyngitis who are seen
within the first 2 days of illness can be treated with antiviral
therapy (see Chapters 14 and 43). In immunosuppressed
patients with chronic herpetic pharyngitis or normal hosts
with primary gingivostomatitis, acyclovir therapy is recom-
mended (see the discussion on herpes simplex virus).
Treatment of group A streptococcal infections with an-
timicrobial agents is generally initiated to prevent rheuma-
tologic complications of this infection and is associated with
more rapid resolution of symptoms, although the absolute
benefits are rather modest (49). Rapid diagnostic tests are
widely available for the office identification of group A



streptococci and are indicated in most cases where the eti-
ology is uncertain. Antibiotic treatment based on only
positive rapid test or throat culture results can reduce un-
necessary use of antibiotics for treatment of pharyngitis (50).

CROUP (ACUTE
LARYNGOTRACHEOBRONCHITIS)

Clinical Features and Syndrome Definition

Croup, or viral laryngotracheobronchitis, is a clinically dis-
tinct illness that predominantly affects children under the age
of three. The illness typically begins with upper respiratory
tract symptoms of rhinorrhea and sore throat, often with a
mild cough. After 2 or 3 days, the cough deepens and de-
velops a characteristic brassy, barking quality, which is similar
to a seal’s bark. Fever is usually present, generally between
38° and 40°C, although those with croup due to respiratory
syncytial virus may have normal temperatures. The child may
appear apprehensive and most comfortable sitting forward in
bed. The respiratory rate is elevated but usually not over 50;
this contrasts with bronchiolitis, in which more severe ta-
chypnea is often seen. Chest wall retractions, particularly in
the supraclavicular and suprasternal areas, may be observed.
Children with this finding on presentation have a higher risk
of hospitalization or of requiring ventilatory support.

The characteristic physical finding of croup is inspiratory
stridor. Inspiration is prolonged, and in very severe cases,
some degree of expiratory obstruction may also be seen.
Rales, rhonchi, and wheezing, which reflect the character-
istic involvement of the lower respiratory tract, may be heard
on physical examination. A fluctuating course is typical, and
the child may appear to worsen or improve within an hour.
Hypoxemia occurs in 80% of children with croup severe
enough to require hospitalization. The degree of hypoxia is
generally difficult to ascertain clinically, but continuous
monitoring of pulse oximetry does not correlate with respi-
ratory distress and may lead to increased hospitalization rates.

Children who develop respiratory insufficiency as a result
of increasing fatigue also may have elevations in PaCO;.
Other routine laboratory assays are generally unremarkable.
Children with croup characteristically exhibit subglottic
narrowing of the tracheal air shadow on PA films of the
neck, the so-called “steeple” sign (Fig. 2). This finding may
be useful in differentiating croup from epiglottitis. Chest X-
rays may reveal parenchymal infiltrates which are part of the
characteristic involvement of the lower respiratory tract in
this syndrome.

Croup is predominantly a disease of young children, with
a peak age incidence in the second year of life. In the Seattle
virus watch family study, the annual incidence of croup was
5.2 per 1,000 in the first 6 months of life, 11.0 per 1,000 in
the second 6 months, 14.9 per 1,000 in the second year of
life, and 7.5 per 1,000 in those 2 to 3 years of age, with a
marked drop after that age (51). Boys are somewhat more
likely to be affected than girls (52).

Etiology and Differential Diagnostic Features

Overall, viruses are recovered from croup cases more fre-
quently than from other types of respiratory illnesses. An
estimate of the relative importance of individual infectious
agents in croup is shown in Table 1. The parainfluenza vi-
ruses are the most common viruses responsible for croup,
accounting for about 75% of cases (52). Of the parainfluenza
viruses, types 1 and 2 are most commonly associated with
croup (52), and the seasonal incidence of croup reflects the
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FIGURE 2 Posteroanterior roentgenogram of the neck of a child
with viral croup that shows the characteristic narrowing of the air
shadow of the trachea in the subglottic area. (Courtesy of Dr.
Carolyn B. Hall, University of Rochester)

seasonal variations in parainfluenza virus incidence (Fig. 1).
Less common causes of croup include respiratory syncytial
virus, influenza A or B viruses, rhinoviruses, and adeno-
viruses, as well as Mycoplasma pneumoniae. Recent studies
have also shown a strong association with the novel coro-
navirus NL63 (53). Measles is a relatively less common cause
of croup but is associated with especially severe disease (54).
Mycoplasma pneumoniae and influenza viruses tend to be
isolated more commonly from older children with croup
(52). Parainfluenza virus type 2 and influenza A viruses are
associated with more severe disease (55), but generally the
clinical presentation of the croup syndrome due to in-
dividual agents is similar. Specific viral diagnosis is not
routinely performed since the clinical syndrome is sufficient
for diagnosis, and management generally does not depend on
identification of the specific agent.

The majority of cases of inspiratory stridor in children are
caused by viral croup. However, it is critical to distinguish
these syndromes from other, potentially more serious causes
of airway obstruction such as bacterial epiglottitis and tra-
cheitis early in clinical management. Epiglottitis is an acute
cellulitis of the epiglottis and surrounding structures. Pa-
tients present with acute respiratory distress and drooling,
but the barking cough of croup is absent. Epiglottitis in
children is usually caused by Hemophilus influenzae type b
(Hib). The incidence of invasive Hib infections has de-
clined remarkably since the introduction of polysaccharide-
conjugate vaccines, and the incidence of epiglottitis in
children has also declined considerably (56). In adults, and
rarely in children, epiglottitis may be caused by a variety of
other bacterial agents such as Haemophilus parainfluenzae or
B-hemolytic streptococci, which may spread from a con-
tiguous focus of infection. Bacterial tracheitis is a relatively
rare syndrome that mimics croup. Abundant purulent spu-
tum is often present. Bacterial tracheitis is usually caused
by Staphylococcus aureus or Hib; other bacteria such as B-
hemolytic streptococci and Streptococcus pneumoniae have
also been associated with this syndrome. Other infectious
causes of stridor, including peritonsillar or retropharyngeal
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FIGURE 3 Lateral neck films of the neck in a child with epi-
glottitis demonstrates the characteristic thickening of the epiglottis
in this disease and may be helpful in distinguishing this illness from
croup or retropharyngeal abscess. (Courtesy of Dr. Caren B. Hall,
University of Rochester)

abscess or diphtheria, and noninfectious causes of stridor
such as trauma or aspiration of a foreign body, should be
considered.

Direct visualization of the epiglottis may be necessary to
exclude bacterial etiologies, and facilities and personnel for
this procedure and for emergency airway management
should be available. Lateral neck radiographs may show
edema of the epiglottis in epiglottitis (Fig. 3) or thickening
of the retropharyngeal space in individuals with retro-
pharyngeal abscess. However, radiographs are limited in
accuracy and should be performed with caution in in-
dividuals with respiratory distress. It may be useful to ad-
minister racemic epinephrine, because a rapid response is
suggestive of croup.

Pathogenesis

The severity of clinical symptoms in viral croup appears to
be directly related to the level of virus replication (57). This
results in inflammation in both the upper respiratory tract
and the lung parenchyma. The classic signs of croup, in-
cluding the barking cough and inspiratory stridor, arise
mostly from inflammation occurring in the larynx and tra-
chea. Inflammatory changes are seen by histology in the
epithelial mucosa and submucosa of the larynx and trachea.
The cellular infiltrate includes histiocytes, lymphocytes,
plasma cells, and polymorphonuclear leukocytes. The in-
flammation and obstruction are greatest at the subglottic
level, which is the least distensible part of the airway because
it is encircled by the cricoid cartilage. Consequently, lo-
calized inflammation and edema lead to obstruction of air-
flow. The impeded flow of air through this narrowed area
produces the classic high-pitched vibration. Obstruction is
greater during inspiration because the narrowing occurs in
the extrathoracic portion of the airway and is enhanced in
small children because the walls of the airways in these in-
dividuals are relatively compliant and can collapse to a
greater extent. Obstruction of airflow results in an initial
decline in tidal volume, which is compensated by an in-
crease in respiratory rate to maintain adequate alveolar
ventilation. However, if the obstruction increases, the work
of breathing may increase until the child tires, and as the
respiratory rate declines, the child develops hypercarbia and
respiratory failure.

Viral Infection
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FIGURE 4 Pathophysiology of croup. Both mechanical ob-
struction of airflow and ventilation-perfusion mismatching due to
parenchymal infection of the lung are responsible for the hypoxia
and respiratory distress of croup. (Modified from Hall, Reference
206, with permission)

Involvement of the lower respiratory tract is integral to
the pathophysiology of croup (Fig. 4) (58). Inflammatory
changes are noted throughout the respiratory tract, includ-
ing the linings of the bronchi, bronchioles, and even the
alveoli. Consistent with these findings, hypoxemia is de-
tected in about 80% of children hospitalized with croup.
Although some degree of hypoxia can be explained on the
basis of hypercarbia, the major pathophysiologic mechanism
is ventilation-perfusion mismatching. Pulmonary edema
may complicate severe croup and upper airway obstruction
(59). The onset of pulmonary edema often occurs immedi-
ately following intubation. Pulmonary edema in these cases
does not appear to be due to pulmonary artery hypertension
but to local hypoxia and increased alveolar-capillary trans-
mural pressure.

Treatment and Prevention

Because the majority of hospitalized children are hypoxic,
oxygen is the mainstay of treatment for severe disease and
should be given to all hypoxemic patients. Humidified air or
mist therapy is commonly used and has several potential
roles. Desiccation of the inflamed epithelial surfaces is de-
creased, and the viscosity of the exudate is reduced. How-
ever, the value of mist therapy has not been proven, and
removal of the child from the parents and placement in a
mist tent can be more distressing to the child than beneficial.

Corticosteroids have been shown to confer significant
benefits in the management of mild, moderate, and severe
croup, including more rapid improvement in symptoms, re-
duced length of hospital stay, and reduced rates of intubation.
Administration of a single dose of 0.6 mg/kg dexamethasone



intramuscularly (60), an oral dose of between 0.6 to 0.15 mg/
kg orally (61), or of 2 mg of budesonide by nebulizer (62) are
all effective, and comparative trials have shown all three
strategies to be equally effective (63, 64). Administration of
single-dose corticosteroid therapy in this setting has not been
associated with significant side effects and should probably be
used in most patients with significant illness (65).

Administration of nebulized racemic epinephrine gen-
erally gives rapid, symptomatic relief in croup (66). It is
believed that a-adrenergic stimulation by this drug causes
mucosal vasoconstriction, leading to decreased subglottic
edema. Several randomized trials have demonstrated a rapid
beneficial effect on airway obstruction (67, 68). The onset of
action is rapid, often within minutes, but the duration of
relief is also limited, lasting 2 hours or less. Therefore, treated
subjects should be observed closely for clinical deterioration.
While symptomatic relief is considerable, use of epinephrine
is not associated with improvements in oxygenation, prob-
ably because the defect in oxygen is associated with ven-
tilation-perfusion mismatching due to lower respiratory tract
involvement. In addition tachycardia may occur. Thus, in-
haled epinephrine is generally reserved for children who fail
to respond to more conservative management (69). Oxygen
mixed with helium (heliox) has been suggested as an in-
tervention to reduce the work of breathing; however, its role
in the routine management of croup remains undetermined
(70).

Antiviral agents effective against some of the viruses re-
sponsible for croup are available but have not been tested for
efficacy in this situation. However, the potential benefit of
the use of antiviral agents in the typical self-limited course of
croup would likely be limited. Since croup is a viral illness,
antibiotic therapy is of no benefit.

BRONCHIOLITIS

Clinical Features and Syndrome Definition

Bronchiolitis is a characteristic syndrome of infants whose
presenting symptoms are dominated by the major patho-
physiologic defect, obstruction to expiratory airflow (71).
The onset of lower respiratory symptoms is usually preceded
by rhinitis, often with nasal congestion and discharge. More
severe symptoms characteristically occur 2 to 3 days later but
in some cases are concurrent with the onset of upper respi-
ratory symptoms. In many instances, there may be a history
of exposure to an adult or sibling with a cold or other minor
respiratory illness or history of exposure to other cases of
bronchiolitis in the daycare setting.

The hallmark of disease is wheezing, which can be quite
marked, with flaring of the nostrils and use of accessory
muscles of respiration. Cough may or may not be prominent
initially, and when cough is present, it may be paroxysmal in
nature. Slight cyanosis is often observed, but the presence or
absence of cyanosis is not a reliable indicator of the degree of
oxygenation or of the severity of disease. Physical findings are
generally confined to the chest, with development of rales,
which are usually musical in the beginning and then become
more moist. Hyper-resonance of the chest may be observed,
and the liver may be displaced downward due to hyper-
inflation. The respiratory rate is elevated, with rates of 50 to
80 breaths per minute. Fever is frequently present at the
beginning of the illness but may no longer be present at the
time lower respiratory tract involvement develops. Among
hospitalized infants, one-third or more are afebrile, despite
marked lower respiratory tract disease. Thus, the presence or
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absence of fever does not indicate the severity of the child’s
illness. Mild conjunctivitis is noted in about a third of cases,
with pharyngitis of varied severity in about half, and otitis
media in 5% to 10%. The hospital course is variable, but
most infants will show improvement in 3 to 4 days (72).

Radiologic findings are generally nonspecific, with re-
ported findings including air trapping, consolidation, and
collapse (73). Air trapping is particularly indicative of res-
piratory syncytial virus (RSV)-associated bronchiolitis and
may be the only radiologic finding (Fig. 5). However, there is
no correlation between the radiographic findings and the
clinical course (74). Chest radiographs should be obtained
to rule out alveolar filling defects suggestive of bacterial
pneumonia and in those infants with severe disease, sudden
deterioration, or underlying disorders (75). Results of routine
laboratory tests are generally unremarkable, and the pe-
ripheral white blood cell count is usually not elevated. Ab-
normal water, electrolyte, and endocrine homeostasis may be
seen during acute illness, including elevated antidiuretic
hormone secretion and low fractional excretion of sodium
(76). Electrolyte disturbances, most notably hyponatremia,
may be seen with severe disease, particularly if excessive
amounts of hypotonic fluid are administered (77). Acute
disease may be associated with elevations in pulmonary ar-
tery pressure, but echocardiographic studies are usually un-
remarkable in infants with structurally normal hearts (78).

Bronchiolitis is a disease predominantly of infancy, and
the epidemiology of this disease closely parallels that of the
major infectious cause, respiratory syncytial virus. The peak
age incidence is between 2 and 6 months of age, with over
80% of cases occurring in the first year of life (79). The risk
of hospitalization of infants during the first 12 months of life
for bronchiolitis has been estimated to be approximately 10
per 1,000 population (80), with the peak age of hospital-
ization between 1 and 3 months. Hospitalization rates are
highest in children who reside in industrialized urban set-
tings (81). Among lower socioeconomic status groups,
bronchiolitis hospitalization rates of 0.5% to 1% of the en-
tire population of infants in the first year of life are not
uncommon (82).

FIGURE 5 The CXR in bronchiolitis characteristically shows
hyperinflation due to obstruction to airflow. A variety of other
findings may be present, including interstitial infiltrates or lobar
consolidation. (Courtesy of Dr. Caren B. Hall, University of Ro-
chester)



16 M VIRAL SYNDROMES AND GENERAL PRINCIPLES

The risk of hospitalization and severe bronchiolitis is
particularly high in infants with congenital heart or lung
disease or immunodeficiency (83, 84). In addition, infants
born prematurely and those who are less than 6 weeks of age
at the time of presentation are also at risk (85). More severe
disease has also been documented in children with a family
history of asthma (85) and those exposed to cigarette smoke
in the family setting (86).

Etiology and Differential Diagnostic Features

The spectrum of viruses associated with bronchiolitis is
shown in Table 1. RSV causes the majority of cases of
bronchiolitis, and during the RSV epidemic season, essen-
tially all cases are due to this virus (87). Overall, RSV is
recovered from about three-fourths of all infants admitted to
the hospital with bronchiolitis (71). Children hospitalized
with bronchiolitis due to RSV tend to be younger than those
with other viruses (88). Children with a higher viral load on
nasopharyngeal aspirates have a higher risk of ICU admis-
sion (89). Human metapneumovirus (hMPV) is also a sig-
nificant cause of bronchiolitis (90-92). The clinical picture
most closely resembles that of RSV, and bronchiolitis is the
major manifestation in children. Clinical features include
wheezing and hypoxia. There are no clinical features that
can distinguish between disease caused by hMPV and RSV,
although generally RSV may be more severe.

Rhinoviruses have recently been recognized as associated
with a significant proportion of cases of bronchiolitis and
represent the second most common virus detected using
sensitive nucleic acid tests in children with bronchiolitis.
The true attribution of RV to this syndrome must take into
account the frequent detection of this virus in asymptomatic
children as well. Rhinoviruses can also mimic RSV infection
in infants with bronchopulmonary dysplasia (93).

Other respiratory viruses causing bronchiolitis include
parainfluenza viruses, influenza virus, mumps, and rhinovi-
ruses. Adenoviruses types 3, 7, and 21 are relatively un-
common causes but may be associated with more severe
disease, including bronchiolitis obliterans (94). Novel hu-
man coronaviruses, such as NL-63, have also been associated
with lower respiratory tract disease in infants (95). An ad-
ditional recently described human parvovirus, the human
bocavirus, has been found in as many as 12% of cases of
acute wheezing in young children (96).

The differential diagnosis of diseases characterized by
expiratory airflow obstruction in infants is relatively small.
Pertussis can occasionally be confused with bronchiolitis;
more frequent vomiting, more paroxysmal cough, and lym-
phocytosis are clues to the diagnosis. Differentiation of acute
infectious bronchiolitis from the initial presentation of al-
lergic asthma is difficult and contributes to the difficulty in
assessing therapeutic interventions in this disease. Anatomic
defects such as vascular rings can cause obstruction of the
airway. Foreign bodies should be considered strongly, espe-
cially in young infants. Gastroesophageal reflux is an addi-
tional consideration.

RSV and some of the other viral agents responsible for
bronchiolitis can be isolated from nasopharyngeal secretions
in cell culture, but nucleic acid detection techniques are
more sensitive and detect a wider range of viruses (97).
Rapid antigen detection techniques are widely used, but the
sensitivity of such techniques is dependent on the quality of
the nasopharyngeal specimen, with nasopharyngeal aspirates
superior to brushings or swabs (98). Their utility in routine
management is unclear, although they may be useful for
infection control purposes.

Pathogenesis

The pathophysiology of infectious bronchiolitis has been
described most completely in the case of infection with RSV.
The basic pathophysiologic changes in bronchiolitis are
summarized in Figure 6 (71). Viral infection of epithelial
cells of the bronchioles leads to destruction and necrosis of
the ciliated epithelium. Leucocytes, predominantly lym-
phocytes, can be seen in increased numbers in the peri-
bronchial tissues (99). The submucosa becomes edematous,
and there is increased production of mucus. Ultimately,
dense plugs of alveolar debris and strands of fibrin form
within small bronchi and bronchioles, which may partially
or completely obstruct airflow. The pathogenic basis for
respiratory difficulty in bronchiolitis is related to obstruction
of these small airways (71). Hypoxemia is the major ab-
normality of gas exchange, with ventilation-perfusion im-
balance the major cause of the hypoxemia. In addition to
hypoxia, hypercarbia, and respiratory acidosis have been
observed in some severely ill infants.

Infants appear to be particularly susceptible to the con-
sequences of viral infection because the peripheral airways
are disproportionately narrow in the early years of life. In
addition, collateral channels of ventilation, such as the pores
of Kohn, are deficient both in number and size in the infant
lung. Finally, the airways of infants are intrinsically more
reactive to bronchospastic stimuli than are the airways of
older children (100). It is not clear how RSV infection re-
sults in the observed histologic damage, and the reasons
some children experience relatively mild disease while oth-
ers go on to respiratory failure are unknown.

The possibility that immune responses are involved in
the pathogenesis of RSV bronchiolitis has received consid-
erable attention. Factors identified as potentially playing a
role include overproduction of IgE in response to infection,
alteration in the cytokine phenotype of responding T cells,
and release of leukotrienes in the airways (101). In addition,
neural mechanisms of airway smooth muscle tone may be
disrupted by RSV (102).

The innate immune response also plays an important role
in the pathogenesis of RSV disease in infants, and it has
been recognized that single nucleotide polymorphisms in
several genes that control the inflammatory response have
an important impact on the severity of RSV disease. Ex-
amples include polymorphisms in the genes for IL-4, IL-§,
and IL-13, and in TLR-4 and the CCR5 receptor, among
others (103).

Following recovery from acute bronchiolitis, some chil-
dren experience continued episodes of wheezing, especially
during apparently viral upper respiratory infections. Esti-
mates are that the risk of either infrequent or frequent
wheezing following recovery from documented RSV lower
respiratory tract infection is increased by about 3- to 4-fold
(104). The risk of subsequent wheezing is also increased in
children with bronchiolitis associated with RSV. The
mechanisms underlying this increased risk are unknown.
Other studies have shown no difference in the rate of sub-
sequent asthma in monozygotic twins discordant for RSV
hospitalization (105). A history of maternal asthma may be
associated with more severe disease in children with rhino-
virus-associated bronchiolitis but not RSV (106, 107).

Treatment and Prevention

Recommendations regarding the treatment and prophylaxis
of bronchiolitis have been summarized recently (108).
Correction of hypoxemia is the most important aspect of



2. Respiratory Infections 17

W

lower resplratory fract

iral infectson of the

.

Alrway Dbstruction

ronchiolifis, Spasm |
Edma, Mucus, Fitrin
¥
VentEation-Perfusion
Abnormality

//

A A Work of
| FRG, Av ; "
#4-p Diampter breathing
L
Metabolic and
Respiratory
Acidosis

Halactasis |
\
I|
"'\-\.\1. |I
" v
Ahranlar _
Hypowentilation Hypoxemis

FIGURE 6 Pathophysiology of bronchiolitis. Viral infection of the lower respiratory tract results in inflammation and increased mucus
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managing RSV lower respiratory tract disease. Oxygen
should be administered to infants whose saturation con-
sistently falls below 90%, but the role of continuous mon-
itoring of oxygen saturation is controversial. Inhaled
hypertonic saline has been suggested as a modality to rehy-
drate the airway and may reduce the risk of hospitalization,
although not affecting length of stay (109). Some studies
have suggested that a humidified high-flow nasal cannula or
continuous positive airway pressure may be useful in chil-
dren who are at risk for respiratory failure (110).

Because of the dehydrating effect of tachypnea and re-
duced oral intake in some hospitalized infants, parenteral
rehydration is often needed, but care must be taken to avoid
inducing hyponatremia. Fluid intake and electrolyte con-
centrations should be carefully monitored in all infants with
severe bronchiolitis, because hyponatremia and syndrome of
inappropriate secretion of antidiuretic hormone (SIADH)
may occur.

Other therapies are generally not routinely recommended
in the treatment of bronchiolitis. Generally, bronchodilators
produce modest short-term improvements in clinical scores
but do not improve oxygenation, rates of hospitalization, or
duration of hospital stay (111). The majority of studies of
systemic corticosteroids have also failed to demonstrate a
beneficial effect in acute bronchiolitis, and oral cortico-
steroids do not appear to have beneficial effects (112).
Antibacterial drugs, including azithromycin, are of no ben-
efit (113).

A humanized neutralizing monoclonal antibody to the
RSV F protein, palivizumab (Synagis®), has had significant
protective efficacy in a population of infants with pre-

maturity or bronchopulmonary dysplasia, as well as in chil-
dren with hemodynamically significant congenital heart
disease. Administration of palivizumab intramuscularly at a
dose of 0.15 mg/kg of body weight once per month resulted
in a 55% reduction in RSV-related hospitalizations and a
lower incidence of intensive care unit admissions in this
population (114). Recommendations for the use of passive
antibody prophylaxis in the United States have been re-
cently revised (115). Palivizumab should generally be used
only in the first year of life during the RSV epidemic season.
Use is recommended in preterm infants who were born be-
fore 29 weeks’ gestation (who would be expected to receive
little placental transfer of maternal antibody), preterm in-
fants of any gestational age who develop chronic lung disease
of prematurity, and infants with hemodynamically sig-
nificant chronic heart disease. Use can also be considered
during the first year of life in infants with anatomic pul-
monary disorders or neuromuscular disorders that impair
clearing of secretions. The risk of severe RSV in the second
year of life is considerably less, but use of palivizumab can be
considered in infants with chronic lung disease of pre-
maturity who continue to require medical support, and in-
fants who are profoundly immunocompromised. Routine use
in children with cystic fibrosis is not currently recommended.

Interruption of nosocomial transmission may be facili-
tated by thorough handwashing, decontamination of sur-
faces and inanimate objects, and isolation or cohorting of
infected infants. Use of disposable eye-nose goggles by pe-
diatric staff reduces the risk of nosocomial RSV infection in
both staff and patients. Regular use of gowns, gloves, and
possibly masks by hospital staff caring for infected children
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may also reduce the risk of nosocomial RSV spread. Pro-
tective isolation of high-risk infants or deferring their elec-
tive admission has been recommended during institutional
outbreaks of RSV.

Vaccines are available to prevent bronchiolitis due to
influenza virus and mumps, but there is no vaccine currently
available for prevention of bronchiolitis due to RSV or PIV.
There are multiple significant hurdles to the development of
such vaccines, including the very young age at which the
disease presents, the suppressive effect of maternal antibody
on vaccine responses, and in the case of RSV, the potential
for enhanced disease in vaccine recipients (1106).

TRACHEITIS AND TRACHEOBRONCHITIS

Clinical Features and Syndrome Definition

In addition to causing croup and bronchiolitis, viral in-
fection of the trachea and bronchi may cause tracheitis or
tracheobronchitis. Tracheitis is characterized by tracheal
tenderness, which can be elicited by gentle pressure on the
anterior trachea just below the cricoid cartilage. Substernal
discomfort on inhalation, and nonproductive paroxysmal
cough are noted. Paroxysmal nonproductive cough is also
characteristic of tracheobronchitis and is usually much more
severe at night. Later in the course of illness, small amounts
of clear or whitish sputum may be produced. Accompanying
symptoms may include fever, headache, myalgias, malaise
and anorexia. After several days of coughing, chest wall or
abdominal discomfort, which is muscular in nature, may be
noted. Physical findings are generally nonspecific; exami-
nation of the chest may reveal no adventitious sounds
but more commonly scattered rhonchi and occasional
wheezing. Physical signs such as egophony, pleural friction
rubs, or areas of dullness to percussion should suggest the
presence of other diagnoses such as pneumonia or pleural
effusion.

Etiology and Differential Diagnostic Features
Tracheobronchitis is most typically caused by influenza A or
B virus (Table 1). Herpes simplex has been associated with
necrotizing tracheobronchitis in non-immunocompromised
hosts (117); this syndrome is often accompanied by re-
fractory bronchospasm. The differential diagnosis of acute
bronchitis includes nonviral infections and non-infectious
etiologies such as cough-variant asthma. Mycoplasma pneu-
moniae and Chlamydia pneumoniae infections cause pro-
longed cough. Bordetella pertussis infection should also be
considered in the differential diagnosis of prolonged cough
illness. In otherwise healthy persons, workup of acute cough
should be directed toward determining the presence of
pneumonia.

Treatment and Prevention

Treatment of bronchitis is primarily symptomatic with an-
tipyretics, and cough suppression. In the absence of signs of
pneumonia or documented bacterial infection such as per-
tussis, treatment of cough with antibacterial agents is of no

benefit (118, 119).

VIRAL PNEUMONIA

Clinical Features and Syndrome Definition

The development of pneumonia is defined by the develop-
ment of abnormalities of alveolar gas exchange accompanied
by inflammation of the lung parenchyma, often associated

with visible changes on radiologic studies. Although there
can be considerable variety in the presentation of viral
pneumonia depending on the age and immunologic com-
petence of the host and the specific viral pathogen, there are
certain general features of viral pneumonias. Physical findings
are often nonspecific. The patient generally appears acutely
ill, conjunctivitis and rhinitis may be noted, and the trachea
may be somewhat tender if accompanied by viral tracheitis.
Chest exam reveals increased respiratory rate, diffuse rales,
and often wheezes. The sputum is relatively scant, generally
shows few polymorphonuclear leukocytes, and Gram stain
usually reveals minimal numbers of bacteria. The clinical
presentation of viral pneumonia in children typically includes
fever and lower respiratory tract signs and symptoms, such as
difficulty breathing, nonproductive cough, and physical
findings of wheezing or increased breath sounds. Young in-
fants may present with apneic episodes with minimal fever.
The clinical presentation may be dominated by the associated
croup or bronchiolitis, which are frequently present.

A number of underlying conditions may increase the risk
or severity of viral pneumonia. These features have been
identified most clearly for influenza but probably impact the
severity of other forms of viral pneumonia. Underlying car-
diopulmonary diseases, such as valvular heart disease or
chronic obstructive pulmonary disease, are well-recognized
risk factors for viral pneumonia in adults and children.
Neuromuscular conditions that impair clearance of respira-
tory secretions are also risk factors for influenza (120) and
presumably other viral lower respiratory disease. Obesity has
also been recognized as an important risk factor (121, 122).
Individuals with compromised immune systems are suscep-
tible to a range of pathogens that would not cause significant
disease in immunologically intact individuals.

Pregnancy has long been recognized as a major risk for
more severe influenza. The risks associated with pregnancy
were dramatically demonstrated during the recent A(HIN1)
pdm09 pandemic, where pregnant women were substantially
over-represented among patients requiring hospitalization,
ICU admission, and ventilatory support (123, 124). The
increased risk of severe influenza extends throughout preg-
nancy and the immediate postpartum period. While the
effects of pregnancy are most pronounced during pandemics,
pregnancy has also been recognized as a risk factor for car-
diopulmonary hospitalizations in the interpandemic period
(125).

Bacterial superinfection is a common complication of
viral lower respiratory tract infection, particularly in adults.
The classic presentation is that of a typical episode of viral
illness with more or less complete recovery, followed 2 to 14
days later by a recurrence of fever and development of cough
and dyspnea (126). Chest X ray reveals lobar infiltrates, and
the clinical course is typical of bacterial pneumonia. In ad-
dition, combined bacterial and viral pneumonia, with clin-
ical features of each, are common. Bacterial superinfection of
viral pneumonia can occur with many bacteria, but the most
common bacterium responsible for bacterial pneumonia
complicating influenza is Streptococcus pneumoniae. There
are also increases in the relative frequency of Staphylococcus
aureus, including methicillin-resistant S. aureus (MRSA)
and Hemophilus influenzae (127).

The impact of viral pneumonia and the spectrum of as-
sociated viral agents are highly dependent on the age group
and immune status of the host. Further details are provided
in the pathogen-specific chapters. While viruses are clearly
important and frequent causes of pneumonia in young
children, their role is less apparent in older children. In



healthy adults, pure viral pneumonia is less common but may
be associated with a variety of viruses. Elderly adults may
experience more significant lower respiratory tract signs and
symptoms following infection with agents that normally
cause upper respiratory tract illness in younger adults. Fi-
nally, viral pneumonia is an important cause of morbidity
and mortality in individuals with compromised immune
systems, with a broader spectrum of viral agents than seen in
immunologically intact individuals. The manifestations of
viral lower respiratory tract disease in different populations
are described below.

Immunocompetent Adults

Viruses are relatively less common causes of acute pneu-
monia in adults, but sensitive nucleic acid detection tests
suggest that viruses can be detected in as many as one-third
of adults with acute pneumonia (128). Influenza has been
well recognized as a cause of pneumonia in adults, primarily
during seasonal epidemics. In case series of community ac-
quired pneumonia (CAP), viruses are detected in 20% to
30% of cases, frequently in combination with bacterial
pathogens (129-134). RSV is generally the most commonly
detected viral agent, but essentially all of the respiratory
viruses have been associated with CAP (Table 2). Clinically,
cases caused by RSV are not distinguishable from those as-
sociated with other viral pathogens.
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Adenoviruses have been described as causes of significant
outbreaks of atypical pneumonia in military recruits and less
often in civilians. Illness is typically mild and clinically re-
sembles that due to M. pneumoniae, but more severe dis-
seminated infections and deaths have been reported (135).
Multiple X-ray patterns are noted; there may be large pleural
effusions. Prodromal symptoms of upper respiratory infection
are reported by most patients, and pharyngitis is often found
on presentation. Bacterial superinfection, particularly with
N. meningitidis, may occur. Adenovirus serotypes 4 and 7 are
most often implicated, but recent reports have emphasized
the emergence of a relatively rare adenovirus serotype 14
responsible for severe community acquired pneumonia in
adults and children (136).

Varicella is generally more severe in adults than in chil-
dren, especially among smokers. Chest radiographs taken in
adults with varicella will reveal infiltrates in 10% to 20%,
most frequently with a nodular infiltrate in a peribronchial
distribution involving both lungs; however, the majority of
these individuals are asymptomatic. More severe illness is
seen occasionally, and fatal varicella pneumonia has been
reported in pregnancy. The severity of the pulmonary lesions
in varicella generally correlates better with the diffuseness of
the rash than with findings on pulmonary exam. Following
recovery from varicella, the development of diffuse pulmo-
nary calcifications has been documented.

TABLE 2 Recovery of respiratory viruses from adults and children with community acquired pneumonia

Garbino 2009 Garcia-Garcia  Jain 2015 (150)

Study Karhu 2014  Gadsby 2016  Sangil 2012 Jain 2015 (130)
(131) (128) (132)
Time period 3/2008- 9/2012— 11/2009-
5/2012 2/2014 10/2010
Location Finland UK Spain
Population Adults, Adults, 12%  Adults
intubated in ICU
Number 49 323 131
tested
Sampling BAL, swabs, Sputum, Sputum,
bronchial tracheal NP swabs
aspirate aspirates
Results
(% positive)
Pathogenic 43 41 34
bacteria only
Mixed bacterial/ 39 35 19
viral
Viruses only 10 6 17
Percent
positive for:
Influenza A/B 2 7 5
RSV 2 1 5
PIV 1-4 2 3 2
hMPV 0 1 3
Entero/Rhino 35 13 4
Coronavirus 4 3 2
Adenovirus 8 2 0
Bocavirus 0 0 0

(134) 2012 (151)
1/2010~ NR 9/2004- 1/2010~
6/2012 7/2010 6/2012
us SWzZ Spain us
Adults, 21% Adults, mostly  Children Children
ICU transplant pts <14 yo (70% <4 y.o0.)
2259 522 884 2222
Swabs, BAL Nasal Swabs, urine
urine Ag, specimens aspirates Ag, serology
serology
11 24 NT 8
3 2 NT 7
24 15 73 66
6 2 5 7
3 1 31 28
3 3 5 7
4 1 5 13
9 4 19 27%
2 5 1 5
1 0 13 11
NT 1 13 NT

*Also detected in 17% of healthy controls.
NR, not reported; NT, not tested.
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RSV frequently causes detectably altered airway re-
activity in adults (137), and on occasion, lower respiratory
tract involvement becomes clinically manifest as pneumonia
in otherwise healthy adults (138). RSV is being increasingly
recognized as a cause of significant lower respiratory tract
disease in the elderly (139). It has been estimated that 2% to
4% of pneumonia deaths among the elderly in the United
States may be due to RSV (140). Parainfluenza viruses have
also been reported as occasional causes of pneumonia in
adults and in the elderly (141). Measles can be complicated
by clinically severe pneumonitis in a small percentage of
healthy adults, and bacterial superinfection is common.
Diffuse pneumonitis and respiratory failure have been de-
scribed in association with EBV acute mononucleosis in
otherwise healthy adults.

Hantaviruses are associated with hantavirus cardiopul-
monary syndrome (HCPS), characterized by the onset of
severe pulmonary dysfunction after a 2- to 3-day prodrome of
nonspecific influenza-like symptoms, fever, myalgias, cough,
gastrointestinal symptoms, and headache (142). Coryza or
upper respiratory tract symptoms suggest an alternative
diagnosis. Laboratory abnormalities include leukocytosis,
increased hematocrit due to hemoconcentration, and
thrombocytopenia with coagulopathy. However, clinical
bleeding is unusual, in contrast to other systemic hantavirus
syndromes (142). Moderately elevated levels of serum lac-
tate dehydrogenase and aspartate aminotransferase are typ-
ically seen. A variety of radiographic abnormalities have
been described; those that may help to distinguish HPS from
adult respiratory distress syndrome (ARDS) include early,
prominent interstitial edema and nonperipheral distribution
of initial airspace disease (143).

Novel human coronaviruses have been associated with
severe lower respiratory tract disease and acute respiratory
distress syndrome (ARDS) during outbreaks, including the
severe acute respiratory syndrome (SARS) coronavirus or
SARS CoV in 2003 (144), and more recently the Middle
East respiratory syndrome (MERS) coronavirus, or MERS-
CoV (145-147). Clinical characteristics of these illnesses
are similar to those of progressive respiratory distress and

hypoxia (147-149).
Children

Viruses are more commonly recognized causes of pneumonia
in children than in adults (128) (Table 2). In one recent
series, viruses were detected in 66% of children with radio-
graphic pneumonia, with dual bacterial and viral pathogens
detected in 7% of cases (150). The frequency of virus-asso-
ciated CAP begins to decrease after age 5 years. RSV has
been associated with the largest proportion of viral pneu-
monia in young children, particularly if accompanied by
bronchiolitis (87, 150, 151) (Table 1). Bronchiolitis and
pneumonia represent a spectrum of lower respiratory tract
involvement with RSV virus, frequently coexist, and are not
clearly distinguishable. The most typical radiographic find-
ing is diffuse interstitial pneumonitis, although lobar or
segmental consolidation are evident in about one-fourth of
children with RSV lower respiratory tract disease, often in-
volving the right upper or middle lobe.

The PIVs are second only to RSV as causes of pneumonia
in this age group. As described earlier, lower respiratory tract
involvement is integral to the pathophysiology of croup, but
pneumonia with pulmonary infiltrates is most commonly
associated with PIV-3 and 4 (152). Influenza A and B viruses
are both significant causes of pneumonia in children, espe-
cially during periods of epidemic prevalence (153). In in-

fants and children, the most frequent manifestation of
influenza pneumonia is an interstitial pneumonitis similar in
appearance and course to those of the other predominant
viral agents of pneumonia in this age group, except that a
secondary bacterial pneumonia may occur more frequently
than with RSV or PIV.

Rhinoviruses have also been associated with a significant
proportion of CAP in children, despite their apparent
temperature sensitivity. Recent studies using sensitive PCR-
based diagnostics have suggested that RV may be the second
or third most common virus detected in acute pneumonia in
children (150, 151, 154). However, RV is detected almost as
frequently in age- and site-matched asymptomatic controls
(150). Adenoviruses are also frequently isolated from chil-
dren with respiratory disease and are implicated in about
10% of childhood pneumonias. However, the true impact of
adenoviruses as causes of pneumonia in this age group is
difficult to assess because of the long and intermittent
asymptomatic respiratory shedding of these viruses in chil-
dren. Hilar adenopathy on chest X ray is somewhat more
common with this form of pneumonia than other types
(155). Pneumonia is the most frequent serious complication
of measles. Other viruses that may occasionally cause viral
pneumonia in children include enteroviruses, rubella virus,
and herpes simplex virus. Premature infants are at risk for
pneumonia due to cytomegalovirus because of lack of ma-
ternal antibodies.

Pneumonia is the most frequent serious complication of
measles. The prodrome of typical measles lasts 2 to 8 days
and is characterized by fever, malaise, anorexia, cough, cor-
yza, and conjunctivitis. Koplik’s spots, which are eryth-
ematous macular lesions with central white-yellow or gray
puncta, appear on the buccal or labial mucous membranes
toward the end of the prodromal period. The maculopapular,
erythematous eruption begins about the face and neck and
progresses to involve the upper body, trunk, and extremities.
The rash typically disappears after 5 to 6 days in the order in
which it appeared. Defervescence and symptom improve-
ment occur several days after the appearance of the rash,
although persistent cough is common. Leukopenia is com-
mon during the prodromal and early exanthematous stages
of measles. Pronounced leukopenia (less than 2,000 cells/
mm?) is associated with a poor prognosis. The development
of neutrophilic leukocytosis suggests the possibility of bac-
terial superinfection or other complications.

Immunocompromised Individuals

Individuals with diminished host immunity may develop
severe, life-threatening pulmonary infections with the entire
spectrum of RNA and DNA viruses, including both viruses
that are typical causes of lower respiratory tract disease in
normal hosts and other more opportunistic viral pathogens
(Table 1). DNA viruses have received the most recognition
in this regard.

CMV is a frequent cause of severe pneumonitis in im-
munosuppressed individuals, particularly transplant recipi-
ents (150). The highest risk in the transplant population is 1
to 3 months post-transplantation, with the peak incidence at
8 weeks’ post-transplantation. Diffuse interstitial pneumo-
nitis is the most frequent manifestation, but multiple other
radiographic presentations have been reported, including
nodular infiltrates. Multiple associated findings are present
in severe infection and reflect the disseminated nature of the
infection; the presence of neutropenia, abnormalities of liver
function tests, and mucosal ulcerations may be clinical clues
to the diagnosis.



Herpes simplex virus pneumonia has been reported
largely in immunocompromised or debilitated individuals.
These cases are variably preceded by clinically evident mu-
cocutaneous disease. The majority of cases present as a focal
pneumonia as a result of contiguous spread from the upper
respiratory tract; diffuse interstitial disease resulting from
hematogenous spread occurs in up to 40% of cases (157).
Risk groups include neonates, transplant recipients, burn
patients particularly with inhalation injury, and those who
have experienced prolonged mechanical ventilation, car-
diothoracic surgery, or trauma.

Varicella-zoster virus is an important problem in in-
dividuals with hematological malignancies and others with
iatrogenic immunosuppression, with the greatest risk seen in
organ transplantation. Prolonged fever and recurrent crops
of lesions are predictors of visceral dissemination, and
pneumonia is generally seen in this setting. Pulmonary
manifestations may include pleuritic chest pain due to ve-
sicular lesions of the pleura, and, as also true in normal hosts,
the chest radiographs may demonstrate diffuse nodular
lesions.

Adenoviruses are significant causes of morbidity and
mortality in immunocompromised patients, particularly after
transplantation. In contrast to infection in normal hosts,
infection in immunocompromised subjects tends to be dis-
seminated, with isolation of virus from multiple body sites
including lung, liver, gastrointestinal tract, and urine (158).
In addition, the spectrum of serotypes includes both those
found in immunocompetent individuals as well a markedly
increased frequency of isolation of higher-numbered sero-
types found rarely in immunologically normal subjects
(159).

Common respiratory viruses have also received increas-
ing recognition as potential causes of significant morbidity
and mortality in this population (160). RSV has been well
recognized as a cause of severe pneumonia in recipients of
bone marrow (161) and solid organ transplantation (162).
Nosocomial transmission of RSV in this setting has been
well documented and may be the source of many infections
in this susceptible population. The illness typically begins
with nondescript upper respiratory symptoms that progress
over several days to severe, life-threatening lower respiratory
tract involvement. Mortality of 50% or higher is typical if
pneumonia supervenes, particularly if disease occurs in the
pre-engraftment period (163). Parainfluenza viruses have
also been reported as an infrequent lower respiratory tract
pathogen in both solid-organ and bone marrow trans-
plantation. PIV-3 has been most common serotype isolated,
but all four serotypes have been implicated (160). Influenza
virus may also cause severe disease in transplant recipients
(164) and patients with leukemia. Rhinoviruses and coro-
navirus infections in this population are also common but
tend to be associated less frequently with lower respiratory
tract disease (165). In transplant recipients, infections with
community respiratory viruses may result in long-term im-
pairment of respiratory function (166).

Measles giant cell pneumonia is a severe, usually fatal
form of pneumonia in immunosuppressed individuals, in-
cluding those who are severely malnourished. Most cases
have occurred in those with hematological or other malig-
nancies or in individuals with AIDS (167). Such hosts do
not mount the cellular immune responses involved in the
pathogenesis of measles rash or other typical manifestations
of measles, and a high index of suspicion must be maintained
(167). Giant cell pneumonia also occurs in significantly
malnourished individuals. Multinuclear giant cells with in-
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tranuclear inclusions are seen and may be demonstrable in
fluid obtained by bronchoalveolar lavage.

Diagnosis

Evaluation of the specific cause of acute pneumonia, and in
particular, attribution of pneumonia to a particular viral
etiology, is complicated by difficulty in obtaining appropri-
ate samples of lower respiratory tract secretions, and the
frequent asymptomatic shedding of some viruses, such as
rhinovirus, herpes viruses, or adenoviruses in the upper res-
piratory tract.

The clinical presentation, epidemiology, and presence
of associated features such as rash, may provide strong
clues regarding the specific viral etiology of pneumonia,
especially in children. However, distinguishing purely viral
from bacterial or combined viral and bacterial lower respi-
ratory tract disease remains an extremely difficulty chal-
lenge. This is a particularly important goal in reducing the
unnecessary use of antibacterial therapy, and reducing rates
of antibiotic resistance and complications such as Clostri-
dium difficile.

Highly sensitive multiplex nucleic acid detection tests are
now widely available in well-resourced settings and in-
creasingly used to detect respiratory viruses in both upper
and lower respiratory tract samples (see Chapter 15). Inter-
preting the results of such tests is complicated by the reality
that detection of a virus does not rule out the presence of a
coexisting bacterial infection nor represent compelling evi-
dence that antibacterial therapy is not needed.

Radiologic findings also do not reliably distinguish viral
from bacterial, or between viral causes of pneumonia (168).
Recently, a number of biomarkers have been proposed for
this purpose. The most widely used is probably the serum pro-
calcitonin test, with the presence of a high pro-calcitonin
associated with a higher likelihood of bacterial infection
(169). The C reactive protein (CRP) is also sometimes used
in the same way (170). However, there is debate whether the
sensitivity and specificity of these tests is in the range to be
able to guide decision-making for antimicrobial use (171).
Recently, the use of a combination of markers, essentially
developing a transcriptional profile of responding cells, has
been demonstrated to have better sensitivity and specificity
in this regard (172), and may pave the way for more accurate
determination of the cause of pneumonia.

Pathogenesis

The pathogenesis of viral infections of the lower respiratory
tract can be conveniently considered in terms of infections
initiated in and primarily confined to the respiratory tract,
such as with influenza or RSV; processes in which infection
is initiated in the respiratory tract with subsequent systemic
manifestations, such as in measles or varicella; and processes
where respiratory tract involvement is secondary to a sys-
temic infection, such as with cytomegalovirus. Each of these
situations may lead to what is recognized clinically as a viral
pneumonia. The general features of primary viral pneumonia
are discussed below using influenza as a model, and patho-
genesis of other forms of viral pneumonia is discussed briefly
in comparison.

In primary viral pneumonia, virus infection reaches the
lung either by contiguous spread from the upper respiratory
tract or by inhalation of small particle aerosols. Infection
initially occurs in ciliated respiratory mucosal epithelial cells
of the trachea, bronchi, and lower respiratory tract and leads
to widespread destruction of these cells. The mucosa is
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hyperemic, and the trachea and bronchi contain bloody
fluid. Tracheitis, bronchitis, and bronchiolitis are seen, with
loss of normal ciliated epithelial cells. Submucosal hyper-
emia, focal hemorrhage, edema, and cellular infiltrate are
present. The alveolar spaces contain varying numbers of
neutrophils and mononuclear cells admixed with fibrin and
edema fluid. The alveolar capillaries may be markedly hy-
peremic with intra-alveolar hemorrhage. Acellular, hyaline
membranes line many of the alveolar ducts and alveoli (see
Figure 10 in Chapter 43). Pathologic findings seen by lung
biopsy in nonfatal cases during non-pandemic situations are
similar to those described in fatal cases (173).

The pathologic changes in the lower respiratory tract
in children with viral pneumonia due to RSV and PIV are
nonspecific and include epithelial necrosis with bron-
chiolar mucus plugging and widespread inflammation and
necrosis of lung parenchyma, and severe lesions of the
bronchial and bronchiolar mucosa as well (99) (see Figures
4 and 5 in Chapter 37). In fatal cases of RSV pneumonia
in children, hemorrhagic pneumonia with peribronchial
mononuclear infiltration and cytoplasmic inclusion bodies
in epithelial cells are seen. Giant cell pneumonia with vir-
ally induced multi-nucleated syncytial cells may be seen in
RSV, PIV, or measles infections in immunocompromised
hosts.

Bacterial superinfection is a well-recognized complica-
tion of viral pneumonia and accounts for a large proportion
of the morbidity and mortality of viral lower respiratory tract
disease, especially in adults. Consequently, the spectrum of
disease and pathophysiology of bacterial superinfection has
been studied intensively, and a number of factors in viral
respiratory disease have been identified which could play a
role in increasing the risk of bacterial infection. The dis-
ruption of the normal epithelial cell barrier to infection and
loss of mucociliary clearance undoubtedly contribute the
enhancement of bacterial pathogenesis (174). In addition,
increased adherence of bacteria to virus-infected epithelial
cells has been demonstrated. Polymorphonuclear leukocytes
and mononuclear cells are susceptible to abortive infection
by some respiratory viruses with resulting decreased function
which may also contribute to enhanced bacterial infection
(175). Virus-induced impairment of repair functions has also
been proposed (176).

Infection with influenza, RSV, PIV, and adenoviruses is
usually limited to the respiratory tract by mechanisms which
are not completely clear. In contrast, respiratory tract in-
fection with measles or varicella virus leads to dissemination
and systemic manifestations. In more severe cases of vari-
cella, vesicles may be found within the tracheobronchial tree
and on pleural surfaces. Microscopic examination demon-
strates interstitial pneumonitis with edema, and intranuclear
inclusion bodies within septal cells, and peribronchiolar
inflammation.

The Hantavirus pulmonary syndrome represents an ad-
ditional example of a viral infection which involves the lung
as part of a systemic infection. The pathogenesis of HPS
involves extensive infection of endothelial cells throughout
the body, which is particularly intensive within the vascular
endothelial cells of the lung (177). Abundant viral antigen
and nucleic acid can be detected within these cells. Micro-
scopic examination of the lung reveals mild to moderate
interstitial pneumonitis with variable degrees of congestion,
edema, and mononuclear cell infiltration (see Figure 4 in
Chapter 44). The cellular infiltrate is composed of a mixture
of small and large mononuclear cells, which consist pre-
dominantly of T-lymphocytes, and macrophage/monocytes.

The picture is one of immune mediated capillary leak and
not of cell necrosis or inflammatory pneumonitis. High
levels of cytokines have been detected in the blood and
likely mediate the endothelial damage.

There are several features of CMV pneumonitis in the
transplant setting that suggest that both host and viral fac-
tors interact in pathogenesis (178). CMV pathogenicity is
enhanced in transplant recipients and frequently occurs at
the site of the transplanted organ. The risk of CMV pneu-
monitis is also highest in individuals at the highest risk for
graft versus host disease (179).

Treatment and Prevention

Therapy of viral pneumonia is dependent on the severity of
disease, the age and immune status of the host, and the
specific causative viral agent. General supportive measures,
particularly the management of hypoxia, are critically im-
portant, and some patients have required high frequency
ventilation or extracorporeal membrane oxygenation. Al-
though inflammatory responses contribute to the patho-
genesis of viral pneumonia, early corticosteroid treatment is
generally associated with worse outcomes (180-182) Since
mixed viral-bacterial infections or bacterial superinfections
are common, antibacterial agents may be required as in-
dicated by appropriate microbiologic studies.

Antiviral therapy should be guided by the results of di-
agnostic tests (Table 3). The neuraminidase inhibitors za-
namivir and oseltamivir are active against both influenza A
and B viruses (183). It should be noted that these agents
have mostly been studied in uncomplicated influenza in
healthy adults, where the main effect is in reduction of the
duration of illness. However, observational studies in hos-
pitalized patients (184, 185) have shown the mortality
benefit of early oseltamivir therapy, and surveillance data
suggesting that therapy as late as 5 days improved survival of
hospitalized patients (186). Inhaled zanamivir may be diffi-
cult to reliably and safely deliver in severe influenza, but an
intravenous formulation has been used with apparent ben-
efit, including in infections due to oseltamivir resistant A
(HINT) viruses. The neuraminidase inhibitor peramivir has
also recently been approved for intravenous use in the
United States, although a small study did not demonstrate
benefit in hospitalized patients (187). Although the M2
inhibitors are highly effective drugs for the prophylaxis and
therapy of influenza A virus, currently circulating seasonal
influenza A viruses are uniformly resistant to these agents
(188). However, there may be a role for these drugs in
combination therapy of influenza (189), and studies to
evaluate this in humans are in progress.

The only option currently available for the other RNA
viruses is ribavirin, but there is little evidence of efficacy of
this agent for treating established viral pneumonia (see
bronchiolitis, above). In immunocompromised hosts, treat-
ment of RSV pulmonary infection associated with respira-
tory failure has not been successful. One approach that
appears promising is treatment with ribavirin, possibly in
combination with immunoglobulin, early in the illness when
URI symptoms predominate (160). Controlled trials in
parainfluenza virus infection are not available, although
anecdotal reports suggest potential efficacy (190). Limited
controlled trials have suggested that aerosolized ribavirin
may reduce the severity of symptoms in children with mea-
sles, and some immunocompromised patients with measles
pneumonia have done well following treatment with aero-
solized (167) or intravenous forms of the drug (191). Intra-
venous ribavirin is effective in the treatment of hemorrhagic
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TABLE 3 Therapies of potential benefit in viral pneumonia

Viral Etiology

Potential Therapies

Comments

Respiratory
syncytial virus

Parainfluenza
virus

Influenza virus

Measles virus

Adenovirus

Herpes
simplex virus

Varicella-

Ribavirin
Palivizumab (Synagis)
DAS-181
Ribavirin

Neuraminidase inhibitors
Oseltamivir (oral)
Zanamivir (intravenous)
Peramivir (intravenous)

Ribavirin

IVIG

Cidofovir, brincidofovir

Acyclovir (Valacyclovir,
Famciclovir)

Foscarnet, cidofovir

Acyclovir (Valacyclovir,

May be considered for use in high-risk or severely ill children. Premptive use
in transplant patients.

Effective prevention of RSV bronchiolitis/pneumonia in high-risk premature infants
who lack maternal antibody.

Case reports of efficacy in hematologic transplant, investigational, may be available
for compassionate use.

Case reports of efficacy of IV or oral ribavirin in parainfluenza virus infection, aerosolized

ribavirin not recommended. Addition of IVIG may be helpful.

Timely oseltamivir therapy associated with reduced rates of pneumonia development
and mortality in hospitalized patients. Indicated for severe or progressive disease
and in high-risk patients. IV zanamivir is active against most oseltamivir-resistant
variants. [V peramivir also available.

Aerosolized or IV ribavirin may shorten the duration of illness in children with measles.
Use in measles pneumonia is unproved.

IVIG may decrease risk of measles when administered to susceptible individuals,
and may decrease symptoms in those infected.

Cidofovir is active in vitro and multiple case reports suggest efficacy. Brincidofovir
has less renal toxicity; recent clinical trial suggests efficacy against adenovirus
pneumonia in transplant patients.

Controlled trials have demonstrated efficacy of acyclovir in a variety of HSV diseases.
Cross resistance between agents.

May be useful for treatment of herpes viruses resistant to acyclovir.

Demonstrated efficacy of IV acyclovir in varicella and in varicella pneumonia, must
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May be useful for management of acyclovir-resistant cases.

zoster virus Famciclovir) use relatively high doses.
Foscarnet
Cytomegalovirus  Ganciclovir

Clinical efficacy in CMV pneumonitis in AIDS and solid-organ transplantation.

In bone marrow transplant patients, efficacious when combined with IVIG.

Foscarnet, cidofovir

Predominant use in gancyclovir-resistance or in individuals who cannot tolerate

gancyclovir due to hematological toxicity.

Note: Listing of potential therapies only, not to be considered a recommendation for use. Please see pathogen-specific chapters and Chapter 14 on antivirals for

respiratory viruses for more detailed treatment recommendations.

fever with renal syndrome, but does not appear to be useful
for treatment of the hantavirus pulmonary syndrome (192).

An experimental agent that has shown some promise in
treatment of severe parainfluenza virus infection in im-
munosuppressed hematopoietic stem cell transplant recipi-
ents is the sialidase construct DAS-181 (193). The drug is
administered by inhalation, and mechanism of action is
thought to be removal of sialic acid receptors from the host
respiratory tract. Two investigational RSV antivirals, the
fusion inhibitor presatovir (GS-5806) and the polymerase
ALS-8176, have shown promising activity in experimentally
induced RSV infections in adults (194, 195) and are un-
dergoing clinical trials in serious RSV infections at present.

Acyclovir is active in vitro against herpes simplex virus
types 1 and 2 and against varicella-zoster virus, but it does
not have clinically useful activity for treatment of cytome-
galovirus or Epstein-Barr virus disease. Although controlled
clinical trials of this drug in herpes simplex pneumonia have
not been conducted, the drug has proven clinical efficacy in
other herpesvirus infections and would be indicated in any
serious HSV lower respiratory tract infection. Acyclovir is
also effective in the therapy of varicella, and intravenous
acyclovir has been effective when initiated early in the
course of varicella pneumonia (196). The related drugs
valacyclovir, famciclovir, and penciclovir are similar to
acyclovir in their spectrum of activity against herpes and
varicella viruses. Viruses resistant to the activity of these

drugs have been isolated from treated immunocompromised
patients, and may be susceptible to the antiherpes drug
phosphonoformic acid (foscarnet).

Guidelines for management of CMV disease in transplant
patients have recently been published (197, 198). Trans-
plant candidates should be screened for evidence of CMV
immunity, and CMV-seronegative recipients of transplants
from CMV-positive donors are at the highest risk of CMV
disease. One strategy for prevention of CMV disease is to
provide prophylaxis with ganciclovir or valgancyclovir dur-
ing the period of highest risk, over the first 3 to 6 months
after transplantation. Alternatively, some centers favor a
preemptive therapy approach, where patients are monitored
with serial PCR and antiviral therapy is initiated when
CMV PCR becomes positive and reaches a predefined
threshold.

Once CMV pneumonitis is established, particularly in
allogeneic bone marrow transplant patients, it can be very
difficult to treat. Ganciclovir is highly active against CMV
in wvitro, and intravenous ganciclovir therapy is generally
recommended in cases of severe disease, although the orally
available drug valgancyclovir can be used in less-severe
cases. Cidofovir and foscarnet are considerations for CMV
resistant to ganciclovir. The combination of ganciclovir
therapy and intravenous CMV immune globulin or IVIG
can reduce mortality in stem cell transplant recipients (199,
200) and is generally recommended in this situation.
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Antiviral treatment of proven value for adenovirus in-
fection is not available. Cidofovir is active against adenovirus
in vitro, and there are several case reports or case series of
successful therapy of adenovirus infection in immunocom-
promised patients with cidofovir (201, 202). However, ci-
dofovir has substantial renal toxicity, which limits its utility
in this application. A newly derived series of lipid ester de-
rivatives of cidofovir are orally bioavailable and have less
renal toxicity. One of these agents, brincidofovir, has shown
preliminary evidence of efficacy against adenovirus in-
fections in bone marrow transplant recipients (203-205).

Although recent years have witnessed a significant in-
crease in the spectrum and potency of available antiviral
agents, drug therapy of viral pneumonia remains burdened by
the toxicity of drugs, the development of antiviral resistance,
and the complex pathogenesis of many viral syndromes in
which viral replication is only part of the disease process.
Vaccines of variable effectiveness currently exist for influ-
enza, measles, and varicella virus. Development of additional
effective vaccines for the viral pathogens causing pneumonia
will contribute to the control of this important problem.
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Viral Infections of the Central Nervous System
KEVIN A. CASSADY AND RICHARD J. WHITLEY

Central nervous system (CNS) symptoms (headache, leth-
argy, impaired psychomotor performance) are frequent com-
ponents of viral infections; however, viral infections of the
CNS occur infrequently and most often result in relatively
benign, self-limited disease. Nevertheless, these infections
have tremendous importance because of their potential for
causing neurologic damage and death. The CNS is exqui-
sitely sensitive to metabolic derangements and tissue injury.
Clinical recovery is slow and often incomplete (1, 2). Patient
history, while frequently suggestive of a diagnosis, remains
an unreliable method for determining the specific etiology
of CNS disease (1, 3). Tumors, infections, and autoim-
mune processes in the CNS often produce similar signs and
symptoms (3). Different diseases may share common patho-
genic mechanisms and therefore result in a similar clinical
presentation. Furthermore, understanding disease pathogen-
esis provides a rational basis for the development of thera-
peutics including antivirals and strategies for the prevention
of viral CNS infections.

The definitions of viral CNS disease are often based on
both virus tropism and disease duration. Inflammation may
occur at multiple sites within the CNS and accounts for the
myriad clinical descriptors of viral neurological disease. In-
flammation of the spinal cord, leptomeninges, dorsal nerve
roots, or nerves results in myelitis, meningitis, radiculitis, and
flaccid paralysis and neuritis, respectively. Aseptic meningitis is
a misnomer frequently used to refer to a benign, self-limited
viral infection causing inflammation of the leptomeninges
(4). The term hinders epidemiologic studies because the
definition fails to differentiate between infectious (fungal,
tuberculous, viral, or other infectious etiologies) and non-
infectious causes of meningitis. Encephdlitis refers to in-
flammation of parenchymal brain tissue and is frequently
associated with encephalopathy or depressed level of con-
sciousness, altered cognition, and frequently focal neuro-
logical signs. Acute encephalitis occurs over a relatively short
period of time (days) while chronic encephalitis presents over
weeks to months. The temporal course of slow infections of
the CNS (kuru, visna, variant Creutzfeldt-Jacob disease)
overlaps with the chronic encephalitides. Slow infections of
the CNS are distinguished by their long incubation period
combined with a slow replication rate, eventually resulting
in death or extreme neurological disability over months to
years (5).

Viral disease in the CNS can also be classified by path-
ogenesis. Neurological disease is frequently categorized as
either primary or postinfectious. Primary encephdlitis results
from direct viral entry into the CNS that produces clinically
evident cortical or brainstem dysfunction (4). Subsequent
damage results from a combination of viral-induced cyto-
pathic effects and host immunopathologic responses. Viral
invasion, however, remains the initiating event (4). The pa-
renchyma exhibits neuronophagia and the presence of viral
antigens or nucleic acids A postinfectious or parainfectious
encephalitis produces CNS signs and symptoms, either fol-
lowing or temporally associated with a systemic viral infec-
tion, respectively, without evidence of direct viral invasion
in the CNS. Pathology specimens show demyelination and
perivascular aggregation of immune cells, without evidence
of virus or viral antigen, leading some to hypothesize an
autoimmune etiology (4).

Meningitis and encephalitis represent separate clinical
entities; however, a continuum exists between these distinct
forms of disease. A change in a patient’s clinical condition
can reflect disease progression through involvement of dif-
ferent regions of the brain. Therefore, in many cases it is
difficult to accurately and prospectively predict the etiology
and eventual extent of CNS infection. Epidemiologic data
(patient demographics and immune status; season, geograph-
ical location; vector, animal, and other exposures) in many
cases provide clues to the etiology of the illness. An over-
view is difficult, as each pathogen fills a different ecological
niche with unique seasonal, host, and vector properties
(Tables 1 and 2 a, b) (4). Instead it is useful to analyze the
prototypes of viral CNS infection, meningitis, and enceph-

alitis and the approach to patients with presumed viral in-
fections of the CNS.

VIRAL MENINGITIS
Epidemiology

Acute viral meningitis and meningoencephalitis represent
the majority of viral CNS infections and frequently occur
in epidemics or in seasonal patterns (4, 6). While there
have been changes in the epidemiology of viral meningitis
in North America because of the recent introduction of
West Nile virus, enteroviruses cause the majority of viral
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TABLE 1 DNA viruses: type of disease, epidemiologic data, and pathogenesis of viral infections of the CNS
Temporal Pathway Relative Laboratory
Viral agent CNS disease course Transmission  to CNS frequency confirmation

Herpetoviridae

Herpes simplex Encephalitis Acute Human Neuronal, +4+ PCR—CSF
virus (congenital) Blood Cell culture—brain

HSV type 1 Sporadic Neuronal biopsy sample

(latent)
HSV type 2 Meningitis Primary, Human Neuronal, ++ Cell culture—genital,
Encephalitis recurrent Blood rectal, skin
Acute Blood, PCR—CSF
(congenital) Neuronal

Cytomegalovirus Encephalitis Acute Human Blood ++ PCR
(CMV) (neonate and Subacute Cell culture—brain

immunosuppressed) biopsy or CSF

Epstein-Barr virus ~ Encephalitis Acute Human Blood + PCR
(EBV) Meningitis

Mpyelitis,
Guillain-Barré
syndrome

Varicella zoster Cerebellitis, Postinfectious Human Blood ++ PCR, clinical findings,
virus (VZV) Encephalitis, (acute) Neuronal cell culture from a

Meningitis, Latent lesion, brain biopsy
Myelitis reactivation or, rarely, necroscopy
(zoster)

Human herpesvirus Encephalitis, Acute Human Blood PCR
6 (HHV-6) febrile seizures,

latent form?

B virus Encephalitis Acute Animal bite Blood + Culture, PCR (high
(Cercopithecine and human frequency of detection,
herpesvirus 1) unknown significance)

Adenoviridae

Adenovirus Meningitis, Acute Human Blood + Cell culture of

encephalitis CSF or brain

Poxviridae

Vaccinia Encephalomyelitis Postinfectious ~ Vaccine Blood Presumed extinct Recent vaccination
Frequency: +++ = Frequent, ++ = Infrequent, + = Rare, ! = Unknown.

meningitis infections. Arboviruses constitute the second
most common cause of viral meningitis in the United States
(1, 7-9). Mumps virus remains an important cause of viral
CNS disease in countries that do not immunize against this
virus. The risk of meningitis from natural mumps infec-
tion outweighs the risk of aseptic meningitis associated with
the vaccine; nonetheless, not all countries vaccinate against
mumps (1, 10). There are more than 74,000 cases of viral
meningitis a year in the United States (11). Most cases occur
from the late spring to autumn months reflecting increased
enteroviral and arboviral infections during these seasons (1,
11). A retrospective survey performed in the 1980s found
that the annual incidence of “aseptic meningitis” was ap-
proximately 10.9/100,000 persons or at least four times the
incidence passively reported to the CDC during the period
(6).Virus was identified in only 11% of patients in this study.
With the advent of improved nucleic acid-based diagnostic
methods, etiologic diagnosis rates now approach 50% to
86% (1, 12, 13).

The pathogenesis of viral meningitis is incompletely
understood. Inferences regarding the pathogenesis of viral
meningitis are largely derived from data on encephalitis,

experimental animal models of meningitis, and clinical ob-
servations (4). Viruses use two basic pathways to gain access
to the CNS: hematogenous and neuronal spread. Most cases
of viral meningitis likely occur following a high-titer sec-
ondary viremia although some, such as meningitis associated
with genital herpes or herpes zoster, are related to neuronal
routes. A combination of host and viral factors combined
with seasonal, geographic, and epidemiologic probabilities
influence the proclivity to develop viral CNS infection. For
example, arboviral infections occur more frequently in
epidemics and show a seasonal variation, reflecting the
prevalence of the transmitting vector (1, 14). Enteroviral
meningitis occurs with greater frequency during the summer
and early autumn months in temperate climates, reflecting
the seasonal increase in overall enteroviral infections.
Enteroviral infections also exemplify the difference host
physiology plays in determining the extent of viral disease.
In children less than 2 weeks of age, enterovirus infections
can produce a severe systemic infection, including menin-
gitis or meningoencephalitis (11). Ten percent of neonates
with systemic enteroviral infections die, while as many as
76% are left with permanent sequelae. In children over 2
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RNA viruses: type of disease, epidemiologic data, and pathogenesis of viral infections of the CNS

Viral taxonomy CNS disease

Case
fatalities

Vector

Geographic distribution

Togaviridae—Alphavirus (Arbovirus)

Western equine
encephalitis virus

Meningitis, encephalitis

Eastern equine
encephalitis virus

Venezuelan equine
encephalitis virus

Flaviviridae—Flavivirus (Arbovirus)
Japanese encephalitis virus Meningitis, encephalitis
St. Louis encephalitis virus

West Nile fever virus

Murray Valley virus Encephalitis

Tick-borne encephalitis
virus (TBE complex)

Bunyaviridae—( Arbovirus)
California (La Cross)
encephalitis virus
Reoviridae—Coltivirus (Arbovirus)
Colorado tick fever virus

Meningitis, encephalitis

Meningitis, encephalitis

Picornaviridae—(Enterovirus)

Poliovirus Meningitis, myelitis
Coxsackievirus Meningitis, meningo-
Echovirus encephalitis, myelitis

Paramyxoviridae—(Exanthematous virus)
Encephalitis, SSPE

Measles virus

Meningitis,
encephalitis, myelitis

Mumps virus

Orthomyxoviridae—(Upper respiratory virus)

Influenza viruses Encephalitis

Rhabdoviridae

Rabies Encephalitis,
encephalomyelitis

Retroviridae

Human immunodeficiency Encephalopathy,

virus type 1 (HIV 1) encephalitis,

leukoencephalopathy

Arenaviridae

Lymphocytic Meningitis, encephalitis

choriomeningitis virus

3%-10%
>30%

<1%

25%

7%

Higher attack
rate in
elderly
11%-33%

20%—-60%

20%

<1%

<1%

4.5%-50%"
Rarely”

15%

<1%

<1%

-~ 100%

Majority

<2.5%

Mosquitoes, birds

Mosquitoes,
horses

Mosquitoes,
swine, birds

Ticks, unpasteur-

ized milk

Mosquitoes,
rodents

Ticks, rodents

Fecal oral

Postinfectious
Blood
Blood

Postinfectious

Mammal

Human

Rodent

United States—west of Mississippi
river

United States—Atlantic and Gulf

Coast states
Central and South
America, Southwestern
United States and Florida

Japan, China, Korea, Taiwan, S.E.
Asia, India, Nepal
United States

Africa, Middle East, India, Eastern
Europe, recently imported into
United States, spreading rapidly

Australia

Eastern Russia and Central Europe

Northern Midwest and
Northeastern U.S.

U.S. Rocky Mountains, Pacific

Coast states
Coast States United States

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

Worldwide

“Fatality from poliomyelitis is increased in sporadic cases. With vaccination, the epidemic forms of polio have decreased as has morbidity. In turn, the calculated case
fatality rate in the United States has increased as sporadic and vaccine-associated disease has increased relative to the number of cases of disease.
"Rarely fatal except in nenonates and agammaglobulinemic patients where fatality rates can approach 50% even with treatment.
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TABLE 2b RNA viruses: type of disease, epidemiologic data, and pathogenesis of viral infections of the CNS

Disease Pathway to
Viral taxonomy pattern CNS FREQ Laboratory confirmation
Togaviridae—Alphavirus (Arbovirus)
Western equine Epidemic Blood ++ Serologic titers (HI, CE N, IFA), viral antigen
encephalitis virus detection in brain, culture (rare)
Eastern equine Sporadic + Viral culture or antigen detection in brain,
encephalitis virus serologic titers (HI, CF, N, IFA), CSF IgM
ELISA
Venezuelan equine Sporadic, + Serologic titers (HI, CF, N, IFA), CSF IgM
encephalitis virus epidemic ELISA
Flavivividae—Flavivirus (Arbovirus)
Japanese encephalitis virus Epidemic, Blood 4+ Peripheral blood ELISA, serologic titers (HI,
endemic CE N, IFA), CSF antigen test/PCR
St. Louis encephalitis virus +++ CSF IgM ELISA, serologic titers (HI, CE N,
IFA), PCR, culture (rare)
West Nile fever virus +++ Culture (rare), serology (HI, IFA), PCR
Murray Valley virus ++ Viral culture, serologic titer (HI, CF, N)
Tick-borne encephalitis Epidemic, ++ Serologic titer (HI, CE N), IgM ELISA
virus (TBE complex) sporadic PCR
Bunyaviridae—( Arbovirus)
California (La Crosse) Endemic Blood +++ Viral culture, CSF IgM ELISA, serologic titers
encephalitis virus (LCV) (HI, CE N, IFA), CIE, PCR
+ (CEV)
Reoviridae—Coltivirus (Arbovirus)
Colorado tick fever virus Endemic Blood + Antigen detection on RBC membrane, viral
culture, serologic titers (HI, CE, N, IFA)
Picornaviridae—( Enterovirus)
Poliovirus Endemic Blood and ++ Viral culture CSF or brain, viral culture from
neuronal other site, serologic testing for some
Coxsackievirus Blood 4+ serotypes, PCR
Echovirus 4+
Paramyxoviridae—(Exanthematous virus)
Measles virus Sporadic Blood ++ Serology, ELISA, clinically
Mumps virus 4+ CSEF viral culture
Onrthomyxoviridae—(Upper respiratory virus)
Influenza viruses Sporadic Blood + Viral culture from another site
Rhabdoviridae
Rabies Sporadic Neuronal 4+ Antigen detection in brain serologic tests,
(IFA, CE, HA, CIE), viral culture.
Retroviridae
Human Progressive Blood ++ PCR CSF/autopsy samples/MRI findings,
Immunodeficiency isolation, in situ, antigen detection
virus type 1 (HIV 1)
Arenaviridae
Lymphocytic Sporadic Blood + CSF, blood culture, urine culture, serology

choriomenigitis virus

congenital infection

HI, hemagglutination inhibition; CF, complement fixation; NA, neutralizing antibody titer; CIE, counterimmunoelectrophoresis; IFA, immunofluorescent antibody;
ELISA, enzyme-linked immunosorbent assay; PCR, polymerase chain reaction; MRI, magnetic resonance imaging.

Frequency: +++ = Frequent; ++ = Infrequent; + = Rare; ? = Unknown.

weeks of age, however, enteroviral infections are rarely as-
sociated with severe disease or significant morbidity with the
exception of enterovirus D68, for which substantial mor-
bidity has been documented (11).

The sequence of viral hematogenous spread to the CNS
is illustrated in Figure 1 (4). A virus must first bypass or
attach to and enter host epithelial cells to produce infection.

Virus then spreads and initially replicates in the regional
lymph nodes (e.g., measles, influenza) or alternatively enters
the circulatory system where it seeds other tissues (e.g.,
arboviruses, enteroviruses, varicella) (4). Primary viremia
allows virus to seed in distant locations of the body and
frequently marks the onset of clinical illness. In rare cir-
cumstances such as disseminated neonatal herpes simplex
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virus (HSV) infection, viruses infect the CNS during pri-
mary viremia (15, 16); however, most viral infections in-
volve an intermediate organ prior to reaching the CNS. The
liver and spleen provide ideal locations for secondary viral
replication and hematogenous spread because of their highly
vascular nature. Secondary viremia may result in high titers
of virus in the bloodstream for prolonged periods of time,
facilitating viral CNS spread. The pathophysiology of viral
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transport from blood to brain and viral endothelial cell
tropism are poorly understood. Virus infects endothelial
cells, leaks across damaged endothelia, passively channels
through endothelium (pinocytosis or colloidal transport),
or bridges the endothelium within migrating leukocytes
(4). This trans-endothelial passage occurs in vessels of
the choroid plexus, meninges, or cerebrum, as depicted in
Figure 2.
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FIGURE 2 Routes of viral invasion of the central nervous system. CSF, cerebrospinal fluid.
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Numerous barriers and host defenses limit viral dissemi-
nation to the CNS. The skin and mucosal surfaces possess
mechanical, chemical, and cellular defenses that protect the
cells from viral infection (4). Leukocytes and secretory fac-
tors (interleukins, interferons, antibodies) further augment
these defenses and help eliminate viruses that bridge the
epithelial layer. Local innate immune responses are crucial in
limiting systemic viral infection; a swift inflammatory re-
sponse can limit viremia. In the liver and spleen, the high
degree of parenchymal contact and large number of fixed
mononuclear macrophages provide an excellent opportunity
for host eradication of viremia (4). The blood-brain or
blood-CSF barrier, a network of tight endothelial junctions
sheathed by glial cells that regulate molecular access to the
central nervous system, further limits viral access to the CNS
(17, 18).

Viral meningitis is a relatively benign, self-limited illness
and pathological specimens are rarely available for study
(11). The CSF, however, is frequently sampled and dem-
onstrates a mononuclear immune cell response to most viral
infection. Certain viral infections, most notably mumps and
some enterovirus infections, elicit a CSF polymorphonuclear
cell response early during disease. The initial CSF cellularity
mimics bacterial meningitis and later shifts to mononuclear
cell predominance. Viral antigen presentation by mono-
nuclear histiocytes stimulates the influx of immune cells.
Recruited immune cells release soluble factors (interleukins,
vasoactive amines) that mobilize other cells and change the
permeability of the blood-brain barrier (1, 19). The viral
etiology and type of CNS disease (meningitis vs. encepha-
litis) can produce differences in CSF IFN v, IL2, IL6, IL12,
procalcitonin, and lactate levels (20-24). While research
data suggests that these may be used to differentiate CNS
disease, CSF cytokine measurements are not a routine com-
mercial diagnostic method and are often limited to research
institutions. Furthermore, these biomarkers are also ele-
vated in autoimmune CNS disease or can be affected by pre-
treatment with antibiotics (25).

Physical and chemical changes in the blood-brain barrier
allow the entry of serum proteins such as immunoglobulins
and interleukins, further augmenting the antiviral process.
The cell-mediated immune response is important for elimi-
nating virus from the CNS; however, immunoglobulin also
has a role in protecting the host in some viral infections.
This is best illustrated by the devastating clinical course of
enteroviral meningitis in agammaglobulinemic patients and
in those with X-linked hyper IgM syndrome (11, 26, 27).
Patients with impaired cell-mediated immunity have a
higher incidence of CNS infections with certain viruses such
as varicella zoster virus (VZV), measles virus, and cyto-

megalovirus (CMV) (4).

Clinical Manifestations

The patient’s age and immune status and the viral etiology
influence the clinical manifestations of viral meningitis.
Patients with enteroviral meningitis often present with non-
specific symptoms such as fever (38 to 40°C) of 3 to 5 days
duration, malaise, and headache (1, 11). Approximately
50% of patients have nausea or vomiting (1). While nuchal
rigidity and photophobia are hallmark manifestations in
meningitis, 33% of patients with viral meningitis have no
evidence of meningismus (1) and less than 10% of children
younger than 2 years of age develop signs of meningeal ir-
ritation. The majority of these children present with fever
and irritability (28). Children may also present with seizures
secondary to fever, electrolyte disturbances, or the infection

itself. The clinician must have a high index of suspicion
for meningitis, especially in younger patients. In the immu-
nocompromised host, enteroviral infection presents both
a diagnostic quandary and a potentially life-threatening dis-
ease. Immunocompromised patients frequently do not mount
a brisk cellular immune response, so CSF analysis does not
reflect inflammatory changes indicating CNS involvement.

Symptoms of meningitis (stiff neck, headache, and pho-
tophobia) occur in approximately 11% of men and 36% of
women with primary HSV-2 genital infection. In one study,
5% of patients with primary HSV genital infection had se-
vere enough meningitis to require hospitalization. All of the
hospitalized patients had evidence of a lymphocytic pleo-
cytosis upon CSF analysis (1). In another study, HSV-2 was
detected in the CSF of 78% of patients with meningitis
symptoms during primary genital infection. These patients
also exhibited a CSF leukocytosis and increases in CSF
antibody titers (29). Recurrent HSV-2 meningitis (with or
without genital lesions) is seen, as is Mollaret’s syndrome,
but meningitis is more commonly associated with primary
infection (30). Mollaret’s syndrome, or benign recurrent
lymphocytic meningitis, is linked to HSV and sometimes
VZV infection; self-limited meningitis is characterized by
CSF pleocytosis notable for large “endothelial” cells, neu-
trophil granulocytes, and lymphocytes. HSV meningitis may
spread to the CSF along the sacral nerves. Alternatively, the
virus may reach the CSF by hematogenous spread, as the
virus has been cultured from the blood buffy coat layer (1).
VZV, CMYV, Epstein-Barr Virus (EBV), and parainfluenza
virus have all been cultured or detected by PCR from the
CSF of patients with meningitis (1, 12, 31). The three
herpesvirus infections occur more frequently in immuno-
compromised patients and usually progress to involve the
parenchyma.

Laboratory Findings

Initial CSF samples, while frequently suggestive of a diag-
nosis, lack the necessary predictive value to discriminate
viral from bacterial etiology in all cases (32). Instead, epi-
demiologic trends, patient history, and accompanying labo-
ratory information are important adjuncts in determining
the etiology of meningitis. CSF in patients with viral men-
ingitis tygically exhibits a pleocytosis with 10 to 500 leuko-
cytes mm” and a slightly elevated protein level (< 100mg/dl).
The glucose level in the CSF is typically greater than 40% of
a simultaneously drawn serum sample. Tremendous variation
in CSF formulas exists, however, with significant overlap
between viral and bacterial CSF laboratory findings (32).
In a retrospective review of over 400 patients with acute
viral or bacterial meningitis performed before the Haemo-
philus influenza B conjugate vaccine was available, investi-
gators found that approximately 20% of the CSF samples
that grew bacteria exhibited a CSF pleocytosis of less than
250 WBC/mm® (1). Fifteen percent of the patients with
bacterial meningitis had CSF lymphocytosis, while 40% of the
patients with viral meningitis had a predominance of poly-
morphonuclear cells. Some investigators recommend repeat-
ing the lumbar puncture 6 to 12 hours later, because the CSF
profile of patients with viral meningitis will shift from poly-
morphonuclear to lymphocytic pleocytosis over this period
(1). However, in one study performed during an echovirus
epidemic, eight of nine children with presumed enteroviral
meningitis failed to develop CSF lymphocyte predominance
when a lumbar puncture was repeated 5 to 8 hours later (32).
A retrospective study found that 51% of patients demon-
strated a CSF polymorphonuclear predominance 1 day after



symptom onset. Of note, the investigators in this study were
unable to confirm the etiology of meningitis in most cases
because this was a retrospective study (32). Other investiga-
tors have confirmed that the change in the lymphocytic CSF
profile occurs 18 to 36 hours after illness onset (33). A mul-
tifactorial method examining the CSF profile, peripheral
blood profile, and history of seizures to develop a bacterial
meningitis score has also been investigated to differentiate
bacterial from viral meningitis. This provides improved sen-
sitivity but still failed to detect all cases of bacterial meningitis,
including some cases in infants (34). With the increasing use
of highly sensitive and specific nucleic-acid diagnostic tech-
niques, a viral etiology for meningitis can often be established
within 24 to 36 hours, thereby limiting the duration of hos-
pitalization, antibiotic use, and additional diagnostic proce-

dures (7, 9, 13).

Etiologic Diagnosis

Historically, the techniques for identifying viral meningitis
were insensitive and often impractical, with an agent iden-
tified in only 25% to 67% of presumed CNS infections (1,
12, 35). The diagnosis of viral meningitis relied on viral cul-
ture, and CSF viral culture rates differ based on etiology (1).

A synopsis of viral detection techniques for different
viruses is presented in Tables 1 and 2 (4). The rapidity and
sensitivity of enterovirus detection, as well as for many other
viral infections, has improved with the advent of nucleic
acid amplification techniques such as RT-PCR (9, 11).
Demonstration of viral nucleic acid in the CSF of patients
with symptoms of meningitis has replaced viral isolation and
serologic diagnosis for acute management, although one of
the advantages of viral culture is the ability to identify en-
terovirus serotypes for epidemiologic studies (9, 11). As with
any RT-PCR-based technique, nucleic acid contamination
of the laboratory area is a concern and results must always be
interpreted within the clinical context, although use of
deoxyuridine triphosphatase (dUTP) and modifications to
real-time PCR methods have reduced this risk (36, 37).

In the past, serologic testing confirmed the clinical sus-
picion of an arboviral infection. While many of these viruses
can be cultured from CSF during the early stages of infec-
tion, serologic testing has very limited availability and little
utility in acute management. The use of RT-PCR for diag-
nosis of arbovirus infections in the CNS has met with mixed
results because of the diverse viral etiologies of arboviral
infection. The development of specific primers that can
hybridize across multiple viral families (Alphaviradae, Flavi-
viradae, Bunyaviradae) has been difficult. Currently there is
an emphasis on the development of improved “universal
group primers” to perform an initial group screening fol-
lowed by RT-PCR using higher specificity primers as a sec-
ond viral diagnostic test (38). Many laboratories have
chosen instead to concentrate efforts on establishing diag-
nostic studies for more common regional viral etiologies as a
more cost-effective method for diagnosis and patient man-
agement (7).

Differential Diagnosis

Unusual but treatable infections should always be considered
and investigated in patients with CSF pleocytosis and neg-
ative conventional bacterial cultures. Spirochetes (Trepo-
nema, Borrelia, Leptospira), mycoplasma, bartonella, and
mycobacteria can produce pleocytosis that has both negative
Gram stain and bacterial cultures. Fastidious bacteria (Lis-
teria) may fail to grow in culture and occasionally produce a
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mononuclear pleocytosis similar to viral meningitis. This is
of particular concern in infants, elderly, and immunocom-
promised patients. Some bacteria, while not directly infecting
the CNS, can release toxins that create a change in the level
of consciousness, specifically Staphylococcus aureus and
Streptococcus pyogenes exotoxin-mediated toxic shock syn-
drome. Frequently, children with streptococcal throat in-
fections present with “neck stiffness” secondary to localized
pharyngeal inflammation and tender anterior cervical ly-
mphadenopathy. Parameningeal infections, especially from
infected sinuses, produce CNS symptoms and pleocytosis
presenting with nuchal rigidity, focal neurologic changes, and
altered mental status. Similarly, partially treated bacterial
infections can have CSF findings resembling viral meningi-
tis. Questions regarding history of self-medication with left-
over antibiotics should be included in a review of systems.

Fungal and parasitic infections can produce both men-
ingitis and parenchymal CNS infections. Coccidiomycosis
and Cryptococcus, the leading causes of fungal meningitis
(1), characteristically produce meningitis rather than any
focal CNS disease. Fungal infections such as candidiasis,
aspergillosis, histoplasmosis, and blastomycosis most fre-
quently cause focal parenchymal disease when infecting the
CNS. These fungi are frequently in the differential diagnosis
for an immunocompromised host with CNS disease but can
cause disease in select patient populations (e.g., premature
infants and patients with CNS trauma and diabetes melli-
tus). Parasites such as Naeglaeria fowleri or Balamuthia man-
drillaris produce meningoencephalitis with purulent CSF
findings (39, 40). A history of recent summertime swimming
in a stagnant pond or recent travel in Central or South
America should raise suspicion for these infections.

Noninfectious processes that can produce true aseptic
meningitis include hematologic malignancies, medications
(especially immunomodulatory, nonsteroidal antiinflam-
matory, and trimethoprim/sulfa medications), autoimmune
diseases, and foreign material and proteins. Leukemia pro-
duces CSF pleocytosis with cancerous cells and occurs most
frequently with acute lymphocytic leukemia, although sub-
arachnoid involvement can also occur in acute myelogenous
leukemia. Immunomodulatory drugs such as intravenous
immunoglobulin or antilymphocyte globulin (OKT-3) also
cause aseptic meningitis. Of the medications associated with
meningitis, nonsteroidal antiinflammatory agents, sulfa-
containing drugs, and cytosine arabinoside are the most com-
mon offenders. Drug-induced aseptic meningitis frequently
occurs in patients with underlying connective tissue or
rheumatologic diseases. A patient with drug-induced aseptic
meningitis warrants investigation for a possible underlying
autoimmune disease 41). Epithelial or endothelial cysts can
rupture and spill their contents (keratin, protein), produc-
ing a brisk inflammatory response that mimics acute viral
meningitis.

Treatment and Prognosis

The fundamental principle of therapy for viral meningitis
lies in the identification of potentially treatable diseases.
Until recently, no therapy existed for most cases of viral
meningitis. Efforts instead focused on preventive strategies
(largely through vaccination) as well as identification of
treatable nonviral etiologies of meningitis. The clinician
must also anticipate and treat the complications of viral
CNS disease (seizures, syndrome of inappropriate anti-
diuretic hormone secretion [SIADH], hydrocephalus, in-
creased intracranial pressure). Supportive therapy includes
hydration, antipyretics, and analgesics.
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In the normal host, viral meningitis is a relatively benign
self-limited disease. A prospective study in children less than
2 years of age, for example, found that even in the 9% of
children who develop evidence of acute neurologic disease
(complex seizures, increased intracerebral pressure, or coma)
their long-term prognosis is excellent. During long-term
follow up (42 months of age), children with acute CNS
complications performed neurodevelopmental tasks and
achieved developmental milestones as well as children with
an uncomplicated course (28). An overview of the approach
to a patient with suspected viral CNS disease is presented in
a later section.

Antibody preparations and the antiviral agent pleconaril
have shown activity against enterovirus in small series (42,
43) and animal studies (44-46). However, randomized
controlled trials have not supported their routine use in
enterovirus meningitis (47, 48). The literature contains case
reports of immunoglobulin preparations improving outcome
in agammaglobulinemic patients with enteroviral meningi-
tis. However, immunoglobulin use in these patients does
not eliminate the virus from the CSF or prevent chronic
enteroviral meningitis (1). Enteroviral infections in neonates
frequently produce overwhelming viremia and CNS disease.
Ten percent of neonates with systemic enteroviral infections
die, and as many as 76% are left with permanent sequelae.
Standard intravenous immunoglobulin does not provide clin-
ical benefit for neonates with severe life-threatening en-
teroviral infection (42). While the role of antibody\ies in
immunocompromised patients with life-threatening entero-
viral infections remains debatable, there are currently no
data supporting the use of immunoglobulin preparations for
non-life-threatening infections in the normal host.

Specific antiviral agents are available for meningitis of
several other etiologies. Although no definitive clinical trials
have been conducted, most experts recommend the use of IV
acyclovir for HSV meningitis, as it decreases the duration of
primary herpes disease and may limit meningeal involvement
(49). Recurrent HSV-2 meningitis is rare, and recently a
single case of meningitis associated with HSV-1 reactivation
was reported. At this time there are no data on benefits of
antiviral treatment or suppressive therapy for recurrent HSV
CNS disease (1, 50). Effective antiviral therapy exists for
VZV infections of the CNS and should be instituted in these
patients (51, 52). For CMV CNS infection in the immu-
nocompromised host, therapy is problematic and should be
tailored based upon the clinical likelihood of infection.

VIRAL ENCEPHALITIS

Epidemiology and Prevalence

Similar to the case with viral meningitis, passive reporting
systems underestimate the incidence of viral encephalitis
(1). An estimated 20,000 cases of encephalitis occur each
year in the United States; however, the CDC received only
740 (0.3/100,000) to 1340 (0.54/100,000) annual reports of
persons with encephalitis from 1990 to 1994 (1). A review
of the cases in Olmsted County, Minnesota, from 1950 to
1980 found the incidence of viral encephalitis was at least
twice as frequent as that reported by the CDC (6). A pro-
spective study in Finland demonstrated similar results, with
the incidence of encephalitis being 10.5/100,000 (53).
Although nucleic acid-based diagnostic testing has en-
hanced the detection of many viruses, a viral etiology is not
found in the majority (83%) of cases of encephalitis (12).
While the etiology of encephalitis has changed with alter-

ations in the viral reservoirs in North America, the overall
death rates from encephalitis have not changed since the
late 1970s to 1980s (54). HSV CNS infections occur
without seasonal variation, affect all ages, and constitute the
majority of fatal cases of endemic encephalitis in the United
States (1). Arboviruses, a group of over 500 arthropod-
transmitted RNA viruses, are the leading cause of enceph-
alitis worldwide and in the United States (4). Arboviral
infections occur in epidemics and show a seasonal predi-
lection, reflecting the prevalence of the transmitting vector
(1). Asymptomatic infections vastly outnumber symptom-
atic infections. Patients with disease may develop a mild
systemic febrile illness or viral meningitis (1). Encephalitis
occurs in a minority of people with arboviral infections, but
the case-fatality rate varies extremely, from 5% to 70%,
depending upon viral etiology and age of the patient. Neu-
roinvasive WNV infections now far outnumber other arbo-
viral causes of encephalitis in the United States (55),
although it is unknown if this is because of improved testing
and more active surveillance. Historically, LaCrosse en-
cephalitis has been the most commonly reported arboviral
disease in the United States, while St. Louis encephalitis is
the most frequent cause of epidemic encephalitis (1, 56).
Characteristically, Eastern equine encephalitis (EEE) and
most arboviral infections occur in the late summer following
amplification of the virus due to peak mosquito activity (1).
In warm climates the clinician must have a high index of
suspicion for insect-borne diseases.

Japanese B encephalitis and rabies constitute the majority
of cases of documented encephalitis cases outside of North
America. Japanese encephalitis virus, a mosquito-transmitted
member of the flavivirus genus, occurs throughout Asia and
causes epidemics in China despite routine immunization (1,
57). In warmer locations, the virus is endemic (1, 58). The
disease typically affects children, although adults with no
history of exposure to the virus are also susceptible (1). As
with the other arboviral infections, asymptomatic infections
occur more frequently than symptomatic infections. How-
ever, the disease has a high case-fatality rate and leaves half
of the survivors with a significant degree of neurologic
morbidity (1).

Rabies virus remains endemic in much of the world. In the
United States human cases have decreased over the last de-
cades to 1 to 3 cases per year as a result of the immunization
of domesticated animals. Bats are increasingly recognized as a
source of infection. In one study, 15% percent of bats tested
carried rabies virus (59). Since 1990, bat-associated variants
of the virus have accounted for 24 of the 32 cases in the
United States. In most cases there was no evidence of a bite,
although in half of the cases direct contact (handling of the
bats) was documented (60). In areas outside the United
States, human cases of rabies encephalitis number in the
thousands and are caused by unvaccinated domestic animals,
principally dogs, developing infection following contact
with infected wild animals and exposure to bat guano (61).

Postinfectious encephalitis, an acute demyelinating pro-
cess also referred to as acute disseminated encephalomyelitis
(ADEM) or autoimmune encephalitis, accounts for ap-
proximately 100 to 200 additional cases of encephalitis an-
nually in the United States (1, 62). The disease historically
was responsible for approximately one third of the enceph-
alitis cases in the United States and was associated with
preceding measles, mumps, and other exanthematous viral
infections (1, 62). Postinfectious encephalitis in the United
States is now associated with antecedent upper respiratory
virus (notably influenza virus) and varicella infections (1).



Measles continues to be the leading cause of both acute
encephalitis, in the absence of vaccination, and post-infec-
tious encephalitis worldwide and complicates 1 of every
1000 measles infections (1). Autoimmune CNS damage and
an ADEM process has also been reported following cases of
acute encephalitis and in paraneoplastic syndromes. Some
patients develop N-methyl-D-aspartate (NMDA) auto-
antibodies with their paraneoplastic syndrome 1 to 4 weeks
following acute encephalitis (34, 63). Recent studies suggest
that antigenic variation in the N-terminal domain of the
NMDA receptor may predispose some patients to the auto-
immune encephalitis.(35, 64).

The slow infections of the CNS or transmissible spongi-
form encephalopathies (TSE) occur sporadically worldwide.
The prototypical TSE is Creutzfeld-Jacob disease (CJD);
occurs at high rates within families and has an estimated
incidence of 0.5 to 1.5 cases per million populations (5). In
1986, cases of a TSE in cattle termed bovine spongiform
encephalopathy (BSE) were reported in the United King-
dom. In addition to affecting other livestock throughout
Europe that were fed supplements containing meat and bone
meal, cross-species transmission of BSE has been docu-
mented, leading to a ban in the use of bovine offal in fer-
tilizers, pet food, and other animal feed (5). A decrease in
recognized cases of BSE has occurred since the institu-
tion of these restrictions. Concomitant with the increased
cases of BSE in Europe, an increase in cases of an atypical
Creutzfeldt-Jacob disease also occurred, suggesting animal-
to-human transmission. The report of atypical CJD (unique
clinical and histopathologic findings) affecting young adults
(an age at which CJD rarely has been diagnosed) and a
characteristic methionine at the polymorphic codon 129 led
to the designation of a new disease, variant Creutzfeldt-
Jacob disease (vC]JD). As of 2006, a total of 160 cases of
vCJD were diagnosed in the United Kingdom (UK) and 28
cases outside of the UK (65).

Pathogenesis

The pathogenesis of encephalitis requires that viruses reach
the CNS by hematogenous or neuronal spread. Similar to
meningitis, viruses most frequently access the CNS after a
high-titer secondary viremia and cell-free or cell-associated
CNS entry (4). Other than direct entry via cerebral vessels,
the virus can initially infect the meninges and CSF and then
enter the parenchyma across either ependymal cells or the
pial linings. Viruses exhibit differences in neurotropism and
neurovirulence; receptor requirements are one determinant
of viral neurotropism. For example, enteroviruses with sim-
ilar receptors produce very different diseases. Five coxsackie
B viruses (types Bl to B5) readily produce CNS infections
while type B6 rarely produces neurologic infection (4, 66).
Viral genes have been discovered that influence the neuro-
virulence of HSV-1 (67). Mutant HSV-1 viruses with either
v134.5 gene deletions or stop codons inserted into the gene
have a decreased ability to cause encephalitis and death
following intracerebral inoculation in mice as compared to
wild-type virus (67, 68).

In addition to viral factors, host physiology is also im-
portant in determining the extent and location of viral CNS
disease. Age, sex, and genetic differences among hosts influ-
ence viral infections and clinical course (11, 69). Host age in-
fluences the clinical manifestations and sequelae of viral
infections. For example, sindbis virus infection produces le-
thal encephalitis in newborn mice, while weanling mice
experience persistent but nonfatal encephalitis. The reason
for the difference in outcome is twofold. Mature neurons re-
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sist viral-induced apoptosis and older mice have an improved
antibody response, thus limiting viral replication (69). Var-
iations in macrophage function among individuals can re-
sult in clinically distinct infections and disease. Moreover,
macrophage-antigen response can change with age and is
important in limiting spread of infection within a patient (1).
In addition to age, physical activity may be another impor-
tant host factor that determines the severity of infection.
Exercise has been associated with increased risk for paralytic
poliomyelitis and may result in an increased incidence of
enteroviral myocarditis and aseptic meningitis (1). Increas-
ingly, host differences are recognized as equally important
determinants of disease at the cellular and molecular levels.

Historically, the peripheral neural pathway was consid-
ered the only pathway of viral neurologic infection, although
contemporary data demonstrate that the circulatory system
is more commonly implicated (1). Herpes simplex virus and
rabies are examples of viruses that infect the CNS by neu-
ronal spread. Sensory and motor neurons contain transport
systems that carry materials along the axon to (retrograde)
and from (anterograde) the nucleus. Peripheral or cranial
nerves provide access to the CNS and shield the virus from
immune regulation. Lastly, olfactory nerve transport to the
CNS is a logical explanation for HSV infections of the brain
when the nasopharynx is a site of viral replication.

Rabies classically infects through the myoneural route
and provides a prototype for peripheral neuronal spread (4,
60). Rabies virus replicates locally in the soft tissue following
a bit by a rabid animal. After primary replication, the virus
enters the peripheral nerves by binding to acetylcholine
receptors. Once in the muscle the virus buds from the plasma
membrane, crosses myoneural spindles, or enters across the
motor end plate (4). The virus travels by anterograde and
retrograde axonal transport to infect neurons in the brain-
stem and limbic system. Eventually the virus spreads from
the diencephalic and hippocampal structure to the remain-
der of the brain, killing the animal (4).

Virus also infects the CNS through cranial nerves. Ani-
mal studies have shown that HSV can infect the brain
through the olfactory system as well as the trigeminal nerve
(4). Early HSV encephalitis damages the inferomedial
temporal lobe that contains direct connections with the ol-
factory bulb (1). The route of human HSV infections, how-
ever, is less clear. Despite data supporting olfactory and
trigeminal spread of virus to the CNS, definitive proof in hu-
mans is lacking. The association of viral latency in the tri-
geminal ganglia, the relative infrequency of herpes simplex
encephalitis (HSE), and the confusing data regarding en-
cephalitis from HSV reactivation suggest that the patho-
genesis is more complex than described above (49).

In patients with acute encephalitis, the parenchyma ex-
hibits neuronophagia and cells containing viral nucleic acids
or antigens. The pathologic findings are unique for different
viruses and reflect differences in pathogenesis and virulence.
In the case of typical HSV encephalitis, hemorrhagic ne-
crosis occurs in the inferomedial temporal lobe with evi-
dence of perivascular cuffing, lymphocytic infiltration, and
neuronophagia (4). Pathological specimens in animals with
rabies encephalitis have microglial proliferation, perivas-
cular infiltrates, and neuronal destruction. The location of
the pathological findings can be limited to the brainstem
areas (dumb rabies) or the diencephalic, hippocampal, and
hypothalamic areas (furious rabies) based on the immune
response mounted against the infection (4).

Some viruses do not directly infect the CNS but produce
immune system changes that result in parenchymal damage.
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Patients with postinfectious encephalitis (ADEM) exhibit
focal neurologic deficits and altered consciousness tempo-
rally associated with a recent (1 to 2 week) viral infection or
immunization (62). Pathologic specimens, while they show
evidence of demyelination by histologic or radiographic
analysis, do not show evidence of viral infection in the CNS
in culture or antigen tests. Patients with postinfectious en-
cephalitis have subtle differences in their immune systems,
and some authors have proposed an autoimmune reaction
as the pathogenic mechanism of disease (1). Postinfectious
encephalitis occurs most commonly following measles, VZV,
mumps, influenza, and parainfluenza infections. With im-
munization the incidence of postinfectious encephalitis has
decreased in the United States; however, measles contin-
ues to be the leading cause of postinfectious encephalitis
worldwide (1). As noted above, in addition to the post-
infectious process, patients with paraneoplastic syndrome
and autoantibodies to NMDA autoantibodies have also re-
cently been described (34). Recent studies suggest that an-
tigenic variation in the N-terminal domain of the NMDA
receptor may predispose these patients to autoimmune en-
cephalitis (35). A subset of patients developed anti-NMDA
autoantibodies 1 to 4 weeks following HSE that leads to re-
current immune-mediated encephalitis, complicating their
recovery.

The TSEs are noninflammatory CNS diseases involving
the accumulation of an abnormal form of a normal glyco-
protein, the prion protein (PrP) (1). These encephalo-
pathies differ in mode of transmission. While most of the
TSEs are experimentally transmissible by direct inoculation
in the CNS, this mode rarely occurs except for iatrogenic
transmissions (70). The scrapie agent spreads by contact and
lateral transmission. There is no evidence for lateral trans-
mission for BSE or vC]D and all cases appear to have oc-
curred following parenteral or ingestion of affected materials.
The transmissible agents remain infectious after treatments
that would normally inactivate viruses or nucleic acids
(detergent formalin, ionizing radiation, nucleases) (1). Most
of the experimental work on TSEs has involved analysis of
the scrapie agent. The current working model is that post-
translational alteration of the normally a-helical form of the
PrP protein results in a protease resistant B-pleated sheet
structure that accumulates in neurons leading to progressive
dysfunction, cell death, and subsequent astrocytosis. In
studies on the scrapie agent and vC]D, gastrointestinal tract
involvement with infection of abdominal lymph nodes oc-
curs first, followed by hematogenous spread through the
reticuloendothelial system and brain involvement a year or
more later (1, 71). Experimental subcutaneous inoculation
in mice and goats also led to local lymph node involvement,
followed by splenic spread and then CNS involvement.
Cases of vCJD through blood transfusion have also occurred
(72). Based upon animal studies, there is an equal distribu-
tion of the agent associated with leukocytes and free in the
plasma, with negligible levels associated with the red blood
cells and platelets (73).

Clinical Manifestations

Patients with encephalitis have clinical and laboratory
manifestations of parenchymal disease; however, infection
rarely involves only the brain parenchyma. Some viruses
(rabies, herpes B virus) produce encephalitis without sig-
nificant meningeal involvement; however, most patients
with encephalitis have concomitant meningitis. Most pa-
tients also have a prodromal illness with myalgias, fever,
and anorexia, reflecting the systemic viremia. Neurologic

symptoms can range from fever, headache, and subtle neu-
rologic deficits or change in level of consciousness to severe
disease with seizures, behavioral changes, focal neurologic
deficits, and coma (4). Clinical manifestations reflect the
location and degree of parenchymal involvement and differ
based on viral etiology. For example, HSE infects the
inferomedial frontal area of the cortex, resulting in focal
seizures, personality changes, and aphasia. These symptoms
reflect the neuroanatomical location of infection with in-
flammation near the internal capsule and limbic and Broca’s
regions (4). Paraesthesias near the location of the animal
bite and changes in behavior correlate temporally with the
axoplasmic transport of rabies and the viral infection of the
brainstem and hippocampal region (1, 74). Rabies has a
predilection for the limbic system, thereby producing per-
sonality changes. The damage spares cortical regions during
this phase, so that humans may vacillate between periods of
calm, normal activity and short episodes of rage and disori-
entation (4). Alternatively, Japanese encephalitis virus ini-
tially produces a systemic illness with fever, malaise, and
anorexia, followed by photophobia, vomiting, headache,
and changes in brainstem function. Most children die from
respiratory failure and frequently have evidence of cardiac
and respiratory instability, reflecting Viremic spread via the
vertebral vessels and infection of brainstem nuclei (4).
Other patients have evidence of multifocal CNS disease
involving the basal ganglia, thalamus, and lower cortex and
develop tremors, dystonia, and parkinsonian symptoms (4).

Encephalitis, unlike meningitis, often has high mortality
and complication rates but these differ based on the viral
etiology and host factors (91, 75). For example, St. Louis
encephalitis virus has an overall case mortality of 10%; the
rate is only 2% in children but increases to 20% in the
elderly (76). Other viruses like Western equine and Eastern
equine encephalitis produce higher mortality and morbidity
in children than in adults (76).

The TSEs are slowly progressing diseases with long in-
cubation periods. Sporadic CJD occurs between the ages of
50 and 70 years of age and is characterized by dementia,
tremors, and, more rarely, abnormal movements and ataxia.
Unlike sporadic CJG, vCJD disease affects young adults and
adolescents; it produces cerebellar ataxia and sensory in-
volvement (dysesthesias) with florid amyloid plaques de-
tected in the brain on autopsy. Neurologic deterioration
progresses relentlessly, and most patients die less than a year
after onset of their neurologic manifestations.

Laboratory Findings and Diagnosis

Establishing a diagnosis requires a meticulous history,
knowledge of epidemiologic factors, detailed microbiologic
studies, and a systematic evaluation of other possible treat-
able diseases. In the past, investigators failed 50% to 75% of
the time to identify an etiology for encephalitis depending
on the study and diagnostic tests used (1). CSF pleocytosis
usually occurs in encephalitis but is not necessary for the
diagnosis. White blood cell counts in CSF typically number
in the 10’s to 100’s in viral encephalitis (1). Cerebrospinal
glucose levels are usually normal although some viral eti-
ologies (e.g., EEE) produce CSF parameters consistent with
acute bacterial meningitis (1). Some viruses (e.g., HSV)
produce a hemorrhagic necrosis and the CSF exhibits this by
moderately high protein levels and evidence of red blood
cells. Supratentorial and cerebellar tumors can produce in-
creased intracranial pressure and can mimic encephalitis. A
careful fundoscopic exam and appropriate radiographic im-
aging should be performed prior to obtaining CSF to rule out



any evidence of papilledema and increased intracranial
pressure.

Unlike meningitis, encephalitis often requires additional
laboratory and radiologic tests to establish the diagnosis.
Historically, the standard for diagnosis was brain biopsy and
viral isolation. For many viruses (e.g., HSV, enterovirus,
EBV, VZV, John Cunningham [JC] virus, HHV®6, tick-borne
encephalitis [TBV]) detection of viral nucleic acids by PCR
or RT-PCR from the CSF has replaced culture and brain
biopsy as the standard for diagnosing encephalitis (1, 77,
78). Computerized tomography (CT scan) and magnetic
resonance imaging (MRI) are needed to look for focal en-
cephalitic changes, parenchymal necrosis or bleeding, de-
myelination, and mass lesions. The increased sensitivity of
MRI to alterations in brain water content and the lack of
bone artifacts make this the neuroradiologic modality of
choice for CNS infections (79, 80). MRI and especially
diffusion-weighted imaging detect parenchymal changes
earlier than CT scan and better defines the extent of a lesion
(81). Furthermore, MRI is more sensitive for detecting evi-
dence of demyelinating lesions in the periventricular and
deep white matter, thus enabling differentiation of para-
infectious from acute viral encephalitis. Patients with viral
encephalitis frequently have diffuse or focal epileptiform
discharges with background slowing on electroencephalo-
gram (EEG) (4). These EEG changes precede CT scan evi-
dence of encephalitis and provide a sensitive although
nonspecific diagnostic test. EEG changes in the temporal
lobe area strongly support the diagnosis of HSE; however,
the absence of these changes does not rule out HSE.

Historically, patients with viral encephalitis required a
battery of different diagnostic tests. HSV encephalitis, for
example, could be diagnosed acutely by brain biopsy and
viral culture or retrospectively by CSF antibody and con-
valescent serologic tests (4). The diagnosis of enterovirus
meningitis previously required acute virus isolation from the
throat or rectum acutely or retrospective serologic studies.
Molecular techniques are not routinely used for the diagnosis
of most viral CNS infections (4, 82). Primers also exist for
the detection of certain arboviral encephalitides (California
encephalitis group, Japanese encephalitis, West Nile, St.
Louis encephalitis, dengue fever serotypes 1-4, and yellow
fever viruses); however the development of universal arbo-
viral primers has been more difficult (1, 4, 38). The suc-
cessful detection of viral nucleic acids in the CSF is
influenced by the duration, extent, and etiology of disease.
The laboratory test is relatively rapid, has high sensitivity,
and provides a less invasive means to diagnose encephalitis.
For example, only 4% of CSF cultures are positive in pa-
tients with sporadic HSE; in patients with biopsy-proven
HSE, CSF PCR has a sensitivity of greater than 95% and
a specificity approaching 100% (83). Interestingly, in the
three cases where the CSF PCR was positive but the brain
biopsy negative, biopsy samples had been improperly pre-
pared prior to viral culture or the biopsy site was suboptima
(1). Recently, efforts have focused on correlating viral
nucleic acid copy as an indicator of virus quantity to predict
clinical outcome (84).

The clinical diagnosis of a TSE is supported by detection
of characteristic EEG changes (periodic sharp and slow wave
complexes), presence of 14-3-3 protein in the CSE and
characteristic MRI findings (increased signal in the basal
ganglia in vC]D or evidence of increased signal in the pos-
terior pulvinar in vCJD) (85). Most laboratory tests are of
little value in the diagnosis in humans. CSF examination
shows normal values or slightly elevated protein levels. The
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EEG in classic CJD reveals generalized slowing early in the
disease and biphasic or triphasic peaks late in the disease
with the onset of myoclonus. MRI changes late in the illness
reveal global atrophy with hyperintense signals from the
basal ganglia (5). Diffusion-weighted imaging and fluid at-
tenuation inversion recovery (FLAIR) remain the most re-
liable and sensitive imaging techniques for CJD (85, 86).
Histopathologic examination of the brain using a specific
antibody to the PrP-res protein confirms the disease. In
addition, evidence of gliosis, neuronal loss, and spongiform
changes support the diagnosis. In cases of vCJD, character-
istic microscopic amyloid plaques (so-called florid plaques)
define the disease. The florid plaques are not seen in other
TSEs and consist of flower-like amyloid deposits surrounded
by vacuolar halos. The detection of PrP-res in the tonsillar
tissue by immunohistochemical staining is also strongly
supportive of a vCJD diagnosis (5).

Differential Diagnosis

Identifying treatable disease expeditiously is a priority in
patients presenting with neurologic changes. In patients
with suspected HSE undergoing brain biopsy for confirma-
tion, alternative diagnoses are frequently found. Of 432 pa-
tients, only 45% had biopsy-confirmed HSE and 22%
had another etiology established by brain biopsy (3). Of these,
40% had a treatable disease (9% of the biopsy group) in-
cluding bacterial abscess, tuberculosis, fungal infection, tumor,
subdural hematoma, or autoimmune disease. The majority of
the remaining 60% identifiable but non-treatable causes for
encephalitis were of viral etiology. Disease in a third group of
142 patients (33%) went undiagnosed even after brain-biopsy
and the conventional diagnostic tests.

Pathologic processes in the CNS have limited clinical
expressions and thus often produce similar signs and symp-
toms (4). Other causes of encephalitis are presented in
Table 3. Mass lesions in the CNS (tumor, abscess, or blood)
can cause focal neurologic changes, fever, and seizures,
similar to encephalitis. Metabolic (hypoglycemia, uremia,
inborn errors of metabolism) and toxin-mediated disorders
(ingestion, tick-related paralysis, or Reye syndrome) can cause
decreased consciousness, seizures, and background slowing on
EEG. Limbic encephalitis can produce protracted encepha-
litis and is caused by paraneoplastic phenomena. Further-
more, treatable infectious causes of encephalitis must be
vigorously investigated. Mycoplasma produces demyelinating
brainstem encephalitis in approximately 0.1% of infections.

Prevention

Prevention of the initiating viral infection remains the best
means to reduce risk of viral encephalitis. Live attenuated
vaccines against measles, mumps, and rubella have resulted
in a dramatic decrease in the incidence of encephalitis in
industrialized countries. Measles continues to be the leading
cause of postinfectious encephalitis in developing countries,
however, and complicates 1 of every 1000 measles infections
(1). Widespread polio vaccination has eradicated the disease
at present from the Western Hemisphere and most other
countries. Vaccines exist for some arboviral infections and,
of course, rabies. Vaccination against Japanese encephalitis
virus has reduced the incidence of encephalitis in Asia but
cases still occur annually (57, 87, 88).

Vaccination and antiviral chemoprophylaxis are either
not available or cost-effective for preventing many viral
infections. For example, vector avoidance, the use of mos-
quito deterrents, and mosquito abatement programs are less
costly strategies for preventing arboviral encephalitides in
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TABLE 3 Differential diagnosis for encephalitis and

meningitis

Infectious
Bacterial
Common organisms (S. pneumoniae, S. agalactiae,
N. meningitis, H. influenza)
Complex bacteria (Mycobacterium, Actinomyces, Nocardia)
Spirochetes (Treponema, Borrelia, Leptospira)
Cell associated (Rickettsia, Ehrlichia, Mycoplasma)
Brucella, Listeria, Bartonella
Partially treated bacterial infection
Abscess (brain, parameningeal )
Bacteria-produced toxin
Fungal
Blastomyces, Candida, Histoplasma, Coccidioides, Aspergillus,
Sporothrix, Zygomycetes, other)
Parasites and Protozoan
Toxoplasma, Taenia solium, Echinococcus,
Strongyloides, Schistosoma, Acanthamoeba,
Naegleria fowleri, Balamuthia mandrillaris,
Trypanosoma, Plasmodium
Postinfectious
Guillain-Barre’ Syndrome
Brain stem encephalitis
Miller-Fisher Syndrome
Acute disseminated encephalomyelitis (ADEM) postviral
(varicella zoster, measles, parainfluenza, influenza,
respiratory syncitial virus), unknown
Limbic encephalitis
Paraneoplastic syndrome

the United States (1, 89). Pre- and immediate postexposure
prophylaxis are the only ways known to prevent death in
rabies-exposed individuals (90). Individuals exposed to ra-
bies require vigorous cleansing of the wound, postexposure
vaccination, and direct administration of rabies hyper-
immunoglobulin at the site of the animal bite. Individuals
with frequent contact with potentially rabid animals (vet-
erinarians, animal control staff, workers in rabies laborato-
ries, and travelers to rabies-endemic areas) should receive
preexposure vaccination. The FDA has implemented guide-
lines eliminating whole blood or blood components pre-
pared from individuals who later developed CJD or vC]D to
reduce the potential exposure to TSE agents in the blood
supply. While four cases of transfusion associated vC]JD have
been reported, the risk associated with packed red blood cells
(PRBC) and platelet transfusion is less than that for patients
receiving large amounts of whole blood (73). Changes in
agricultural practices in Europe, testing for affected cattle,
and bans on infected cattle have been associated with de-
cline in cases of vCJD. In North America no cases of vC]JD
have been reported and the Department of agriculture has
programs in place to monitor for TSEs in livestock (91).

Treatment

Patients with encephalitis require treatment tailored to
the etiology and clinical situation. Currently few antiviral
medications are available to treat CNS infections. Antiviral
therapy exists for HSV-1, HSV-2, VZV, CMV, and HIV. The

introduction of acyclovir has resulted in a sharp decline in

mortality and morbidity from HSV infections; neonatal
mortality from disseminated HSV disease and HSE has de-
clined from 70% to 40% and antiviral treatment also re-
duces the severity of neurologic impairment (1). Varicella
immunoglobulin (VZIG) and acyclovir have reduced the
complications from primary VZV infection and zoster in
neonates and immunocompromised patients. Although
controlled trials have not evaluated the efficacy of acyclovir
in VZV encephalitis, the medication is routinely used to
treat this complication (1, 92). Ganciclovir and foscarnet
are used for the treatment of CMV encephalitis although
controlled clinical trials have not confirmed the efficacy of
this treatment. Antiretroviral therapy appears to decrease
the frequency and severity of HIV CNS disease, but studies
have not determined if this is because of a direct reduction in
HIV viral activity in the CNS or a secondary effect as a result
of improved immune function and decreased opportunistic
infections affecting the CNS (93).

In cases of postinfectious encephalitis or ADEM, no
randomized controlled trial has confirmed the benefit of
immunomodulatory drugs. In practice clinicians often treat
ADEM with different immunomodulators in an attempt to
limit T-cell-mediated destruction of the CNS (62). It must
be emphasized, however, that immunomodulatory therapy is
based on isolated case reports and series. Cinical failures and
iatrogenic morbidity from a therapeutic modality are rarely
ever reported.

Approach to Patients with Viral CNS Disease

The approach to a patient with a presumed CNS viral in-
fection must be tailored to the severity and distribution of
neurologic involvement. The degree of diagnostic as well as
therapeutic intervention differs based on the type of CNS
disease. The examination and radiographic and laboratory
studies available for establishing a diagnosis must be priori-
tized based on the likely etiology and the stability of the
patient. For example, a patient with photophobia and nu-
chal rigidity but a nonfocal neurologic examination does
not require invasive intracranial pressure monitoring as
would a patient with encephalitis and evidence of increased
intracranial pressure. After establishing the degree of CNS
disease by history and physical exam and stabilizing the
patient (airway, breathing, and circulation), the clinician
next must ascertain a diagnosis.

Treatable causes of CNS dysfunction require rapid eval-
uation and intervention in an effort to prevent further or
permanent CNS damage. Potentially treatable diseases (e.g.,
HSE, VZV, fungal infections, partially treated bacterial
meningitis, tuberculous meningitis, parameningeal infec-
tion, mycoplasma, and fastidious bacterial infections) can
mimic viral CNS disease and should be vigorously investi-
gated before attributing the illness to a viral etiology for
which no specific antiviral is available. The same logic ap-
plies to treatable viral infections and noninfectious eti-
ologies. After establishing a presumptive diagnosis and
instituting therapy, the clinician must vigilantly anticipate
and treat complications associated with the viral CNS dis-
ease or the therapeutic interventions. Seizures secondary
to direct viral CNS damage, inflammatory vasculitis, and
electrolyte changes require anticonvulsant therapy with
benzodiazepams, phenytoin, and barbiturates (1). Patients
with cerebral edema may require intracranial pressure
monitoring and hyperventilation, osmotic therapy, and CSF
removal in an attempt to maintain cerebral pressures (1).
The ultimate goal of intracranial pressure monitoring is to
maintain adequate cerebral perfusion. While a physician



struggles to maintain an adequate intravascular blood vol-
ume, intracranial pressures can rise to dangerous levels as
capillary leaks complicate the patient’s course. The risks of
increased intracranial pressure from aggressive fluid resusci-
tation or the syndrome of inappropriate antidiuretic hor-
mone release necessitates fastidious fluid management
and frequent electrolyte monitoring. Cardiac arrhythmias
can also develop in patients with encephalitis secondary to
electrolyte changes or brainstem damage. Cardiac and re-
spiratory arrest can occur early in disease; therefore, equip-
ment for intubation and cardioversion should be readily
available for a patient with encephalitis. In addition to the
direct damage the virus can cause in the CNS, certain
viruses can also produce systemic damage that complicates
the management of the CNS disease. Patients can develop
overwhelming hepatitis, pneumonitis, disseminated intra-
vascular coagulation, and shock. Patients in coma from en-
cephalitis can recover after long periods of unconsciousness.
The physician should strive to limit the amount of iatrogenic
damage and vigorously support the patient during the acute
phase of the illness.
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Gastrointestinal Syndromes
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Gastroenteritis is a major cause of morbidity and mortality
in humans, and viruses are important causes of this disease.
While many viruses have been associated with diarrhea in
humans, we know most about rotavirus because the methods
used to detect it are best developed. Rotavirus remains the
most important cause of severe diarrhea in children world-
wide. Implementation of effective vaccines has resulted in a
substantial reduction of the rotavirus disease burden. As
rotavirus incidence drops in countries with mature vacci-
nation programs, norovirus is increasingly being recognized
as a major cause of pediatric diarrhea.

The gastroenteritis viruses fall into two distinct epidemi-
ologic groups: those that cause common childhood diarrhea
in early life—rotavirus, adenovirus, caliciviruses (norovirus
and sapovirus), and astrovirus—and those responsible for
epidemic disease, primarily noroviruses but also astrovirus
and group B rotavirus.

All of these viruses cause a clinical syndrome of diar-
rhea and vomiting that is generally similar, extraintestinal
manifestations of disease are rare. Some groups of people
are at particularly high risk for disease with these agents by
virtue of their age (the young and the old), their extent of
exposure, or their host susceptibility.

The primary treatment of all these diseases is fluid and
electrolyte replacement. Prevention of the main childhood
disease, rotavirus diarrhea, is based on widely used live-
attenuated oral vaccines. Prevention of viral gastroenteritis
epidemics will rest with the identification of the vehicle of
infection, interruption of the mode of transmission, and the
potential development of vaccines.

INTRODUCTION

Gastroenteritis is one of the most common illnesses affecting
infants, children, and adults and accounts for over 500,000
deaths annually in children under 5 years of age worldwide
(1, 2). The term gastroenteritis implies an inflammation of
the stomach and intestine, but, depending on the specific
etiology, the pathophysiology of illness can be quite diverse.
In fact, gastroenteritis can be caused by multiple different
pathogens—viruses, bacteria, parasites—many of which pro-
duce no inflammation and some of which are increasingly
being recognized as potential vaccine preventable diseases.
The clinical presentation can vary widely from purely upper

gastrointestinal symptoms of vomiting (e.g., winter vomiting
disease) to acute diarrhea without any upper gastrointestinal
complaints (3). Although gastroenteritis most often presents
as mild diarrhea, it is a frequent cause of severe disease,
leading to hospitalizations and deaths among infants, chil-
dren, and the elderly, particularly among infants and chil-
dren in developing countries. Acute gastroenteritis episodes
are characterized by a range of symptoms, including abdom-
inal cramping, malaise, anorexia, headache, myalgia, nausea,
vomiting, and diarrhea. These symptoms can appear alone or
together and can mimic illness caused by toxins, drugs, or
other medical conditions. In this chapter, we will use the
terms gastroenteritis and diarrhea interchangeably and will
concentrate on those illnesses caused specifically by viruses.

HISTORICAL BACKGROUND

Our understanding of the role played by gastrointestinal
viruses has been determined by our ability to detect these
agents through direct observation, measurement of an im-
mune response to infection or through genetic analysis of
clinical specimens collected from patients (Table 1). His-
torically, viruses have been implicated as agents of acute
gastroenteritis when no other pathogens could be identified
in fecal specimens (4). Moreover, as recently as 1970, in-
fectious agents could be identified in such a small percent-
age of patients with diarrhea that explanations such as the
diarrhea of malnutrition, weaning, or physiologic constitu-
tion were invoked as the underlying cause of these disease
episodes.

The ability to detect viral agents of gastroenteritis has
followed the major historical advances in virology (Table 1).
Early investigators demonstrated that “transmissible agents”
present in fecal filtrates were able to transmit gastroenteritis
to animals and humans (4). With the refinement of cell
culture techniques for growing viruses from the 1950s
through 1970s, a new generation of advances saw a number
of viruses—echoviruses, adenoviruses, and coxsackie A and
B viruses—isolated from fecal specimens of patients with
diarrhea (5-8). Although these viruses were identified from
patients with symptoms of gastroenteritis, establishing these
agents as causes of disease has been challenging because
these viruses have also been isolated from patients who had
other syndromes or were asymptomatic.

doi:10.1128/9781555819439.ch4
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TABLE 1 Historical advances in the identification of viral agents of gastroenteritis
Year Agent Advance and comment
1940-1950 “Transmissable” agents Fecal filtrates transmit gastroenteritis in animals and humans
1950-1970 Echoviruses, adenoviruses, Viruses cultivated from stools of patients with diarrhea; causal relationship
Coxsackie A and B viruses to disease unclear
1972 Norwalk virus First virus clearly associated with diarrhea (9)
Rotavirus group A Virus discovered by Bishop et al. (10) in duodenal mucosa and now recognized
as the most common cause of severe diarrhea in children
1975 Enteric adenovirus serotypes Unique serotypes and group of fastidious adenoviruses associated with diarrhea
40 and 41, group F
Astrovirus Virus rarely identified in fecal specimens now recognized to be a more common
cause of disease in children
1979 Calicivirus “Classic” human calicivirus associated with disease in children, genetically
related to the Norwalk family of viruses
1980s Rotavirus groups B and C Pathogens recognized in animals found to cause disease in humans; animal

1970s-1980s

1980s-1990s

2000s-2015

Norwalk-like viruses or SRSVs now
recognized to be human caliciviruses,
e.g., Snow Mountain agent, Hawaii
agent, Toronto agent, minireovirus,
Parramatta agent, Taunton agent,
Montgomery County agent,
and Desert Storm virus

Novel agents, e.g., torovirus,
picobirnavirus, and enterovirus 22

Population based viral gastroenteritis
burden studies

and human strains distinct

Each virus morphologically identical but antigenically and genetically distinct;
variant in the family Caliciviridae

Found in fecal specimens of patients with diarrhea more often than controls,
but full association with disease is unclear

Following widespread rotavirus vaccine implementation, norovirus shown
to be the most common cause of medically attended acute gastroenteritis

in the U.S. (21)

In 1972, the Norwalk agent became the first virus dis-
covered that was determined to be a causative agent of gas-
troenteritis (9). Using immune electron microscopy, Kapikian
visualized grape-like clusters of small, round structured
viruses (SRSVs) in fecal specimens of patients in an out-
break of diarrhea, but not in controls, and applied the same
technique to document the patients’ immune response.
Since then, electron microscopy has been critical to iden-
tifying or confirming all the new viral agents of gastroenter-
itis including rotaviruses (10), adenovirus (11), astroviruses
(12), and the “classic human” caliciviruses (13). Human
caliciviruses have been placed in their own genus, Norovirus
(previously called “Norwalk-like viruses”), along with Sapo-
virus (previously denoted as “Sapporo-like viruses”) (14).

While many viruses have been identified in fecal speci-
mens, the etiologic association of these viruses with disease
requires further investigation and must meet four essen-
tial criteria for causality. In order to document an infection
causing disease, the patient should exhibit a measurable
immune response to the specific agent. The virus should also
be present more often in patients with gastroenteritis than
in persons without gastroenteritis (typically asymptomatic
controls) (15). The onset of clinical signs and symptoms
should temporally correspond with the onset of virus de-
tection, and the termination of disease should in some way
correspond with the end of detection. Some viruses from
fecal filtrates have been given to animals to demonstrate the
biological plausibility of illness, as well as to volunteers to
fulfill Koch’s postulates of disease causation. Consequently,
while many viruses have been found in fecal specimens,
some like torovirus (16), picobirnavirus (17), parechoviruses
(15), coronaviruses (18), aichiviruses (19), and pestivirus

(20), have yet to fulfill these strict criteria and be accepted
as pathogens of the gastrointestinal tract in humans (15).
These agents will require further laboratory, clinical, and
epidemiologic investigations in order to confirm their asso-
ciation with gastrointestinal disease.

We now suspect that—at least in the United States—most
gastrointestinal illnesses in children are due to viruses (15,
21). However, our understanding of the full spectrum of dis-
ease associated with these viruses, with the exceptions of
rotavirus and to some extent norovirus, remains incomplete.

VIRAL AGENTS

The viral agents that are proven causes of gastroenteritis fall
into four distinct families—rotaviruses (Reoviridae), human
caliciviruses (Caliciviridae), enteric adenoviruses (Adenovir-
idae), and astroviruses (Astroviridae) (Table 2; Figure 1) (15).
The diversity in viral genomic structures among these
agents ranges from those containing single-stranded RNA
(astroviruses, caliciviruses) to those with double-stranded
RNA (rotaviruses), and to those with double-stranded DNA
(adenoviruses). Despite the diversity of these agents and
their epidemiologic characteristics, the clinical presenta-
tions of disease caused by these agents are indistinguishable.
Moreover, while viruses in the same families also cause dis-
ease in animals, the amount of transmission between animals
and humans is likely to be limited, if present at all. All of
these viruses can be detected using electron microscopy, but
the amount of virus shed in fecal specimens ranges from 10*2
particles per gram (rotavirus) to subdetectable levels (< 10°)
in norovirus infections. Our knowledge of the epidemiology
of these agents is a direct function of both this level of
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TABLE 2 Microbiological and epidemiological characteristics of viral agents that cause gastroenteritis

Microbiological characteristics

Epidemiological characteristics

Virus Morphology

Detection method

Setting Comment

Rotavirus

Group A 70 nm double-capsid
wheel-shaped (“rota”)
virus with 11

segments of dSRNA

Group B Same as group A

PCR

Group C

Same as group A

PCR

27 to 32 nm SRSV
with ssRNA

Noroviruses
(human calicivirus)

PCR;

seroconversion
using expressed

antigens

Distinguishable by EM
from Norwalk by
calices and Star-of-
David morphology;
otherwise identical

Sapoviruses
(human calicivirus)
identical

Adenovirus, enteric 70 nm icosahedral virus

(serotypes 40,41) with dsDNA; and serotypes 40
serotypes 31, 40, and and 41
41 associated with
diarrhea
Astrovirus 27 to 32 nm, ssRNA EM, EIA, RT-PCR

small round virus (star
configuration)

EIA, EM, PAGE, RT-
PCR, culture

EM, PAGE, EIA, RT-

EM, PAGE, EIA, RT-

EM (IEM), RT-PCR/
Southern blot
hybridization; RT-

Expressed antigens not
available; otherwise

EM, EIA for hexon

Endemic in children Globally, the most common cause
of severe diarrhea in children;
accounts for ca. 13%
hospitalizations for diarrhea in

U.S. children; mode of

transmission unknown

Outbreaks in high-risk

groups in adults

Affects travelers,
immunocompromised patients,
parents of infected children,
elderly residents of aged-care
facilities, and caretakers in day
care centers

Associated with cholera-like
disease in adults; transmitted by
water

Epidemic

Worldwide distribution; outbreaks
in children (newborns to school-
age); mode of transmission and
prevalence of outbreaks
unknown

Epidemic

The most common cause of
childhood diarrhea in the U.S,;
accounts for 17% of diarrhea
hospitalizations in children aged
< 5; most common cause of
sporadic gastroenteritis and
diarrheal outbreaks; all age
groups affected; transmission via
person to person contact,
contaminated food, shellfish,
and water

Epidemic and endemic
in all age groups

Endemic in children Mode of transmission unknown

Disease may be more severe than
rotavirus-induced diarrhea

Endemic in children

All children infected in first 3 years
of life; less severe than rotavirus;
mode of transmission unknown;
outbreaks reported in day care
centers, schools, and nursing
homes; winter seasonality

Endemic in children;
may cause outbreaks

EIA, enzyme immunoassay; EM, electron microscopy; PAGE, polyacrylamide gel electrophoresis; IEM, immunoelectron microscopy; dsRNA, double-stranded RNA;

ssRNA, single-stranded RNA.

shedding and the quality of techniques available to detect
the virus present in fecal specimens.

EPIDEMIOLOGY

Viral gastroenteritis occurs in two distinct epidemiologic
settings: childhood diarrhea (i.e., endemic disease) and
outbreaks (i.e., epidemic disease) (Table 3). The majority of
the diarrheal illnesses in children aged less than 5 years is due

to a variety of viral agents—rotavirus (15, 21-23), adeno-
virus (11, 15, 24-27), calicivirus (15, 21, 28), and astrovirus
(15, 27, 29). Infants may be infected in the first few months
of life, and the prevalence of antibody to these agents ap-
proaches 100% by 5 years of age (30).

Globally, rotavirus is the most common cause of severe
gastroenteritis in children <5 years of age, accounting for
approximately 200,000 deaths per year in children less than
5 years of age, with deaths among children in the poorest
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FIGURE 1 Electron micrographs showing agents of viral gastroenteritis. (A) rotavirus; (B) astrovirus; (C) adenovirus; (D and E) Norwalk-
like viruses of the family Caliciviridae.

countries accounting for more than 85% of the total (1, 31); severe rotavirus gastroenteritis were observed following ro-
however, widespread implementation of highly effective tavirus vaccine implementation (21, 32-34), and in many
rotavirus vaccines since 2006 has resulted in a dramatic shift countries, noroviruses have overtaken rotavirus to become
in the epidemiology of pediatric viral gastroenteritis in early the predominant cause of severe gastroenteritis in the pe-

introducer countries. Substantial reductions in the burden of diatric population (21, 35, 36).

TABLE 3 Contrasting epidemiological patterns of viral gastroenteritis

Pattern in:
Characteristic Childhood diarrhea (endemic) Outbreaks (epidemic)

Viruses Rotavirus group A, human caliciviruses, Human caliciviruses, rotavirus groups B and C % astrovirus
adenovirus, astrovirus or rotavirus (special settings)

Age <5yr All ages

Antibody interpretation Seroprevalence is 100% by age 5 Seroprevalence is variable but seroconversions in affected cases

Mode(s) of transmission fecal-oral, contact, droplet Person-to-person, food (shellfish), water

Prevention and control Effective vaccines for rotavirus Public health measures to stop transmission by disinfection,
licensed and in use exclusion of ill persons, and removing contaminated

food or water




Norovirus is estimated to cause 18% of severe diarrheal
disease in children under the age of 5 years worldwide; 17%
of inpatient cases and 24% of community episodes (37).
Following implementation of rotavirus vaccination, among
children under 5 years old in the United States studied in an
active surveillance network, norovirus accounted for 21% of
gastroenteritis requiring medical attention—17% among
inpatient cases and 28% of community episodes (21). Other
important viral causes of gastroenteritis include adeno-
viruses, and astroviruses accounting each for about 5 to 10%
of acute gastroenteritis episodes in medically attended chil-
dren. Recently, adenoviruses 40/41 were found in 12% of
children aged <5 years suffering from acute gastroenteritis in
the United States, and astroviruses were detected in 5% of
children in this cohort (15).

All the major enteric viruses are transmitted primarily
through close person-to-person contact via the fecal-oral
route (38). Noroviruses are present in vomitus of ill people.
Droplet spread through exposure to vomitus has been
demonstrated to be a mechanism of transmission both in
healthcare and community settings (39, 40). Additionally,
noroviruses are spread through contaminated food and
therefore are a major cause of foodborne and occasionally
waterborne disease (41—43). The modes of transmission of
adenovirus are less well understood, but it is presumed to be
primarily through close contact by fecal-oral spread. Spread
through fomites is possible for each of the agents, and may
play an important role in disease acquired in institutional
settings and group childcare (44). Epidemiologic studies
suggest that transmission within families, communities, and
special settings may occur despite the availability of sanitary
food and water.

Outbreaks of viral gastroenteritis occur in all age groups
and in many different settings (43, 45). Since viral gastro-
enteritis is often mild, we know much more about large
outbreaks that occur in identifiable settings (e.g., weddings,
cruise-ships, long-term care facilities, hospital wards), than
small outbreaks or sporadic cases, where the source of in-
fection cannot easily be traced (3). Noroviruses are the
leading cause of reported outbreaks of acute gastroenteritis in
the United States (42, 46). Outbreaks of norovirus infec-
tions are also frequently reported in institutional settings,
such as nursing homes and day care centers (45). Large
outbreaks of group B rotavirus have also been well docu-
mented in China (47), and smaller outbreaks of group C
rotavirus have been identified among children and adults in
a global distribution (48, 49). Outbreaks of astrovirus (50)
and rotavirus (51, 52), two endemic viruses of children, have
also been documented among people who should already be
immune following their first infections as children. Rota-
virus outbreaks among attendants in day care centers (53),
mothers of children with rotavirus (53), travelers (54), for-
mal dinner attendants (55), retirement communities (52),
and patients in long-term care facilities (56), may be due to
alternate modes of transmission in which direct contact with
a large fecal inoculum overwhelms an individual’s pre-
existing immunity.

In epidemics of viral gastroenteritis, particularly those
caused by noroviruses, a mode of transmission can often be
documented (46, 57). Contaminated food (43, 58), espe-
cially raw shellfish (59) and water (60), are commonly
identified vehicles for transmission, perhaps because the
spread of viruses by airborne droplets (61), vomitus (62), or
direct person-to-person contact (57, 61) is more difficult to
prove (45). Even produce, such as raspberries, contaminated
before retail distribution, may be a source of infection (63).
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Contamination of environmental surfaces with noroviruses
has occurred during outbreaks in institutional settings and
may serve as a reservoir that sustains an outbreak (64).
Inapparent contamination of restrooms may be a source of
infection in many settings (65). Primary prevention efforts
can be directed at interrupting transmission by removing the
contaminated vehicle of infection.

While rotaviruses and noroviruses occur in distinct epi-
demiologic patterns, there is considerable crossover in pre-
sentation. Winter seasonal epidemics among infants and
children are the most common presentation of rotavirus, but
these agents do cause disease in adults and the elderly, sug-
gesting that these groups may be exposed to unusually large
inocula in the context of special settings, or that immunity
to rotaviruses wanes over time (52). Epidemics of calici-
viruses are common in older children and adults despite the
fact that most children possess antibody to both genuses of
the family Cdliciviridae—noroviruses and the sapoviruses
(66). Noroviruses are now known to be common in children
presenting to medical care (15, 21). Although a rapid and
accurate diagnostic assay is not commonly available for di-
agnosing norovirus infections, epidemiologic features are
useful in confirming norovirus as a cause of outbreaks (67).
Epidemiologic criteria were validated to be highly specific in
discriminating norovirus outbreaks from other etiologies and
could continue to be used until diagnostic assays become
widely available (68).

Risk factors for fatal disease include social- and health-
care system characteristics such as the access to proper re-
hydration therapy, and biological factors such as the
nutritional status and immunocompetence of the child (33,
69). Diarrheal deaths are not uncommon in the elderly (70,
71), and have been identified among patients who became
ill in norovirus outbreaks (72). In these patients, electrolyte
disturbances and secondary infections in patients with pre-
existing health problems have appeared to place these in-
dividuals at particular risk (72).

CLINICAL MANIFESTATIONS
AND PATHOGENESIS

Viral infections of the intestinal tract cause clinical syn-
dromes that can range from asymptomatic infections to
severe, complicated, dehydrating diarrhea, and death. In
infants and young children, mortality rates due to rotavirus
are particularly high in developing low-income countries (1,
31). The key clinical feature determining disease severity of
viral gastroenteritis is the degree and rate at which fluids
and electrolytes are lost, and the rapidity with which these
losses can be replaced by oral or parenteral rehydration
therapy (73).

Despite the variety of viral agents that cause gastroen-
teritis, a number of key features in their epidemiology and
clinical presentation can be explained by the pathophysi-
ology of infection and disease. For those agents studied, the
inoculum size is small; fewer than 100 norovirus viral par-
ticles properly buffered can cause disease (74). The small
inoculum size would permit transmission by airborne droplet
spread or direct contact, although the importance of these
modes of spread has been difficult to document (57, 61, 62).
Following ingestion but prior to the onset of clinical mani-
festations, the virus replicates in the epithelial cells of the
small intestine during an incubation process that can range
from 12 to 48 hours, depending upon the inoculum size (75).
The incubation period of 12 to 36 hours for viral gastroen-
teritis (e.g., norovirus) helps in distinguishing these agents
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from organisms that produce a preformed bacterial toxin
(e.g., Staphylococcus aureus or Bacillus cereus) and typically
have a shorter incubation period (<12 hours).

Viral replication may be associated with a low-grade
fever, myalgia, and malaise. Disease is generally of short
duration and lasts from 3 to 5 days, perhaps representing the
time period required for the small intestine to replace cells
damaged by infection and to mount the immune response
necessary to clear the infection (76). Shedding of virus can
persist at low levels for days to weeks after the clinical illness,
depending upon the sensitivity of the assays used for detec-
tion (44).

Acute episodes of viral gastroenteritis are distinguished
by the presence of watery diarrhea and vomiting. A majority
of patients with diarrhea experience vomiting as an associ-
ated symptom, but some patients may present with vomiting
alone (e.g., winter vomiting disease) (77). The mechanism
of emesis during viral gastroenteritis is poorly understood,
but is likely different from the mechanism of the associated
secretory diarrhea. While diarrhea was traditionally be-
lieved to result from cellular damage in the intestine, some
data for rotavirus indicate that tissue invasion may not be
necessary to cause disease (78), as inactivated rotavirus can
cause a secretory diarrhea in animal models. Although
bloody diarrhea has been occasionally described in the
context of rotavirus infections, classic dysentery associated
with tissue invasion and an intense cellular infiltration of
the intestinal mucosa is not recognized in viral gastroenter-
itis. Indeed, the lack of blood in the stool distinguishes vi-
ral diarrheas from the bacterial or amoebic dysenteries.
While viral gastrointestinal infections are generally confined
to the intestine, rotavirus and norovirus infections can re-
sult in antigenemia and the presence of nucleic acid in
the blood of ill patients (79). While extraintestinal disease
is rare, asymptomatic infection is common, especially for
norovirus (28), and is thought to play a role in disease trans-
mission (80).

Chronic, prolonged diarrhea may be associated with
coronaviruses and picobirnaviruses, specifically in patients
infected with HIV (81); however, proof of pathogenicity has
not been established (82).

HIGH-RISK GROUPS

Hospital wards, day care centers, and extended care facilities
for the elderly provide special settings where outbreaks of
viral gastroenteritis commonly occur (45, 52, 83). Similarly,
infections with viral agents are common in persons traveling
from well-resourced countries to middle and low-income
countries (84). Even childhood pathogens such as rotavirus
can cause gastroenteritis in immune travelers, suggesting
that the inoculum to which they are exposed may be large
enough to overwhelm preexisting immunity and involve
alternate routes of transmission, such as the respiratory tract
(54). Viral gastroenteritis remains an important cause of
illness among U.S. military personnel, accounting for an
estimated 68% of all acute gastroenteritis episodes during
2002 to 2012 (85). Large outbreaks of gastroenteritis due to
noroviruses have also been documented among tourists
aboard cruise ships (65) and on commercial airplane flights
(86), where viral gastroenteritis can spread rapidly, disable
passengers and crew, and pose challenging problems for
control (62).

Some populations are at particularly high risk of viral
gastroenteritis due to either their increased exposure to the
viruses or their increased susceptibility to infection (Table 4).

TABLE 4 Groups at high risk for viral gastroenteritis

Increased exposure to viruses
Children and the elderly
Parents and caretakers of children
Hospital wards, day care centers, nursing homes
Travelers in developing countries
Increased susceptibility
Children and the elderly
Immunodeficient
Congenital, e.g., SCID
Acquired, e.g., HIV infection
Chemotherapy, e.g., bone marrow transplant

Individuals with functional FUT2 enzyme (i.e., secretors)

The predisposition of young children and the elderly to viral
gastroenteritis probably reflects a lack of immunity, or wan-
ing immunity with age, plus a concentrated exposure to the
agents in settings such as day care centers or long-term care
facilities, where hygienic precautions can be easily breached
(52, 81, 88).

In the early studies with volunteers challenged with
noroviruses, approximately 13 to 40% of volunteers never
became infected, and only 50% developed illness. Further
investigations showed that susceptibility to norovirus in-
fection, and possibly rotavirus infection, depends on the
presence of histocompatibility-blood group antigen (HBGAs)
receptors in the guts of susceptible hosts (89-93). HBGAs
are carbohydrates expressed on mucosal epithelia, which are
recognized as receptors allowing norovirus attachment and
cellular entry (89). The expression of HBGAs is determined
by three gene families expressing the ABO (A/B enzymes),
secretor (FUT2) gene, and Lewis-type (FUT3). Single nu-
cleotide gene polymorphisms can inactivate the expression
of these gene products, interrupting norovirus binding and
the infection process. Mutations in the FUT2 gene leading
to the absence of HBGA expression (nonsecretor phe-
notype) have been associated with resistance to norovirus
infection, in particular to the GII.4 genotype, which is
the predominant genotype worldwide (89, 90, 94-96). The
host-specificity may also explain why persons with higher
levels of preexisting antibody to noroviruses were more
likely to develop illness on rechallenge with norovirus
(97). Those without antibodies to noroviruses may not get
infected because they lack genetic susceptibility to infection
and thus never mount an immune response to that partic-
ular strain. Recent evidence points to lower susceptibility of
nonsecretors to rotavirus infections in various populations
(91-93).

Children, as well as adults, with congenital or acquired
immunodeficiencies are easily infected with viral agents that
cause gastroenteritis and often experience prolonged shed-
ding of these viruses (82, 98). Severe and prolonged diarrhea
associated with each agent has been reported among chil-
dren with malnutrition, and among children with congenital
or acquired immunodeficiencies (82, 99-102). In HIV-
infected patients, in whom viruses have been intensively
sought, both common viruses (rotaviruses, enteric adeno-
viruses), as well as the less common agents (astroviruses and
caliciviruses) have been identified (101); however, in a large
study in Malawi, severity and duration of clinical symptoms
from rotavirus disease were no different in children with and
without HIV infection (103).



OTHER VIRAL AGENTS
OF GASTROENTERITIS

In addition to detection of picobirnaviruses in immuno-
compromised patients, other viruses have been identified in
humans in association with gastroenteritis. Toroviruses (en-
veloped, positive-stranded RNA viruses in the family
Coronaviridae) have been shown to cause infection and di-
arrhea in animals, but their role as a cause of gastroenteritis
in humans remains unclear (104, 105). Toroviruses have
been identified by electron microscopy in human stool with
confirmation by enzyme immunoassay (EIA) using reagents
to bovine toroviruses. A survey of specimens found torovirus
present in 8% of 2,800 specimens screened (105). One study
reported torovirus detection among 35% of 206 hospitalized
children with nosocomial gastroenteritis, compared with
14% of 206 controls without gastroenteritis (104). Patients
infected with torovirus were more often immunocompro-
mised and infected in the hospital compared with patients
infected with rotavirus or astrovirus. Clinically, patients with
torovirus exhibit bloody diarrhea more often, but vomiting
less often compared with patients infected with rotavirus or
astrovirus.

Coronaviruses are important causes of respiratory infec-
tions in humans and other species, and have been identified
as a cause of gastroenteritis in several animal species. Earlier
studies in humans found coronavirus in association with
diarrhea and tropical sprue (18, 106). Coronaviruses have
been observed by electron microscopy in 0 to 6% of stool
specimens examined (107, 108). In 2002, a novel corona-
virus was identified as the cause of the newly emerging severe
acute respiratory syndrome (SARS). Interestingly, over a
third of the SARS patients had diarrhea and in some, diar-
thea was the presenting symptom (109). Fecal-oral trans-
mission was documented and fecal shedding occurred in
one patient for 73 days after onset of illness (110). Gas-
trointestinal coronavirus infection during global SARS
outbreak demonstrates the public health and clinical im-
portance of this finding with regard to interruption of fecal-
oral transmission and use of stool samples to diagnose illness,
since stool samples have the highest yield for SARS and pose
less risk for transmitting illness to the healthcare workers
collecting the samples. The recently described Middle East
Respiratory Syndrome coronavirus (MERS-CoV) has been
associated with diarrhea in a large proportion of patients
(111), and MERS-CoV RNA has been detected in blood
and stool in some patients. In the future, use of molecular-
based diagnostic tests may help clarify the role of corona-
viruses as a cause of both sporadic and epidemic gastroenteritis
in humans.

It should be noted that gastroenteritis has been increas-
ingly recognized with other respiratory infections, particularly
avian and pandemic influenza, and, more recently, Ebola.

ASSOCIATED DISEASES

The group of viruses that cause gastroenteritis in humans
also cause a variety of other illnesses in other animal spe-
cies. Rotavirus and astrovirus can cause fatal hepatitis in
SCID mice and normal ducks, respectively, and a calicivirus
(hepatitis E virus) causes hepatitis, while other caliciviruses
cause a variety of bullous lesions in many animal species
(112, 113). Nonenteric adenoviruses have a wide diversity
of clinical presentations in humans. Yet, despite these bio-
logical similarities, it has been difficult to document im-
portant extraintestinal manifestations of this group of
human gastrointestinal viruses in humans.

4. Gastrointestinal Syndromes B 53

Rotavirus has been found in extraintestinal sites such as
the hepatic tissue of children who have died with SCID (114)
and in the cerebrospinal fluids of children with rotavirus
diarrhea who had convulsions (115, 116). These systemic
complications have been unusual findings, but antigenemia
and viremia after rotavirus infection may be more common
than previously suspected (115). A reduction in childhood
seizures has been associated with rotavirus vaccination of
children (117). While rotavirus detection has been reported
in children with a wide variety of clinical problems—
including gastrointestinal bleeding (118), Sudden Infant
Death Syndrome (119), ulcerative colitis (120), Reyes syn-
drome (121), Kawasaki disease (122), intussusception (123),
and necrotizing enterocolitis (124)—the association with
disease has not been confirmed and rotavirus is probably not
the causal agent of disease for most of these conditions.

DETECTION METHODS

The greatest impediment to our understanding of the viral
agents of gastroenteritis has been the lack of simple and
sensitive diagnostic tests—with the exception of tests for
rotavirus—that would permit physicians to make a rapid
diagnosis and epidemiologists to study the burden and spread
of disease. A diagnosis of viral gastroenteritis rests on finding
the virus or one of its components in a fecal specimen, or
detecting a rise in significant antibody titer in the sera of
an infected patient. Shortly after the first identification of
rotavirus as a cause of infant gastroenteritis, simple enzyme
immunoassays were developed that were sensitive, specific,
inexpensive, and easy to use in the field (125, 126). Cur-
rently, commercial diagnostic tests based on immunoassays
are available to detect rotavirus, norovirus (low sensitivity),
and adenovirus in fecal specimens.

Molecular diagnostic methods have markedly improved
understanding of the etiology of gastroenteritis, e.g., doc-
umenting that noroviruses are one of the leading causes of
diarrhea worldwide (22, 127, 128). Real-time (quantitative)
PCR (RT-PCR) is the preferred laboratory method for
detecting noroviruses. These assays are highly sensitive and
are able to detect as few as 10 norovirus copies per reaction
and provide a semiquantitative estimate of viral load. The
assay is generally used to detect norovirus in stool, but can
also be used for vomitus, foods, water, and environmental
specimens for outbreak investigations, though with reduced
sensitivity. Norovirus genotyping is conducted by sequence
analysis of the RT-PCR products (129). Given the exquisite
sensitivity of RT-PCR for norovirus, and the high frequency
with which the virus can be found in healthy individuals
(21, 28), diagnostic results should be interpreted in the light
of clinical characteristics and, if available, the background
level of detection in a control population. A commercial
EIA for norovirus was approved in the United States in
2011; however, these assays have low sensitivity and are not
recommended for diagnosing norovirus infection in sporadic
cases (130-132). Norovirus EIAs may be useful in outbreak
investigations, where even confirmation of norovirus in a
proportion of patients would help determine the etiology of
the outbreak.

Caliciviruses and other viruses can sometimes be visual-
ized by electron microscopy in fecal specimens if the con-
centration of virus exceeds 10%~/gram of stool, the threshold
for detection (133). It is not surprising that we know most
about rotavirus since this virus is shed in huge numbers (up
to 10'?/gram of stool) during the acute illness. Unfortunately
some viruses (e.g., astrovirus, calicivirus) often cannot be
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visualized by electron microscopy even during acute diar-
rheal episodes, indicating that their concentration in stool is
below the level of detection. Virus is shed in greatest con-
centrations during the period of acute diarrhea. Thus, fecal
samples collected within 48 hours of disease onset are most
likely to yield a positive diagnosis. Virus can be shed in
smaller quantities for several hours before the onset of dis-
ease and for days to weeks after the illness is resolved, but
special research techniques (e.g., nucleic acid detection,
cultivation) are needed for detection (134).

For epidemiologic research, serosurveys can provide ad-
ditional understanding of the extent of infection. While
current methods may not detect virus in fecal specimens,
documentation of a rise in antibody titer to a specific agent
can help confirm that the patient was infected, even though
the patient’s illness has usually passed. For norovirus, serol-
ogy has long been utilized for outbreak investigations, since
it is often easier to collect and test paired sera from many
patients than it is to detect virus in stool (135). Ser-
oprevalence studies have also increased appreciation of
caliciviruses as a common infection in young children, and
the virus can now be detected in their stool samples (66,
127). The discrepancy between a high seroprevalence of
antibodies to the virus, but low rates of detection noted in
the past, can now be explained because past assay of virus in
stool specimens were quite insensitive (136). Serologic as-
says have been developed for the other viral agents of gas-
troenteritis (e.g., groups B and C rotavirus, astrovirus), but
are only available in reference laboratories.

Efforts to cultivate noroviruses in available cell culture
systems or to develop an animal model have long been un-
successful (137). Recently, B cells were identified as a cel-
lular target of human noroviruses and enteric bacteria as a
stimulatory factor for norovirus infection, leading to the
development of an in vitro infection model for human nor-
oviruses but this system is not widely available (138).

TREATMENT AND PREVENTION

No virus-specific therapies are available for viral gastroen-
teritis. Case management depends on accurate and rapid
assessment of the severity of dehydration, correction of fluid
loss and electrolyte disturbances, and maintenance of ade-
quate hydration and nutrition (73). In 2004, the WHO and
UNICEF recommended low-osmolarity Oral Rehydration
Solutions (ORS) (245 milliosmoles/liter), which were shown
to exert decreased stool output and vomiting in comparison
with children treated with traditionally recommended ORS
(311 milliosmoles/liter).

Oral rehydration therapy may also be used for traveler’s
diarrhea of either viral or bacterial origin (139). Breastfed
infants should continue to nurse on demand. As tolerated,
patients should begin taking food early in the illness since
adequate caloric intake has been found to enhance patient
recovery.

Intravenous rehydration may be required for children
with severe dehydration (> 10% fluid deficit, shock, or near
shock), intractable vomiting, or ORS failure. Factors such as
young age, unusual irritability or drowsiness, progressive
course of symptoms, or uncertainty of diagnosis might indi-
cate a need for close observation (73).

The volume of fluid to be replaced may be assessed
clinically by determining the severity of dehydration. When
severe dehydration is present, more rapid fluid replacement
may be necessary using intravenous fluids (140). Great at-
tention must be paid to infants and younger children pre-

senting with diarrhea, vomiting, and clinically significant
dehydration (i.e., moderate-severe dehydration). Such pa-
tients require early oral or parenteral fluid plus electrolyte
replacement. In the case of rotavirus diarrhea, vomiting and
diarrhea may occur together, but diarrhea and subsequent
dehydration often persist from 4 to 8 days after onset, ne-
cessitating persistent and regular fluid replacement (140). In
some settings, elderly patients may develop acute vomiting
and diarrthea. Such illnesses in high-risk elderly patients
who may be immunocompromised or undernourished, or
who have underlying diabetes or heart disease, must be
recognized as potentially life-threatening (141). Given these
risk factors for gastroenteritis in the elderly, prompt atten-
tion and treatment of dehydration and electrolyte imbal-
ances during acute gastroenteritis may be critical to patient
survival. Routine infection control procedures during care
of ill residents, including hand-washing and barrier pre-
cautions (e.g., gloves), should help reduce transmission of
viral gastroenteritis in long-term care facilities for the
elderly.

There is no role for antibiotic therapy for the treatment
of uncomplicated viral gastroenteritis in children. Indiscri-
minant use of antibiotics may result in adverse consequences
such as spread of antibiotic resistant bacteria and treatment—
related adverse events. While diphenoxylate or loperamide
may reduce symptoms such as abdominal cramping or stool
frequency, they have not been demonstrated to reduce in-
testinal fluid losses, have no practical value, and should be
avoided since they may be harmful in some cases, particu-
larly those younger than 3 years of age (142, 143). There is
conflicting evidence regarding the use of oral probiotics,
such as Lactobacillus species, to reduce the duration of diar-
rhea caused by rotavirus (144-146). Zinc, used both as
supplement and treatment, reduces severity, duration, and
incidence of diarrhea in low-middle income countries and is
considered one of the mainstays of pediatric acute gastro-
enteritis treatment in developing countries (147, 148).

Those patients in the special populations discussed above
with persistent or chronic diarrhea may need additional
nutritional support in conjunction with fluid and electrolyte
replacement. Selected children who are immunodeficient
and develop chronic rotavirus illness may be treated with
oral feedings of human milk containing antirotavirus anti-
body (149). At the present time, no specific antiviral agents
have been recommended to treat gastroenteritis due to viral
agents, although several agents including protease inhibitors
have been studied (150).

While no chemoprophylaxis for agents of viral gastro-
enteritis is currently available, many investigators feel that
breast milk protects against the development of clinically
severe rotavirus diarrhea with dehydration in feeding in-
fants (151, 152). In premature infants, oral human serum
globulin that contains rotavirus antibody has been admin-
istered prophylactically and shown to protect against rota-
virus gastroenteritis. Also, bovine colostrum containing
antirotavirus antibodies has been administered to infants
and young children as a form of passive immunization, and
this was found to prevent rotavirus diarrhea (152).

Prevention of viral gastroenteritis depends upon the
epidemiologic setting. For childhood disease, prevention
strategies other than vaccination may be of limited value.
Recommendations include proper diaper handling and
disposal of feces by caregivers, double-diapering of infants,
routine hand-washing, and use of barrier precautions to re-
duce transmission in hospital and day care settings. For
outbreaks associated with norovirus, identification of the



mode of transmission can lead to specific public health in-
terventions to remove contaminated foods or water.

In 2006, two live oral rotavirus vaccines—pentavalent
human-bovine reassortant RotaTeq (Merck Vaccines, White-
house Station, NJ) and monovalent attenuated human Rotarix
(GlaxoSmithKline Biologicals, Rixensart, Belgium)—were
licensed for use in many countries. Large prelicensure clin-
ical trials of each of these vaccines have demonstrated high
efficacy (85 to 98%) against severe Group A rotavirus (i.e.,
the most common cause of endemic diarrhea in children <5
years of age) disease and a good safety profile (153, 154). The
use of these vaccines was shown to be highly effective in
reducing rotavirus disease burden and the overall impact
from diarrhea among children in the several countries, in-
cluding high and middle income settings (33, 34, 155, 156).
A third live attenuated oral monovalent human-bovine
(116E) rotavirus vaccine has recently been successfully tes-
ted in Indian infants (157).

The observation that adults are at risk of repeated in-
fections with the caliciviruses suggests that either immunity
is short-lived (158), or that the antigenic diversity of strains
is too great to permit natural immunity to all the virus strains
most often responsible for human disease (159); however,
several human norovirus vaccine candidates are in various
stages of clinical trials (160, 161). In a norovirus challenge
trial of a vaccine candidate composed of bivalent virus-like
particles (VLPs), the vaccine reduced vomiting and diarrhea
in healthy volunteers (161). Phase 3 trials are about to be-
gin for this vaccine candidate. Vaccines against other viruses
may be warranted when the full disease burden of these
infections can be fully assessed.
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Viral Hepatitis
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Viral hepatitis describes a characteristic clinical syndrome
resulting from necro-inflammatory pathology of the liver
that is caused by one of the recognized hepatitis viruses.
There are five established human hepatotropic hepatitis
viruses: hepatitis A virus (HAV), hepatitis B virus (HBV),
hepatitis C virus (HCV), hepatitis D virus (HDV), and
hepatitis E virus (HEV). Acute hepatitis can also be a
manifestation of other systemic viral infections, including
herpesviruses (Epstein-Barr virus, cytomegalovirus, and
herpes simplex virus) and yellow fever. Although the human
hepatitis viruses can all cause the syndrome of acute hepa-
titis, they have distinct virology, phylogeny, routes of
transmission, and risk of chronicity. In this chapter, we dis-
cuss the typical clinical syndromes and pathological features
of viral hepatitis due to the hepatitis viruses A-E (Table 1),
as well as the diagnostic evaluation of patients presenting
with suspected viral hepatitis.

Historical Perspectives

The identification and characterization of the different
hepatitis viruses has been among the most significant med-
ical breakthroughs in the last 50 years, leading to effective
vaccines and drug development that will save millions of
lives. The first account of the clinical syndrome of hepatitis
dates as far back as the 3rd millennium BC, based on de-
scriptions of jaundice engraved on Sumerian clay tablets.
In 460 BC Hippocrates described epidemic jaundice and
fulminant liver failure in patients who died within 11 days
(1). By the Middle Ages, jaundice had become a well-
recognized entity, although its etiology remained anchored
in mythical roots. The first description of an epidemic
of “serum hepatitis” was documented by Lurman in 1885
among 191 German ship workers in Bremen after a small-
pox vaccination campaign using human lymph (2). Multi-
ple outbreaks of acute hepatitis have been reported during
military campaigns. The largest documented outbreak of
“serum hepatitis” occurred in 1942 when 50,000 U.S. army
men were hospitalized with jaundice following vaccina-
tion with yellow fever vaccine that was contaminated
by plasma, in an epidemic affecting 300,000 servicemen.
(3, 4). This outbreak led to the conclusion that there was an
infectious agent in the human lymph administered with the
smallpox vaccine, a conclusion subsequently confirmed by
the prospective demonstration that viral hepatitis was

transmissible to volunteers following administration of fil-
tered inocula (5).

The existence of more than one hepatitis virus was first
proposed in 1946 by MacCallum with the suggestion of
“serum” vs “infectious” hepatitis (6), now recognized as as-
sociated with HBV and HAV, respectively. A series of ex-
periments from 1958 to 1964 led by Krugman and colleagues
at the Willowbrook State School in Staten Island, NY,
confirmed the distinct incubation periods and primary
modes of transmission of serum and infectious hepatitis (7).
These experiments also demonstrated the protective effects
of inoculating susceptible individuals with boiled HBV
serum as well, the first step towards developing an effective
HBV vaccine (8, 9). This work was not without controversy,
involving the intentional infection of mentally disabled
children and, with the Tuskegee Syphilis Study (10), was
one of a number of clinical experiments leading to the
National Research Act (1974) and the Belmont Report:
Ethical Principles and Guidelines for the Protection of
Human Subjects of Research (1979) in the United States,
the foundation for guidelines for ethical human research.
Despite the recognition of the distinct clinical syndromes
of “serum” and “infectious” hepatitis, the causative agents
remained elusive, until 1964 when Blumberg and colleagues
serendipitously discovered a novel antigen in the serum of an
Australian Aborigine that precipitated antibody in patients
with acute leukemia who had received multiple blood
transfusions. Termed the Australia antigen, it was initially
postulated as a biomarker to aid the diagnosis of leukemia.
Three years later, the association between Australia antigen
and “serum” (posttransfusion) hepatitis was recognized (11).
The Australia antigen, the HBV surface antigen (HBsAg)
that forms the viral envelope, would become the prototypal
seromarker of HBV infection (12). Blumberg would go on to
win the Nobel Prize in medicine for his work. Dane and
colleagues later took HBsAg positive sera and visualized the
complete hepatitis B virion using electron microscopy (13).
HBYV was found to be a 3020-3320 nucleotide DNA virus of
the family Hepadnaviridae (Table 1). More detailed virolog-
ical characterization followed, with the identification of the
HBV e protein (HBeAg) (14), and the later definition of
HBeAg-negative chronic hepatitis B (15, 16). HBsAg and
HBeAg were identified as biomarkers for risk of hepatocel-
lular carcinoma (HCC) (17), with prospective studies then
showing that much of this risk was explained by persistent
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TABLE 1 Clinical and epidemiological features of viral hepatitis
Feature HAV HBV HCV HDV HEV
Classification  Picornavirus Orthohepadnavirus Flavivirus Deltavirus ssRNA (-) Hepevirus ssRNA (+)
ssRNA (+) dsDNA ssRNA (+)
Incubation 15-45d 45-160 d 10-160d 30-60d 15-60d
period - HBV DNA detectable - HCV RNA
(clinical) 10-30d detectable 10-50 d
- HBsAg detectable - Anti-HCV
3 weeks after detectable 4-10 wks
HBV DNA
Development 0 Neonates >90% 50-75% Common <1%
of chronic Adults <5% (invariable in (chronicity
hepatitis superinfection) reported in
immunosuppressed)
Transmission
- Enteric +++ - P . St
- Percutaneous - +++ +++ +++ -
- Sexual - ++ + ++ -
- Perinatal - +++ + + -
Acute liver 0.1% 0.1-1% Rare 5-20% 1-2%
failure (10-20% in pregnancy)
Prognosis Excellent Liver related mortality ~ Variable Chornic Good except
associated with Liver related morbidity infection has in pregnant women
chronic infection = Mmore common a poor prognosis
15-40% in patients with
without treatment comorbidities including
alcoholism and
nonalcoholic
steatohepatitis
Vaccine 10 year protection 3 injections, None available None available Investigational

lifetime protection

(approved in China)

high-level HBV DNA replication (18, 19), a key determi-
nant of long-term risk of liver cirrhosis and HCC. The de-
velopment of experimental models of HBV replication, and
recognition of the similarity between the HBV DNA poly-
merase and the HIV reverse transcriptase, has also led to
effective nucleos(t)ide analogue therapy for HBV, starting
with lamivudine in 1998 (20), paving the way for the cur-
rent first-line agents entecavir and tenofovir.

An effective HBV vaccine has been available since 1982
(21). The first plasma-derived HBV vaccine was developed
following the recognition by Krugman and colleagues that
boiling serum containing HBV inactivated the virus but
preserved HBsAg antigenicity. Soon after, the second
generation vaccine containing recombinant HBsAg was
released. The HBV vaccine is on the World Health Orga-
nization (WHO)’s list of essential medicines. WHO rec-
ommends universal neonatal HBV vaccination. In countries
with low or intermediate endemicity, all children and ado-
lescents younger than 18 years old and not previously vac-
cinated should receive the vaccine. Adults in high-risk
groups in these countries should also be vaccinated, in-
cluding people who inject drugs, people in custodial settings,
men who have sex with men, family members of people with
hepatitis B infection, and healthcare workers. In high
prevalence countries, HBV vaccination programs have now
been shown to reduce the prevalence of chronic hepatitis B
infection, as well as rates of fulminant hepatitis and hepa-

tocellular carcinoma in young adults. It is possible with
broad vaccine coverage that HBV could be eliminated as a
public health problem.

The first description of “infectious” hepatitis, or HAV,
was in the early 20th century in separate reports by Cock-
ayne and Blumer (22, 23). They described epidemic out-
breaks of hepatitis that were not related to parenteral
exposures. These outbreaks were transmitted by person to
person contact, developing 7 to 10 days following exposure,
and mostly affected children and young adults. Krugman
later confirmed the distinct mode of transmission and in-
cubation period of “infectious” hepatitis in his Willowbrook
hepatitis studies, but the virus itself remained elusive.
Hepatitis A virus was finally identified in 1973 by Feinstone
and colleagues using electron microscopy to examine fil-
trates of feces from infected individuals (24). Detailed vi-
rological, serological, and clinical characterization showed
that HAV was an RNA virus of the family Picornaviridae
causing acute, transient hepatitis (Table 1). The virus was
grown in tissue cultures and an inactivated HAV vaccine
was developed 20 years later. Despite vaccination programs,
more than 1.5 million cases of symptomatic HAV infection
continue to occur annually. Levels of endemicity correlate
with hygienic and sanitary conditions, with most cases
reported in the developing world.

Hepatitis D virus, also known as delta virus, was iden-
tified next, when in 1977 Rizzetto and colleagues first



detected a novel “delta” antigen in the nucleus of hepato-
cytes in HBsAg-positive patients (25). Clinical and chim-
panzee studies then demonstrated the dependency of the
HDV life cycle on coinfection with HBV. HDV is a defective
RNA virus that requires the presence of HBsAg for viral
packaging and secretion. Because HDV requires the pres-
ence of HBV for replication, it is always present as part of a
dual infection with HBV. Hepatitis D virus infection may
occur during primary coinfection with HBV by super-
infection of individuals who are chronically infected with
HBV. The two viruses share common routes of transmission
(Table 1). Coinfection with HDV-HBV is typically more
aggressive disease, and can cause fulminant acute hepatitis,
as well as rapidly progressive chronic hepatitis. The treat-
ment of chronic HDV-HBV coinfection is challenging; in-
terferon-o. is the only available therapy, and efficacy is
modest. The goal of treatment is to suppress HDV replica-
tion, and ultimately, to effect HBsAg clearance, as HDV
cannot persist after HBsAg clearance. There is no preven-
tative vaccine for HDV.

Until the early 1970s, it was assumed that there were only
two types of viral hepatitis. However, once serological assays
for HBV and HAV became available, cases of posttransfusion
hepatitis were identified that could not be attributed to ei-
ther HBV or HAV. In fact, most sera from stored samples of
prospectively collected cases of posttransfusion hepatitis
were sero-negative (26, 27). This new entity was labeled
“non-A, non-B” hepatitis. It was another 15 years before
hepatitis C virus (HCV) was identified. By extracting nu-
cleic acid from plasma and cloning it in an expression vector,
the techniques employed in the discovery of HCV heralded
the development of molecular diagnostic virology (28). For
the first time a pathogenic agent was identified without se-
rology, tissue culture, or electron microscopy. HCV is a
single-stranded RNA virus of the family Flaviviridae, and is
classified into 7 genotypes. The prevalence of chronic HCV
infection globally is approximately 80 to 170 million (29,
30), second only to HBV. Chronic HCV infection is a
leading cause of cirrhosis and HCC in the Western world,
and the most common indication for liver transplantation.
The HCV-replicon system was first developed in 1999 by
Lohmann, Bartenschlager and colleagues as an experimental
model for HCV replication (31). Together with the crys-
tallization of the nonstructural HCV proteins, including the
NS3 protease and the NS5B RNA-dependent RNA poly-
merase, this allowed high throughput screening of antiviral
candidates. The therapeutic developments for HCV over the
past 2 decades represents one of the true success stories for
translational biomedical research, starting with standard
interferon-o. monotherapy in the early 1990s, the combi-
nation with ribavirin (1998), the synthesis of long-acting
peginterferon-ot (2001), and more recently, the introduction
of direct-acting antiviral agents (DAA) (2011), first in
combination with peginterferon and ribavirin, followed by
interferon-free combination regimens (2014). In 2016, the
standard of care treatment for HCV is the combination of all
oral, well tolerated and highly effective DAA combination
regimens that confer cure rates > 95% in clinical trials (see
Chapters 13 and 54). The efficacy of these regimens is such
that the WHO has proposed targets for the elimination of
HCV by 2030, including 90% reduction in new cases of
chronic HCV infection, 65% reduction in hepatitis C
deaths, and 80% of treatment-eligible persons with chronic
hepatitis C infections treated (32).

Hepatitis E virus (HEV), the most recently discovered
hepatitis virus, causes an acute HAV-like illness (Table 1).
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The first epidemic outbreak recorded was in 1955 when
29,000 people in New Delhi developed an acute hepatitis
from a water-borne source (33). It had an impressively high
mortality, particularly in pregnant women in whom rates of
acute liver failure were reported as high as 30%. This out-
break, as well as other similar waterborne epidemics of acute
hepatitis on the subcontinent, was initially attributed to
HAYV, but subsequent serological testing in the early 1980s
failed to implicated HAV or HBV. Further, the age distri-
bution was older than was typical for HAV, puzzling because
the Indian population is almost universally immune to HAV
from childhood exposure. In 1983, Russian virologist
Mikhail Balayan confirmed the existence of a non-A, non-B
hepatitis transmitted via the fecal-oral route, by ingesting
infected stool extracts and developing an acute hepatitis
himself. He then used his own stool for electron microscopy
and identified HAV-like viral particles, to which antibodies
appeared during convalescence (34). However, the virus
could not be grown in cell culture, and HEV was not cloned
until 1990 (35). HEV is a single stranded RNA virus. Pre-
viously classified in the Caliciviridae family, HEV has now
been classified into the Hepeviridae family (genus Ortho-
hepevirus). Ingestion of contaminated feces is the most
common route for transmission, responsible for most epi-
demic outbreaks, and in the West, cases are almost exclu-
sively limited to returned travelers from endemic areas. More
recently, animal reservoirs have been described, most com-
monly swine as well as rabbits, deer, and possibly rats. There
are emerging case reports of human transmission after con-
sumption of pork, wild boar, and uncooked deer meat in
Western countries, although the rate of transmission to
humans by this route, and the public health importance
of this, are still unclear (36). While HEV infection almost
always causes an acute, self-limited hepatitis, in immuno-
compromised subjects, particularly in solid organ trans-
planted patients, HEV may cause a chronic infection (36),
with the risk of progressive liver fibrosis and cirrhosis. HEV
can be particularly aggressive in pregnant women and has
been associated with a high mortality rate of up to 20% due
to fulminant hepatitis. There are only case reports of riba-
virin being an effective antiviral agent for the treatment of
chronic HEV infection (37). A recombinant HEV vaccine
has been developed and was licensed in China in 2012.
Although these 5 hepatitis viruses are responsible for
>95% of acute and chronic viral hepatitis, rare sporadic
cases of non-A-E hepatitis continue to occur. Despite con-
siderable effort, no novel viral hepatitis agents have been
discovered in the past two decades. Candidates have in-
cluded GB virus A/B, GB virus C/hepatitis G virus, TT
virus, and SEN virus, but to date the data are not convincing
that these agents cause hepatitis or other disease in humans.

Epidemiology
Enterically Transmitted Agents—HAYV, HEV

HAV is one of the most frequent causes of food and water-
borne infection worldwide and every year there are an esti-
mated 1.5 million symptomatic cases (38). Acute hepatitis
A is typically a subclinical infection of childhood. Infection
in adulthood is more likely to be symptomatic, but fulminant
liver failure is uncommon (0.1%), and the mortality rate of
HAV is low in Western countries. However, it remains a
significant cause of morbidity globally. There are distinct
geographic patterns of HAV distribution, and regions of high
seroprevalence are typically in the developing world, where
poor sanitation, crowding, and lack of access to clean water
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are common (39). Regions of high endemicity include
Africa, Southeast Asia, India, and Nepal, where most chil-
dren are infected before age 5. High seroprevalence rates
have also been noted in South America and the Middle East,
but the numbers are declining thanks to improvements in
sanitation (40). Paradoxically, as sanitation improves, and
fewer children are infected (40), the number of adults with
protective HAV antibodies in endemic areas has declined,
both increasing the risk of outbreaks due to poor herd im-
munity and the age-related risk of severe infection. In con-
trast, urbanized Asian countries such as Singapore and
Japan, as well as most Western countries, have a low ser-
oprevalence. Scandinavia boasts the lowest seroprevalence
worldwide; Eastern and Southern European countries have
intermediate seroprevalence, possibly a reflection of socio-
economic status. In Western populations, travel to endemic
countries remains the most common risk factor for con-
tracting HAV (41).

HEV is also enterically transmitted, either by drinking
contaminated water or food. HEV is endemic in many de-
veloping countries including India and China with ser-
oprevalences in adults of 20 to 45% (42). Outbreaks are
typically seasonal and often associated with monsoon peri-
ods due to the breakdown in clean water supplies. These
outbreaks can be severe, with a clinical attack rate of 1 in 2,
affecting tens of thousands of people (43). The predominant
genotypes in developing countries are HEV 1 and HEV 2. In
industrialized, nonendemic countries, a different pattern of
infection prevails, and the epidemiology of HEV is evolving.
Travel to regions with high HEV endemicity remains the
most common risk factor for infection, but there are recent
reports of autochthonous HEV in Europe, North America,
Japan, Australia, and New Zealand (36, 44). The source is
zoonotic transmission from the consumption of under-
cooked pork, game, and offal (43), and the most prevalent
genotypes are HEV 3 and HEV 4. A significant proportion of
patients will have been misdiagnosed with drug-induced
liver injury. In immunocompetent hosts, HEV follows the
same acute, self-limiting clinical course as HAV. Adults are
more likely to be symptomatic, and the average age of in-
fection with HEV is older than for HAV. Infection during
pregnancy is associated with a particularly high mortality
rate at up to 30% (45). In immunocompromised hosts, HEV
can persist and cause chronic hepatitis. Although uncom-
mon, chronic autochtonous genotype 3 HEV has been
reported in solid organ transplant recipients, patients with
advanced HIV, and patients with hematological malignancy
on rituximab chemotherapy.

Percutaneous Transmission—HBYV, HCV, HDV

The transmission of HBV, HCV, and HDV is human to
human, via percutaneous, sexual, or vertical transmission.
There are no known animal or environmental reservoirs of
the virus.

The introduction of the HBV vaccine has had a dramatic
impact on the reported incidence of acute hepatitis B
(AHB). The reported rate of acute HBV infection in the
United States has declined since 1990, falling from 8.5 to 0.9
per 100,000 population in 2011, the lowest rate ever re-
corded (46, 47). Symptomatic AHB is primarily a disease of
adulthood; in the same survey, the highest rates of AHB
occurred among persons aged 30 to 39 years (2.0 per
100,000), and the lowest rates among persons <19 years
(0.04 per 100,000). The most common risk factors were
sexual exposure (multiple sexual partners, men having sex
with men, and sexual contact with a person known to have

HBYV infection) and injecting drug use (IDU). Similar trends
have been seen in other countries including Italy and Egypt,
where the frequency of acute HBV infection as a cause of
symptomatic hepatitis decreased from 43.4% in 1983 to
28.5% in 2002, following the introduction of childhood
immunization in 1991 (48).

Between 240 to 400 million people have been estimated
to have chronic hepatitis B (CHB) (49). HBV infection is
the 10th leading cause of death worldwide (49), and 15 to
40% of patients with CHB develop serious liver disease,
leading to 1.2 million deaths per year. Chronic hepatitis B is
endemic in Southeast Asia, China, sub-Saharan Africa,
Micronesia, and Polynesia, and the indigenous populations
of Alaska, Northern Canada, Greenland, Australia, and
New Zealand. More than 7% of the population is chroni-
cally infected in these high prevalence regions (50). Most
infections are acquired early in childhood and the risk of
chronicity is inversely related to the age of infection. Peri-
natal infection leads to chronicity in >90% cases. In con-
trast, infections acquired later in life tend to have a
symptomatic acute phase but only a small proportion of
immunocompetent patients develop chronic HBV (<5%)
(51). Approximately 45% of the global population lives in
an area of high prevalence. Moderate prevalence rates of 2 to
7% are seen in the Southern regions of Eastern and Central
Europe, the Amazon Basin, the Middle East, and the Indian
subcontinent. Low prevalence regions include much of
North America, the United Kingdom, and Northern Eur-
ope, where the incidence of chronic HBV infection is less
than 2%. In these countries, HBV is seen predominantly in
immigrants from countries with high prevalence, and their
unvaccinated offspring, as well as in specific groups with
percutaneous and sexual risk factors.

Ten different HBV genotypes (A-]) have been identified,
which differ by >8% of the nucleotide sequences across the
genome (52). Genotype prevalence varies according to ge-
ography. Genotype A is common in Northern Europe,
America, and Africa, genotype D is prevalent in the Medi-
terranean basis and the Middle East, whereas Asian patients
are almost exclusively infected with genotypes B and C
HBV. Genotypes may influence the natural history of
HBYV, including the timing of HBeAg seroconversion, the
risk of hepatocellular carcinoma (HCC) and response to
interferon-o.

Of the 240 to 400 million carriers of CHB, it is estimated
that 15 million are coinfected with HDV (53). While there
is a similar worldwide distribution to HBV, there is marked
geographic and subpopulation variation of HDV prevalence
within HBV cohorts. This discrepancy is likely due to the
differences in the modes of transmission. Perinatal trans-
mission of HDV is rare, whereas percutaneous transmission
via IDU, household contact, and sexual transmission are the
most common routes of infection. Coinfection is highest in
the Pacific Islands, Mediterranean Europe, the Middle East,
South Africa, and parts of Asia (54). In the Pacific Islands
rates of coinfection have been reported of up to 90%. One
survey of HBsAg positive patients in mainland China
reported HDV prevalence varying from 0.8% in Sichuan
1987 to 13.3% in Guangzhou in 1990 (55). Since the in-
troduction of the HBV vaccine there has been an overall
decline in HDV. Rates in Italy have fallen from 23% in 1983
to 8.3% in 1997 (56). However there has been a recent
resurgence, with the decline in Italy plateauing and rates in
London, United Kingdom, rising from 2.6% in the 1980s to
8.5% in 2005 and in Germany where rates rose from 6.8%
in 1997 to 8.3% in 2010 (57). While immigration from



endemic countries is partly responsible for this trend, high
risk behaviors such as intravenous drug use (IVDU) and
sexual practices may play a role. HDV has 4 major genotypes
defined by nucleotide variation >40% across the entire
genome (58); genotype 1 HDV is the most predominant in
the West. The clinical relevance of HDV genotypes remains
unclear.

Chronic HCV affects 130 to 150 million people globally
and about 500,000 people die of HCV liver-related com-
plications every year (59). HCV is the main cause of liver
transplantation in developed countries (60). There is a sig-
nificant geographic variability in prevalence. Asia, North
Africa, and the Middle East are areas of high prevalence.
Southeast Asia, Sub-Saharan Africa, Australasia, Latin
America, and Europe have moderate prevalence, while
North America and the Asia Pacific are regions of low
prevalence of <1.5% (61). The transmission of HCV in
developed countries is largely from IVDU, whereas in the
developing world, the major route of transmission has been
nosocomial through contaminated blood supply and inade-
quate sterilization of medical equipment, particularly unsafe
injection practices. In Mediterranean countries, contami-
nated vaccination practices 50 years ago may explain the
high prevalence in the elderly population. In Egypt, more
than 10% of the population is chronically infected with
HCV as a result of infection secondary to shared needles
during mass antischistosomal treatment programs (62).
There are six HCV genotypes, defined by sequence hetero-
geneity >30%, and over 50 subtypes of HCV (63). HCV
genotype varies by geography also; the most common geno-
type globally is genotype 1 HCV. HCV genotype is very
relevant clinically, as it determines the treatment regimen
and likelihood of cure. Emerging data suggest that the nat-
ural history of genotype 3 HCV may be more aggressive than
genotype 1 HCV (64).

PATHOPHYSIOLOGY

The pathophysiology of each hepatitis virus is complex and
beyond the scope of this chapter. However, there are com-
mon features that characterize acute hepatitis. The acute
injury observed in nonhepatotropic viruses such as herpes
zoster, HSV-1, HSV-2, and adenovirus appears to be medi-
ated by direct viral toxicity and the innate immune response
and is characterized by necrosis of hepatocytes. In contrast,
for the hepatotropic viruses, it is thought that host immunity
is responsible for the acute liver injury, rather than a direct
cytopathic effect of the virus. Both innate and adaptive
immune responses have been implicated in hepatocyte in-
jury as well as viral clearance, including the Toll-like re-
ceptor signaling pathway, PD-1/PD-L1 expression, NK cells,
and cytotoxic T lymphocytes and regulatory T-cells. Symp-
tomatic acute hepatitis correlates with greater intrahepatic
inflammation, but the host determinants of symptomatic
versus subclinical hepatitis are not fully understood (65).
HAV and HEV cause a self-limiting hepatitis in immuno-
competent hosts, whereas HBV and HCV may persist to
cause chronic hepatitis. Age of infection is the most im-
portant determinant of HBV persistence, but the underlying
mechanism is not understood. Host IL28B genotype is the
most important determinant of spontaneous clearance of
HCYV infection (66, 67). Viral factors may however influence
disease course. Fulminant liver failure is more common in the
setting of acute HDV superinfection in individuals with
chronic hepatitis B infection. Coinfection of HBV with
HCV, or HBV with HAV, can also increase the severity of
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acute hepatitis. Variants of HBV, including the basal core
promoter variant (A1762T/G1764A), have also been im-
plicated in causing greater disease severity.

Hepatitis viruses may be directly cytopathic. This is rare,
but may occur in immunosuppressed hosts. Fibrosing cho-
lestatic hepatitis (FCH) due to HBV is caused by very high
level HBV replication and massive accumulation of HBsAg
within hepatocytes. FCH occurs in the immunosuppressed
state post-liver transplantation; a similar syndrome is de-
scribed involving aggressive recurrent HCV infection post-
transplantation.

The histopathology of acute viral hepatitis is character-
ized by hepatocyte injury and necrosis, with predominantly
sinusoidal and lobular mononuclear cell infiltrate, occa-
sional neutrophils and eosinophils, and Kupffer cell hyper-
plasia (Figure 1) (68). Hepatocyte injury may be spotty or
panlobular, and manifests as ballooning degeneration and
apoptosis, with scattered acidophilic apoptotic bodies or
Councilman bodies. Cholestasis is variable, and may be
more prominent in HAV/HEV infection. Large hepatocytes
with a “ground-glass” cytoplasmic appearance may be seen in
HBYV infection, with the cytoplasmic appearance reflecting
accumulation of HBsAg. Hepatocellular steatosis may be
present, but is normally mild in the acute setting. More
prominent steatosis occurs in the setting of chronic infection
with genotype 3 HCV infection as a direct viral effect. In
HBV infection immunohistochemistry will demonstrate
HBsAg in the cytoplasm of hepatocytes. Hepatitis B core
antigen is normally found in the hepatocyte nucleus, but low
concentrations may be found in the cytoplasm and on the
cell membrane. The reticulin framework of the liver is pre-
served in uncomplicated acute viral hepatitis. In more severe
cases of acute hepatitis, bridging hepatic necrosis may be
seen. Bridging necrosis describes the confluent loss of he-
patocytes in multiple acini, with the appearance of extensive
hepatic necrosis linking venules to portal tracts. In fulmi-
nant hepatitis there is massive necrosis and dropout of liver
cells in most lobules, with extensive collapse of the reticulin
framework.

There is a spectrum of histological change in chronic
viral hepatitis, with variable degrees of necro-inflammatory
activity as well as liver fibrosis progression. Minimal necro-
inflammation is confined to the portal tract. Moderate

FIGURE 1 Viral hepatitis. Top long arrow shows focal steatosis
and bottom arrows show portal inflammation. Source: Prof
Richard Williams, Anatomical Pathologist, St Vincent’s Hospital,
Melbourne.
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inflammation involves piecemeal necrosis (interface hepa-
titis), in which the inflammatory infiltrate disrupts the
limiting plate of periportal hepatocytes and extends beyond
the confines of the portal tract. As the inflammation extends
deeper into the liver parenchyma, lobular hepatitis develops.
Severe lobular hepatitis is often accompanied by bridging
necrosis. Surviving hepatocytes can cluster together forming
“rosettes.” There is usually no bile plugging in chronic
hepatitis. Marked cholestasis is suggestive of an alterna-
tive diagnosis such as drug induced liver injury. Necro-
inflammatory activity drives liver fibrosis progression as part
of the “wound-healing” response. Progression of fibrosis is a
sequential process, involving enlargement of portal tracts,
the development of periportal fibrous septae, and eventual
bridging septae that connect portal tracts (bridging fibrosis).
The development of intrahepatic nodules with architectural
distortion is the hallmark of cirrhosis. There are a number of
scoring systems for hepatic necro-inflammatory activity and
fibrosis stage in viral hepatitis, including the METAVIR
score, the Knodell Index, and the Scheuer score. Fibrosis can
regress with treatment of viral hepatitis.

Fibrosing cholestatic hepatitis is a syndrome involv-
ing massive accumulation of viral antigens within hepato-
cytes. As noted, it is most common in immune-suppressed
individuals post-liver transplantation. [t was first described
for HBV, but a similar syndrome may occur with HCV
posttransplant. The pathological features include marked
periportal fibrosis and cholestasis, with relatively minor in-
flammatory infiltrate, but widespread ballooning degenera-
tion of hepatocytes, which likely reflects a direct cytopathic
effect of the virus. Rapid progression and liver decompensa-
tion occur without treatment, but fortunately viral suppres-
sion with potent antivirals is now very effective.

CLINICAL FEATURES
Acute Viral Hepatitis

Clinical Presentation
Acute viral hepatitis presents with a characteristic syndrome
that is common to all five hepatitis viruses. The spectrum
and presentation of acute viral hepatitis can vary from a
subclinical infection to severe fulminant liver failure. Sub-
clinical infection is common in children, whereas adults are
more commonly symptomatic. Onset of symptoms follows a
variable incubation period (Table 1). Prodromal symptoms
are typically nonspecific and include constitutional symp-
toms such as anorexia, nausea, fatigue, mild right upper
quadrant abdominal pain, and low-grade fevers. Prodromal
symptoms coincide with an elevation in aminotransferases
and typically precede the onset of jaundice by 1 to 2 weeks.
As the icteric phase begins the prodromal symptoms often
settle. Clinical jaundice is associated with dark urine, pale
stools, and pruritus. The liver becomes swollen and tender,
with right upper quadrant pain, nausea, and anorexia.
Jaundice may last for a number of weeks; biochemical tests
can take longer to settle. Complete clinical and biochemical
recovery normally occur in 1 to 2 months after the onset of
HAV/HEV. A similar time course for clinical and bio-
chemical recovery from icteric acute hepatitis B or C is
observed when spontaneous clearance occurs; persistence
and chronicity for HBV and HCV infection is defined by
HBsAg or HCV RNA persistence for more than 6 months.
Beyond this stereotypical presentation, there are varia-
tions characteristic for each virus. These are best charac-
terized for acute hepatitis A and B. HAV can have an

atypical course with a prolonged cholestatic phase with the
usual symptoms of pruritus, anorexia, and diarrhea caused by
an accumulation of toxic mediators, primarily bile salts (69,
70). Despite a high serum bilirubin, aminotransferases can be
normal during this phase. Cholestatic HAV has an excellent
prognosis. HAV can also follow a relapsing course. Although
acute HAV infection normally confers lifelong immunity, a
small proportion of patients experience a relapsing form of
the disease (71, 72). [gM anti-HAV is present, but there is
evidence of viral shedding in the stool and patients are in-
fectious. Relapses are typically mild and transient, before
eventually resolving.

HAV may also be associated with extra-hepatic mani-
festations including a transient rash and arthralgia. Clinical
manifestations of immune complex formation (involving
[gM anti-HAV) are uncommon but include vasculitis, glo-
merulonephritis, cryoglobulinemia, and blood dyscrasias.
Several reports describing an episode of HAV immediately
prior to the onset of autoimmune hepatitis (AIH) suggest a
possible association between HAV and AIH, although cau-
sality has not been established.

The majority of acute HBV infections are clinically si-
lent, especially in children. Icteric hepatitis is more common
in adults. The disease tends to be more severe if the patient is
coinfected with another hepatitis virus or has underlying
liver disease. Chronicity of HBV infection is determined by
the age of infection, size of the inoculum, and immune re-
sponse of the host. As noted, age of infection is the most
important determinant of persistence. Extrahepatic mani-
festations of HBV infection include the serum sickness-like
prodrome of acute HBV infection, polyarteritis nodosa,
HBV-associated glomerulonephritis, mixed essential cryo-
globuliemia, and neurological manifestations and are also
thought to be mediated by circulating immune complexes
(73). A serum sickness-like prodrome precedes acute HBV
infection by 1 to 6 weeks in 10 to 30% of cases. Also known
as the “arthritis-dermatitis” syndrome, it is characterized by a
symmetrical generalized inflammatory arthritis, typically
involving the small joints of the hands and feet. The joint
lesions are nondestructive. Fever is common. Skin mani-
festations are variable, occurring in more than 50% of those
with joint symptoms. Lesions described include maculo-
papular, petechial or purpuric rash, palpable purpura,
Henoch-Schonlein-type purpura, erythema multiforme,
toxic erythema, lichenoid dermatitis, and urticaria. Renal
involvement with proteinuria or hematuria is much less
common. Angioneurotic edema may rarely occur. Poly-
arteritis nodosa (PAN) is a rare but serious complication of
HBV infection. The syndrome normally presents within 4
months of the clinical onset of HBV infection, with ab-
dominal pain due to arteritis of medium-sized vessels causing
ischemia of the intestine and gallbladder. Angiography
demonstrating microaneurysms of blood vessels in the renal,
hepatic, or mesenteric circulations is virtually pathogno-
monic. Tissue biopsy of affected organs reveals inflammation
of the medium-sized arteries. The prognosis is poor without
treatment, with mortality of up to 50%. Glomerulonephritis
(GN) and other HBV-related manifestations are more
common in the setting of chronic HBV infection and will be
discussed below.

Fulminant Viral Hepatitis

Fulminant viral hepatitis is the most severe form of acute
hepatitis presenting as acute liver failure (ALF). ALF is
defined by the development of severe acute liver injury
with encephalopathy and impaired synthetic function



International Normalised Ratio (INR) of >1.5) in a patient
without cirrhosis or preexisting liver disease. ALF is often
associated with multisystem organ failure, disseminated in-
travascular coagulation, and it is often complicated by sepsis
and cerebral edema. Patients with ALF should be managed
by a liver transplant service in the intensive care unit. The
mortality rate for ALF very high, but outcome post-liver
transplantation is good. Viral hepatitis is the most common
cause of ALF in developing countries (74) and develops in
approximately 0.3% of HAV patients and in approximately
0.5% of HBV patients. It is more common in adult-onset
infection and when infection occurs in an individual with
premorbid liver disease; e.g., acute HAV infection in a per-
son with chronic hepatitis C, especially if cirrhotic. Coin-
fection of super-infection with HDV confers a significant
risk for ALF and testing for delta virus is recommended in all
cases of HBV-related ALF (75). It is very rare for HCV to be
associated with ALE Where HCV is associated with ALF, it
is normally in the setting of HBV or HAV coinfection. The
majority of patients with fulminant HCV are coinfected with
HBV. HEV is an important cause of ALF in endemic areas
with a fatality rate of up to 25% in pregnant women, espe-
cially in the third trimester (76). HSV in pregnancy, al-
though rare, is also associated with a fulminant course with
high mortality and morbidity. Timely administration of
acyclovir can reduce the risks to mother and infant (77, 78).

Liver Function Tests

All forms of acute viral hepatitis cause biochemical abnor-
malities in liver function tests. Typical laboratory abnor-
malities include marked elevations of the aminotransferases,
alanine aminotransferase (ALT), and aspartate aminotrans-
ferase (AST), which indicate hepatocellular injury. Serum
ALT is usually higher than AST in viral hepatitis. Bilirubin
also rises acutely and may continue to rise even after the
aminotransferases have started declining. Once bilirubin
exceeds approximately 3 mg/dl (50 micromol/l), jaundice
becomes clinically apparent, with yellow pigmentation of

TABLE 2 Common serological patterns of viral hepatitis
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the sclera and dark urine. The titer of serum aminotrans-
ferases and bilirubin can be quite impressive, but they are not
markers of severity or prognosis. Coagulopathy is a marker of
fulminant hepatitis (see below). Fulminant hepatitis is in-
dicated by a loss of synthetic function acutely with prolon-
gation of the prothrombin time.

[t is important to recognize that a presentation with acute
hepatitis on clinical and biochemical grounds is not specific
to viral hepatitis. Important differential diagnoses to con-
sider for acute hepatitis include systemic viral infections,
drugs and toxins, ischaemia, autoimmune hepatitis, Wilson’s
disease, Budd-Chiari Syndrome, and pregnancy-related liver
disease amongst others (see Table 4). In children, rubella
has been associated with hepatitis. In returned travelers,
the hemorrhagic fever viruses (including Ebola, Marburg,
Lassa viruses) and yellow fever (group B arbovirus) have
been associated with hepatitis as part of a severe systemic
illness.

The pattern of abnormalities of laboratory tests may be
suggestive of a diagnosis but imagining and specific tests are
required to confidently establish the etiology.

Virus-Specific Serologic Features

The acute viral hepatitides can be differentiated on the basis
of serology (Table 2).

HAV

HAYV is diagnosed based on the presence of anti-HAV
antibodies in the serum. The gold standard diagnostic for
acute HAV infection is the presence of anti-HAV IgM,
which, in presence of the features of an acute hepatitis, is
sufficient to confirm the diagnosis. Anti-HAV IgM is posi-
tive by the time of symptom onset, peaks during the icteric
phase and remains positive for approximately 6 months.
Anti-HAV IgG appears in the convalescent phase, remains
detectable for decades, and correlates with immunity against
further HAV infections. HAV can also be detected in fecal
samples by electron microscopy or measuring HAV RNA but

Virus Serologic pattern

Interpretation

HAV IgM anti-HAV+
IgG anti-HAV+
HBV HBsAg+, I[gM anti-HBc+
HBsAg+, IgG anti-HBc+, HBeAg+, HBV DNA +
HBsAg+, IgG anti-HBc+, HBeAg-, anti-HBe+
HBV DNA > 10* copies/ml
HBsAg+, IgG anti-HBc+, HBeAg-, anti-HBe+
HBV DNA <10 copies/ml
HBsAg-, HBV DNA+
HDV Anti-HDV+, HBsAg+
HBsAg +, IgM anti-HBc+, low titer anti-HDV
HBsAg+, IgG anti-HBc+, HDV RNA +,
rapidly increasing titers anti-HDV
HBsAg+, IgG anti-HBc+,HDV RNA+,
High titers anti-HDV
HCV Anti-HCV+, HCV RNA+
Anti-HCV+, HCV RNA-
HEV [gM anti-HEV+
IgG anti-HEV+

Acute infection

Past infection

Acute infection

Chronic, replicative infection

Chronic, replicative infection with precore or core promoter mutant
Chronic, minimally replicative infection

Occult HBV
HDV infection
Acute coinfection

Acute superinfection
Chronic HDV

HCYV infection

Past infection or false positive antibody
Acute infection

Past infection
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these remain research tools. Serology is the simplest and
most convenient test available and is therefore the gold
standard.

HBV

The standard serology panel for diagnosis of HBV infec-
tion, past or present, should include HBsAg, anti-HBs, and
anti-HBc. Hepatitis B surface antigen (HBsAg) is the first
serologic marker to appear at approximately 1 to 10 weeks
after inoculation. HBsAg precedes the onset of biochemical
or clinical abnormalities. In patients who achieve sponta-
neous clearance, HBsAg will decline to be undetectable at 6
months. HBsAg persisting beyond the 6-month mark is by
definition chronic HBV infection. HBsAg levels can be
quantified, and in the setting of chronic hepatitis B, have
been correlated with HCC risk as well as interferon-o
treatment response (see below) (79). Resolution of HBV
infection is marked by the appearance of anti-HBs anti-
bodies in the serum. There may be a lag of weeks to months
between the clearance of HBsAg and the appearance of anti-
HBs (the serological “window” period). During this window
period, the only serological evidence of HBV infection is the
presence of antibodies against hepatitis B core antigen (IgM
anti-HBc). Anti-HBs antibodies also become detectable
following vaccination; protective immunity following the
standard 3 dose vaccine course is indicated by and anti-HBs
titre > 10 [U/ml.

HBV core antigen (HBcAg) forms the capsid of the virus,
and is found in infected hepatocytes rather than serum.
However, antibodies to HBcAg, or anti-HBc, are detectable
in serum approximately 1 to 2 weeks after the appearance of
HBsAg. IgM anti-HBc appears first. The presence of anti-
HBc IgM, especially at high titer, is a marker of acute HBV
infection, and can help differentiate true acute infection
from a relapse of chronic HBV infection. For the first 6
months of infection, the predominant class of anti-HBc is
IgM. As noted, anti-HBc may be the only serological marker
of acute HBV infection during the window period. Titers
of anti-HBc [gM decline over 6 months, after which [gG
appears and becomes the predominant class of anti-HBc.
Anti-HBc persists long term. Anti-HBc is a marker of HBV
exposure. Anti-HBc differentiates immunity due to past
infection from vaccine-induced immunity. Anti-HBc may
be the only marker indicating past infection in older patients
as anti-HBs levels wane. Testing for anti-HBc is particularly
important when screening patients for HBV prior to im-
munosuppression. Isolated anti-HBc has been reported in
approximately 2% blood donors in areas of low endemicity
but approximately 10 to 20% in areas of high prevalence and
in the HIV population (80-82). There is a risk of fulminant
HBV reactivation in people who are HBsAg negative, anti-
HBs negative, but anti-HBc positive (e.g., in the setting of
the anti-CD20 monoclonal antibody rituximab).

The hepatitis B “e” antigen (HBeAg), or precore protein,
is a secreted, soluble protein that can be detected in serum.
Although it not necessary for viral replication, HBeAg is
believed to act as a tolerogen to attenuate the immune re-
sponse to HBV and promote viral persistence. HBeAg is
considered a surrogate marker of HBV replication and in-
fectivity. HBeAg is almost always present during acute HBV
infection. Seroconversion to anti-HBe occurs with viral
clearance as the HBV DNA falls, and often precedes the
appearance of anti-HBs. However there are viral variants
defective for the HBeAg, the most common carrying a
G1896A precore mutation which abrogates HBeAg pro-
duction. This variant is commonly selected in the course of

chronic hepatitis B, emerging as an immune escape variant
to cause HBeAg-negative CHB. Testing for HBeAg provides
limited clinical information in the acute setting, but is im-
portant for patients diagnosed with chronic hepatitis B as it
helps identify the phase of infection as well as the emergence
of immune escape variants.

Polymerase chain reaction (PCR) testing for serum HBV
DNA can be positive in patients as early as 10 days post-
infection. Recovery from HBV is associated with clearance of
HBV DNA from the serum. As for HBeAg, measuring HBV
DNA levels in the setting of acute HBV infection provides
little extra information and is not routine. In the setting of
chronic hepatitis B, HBV DNA levels are very important for
prognostication and monitoring treatment response.

HCV

The screening test for HCV infection is serology, and
anti-HCV antibodies are detectable in the majority of pa-
tients at presentation, becoming positive 4 to 10 weeks
following infection (Table 1). Anti-HCV indicates expo-
sure, but remains positive following spontaneous clearance.
Therefore, diagnostic testing for HCV includes serology as a
screening test followed by confirmatory testing with mo-
lecular assays that quantify viral load (HCV RNA). Anti-
HCV can be falsely negative early in acute HCV as the
antibodies can take 2 to 6 months to appear. Serum HCV
RNA is more sensitive and becomes detectable as early as 10
days postinfection.

HDV

HDV depends on HBV coinfection, so HBsAg should be
included in any testing algorithm for HDV. HDV antigen
(HDAg) appears early but is short-lived as circulating anti-
HDV interferes with the assay. Testing for anti-HDV is more
reliable. As for HCV, serology for HDV should be considered
a screening test, to be confirmed by molecular virology.
Although there are no licensed assays for serum HDV RNA,
most specialty laboratories will offer an in house assay. It is
likely that there will be an approved assay in the near future.
The differentiation of acute HDV/HBYV coinfection vs HDV
superinfection is most commonly made on clinical grounds.
The pattern of anti-HBc serology may help; detectable anti-
HBc IgM is suggestive of acute coinfection, while anti-HBc
IgG suggestions superinfection. Acute coinfection typically
presents as a severe acute hepatitis that then resolves. The
majority of HDV superinfections (>70%) become chronic.

HEV

The routine screening test for the diagnosis of HEV is
serology. IgM anti-HEV appears early before waning over
months. [gG appears shortly after IgM and persists for years
after the illness, providing protective immunity. Antibody
tests in HEV are not optimal as they are associated with
frequent false positive and negative results. Moreover the
assays can be variable depending on which commercial
testing kit is used (83). HEV RNA testing of serum or stool is
offered by research laboratories, and can considered when
there is diagnostic doubt. HEV RNA testing must be per-
formed early in the disease course. HEV can be detected in
the stool about a week before symptoms appear and until two
weeks after resolution of the infection. Fecal shedding
implies infectiousness.

Chronic Viral Hepatitis
HBV and HCV are the most common causes of chronic
viral hepatitis. Most patients with chronic hepatitis B or



TABLE 3 Screening for HBV and HCV is recommended
in people with the following risk factors

People who inject drugs

People with a history of tattooing or body piercing
People in custodial settings

Sex workers

Sexual partners of an HCV-infected person should be tested for
HCV

Partners and other household and intimate contacts of people who
have acute or chronic hepatitis B infection should be tested for
HBV infection

Children born to HCV- or HBV-infected mothers

Pregnant women

People who received a blood TF/organ Tx prior to 1990

People infected with HIV or HBV/HCYV, respectively

People with evidence of liver disease (persistently elevated ALT

level)
People who have had a needle-stick injury

Migrants from high prevalence regions (Egypt, Pakistan,
Mediterranean and Eastern Europe, Africa, and Southern Asia)

hepatitis C are asymptomatic. Screening strategies targeted
to high-risk individuals are important (Table 3). The com-
mon symptoms attributed to chronic hepatitis are malaise,
fatigue, and anorexia. The long-term hepatic complications
of viral hepatitis include progressive liver fibrosis, cirrhosis,
liver failure, and hepatocellular carcinoma. Chronic hepa-
titis B is associated with a particularly high risk of HCC,
which may arise in the noncirrhotic liver. Viral hepatitis is
the most common cause of HCC globally, and a major cause
of global mortality. The clinical features and natural history
of chronic hepatitis B and C are discussed in detail in
Chapters 32 and 54, respectively.

Extrahepatic manifestations of chronic viral hepatitis
warrant consideration here. They are an indication for an-
tiviral therapy. Glomerulonephritis (GN) is commonly as-
sociated with CHB. The most common presentation is
nephritic syndrome. A number of patterns of glomerular
injury have been described, including membranoprolifera-
tive GN, membranous GN, and rarely mesangial prolifera-
tive GN. In children the disease is usually self-limited;
however, progression to renal failure has been described in
adults. The association of HBV infection with mixed es-
sential cryoglobulinaemia is controversial. Rare cases have
been reported; however, the majority of cases are now rec-
ognized to be associated with HCV infection (73).

CHC is also associated with extra-hepatic manifestations.
Mixed cryoglobulinemia is a systemic problem that results in
the deposition of immune complexes in small and medium
blood vessels. It is common in HCV and typically presents as
a purpuric, vasculitic rash usually on the shins, arthralgia,
and glomerulonephritis. HCV can be associated with a
membranoproliferative glomerulonephritis and membranous
nephropathy (84). HCV is also associated with autoimmune
disorders including immune thrombocytopenic purpura,
autoimmune hemolytic anemia, thyroid problems, and my-
asthenia gravis.

Role of Liver Biopsy

Liver biopsy is now rarely performed in patients with viral
hepatitis. Liver biopsy is not usually necessary for either the
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diagnosis of acute hepatitis or for differentiating etiology.
Liver biopsy is indicated when there is diagnostic doubt.
Liver biopsy was used for many years to stage liver fibrosis in
patients with chronic viral hepatitis, for determining prog-
nosis, and identifying treatment candidates. However, the
recent introduction and wide availability of noninvasive
markers for liver fibrosis, including transient elastography
and serum biomarkers, has largely replaced histology for
staging liver fibrosis. Liver biopsy is reserved for those pa-
tients in whom the results of less invasive techniques are
unclear, and when clinical decision-making will be directed
by the result of the biopsy.

SPECIAL POPULATIONS

Transmission in Healthcare Workers

Healthcare workers are at risk of infection from blood-borne
pathogens including HBV, HCV, and HIV through occu-
pational exposure to blood products and body fluids. All
body fluids and tissue should be considered potentially in-
fectious. Needle stick injuries from contaminated needles are
the most common route of transmission in the healthcare
setting, but transmission can also occur through exposed
mucosa or abraded skin. The risk of acquiring HBV fol-
lowing occupational exposure depends on the serum HBV
DNA level and HBeAg status of the source (85). HBV is
highly infectious; the risk of transmission is 20 to 60%
depending on the HbeAg status of the source. HBV trans-
mission in healthcare workers is dropping thanks to routine
recommendations for HBV immunization among healthcare
workers (86). The risk of HCV transmission is significantly
less than HBV, of the order of 1 to 4% (87), but the risk of
chronicity is high. Unfortunately there is no preventative
vaccine for HCV. Risk minimization and management
should be a central part in occupational health and safety
programs, as well as the infection control plans of any
healthcare facility. This includes staff education, the use of
protective equipment, sharps disposal facilities, universal
HBV vaccination, and postexposure prophylaxis. Standard
precautions including hand hygiene and the use of gloves,
gowns, and protective eyewear should be strictly adhered to.

Following exposure, wound care with flushing of the site
should be immediately instituted. If the healthcare worker
has evidence of anti-HBs, either from previous exposure or
vaccination, postexposure management is not required. If
there is no preexisting protection against HBV, hepatitis B
immunoglobulin (HBIg) should be administered as soon as
possible, which can reduce the risk by 75% (88). HBIg
should be administered concurrently with the first dose of the
HBV vaccine. There is no postexposure prophylaxis for
HCV. The recent development of oral highly effective an-
tiviral therapy for HCV is likely to lead to studies of the use of
these agents for postexposure prophylaxis, particularly in
endemic areas, or in healthcare workers who might face
exclusion from the workplace pending diagnostic evaluation.

Hepatitis in Pregnancy

The most common cause of jaundice in pregnancy globally is
viral hepatitis (89). Acute HAV during pregnancy is asso-
ciated with preterm labor, but the clinical course is otherwise
unremarkable. HAV is not vertically transmitted. The HAV
vaccine is safe in pregnancy and should be administered to
pregnant women traveling to endemic areas (103). Similarly
HAV immunoglobulins are safe and can be administered
following exposure to HAV. HEV in pregnancy can lead to
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TABLE 4 Differential diagnoses for acute liver injury

Clues on diagnostic tests
Markedly elevated

transaminases,
leukopenia, low bilirubin

Differential diagnosis

Systemic infections
® Herpes Simplex
Virus (HSV-1, HSV-2)
® Cytomegalovirus (CMV)
® Epstein Barr Virus (EBV)
® Varicella Zoster
virus (VZV)
® Parvovirus B19
Very high enzyme
elevation, low bilirubin

Drugs/Toxins
® Acetaminophen
® [diosyncratic drug reactions
® Herbal preparations
® Amanita Phalloides

mushroom

Very high aminotransferase
levels (25 to 250 times
the upper limit of normal),
elevated serum LDH levels

Auto-antibodies (ANA,
ASMA, ALKM-1)*
Coombs-negative hemolytic
anemia, aminotransferase
levels <2,000 IU/l, AST
to ALT ratio of >2, normal
or markedly subnormal
ALP (<40 IU/), ALP
to total bilirubin ratio
<4, low uric acid levels

Ischaemic hepatitis

Autoimmune hepatitis

Wilson’s disease

Veno-occlusive disease Doppler ultrasound
® Budd-Chiari

® Portal vein thrombosis

Aminotransferase levels
<1,000 [U/1, elevated
bilirubin, low platelet count

Pregnancy-related liver failure

® Acute fatty liver
of pregnancy
® HELLP syndrome

*ALP: Alkaline phosphatase, ANA: Anti-nuclear antibody, ASMA: Anti
smooth muscle antibody, ALKM-1: Anti liver kidney micosomes.

fulminant liver failure with a high mortality of up to 25% in
the third trimester. It is a major cause of maternal and fetal
mortality in areas of high endemicity such as India, China,
and Africa. HEV infection in pregnancy not only carries a
high maternal mortality risk, but is also associated with a
higher rate of obstetric complications and poor fetal out-
comes including spontaneous abortion, stillbirth, preterm
delivery, and antepartum hemorrhage (90). A high rate of
vertical transmission has been reported in HEV (91) espe-
cially if the maternal viral load is high. There is no current
treatment for HEV in pregnancy. Ribavirin is teratogenic
and is therefore contraindicated in pregnancy and there is no
evidence of efficacy in the pregnant patient. There are no
safety or efficacy data for the new HEV vaccines in the
pregnant population.

Acute HBV during pregnancy is usually not severe as
pregnancy is a state of immunosuppression. There have been
reports of prematurity and low birth weight, but there is no
increased risk of mortality or teratogenicity. In chronic HBV,
HBV DNA levels tend to be stable throughout pregnancy.

HBV may flare in the postpartum period because of immune
reconstitution and HBe seroconversion can occur during
those flares. The perinatal transmission rate in untreated
HBeAg positive mothers is approximately 90% (92). Most
infections appear to occur at the time of delivery. HBV
screening during pregnancy and universal vaccination of all
newborns has reduced transmission rates. Prophylactic ad-
ministration of HBIg at birth followed by routine vaccina-
tion reduces transmission rates to 5 to 10%. The most
important risk factor for vertical transmission is the mother’s
viral load. Antiviral therapy is now recommended in the
third trimester for mother’s with a serum HBV DNA level
>10° IU/ml (93). The baby should still receive HBIg and
vaccine immediately postpartum. The nucleotide analogue,
tenofovir is a Category B drug that can be used safely in
pregnancy. Lamivudine is classified a Category C but it has
been used extensively in the HIV population with a rea-
sonable safety profiles. Normal vaginal delivery is recom-
mended as Cesarean delivery does not reduce the risk of
infection (94); breastfeeding is safe (95).

Vertical transmission of HCV is much less efficient than
of HBV, but the «~5% risk is higher in the setting of HIV
coinfection (96), in which the viral load is higher (97). Most
pregnancies are uncomplicated although a lower birth
weight has been reported. As with HBV, normal vaginal
delivery and breastfeeding are still recommended (98).
Newborns will test positive for anti-HCV as they automat-
ically acquire maternal antibodies so they need to be tested
for HCV RNA.

Chronic viral hepatitis with cirrhosis causes a unique set
of challenges for pregnancy. Cirrhosis is associated with in-
fertility; those who become pregnant have a variable course.
There is a risk of hepatic decompensation. The risk of poor
fetal outcomes including miscarriage, stillbirths, and preterm
labor is increased. Portal hypertension may worsen in preg-
nancy due to the increase in total blood volume and the risk
of variceal hemorrhage is significant. Screening for varices
and prophylactic banding should be considered prior to
pregnancy.

Viral hepatitis is not the only cause of liver problems in
pregnancy. Differential diagnoses unique to pregnancy must
be also be considered during assessment and include hyper-
emesis gravidarum, acute fatty liver of pregnancy, in-
trahepatic cholestasis of pregnancy, and preeclampsia/
HELLP syndrome (a variant of preeclampsia presenting with
hemolysis, thrombocytopenia, and liver disease). Sympto-
matic gallstones are common in pregnancy.

Viral Hepatitis in the HIV Population

With shared transmission risks, the prevalence of chronic
hepatitis B and hepatitis C is higher in the HIV-infected
population. With improved control of HIV disease with
antiretroviral therapy, liver disease has emerged as one of the
leading causes of death in patients with HIV (30). HIV
impacts directly on the outcome of HCV and HBV infec-
tion, complicating its natural history, diagnosis, and man-
agement. For reasons that remain unclear, liver damage,
especially fibrosis, progresses at a faster rate than in HCV or
HBV mono-infection, despite hepatic necro-inflammation
typically being less severe. Levels of HCV or HBV viremia
tend to be higher. This is possibly due to increased replica-
tion in the setting of the relative immunosuppressive effect
of HIV or a direct effect of the HIV itself that facilitates the
engagement of coreceptors (99). Therefore, all patients with
HIV should be screened for HBV and HCV infection. It is
recommended that testing for both anti-HBc and HBsAg be



performed, as patients with HIV can have occult HBV, with
high levels of HBV DNA and anti-HBc¢, but not HBsAg.
Similarly, all HBV/HCV patients should undergo HIV
testing (24). In the past, treatment of both HBV and HCV
has been less effective in HIV coinfected patients. This is no
longer the case with potent first line direct DAAs, and re-
sponse rates are generally equivalent to those observed in the
mono-infected population. The management of drug-drug
interactions is more complicated in patients taking HAART
and there is a risk of hepatotoxity. Flares of hepatitis due to
immune reconstitution have also been reported (100, 101).
However the benefit of HAART is thought to outweigh the
risk as it is associated with a slower rate of liver fibrosis (102).
HCV/HIV and HBV/HIV coinfection will be considered in

further detail in separate chapters.

Hepatitis in Patients Undergoing
Immunosuppressive Therapy

Screening for HBV and HCV infection is recommended for
all patients being considered for immunosuppressive therapy.
Monoclonal anti-CD20 therapy, and stem cell transplanta-
tion are particularly high risk. Immunosuppression is associ-
ated with risk of severe hepatitis flares in patients with
chronic hepatitis B infection. This can be prevented by the
use of nucleos(t)ide analogue therapy. In patients with
chronic hepatitis C, immunosuppression is associated with
higher levels of serum HCV RNA and more rapid fibrosis
progression; this can be prevented by curative antiviral ther-
apy. Specific details regarding recommendations for testing
and treatment are considered in pathogen-specific chapters.

Liver Transplantation in Viral Hepatitis

HBV and HCV are common causes of cirrhosis and HCC
and remain the main indications for liver transplantation.
HCYV is the most common indication for liver transplanta-
tion. Following liver transplantation for HCV, graft recur-
rence has been universal, and the progression to fibrosis in
the graft may be rapid due to the concurrent use of immu-
nosuppressants. There is also a risk of fibrosing cholestatic
hepatitis However, these events can now be prevented by
complete HCV suppression with DAA therapy pretrans-
plant. New DAA therapies for HCV are also very effective
posttransplant, and can prevent rapid fibrosis progression, as
well as effectively treat FCH. Graft recurrence with HBV is
also universal and requires posttransplant prophylaxis with
nucelos(t)ide analogue therapy and HBIg. The prognosis
post-liver transplantation for patients with chronic hepati-
tis B is excellent.
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Viral Infections in Organ Transplant Recipients
JOHN A. ZAIA

Solid organ transplantation (SOT) and hematopoietic cell
transplantation (HCT) represent continually expanding
fields of medicine, and, with many innovative methods for
allograft management, new and unusual presentations of
virus infections continue to occur. These new drugs or mo-
dalities aim to protect the SOT recipient from rejection of
the newly acquired organ by the endogenous immune system
or to protect the recipient from attack by the graft (Graft vs.
Host Disease, GVHD). For example, in the mid-1960s, with
the introduction of cytotoxic drugs such as azathioprine and
cyclophosphamide in renal transplantation, pneumonitis
associated with human cytomegalovirus (CMV) infection
was first observed (1). Soon thereafter, it was noted that
transplant recipients with Epstein-Barr virus (EBV) infec-
tion developed a previously unrecognized clinical syndrome,
posttransplantation lymphoproliferative syndrome (PTLD)
(2). In populations with a high prevalence of human her-
pesvirus 8 (HHV-8) infection, Kaposi sarcoma became a
problem following SOT (3). With time, most of the en-
dogenous herpesviruses and polyomaviruses of humans have
emerged as particular problems. At the same time, respira-
tory viruses and hepatitis viruses complicate successful
management of the SOT and HCT recipient as methods
of iatrogenic immunosuppression change. The donor tissue
itself can be the source of transmission of virus infec-
tion, including rabies (4), West Nile virus (5), human T
leukemia virus type I (6), human immunodeficiency virus
(7), lymphocytic choriomeningitis virus (8), and B19 par-
vovirus (9).

Complex factors determine when and which active in-
fection will occur and whether it will progress to disease. The
time of onset of the most common viral infections after
transplantation is fairly predictable (Fig. 1), and during the
first year, infections with CMV, EBV, HHV-6, HHV-8, and
BK virus (BKV) become a major focus of attention for the
clinician. Consequently, management of these virus infec-
tions will be emphasized in this chapter. Correct manage-
ment of hepatitis B virus and hepatitis C virus infections
(Chapters 32 and 54) and of the several respiratory virus
infections (Chapters 27, 37, 43) are equally important in
patient outcome, but are discussed elsewhere in this volume.

CYTOMEGALOVIRUS INFECTION

Epidemiology, Risk Factors, and Pathogenesis
of CMV Disease

Epidemiology

Human cytomegalovirus (CMV) (Chapter 23) was initially
identified, and, in fact, was named because of its effect on
the fetus (10), but the virus has come to be recognized as a
major pathogen in the organ-transplant recipient (11). Be-
yond the newborn, CMV produces disease almost exclu-
sively in the immunologically impaired individual, and, in
doing so, it demonstrates considerable variability in the types
of clinical syndromes that are seen in different at-risk groups.
Thus, in the fetus and in the child with perinatal infection,
there can be hearing loss, central nervous system disease, and
retinal damage (12). In SOT recipients, chronic CMV in-
fection produces mononucleosis-like syndromes, arthralgia,
enteritis and hepatitis, and pneumonitis (13, 14). With
the introduction of preventive antiviral strategies, there
has been a significant change in the occurrence of life-
threatening CMV infection and in the management of
transplant patients. In the 1980s, the CMV-related mortality
was 10 to 30% for recipients of allogeneic HCT (15), but,
with the use of ganciclovir, mortality has dropped to 2 to 6%
in this population (14, 16, 17).

The use of antiviral chemotherapy has altered the natural
course of posttransplantation CMV. In the pre-antiviral era,
the onset of disease occurred at 2 to 3 months post trans-
plant, but with the use of antiviral suppression, CMV reac-
tivation and disease onset is delayed and occurs in the 4- to
12-month period post transplant (16). Of note, however, in
the HCT population, the best antiviral agents have not been
able to prevent late CMV disease (18). In a review of 9,469
recipients of allogeneic HCT between 2003 and 2010, CMV
reactivation remained a significant risk factor for lower
overall survival (17). Thus, with a shift in disease onset to
later times after transplantation and with the side effects of
antiviral treatment, the strategies for management of the
transplant recipient have become more complicated.
Treatment plans must weigh these risks, including costs,
against the anticipated benefits and develop a rational
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Months after transplantation

FIGURE 1 Occurrence of the most frequent virus infections after
transplantation. The time after both solid organ and marrow
transplantation correlates with characteristic types of virus infec-
tions, ranging from herpes simplex virus (HSV) at the earliest time,
to cytomegalovirus (CMV), Epstein-Barr virus (EBV), herpesvirus
type 6 (HHV-6), and herpesvirus type 8 (HHV-8) at 1 to 3 months
after transplantation and with adenovirus, varicella zoster virus
(VZV), polyomavirus, and hepatitis viruses at later times.

approach. Thus, the person with responsibility for the care of
transplant recipients must be familiar with the changing
aspects of CMV infection and prevention.

Risk Factors for CMV Infection in the Allograft
Recipient

The management of HCT and SOT recipients is based on
patient risk factors, and, in order to better understand the
biologic aspects of CMV infection and to minimize CMV
complications in these patients, it is important to recognize
these factors (Table 1). The most significant one is the de-
velopment of CMV infection itself, and for that reason,
patient age > 20 years, a prior infection of the donor with
CMYV, and a prior infection of the recipient with CMV are
most important. Early sero-epidemiologic (11), as well as
molecular (19), evidence indicated that the donated organ is
the source of CMV reinfection in most instances. Primary
CMYV infection can occur, but, more frequently, reinfection
occurs in the recipient who has had prior CMV infection
and acquires a new CMYV strain from the donor (19). Ca-
daver organ transplants are also associated with more CMV
infection than are organs from living donors (20). Thus the
serostatus, defined as positive (+) or negative (-) CMV an-
tibody in serum, of the donor (D) and the recipient (R) are

TABLE 1 Risk factors for CMV complications in the

transplant recipients
CMV Infection

Seropositive donor/seronegative recipient (D+/R-)

Graft as source of infection
Age
Mismatch Status of Solid Organ Donor
Mismatch number
HLA-type: DR7, DRw6, B7
Organ Type
Liver, Heart, Lung > renal transplant
Cadaver > living donor solid organ transplant
Allogeneic > autologous marrow transplant
Immune Status
Immunosuppressive regimen

CMV-specific lymphocyte immunity

used to group patients by risk. D+/R- SOT transplants are at
highest risk of CMV infection and disease (21). Without
preventive measures, 80 to 100% of D+/R- recipients will
develop CMV infection, and 50 to 70% will develop disease
(22). But the risk for D+/R+ recipients is reduced, and the
risk for a D-/R- transplant is nil. Next in the hierarchy of risks
for CMV-related complications are the type of organ, the age
of donor and recipient, the type and intensity of immuno-
suppression, the time since transplant, coinfections, and
presence of organ rejection (23). Regarding the type of or-
gan, lung, small bowel, pancreas, and combined kidney-
pancreas SOT recipients are at the highest risk for CMV
infection (13, 24). Liver and lung recipients are at inter-
mediate risk, and kidney recipients are at lowest risk (13, 24).
Absolute CMV load, as measured by PCR in plasma, has also
been associated with risk for CMV disease (25). In this re-
gard, the CMV load is usually higher in association with
more potent immunosuppression. However, with the use of
an m-TOR-based immunosuppressive regimen, such as siro-
limus or everolimus, there is a decreased incidence of CMV
infection and disease (26). One study, comparing sirolimus-
mycophenylate mofetyl-corticosteroid versus tacrolimus-
mycophenylate mofetyl-corticosteroid, found a decrease in
CMV infection (3% vs. 12%, P = 0.02) with no difference in
rejection rates (27, 28). The presumed explanation for this is
that m-TOR inhibitors regulate CD8 memory T-cell devel-
opment and enhance both the quantity and quality of the
immune response (26). Also, sirolimus has been reported to
inhibit CMV replication in vitro (29). In both the SOT and
HCT transplant recipient, age is a risk factor; the pediatric
recipient is more likely to be R- and subject to CMV infec-
tion on this basis depending on the donor serostatus. Finally,
the induction of immunosuppression with antilymphocyte
therapy is particularly associated with CMV infection, and
any added immunosuppression for organ rejection or GVHD
increases the risk for CMV infection (30).

In considering risk factors of CMV disease after trans-
plantation, immunosuppression is, in fact, considerably
important. Patients who have detectable cytotoxic T-
lymphocyte (CTL) activity targeted to CMV have signifi-
cantly less disease than those without such CTLs (31-33). In
addition, the absence of CMV-specific CD4" T-cell function
is a marker for CMV disease (34, 35). The frequency of
CMV-specific CD4 and CD8" T cells can be assessed and
evaluated quantitatively (36), and studies have linked the
absolute numbers of CMV-reactive T cells to protection from
disease (37-39). In HCT, the posttransplant reacquisition of
CMV-specific cellular immunity following marrow ablation
is improved when the donor has prior immunity to CMV
(40). Similarly, in solid organ transplantation, the influence
of cellular immune modification by the use of anti-T-cell
antibody or of other agents that can influence CTLs, will
significantly increase the risk of progressive CMV infection

(20, 41).

Pathogenesis of CMV Infection after Allograft
Transplantation

CMV-associated diseases in transplant populations are ac-
quired through transmission of infection from the trans-
planted organ or from reactivation of endogenous infection
in the recipient (11, 19). As with other herpesviruses, CMV
can reactivate from a latent infection and lead to persistent
infection that progresses to organ-specific disease if there is
an absence of functional CMV-specific cell-mediated im-
munity (16). Local recovery of CMV at sites, such as urine or
throat, do not correlate with incidence of disease, whereas



CMV viremia and asymptomatic pulmonary infection
strongly correlate with subsequent disease (13, 14). It ap-
pears, then, that progression of CMV from local to dissem-
inated infection is necessary before the onset of serious CMV
disease in the setting of immunosuppression.

As with CMV infection in the non-transplant setting,
the syndromes that occur with CMV infection in the
transplant recipient can range from severe disease to mild
forms of mononucleosis. For example, encephalitis, enter-
itis, pneumonitis, and other organ-specific syndromes occur,
as seen in AIDS and in neonatal CMV infection (42, 43).
However, the usual course includes fever, malaise and fatigue
similar to infection in healthy adults (44). The usual
asymptomatic course of CMV infection of normal persons is
also seen with CMV infection in some transplant recipients
(45, 46). Interestingly, although the rates of infection with
CMYV and the timing of infection post transplant are nearly
identical when renal, heart/lung, and marrow transplant
populations are compared, the severity of disease is much
greater in heart/lung and HCT patients than in renal
transplantation. However, the neurotropism of CMV in-
fection, seen in AIDS and in the fetus and young infants, is
less frequently seen in HCT and SOT recipients (13, 41, 46,
47). The principal differences in presentation of CMV
disease between these groups are the predominance of
mononucleosis-like symptoms in the HCT patients and di-
rect involvement of the transplanted organ in the case of
SOT (13, 41, 48).

In addition to direct effects of viral infection on organ
function, CMV infection after transplantation is associated
with events such as graft rejection, atherosclerosis, and in-
creased rates of bacterial and fungal infections (13, 49-51).
Because these effects have been associated with immuno-
logical abnormalities specific for transplantation popula-
tions, such as host-versus-graft disease or GVHD, the
symptom complex associated with CMV appears to be due
not only to a direct cytotoxic effect of infection on cell or
organ function but also to a secondary or indirect effect on
host responses to infection. Therefore understanding the
pathogenesis of CMV disease in the transplant recipient
involves elements related to (a) onset and progression of
virus infection and (b) the effect of this infection on general
cellular function and on specific immune function.

Monitoring the Immune Status of the Patient

Assays for Nonspecific Monitoring on Immune

Status

In the ideal world, a transplant physician would be able
to monitor the immunologic status of the patient and tailor
immunosuppressive therapy to the needs of the patient based
on risk and organ function (52). When assessing the net
state of immunologic function, the conventional approach
has been to monitor the immunosuppressive drug level and
to record the cytopenia status. These are nonpathogen
specific and can be generally useful, but, given individual
variation in pharmacokinetics and pharmacodynamics, drug
levels do not provide sufficient means to assess immune
function (53). Other nonpathogen specific biomarkers of
immune function are immunoglobulin levels (54), serum
complement factors, peripheral blood lymphocyte subpop-
ulations, soluble CD30, and intracellular concentrations of
ATP in stimulated CD#4 cells (52). These are associated with
risk for bacterial infection and will not be discussed here, but
certain biomarkers have been associated with risk for virus
infection. For example, hypogammaglobulinemia (HGG) is
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not uncommon in the first year post transplant (55, 56),
especially in those receiving mycophenolate mofetil (55), in
those with bronchiolitis obliterans (57, 58), and in those
receiving corticosteroid pulses after heart transplant (59).
Although HGG is usually associated with bacterial infection
(60), one meta-analysis (54) reported a nearly 3-fold higher
risk of CMV during HGG. Clearly, transplant patients
should be monitored for IgG levels, and IgG replace-
ment therapy has shown improved outcome in certain
groups of transplant recipients (61-63). With regard to
complement activation biomarkers, C3 has not been asso-
ciated with risk for virus infection. However, the lectin
activation pathway for complement is influenced by
mannose-binding lectin (MBL), and, in SOT recipients,
MBL levels have been associated with an increased risk for
CMV relapse post valganciclovir therapy (64). However,
there is no clear consensus at this time on the need to
monitor MBL levels.

Probably the best nonpathogen specific biomarker for
infection is lymphopenia post SOT/HCT (16, 65). In gen-
eral CD4+ lymphopenia is associated with CMV infection
(66) and other infections. In the HCT recipient, lympho-
penia can be related to GVHD, and it is likely that there are
factors that influence the occurrence of both GVHD and
CMV (67, 68). In liver allograft recipients, CD4+ cell
counts <300/ul place a patient at increased risk for CMV
infection (52), and, in the HIV-1-infected SOT patient, a
CD4+ lymphocyte count <200/ul is associated with severe
risk of infection similar to that seen in the general HIV-1
population, prompting the use of prophylactic antibiotics
(69).

Finally, there are two other laboratory assays for non-
specific measurements of immune function. The first is based
on the circulating level of soluble CD30, a glycoprotein
related to the tumor necrosis/nerve growth factor family
(70). In SOT, high levels have been linked to risk for graft
loss (71), although the sensitivity and specificity of the assay
used in this way is modest (72). CD30 levels still have not
been convincingly correlated to risk of infection after
transplantation. The second is the in vitro measurement of
iATP in CD4+ T cells after nonspecific stimulation with
phytohemagglutinin, a commercially available assay called
ImmuKnow (73). Studies have linked low iATP to risk for
CMYV infection post lung transplant (74), EBV infection,
and BK virus infection (75). At present, however, there is no
recommendation on how best to use the iATP assay because
its consistent performance is complicated by lack of suffi-
cient experience in prospectively observed studies and by
the vagaries of collection and processing time (52, 76). At
this time, no recommendation can be made for use of the
assay in SOT and HCT patient management.

CMV-Specific Immune Monitoring

Since the CMV serostatus itself imparts the main risk for
CMYV infection (77), the question arises as to how best to
monitor the patient for CMV-specific T-lymphocyte func-
tion or lack of such function (78). The ability of T cells to
make interferon gamma (IFNg) correlates with protection
from CMV, and this raises the obvious question as to
whether the IFNg response to CMV can guide preventive or
therapeutic strategies (39, 79-81). Five commercial tests
have become available for 4 types of CMV-specific assays of
immune function; these include a CMV-peptide inducible
intracellular cytokine release assay, the MHC-tetramer stain
that measures the binding of antigen-specific HLA com-
plexes to the T cell, the QuantiFERON-CMYV assay (Qiagen
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Inc.), and the ELISpot assay (T-Track CMV, Lophius Bio-
sciences GmbH, Regensburg, Germany) and T-SPOT.CMV
(Oxford Immunotec Ltd, Oxford, UK, and Marlborough,
MA, USA) (82). The QuantiFERON-CMYV assay is based
on the release of interferon-gamma as measured by ELISA
after an overnight incubation of whole blood with CMV-
specific peptides, and this test has been most studied post
SOT/HCT. In one such study (83), approximately one- third
of CMV seropositive recipients actually lack demonstrable
CMYV immunity when inducible INF-gamma production is
measured, and these patients are at risk for post SOT-CMV
infection (80). In a multicenter study that focused on high-
risk D+/R- recipients after discontinuation of antiviral pro-
phylaxis, those with a positive QuantiFERON-CMYV result
at time O, 1 month, or 20 months post valganciclovir pro-
phylaxis had less late-onset CMV disease than those with a
negative result (84). Results with the QuantiFERON-CMV
assay suggest that spontaneous clearance of viremia occurs
in 92% of patients with a positive assay result (81). The
assay has FDA approval to claim that it “may assist” the
clinician’s ability to predict risk of CMV infection and
guide decision-making in regard to treatment. Finally, the
T-Track CMV- and T-SPOT. CMV-ELIspot assays are both
in clinical evaluation in the setting of transplantation.
While both methods are very promising, their role as clini-
cal tools for assisting patient management remains to be
determined.

Clinical CMV Disease, Treatment, and Prevention

Disease Course

In SOT patients, CMV-associated complications have
not changed since the early descriptions of fever, malaise,
with or without neutropenia and thrombocytopenia, and
with or without subsequent fungal and bacterial complica-
tions (13, 14). In both SOT and HCT, the most dreaded
CMV-associated complication is interstitial pneumonia
(CMV-IP), but enterocolitis and hepatitis are more fre-
quently seen complications. CMV-IP presents with dyspnea
and oxygen desaturation and can quickly progress to respi-
ratory failure. The use of antiviral prophylaxis has markedly
reduced serious CMV-IP, but this complication remains a
late problem both in the allogeneic HCT recipient with
chronic GVHD (14) and in the SOT recipient on long-term
immunosuppression. In fact, late onset CMV disease occurs
in approximately 18% of SOT recipients depending on D/R
serostatus, and late CMV disease has been observed in as
many as 34% of D+/R- SOT recipients when prophylaxis is
stopped at 3 months (78). Late occurrence of disease is due
to a failure of development of CMV-specific cellular im-
munity in the R-recipient during the months of anti-CMV
prophylaxis (79). Of interest, delayed implementation of
CMV prophylaxis by as few as 14 days post transplantation
has been associated with less late-onset CMV disease (85).
This suggests that providing some limited exposure to CMV
is important for reconstitution of CMV immunity after SOT
is consistent with the known control of CMV in R+ SOT
recipients with CMV-specific cellular immunity (86).

CMV disease can present in a variety of ways, and several
serious syndromes are associated with the specific transplant
patient groups. For example, with heart and lung trans-
plantation, bronchiolitis obliterans can occur following
CMV infection and following acute rejection. Bronchiolitis
obliterans is defined as a decline in forced expiratory volume
in one second, <80% posttransplantation baseline, or his-
tological presence of obliterative brochiolitis (87). In both

HCT and SOT, CMV infection can be associated with sig-
nificant indirect effects, including poor graft function with
acute and chronic rejection (88), increased bacterial and
fungal infection (13), and graft loss (89), as well as increased
mortality (17, 90). Acute rejection is associated with CMV
infection in all solid organ settings (88), e.g., for heart
transplant (91), for lung transplant (92), for kidney trans-
plant (49, 93), and for liver transplant (94).

Prevention of CMV in the Seronegative Transplant
Recipient

For the CMV-seronegative transplant recipient, for whom
there is a CMV-seronegative organ donor, the risk of infec-
tion is determined by the exposure to posttransplantation
blood product support. Except for the chance of community-
or sexually acquired CMV infection, virtually all primary
CMYV infections can be prevented by careful preparation or
processing of the blood components (95). For the CMV-
seronegative HCT recipient of a graft from a CMV-positive
donor, the risk of infection is a function of the number of
cells in the graft (96). Overall, in HCT, virtually 90% of all
CMV disease occurs in the CMV-seropositive recipient. In
SOT, however, the option to use CMV-seronegative organ
donors is not usually available, and the CMV-seronegative
recipient of an organ from a CMV-seropositive donor will
get a CMV infection in 80 to 100% of cases, and disease can
occur in 50 to 70% if not given antiviral prophylaxis (13,
22) (Table 2).

CMV Disease Prevention: Antiviral Strategies

The approved antiviral agents for CMV prophylaxis
following organ transplantation are IV ganciclovir, oral
ganciclovir, oral valganciclovir (excluding liver SOT), and
oral acyclovir (kidney SOT only). With ganciclovir (GCV),
two strategies have been used; either all at-risk patients are
treated for a defined period, or only transplant recipients
with documented CMV infection are treated. The first ap-
proach is termed “general prophylaxis,” and the second
strategy is termed “preemptive” or early antiviral therapy. In
either HCT or SOT, there is no best strategy for use of
ganciclovir, in part because of its toxicity, and the clinical
situation determines the appropriate approach. For example,
the patient at high risk for CMV deserves prophylaxis, and
the less risky patient is treated preemptively. In reality, hy-
brid strategies have developed in which prophylaxis is used
during the highest period of risk, e.g., day 1 to 100 post SOT,
and then preemptive therapy is used during periods of low
risk (Table 2).

Regarding acyclovir in prevention programs, acyclovir
was used with surprising success in modifying CMV infection
and disease after HCT and SOT in the pre-ganciclovir era
(97, 98). The mean 50% inhibitory dose of acyclovir for
CMV strains is 63.1 £ 30.2 uM (99), and peak acyclovir
levels in the plasma can range from 25 to 100 pM depending
on the regimen. Valacyclovir, a prodrug of acyclovir,
achieves blood levels comparable to IV acyclovir, and when
given at a dose of 2 grams orally 4 times daily for >900 days
after renal transplantation, significantly reduces the risks of
CMV disease in high-risk D+R- patients (45% vs. 16%,
P<0.001) and of acute rejection episodes (52% vs. 26%,
P<0.001) (100). Similar inhibition of CMV reactivation
has been reported in allogeneic HCT recipients (101). De-
spite this, neither acyclovir nor valacyclovir is approved for
prophylaxis or treatment of CMV infection, and their use is
only as an adjunctive agent in CMV prophylaxis regimens
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Transplant CMV Preventative
Organ Exposure  Risk Level Regimen Duration of Therapy Comment
HCT -allo D+ /R+ Intermediate Preemptive 4 weeks Continue preemptive therapy for high-risk patients”
D-/R+ to high
HCT-auto R+ Low Preemptive 4 weeks Monitor for CMV to D-60 for high risk patient
Kidney D+ /R+ Low Prophylactic =~ 2-4 weeks GCV Duration of therapy is based on immune status
D-/R+ Intermediate Prophylactic 3 months VGCV
24 weeks GCV
3-6 months VGCV
Liver D-/R+ Intermediate Prophylactic = 2-4 weeks GCV Duration of therapy is based on immune status
D+ /R- High Prophylactic ~ 3-6 months GCV
2-4 weeks GCV
3-6 months GCV
Heart D-/R+ High Prophylactic] 2-4 weeks GCV Duration of therapy is based on immune status
D+ /R - High Prophylactic} 6 months VGCV
Lung D-/R+ High Prophylactic ) 2-4 weeks [IVGCV Consider using CMVIG®
D+ / R- High Prophylactic} 6 months VGCV
Small Bowel D-/R- Low Preemptive — Consider using CMVIG"
D-/R+ High Prophylactic | 2-4 weeks GCV
D+ /R - High Prophylactic} 6-12 months VGCV
SOT not D-/R- Low Preemptive 2-4 weeks GCV Continue preemptive therapy for high-risk patients”

Small Bowel

6-12 months VGCV

D = donor; R = recipient; + = CMV seropositive; - = CMV seronegative; GCV = ganciclovir; VGCV = valganciclovir; SOT = solid organ transplant; HCT =

hematopoietic cell transplant; allo = allogeneic; auto = autologous.
“High risk = grade >2 GVHD; haploidentical donor; cord blood donor.
"Some experts recommend using CMVIG.

for select lower-risk populations for which ganciclovir or
valganciclovir cannot be used.

Prevention of CMV after Solid Organ

Transplantation

In SOT recipients, the management strategies are based
on the variable risks for CMV based on organ type, D/R
serostatus, and immunosuppressive regimen (Table 2). Un-
like HCT in which rapid marrow recovery is the goal, in
SOT there is less concern about the effects of marrow tox-
icity and prophylaxis with ganciclovir is the recommended
approach. The advantages of prophylaxis are that it prevents
CMYV infection during the highest risk period of immuno-
suppression, decreases the indirect effects of CMV on the
allograft, and removes the need for CMV monitoring. Pro-
phylactic ganciclovir has been associated with both a re-
duction in organ rejection events and in coinfections
(23, 102-104). A meta-analysis of 17 studies showed the
clear superiority of prophylactic therapy over preemptive
therapy for all SOT types (104). Prophylaxis versus
preemptive therapy was associated with reduced rejection
rates (26% vs. 53%) and reduced bacterial and fungal co-
infections. The disadvantages are the side effects, including
neutropenia, potential for the development of antiviral drug
resistance, and prevention of CMV-specific cell-mediated
immunity resulting in late-onset disease when the prophy-
laxis is stopped (23, 79). For this reason, prophylaxis does
not prevent late-onset CMV disease, and approximately
one-third of SOT recipients have been reported to get late-
onset CMV infection post prophylaxis with D+/R- being at
highest risk (105). When comparing prophylactic versus
preemptive valganciclovir for kidney recipients, a double-

blinded study showed increased CMV disease in the pre-
emptively treated group (4.4% vs. 19.2%, P=0.003) (106).
Hence, international guidelines recommend the use of a
risk-based management plan in which those at highest risk,
namely D+/R- recipients of SOT, receive prophylaxis; D+/R+
recipients at intermediate risk receive either prophylactic
or preemptive therapy; and D-/R- recipients at lowest risk
receive preemptive therapy (82).

The recommended duration of prophylaxis is 3 to 6
months for heart, liver, pancreas, and kidney SOT recipients
and 6 months for lung and small bowel (Table 2) (80, 82,
104, 106-109). The kidney recipient is at lowest risk even in
the D+/R- category presumably because of the lower tissue
burden of CMV transferred to the recipient (110), and lung
and small bowel SOT recipients are at the highest risk for
CMYV infection and require a longer period of prophylactic
treatment. The current recommendations of the Interna-
tional Transplantation Society for CMV prevention in SOT
are to begin with prophylaxis and then, based on the risk
group, introduce preemptive therapy at the appropriate time
(Table 2) (82). This type of approach has been shown to be
effective in D+/R- liver transplant recipients, in which the
strategy reduced CMV disease to approximately 10% at
2 years post SOT (111). During the preemptive therapy
phase, weekly monitoring is done using a CMV PCR or
antigen assay for 3 months and then spacing the monitoring
according to need, based on concurrent immunosuppressive
therapy. Quantitative PCR has been shown to be a more
sensitive assay for detection of infection than the CMV
antigen assay (94% vs. 24%) (89). The benefit of preemp-
tive therapy is the reduction in side effects, less drug resis-
tance, a reduction in cost, and, especially for the pediatric
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patient, a reduction in the daily number of oral medications.
However, this strategy creates a need to monitor, report, and
act on results, and, in the real world of transplantation, this
requirement in the critical posttransplantation period can be
a burden. Several questions arise in the management of the
SOT recipient:

e What is the correct dose of ganciclovir? Ganciclovir is
given at a dose of 5 mg/kg [V twice daily. To lessen the
potential marrow toxicity, the regimen has been con-
verted to 5 mg/kg ganciclovir IV daily or 900 mg oral
valganciclovir daily Monday through Friday.

What is the optimal duration of prophylaxis? A large
multicenter randomized study (100 days vs. 200 days of
prophylaxis) demonstrated that the longer duration was
significantly better in preventing CMV infection at 1 year
post SOT [36.8% vs. 16.1%] with similar occurrence of
adverse events (108). The longer duration of prophylaxis
was associated with less CMV infection and minimal
disease, but side effects of therapy prevented continued
prophylaxis in some patients (105).

e [s there a use for oral ganciclovir? Oral ganciclovir is
poorly absorbed, but its use has been approved in the U.S.
for CMV prophylaxis after SOT based on its efficacy in
control of CMV disease (22). In contrast, oral valganci-
clovir is well absorbed and can be substituted for intra-
venous drug during maintenance therapy for control of
CMYV reactivation. A large study comparing oral ganci-
clovir to valganciclovir in D+/R- organ recipients showed
equivalence of the two drugs (112). However, valganci-
clovir is approved only for patients with AIDS or kidney,
heart, and kidney-pancreas transplants. The dose of oral
ganciclovir is 1 gram 3 times daily; the dose of valganci-
clovir is 900 mg once daily. Hence, valganciclovir is
preferred for the convenience. The toxicity of these drugs
is similar to the IV formulation of ganciclovir.

How important is the duration of prophylactic therapy?
Late CMV disease is a significant problem after the dis-
continuation of ganciclovir/valganciclovir prophylaxis.
In a comparison of 100-day versus 200-day prophylaxis,
the incidence of CMV disease was significantly less in the
200-day treatment group (37% vs. 23%) (108).

Does use of preemptive therapy put a patient at signifi-
cantly increased risk compared to the patient receiving
prophylaxis? There have been no published randomized
studies comparing these two strategies in nonrenal SOT.
However, there have been comparative studies of pre-
emptive versus prophylactic ganciclovir in renal SOT,
with mixed outcomes. One such study in renal transplant
recipients showed more CMV DNAemia in the pre-
emptive group and more late CMV disease in the pro-
phylactic group (113). A meta-analysis evaluating these
strategies in SOT recipients concluded that both strate-
gies for ganciclovir use, as well as prophylactic acyclovir,
reduced CMV organ disease, but only prophylactic gan-
ciclovir reduced the associated bacterial and fungal in-
fection and death (104).

Should valganciclovir be used in a liver transplant re-
cipient? Valganciclovir is not approved for use in liver
SOT recipients. Valganciclovir showed some inferiority
to IV ganciclovir in this population due to an increased
incidence of CMV disease in the valganciclovir group
(112).

What is the role for CMVIG? CMVIG is an immuno-
globulin product derived from screening outdated plasma

for elevated CMV antibody levels (114). A meta-analysis
of randomized trials, comparing CMVIG with no treat-
ment or with an antiviral, showed that CMVIG reduced
the overall mortality and the CMV-related mortality and
the incidence of CMV disease; however, it did not re-
duce the CMV infection or organ rejection (115). In
heart transplant recipients treated with CMVIG, com-
pared with those not treated or treated with antiviral
only, the CMVIG group had significantly increased
patient and organ survival at 7 years. Similar results have
been observed in kidney and liver SOT recipients (13).
Current guidelines recommend prophylaxis with either
val-GCV or GCV, used orally or IV, with or without
CMVIG for both heart and lung SOT recipients (82).

Prevention of CMV in the HCT Recipient

The prevention of CMV disease with intravenous gan-
ciclovir was first shown in studies after marrow transplan-
tation (116, 117). In HCT recipients, ganciclovir
preemptive treatment has been shown to be associated with
improved survival, whereas routine prophylaxis has no sur-
vival advantage (117, 118). The benefit of a preemptive
strategy using ganciclovir was established in HCT when this
marrow-toxic agent was given only to asymptomatic trans-
plant recipients at the time of first laboratory evidence of
active pulmonary CMV infection, a strategy that signifi-
cantly reduced progression to subsequent CMV disease
(116). Asymptomatic CMV pulmonary infection occurs
after HCT (119), and approximately 60 to 70% of these
patients will subsequently develop CMV-IP (116). Ganci-
clovir has also been used pretransplant (2.5 mg/kg IV every 8
hours on days -8 to -1 pretransplant and resumed at 6 mg/kg
daily for 5 days per week at the time of engraftment) (120),
with significant reduction in rate of CMV infection (20% vs.
55%) but with no significant reduction in CMV disease
(10% vs. 24%). The problem is that prophylactic ganciclovir
is associated with marrow toxicity and failure to develop
CMV-specific immunity. Drug-related neutropenia occurs in
approximately 30% of transplant recipients receiving gan-
ciclovir (121). The median time of onset of neutropenia is
36 days (range 6-74 days) after starting treatment, and the
neutropenia persists for a median of 12 days (range 4-20
days) (117, 118). Thus, strategies have been developed using
short-course prophylactic GCV, followed by monitoring for
CMYV, and preemptive treatment when infection occurs.

As with prophylactic management, indicated in Table 2,
ganciclovir is given at a dose of 5 mg/kg IV given twice daily
for 7 days, and then maintained at 5 mg/kg once daily for 5
to 6 days per week for 2 to 6 weeks, based on the clearance of
CMYV DNA from blood. Thus, the use of preemptive gan-
ciclovir is effective in preventing the morbidity of CMV
infection, while sparing the toxicity of ganciclovir in those
who are at lesser risk for disease. However, the need to
identify those with significant CMV infection places a re-
quirement for continued monitoring, and accurate mon-
itoring is limited by the sensitivity of the assays used to
detect CMV.

Several questions arise in management of the SOT/HCT
recipient involving alternative antiviral agents:

e Foscarnet. The optimal method for prevention of CMV
disease after HCT relies on a preemptive strategy using
ganciclovir. At times, however, because of marrow tox-
icity, foscarnet should be used instead of ganciclovir.
When the WBC falls to 1,000/ul, ganciclovir should be

stopped and foscarnet begun. Also, during ganciclovir



treatment, it is not unusual to observe breakthrough
CMYV viremia, and this is usually associated with in-
creased immunosuppressive therapy and not with drug-
resistant virus (122). However, resistance to ganciclovir
occurs, especially in SOT recipients (123), and, in this
situation, foscarnet can be used alone or in combination
with ganciclovir for CMV suppression (see discussion of
Drug Resistance below). Although renal toxicity can be
limiting, foscarnet can be safely used in the HCT popu-
lation by following recommendations regarding pre-
treatment hydration (124).

Cidofovir. Cidofovir has been used in transplant patients
as second-line therapy for patients with CMV disease
unresponsive to ganciclovir or foscarnet (125), but its
renal toxicity severely limits its use.

Letermovir. Letermovir is an orally available agent and
has activity against both naturally occurring CMV and
ganciclovir-resistant CMV (126). In a phase II placebo-
controlled trial, the agent was shown to be very effective
when used for prophylaxis in HCT patients (127). A
phase II study using a preemptive strategy was evaluated
in kidney transplant recipients and demonstrated a sig-
nificant reduction in CMV DNAemia from baseline
treatment (128). A phase III trial (NCT02137772) in
HCT patients has completed enrollment and was in the
analysis phase in 2016.

Maribavir. Maribavir is an oral benzimidazole riboside,
which blocks CMV DNA maturation by inhibition of
UL97 protein kinase and has activity against strains re-
sistant to CMV (129). In a study of 233 D+/R- liver SOT
recipients randomized to receive either 1,000 mg ganci-
clovir orally three times daily or 100 mg maribavir orally
twice daily, there was no difference in the incidence of
CMYV disease at 6 months post SOT, but when disease
occurred, it occurred earlier in the maribavir group and
more maribavir-treated patients had CMV DNAemia at
100 days and at 6 months (130). In addition, maribavir
failed to meet endpoints in a phase III trial in HCT pa-
tients (131). It remains to be determined whether higher
doses of maribavir would be effective.

Brincidofovir. Brincidofovir, previously called CMX-001,
is a lipid conjugate of the nucleotide analog cidofovir. In a
placebo-controlled study in HCT recipients, the inci-
dence of CMV events was significantly lower among pa-
tients treated with 100 mg twice weekly compared with
placebo. This oral agent does have dose-limiting gastro-
intestinal toxicity, and diarrhea is a common adverse
event in patients at doses of 200 mg weekly or higher
(132). In a blinded study in 452 HCT recipients, 100 mg
brincidofovir given twice weekly failed to meet the 24-
week primary endpoint of prevention of CMV infection
compared to placebo (Chimerix press release, December
28, 2015). Of note, there was less CMV infection through
week 14 of treatment, but, in the 10-week post-treatment
period, there was an increase in CMV infection compared
to control. This was felt to be related to a higher use of
immunosuppressive agents for treatment of presumed
GVHD in the brincidofovir-treated group. Phase III trials
in SOT were closed prematurely following the release of
this information.

Cyclopropavir. Cyclopropavir is a methylene cyclopro-
pane analogue that inhibits CMV by UL97 kinase inhi-
bition but with in vitro antiviral potency slightly greater
than that of ganciclovir (133). This agent inhibits CMV

by its effect on DNA synthesis, and, because resistance to
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cyclopropavir involves a different site on UL97, it is ac-
tive against some ganciclovir-resistant strains of CMV
(133). A phase I safety and pharmacokinetic study
sponsored by the National Institute of Allergy and In-
fectious Diseases is being completed in normal volunteers
(NCT02454699), and future clinical use of this agent will
be based on these results.

¢ Leflunomide. Leflunomide, an inhibitor of protein kinase
activity and pyrimidine synthesis, has broad antiviral ac-
tivity, including in witro activity, against CMV. It has im-
munosuppressive activity, is approved only for treatment
of theumatoid arthritis at a dose of 100 mg/day for 3 days
(loading dose) and then 20 mg/day (maintenance dose) in
patients without risk for hepatotoxicity (134). Le-
flunomide can be hepatotoxic and has produced liver
failure and/or activation of hepatitis B virus in patients
(135), and it can also cause myelosuppression. Although
the drug does not reduce CMV DNA replication or pro-
tein synthesis in vitro, it does impair protein processing
and viral assembly (136). There is a case report of clinical
effect in drug resistant CMV (137), but there are no
controlled studies to support antiviral effect (13). The
largest published experience of leflunomide use for treat-
ment of CMV in transplant patients was a single-center
retrospective study of 17 patients who failed conventional
treatment (137). In this report, there were a variety of
CMV syndromes, and treatment with a loading dose of
leflunomide at 100 mg/day for 3 days and then 20 mg/day
maintenance dose for a median of 3.5 months was asso-
ciated with clearance of CMV DNA from blood in 82% of
cases, with a median time to clearance of the DN Aemia of
1.9 months. A consensus of experts has recommended
that caution be advised when leflunomide is used in SOT
recipients for cases of severe CMV disease or in those with
high viral loads (82). Similarly, in HCT recipients, there
are mixed results with leflunomide and insufficient in-
formation from controlled trials to support its use (16).

¢ Artesunate. Artesunate has also been suggested as an al-
ternative agent for drug-resistant CMV. This natural
product is a derivative of artemisinin, the traditional
Chinese medicinal used for malaria, and it has in vitro
inhibitory activity against CMV (138). However, there is
no convincing evidence of effect clinically (139), and
there is no recommendation for its use in the setting of
drug-resistant CMV.

Drug Resistance

Drug resistance to anti-CMV agents is most prevalent in
the SOT populations and usually occurs as resistance to
ganciclovir-related drugs. Resistance is seen in the HCT
patient, but, perhaps because preemptive strategies are the
more common approach in such patients, it is relatively rare
in this population. The risk factors for emergence of drug
resistance by CMV are D+/R- status, duration of ganciclovir/
valganciclovir treatment, level of immunosuppression, and
suboptimal drug dosing. In either SOT or HCT patients,
when ganciclovir resistance occurs, it is usually after 6 weeks
of therapy. CMV DNAemia often increases in the first 2
weeks post-ganciclovir preemptive treatment, and this is
unlikely to be due to drug resistance (82). Drug resistance
should be suspected if the patient has been on ganciclovir and
CMV DNAemia persists. To confirm resistance, the CMV
isolate is tested genotypically for mutations in either UL97
(CMV codons 400-670) or UL54 (codons 300-1,000).
UL97 encodes the enzyme necessary for phosphorylating



82 M VIRAL SYNDROMES AND GENERAL PRINCIPLES

GCV to its active form, and, because this mutation accounts
for 90% of resistant strains, this assay is done first. UL54
encodes the viral DNA polymerase necessary for CMV DNA
replication and is evaluated after the UL97 results, if neces-
sary. The UL97 mutation prompts the switch to foscarnet.
UL54 resistant CMV has more cross-resistance to both fos-
carnet and cidofovir, and thus is more problematic.

How does one treat a drug-resistant CMV infection? An
international consensus group has developed an algorithm
for managing a patient with ganciclovir-resistant CMV (82).
For life-threatening or sight-threatening disease, the first
action is to reduce the immunosuppression if possible. Then,
foscarnet is added to the regimen while the patient’s CMV
isolate is sent to the laboratory for genotyping for likely drug
resistance. For a major UL97 mutation, the switch to fos-
carnet is maintained. If there is no response in CMV
DNAemia, mutations in UL54 are investigated and other
antivirals are considered, but at this point there is no guid-
ance from evidence-based medicine. Recommended ap-
proaches include increasing the ganciclovir dose to 10 mg/
kg/dose, combining ganciclovir with foscarnet, adding
CMVIG, or using other antivirals (82). If there is a UL97
mutation, cidofovir is likely to show cross-resistance and
should not be used. Immunotherapy, using CMV-specific T
cells for adoptive therapy, should be considered based on the
patient status.

Cellular Immunotherapy for CMV

It was observed for many years that patients who were able to
develop CMV-specific CTL function after allogeneic HCT
survived serious CMV infection, and those who failed to
develop a positive response to CMV infection often suc-
cumbed with CMV-IP (31). The posttransplant cellular
immune response likely develops from memory cells present
in the donor graft for patients receiving non—T cell depleted
transplants (140). The possibility of augmenting donor- or
recipient-derived viral immunity through adoptive immu-
notherapy has been a goal because the initial use of this
method in a high-risk group of HCT recipients showed an
absence of both CMV disease and CMV infection (141).
Subsequent to this, several groups have demonstrated the
feasibility of adoptive cellular therapy in this setting using
various methods (142-145). Administration of CMV-,
AdV-, and EBV-specific donor-derived T cells has been re-
ported in small cohorts (146-148). It is even possible to
derive CMV-specific T cells from CMV-seronegative donors
(149) by induction of immunity in vitro or to use automated
methods for cell product preparation outside of a GMP fa-
cility (150). The more recent ability to use third-party do-
nors, sharing at least one HLA class [ antigen, has shown
promise in both SOT and in HCT recipients (151-154). The
further ability to induce multivalent T-cell pools that rec-
ognize AdV, EBV, CMV, BKV, HHV6, and CMV greatly
expands the potential for adoptive transfer as part of patient
management (155, 156). In the near future, transplant
physicians will be able to provide adoptive immunity to
patients who have failed conventional antiviral therapies.

Vaccines for CMV

CMYV induces neutralizing antibodies (NAb) during natural
infection that prevent virus infection of either fibroblasts or
epithelial/endothelial cells when studied in vitro (157, 158).
NAb, targeting the gB, gM/gN, and gH/gL glycoproteins of
CMYV, block infection primarily of fibroblasts. The more
potent NAD is one that is induced by a pentameric complex

of gH//gL/UL128/UL130/UL131A and that inhibits epi-

thelial/endothelial cell infection, protecting the human
placental cytotrophoblast from infection (158). Induction of
anti-gB antibody by vaccine in SOT recipients has been
associated with shorter duration of CMV DNAemia and
fewer days of ganciclovir treatment (159). An MVA-based
vaccine encoding the pentameric complex has been devel-
oped and protects against infection in nonhuman primates
(160). The evidence indicates that the vaccine can block
endothelial cell infection (158), which suggests a role for the
vaccine in protection not only of neonates but also of
transplant recipients in the future.

For the transplant recipient undergoing graft-protective
or GVHD-therapeutic immunosuppression, however, it is
the loss of CMV-specific T-cell immunity that would need to
be corrected by vaccination. For that reason, vaccines that
target CMV proteins recognized by T cells are in the process
of development. The first vaccine to complete a phase II trial
in the transplant population was ASPO113 (TransVax,
Vical/Astellis Pharmaceuticals Inc.), a DNA-based vaccine
that encodes CMVpp65 and CMVgB proteins (161). In a
placebo-controlled double-blind trial, the 80 donor-recipients
had less CMV DNAemia, but not a significant reduction of
CMV-specific antiviral treatments, than did the unpaired
recipients. Based on these results, a phase III trial is now in
place (NCTO01877655) in the HCT setting. In addition,
this vaccine is being evaluated in D+/R- kidney trans-
plant recipients (NCT01974206) and in dialysis patients
(NCTO02103426).

A CMV peptide vaccine (CMV PepVax), in which
a CD8-specific CMV pp65 peptide epitope is fused to a
tetanus-derived helper cell epitope and used with a TLR9
agonist, is safe and immunogenic in volunteers (162). In a
randomized nonplacebo controlled trial in HCT recipients
(NCTO01588015), CMV PepVax significantly decreased
not only CMV DNAemia but also the use of anti-CMV
therapy (163). Surprisingly, the vaccine group also had fewer
leukemia/lymphoma relapses in the first year post HCT and
an improved overall survival (163). Thus, there are en-
couraging data that suggest the potency of vaccines used in
the SOT and HCT populations even during immunosup-
pressive therapy post transplantation. It is possible that,
in the future, vaccines will become available for improved
patient management.

EPSTEIN-BARR VIRUS INFECTION

Epidemiology, Risk Factors, and Pathogenesis
of EBV Disease

In the general population, EBV infection is the cause of in-
fectious mononucleosis (164, 165) and is associated with
important neoplastic diseases, such as nasopharyngeal carci-
noma (166), Burkitt’s lymphoma (167, 168), non-Hodgkin’s
lymphoma in AIDS (169), and Hodgkin lymphoma (170)
(see Chapter 25). In the transplant population, all aspects of
these clinical manifestations of EBV infection can be seen,
and, for this reason, EBV is one of the most important in-
fectious problems after either SOT or HCT. Chronic immu-
nosuppression, necessary to maintain the viability of the solid
organ graft or the suppression of GVHD, permits either pro-
longed or more extensive EBV infection to occur, and it is in
this setting that the various elements of EBV pathogenesis are
seen.

From a historical perspective, it is important to ap-
preciate the conceptual development, which explains the
pathobiology of EBV-related diseases. The occurrence of



lymphomas in renal transplant recipients was first docu-
mented in 1969 (171), and a clear link to immunosuppres-
sion seemed apparent with the observation of a lymphoid
malignancy at the actual site of injection of antilymphocyte
globulin (172). Shortly thereafter, both the association of
lymphoid malignancies with immunodeficiency and the
interesting observation that the neoplasms associated with
organ transplantation can regress with cessation of immu-
nosuppressive therapy were made (173). The seminal ob-
servation that linked this clinical syndrome to EBV was the
description of the X-linked lymphoproliferative syndrome in
1975 (see reviews [2, 174]). Subsequently, EBV was linked to
malignant lymphoproliferation after infectious mononucle-
osis (175), organ transplantation (176, 177), and other
immunodeficiency conditions (2).

The most significant feature of EBV infection in SOT
recipients is the development of posttransplant lymphopro-
liferative disorder (PTLD). PTLD is an abnormal prolifera-
tion of lymphoid cells and can be heterogeneous in
morphology, ranging from indolent polyclonal disease to
aggressive proliferation of lymphocytes and plasma cells (2,
174, 177). PTLD was first reported in 1968 in two renal
transplant recipients (178), and the prevalence of PTLD
varies with the type of SOT and HCT. PTLD occurs rarely
after T-cell-replete HCT, but the risk of PTLD is increased
30-fold by the use of T-cell depletion and 12-fold by the use
of anti-T-cell therapy for graft versus host disease (179). In
SOT, the incidence increases based on organ type, moving
from low incidence in renal, to higher incidence in liver,
then heart-lung, and then kidney/pancreas organ transplants

(174, 180, 181).

Pathogenesis of EBV-Related Diseases after
Transplantation

EBV infection usually begins with an initial lytic infection of
the nasopharyngeal epithelial cells (182), and by this route,
the virus gains access to the lymphoreticular system where
latent infection of B lymphocytes and other cells occurs (2,
183). From early in the history of SOT, EBV infection was
observed to be a major risk factor in PTLD in renal trans-
plant recipients (184), and use of polymerase chain reaction
methods have confirmed that quantitative assessment of
EBV infection can identify those at greatest risk for PTLD
(185). In healthy persons, an immune response controls the
infection, but the total immunopathologic response to EBV
infection, involving activated B, T, and NK cells, leads to
enlarged lymph nodes, painful cervical lymphadenitis, ton-
sillitis, and splenomegaly, resulting in the clinical syndrome
called “infectious mononucleosis.” In the HCT/SOT recip-
ient, EBV infection can occur in as many as 75% of patients
(186), but in the absence of robust immunologic control on
B-cell infection, progressive EBV infection occurs and results
not only in the mononucleosis syndrome but also in B-cell
lymphoproliferative disorders (187).

The EBV replication cycle involves two phases: a lytic
phase in which proteins are made that lead to virus repli-
cation and cell death, and a latent phase in which the virus
has an episomal existence, producing proteins that trigger
tumor formation. Among the latent proteins, the latent
membrane protein-1 (LMP-1) signals B cells for growth and
differentiation, activating downstream pathways that lead to
expression of anti-apoptotic cellular elements (188). Telo-
merase activity, which extends chromosomal telomeres
and prevents cell senescence and apoptosis, depends on
telomere-specific reverse transcriptase (TERT) and is crucial
for most tumors. LMP-1 upregulates the expression of TERT,
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which further upregulates Notch2 and the transcription
factor BATEF, both important in B-cell function, and upre-
gulation of gene expression causes an inhibition of an EBV
lytic protein, BZLF-1, a major regulator of the EBV lytic
cycle (189, 190). The overall effect is to force the EBV
further into latency and extend the transformation process,
potentially resulting in PTLD.

Similar to CMYV, the source of the EBV in persons with
PTLD appears to be the donor organ. In one case cluster,
analysis of the EBV strains from a single donor and two
recipients showed that the virus associated with the PTLD in
both recipients was identical to that detected in the donor
(191). However, using a DNA minisatellite probe to dis-
tinguish the DNA from lymphoblasts isolated from PTLD
specimens, the B-cell lymphoid proliferation was recipient
specific. With some exceptions, the cell of origin for PTLD is
usually from the recipient after SOT, but in HCT PTLD it
derives from the donor lymphoid cells, presumably because
the recipient marrow is ablated (191, 192). The exceptions
to this rule are noteworthy because of their importance to
our understanding of the full spectrum of pathogenesis. In
this regard, some studies have shown both recipient and
donor cells in PTLD post marrow transplant (193) and
PTLD of donor-cell origin after renal transplantation (194).

Pathology of PTLD

PTLD lesions are usually derived from B cells, with some
occurrence of T-cell lymphoma (195), and the lesions con-
tain B cells in all stages of differentiation with clonal, oli-
goclonal, or polyclonal characteristics. Clonal disease refers
to the presence of one type of cell or EBV strain in a speci-
men. Oligoclonal disease refers to PTLD with more than one
cell or virus characteristic, and polyclonal disease means that
the PTLD specimen(s) contain many markers for either B
cells or EBV (2, 196). For a description of the histopathology
of PTLD, please search the University of Pittsburgh Trans-
plantation Pathology Internet Services (http://tpis.upmc
.com/changeBody.cfm?url=/tpis/PTLD/PTLDOver.jsp).

Risk Factors for PTLD

The risk factors for PTLD include type of transplant, age
of recipient, and type and duration of immunosuppression
(197-199). The incidence of PTLD is highest for intestinal
and multivisceral transplantation, followed by lung and
heart transplants, and the lowest incidence occurs in kidney
and lung transplants (200). However, since more than three-
fourths of all SOT involve kidney and liver transplants, most
PTLD is seen in these patient groups. The most recent report
on the incidence of PTLD in the time period 2010 through
2015 indicates a range from 0.5 to 2.9% in renal transplants
and 0.8 to 3.6% in liver recipients (201). Ninety percent of
these PTLD cases occurred within the first year after trans-
plantation, and most, but not all, were EBV positive (201).

Based on the pathogenetic process outlined here, certain
well-recognized risk factors determine which patients are
more likely to develop PTLD. The development of EBV
infection, especially primary infection, is the most important
factor (202), and the amount of detectable EBV in the blood
is directly related to occurrence of PTLD (186). Sequential
analysis of EBV-DNA levels in peripheral blood leukocytes,
from subjects with PTLD compared to SOT controls without
PTLD, have shown that EBV-DNA levels increase in both
groups with the induction of immunosuppression, but
markedly elevated levels of EBV DNA are seen in the ma-
jority of patients before or at the onset of PTLD (203). PCR
assays for EBV DNA in blood can detect elevated levels of
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EBV DNA up to 3 weeks prior to onset of PTLD, and pro-
spective use of quantitative PCR assays for EBV DNA can be
used for early detection of PTLD (204). Of the immuno-
suppressive regimens that influence the ability to control
EBV infection, the antibodies, which directly target
T lymphocytes, such as the polyclonal antilymphocyte
globulins and OKT3, are generally accepted to be very im-
portant risk factors for PTLD (205). In addition, cyclosporin
A (CsA) and tacrolimus (FK506), which are used prophy-
lactically to suppress graft rejection or graft versus host dis-
ease, are also accepted as significant risk factors for PTLD
(206). As noted, the type of organ transplanted will also
affect the risk of PTLD, with heart/lung having the highest
risk among SOT recipients and T-cell-replete HCT having
the lowest (180, 181). However, in HCT, it has been ob-
served that certain subgroups, such as those with T-cell-
depleted transplants, especially with higher numbers of stem
cells (207), and matched unrelated marrow recipients (208),
have a higher incidence of PTLD than allogeneic-related
transplant recipients.

Clinical Manifestations of EBV Infection
after Transplantation

Mononucleosis-Like Syndrome

Similar to infection in immunocompetent persons, a
mononucleosis syndrome can occur in association with EBV
infection in transplant recipients (205, 206). Thus, the
clinical triad of sore throat with exudative pharyngitis, fever,
and lymphadenopathy appears and can include other signs
and symptoms, such as malaise, headache, anorexia, myalgias,
and hepatosplenomegaly. Central nervous system complica-
tions, including aseptic meningitis, encephalitis, and the
Guillain-Barré syndrome, can occur. Unlike infection in
immunologically normal persons, in which the T-lymphocyte
response contributes the “mononuclear” element to the he-
matologic findings, in the transplant recipient individual,
one usually does not expect to see a true hematologic
mononucleosis. The symptom complex of pharyngitis, fever,
and lymphadenopathy should suggest EBV infection in this
population. The serologic findings normally utilized for di-
agnostic purposes are not reliable in the immunosuppressed
population, and direct EBV detection methods should be
used for assessing infection (186, 196, 203).

Posttransplant Lymphoproliferative Disease

Although nonspecific signs of fever and malaise can be a
hallmark of PTLD, especially persisting nonspecific signs
and symptoms in the patient who has been treated for CMV
infection, this disease ultimately presents as a focal or mul-
tifocal occurrence of lymphoid proliferation (206). The most
common areas for disease are the central nervous system, the
gut, and the allograft itself. The involvement of the allograft
is particularly frequent in heart/lung recipients, where the
differential diagnosis will include pneumonitis, graft rejec-
tion, and PTLD. Aggressive immunoblastic lymphoma can
occasionally be seen, and this usually occurs in the first 100
days post transplant. For a complete review of this disease,
see the online resource of University of Pittsburgh Trans-
plantation Pathology Internet Services (http://tpis.upmc
.com/changeBody.cfmurl=/tpis/PTLD/PTLDOver.jsp).

Hairy Leukoplakia

As in AIDS, chronic EBV infection of the transplant
recipient can cause hairy leukoplakia (169). Oral hairy
leukoplakia is a white or gray lesion on the tongue or oral

mucosa due to epithelial hyperplasia. EBV and human
papillomavirus have been associated with this syndrome.
When EBV is present, it can be detected in the epithelial
cells in these lesions, and it is known to replicate in linear
form with high copy numbers of infectious virus. The lesion
rarely undergoes malignant transformation.

Immune Monitoring for EBV Risk
As with CMV, demonstration of EBV DNA in the blood is a

surrogate for inadequate immune control of virus replication
(209, 210). As with monitoring for CMV immunity, EBV-
specific immunity can be assessed using MHC-tetramer
binding (211), T-cell intracellular cytokine release in re-
sponse to EBV antigens (212), and ELISpot assays (213).
These assays are not readily available to most clinicians, and
therefore, at present, the monitoring of EBV DNA in blood
is the best way to determine if the patient’s T-cell immunity
is functionally able to control EBV infection.

Treatment of EBV Infection

General Approach

PTLD is a life-threatening complication of transplanta-
tion and is associated with a mortality of more than 50%.
Treatment involves a sequential combination of approaches,
including reduced immunosuppression, use of rituximab
with or without surgery, adoptive immunotherapy, and an-
tiviral therapy. Reduction in immunosuppression can result
in regression of PTLD, and therefore monitoring for EBV
infection using PCR analysis and preemptive reduction in
immunosuppression is the first aspect of patient management
(214). The problem is 2-fold: graft rejection or GVHD can
develop during such reduction in immunosuppression, and
restoration of immunity can take longer than the progression
of the PTLD. For gastrointestinal presentations of PTLD,
local control of disease is often necessary, particularly if the
disease associated with gastrointestinal bleeding, and, in
general, surgical removal of the tumor at the site of bleeding.
The role of antiviral therapy is unknown, but there are in-
teresting anecdotes in which antiviral therapy appeared to
improve PTLD. The treatment of PTLD was changed dra-
matically with the observations that adoptive humoral and
cellular immunotherapy could positively affect disease pro-
gression (215). At present, treatment includes reduction of
immunosuppression, surgical control of local disease, anti-B-
cell therapy, introduction of donor T cells, and use of anti-
viral chemotherapy.

Antiviral Therapy

EBV is inhibited in vitro by several antiviral agents in-
cluding acyclovir, ganciclovir, foscarnet, penciclovir, and
interferon (216), as well as newer agents, such as maribavir
and brincidofovir. However, except for oral hairy leukopla-
kia, in which acyclovir is effective therapy (217), there is
little clinical benefit from antiviral agents during infectious
mononucleosis (218), chronic mononucleosis (219), and
even fulminant infection associated with X-linked im-
munoproliferative syndrome (220). The reason for the lack
of clinical benefit is that antiviral agents are active only
during the lytic phase of EBV infection and are not active
during the latency phase. During lytic infection, EBV utilizes
a virus-encoded DNA polymerase for DNA replication,
yielding an extracellular infectious virion and causing cell
death (221). During latent infection, EBV exists as a cir-
cularized, extrachromosomal, DNA plasmid (episome),
and DNA replication is completed by means of cellular



polymerases (165). Because certain antiviral agents are in-
hibitors of viral DNA polymerase but not of cellular poly-
merase, antiviral agents are active in lytic, but not latent,
infection (222). A primary example of a disease seen during
lytic infection is hairy leukoplakia, which does respond to
antiviral therapy (217). The latent form of EBV infection
occurs primarily in B cells and results in activation and
transformation of these cells into EBV-transformed, contin-
uously replicating, lymphoblastoid cell lines. Thus, EBV-
seropositive persons treated with acyclovir, years after the
acute lytic infection, continue to have culturable EBV in
circulating latently infected lymphocytes (223). For this
reason, the effect of an antiviral on PTLD is usually less than
desirable. Nevertheless, the outcome for PTLD is inversely
related to the EBV-DNA levels in blood, and there are suf-
ficient case reports associating antiviral use with patient
improvement to suggest that a reduction in EBV DNA dur-
ing the waning lytic phase may have an effect on the out-
come of disease. Acyclovir, ganciclovir, and foscarnet in SOT
have been associated with successful treatment in some pa-
tients (186, 224-227). Thus, although guidelines do not
recommend the antiviral treatment in PTLD, it is rational to
use antiviral agents early in the course of EBV infection in
the immunosuppressed patient in an attempt to lower the
EBV-DNAemia levels. Ganciclovir is more active than acy-
clovir against EBV in vitro and can effectively reduce the
nasopharygeal excretion of EBV after transplantation (180).
Prophylactic ganciclovir for CMV has been shown to reduce
the incidence of PTLD by as much as 6-fold in SOT (228). For
this reason, and because the patient usually needs anti-CMV
coverage, ganciclovir is the agent of choice for treatment of
the patient with rising EBV levels; treatment is provided as an
adjunct to the reduction in immunosuppression.

In the future, antiviral agents may be used with TERT
inhibitors for the treatment of PTLD. As noted, TERT is
important in maintenance of tumor induction, and the in-
hibition of TERT can lead to expression of BZLF-1 and re-
turn of EBV to its lytic phase in EBV-positive tumor cells
(189). Therefore, a proposed research strategy for treating
PTLD would be to reactivate the EBV-lytic infection with a
TERT inhibitor in an attempt to induce tumor cell death
(189, 229-232). This would also promote immune recog-
nition of EBV antigens and further enhance tumor killing. It
has been shown that when ganciclovir is used with inducers
of EBV-Iytic infection, there is enhancement of cell death
i witro (233). It remains to be seen whether the combination
of antiviral agents with inducers of the EBV-lytic phase will
become effective therapies for PTLD.

Cellular Immunotherapy

Because remissions of both polyclonal and monoclonal
tumors can occur after reduction or withdrawal of immu-
nosuppressive therapy, adoptive cellular immunotherapy,
directed toward improvement of immune function, has been
attempted with remarkable results. Infusion of unirradiated
donor leukocytes (approximately 1 x 10° CD3+ T cells/kg)
into recipients of T-cell-depleted marrow transplantation,
who developed PTLD, resulted in clinical responses within 8
to 21 days after infusion, including sustained remissions in 3
long-term survivors (215). Methods for preparing EBV-
specific CTLs of donor origin have been developed, and these
cells have been safely infused into both SOT and HCT re-
cipients with PTLD (147, 153). Transfer of an EBV-specific
T-cell receptor to produce a chimeric EBV-specific T cell has
been shown to be feasible for treatment of EBV-associated
malignancies (234). The more common approach is to in-
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duce panels of HLA-typed EBV-specific T cells and use these
as third-party T cells for treatment of PTLD. In a phase II trial
of transplant recipients with PTLD who failed conventional
therapy, 33 patients were treated with EBV-specific T cells
that were at least partially HLA matched to the recipient,
with a 50% clinical response rate at 6 months (153). This
type of approach illustrates the potential for cellular therapy
to eliminate EBV complications after transplantation.

Humoral Immunotherapy for PTLD of B-Cell

Origin

The availability of monoclonal antibody therapy for
these B-cell lymphoid abnormalities has greatly improved
the management of PTLD. An initial experience suggested
that anti-CD21 and anti-CD24 antibodies could contribute
to the control of oligoclonal B-cell PTLD (235, 236). Rit-
uximab, a mouse-human chimeric monoclonal antibody
with specificity for CD20, a B-cell surface antigen, has been
approved for treatment of B-cell lymphomas (237), and this
agent has become useful in both prevention and treatment
of PTLD. Rituximab, at a dose of 375 mg/m2 for 4 infusions
over 1 month, resulted in an overall response rate of 69% in
32 PTLD patients and 20 complete responses. The initial
approach to PTLD is reduction in immunosuppression, then
rituximab therapy, and, for resistant disease, conventional
lymphoma chemoradiotherapy (238, 239). Current recom-
mendations suggest that rituximab should be used preemp-
tively when EBV-PCR assays indicate increasing infection
despite reduced immunosuppression (189).

HUMAN HERPES VIRUSES TYPE 6
AND TYPE 7

Epidemiology, Risk Factors, and Pathogenesis
of CMV Disease

Epidemiology

For consideration in management of the SOT/HCT recipient,
much more is known about HHV-6 than about HHV-7 (see
Chapter 24). Consequently, the focus here will be on HHV-6,
but differences in management of the two viruses will be
noted. HHV-6 infection occurs early in life, and SOT/HCT
donors and recipients typically have previously been infected
with these agents. HHV-6 occurs as two variants: HHV-6A
and HHV-6B, the latter accounting for most infections in
children and reactivation in SOT/HCT recipients (240, 241).
Following HCT, HHV-6 reactivates in 36 to 46% of recipi-
ents, and this occurs during the first 2 to 4 weeks post
transplant (241-243). The exception is the pediatric trans-
plant recipient who is HHV-6 negative and at risk for primary
HHV-6 infection from the allograft (244). The incidence of
HHV-7 infection is not as well documented (241).

Risk Factors

Specific risk factors for severe HHV-6 infection are not
known, but the degree and duration of immunosuppression
are undoubtedly important (245, 246). In addition, T-cell-
depleting immunosuppressive regimens have been associated
with virus infection (247). As with the other herpesviruses,
the infection-naive recipient of an allograft from an HHV-6
donor is at highest risk for disease (248).

Pathogenesis

The pathogenesis of disease during HHV-6 infection is not
definitely described but is likely a function of progressive lytic
infection in the patient with inadequate T-cell immunity.
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Clinical CMV Disease, Treatment, and Prevention

Clinical Disease

Despite the relative frequency of HHV-6 infection post
transplant (241), overt clinical disease, due solely to HHV-6,
is estimated to occur in no more than 1% of transplant
patients (249, 250). Clinical syndromes associated with
HHV-6 infection include febrile dermatosis (251), enceph-
alitis (252), gastroenteritis/colitis (253, 254), and hepatitis
(255). In healthy children, HHV-6 is known to be neuro-
tropic and is associated with febrile seizures, and an evalu-
ation of encephalitis after allogeneic HCT has suggested a
correlation with HHV-6 infection (243, 256). Prospective
neurocognitive patient assessment and monitoring for HHV-6
infection in HCT recipients have associated HHV-6 infec-
tion with periods of delirium (243). In a separate study,
HHV-6 DNA was observed in cerebrospinal fluid (CSF)
specimens from HCT recipients with CNS symptoms in as
many as one-quarter of cases (257). HHV-6 encephalitis is
associated with seizures and an abnormal EEG but not with
CSF pleocytosis or pathognomonic findings from imaging
studies. In addition, HHV-6 infection overlaps with CMV
infection and has been associated with pneumonitis and
with marrow failure in syndromes similar to CMV.

Diagnosis

The diagnosis of HHV-6 infection is based on direct detec-
tion of HHV-6 in blood, CSEF or tissues. The most reliable
assays are the HHV-6 DNA PCR on noncellular body fluid
or an RNA-based nucleic-acid detection assay (258). Test-
ing of cellular material, such as peripheral-blood mononu-
clear cells (PBMC), runs the risk of detection of latent virus
(241). In addition, approximately 1% of seropositive persons
have HHV-6 DNA integrated into host genomic DNA, and
if DNA PCR is performed on PBMC, the result can be
misinterpreted as a high HHV-6 viral load (259).

Antiviral Treatment

HHV-6 is susceptible to ganciclovir and foscarnet and rela-
tively less susceptible to acyclovir (260). The problem with
treatment is deciding whether a clinical syndrome is due to
HHV-6 and worthy of treatment. In general, HHV-6 de-
tection is not a clear indication for treatment because most
infections are asymptomatic and transient (261). Organ-
specific syndromes should have specific pathogens excluded
before concluding that HHV-6 is the causal agent. Ganci-
clovir, foscarnet, and cidofovir are active against HHV-6
(260), but these agents are not approved for treatment of
HHV-6. Nevertheless, despite the absence of large published
studies, treatment is recommended, particularly for HHV-6-
associated encephalitis, using one of these agents, usually
ganciclovir or foscarnet.

e Should HHV-6 infection be monitored and treated pre-
emptively? HHV-6 infection occurs more frequently than
does HHV-6 related disease, and, for this reason, it is not
recommended currently to monitor and treat preemp-
tively (241).

e Should ganciclovir or foscarnet be used for treatment of
HHV-6? There has not been a head-to-head clinical
comparison of these two agents in HHV-6 encephalitis;
however, there are anecdotal reports of success with ei-
ther ganciclovir or foscarnet (241). In vitro, HHV-6B is
usually susceptible to both agents, and both HHV-6A and
HHV-6B are resistant to acyclovir and penciclovir (260).
Of note, among HHV-6A isolates, more are resistant to
ganciclovir than to foscarnet, and HHV-7 is resistant to

ganciclovir (260). The decision about which agent to use
must be made on clinical grounds by the physician.

¢ Does preventive treatment for CMV with ganciclovir

protect against HHV-6 disease? It is likely that ganciclovir
has an effect on HHV-6 reactivation during preventative
ganciclovir use, but there is no clear documentation of
this. The median time for HHV-6 is infection 20 days in
HCT recipients (243), prior to preemptive ganciclovir
use. There is a rare case report of HHV-6 encephalitis that
occurred during ganciclovir preemptive therapy (262).
There is also an observation of HHV-6 encephalitis fol-
lowing discontinuation of foscarnet therapy (263).

HUMAN HERPES VIRUS TYPE 8

Epidemiology, Risk Factors, and Pathogenesis
of CMV Disease

HHV-8 (see Chapter 26), like EBV, is associated with tumors
in the transplant setting, and, like EBV, there are both
neoplastic and nonneoplastic complications of HHV-8 in-
fection (264). HHV-8, also known as Kaposi sarcoma her-
pesvirus (KSHV), was discovered in 1969 (265), and the
first case in SOT occurred in 1994 (265). HHV-8 is a
problem in HIV-infected recipients of SOT because of its
association with male-to-male sexual transmission. The virus
has also been transmitted in the D+/R- setting (seronegative
recipients of HHV-8 positive allografts [266, 267]) with re-
sultant disease (268). Donor-derived KS tissue itself can also
be transmitted to the immunosuppressed D+/R- recipient
(266). Unlike the SOT experience, the occurrence of PTKS
is rarely seen in HCT recipients (269). In SOT, there is a
rare occurrence post transplant of HHV-8-associated primary
effusion lymphoma (PT-PEL) and multicentric Castleman’s
disease (PT-MCD) (see review 269).

Clinical HHV-8 Disease, Treatment,
and Prevention

The incidence of posttransplant KS (PTKS) varies with the
prevalence of HHV-8 seropositivity of the region (270). Like
EBV PTLD, PTKS is most commonly seen in kidney and
liver SOT because these are the most frequent allografts
(271, 272). Disease occurs a median of 30 months post
transplant with 70% of patients presenting with cutaneous
or mucosal lesions and the rest, with visceral lesions (269).
Nonneoplastic disease, associated with high virus load and
poor outcome, can be seen in patients presenting with high
fever, maculopapular rash, and sepsis-like signs and symp-
toms (269). Patients can have a plasmacytic lymphoprolif-
eration, lymphadenopathy that mimics EBV PTLD, acute
bone marrow failure, hepatosplenomegaly, and liver-enzyme
elevation mimicking acute hepatitis, with or without he-
mophagocytic syndrome (HPS) (269).

Diagnosis

The diagnosis of HHV-8 associated PTKS or PTLD is made
by HHV-8 DNA level in blood and tissue and by clinical
pathologic review of tissue biopsy. However, the latter is
most important in diagnosis since >50% of PTKS can be
HHV-8 DNA negative in blood (269). But like EBV and
CMY, in patients with elevated HHV-8 DNA, the virus load
in blood can be monitored as a marker of disease.

Treatment
As with EBV PTLD, the initial treatment of PTKS is re-

duction in immunosuppression or change to regimens



containing sirolimus (273, 274). The effect of reduced im-
munosuppression in this disease can be very effective (264,
275). For selective lesions, especially if associated with
bleeding, surgical excision or cautery (276) will be necessary.

Antiviral and Other Chemotherapy

Like EBV, antiviral agents are inhibitory during the lytic phase
of infection; thus, ganciclovir, valganciclovir, foscarnet, and
cidofovir are active against the virus in wvitro (277, 278).
Antiviral treatment of KS has met with mixed success with
small studies indicating some good outcomes (279-281) and
larger studies showing minimal effect on KS (282). A pre-
emptive treatment study using ganciclovir in high-risk pa-
tients has reported a decrease in PTKS (283). As with EBV, it
is possible that the role of the antiviral is to minimize the lytic
phase of the infection and reduce the progression to a latent
state of infection. In general, antivirals, such as ganciclovir,
valganciclovir, or foscarnet, are indicated for high HHV-8
DNAemia (284). Direct intracavitary instillation of cidofovir
has been used successfully for treatment of PT-PEL (285). It is
not known which of the antivirals is most effective, but there
is a report of foscarnet treatment for a severe primary HHV-8
infection with fever, pancytopenia, and hemophagocytic
syndrome (286). In HIV-1 infected SOT recipients, it is
important to control the HIV-1 viremia with appropriate
antiretroviral therapy, and this alone can reduce HHV-8 vi-
remia and produce an antitumor effect in KS (287, 288). For
primary HHV-8 infection, there is a recommendation for
cautious use of rituxan in HIV-1 infected SOT recipients
(289, 290). For management of cancer chemotherapy for
PTKS, PT-MCS, and PT-PEL, see a recent review (269).

OTHER HERPESVIRUSES

Herpes Simplex Virus and Varicella Zoster Virus

HSV presents clinically after transplantation with the same
type of infection and severity as seen in other immunosup-
pressed populations, and these will not be reviewed here in
detail. Infection usually derives from reactivation of latent
virus, with HSV presenting as an oral or genital skin infec-
tion, with the potential for visceral infection in the gastro-
intestinal system or brain. VZV usually presents as herpes
zoster with dissemination of infection in a proportion
of patients depending on level of immunosuppression.
HSV reactivation occurs in approximately 70% of HSV-
seropositive transplant recipients and can be suppressed with
acyclovir (250 mg/m’ IV twice daily for 1 month after
transplant). VZV reactivation occurs in as many as 50% of
allogeneic transplant recipients, and this can be prevented
by long-term use of acyclovir (800 mg orally twice daily),
although this is not an approved indication (291, 292). For
acyclovir-resistant HSV or VZV infection, foscarnet is
substituted for treatment.

POLYOMAVIRUS INFECTIONS
IN TRANSPLANT RECIPIENTS

Polyomaviruses are ubiquitous in humans, and asymptomatic
infection is acquired at an early age (293). In the setting of
immunosuppression, however, unusual syndromes can occur,
the most common of which are due to BK virus, a cause of
nephropathy (294), and to JC virus, a cause of progressive
multifocal leukoencephalopathy (295). Excretion in the
urine of both BK and JC virus is common in transplant
populations (296). In addition, there are 11 other human
polyomaviruses (297, 298) that can complicate post-
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transplant patient management, including TS virus found
in the proliferative skin disorder trichodysplasia spinulosa
(299), Merkel cell carcinoma virus (300), human poly-
omavirus 7-associated epithelial hyperplasia (301), and
other human polyomaviruses (297).

BK Virus Infection

Epidemiology, Risk, and Pathogenesis of Disease

The polyomaviruses of humans are BK virus (BKV) and JC
Virus (JCV), and these are reviewed in detail elsewhere in
this volume (see chapter 28). BKV infection is ubiquitous in
the population (302), and virus becomes latent in kidneys
and urothelial tissue. It was isolated from the urine of a renal
transplant patient in 1971 (294). In such patients, latent
infection reactivates in approximately 15% in year 1 post
transplant (SG), and progressive infection of renal tubules,
glomeruli, and interstitium can lead to BKV nephropathy.
Approximately one-third of such BKV reactivations will
progress to BKV DNAemia, and 1 to 10% of patients with
viremia will develop BKV nephropathy (see chapter 28 and
review 303). In addition to renal allograft recipients, the
disease is seen in HCT recipients and less frequently in other

SOT recipients (304, 305).

Risk

High BK virus DNAemia is associated with nephropathy
(306). Levels of BKV of 107 genome copies/ml in urine and
10* genome copies/ml in plasma are not unusual for patients
with BK nephropathy (307). BKV DNAemia is more sensi-
tive for prediction of BKV nephropathy (308). A variety of
other risk factors leading to BKV reactivation have been
reported relating to donor BKV serostatus and HLA mis-
match with recipient, age, race, and presence of diabetes, but,
except for immunosuppression, none have been substanti-
ated (see review 303). As with other virus-related compli-
cations in SOT/HCT recipients, T-cell immunity is a key risk
factor for disease, with BKV-specific CD8 T-cell responses
serving to decrease the relative risk for disease (309-311).

Clinical Disease

BKV infection is silent in most infected transplant pa-
tients and presents either with declining renal function or
hemorrhagic cystitis (312). BKV infection of the kidney
produces an interstitial nephritis that mimics acute rejec-
tion, but it can be differentiated from rejection effects by the
presence of viral antigen/DNA and by an increase in B-cell
infiltrates (313). In addition to interstitial nephritis, BK
virus is linked to ureteric stenosis and hemorrhagic cystitis.

Diagnosis

A classical sign of BK nephropathy is the presence of
decoy cells containing viral inclusions in the urine (303);
however, decoy cells and BK viruria are less sensitive than
BK-virus DNAemia for positive predictive value for BK
nephropathy (303). A kidney biopsy is recommended for
patients with BKV DNAemia of >10* GC/ml. The kidney
biopsy is the definitive method of diagnosis. Biopsy will show
viral cytopathology in the tubular epithelium, glomeruli, and
collecting ducts, and interstitial inflammation and fibrosis,
in which the pathognomonic sign is the presence of large T
antigen of BKV on immunostaining of the tissue (314).

Treatment

Reduction in immunosuppression is the first approach to
therapy. Screening with reduction of immunosuppression in
BKV-infected patients has been shown to prevent allograft
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loss due to BKV nephropathy (315, 316). It may be nec-
essary to convert the immunosuppressive regime to an
everolimus- or sirolimus-containing regimen (317, 318). In
terms of antiviral agents, cidofovir and leflunomide have
been used, but no survival benefit has been observed (319).
In a randomized blinded, placebo-controlled prophylaxis
trial, a 3-month course of levofloxacin, started at day 5 post
renal allograft transplantation, was not able to prevent BKV
viruria (320). Similarly, there are no controlled studies that
support the use of cidofovir for BK virus infection. Never-
theless, although cidofovir is unapproved for this indication,
single-center studies exist that support the use of low-dose
cidofovir (1 mg/kg 3 times weekly) for treatment of symp-
tomatic BKV infection (321). Brincidofovir has been used
for BK virus nephropathy in case reports (322), but there is
no evidence-based recommendation for its use at present.
Other questions arise in management of this infection:

e When should SOT patients be screened for BKV viruria?
Several studies have confirmed that BKV viruria occurs
in approximately one-third of patients and peaks at ap-
proximately 3 months post transplant (323, 324), but, of
the early infections, it is rare to see BKV nephropathy.
But BKV DNAemia is more sensitive for disease predic-
tion (308), and so the better screening test is the BKV-
DNA PCR assay in plasma. For that reason, at centers
with relatively low rates of BKV nephropathy, routine
screening of blood can begin at 3 months post transplant
and continue to 24 months (303, 315). However, for
centers with higher rates of BKV infection, guidelines
suggest starting at month 1 and continue with monthly
plasma BKV-PCR DNA testing for 6 months until 24
months (325, 326).

e What BKV-specific immunologic monitors are available?
As with CMV and EBV, demonstration of virus DNA in
the blood or urine is a surrogate for inadequate immune
control of virus (325). As with CMV-immunity moni-
toring, BK-virus T-cell immunity can be assessed using
antigen-specific T-cell immunity (311, 327, 328), BK-
specific T-cell immunity is associated with recovery of
kidney graft function in recipients with biopsy-proven
BK-nephropathy (311, 328). But until immunological
assays are generally available, the monitoring of BK-virus
DNA in blood or urine is the best way to determine if the
patient’s T-cell immunity is functionally able to control
infection.

JC Virus Infection

Progressive multifocal leukoencephalopathy (PML) is a rare
but serious occurrence in SOT and marrow transplantation
(329). JC virus infects oligodendrocytes of the CNS leading
to a fatal demyelinating disease characterized by hemiparesis,
seizures, deteriorating mental status, and death. JC virus
infection, although thought of as a CNS problem, has been
observed in 37% of patients with interstitial nephritis after
renal transplantation (296). At present, there is no specific
treatment for this infection.
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Viral Heart Disease
BRUCE M. McMANUS, MICHAEL SEIDMAN, KARIN KLINGEL, AND HONGLIN LUO

Viral pathogens are well known to cause injury, inflamma-
tion, tissue destruction, and remodeling of heart muscle.
Indeed, viruses are among the most common inciting agents
to cause a condition termed acute myocarditis. This condi-
tion may also be provoked by bacteria, other pathogens, as
well as toxins and autoimmune diseases, each of which could
mimic the appearance of viral myocarditis. The reason for
this phenotypic mimicry is that myocarditis is a process
characterized pathologically by an inflammatory infiltrate of
the myocardium with death or degeneration of adjacent
myocytes, not typical of the ischemic damage associated
with atherosclerotic coronary artery disease. The inflam-
mation and damage may involve myocytes, interstitium,
vascular elements, and pericardium. The inflammatory
process affects cardiac function adversely, causing either
ventricular dysfunction, arrhythmias, or both. The acute
process may persist and manifest as chronic low-grade tissue
inflammation and fibrosis associated with cardiomyopathy
and frank heart failure.

Many viruses can cause the same syndrome, and a par-
ticular virus can cause infections leading to a highly varied
constellation of manifestations. Clinically, viral heart dis-
ease and acute myocarditis most commonly commence
with a “flu like” picture, followed within days by symp-
toms and signs of congestive heart failure, including short-
ness of breath, exercise intolerance, and fatigue, and may
be associated with abdominal pain, chest pain, palpita-
tions, syncope, and sudden death. In infancy and childhood,
viral myocarditis is usually a fulminant process with left
ventricular (LV) or right ventricular (RV) systolic dys-
function with or without ventricular dilation, whereas
adults may present less abruptly and mimic dilated cardio-
myopathy (DCM), mainly with LV dilation and systolic
dysfunction.

In recent years, the main advances in our thinking about
viral syndromes are that the attack on heart muscle is part of
a more holistic viral-immune-inflammatory-pathological-
clinical systemic syndrome with multiorgan involvement,
and that there is a temporal connection between acute vi-
remic states and long-standing immunovirological pertur-
bation and cardiomyopathy. Certainly, the contribution of
inflammatory mediators in transient, acute cardiac dys-
function is also now recognized (1). Yet the challenge often
arises that a thorough evaluation of the myocardial tissue in

biopsies or at autopsy is not possible or inconclusive for
accepted features of myocarditis.

ETIOLOGY

Most cases of community-acquired myocarditis in the North
America and Western Europe result from viral infections (2—
4). Early detection of viral infection relies on viral isolation
and serology; however, these diagnostic approaches lack
sensitivity and specificity. Molecular detection of viral ge-
nomes in heart tissue derived from biopsy, explants, or au-
topsy has enhanced these approaches. Although fraught
with challenges of false-positives and the possibility of mo-
lecular detection in absence of commensurate myocardial
pathology, PCR evaluation of cardiac samples from subjects
suspected of having myocarditis has demonstrated a variety
of viral genomes in human hearts.

In previous eras, mumps virus was found by molecular
interrogation in association with endocardial fibroelastosis
(EFE), a previously important cause of heart failure in
children that has disappeared over the past 20 years (5). This
form of cardiomyopathy was identified in children until the
late 1960s, with an incidence of 1 in 5000 live births in the
United States. Mumps virus genomic RNA sequences were
found in 90% of myocardial samples from EFE patients an-
alyzed (5, 6). Since that time, the incidence has declined
significantly due to mumps immunization, and the status of
mumps myocarditis in mumps-susceptible populations has
not been recognized in recent years.

In the 1960s through the early 21st century, adenovi-
ruses, especially serotypes 2 and 5 (7, 8), along with en-
teroviruses [coxsackievirus A (CVA) and B (CVB),
echoviruses, and poliovirus], and particularly CVB (9-12),
were the most commonly identified viral etiologies. Re-
cently, parvovirus B19 has become the predominantly de-
tected virus in patients with suspected myocarditis,
especially in European countries (13, 14); however, a causal
relationship with myocarditis has been more difficult to af-
firm (10,14-18). In Japan, hepatitis C virus (HCV) has been
suggested to be a common etiologic agent of heart muscle
disease, with the other viruses typically seen in North
America and Europe playing a lesser role (19-21).

In addition to the frequently detected viruses mentioned
above, other viral causes of myocarditis have also been

doi:10.1128/9781555819439.ch7

99



100 W VIRAL SYNDROMES AND GENERAL PRINCIPLES

reported, particularly in children, including influenza A and
B viruses (22-25), cytomegalovirus (CMV) (26), herpes
simplex virus (HSV) (27), rubella virus (28), varicella-zoster
virus (29), Epstein-Barr virus (EBV) (30), human immu-
nodeficiency virus (HIV) (31, 32), human herpesvirus 6
(HHV-6) (33, 34), dengue virus (35, 30), respiratory syn-
cytial virus (RSV) (37), human metapneumovirus (38),
Crimean-Congo hemorrhagic fever virus (39), par-
echoviruses (40-42), and chikungunya virus (43, 44). The
acute stage of infection with chikungunya virus is charac-
terized by fever, polyarthritis, and occasional rash and can be
complicated by myocarditis and pericarditis (43, 44). Peri-
carditis is frequently a part of the phenotype of myocardial
involvement by cardiotropic viruses, including classical
clinical signs of friction rubs and pleuritic pain, and such
membranous inflammation may become persistent (9).
The identified viral causes of myocarditis are summarized

in Table 1.

EPIDEMIOLOGY

Myocarditis is a disorder that is clinically difficult to diag-
nose and thus underdiagnosed (2—4). In autopsy series, the
prevalence of the usual lymphocyte-predominant form of
myocarditis ranges from 4 to 5% from reports of young men
dying of trauma (45) to as high as 16-21% in children dying

TABLE 1

Viral causes of myocarditis

Viruses

Adenoviruses
Arbovirus (chikungunya) virus
Arenavirus
Cardiovirus
Cytomegalovirus
Epstein-Barr virus
Hepatitis C viruses
Herpesviruses, especially human herpesvirus-6
Human immunodeficiency virus
Influenza A virus
Influenza B virus
Measles virus
Metapneumovirus
Mumps virus
Nairovirus
Parvovirus B19
Picornaviruses
Enteroviruses
Coxsackievirus type A
Coxsackievirus type B
Echoviruses
Parechovirus
Poliovirus
Rabies virus
Respiratory syncytial virus
Rubella virus
Vaccinia virus
Varicella-zoster virus
Variola virus

suddenly. In adults with unexplained DCM, the proportion
affected ranges from 3 to 63% (46, 47), although the large
multicenter Myocarditis Treatment Trial, which was based
on specific and strict diagnostic criteria (the so-called Dallas
criteria; see below) reported a 9% prevalence (48). Hospital
discharge data suggest an approximately 0.5-4.0% incidence
of myocarditis as a percentage of prevalent heart failure (49).
The thresholds for defining myocarditis are variable and
depend on whether the diagnosis is derived clinically, sero-
logically, pathologically, and/or molecularly. This variability
contributes to the uncertainty surrounding the incidence of
the condition (49).

Usually sporadic, viral myocarditis can also occur as an
epidemic (45). Epidemics usually are seen in newborns, most
commonly in association with CVB. Intrauterine myocar-
ditis occurs during community epidemics as well as sporad-
ically (50). Postnatal spread of coxsackievirus is via the
fecal-oral or respiratory route (51, 52). The World Health
Organization (WHO) reports that this ubiquitous family of
viruses results in cardiovascular sequelae in less than 1% of
infections, although this increases to 4% when CVB alone is
considered (45). Other important viral causes, like adeno-
viruses (53, 54) and influenza A virus, are transmitted pri-
marily via the respiratory route.

PATHOGENESIS

The process of myocardial and pericardial viral infection
depends on viremic dissemination to target tissues following
initial infection at the portal of entry. The portal (e.g., re-
spiratory or gastrointestinal mucosa) affects the first and
subsequent points of contact between the pathogen and the
host’s immune system (see Chapter 16). The elicitation of
antigen-specific humoral and cellular immune responses in
lymphoid tissues has a dominant influence on the patho-
physiology of the viral infection, including the potential for
immunopathologic responses within the heart.

Animal Model Studies

The immunopathogenesis of CVB and encephalomyocar-
ditis virus has been studied quite extensively in murine
models. CMV, HIV, and adenovirus models also have been
described (55-62). In wild-type mice, CVB viremia occurs
24-72 hours after infection, and maximum tissue viral loads
develop at 72-96 hours (12). Virus titers subsequently de-
cline, with infectivity being rarely detectable beyond 14 days
after inoculation, depending on the mouse strain and viral
variant. Neutralizing antibody concentrations decline as
virus titers increase, supporting a role for such antibodies in
the viral clearance process. Along with T lymphocytes and
natural killer (NK) cells, macrophages appear within 5-8
days after infection in the murine CVB model of myocarditis
(12). Risk factors for severe myocarditis include age, mouse
strain, viral variant, exercise, and gender (12). Pathogenetic
mechanisms include direct viral myofiber destruction (63—
65) and T-lymphocyte cytolysis (56-58 66, 67). Animals
with absent or blocked T-cell function may have less evident
myocardial injury, although the recognition that an exten-
sive amount of damage is already done by viral mechanisms
before immune cell responses occur is now widely appreci-
ated. In most murine strains, the adolescent period is the one
of most severe in viral heart disease. In BALB/c mice, great
susceptibility also occurs between 16 and 18 weeks of age;
males appear to have a more rapid and severe course of
myocarditis than females. Estradiol has been shown to de-
crease severity, and testosterone increases immune-mediated



cytolytic activity in males. Either a preferential stimulation
of T-helper cells or an inadequate stimulation of T-regulatory
(cytolytic/suppressor) cells could explain why antibody re-
sponses to various antigens may be enhanced and cellular
immune responses depressed in female murine models.

The NK cell population, especially the activating re-
ceptor NKG2D, is important in the pathogenesis of myo-
carditis (68). Animals depleted of NK cells prior to infection
with coxsackievirus develop more severe myocarditis (56).
NK cells are activated by interferon (IFN), an indirect and
direct protective modulator of myocardial injury. Murine
skin fibroblasts serve as target cells for CVB-sensitized cy-
totoxic T cells. The NK cells specifically limit the non-
enveloped virus infection by killing the virally infected cells.
Male mice are less efficient in activating NK cells. Presum-
ably, the more efficiently viral clearance occurs, the less vi-
rally induced neoantigen production occurs, reducing
recognition by cytotoxic T lymphocytes. T cells can effect
injury by multiple mechanisms—causing accumulation of
activated macrophages, helping with production of anti-
body, mediating antibody-dependent cell-mediated cyto-
toxicity, direct lysis by antibody and complement, and direct
action of cytotoxic T cells (69).

In recent years, the roles of various matrix metal-
loproteinases (MMPs) in the pathogenesis of viral myocar-
ditis have received attention (70-73). In essence, MMP-9
and MMP-12, through modulation of IFN-beta and -alpha,
respectively, play a prominent role in the early inflammatory
phase of myocarditis, complementing the roles of MMPs in
later tissue remodeling and healing of injured myocardium
(70-73).

Host genetic factors have been shown to affect the se-
verity of disease, as well as the pathogenic mechanisms that
participate in disease development (55, 60, 62, 74). Cyto-
lytic T cells mediate a considerable amount of injury in
myocarditis in BALB/c mice, with two distinct cytolytic T-
cell populations being implicated—one recognizing virus-
infected cells and producing direct myocytolysis and another
that destroys uninfected myocytes and is believed to be an
autoreactive lymphocyte. Complement depletion increases
the amount of inflammation in this species, and no reactive
immunoglobulin G (IgG) antibody is found in the myocytes.
In DBA/2 mice, the T-helper cells indirectly mediate the
course of disease, and complement depletion reduces in-
flammation. Cytolytic T cells are produced but apparently
are not pathogenic; IgG antibody is found in the myocytes.

Human Observations

In humans, antibody-mediated cytolysis is found among 30%
of patients with suspected myocarditis, as well as in almost
all patients with proven infections with CVB or influenza A
virus (67). A muscle-specific antimyolemmal antibody has
been found in these patients and correlated with the degree
of in vitro—induced cytolysis of rat cardiocytes. A CVB-spe-
cific cDNA hybridization probe detected virus nucleic acid
sequences in patients diagnosed as having active or healed
myocarditis or DCM (75, 76). Patients with unrelated dis-
orders had no virus-specific sequences (75), suggesting that
viral genomic material persists in patients with congestive
cardiomyopathy or healing myocarditis for weeks or months.
Although viral cultures are usually negative, continued viral
replication may occur at a low level or abortively. The latter
may conceal viral antigens by a process that prevents correct
posttranslational processing of capsid proteins. Adult pa-
tients with myocarditis often have high neutralizing anti-
body responses to CVB1 to CVB6 (77). One hypothesis is
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that sequential infection and immune responses against
several types of CVB are essential in the development of
myocarditis; however, certain cases of myocarditis clearly
involve exposure to only one type of CVB.

Defective cell-mediated immunity, compared with that in
healthy controls, occurs in patients with myocarditis and
DCM. The pathogenesis of adenoviral myocarditis differs
from that of CVB (57, 66, 78), and the inflammatory infil-
trate is substantially less in adenoviral infection (8, 79, 80),
specifically the numbers of CD2, CD3, and CD45RO T
lymphocytes seen in the adenovirus-infected patients as
compared to those with myocarditis not due to adenovirus
(80). Adenoviruses have a number of strategies for modu-
lating the immune response that could affect the number of
activated lymphocytes in the adenovirus-infected myocar-
dium (57). Adenovirus E3 protein can protect cells from
tumor necrosis factor (TNF)-mediated lysis, as well as
downregulating major histocompatibility complex class I
antigen expression. The early-region 1A (E1A) proteins can
promote the induction of apoptosis (81) and inhibit inter-
leukin 6 (IL-6) expression, as well as interfere with IL-6
signal transduction pathways. These functions of EIA may
be pertinent to the development of the myocardial pathol-
ogy seen in DCM. IL-6 promotes lymphocyte activation,
which is reduced in adenovirus-infected patients. Apoptotic
cells are also observed in the myocardium of patients with

DCM.

Pathophysiologic Consequences

In the heart, viral infection triggers both interstitial inflam-
mation and myocardial injury, resulting in loss of myocardial
integrity, with consequent cardiac chamber enlargement and
an increase in the ventricular end-diastolic volume (47, 52,
54, 82). Normally, an increase in volume results in an in-
creased force of contraction, improved ejection fraction, and
improved cardiac output as described by the Starling mech-
anism. However, in the setting of myocarditis, the myocar-
dium is unable to respond to these stimuli and cardiac output
is compromised. A series of interacting adverse changes oc-
curs, reflecting the composite pathophysiological response of
patients afflicted by myocarditis:

1. Interactions with the sympathetic nervous system may
preserve systemic blood flow via vasoconstriction and
elevated cardiac afterload. This sympathetic nervous
system input results in tachycardia, a feeling of weak-
ness, and diaphoresis.

2. Congestive heart failure ensues with disease progres-
sion. A progressive increase in ventricular end-dia-
stolic volume and pressure results in increased left
atrial pressure. This pressure elevation is transmitted
retrograde to the pulmonary venous system, causing
increasing hydrostatic forces that overcome the colloid
osmotic pressure that normally prevents fluid transu-
dation across capillary membranes. The associated
symptoms include increasing shortness of breath,
anxiety and even chest pain, and the consequence may
be overt pulmonary edema.

3. Concomitantly, all cardiac chambers dilate depending
on the extent of virus- and immune system—mediated
injury, particularly when the LV is involved. This di-
lation, in addition to poor ventricular function, creates
worsening pulmonary edema and worsening cardiac
function. Ventricular dilation also results in stretching
of the mitral annulus and resultant mitral regurgita-
tion, further increasing left atrial volume and pressure.
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4. During the healing stages of myocarditis, the fibroblast
population expands and produces increased extracel-
lular matrix, replacing previously normal myofibers and
resulting in patchy interstitial and replacement scar
formation. Reduced elasticity and ventricular perfor-
mance can result in persistent heart failure. In addition,
ventricular arrhythmias commonly accompany this fi-
brotic process as tissue inhomogeneity progresses.

PATHOLOGY

Gross Findings

Pathological findings are nonspecific in myocarditis, with
similar gross and microscopic changes noted irrespective of
the causative agent (47, 52, 77). Typically, the heart weight
is increased and all four chambers are affected. The muscle is
flabby and pale, with petechial hemorrhages often seen on
the epicardial surface, especially in cases of CVB infection.
A sero-sanguinous pericardial effusion may also be seen re-
lating to the often-combined finding of pericarditis. The
ventricular wall is frequently thin, although thickening re-
lated to edema may be found as well. The valves and en-
docardium are not usually involved. Mural thrombi may
occur along the inflamed endocardium in the LV and RV,
and small emboli are often found in the coronary and ce-
rebral vessels (83). Coronary emboli, although rare, may
produce areas of ischemia or injury with resultant cardiac
arthythmias that sometimes occur during the acute disease.

In cases of chronic myocarditis, the valves may be glis-
tening white, suggesting that EFE may be the result of an in
utero viral myocarditis (82).

Findings by Microscopy
An interstitial collection of mononuclear cells, including
predominantly lymphocytes and phagocytic cells with oc-
casional eosinophils (Fig. 1), is typical of early viral myo-
carditis (12). Polymorphonuclear cells are uncommon in
acute viral heart disease. Viral particles have only rarely been
documented, but molecular detection of viral genomes
(discussed below) is readily possible during the first 10 days of
infection. Extensive cell death can be seen on examination
by light microscopy, a result of both necrotic and apoptotic
processes in the myocardium (63, 84); evident effacement of
cross striations in cardiac muscle fibers and accompanying
edema is seen in severe infections, but especially with cox-
sackievirus. Perivascular accumulation of mononuclear cells
has been described with CVB myocarditis, but infiltration by
leukocytes is patchy and more aligned with sites of viral
replication and injury than with the vasculature. In disease
due to rickettsiae, varicella-zoster virus, and trypanosomes or
other parasites, and in reactions to sulfonamides, vasculo-
centric lesions are a much more prominent finding (85-90).

Diphtheria myocarditis is frequently complicated by ar-
rhythmias and complete atrioventricular block (91). The
diphtheria exotoxin attaches to conductive tissue and in-
terferes with protein synthesis by inhibiting a translocating
enzyme in the delivery of amino acids (92). Triglyceride
accumulates, producing fatty changes of the myofibers.

Bacterial myocarditis produces microabscesses and patchy
focal suppurative changes. A combined perimyocarditis is
also encountered frequently. Parasitic myocarditis caused by
Trichinella has a focal infiltrate with lymphocytes and eo-
sinophils, but larvae are usually not identified (85).

A severe myocarditis caused by Trypanosoma cruzi (88,
89) results in Chagas’ disease. Rare in North America,

Chagas’ disease is endemic in South America, affecting up to
50% of some populations. Examination by microscopy re-
veals the organism as well as neutrophils, lymphocytes,
macrophages, and eosinophils.

Sudden death in infancy may result from myocardial in-
flammation. James (93) described a resorptive, degenerative
process in the His bundle and left margin of the atrioven-
tricular node with the absence of inflammatory cells in cases
he studied of infants who died in Northern Ireland. Further
definition of the nature of involvement of the conduction
system by viral infection has not been forthcoming since
that early observation.

Giant cell myocarditis occurs with tuberculosis, syphilis,
rheumatoid arthritis, rheumatic heart disease, sarcoidosis,
and fungal or parasitic infections (94-100). Giant cells also
occur in idiopathic (Fiedler’s) myocarditis. There are two
types of giant cells: cells originating from the myocardium
and cells derived from interstitial histiocytes.

CLINICAL MANIFESTATIONS

Presentation of viral heart disease depends on the age of the
affected individual, immune status, specific viral trigger,
genetic factors, and the environment (10, 52, 77). Non-
specific influenza-like illness or episodes of gastroenteritis,
respiratory illness, or rash may precede symptoms of con-
gestive heart failure.

Newborns and Infants

Newborns or infants present with poor appetite, fever, irri-
tability or listlessness, periodic episodes of pallor, and dia-
phoresis. Sudden death may occur in this subgroup of
children (10, 52, 101). On physical examination, pallor and
mild or moderate cyanosis in addition to classic symptoms of
congestive heart failure are commonly noted. It is important
to keep in mind that the younger the child, the more likely
that the disease was triggered as an intrauterine event. While
this form of myocarditis may be expressed as a chronic dis-
ease that mimics chronic DCM (5, 10), indeed the severity
of acute illness is often profound and fatal. The earlier the
infection, the more likely severe illness will be observed,
reflecting the immaturity of the immune system and the
comparative inability to fight a lytic viral infection. The
prognosis of acute myocarditis in newborns is poor (102,
103). In one study, a 75% mortality rate was observed in 25
infants with suspected CVB myocarditis (102); most deaths
occurred in the first week of the illness.
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FIGURE 1 Endomyocardial biopsy specimen from a 19—year—old
man with heart failure. Histopathology includes multifocal mono-
nuclear cell infiltrates, areas of myocardial cell death, and apparent
edema. Hematoxylin and eosin (H & E) stain; scale bar, 200 pm.



Children with myocarditis alone typically have symptoms
for less than 2 weeks, whereas those with EFE have “viral”
signs and symptoms for more than 4 months (Fig. 2). Mumps
virus and CVB3 have been identified in the myocardium of
infants with EFE (5), although a precise cause-and-effect
relationship remains to be confirmed.

Children, Adolescents, and Adults

Older children, adolescents, and adults commonly have a
recent history of nonspecific illness, typically with upper
respiratory or gastrointestinal symptoms (with or without
fever) 10-14 days prior to presentation (52). Initial symp-
toms may include lethargy, low-grade fever, and pallor. A
child usually has decreased appetite and may complain of
abdominal pain. Diaphoresis, palpitations, rashes, exercise
intolerance, and general malaise are common signs and
symptoms. Later in the course of illness, respiratory symp-
toms, such as breathlessness and cough, become more evi-
dent; syncope or sudden death may occur due to cardiac
arthythmias or arrest. Findings on physical examination are
consistent with congestive heart failure (7, 52), as discussed
above. Unlike with newborns, jugular venous distention and
pulmonary rales may be observed, and resting tachycardia
may be prominent. Arrhythmias, including atrial fibrillation,
supraventricular tachycardia, or ventricular tachycardia, as
well as atrioventricular block, may occur (52, 104).

Older infants and children have a better prognosis, with a
mortality rate between 10 and 25% in clinically manifest
cases. However, a subgroup of patients will present to urgent
care centers in extremis from acute heart failure or ar-
rhythmias, or die outside of care. Children may present with
signs and symptoms of very common childhood disorders,
such as a viral respiratory illness, gastroenteritis, or dehy-
dration, and therefore are treated for these disorders initially.
However, over hours or days, these children may rapidly
deteriorate and succumb, usually after a cardiac or respiratory
arrest. On autopsy, myocarditis is diagnosed. They may have
associated hepatitis, pancreatitis, or encephalitis. These pa-
tients are extremely difficult to diagnose and, even if iden-
tified, have limited therapeutic options.

Complete recovery occurs in about 50% of patients (105,
106). Twenty-five percent of the patients continue to have
an abnormal electrocardiogram or cardiomegaly on chest
radiograph even though they were clinically asymptomatic.
Abnormalities in the resting electrocardiogram may not be
seen, but they may be brought out with exercise. Adult pa-
tients who recover may be asymptomatic at rest or with light
exertion, but may demonstrate a reduced working capacity
with exercise stress testing. As noted earlier, certain patients
will have persistent pericardial inflammation as well (9).

DIAGNOSTIC EVALUATION

The diagnosis of myocarditis is often difficult to establish,
but should be suspected in any patient who presents with
unexplained congestive heart failure or ventricular tachy-
cardia, especially in the absence of predisposing cardiac
conditions. Appropriate diagnostic studies include the fol-
lowing (107).

Chest Radiography

Cardiomegaly with pulmonary edema is classically demon-
strable on chest imaging.

Electrocardiography

Sinus tachycardia with low-voltage QRS complexes with or
without low-voltage or inverted T waves are classically de-
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FIGURE 2 PCR analysis of fixed heart samples obtained from
infants with endocardial fibroelastosis (EFE). Note the PCR-positive
bands at 223 bp indicative of mumps virus. Sequence analysis con-
firmed the viral genome as that consistent with mumps.
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scribed. A pattern of myocardial infarction with wide Q
waves and ST-segment changes also may be seen (108) (Fig. 3).
Ventricular tachycardia, supraventricular tachycardia, atrial
fibrillation, or atrioventricular block occurs in some patients

(106, 109, 110).

Echocardiography, Ventriculography,
and Magnetic Resonance Imaging

A dilated and dysfunctional LV consistent with DCM is seen
on two-dimensional and M-mode echocardiography. Seg-
mental wall motion abnormalities are relatively common,
but global hypokinesis is the predominant finding. The re-
gional dysfunction is at times shown to correspond with the
areas of most intense myocarditis at various locations in the
myocardium. Pericardial effusion frequently occurs. Doppler
and color Doppler commonly demonstrate mitral regurgita-
tion of a functional nature. Dilation of all cardiac chambers
may be seen. Cardiac catheterization shows low cardiac
output and elevated end-diastolic pressures. Cardiac mag-
netic resonance (CMR) imaging with gadolinium en-
hancement has emerged as a valuable diagnostic tool for
myocarditis, providing evidence of locale and extent of in-
flammation in acute myocarditis (111-115).

Blood Tests

Indicators of inflammation, like white cell counts, C-reactive
protein, and erythrocyte sedimentation rate, may be elevated
in the blood during a myocarditis episode, but these are not
in any way specific for myocarditis or subtypes caused by
viruses. Given that myocardial injury does occur during acute
myocarditis, it is not surprising that laboratory tests aimed at
documenting such injury including markers such as creatine
kinase MB isozyme (CK-MB), troponin I or T, or myosin
light chains and others are typically elevated in the setting of
myocardial injury (116-118). However, specific markers for
acute viral myocarditis in routine blood studies are not
available, and clinical context must be strongly considered in
their interpretation.

Endomyocardial Biopsy

Right or left ventricular endomyocardial biopsy is used to
examine pathological evidence of myocarditis, as well as for
detection of viral pathogens. Pathologically, the features
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FIGURE 3  Electrocardiogram from a 67-year-old man with no prior history of heart disease, normal coronary arteries, and now severe
acute heart failure and viral myocarditis. Sinus tachycardia and low-voltage QRS complexes with inverted myocardial injury pattern,
particularly in the inferior ventricular wall, as well as left axis deviation and right bundle branch block are present.

include an inflammatory infiltrate and tissue damage (see
Fig. 1), which is usually patchy and widely distributed in the
ventricular myocardium. A mononuclear cell infiltrate in-
clusive of lymphocytes and macrophages, as visualized by
immunohistochemistry, is always present in viral myocarditis
and is required for the diagnosis of myocarditis (2). My-
ocardial biopsy has a widely variable diagnostic sensitivity,
ranging from 3 to 63% of cases depending on the patient
selection, biopsist capability, and expert level in pathological
interpretation of findings (52,119-122). Because there are
risks associated with biopsy, particularly in young children or
those with severe ventricular dilation, certain centers have
abandoned this procedure, particularly in young and small
children (<10 kg) and those with severe ventricular failure.
For each patient, the purpose of obtaining a definitive tissue
diagnosis by cardiac biopsy is balanced by the risks versus the
ultimate benefit in clinical decision-making.

The Dallas Criteria

The Dallas criteria are based on histopathologic findings and
define myocarditis as “a process characterized by an inflam-
matory infiltrate of the myocardium with necrosis and/or
degeneration of adjacent myocytes not typical of ischemic
damage” due to coronary artery or other disease (119). These
criteria were evolved to standardize diagnosis for a major
myocarditis treatment trial conducted in adult patients (1006,
123). At the time of initial biopsy, a specimen may be
classified as active myocarditis, borderline myocarditis, or no

myocarditis, depending on whether an inflammatory infil-
trate occurs in association with myocyte degeneration or
necrosis (active) or only sparse infiltrate or no myocyte de-
generation is evident (borderline) (48, 76). Repeat endo-
myocardial biopsy may be appropriate in cases where strong
suspicion of myocarditis exists clinically; on repeat endo-
myocardial biopsy, histology may be classified as ongoing
myocarditis, resolving myocarditis, or resolved myocarditis.
The Dallas criteria more recently have been criticized as not
reflecting the lower grade of inflammation that separates
truly normal hearts from failing hearts with subtle immune
cell infiltrates (124). Also, both active and passive cell death
occur in the myocardium of patients and in model systems of
myocarditis; thus, both apoptotic and necrotic features may
be seen by microscopy (125-127).

Viral Studies

A positive viral culture from myocardium has been consid-
ered the diagnostic standard in the past. Viral culture of
peripheral specimens, such as blood, stool, or urine, is
commonly performed but is unreliable in identifying the
causative infection. A 4-fold increase in virus-specific anti-
body titer correlates with recent infection (128, 129).
However, these studies are nonspecific, because prior infec-
tion with the causative virus is commonplace, potentially
yielding a greater rise in antibody titer than would be seen in
a primary infection, and also because cross-reactive re-
sponses to related viruses may be observed.



First reported in 1986, in situ hybridization (ISH) was
performed on myocardial tissue using molecular cDNA
probes for coxsackievirus (Fig. 4) (75, 76) and more recently
for parvovirus (Fig. 5A). While originally based on radio-
active probes, ISH evolved to rely on nonradioactive probes
and became more user friendly. Properly established under
standard laboratory operating procedures, this method can
detect as few as 50 copies of viral genomes in infected cells or
tissues. The ISH technique, while very well described in
experimental studies (63, 130), is highly specialized and not
readily applied in most hospital settings, despite the fact that
along with histopathological evaluation this technique
provides evidence of active or resolving infections with
enteroviruses and allows colocalization of injury, inflamma-
tion, and viral genomes (131, 132).

Detection and amplification of viral sequences by PCR
from cardiac tissue samples is extremely sensitive and is typ-
ically specific (7, 8, 79). In 25-50% of cases, the enterovirus

genome was mltlally identified by reverse transcriptase
PCR (RT-PCR) (Fig. 5B, left panel) (8-10 16, 51, 79, 123,

133-135); however, no other viral genomes were sought in
these early studies (133, 136, 137). Subsequently, PCR has
been used to screen for other viral genomes within cardiac
tissue specimens. Parvovirus (Fig. 5B, right panel) and ade-
noviruses (Fig. 6) were identified as commonly as enterovirus
in heart tissue specimens of pediatric patients with myocar-
ditis or DCM (Table 2) (7, 8, 10, 79). PCR analysis usually
does not identify the viral genome in the peripheral blood of
patients with myocarditis, but the viral genome can be
identified in tracheal aspirates of intubated children with
myocarditis (53). The great risk of PCR techniques is the
common problem of sample or laboratory contamination and
the possibility of finding genomes that are deemed a causa-
tive association with the clinical status, but in the absence of
histopathological evidence of a myocarditic process. Sim-
ilarly, viruses found by PCR in the respiratory tract do not
secure a diagnosis of myocarditis. These realities temper one’s
belief in the molecular epidemiological profile of viral heart
disease as currently known globally.

FIGURE 4

In situ hybridization for coxsackievirus B3 genome
in myocardium of a newborn with lethal enteroviral myocardi-
tis. Note replication of the virus in myocytes as visualized by ra-
dioactive RNA/RNA in situ hybridization (black dots) in close
association with mononuclear inflammatory cells. Magnification,

400x.
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FIGURE 5 (A) In situ hybridization of acute parvovirus B19
infection of the heart is restricted to endothelial cells of small
vessels as demonstrated by radioactive RNA/DNA hybridization.
Cardiac inflammation is less prominent as compared to enteroviral
myocarditis. Magnification, 400x. (B) PCR detection of entero-
viral RNA (left panel) and parvovirus B19 DNA (right panel) by
nested PCR in the myocardium of different patients with histo-
logically proven myocarditis. Automatic DNA sequencing of viral
amplification products confirms specificity of the PCR and allows
the analysis of virus genotypes.
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FIGURE 6 Nested PCR for the adenovirus genome. The agarose
gel demonstrates a 308-bp PCR-positive band in the adenovirus-
positive control lane, as well as in lanes designated MP, AD, BS, and
JW, in which DNA was extracted from myocardial tissue samples
obtained from patients with myocarditis. Patients designated LS
and JH are PCR negative, as is the negative () control lane. MW/,
molecular weight.
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TABLE 2 Viral etiologies of myocarditis in children
by PCR analysis

No. of PCR-
positive
samples

239 (38%)

No. of
samples

624

PCR amplimer (no.)

Adenovirus 142 (23%)
Enterovirus 85 (14%)
Cytomegalovirus 18 (3%)
Parvovirus 6 (< 1%)
Influenza A5 virus (< 1%)

Herpes simplex

virus 5 (<1%)
Epstein-Barr virus 3 (<1%)
Respiratory syncytial

virus 1 (<1%)
Adenovirus 18 (12%)
Enterovirus 12 (8%)
Enterovirus 1 (<1%)

Diagnosis

Myocarditis

DCM 149 30 (20%)

215 3 (1.4%)

Controls
Cytomegalovirus 2 (<1%)

DCM, dilated cardiomyopathy.

DIFFERENTIAL DIAGNOSIS

Any cause of acute circulatory failure may mimic myocar-
ditis. Other nonviral etiologies include other infectious
agents such as rickettsiae, bacteria, protozoa and other par-
asites, fungi, and yeasts (83, 85,87-91138-142); various
drugs, including antimicrobial medications (47), antipsy-
chotics (143), and antitumor drugs (144); hypersensitivity,
autoimmune, or collagen-vascular diseases (145-151), such
as systemic lupus erythematosus, mixed connective tissue
disease, rheumatic fever, rtheumatoid arthritis, and sclero-
derma; toxic reactions to infectious agents (5, 30, 67, 152)
(e.g., mumps or diphtheria); or other disorders such as Ka-
wasaki disease and sarcoidosis (98, 153, 154). In most cases,
however, the cause goes unrecognized or is poorly defined,
and idiopathic myocarditis must be diagnosed (155).

LONG-TERM SEQUELAE

In patients in whom resolution of cardiac dysfunction does
not occur, chronic DCM results, characterized by a dilated
LV chamber, with or without LV diastolic dysfunction and/or
right ventricular dilation and dysfunction (8, 51, 102,156~
158). The underlying etiology of DCM is uncertain, but viral
persistence and autoimmunity have been widely speculated.
In addition, cytoskeletal protein disruption has also been
demonstrated (159). Enteroviral protease 2A directly
cleaves the cytoskeletal protein dystrophin, resulting in
dysfunction of this protein (160-162). Because mutations in
dystrophin are known to cause an inherited form of DCM
(as well as the DCM associated with the neuromuscular
diseases Duchenne muscular dystrophy and Becker muscular
dystrophy), it is possible that this contributes to the chronic
DCM seen in enteroviral myocarditis (163, 164). Ad-
enoviruses also have enzymes that cleave membrane struc-
tural proteins or result in activation or inactivation of
transcription factors, cytokines, or adhesion molecules to
cause chronic DCM (57, 165, 166). Thus, it appears as if a
complex interaction between the viral genome and the heart
muscle tissues and cells occurs and determines the long-term
outcome of affected patients.

As in mice, myocarditis in humans may have a genetic
basis (167). Support for this tenet includes the frequent
finding of myocardial lymphocytic infiltrates in patients
with familial and sporadic DCM (168), as well as the few
reports of families in which two or more related individuals
have been diagnosed with myocarditis on endomyocardial
biopsy. Of note, the shared receptor for four common viral
causes of myocarditis (CVB3 and CVB4 and adenoviruses 2
and 5) is the human coxsackievirus and adenovirus receptor
(CAR) (169, 170). The CAR plays an important role in
embryonic development and the maintenance of normal
cardiac function (64,171-173). Patients with DCM and
young adults were shown to express increased levels of the
CAR in the heart, suggesting a mechanism responsible for
susceptibility to myocarditis (173). Genetic variants in the
genome of this receptor might result in host differences
leading to myocarditis, although this hypothesis requires
study. The role of decay-accelerating factor (DAF), the
coreceptor for CVB infections (174), also requires further
exploration.

SUPPORT FOR VIRAL CAUSE-AND-EFFECT
RELATIONSHIP WITH MYOCARDITIS

The increasingly common association of viral genomes
within the myocardium in patients with myocarditis (80,
175, 176) is tempered by limited definitive data to prove
that the virus causes ventricular disturbances directly leading
to the clinical phenotype. Myocarditis has traditionally been
defined as an inflammatory disorder, yet, even in this regard,
definitive data to support the inflammatory concept are
limited. In many cases of human myocarditis, frank, fulmi-
nant inflammation with lymphocytic or other infiltrate,
edema, and cell necrosis with or without fibrosis is seen. But
in other circumstances, little infiltrate, necrosis, or edema is
seen in subjects with acute-onset heart failure and ventric-
ular dysfunction. In both situations, the viral genome can be
identified in up to 70% of those studied by PCR (80, 175,
176). In addition, PCR analysis of “control” specimens from
subjects not thought to have clinical symptoms consistent
with myocarditis and not having recent infectious or febrile
illness very rarely detects a viral genome. However, because a
relatively low percentage of biopsies are currently performed
in children suspected of having myocarditis and, of those, a
limited number have PCR performed on the myocardium,
definitive cause-and-effect data are sparse. Occasional au-
topsy case materials provide definitive links between the
enteroviruses and fatal heart muscle disease (177).

One human model system exists that has been used to
study the relationship between the detection of viral ge-
nomes in the myocardium and ultimate heart failure. Car-
diac transplant recipients undergo routine surveillance
biopsies for rejection at most institutions, and in all cases,
histopathological assessment is performed. At Texas Child-
ren’s Hospital, all patients also undergo myocardial PCR
analysis with screening for adenovirus, enteroviruses (in-
cluding coxsackievirus), parvovirus B19, CMV, and EBV
(178, 179). Detection of the viral genome in these heart
biopsy samples has been shown to correlate with outcome.
Heart transplant patients not having any PCR-positive
studies during a 5-year follow-up period had a 96% 5-year
survival rate, whereas those with at least a single PCR-
positive result had a 5-year survival rate of 67% (163, 180,
181). Survival did not closely correlate with the level of
inflammatory infiltrate seen on histopathology, and the
specific virus identified in the myocardium appeared to be an



important variable regarding both the outcome and the in-
flammatory response. For instance, adenovirus has been
shown to cause a lower level of inflammatory infiltrate than
enteroviruses or parvovirus B19 (134, 181). Similar findings
have been obtained for lung transplant recipients (182).
How these posttransplant studies, complicated by the pres-
ence of an allo-immune response and by the presence of
varied immunosuppressive agents, relate to the pretransplant
connection between viral infection of heart muscle and
patient outcomes is less clear. The experience of numerous
laboratories with murine model studies has taught us the
most thus far, with inference for the protean, difficult,
and temporally vague human phenotype of myocarditis (70,

183, 184).

MANAGEMENT

Care of a patient presenting with a clinical picture and
history strongly suggestive of myocarditis depends on the
severity of myocardial involvement and the clinical status
(2-4). Many patients present with relatively mild disease,
with minimal or no respiratory compromise, and only mild
signs of congestive heart failure. Such is the case because the
most commonly recognized cardiotropic viruses are generally
“high-attack, low-virulence” pathogens. These patients re-
quire close monitoring to assess whether the disease will
progress to worsening heart failure and the need for intensive
medical care. Experimental animal studies may suggest that
bed rest may prevent an increase in intramyocardial viral
replication in the acute stage (185-187). Thus, it appears to
be prudent to place patients under this restriction at the time
of diagnosis. Normal arterial blood oxygen levels should be
maintained for any patient with compromised hemody-
namics resulting in hypoxemia.

Management of Acute Heart Failure Related
to Myocarditis

The current strategy for therapy in acute myocarditis in-
cludes hemodynamic support to achieve end-organ perfusion
and urine output without “driving” the myocardium with
inotropic agents. In the setting of hypotension, vasopressor
infusions need to be used to maintain adequate blood pres-
sure. The agents of choice include norepinephrine, epi-
nephrine, and vasopressin. Inotropic agents such as
dobutamine and dopamine may improve blood pressure and
increase cardiac output but may have the associated cost of
increasing heart rate and increasing mechanical stress on the
heart, as well as increasing the possibility for arrhythmias.
Phosphodiesterase inhibitors, such as intravenous milrinone,
have been used to provide both inotropy and afterload re-
duction. However, their use may be limited by low blood
pressure. Furthermore, the routine use of milrinone for acute
heart failture (HF) was not associated with improved out-
comes in the OPTIME-HF study (188). Digoxin therapy can
also be instituted early, as it may provide positive inotropic
effects while lowering the heart rate. If the patient is not
requiring vasopressors, acute oral therapy with modulators of
the renin-angiotensin-aldosterone systems (e.g., angioten-
sin-converting enzyme inhibitors) and sympathetic nervous
system (e.g., beta-adrenergic blockers) can be started. When
chronic oral therapy is necessary and hypotension is not
present, an afterload-reducing drug, such as captopril, ram-
ipril, or enalapril (189), may be used with beta-blockers,
such as carvedilol or metoprolol. Diuretics therapy may be
required to maintain a euvolemic state.
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Although arrhythmias are commonly present in the acute
setting, they should not be treated unless they are contrib-
uting to the symptoms or causing hemodynamic compromise
(104). Sustained supraventricular tachyarrhythmias, such as
atrial fibrillation, atrial flutter, or AV nodal re-entry tachy-
cardia, may respond to digitalis or intravenous amiodarone.
Sustained ventricular arrhythmias should be treated with
cardioversion if associated with hypotension or hemody-
namic compromise or an infusion of intravenous amiodar-
one if the patient is stable. Despite aggressive treatment of
these arrhythmias, rapid deterioration to ventricular fibril-
lation, especially in the very young, may occur and should be
treated immediately by direct-current cardioversion. The use
of an implantable cardioverter defibrillator is rarely neces-
sary in the acute phase. Chronic arrthythmias may persist
long after the acute disease has passed (104). Thus, children
who recover from myocarditis, regardless of etiology, should
be monitored indefinitely. Complete atrioventricular block
requires a temporary transvenous pacemaker because the
patient may be dependent on a higher heart rate to generate
an adequate cardiac output.

If the patient deteriorates despite maximal medical at-
tempts at maintaining adequate tissue perfusion, then con-
sultation for implantation of mechanical circulatory support
should be considered (190-193). Some options include
placement of a temporary ventricular assist device (VAD)
like the TandemHeart (CardiacAssist, Inc., Pittsburgh, PA)
or Impella (ABIOMED, Danvers, MA), or placing the
patient on extracorporeal membrane oxygenation (ECMO)
until the acute phase resolves. In the absence of resolution of
shock, consideration for placement of a durable VAD such as
Heartmate 11 (Thoratec Corporation, Pleasanton, CA) or
HVAD (HeartWare, Framingham, MA) should be under-
taken. In some circumstances, transplantation becomes nec-
essary (163, 167), and outcomes may be best in patients who
present most fulminantly (158). The number of such patients
who definitely have a viral etiology is not established.

Immunomodulatory and Antiviral Therapies

Immunosuppresive agents have not been shown to improve
outcomes in patients with acute viral myocarditis (106), but
may improve outcomes in those with giant cell myocarditis
(194). The use of immunosuppressive agents in suspected or
proven viral myocarditis is controversial (195-197). Some
animal studies have suggested an exacerbation of virus-
induced cytotoxicity in the presence of immunosuppressive
drugs, possibly due to reduced interferon production. The
NIH-funded Myocarditis Treatment Trial analyzed the use of
immunosuppressive therapy, including corticosteroids with
either cyclosporine or azathioprine (106). Although the
study was performed with adult patients, the results are po-
tentially applicable to children. There was no difference in
survival outcomes among patients treated with azathioprine
and prednisone, cyclosporine and prednisone, or conven-
tional supportive therapy (106). Immunosuppressive therapy
was not beneficial in most patients with histologically con-
firmed myocarditis.

Another important therapeutic option is the use of in-
travenous gamma globulin in children with myocarditis.
One nonrandomized clinical trial (74) used this agent in 21
of 46 children with myocarditis; patients who received this
drug had better LV function at follow-up and a trend toward
a higher survival rate at 1 year. Whether this approach
proves to be beneficial or whether these early results mirror
the early-published experience with corticosteroids remains

to be seen (198, 199).
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The efficacy of type-I IFN treatment in myocarditis has
been studied with respect to viral clearance and prevention
of progressive deterioration of LV function (136, 198, 200).
These uncontrolled studies reported some effectiveness of
IFN-alpha or -beta treatment in viral clearance and cardiac
function improvement in patients with PCR-proven en-
teroviral or adenoviral myocarditis. Unfortunately, this im-
pression was not confirmed in a multicenter clinical trial
later on.

Potential therapeutics for enterovirus infections that in-
volve the heart have been in progress for many years. Of
note, pleconaril was developed as a steric inhibitor of
picornaviral capsid protein binding to the CAR and other
receptors (201, 202). While this investigational antiviral was
widely used in the late 1990s and early 2000s on a compas-
sionate care basis for treatment of acute, severe human
myocarditis (203), it never received FDA regulatory ap-
proval. Vapendavir is a recently developed, more potent, and
broader-spectrum capsid inhibitor; however, its efficacy in
the treatment of myocarditis remains to be tested (204).
Clearly, an antiviral strategy is especially pertinent to infants
and young children whose lives literally depend on the bal-
ance between viral pathogenesis and host immune responses,
and for which a drug like pleconaril or vapendavir may serve
a pivotal role in tipping this deadly duel in favor of the host.
Meanwhile, a vast amount of fundamental work on signaling
mechanisms underlying enteroviral infections has been pur-
sued with a view to identifying other targetable molecules.

There are also several available agents for influenza, ad-
enovirus, and herepesviruses; however, clinical evidence of
their value in the treatment of myocarditis is still lacking.
For example, the phase III study of brincidofovir showed
efficacy for adenovirus viremia in transplant patients, but
this agent has not been studied for myocarditis (205).

Vaccination

Vaccination, except for influenza, is not currently available
for the principal viral agents causing human myocarditis.
The efficacy of the polio vaccine has led to the suggestion
that a broadly reactive enteroviral vaccine, if possible, or at
least a CVB-specific vaccine, could be beneficial for reduc-
ing the incidence of myocarditis or associated DCM. Early
work indicates that immunization can be protective in mice
(206). The possibility of success in this regard is supported by
the success of the mumps vaccine, which all but eliminated

this form of DCM.
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Viral Diseases of the Skin
ZEENA Y. NAWAS AND STEPHEN K. TYRING

Viral infections cause a variety of cutaneous and mucosal
manifestations that are either the result of primary viral
replication within the epidermis or a secondary effect of viral
replication elsewhere in the body. Three groups of viruses
represent most primary epidermal viral replications: human
papillomaviruses (HPV), herpesviruses, and poxviruses.
Multiple virus families, including retroviruses, paramyxovi-
ruses, togaviruses, parvoviruses, and picornaviruses, produce
skin lesions secondarily. Other viruses, such as orthomyxo-
viruses and reoviruses, rarely induce skin lesions. Recog-
nition of characteristic mucocutaneous manifestations of a
variety of viral diseases is crucial. It either directly helps
determine the etiologic agent or assists the clinician in de-
ciding which additional diagnostic tests to order. Proper
management of the patient can be initiated from the results
of such tests.

CLINICAL MANIFESTATIONS

A wide spectrum of skin lesions can result from viral infec-
tions. For example, while infection with HPV is best known
for causing verrucous papules, other manifestations of this
viral infection include erythematous macules in epi-
dermodysplasia verruciformis (EV), smooth papules in bo-
wenoid papulosis, and fungating Buschke-Lowenstein
tumors. Vesicles are considered the primary lesion in herpes
simplex virus (HSV), varicella-zoster virus (VZV), and
many coxsackievirus infections. However, the vesicles are
often preceded by erythema and papules and followed by
pustules, crusts, or shallow ulcers. Ulcers without other
stages can be seen with cytomegalovirus (CMV) infections
of the skin and mucous membranes as well as with HSV,
VZV, or coxsackievirus infections of mucous membranes.
Both macules and papules are seen with measles and rubella.
Macules coalescing into larger erythematous patches are
seen in Epstein-Barr virus (EBV), human herpesvirus 6
(HHV-6), and parvovirus B19 infections.

Some viruses induce skin changes that are highly sug-
gestive of the diagnosis, such as the verrucous papules seen
with papillomavirus infection or the smooth umbilicated
papules resulting from poxvirus infection. However, other
viruses produce nonspecific skin lesions, including urticaria,
erythema multiforme, and petechiae. In these cases, a dif-
ferential including viral and nonviral etiologies must be
considered. Depending on the clinical picture, vesicles in-

duced by HSV type 1 (HSV-1), HSV-2, or VZV may be
diagnostic or may necessitate a broad differential diagnoses.
Other herpesviruses, such as EBV, CMV, and HHV-6, pro-
duce skin manifestations less frequently and are most accu-
rately diagnosed when the systemic manifestations of the
viral infection are also considered. Cutaneous manifestations
of viral diseases can range from very specific (e.g., derma-
tomal vesicles of herpes zoster) to very general (e.g., urti-
caria), and the differential diagnosis must take the patient’s
total clinical presentation into consideration.

PATHOPHYSIOLOGY

Viruses infect the skin via three different routes: direct in-
oculation, spread from an internal focus, and systemic in-
fection. Viruses that infect the skin by direct inoculation
include primary HSV, papillomaviruses, and most poxviruses
(except smallpox). Primary VZV produces systemic infec-
tion with viremia and dissemination to the skin and mucous
membranes. Recurrent VZV (shingles) or recurrent HSV
reaches the skin from the sensory ganglia.

The effect of viral replication on infected cells may di-
rectly produce skin lesions, or the skin lesions may result
from the host response to the virus. Alternatively, the lesions
may be the result of the interaction between the viral rep-
lication and the host response. In general, viruses that rep-
licate in the epidermis produce skin lesions directly. On the
other hand, viruses that replicate elsewhere in the body
typically produce skin manifestations via the host’s response
to viral replication. For example, the host’s cell-mediated
immune response to rubella and measles viruses is thought to
be at least partly responsible for the skin manifestations as-
sociated with these viruses, and rashless measles can manifest
as pneumonitis or central nervous system (CNS) disease in
highly immunocompromised hosts.

DIAGNOSIS

Laboratory Diagnosis

Five general methods of laboratory diagnosis are available to
confirm suspected viral diseases: viral culture, microscopic
examination of infected tissue, detection of viral antigens,
detection of viral DNA or RNA, and serology (see Chapter
15). Viral culture or polymerase chain reaction (PCR) are
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the preferred methods of diagnosis; both require adequate
specimens. Viral culture is highly specific (>99%), but
sensitivity depends on stage of lesion and proper collection
technique and declines rapidly as lesions begin to heal (1).
Sensitive virus isolation systems are not available for many
viruses. If HSV-1 or HSV-2 is responsible for the lesion, a
positive culture can be obtained within 1-2 days. Viral
cultures are most likely to be positive if the sample is taken
from the vesicular stage, whereas later stages of healing have
lower vyield. Positive cultures are more difficult to obtain
from VZV, even when fresh vesicular fluid is used to inoc-
ulate the cell culture.

Evaluation of the involved skin by microscopy can reveal
histologic changes consistent with a particular virus family,
but is usually not helpful in identifying the specific virus
responsible. For example, benign warts caused by different
HPV types have a similar histologic appearance under the
microscope. Histologic changes induced by HSV-1 and
HSV-2, as well as by VZV, are similar to each other but
distinctive from changes associated with other herpesviruses.
A more rapid procedure in suspected HSV-1, HSV-2, and
VZV infection is the Tzanck smear. Using fluid from an
intact vesicle, the Tzanck smear is positive if acantholytic
keratinocytes or multinucleated giant acantholytic kerati-
nocytes are detected. Multinucleated giant cells are found in
herpes simplex, varicella, and zoster. The Tzanck smear is
insensitive (50%) and nonspecific. Another viral infection
that can be diagnosed directly from smears from a skin lesion
is molluscum contagiosum (MC). The presence of intra-
cytoplasmic inclusion bodies will help to distinguish papules
associated with MC virus from skin lesions of Cryptococcus
neoformans, which can appear very similar in human im-
munodeficiency virus (HIV)-infected patients.

Among rapid diagnostic tests, perhaps the most frequently
used for detection of viral infections of the skin is PCR and
fluorescent antibody detection of HSV-1, HSV-2, and VZV.
This technique distinguishes among these three viruses, in
contrast to the Tzanck smear. Immunoperoxidase techniques
are sometimes used to detect HPV capsid antigens; however,
these techniques can lead to false-negative results in onco-
genic types of HPV because the viral DNA may not have
associated capsid antigens. Labor-intensive techniques such
as electron microscopy or immunoelectron microscopy can
be used to detect viral particles or viral antigens.

Assays to detect viral nucleic acid are becoming more
widely used, especially when no effective culture or serologic
assay is available. In situ hybridization allows not only de-
tection of the viral nucleic acid but also histologic locali-
zation of the virus to specific cells. PCR primers can be
designed to detect a range of viruses within a particular
family (i.e., consensus primers) or may be specific for a
particular virus (i.e., type-specific primers). Further infor-
mation can be gained from in situ PCR, which combines the
sensitivity of PCR with localization of the virus on histology.
The application of PCR for diagnostic purposes is detailed in
each chapter.

Differential Diagnosis

The differential diagnosis of various types of viral exan-
themata requires the consideration of a spectrum of both
viral and nonviral conditions. Vesicles may be due to HSV-1,
HSV-2, VZV, poxviruses, hand-foot-and-mouth disease
(HFMD) viruses, and other coxsackieviruses. Most vesicles
develop into pustules during the process of healing. There-
fore, the differential diagnosis of a vesiculopustular rash must
include nonviral entities such as bullous impetigo, insect

bite reactions, drug eruptions, contact dermatitis, gon-
ococcemia, erythema multiforme, and sweet syndrome.
Macules may be observed in rubella, EBV infection (infec-
tious mononucleosis), and HHV-6 infection (roseola), as
well as a variety of coxsackievirus A and B and echovirus
infections. Nonviral etiologies of macules may include drug
eruptions and bacterial infections (scarlet fever, Rocky
Mountain spotted fever, and erysipelas). Macules may
manifest with papules in measles, echovirus infections, and
human parvovirus B19 infections (erythema infectiosum).
Maculopapular lesions may also be seen in erythema multi-
forme, which is commonly of viral etiology (HSV) or may be
associated with nonviral infections or drug eruptions.

Papules are seen in a variety of poxviruses and HPV in-
fections, as well as in Gianotti-Crosti syndrome, which may
be a manifestation of hepatitis B or another viral infection.
Papules may also be seen with bacterial infection (Bartonella
and Mycobacterium), fungal infections (Cryptococcus), and
noninfectious conditions (seborrheic keratoses and basal cell
carcinomas). Nodules may be observed in poxvirus infec-
tions (orf and milker’s nodules), HPV (squamous cell car-
cinomas associated with HPV-16), or HHV-8 (Kaposi’s
sarcoma), as well as in mycobacterial and Bartonella infec-
tions (bacillary angiomatosis) and noninfectious tumors
(basal cell carcinomas, squamous cell carcinoma, melanoma,
and pyogenic granuloma).

Urticaria is usually associated with allergic reactions,
including drug eruptions, but may be due to hepatitis B virus
or coxsackievirus infections. Petechiae are seen in multiple
viral infections, such as dengue fever and other hemorrhagic
fevers (Lassa fever), but may occur in nonviral conditions
producing thrombocytopenia. Ulcerations of the mucous
membranes commonly occur with HSV-1, HSV-2, VZV,
CMYV, and HFMD viral infections. Anogenital ulcers in
immunocompromised persons are sometimes due to CMV or
may involve a coinfection of CMV and HSV. Oral ulcers of
viral etiology must be distinguished from nonviral ulcers
such as aphthous ulcers. Cutaneous ulcers may be related to
stasis dermatitis or to other causes of decreased circulation.

LOCAL IMMUNITY TO VIRAL INFECTIONS

Not only does the epidermis serve as a primary line of de-
fense against infections, but because of its anatomic struc-
ture, it also contains the basic elements needed for the
immune response against infection. Therefore, the concept
of skin-associated lymphoid tissue (SALT) has been pro-
posed (2). SALT is made up of the following: (1) keratino-
cytes, which phagocytize foreign particles, release cytokines,
and express major histocompatibility complex (MHC) class
I antigens upon incubation with interferon-y (IFN-vy); (2)
epidermal Langerhans cells, which have surface expression
of MHC class II, CD1, C3biR, and CD4 molecules and are
the predominant scavenger antigen-presenting cell of the
epidermis; (3) skin-trophic T cells, which in the epidermis
include mainly “inactive” memory T cells of predominantly
CD8" phenotype, although CD4" and CD4~ CD8™ gd* T
cells are also present; and (4) skin endothelial cells, which
direct cellular traffic in and out of the skin (Fig. 1).

DNA VIRUSES

The following sections highlight the mucocutaneous mani-
festations, diagnosis, and management of common viral in-
fections. The reader should consult pathogen-specific
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FIGURE 1

human immunodeficiency virus (HIV).

chapters for details on the virology and other features of
individual viral agents.

Human Papillomaviruses
Epidemiology

Anogenital HPV infection is extremely common, with an
annual incidence of 5.5 million cases in the United States
(3, 4). Approximately 75% of sexually active adults will
have had an HPV infection by age 50. Of these, approxi-
mately 60% have resolved infection, 14% have subclini-
cal infection, and 1% have clinically evident lesions (5).
Peak prevalence of anogenital HPV is in women younger
than 25 years old; there is a second peak in women over age
55 (6).

Condyloma acuminata, or genital (venereal) warts, are
the most frequently diagnosed sexually transmitted disease,
with an annual incidence of approximately 1 million new
cases in the United States (Fig. 2). Over 90% of cases of
condyloma acuminatum are due to HPV-6 or HPV-11 and
are clinically benign. Genital warts are most often spread by
sexual contact, with a 60% transmission rate during sexual
contact with an infected partner. The mean incubation
period of HPV is 2-3 months but ranges from 3 weeks to
beyond 8 months (7, 8).

HPV infection also appears to be very common in men
but is less well studied. Most studies report prevalence in
men comparable to that in women. However, men have
lower seropositivity of HPV-6, -11, -16, and -18 (9).

The most significant risk factor for anogenital infection
in both men and women is the number of sexual partners.
HPV has also been positively correlated with smoking. A
possible association with oral contraceptive use has been

—

Pathways of the cutaneous immune response to infection with human papillomavirus (HPV), herpes simplex virus (HSV), and

suggested (10). Male circumcision appears to reduce the
prevalence of genital HPV in males (11), significantly re-
duces the prevalence and incidence of both low-risk and
high-risk HPV infections, and increases clearance of high-
risk HPV infections in their female partners. Male circum-
cision has been recommended as an effective intervention
for reducing the prevalence and incidence of HPV infections
in female partners (12). The mechanism by which circum-
cision helps protect against HPV infection is unclear but is
thought to go beyond increased probability of good penile
hygiene (13) and probably involves the reduction of HPV
carriage in the penis (12). Furthermore, the keratinized
stratified squamous epithelium of the penile shaft is likely

FIGURE 2 (a) Photomicrograph of condyloma acuminatum
showing acanthosis, papillomatosis, and parakeratosis. (b) Con-
dyloma acuminatum associated with human papillomavirus 6

(HPV-6).
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less vulnerable to infection than the nonkeratinized mucosal
lining of the prepuce (13).

Nongenital cutaneous HPV infections occur in 10% of
children, with a peak incidence between the ages of 12 and
16 (14). Adults are also affected by cutaneous HPV but less
commonly than children. Close personal contact is the main
risk factor for transmission, as these lesions spread by direct
skin-to-skin or skin-to-mucosa contact. However, transmis-
sion of both anogenital and nongenital cutaneous HPV in-
fections depends on lesion location, HPV quantity in the
lesion, type of contact, and immune status of the exposed
individual.

Clinical Features

HPV infections can be categorized based on regional
tropism—that is, whether they cause genitomucosal lesions,
nongenital cutaneous lesions, or lesions associated with EV.
The most prevalent clinical form of genitomucosal lesions is
condyloma acuminata. These warts are exophytic, cauli-
flower-like lesions typically located near moist surfaces.
Papular warts and flat lesions occur less commonly. These
lesions are smaller and less obvious on exam than condy-
loma acuminata. Examination under a colposcope or other
type of magnification may be necessary for identifica-
tion (15). Anogenital HPV infection is commonly associ-
ated with cancer, as described in more detail below (see
Chapter 28).

An uncommon manifestation of genital HPV infection is
the Buschke-Lowenstein tumor, or “giant condyloma.” This
lesion typically manifests as a slow-growing, large, mal-
odorous, cauliflower-like mass. These lesions resemble con-
dyloma acuminata histologically, but exhibit both downward
and upward growth, thus appearing locally invasive. Re-
currences of Buschke-Lowenstein tumors are common (15).

Bowenoid papulosis is an anogenital neoplasia that
manifests as multiple, verrucous, brown-red papules that may
coalesce. Lesions are more common in females, in whom
they occur around the labia minora and majora, inguinal
folds, and perianal areas. In men, lesions occur on the glans
or shaft of the penis (15).

Nonanogenital mucosal disease can occur in the nares,
mouth, larynx, and conjunctiva. HPV from genital lesions
can be transmitted to distant mucous membranes via or-
ogenital sex (causing oral condyloma acuminatum) or
nonsexually, as in cases of vertical transmission during vag-
inal delivery (16). In the latter case, HPV from vaginal warts
may be transmitted to the oral or respiratory tract of the
infant and manifest as respiratory (laryngeal) papillomas
(17). Alternatively, anogenital warts may develop in infants
within a few months of birth as a result of acquisition during
vaginal delivery. Children may also develop anogenital warts
due to incidental spread from cutaneous warts or from sexual
abuse (18).

Cutaneous HPV lesions are common and can manifest as
verruca vulgaris (HPV-2), plantar warts (HPV-1), or verruca
plana (HPV-3). These common warts can manifest on any
skin surface but are most commonly seen on the hands and
fingers. They manifest as flesh-colored exophytic papules
and nodules that are usually benign and self-limited; how-
ever, they can be annoying and difficult to eradicate.

Cutaneous warts in EV, on the other hand, can lead to
major morbidity and mortality (19). EV is a rare autosomal
recessive genodermatosis and was the first model of cuta-
neous viral oncogenesis in humans. EV patients develop
disseminated warty papules and erythematous macules dur-
ing childhood. These lesions progress to cutaneous carci-

FIGURE 3 Multiple primary squamous cell carcinomas associ-
ated with human papillomavirus 8 (HPV-8) on the forehead of a
man with enterovirus (EV).

nomas in adulthood in approximately one-half of these
patients (Fig. 3). At least 19 HPV types are associated with
EV. Several of these genotypes have oncogenic potential,
most notably HPV-5 and HPV-8 (20). Nonsense mutations
in the adjacent novel genes EVERI and EVER2, which
encode integral membrane proteins in the endoplasmic re-
ticulum (21), are associated with EV. Oncogenic HPV ge-
notypes in EV appear to be necessary but not sufficient for
malignant transformation. The most important cofactor, in
the case of EV, is UV irradiation, which is illustrated by the
fact that the highest incidence of carcinomas in EV patients
is in areas of greatest sunlight exposure (22).

Diagnosis

Often no laboratory tests are carried out if, by clinical ap-
pearance, the lesion is presumed to be HPV related and
benign. When biopsies of verrucae are carried out, the fol-
lowing general patterns may be observed in tissues: acan-
thosis, papillomatosis, hyperkeratosis, parakeratosis, and
prominent and often thrombosed dermal capillary vessels.
Koilocytes, large keratinocytes with an eccentric, pyknotic
nucleus surrounded by a perinuclear halo, are often ob-
served. Frequently, a biopsy is conducted to determine if
the lesion is dysplastic or neoplastic. In the general popu-
lation, such biopsies would most likely be taken in the
anogenital region. In this population, dysplastic or neo-
plastic lesions are most frequent on the cervix and therefore
would be detectable via cytopathology taken with the Pap
smear.

Immunohistochemical staining for HPV capsid antigens
provides more specific detection of HPV. Because dysplastic
or neoplastic lesions contain few, if any, capsid antigens, this
method may give false-negative results with such lesions.
HPV cannot be readily grown in tissue culture, and serology
is not routinely useful; thus, the only specific method of
diagnosing HPV is via DNA or RNA detection methods.
The Hybrid Capture 2 High-Risk HPV DNA test and the
Cervista HPV High-Risk DNA test detect presence of 13—14
oncogenic HPV types, whereas the Cervista HPV 16/18
DNA test only detects oncogenic HPV-16 and HPV-18. The
Digene HC2 HPV DNA test detects 13 oncogenic or five
nononcogenic HPV types. The Cobas 4500 test detects 14
oncogenic HPV DNA types and can detect individual types
HPV-16 and HPV-18, whereas the APTIMA HR HPV test
detects 14 oncogenic HPV types of HPV mRNA (23).



Verrucae are usually clinically evident, and they may
resemble seborrheic keratoses, nevi, or acrochordons. Ver-
rucae planae may mimic papules of lichen planus. Con-
dyloma acuminatum must be differentiated from condyloma
latum, the skin lesion associated with secondary syphilis.
Bowenoid papulosis can be confused with lichen planus,
psoriasis, seborrheic keratoses, or condyloma acuminata
(15). Benign verrucae also must be differentiated from dys-
plastic and neoplastic lesions.

Treatment

Treatment for most benign verrucae consists of surgery,
cryotherapy, or topical chemotherapy. In each case, the ob-
jective is to eradicate the lesion and allow the immune sys-
tem to hold latent HPV in surrounding (normal-appearing)
tissue in check so as to prevent recurrences. Surgical therapy
includes simple excision, electrodesiccation, and removal
with a CO, laser. Cryotherapy involves application of liquid
nitrogen, which induces dermal and epidermal cellular ne-
crosis. Topical chemotherapy options include podophyllin
resin, purified podophyllotoxin, 5-fluorouracil, retinoic acid,
cantharidin, salicylic acid, lactic acid, bichloroacetic acid,
and trichloroacetic acid (24). Selection of the most appro-
priate therapy depends on the size and location of the wart, as
well as on the history of previous therapies.

IFN-a is also approved for treatment of condyloma acu-
minatum. Combinations of [FN and other treatments do not
appear to be more effective than other treatments used
alone. IFN is costly and inconsistently effective and should
not be considered a primary treatment (24). The Toll-like
receptor 7 (TLR7) agonist imiquimod has been shown to be
very effective for condyloma acuminatum (25). It is applied
topically by the patient and produces minimal local in-
flammation and no systemic side effects. Its mode of action is
via induction of endogenous IFN-o as well as a host of other
cytokines. In contrast to therapies without antiviral or im-
munomodulatory mechanisms of action, a very low rate of
recurrence is observed following clearance of condyloma
acumination with imiquimod. Use of imiquimod in con-
junction with surgical treatment may be even more effective.
One retrospective study found that the rate of recurrent
anogenital warts was much lower in patients treated with a
16-week course of imiquimod (5% cream) monotherapy and
surgical excision of residual warts than in those treated with
surgical excision alone (26).

Prevention

Two vaccines—Cervarix and Gardasil—protect against the
two HPV types (HPV-16 and HPV-18) that cause 70% of
cervical cancers, 80% of anal cancers, 60% of vaginal can-
cers, and 40% of vulvar cancers (27). These vaccines also
protect against precancerous cervical lesions, most HPV-
induced oral cancers, and other rare genital cancers. Gardasil
also protects against the two HPV types (HPV-6 and HPV-
11) that cause 90% of genital warts. Both vaccines are given
in a series of three shots over 6 months. HPV vaccination is
recommended for girls and boys at age 11 or 12 years.
Women can get HPV vaccine through age 26, and men can
get vaccinated through age 21. Recently, a third vaccine has
been approved—Gardasil 9—which covers five additional
HPV strains (HPV-31, HPV-33, HPV-45, HPV-52, and
HPV-58) that are responsible for 20% of cervical cancer,
in addition to the four HPV strains covered by the first-
generation Gardasil vaccine. Gardasil 9 is approved for use
in females ages 9-26 and males ages 9-15.
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Poxviruses
Epidemiology

Smallpox was endemic throughout the world but has been
eradicated by a worldwide vaccination program. Vaccination
against smallpox has not been given routinely in the United
States for over 30 years. Virtually all citizens are currently
susceptible to variola because vaccination is believed to be
protective for only 5-10 years (28). Currently, smallpox
virus is known to exist in only two laboratories: the Centers
for Disease Control and Prevention in Atlanta, Georgia, and
a laboratory in Novosibirsk, Russia. However, there is con-
cern that the virus exists elsewhere and could be used in
biological warfare. Viral transmission is primarily via respi-
ratory droplets. Historically, the incidence of infection was
highest in the winter and early spring because aerosolized
variola virus survives better at lower temperatures and low
humidity levels (29).

Monkeypox has historically been significant only in sub-
Saharan Africa, where it was recognized as a distinct disease
in 1970, despite its presumable existence for thousands of
years. Early studies suggested that most cases occurred in
children under age 10 and were associated with animal
contact, although secondary human-to-human transmission
did occur. The first documentation of monkeypox in the
Western Hemisphere was a cluster of cases in the U.S.
Midwest in 2003. This outbreak was spread by prairie dogs
that apparently acquired the virus from Gambian rats when
housed with them at a distribution center in Illinois (30).
Person-to-person spread of monkeypox through close con-
tact with infected individuals appears to occur inefficiently.
Vaccination with vaccinia virus is protective against mon-
keypox (31).

MC is the most prevalent poxvirus infection and com-
monly occurs on the trunk in children and as a sexually
transmitted disease in the genital area of adults. MC spreads
primarily by direct skin-to-skin contact, including auto-
inoculation; spread via fomites can also occur. Most children
with MC are healthy and younger than 8 years of age. Fewer
than 5% of children in the United States have clinical ev-
idence of MC virus infection (32). MC virus most com-
monly infects individuals 15-29 years old (32, 33). Infection
with MC virus occurs at increased rates among immuno-
compromised individuals, and the prevalence of MC among
HIV-positive patients is 5-8% (33). The occurrence of MC
virus infection in HIV-positive patients has decreased sig-
nificantly since the introduction of highly active antiretro-
viral therapy (HAART). Other immunodeficient states,
including systemic corticosteroid use and perhaps atopic
dermatitis, can also predispose to MC virus infection.

Clinical Features

Smallpox. Following viremic dissemination, smallpox virus
replicates in the epidermis and mucosae. It is spread not only
via direct skin contact and fomites but also by respiratory
transmission. Preceding the development of skin lesions,
patients typically experience 3 days of apprehension, sudden
prostrating fever, severe headache, back pain, and vomiting.
Erythematous macules then develop and progress to tense,
deep-seated papules and vesicles (Fig. 4). The vesicles are
followed by pustules, then crusts, and finally scar formation.
The rash appears in a centrifugal distribution with all lesions
in the same stage of development. Overall, the mortality rate
with smallpox is approximately 30%, but the hemorrhagic
form results in almost 100% mortality even before develop-
ment of skin lesions. Variola minor, caused by a less virulent
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FIGURE 4 Variola major (smallpox).

strain of variola virus, has similar clinical manifestations but
lesser severity and mortality (< 1%) (34).

When smallpox was epidemic, it was occasionally con-
fused with chickenpox, dengue fever, or enterovirus infec-
tions. An important distinguishing feature between
smallpox and chickenpox is that the crops of lesions are in
the same stage of development in smallpox infection,
whereas lesions occur in different stages of development in
chickenpox. The hemorrhagic form of smallpox has to be
distinguished from other viral hemorrhagic exanthems, co-
agulation disorders, typhus, and meningococcal septicemia.

Vaccinia. Vaccination with vaccinia virus is no longer
routine but is still used in certain target populations. The
live virus vaccine occasionally leads to serious complica-
tions, including bacterial superinfections, vaccinia ne-
crosum, generalized vaccinia, eczema vaccinatum, erythema
multiforme, accidental inoculation, and encephalitis (35).
These manifestations are discussed in Chapter 18.

Monkeypox. The clinical picture of human monkeypox
virus infection resembles that of smallpox. There is a 10- to
14-day incubation period followed by a prodromal illness
consisting of fever, malaise, and lymphadenopathy. After 1-
3 days, patients break out in a maculopapular rash that
usually begins on the trunk and spreads peripherally. Lesions
can occur on the palms and soles and on mucous mem-
branes. The mortality rate is 10%, and death usually occurs
during the second week of the illness (31).

Monkeypox and smallpox have very similar clinical
manifestations. One distinguishing feature clinically is
lymphadenopathy, which is common in the prodromal phase
of monkeypox virus infection but not smallpox (31). How-
ever, these poxviruses cannot be readily identified from one
another except by PCR assay (34).

Molloscum Contagiosum. The incubation period of MC
is 2-6 weeks. It manifests as 3- to 6-mm skin-colored dome-
shaped papules with a central umbilication. Although four
different strains of MC virus (I through IV) have been
identified (based on restriction endonuclease digestion pat-
terns), all strains produce similar clinical pictures. MCV I is
responsible for the vast majority of infections in immuno-
competent hosts in the United States. Clinical presentations
of MC often follow one of two patterns in immunocompe-
tent individuals: widespread papules on the trunk and face of
children, transmitted by direct skin-to-skin (nonsexual)
contact, or genital papules in adults, spread by sexual con-
tact. In either case it is unusual to see more than 15 lesions in
an individual patient. In immunocompromised persons, es-

FIGURE 5

(a) Photomicrograph of molluscum contagiosum
(MC) demonstrating central umbilication and epidermal hyper-
plasia containing intracytoplasmic inclusions (Henderson-Paterson
bodies) compressing nuclei. (b) Disseminated molluscum con-
tagiosum in an AIDS patient.

pecially those who are HIV positive, MC can manifest with
thousands of papules and be a major source of morbidity
(Fig. 5); HIV-positive patients also commonly have facial
involvement as well as increased likelihood of bacterial su-
perinfection and treatment resistance (32).

A number of entities can mimic MC in the healthy host,
such as warts, basal cell carcinomas, and lichen planus. In
HIV-positive patients, MC must be distinguished from cu-
taneous cryptococcal infection (306).

Orf. Orf, contagious ecthyma, is a less common poxvirus
infection that is transmitted from sheep, goats, and other
animals to the hands of humans (Fig. 6). Orf manifests as
cutaneous nodules averaging 1.6 cm in diameter associated
with regional lymphadenopathy, lymphangitis, and fever.
Lesions spontaneously progress through six stages, resulting
in healing in about 35 days (37).

Milker’s Nodules. Milker’s nodules are caused by para-
poxvirus. Clinically similar to orf, the lesions result from
manual contact with teats of infected cows and have an
incubation period of 4-7 days. Also similar to orf, the
nodules heal in 4-6 weeks after progressing through six
clinical stages (38).

Orf and milker’s nodules can mimic one another or can
be confused with pyogenic granulomas, sporotrichosis, or
atypical mycobacterial infection.

Treatment
For patients with smallpox or disseminated vaccinia, man-
agement of symptoms and prevention of bacterial superin-
fection are paramount. See Chapter 18 regarding antiviral
therapy. There is no proven effective treatment for mon-
keypox, but vaccination is highly protective.

MC is a self-limited condition, but resolution may take 6
months to 5 years. Therefore, most physicians recommend
treatment, particularly for genital lesions, to reduce the risk

FIGURE 6 Nodular stage of orf on the hand of a shepherd from
Mexico.



of spread and patient discomfort. Treatment options include
local excision by electrocautery, curettage, or cryotherapy
and chemical ablation via application of trichloroacetic acid
or podophyllin. Patients may opt to treat their lesions at
home by self-administering topical treatments such as po-
dophyllotoxin, retinoic acid, or imiquimod cream (33). Re-
currences are common in immunocompromised persons.
Lesions of orf or milker’s nodules can be removed via excision
and cautery, but this is usually not necessary as spontaneous
resolution can be expected in approximately 6 weeks.

Human Herpesviruses—Herpes Simplex Virus
(HSV-1, HSV-2)

Epidemiology and Clinical Manifestations

HSV-1 is the primary cause of oral herpes or herpes labialis
and an increasing number of genital infections. The virus is
typically transmitted via direct inoculation of the skin and
mucous membranes. Herpes labialis is extremely common,
with up to 90% of adults having serologic evidence of HSV-1
infection (39). While the majority of primary infections
with HSV-1 are asymptomatic, the virus remains dormant in
the host’s neuronal ganglia and can reactivate to produce
recurrent symptomatic disease. Recurrent episodes occur in
up to one-third of infected individuals and can be induced
by stress, trauma, menstruation, fever, colds, and ultraviolet
(UV) light. Upon reactivation, the virus travels down the
sensory nerve, producing prodromal sensations of pruritus or
tingling. When the virus reaches the skin, grouped vesicles
with surrounding erythema form on or near the vermillion
border of the lip. There is often regional lymphadenopathy
and occasionally fever, headache, and malaise. Vesicles ul-
cerate, crust, and resolve in 2-4 weeks, frequently with
postinflammatory hypo- or hyperpigmentation.

At least 50 million individuals in the United States, or
one in four adults, are estimated to be seropositive for HSV-2
(40). HSV-2 is the primary cause of genital herpes or herpes
genitalis. As with HSV-1, most primary infections with
HSV-2 are asymptomatic, with only 10-25% of seropositive
individuals indicating a history of genital ulcers (40). Primary
HSV-2 infection classically manifests with widespread genital
vesicles and ulcers with surrounding erythema (Fig. 7). There
may be associated edema, pain, inguinal lymphadenopathy,
discharge, dysuria, malaise, fever, and photophobia. These
signs and symptoms typically occur within 3-14 days of
sexual contact with an infected individual. Viral shedding
from active lesions lasts up to 14 days in women and approx-
imately 10 days in men (41); however, HSV-2-seropositive
individuals can still shed the virus and infect others when
no lesions are present. Symptoms are typically more severe
in women than in men, and skin lesions often require 3—4
weeks for complete healing.

Similar to HSV-1, recurrences of HSV-2 may be triggered
by a variety of factors, such as emotional or physical stress or
mild trauma. Recurrent episodes of HSV are usually less se-
vere than initial outbreaks and often heal in 7-10 days
without therapy. Men suffer 20% more recurrences than
women, which may contribute to the higher rate of herpes
transmission from men to women. In immunocompromised
individuals, HSV recurrences may be chronic and result in
significant morbidity if untreated.

Up to 30% of first-episode genital herpes is due to HSV-1,
which is often attributable to orogenital contact. Genital
herpes due to HSV-1 is usually less severe than disease due to
HSV-2. In addition, genital herpes due to HSV-1 recurs less
frequently than HSV-2-associated disease.
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FIGURE 7 First-episode genital herpes due to herpes simplex
virus 2 (HSV-2) in a man who gave a history of always using con-
doms during sex.

In addition to herpes labialis and genitalis (Fig. 8), HSV-1
and HSV-2 can also cause gingivostomatitis, herpetic
whitlow (Fig. 9), HSV gladiatorum, neonatal herpes, her-
petic keratoconjunctivitis, aseptic meningitis, and herpes
encephalitis. Complications of HSV infection include ery-
thema multiforme (Fig. 10) and eczema herpeticum due to
autoinoculation of the virus onto areas of atopic dermatitis.
In immunocompromised patients, infection with HSV-1 or
HSV-2 can lead to widespread local infection, as well as
disseminated cutaneous and visceral infection.

Neonatal herpes is caused by HSV-1 or HSV-2 trans-
mitted in utero, intrapartum, or postnatally. The details of
newborn HSV infection are described in Chapter 19.

Diagnosis
Diagnosis of HSV-1 and HSV-2 infection is often made
clinically but can be confirmed by viral culture, Tzanck

FIGURE 8 Recurrent herpes simplex virus 2 (HSV-2) infection
of the buttock.
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FIGURE 9 Herpes whitlow due to herpes simplex virus 2 (HSV-
2) in a health care worker following a puncture wound from a
needle used to culture genital herpes.

smear (Fig. 11), PCR, serology, and antigen detection. HSV-1
and HSV-2 typically grow readily within 1 to 2 days in cell
culture (42), but real-time HSV PCR assays have emerged as
a more sensitive method to confirm HSV infection in clin-
ical specimens obtained from genital ulcers and mucocuta-
neous sites. Because the prognosis is different for herpes
genitalis caused by HSV-1 versus HSV-2, differentiating
between the two is important for patient counseling. Se-
rology not only can differentiate between HSV-1 and HSV-2
but also can be helpful in distinguishing primary genital
herpes with a predominance of immunoglobulin M (IgM)
antibodies from nonprimary genital herpes with a high
proportion of IgG.

The differential diagnosis for vesicular lesions associated
with HSV infection includes contact dermatitis, bullous
impetigo, and insect bites. For lesions that are located spe-
cifically in the orolabial region, aphthous stomatitis, HFMD,
and herpangina should be considered. In addition, erythema
multiforme should be considered, as HSV is the most com-
mon identifiable etiologic agent (43). The differential for
lesions in the genital region includes urethritis, urinary tract
infections, tinea cruris, and vaginitis.

Treatment and Prevention

HSV-1 and HSV-2 are commonly treated with acyclic nu-
cleoside analogues that block viral DNA polymerase, such as
acyclovir. Topical, oral, and intravenous acyclovir are
available, although the topical formulation is rarely used due
to its limited penetration of the stratum corneum. Oral
acyclovir, especially if started early, accelerates the rate of

FIGURE 10 (a) Photomicrograph of erythema multiforme as-
sociated with herpes simplex virus 1 (HSV-1), showing subepider-
mal vesicles, necrotic keratinocytes, and balloon cell degeneration.
(b) Erythema multiforme following an outbreak of herpes labialis.
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FIGURE 11 Photomicrograph of an ulcer resulting from herpes

simplex virus 2 (HSV-2), in which multinucleated giant cells with
eosinophilic intranuclear inclusions can be seen.

lesion crusting in oral and genital herpes (44). In patients
with severe or frequent recurrences or with ocular HSV,
suppressive therapy with acyclovir has been shown to de-
crease the recurrence rate by 50% (44). Acyclovir has also
been shown to reduce asymptomatic viral shedding of HSV-
2 by 95% (45).

In immunocompromised patients with mucocutaneous
HSV, especially in disseminated disease, intravenous acy-
clovir is favored. Intravenous acyclovir is also used for in-
fection in neonates, eczema herpeticum, and herpes
encephalitis (45). Foscarnet is approved for the treatment of
acyclovir-resistant HSV infections.

Currently, valacyclovir and famciclovir along with acy-
clovir are the mainstay drugs for treating as well as sup-
pressing genital herpes. One study demonstrated a 50%
decrease in HSV-2 transmission with once-daily valacyclovir
(40). Famciclovir has also been shown to be an effective,
well-tolerated option for the suppression of genital herpes
among individuals with multiple recurrences (46).

The development of an effective vaccine against HSV-1
and HSV-2 has proven challenging, and no vaccine is cur-
rently available. Two studies of a prophylactic glycoprotein
D2 alum/monophosphoryl lipid A (MPL) vaccine demon-
strated prevention of genital herpes disease in 73% (first
study) and 74% (second study) of seronegative women
whose regular sexual partner had a history of genital herpes
(47). A second prophylactic vaccine (ICP10DPK, AuRx)
was shown to prevent recurrent disease in 44% of immunized
subjects and to reduce the frequency and severity of recur-
rences in subjects that were not fully protected (48). A more
recent study of HSV-2 glycoprotein D has shown 58% effi-
cacy against HSV-1, but was not efficacious against HSV-2

(49).

Varicella-Zoster Virus

Epidemiology and Clinical Manifestations

VZV, or human herpesvirus type 3 (HHV-3), is a highly
prevalent pathogen, with 98% of the adult population in the
United States having serologic evidence of previous infec-
tion. VZV causes two distinct diseases: primary varicella
(chickenpox) and herpes zoster (shingles). Before the in-
troduction of a vaccine in 1995, 3—4 million cases of vari-
cella leading to approximately 11,000 hospitalizations and
100 deaths were reported each year (50). Transmission oc-
curs via direct contact or airborne droplets. Currently, more
than 1,000,000 cases of herpes zoster occur each year in the
United States; however, the use of the VZV vaccine will
significantly alter the epidemiology of both syndromes.



Primary varicella typically manifests in younger children
as low-grade fever, malaise, and disseminated pruritic vesi-
cles classically described as “dewdrops on a rose petal.” Skin
lesions first appear on the face and trunk as erythematous
macules and rapidly progress over 12-14 hours to papules,
vesicles, pustules, and crusts (Fig. 12). Most of the lesions are
seen centrally and on the proximal extremities. Vesicles also
appear on mucous membranes, but they erode rapidly to
form shallow, painful ulcers. Due to the rapid evolution of
successive crops of lesions, varicella is characterized by the
simultaneous presence of lesions in all stages of development
within the same anatomic region. In older children and
adults, the exanthem is often preceded by up to 3 days of
prodromal symptoms, including headache, myalgias, an-
orexia, nausea, and vomiting.

The most common cutaneous complication of varicella
in young, immunocompetent individuals is scarring, which is
often secondary to bacterial superinfection with Staph-
ylococcus aureus or Streptococcus pyogenes. In adults and im-
munocompromised individuals, significant morbidity and
occasional mortality can result from complications of VZV
infection, including myelitis, large vessel granulomatous ar-
teritis, encephalitis, varicella pneumonia, and varicella
hepatitis (51). Maternal infection with VZV in the first
trimester is associated with a 2% risk of congenital malfor-
mations, such as intrauterine growth retardation, limb hy-
poplasia, cataracts, chorioretinitis, microcephaly, cortical
atrophy, and skin lesions (52). The skin lesions typically
consist of areas of hypertrophic scarring with induration and
erythema located especially on the extremities.

In 20% of immunocompetent individuals and in up to
50% of immunocompromised individuals, VZV reactivates
years or even decades later to produce herpes zoster. Al-
though in most cases the exact trigger for reactivation is
unknown, advancing age is an important factor, with the

FIGURE 12

Primary varicella in an adult Japanese man.
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majority of cases occurring in individuals over 50. A family
history of shingles also appears to increase the risk of herpes
zoster (53). Upon reactivation, the virus spreads down the
sensory nerves, and transient virema occurs with associated
prodromal symptoms of pain, fever, regional lymphadenop-
athy, and malaise (54). After a few days to weeks of pain,
vesicles appear along the distribution of the sensory nerve
(Fig. 13). Although vesicles generally occur only along one
dermatome, it is not unusual for a few lesions to appear in
neighboring dermatomes. The predilection for zoster to ap-
pear in certain anatomic regions (face and trunk) usually
corresponds to the areas most affected by primary varicella.
After a few days, the vesicles become pustules, and within 1—
2 weeks the pustules become crusts. The skin lesions found
in herpes zoster can shed VZV and cause primary varicella in
seronegative individuals.

Although scarring can occur, particularly in darker-
skinned individuals, cutaneous complications of herpes
zoster are rare. The most prevalent complication is post-
herpetic neuralgia, which is defined as persistent pain for
more than 8-12 weeks after initial rash appearance (51).
The pain, which may be extremely severe, can last for
months to years and be highly resistant to treatment. Other
complications of herpes zoster include vision impairment or
blindness with involvement of the ophthalmic branch of the
trigeminal nerve and painful facial paralysis (Ramsay Hunt
syndrome) with involvement of the facial and auditory
nerves (55). Rarely, sensory defects, motor paralysis, and
encephalomyelitis can occur (56, 57). Dissemination of
herpes zoster, defined as more than 20 vesicles outside the
primary and adjacent dermatomes, is rare in healthy hosts
but can occur in up to 40% of severely immunocompromised
individuals. Cutaneous dissemination may be a marker of
visceral involvement (liver, lungs, and the CNS) and
therefore can herald significant morbidity and mortality.

Diagnosis

Varicella and herpes zoster are often diagnosed clinically on
the basis of the characteristic vesicular lesions, which are
widespread in chickenpox (varicella) or restricted in a der-
matomal pattern with associated neuritis in shingles (herpes
zoster). However, laboratory confirmation is useful in cir-
cumstances where the clinical presentation is atypical and
challenging, especially in immuncompromised patients. The
diagnostic techniques include viral culture, direct immu-
nofluorescence testing, serology testing, and PCR assay,
which is the most sensitive test. Virus isolation by culture is
insensitive, requires prolonged incubation, and associated
with low yield (approximately 60-75%) when compared
with PCR testing (58).

FIGURE 13

Thoracic herpes zoster in an otherwise healthy man.
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Treatment

For most children, primary varicella is a benign, self-limited
disease and treatment is largely supportive. However, preg-
nant women and neonates are at considerable risk for mor-
bidity and mortality and are treated with antivirals such as
intravenous acyclovir (58, 59). Treatment for herpes zoster
includes antivirals and analgesics for pain control. Acyclo-
vir, valacyclovir, and famciclovir are FDA approved for the
management of acute herpes zoster, although they may not
decrease the rate of development of postherpetic neuralgia
(58). Antiviral therapy is imperative in patients with herpes
zoster that involves the ophthalmic branch of the trigeminal
nerve to prevent vision loss (58). Pain management is es-
pecially difficult with conventional analgesics in herpes
zoster patients who develop postherpetic neuralgia. Tricyclic
antidepressants, selective serotonin and norepinephrine re-
uptake inhibitors (duloxetine and venlafaxine), opioid,
calcium channel o-8 ligands (gabapentin and pregabalin),
topical capsaicin, and topical lidocaine have been shown to
reduce the pain associated with postherpatic neuralgia (60).
Of these medications, only gabapentin, pregabalin, 5% li-
docaine patch, and 8% capsaicin patch have been approved
by the FDA specifically for the treatment of postherpetic
neuralgia (61). Adding gabapentin to an antiviral in patients
with acute herpes zoster appears to reduce significantly the
incidence of postherpetic neuralgia (62). In January of 2011,
the FDA approved Gralise™ as a once-daily medication for
the treatment of postherpetic neuralgia (63). Gralise is an
extended-release form of gabapentin that not only has been
shown to decrease postherpetic neuralgia pain scores sig-
nificantly, but may also be associated with fewer side effects
than its immediate-release counterpart. In 2012 the FDA
approved Horizant™, gabapentin enacarbil, for the once-
daily therapy of postherpetic neuralgia.

Prevention
Vaccines are currently available for prophylaxis of varicella
(Varivax vaccine) and herpes zoster (Zostavax vaccine). The
live attenuated viral vaccine (Oka strain) was approved in
1995 and produces a 95% seroconversion rate (64). Sig-
nificant adverse events with the vaccine are rare, with fewer
than 5% experiencing a mild varicella-like disease. There has
been a significant decrease in varicella since the vaccine was
instituted, and vaccination will likely alter the epidemiology
of herpes zoster as well (65). Children should get the first
dose of the vaccine at 12-15 months and the second dose at
4-6 years. Varicella vaccine doses given to persons 13 years
or older should be separated by 4-8 weeks. The VZV vaccine
is contraindicated in immunocompromised individuals, in
persons with a history of anaphylactic or anaphylactoid re-
actions to gelatin or neomycin, and in pregnant women (66).
Varicella-zoster immunoglobulin is recommended for post-
exposure prophylaxis in immunocompromised persons,
pregnant women, and neonates born to mothers who ac-
quired varicella a week before or up to 2 days after delivery.
In a clinical trial involving more than 38,000 adults 60
years of age or older, the vaccine was shown to reduce the
incidence of herpes zoster by 51% and the incidence of
postherpetic neuralgia by 67% (67). In 2006, the Advisory
Committee on Immunization Practices recommended a sin-
gle dose of zoster vaccine for adults 60 years of age or older,
whether or not they have had a previous episode of herpes
zoster (68). A subsequent clinical trial that studied Zostavax
in patients aged 50 to 59 years showed that the vaccine
efficacy for preventing herpes zoster was 69.8% in this age
group. In 2011 the FDA approved Zostavax for patients 50 to

59 years of age (69). An adjuvanted herpes zoster subunit
vaccine (HZ/su), that is currently being studied but is not yet
approved, was shown to significantly reduce the risk of her-
pes zoster among adults who were 50 years of age or older.
However, unlike Zostavax, the HZ/su vaccine efficacy was
well preserved among participants who were 70 years of age

or older (70).

Epstein Barr Virus

Clinical Manifestations

The EBV, or HHV-4, causes infectious mononucleosis, also
known as “the kissing disease,” because the virus is typically
transmitted through oral secretions. Infectious mononucle-
osis first manifests as prodromal symptoms of malaise,
headache, and fatigue, followed by fever, sore throat, and
cervical adenopathy. Hepatomegaly and splenomegaly can
also occur. Cutaneous manifestations of infectious mono-
nucleosis include macules, papules, and, less commonly, er-
ythema, vesicles, and purpura. These lesions are the result of
viral replication and manifest during the first week of illness.
In approximately one-third of patients, small petechiae are
observed at the border of the hard and soft palates. If in-
fectious mononucleosis is treated inappropriately with am-
picillin or other penicillins, a high percentage of patients
develop erythematous macules and papules over the trunk
and extremities (71). These lesions persist for about 1 week,
followed by desquamation.

EBV has a pathogenic role in the development of many
cancers, especially in immunocompromised individuals;
these cancers include Burkitt’s lymphoma, Hodgkin’s disease,
nasopharyngeal carcinoma, and posttransplantation B-cell
lymphoma (51). EBV expression has also been detected in
cutaneous T-cell lymphomas, including mycosis fungoides,
although its role is yet to be determined (72). Mycosis fun-
goides initially manifests as annular pink scaly patches that
over time develop into patches and plaques that may re-
semble psoriasis. Finally, large irregular tumors form that may
ulcerate. EBV DNA has also been detected in epithelial cells
of oral hairy leukoplakia, an oral lesion closely associated
with HIV infection (73) (Fig. 14). Finally, Gianotti-Crosti
syndrome, manifested as symmetric, nonpruritic, lichenoid
papules of the face, limbs, and buttocks, has also been asso-

ciated with primary EBV infection (74) (Fig. 15).

Diagnosis
Diagnosis is usually made through the detection of specific
antibodies to EBV (see Chapter 24: Epstein-Barr Virus.

FIGURE 14  Oral hairy leukoplakia associated with Epstein-Barr
virus (EBV) in an AIDS patient.



FIGURE 15 Papules of Gianotti-Crosti syndrome associated
with Epstein-Barr virus (EBV).

Authors: Katherine Luzuriaga, John L. Sullivan). In partic-
ular, the monospot test, which detects heterophile anti-
bodies, is used to diagnose infectious mononucleosis. This
test is not commonly used for children due to its high false-
negativity rate. Peripheral smears can support the diagnosis if
greater than 10% atypical lymphocytes are noted.

The differential diagnosis for the classic symptoms of sore
throat, malaise, and lymphadenopathy associated with in-
fectious mononucleosis includes streptococcal pharyngitis
and other viral causes of pharyngitis. Acute HIV syndrome
can also manifest as malaise, lymphadenopathy, and non-
specific mucocutaneous manifestations. Acute CMV infec-
tion can cause infectious mononucleosis similar to EBV
mononucleosis. The cutaneous manifestations of infectious
mononucleosis may resemble a number of nonspecific viral
exanthems. However, if the findings are preceded by the
recent administration of ampicillin, the probability of EBV
infection is high.

Treatment

Treatment for infectious mononucleosis due to EBV is
largely supportive. Antivirals, such as acyclovir, and cor-
ticosteroids have not been shown to be effective (75, 76).
The development of anti-B-cell antibodies, such as ritux-
imab, has greatly enhanced the therapeutic options for EBV-
associated cancers (77, 78).

Cytomegalovirus

Epidemiology and Clinical Manifestations

CMYV is an ubiquitous virus that is transmitted through in-
fectious secretions. In developing countries, close to 100% of
the adult population are seropositive, while in developed
countries only about 50% of adults have evidence of infec-
tion. Primary infection is usually subclinical in immuno-
competent individuals, although CMV mononucleosis
syndrome occurs. Symptoms include fever, fatigue, and, less
commonly, lymphadenopathy, sore throat, and organo-
megaly. Up to one-third of patients with CMV mononu-
cleosis develop a maculopapular generalized rash.

Primary CMV infection in pregnant women poses a se-
rious threat to the fetus. Maternal CMV infection is con-
sidered a leading viral cause of congenital malformations,
CNS injury, and hearing loss in the neonate. If primary
maternal infection occurs during pregnancy, especially dur-
ing the first trimester, the rate of transmission is about 40%
(79). Many of these infants have clinical manifestations at
birth, including intrauterine growth retardation, micro-
cephaly, cerebral atrophy, periventricular calcifications,
chorioretinitis, sensorineural hearing loss, thrombocytope-
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nia, and hepatosplenomegaly. Cutaneous manifestations
include jaundice and purpuric macules and papules, sec-
ondary to persistent dermal hematopoiesis, resulting in the
clinical picture of the “blueberry muffin baby.” With recur-
rent maternal infection during pregnancy, the risk of trans-
mission is only about 1%, and most of these infants have
clinically silent disease at birth (79).

In immunocompromised patients, in whom CMYV is as-
sociated with a variety of clinical entities, including retinitis,
hepatitis, and colitis, infection may be associated with a
variety of skin lesions, from vesicles to verrucous plaques.
The most prevalent cutaneous manifestation is ulceration,
especially in the perianal area (80). These cutaneous ulcer-
ations are the result of CMV infection of the vascular en-
dothelium and subsequent destruction of blood vessels.

Diagnosis

CMV DNA levels in acute CMV infection can provide
prognostic information for immunocompromised patients.
Histology can also be beneficial in diagnosis. CMV-infected
cells have characteristic intranuclear inclusions surrounded
by clear halos resembling “owl’s eyes.”

In the neonate with congenital CMV infection, the dif-
ferential diagnosis includes other congenital infections, in-
cluding toxoplasmosis, rubella, HSV, syphilis, and
lymphocytic choriomeningitis virus. For older patients, the
differential diagnosis for CMV infectious mononucleosis
includes EBV mononucleosis. The monospot test is gener-
ally negative in CMV mononucleosis.

Treatment

Ganciclovir, a nucleoside analog of guanosine, has been
shown to be effective in the treatment and prophylaxis of
CMYV infections (81, 82). Valganciclovir, a prodrug of gan-
ciclovir, is available orally and has significantly increased
bioavailability compared to ganciclovir, with similar safety
and efficacy profiles (82). Valganciclovir has been approved
for the treatment of CMV retinitis in adult patients with
acquired immunodeficiency syndrome (AIDS), as well as for
prophylaxis of CMV disease in organ transplant recipients
(83). For ganciclovir- and valganciclovir-resistant CMV
infections, intravenous foscarnet or cidofovir are the drugs of
choice. For further discussion, see also Chapters 12 and 22.

Human Herpesviruses—HHV-6 and HHV-7

Epidemiology and Clinical Manifestations
HHV-6 and HHV-7 are highly prevalent infections; 90% of
children have serologic evidence of HHV-6 infection by 2
years of age (84). HHV-7 infection usually occurs later, with
most children seropositive by 5-6 years of age (85). Trans-
mission is through oropharyngeal secretions. Primary infec-
tion with HHV-6 is a common cause of fever, irritability, and
rthinorrhea in children. One study found that primary HHV-
6 infection accounted for 20% of fevers in children between
6 and 12 months of age (86). HHV-6, as well as HHV-7, is
also associated with the common childhood exanthem ro-
seola infantum (exanthem subitum or sixth disease). Roseola
infantum manifests as a high fever lasting 3—5 days followed
by the development of a nonpruritic, blanchable, pink,
maculopapular rash on the neck and trunk. Other cutaneous
manifestations include palpebral edema and lesions on the
soft palate. Roseola infantum is usually self-limited but can,
rarely, cause seizures and encephalitis (87).

HHV-7 is also suspected to play a role in the pathogenesis
of pityriasis rosea, another acute, self-limited exanthem.
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Pityriasis rosea begins with the development of a herald
patch, a single plaque that is salmon-colored to red with fine
scale at the periphery. The herald patch is followed by the
development of pink papules and plaques in a “Christmas
tree” distribution on the trunk.

Diagnosis

Diagnosis is usually made clinically but can be confirmed via
serology, peripheral blood mononuclear cell culture, or PCR
(86). The clinical presentation of roseola infantum and its
rapid resolution distinguish it from other entities on the
differential diagnosis, including drug eruptions, scarlet fever,
rubella, measles, erythema infectiosum, and other viral ex-
anthems. The differential diagnosis for pityriasis rosea in-
cludes drug eruptions, secondary syphilis, guttate psoriasis,
erythema multiforme, and tinea corporis. The presence of a
herald patch and the resolution of pityriasis rosea without
treatment can aid in diagnosis.

Treatment
Treatment is largely supportive. There have been no con-

trolled trials of antiviral therapy or specific recommenda-
tions for the management of HHV-6 and HHV-7 (88).

Human Herpesvirus 8
Epidemiology

The prevalence of HHV-8 infection varies significantly in
populations worldwide. In the United States, less than 5% of
adults have serologic evidence of HHV-8, whereas in highly
endemic areas, such as Africa, more than 50% are seropos-
itive (89). HHV-8 is predominantly shed in the saliva and to
a lesser degree in semen and other body fluids. In low-
prevalence areas, transmission is mainly through sexual
contact, whereas in high endemic areas, transmission is
typically from mother to child and between siblings (89).
HHV-8 is associated with the development of Kaposi’s sar-
coma (KS) in both HIV-infected and HIV-negative persons
(90, 91).

KS is the most common AIDS-associated malignancy in
the developed world and one of the most common cancers in
developing nations. KS in HIV-negative patients is rare. Two
groups are at risk to develop non-AIDS related KS: elderly
men mainly of Mediterranean origin and persons with iat-
rogenic immunosuppression.

Clinical Manifestations
KS are vascular neoplasias that initially present as deep red-
purple macules (Fig. 16). The macules evolve into papules,
plaques, and tumors that can be pink, red, purple, or brown.
Classically, the lesions begin on the feet and hands and
spread proximally. There is often associated lymphedema,
especially of the lower extremities. KS can present with oral
lesions as well and involve almost any internal organ.
HHV-8 is also associated with primary effusion lympho-
ma and multicentric Castleman’s disease. Castleman’s dis-
ease is caused by the hyperproliferation of B cells forming
tumors in lymph nodes throughout the body. In addition,
HHV-8 DNA has also been detected in squamous cell car-
cinomas and other epithelial lesions in organ transplant re-
cipients (91). The role of HHV-8 in the pathogenesis of
these epithelial tumors is still unclear.

Diagnosis and Differential Diagnosis
The differential for KS includes dermatofibroma, pyogenic
granuloma, hemangioma, bacillary (epithelioid) angioma-

FIGURE 16 Kaposi’s sarcoma associated with human herpesvi-
rus 8 (HHV-8) in an HIV-negative elderly Italian man.

tosis, melanocytic nevus, ecchymosis, granuloma annulare,
stasis dermatitis, and insect bites (92). Both PCR and sero-
logic markers can aid in diagnosis, although skin biopsy is
usually necessary for confirmation (93, 94) (Fig. 17).

Treatment
Although ganciclovir, foscarnet, and cidofovir have in wvitro
activity against HHV-8 and limited studies indicate these
agents may be associated with reduced KS disease progression
or lesion regression, larger and more definitive studies are
needed to determine whether antiviral therapy has a useful
role in managing HHV-8-associated diseases. KS regression
has been documented after ganciclovir or foscarnet therapy,
although one study indicated cidofovir was ineffective (95).
The use of intravenous (i.v.) ganciclovir or oral valgan-
ciclovir is an option for treatment of multicentric Castle-
man’s disease. A 3-week course of twice-daily i.v. ganciclovir
or oral valganciclovir was associated with remissions in
multicentric Castleman’s disease in one report, and a com-
bination of valganciclovir and high-dose zidovudine given
for 7-21 days led to durable clinical remissions of the disease
(96, 97). Rituximab also is an effective alternative to anti-
viral therapy in the treatment of multicentric Castleman’s
disease, although up to one-third of patients treated with
rituximab may have subsequent exacerbations or emergence

of KS. (27, 28,98-101)

B Virus (Herpesvirus Simiae)

An animal herpesvirus, B virus (herpesvirus simiae), can also
rarely cause human disease, most significantly a fatal en-
cephalomyelitis. This virus usually infects humans follow-
ing a bite or scratch from a macaque monkey. Erythema,
induration, and vesicles develop at the inoculation site



FIGURE 17 Photomicrograph of Kaposi’s sarcoma associated
with  human herpesvirus 8 (HHV-8), demonstrating neo-
vascularization, endothelial proliferation, and plump hyper-
chromatic atypical nuclei lining vascular spaces.

and are followed by fever, lymphangitis, lymphadenopathy,
gastrointestinal symptoms, and myalgias. These symptoms
are followed by rapid progression to the neurologic signs and
symptoms of encephalomyelitis (102). Although many
nonhuman herpesviruses exist, B virus is of particular im-
portance due to the high mortality rate in infected humans
(103). Diagnosis is typically made through viral culture. The
virus can be recovered from vesicular skin lesions at the
point of inoculation, as well as from vesicles following re-
activation of the latent B virus.

Parvovirus B19
Epidemiology

Parvovirus B19 infection is common worldwide and occurs
both sporadically and as epidemics. Parvovirus B19 has been
recognized since the 1980s as the cause of erythema in-
fectiosum (fifth disease) (104). This syndrome presents most
commonly in children 4-10 years of age and often in epi-
demics in late winter and early spring (105). Viremia appears
6-14 days after a susceptible patient contracts parvovirus
B19 via the respiratory route, but the rash appears 17-18
days following infection. Approximately 60-70% of adults
are parvovirus B19 IgG seropositive, with prevalence rates
increasing with age (106). The rate of primary parvovirus
B19 infection in adults is much higher in those who are
immunocompromised. Parvovirus B19 typically affects 1—
5% of pregnant women, but higher attack rates (up to 20%)
occur during an epidemic. Infection of a pregnant woman,
particularly during the first or second trimester, can lead to
nonimmune hydrops fetalis and fetal death (107).

The virus is spread by respiratory droplets, but nosoco-
mial infections have been described (108). Parvovirus B19
has also been transmitted by blood products, especially
pooled factor VIII and factor IX concentrates. Since January
of 2002, producers of plasma derivatives have voluntarily
instituted quantitative measurements of B19 DNA to reduce
the risk of iatrogenic transmission. latrogenic transmission of
parvovirus B19 via blood products continues to occur in part
because the virus’s small size, heat resistance, and high viral
load make it difficult to eradicate from blood and plasma
derivatives (109).

Clinical Features

Erythema infectiosum begins with nonspecific symptoms
approximately 4—14 days after exposure to parvovirus B19
but can begin as late as 21 days after exposure (110). Con-
fluent erythematous, edematous plaques appear on the
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cheeks with circumoral pallor after about 2 days of low-grade
fever, headache, and coryza. The rash gives the cheeks a
“slapped” appearance (Fig. 18) and is accompanied by con-
tinuation of the above-mentioned symptoms and the ap-
pearance of cough, conjunctivitis, pharyngitis, malaise,
myalgias, nausea, diarrhea, and occasional arthralgias. After
1-4 days, the facial rash fades coinciding with the appear-
ance of erythematous macules and papules with a reticulated
pattern on the extensor surfaces of the extremities, neck, and
trunk. The rash can be pruritic and usually lasts for 1-2
weeks, but it can persist for months. The rash may be eva-
nescent, and recurrences can be provoked by exposure to
sunlight, heat, emotional stress, or exercise. Patients with
erythema infectiosum appear to be infectious only before the
appearance of the rash, as parvovirus B19 is usually not found
in respiratory secretions or in the serum after the appearance
of cutaneous manifestations. Parvovirus myocarditis (111)
and heart failure (112) have followed fifth disease in a small
number of cases. Parvovirus infection has been associated
with severe but self-limited hepatitis in a few children (113).

The gloves-and-socks syndrome, an exanthem localized
to the hands and feet, with edema, erythema, paresthesia,
and pruritus, has also been linked to parvovirus B19 (114).
Chronic fatigue syndrome may follow infection with par-
vovirus B19 (115). Meningitis, encephalitis, and a variety of
neurologic complications may occur with fifth disease and
parvovirus infection (116). In adults, primary parvovirus
B19 infection is often associated with an acute arthropathy
without rash. Other clinical presentations of parvovirus B19
infection, uncommonly accompanied by rash, include
transient aplastic crisis in patients with chronic hemolytic
anemia, parvovirus-related chronic anemia in immuno-
compromised patients, and nonimmune fetal hydrops (117).

Diagnosis

Detection of serum IgM directed to parvovirus B19 indicates
recent infection. The serum [gM levels start to decline after
1 month, but IgM is still detectable for 6 months after in-
fection. Parvovirus B19-specific IgG can be detected 1 week
following infection and persists for years. Severely immu-
nocompromised hosts may fail to mount antibody responses.
PCR is available for detection of the virus.

The macular and papular stages of erythema infectiosum
must be differentiated from drug eruptions, bacterial infec-
tions (such as scarlet fever and erysipelas), and other viral
infections (such as those due to enteroviruses and rubella,
measles, and roseola viruses).

FIGURE 18  Erythema infectiosum (fifth disease) associated with
parvovirus B19.
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Treatment

Because erythema infectiosum is a self-limited and mild ill-
ness, no treatment is usually indicated. No specific antiviral
therapy exists for parvovirus B19, but intravenous immu-
noglobulin with specific neutralizing antibody is useful in
treating infections in immunocompromised hosts (118,
119). Nonsteroidal anti-inflammatory drugs are often used to
relieve arthralgias and arthritis.

RNA VIRUSES
Enteroviruses
Epidemiology

Enteroviruses are highly contagious and are typically trans-
mitted by human oral-oral and fecal-oral routes. Direct
contact with fluid from cutaneous and ocular lesions, fo-
mites, and contaminated water sources may also be mecha-
nisms of transmission. The gastrointestinal tract may remain
infected, thereby releasing virus into the feces for days,
weeks, or even months after initial infection, thus allowing
the potential for spread (120, 121).

Enterovirus infections occur worldwide. It has been es-
timated that each year there are approximately 10-15 mil-
lion symptomatic enterovirus infections in the United States
(122). These infections tend to have a seasonal preference
for summer and fall, and a higher incidence in children
younger than 10 years of age has been reported (123).

Pathogenesis

After infection via the buccal mucosa, pharynx, or gastro-
intestinal tract, the virus travels to regional lymph nodes,
and a secondary viremia results in the virus seeding sec-
ondary locations, including mucocutaneous sites among
others, resulting in intraepidermal vesicles containing neu-
trophils, mononuclear cells, and proteinaceous eosinophilic
material. The subvesicular dermis is edematous and contains
a perivascular polymorphous infiltrate composed of lym-
phocytes and neutrophils.

Clinical Features
Enteroviruses can cause a variety of clinical manifestations.
Common mucocutaneous presentations (Table 1) and less
common manifestations (Table 2) are recognized. While a
variety of enteroviruses, particularly coxsackieviruses, cause
mucocutaneous manifestations, the two most distinctive
syndromes are HFMD and herpangina.
Hand-Foot-and-Mouth Disease. HFMD is a mucocuta-
neous manifestation that usually affects persons in their
preteen and teenage years (124). Serotypes CVA16 and
EV71 are responsible for most epidemic cases of HFMD, but

TABLE 1 Common mucocutaneous manifestations
of enteroviruses

Hand-foot-and-mouth disease
Herpangina

Macular rash

Maculopapular rash
Urticarial rash

Roseola-like lesions

Boston exanthem disease

Eruptive pseudoangiomatosis

TABLE 2 Associated manifestations of enteroviruses

Mild Serious
Exanthem Encephalitis
Enanthem Meningitis
Fever Neonatal sepsis

Pleurodynia Myocarditis
Pharyngitis Pericarditis
Croup Hepatitis

Acute paralysis

occasionally HFMD may be associated with CVA4-CVA7,
CVA9, CVA10, CVB1-CVB3, CVB5, and echovirus 4
(125). EV71 is a major public health issue across the Asia-
Pacific region and beyond. Since the late 1990s, large EV71
epidemics with significant numbers of fatalities have been
reported in Malaysia, Taiwan, Mainland China, and other
Southeast and East Asian countries (126).

After an incubation period of 3—6 days, a prodrome
characterized by low fever, malaise, and abdominal or re-
spiratory symptoms precedes the mucocutaneous lesions by
12-24 hours. Adult cases of CVAG in Europe and the United
States have been associated with severe systemic symptoms
and occasional onychomadesis (127).

Oral lesions typically appear first and are most common on
the hard palate, tongue, and buccal mucosa. The lesions can
vary in number from 1 to 10 and typically begin as macules
that rapidly progress to 2- to 3-mm vesicles and then to
shallow, yellow-gray painful ulcers with an erythematous halo.

Cutaneous vesicles appear concomitantly with or soon
after the oral lesions and are most prevalent on the hands
and feet, including the palms and soles, but can appear on
the face, legs, and buttocks. These lesions can vary in
number from a few to over 100. Cutaneous lesions also begin
as erythematous macules, but are larger (3—-7 mm) and de-
velop into cloudy, white oval vesicles with a red halo (128).
Both oral and cutaneous lesions are usually tender or painful
and resolve in 5-10 days without treatment or scarring.

HFMD can cause neurologic manifestations that range
from aseptic meningitis to acute flaccid paralysis and
brainstem encephalitis, which can be associated with sys-
temic features, such as severe pulmonary edema and shock,
in many cases (129, 130).

Herpangina. Herpangina is a self-limiting, acute illness
that characteristically affects the posterior oropharyngeal
structures. Herpangina is usually caused by CVA2, CVA4,
CVA5, CVAG6, CVAS, or CVA10; however, less commonly,
the syndrome can be caused by various group B coxsack-
ieviruses, echoviruses, and nonspecific enteroviruses. Her-
pangina usually affects children from 1 to 7 years of age
(131) and begins abruptly with a high fever, sore throat,
dysphagia, anorexia, and malaise (132). Small, gray-white
vesicles (less than 5 mm) surrounded by erythema appear on
the posterior palate, uvula, and tonsils; the vesicles usually
ulcerate. Systemic symptoms usually resolve within 4-5 days,
and the ulcers heal spontaneously within 1 week.

Diagnosis

Exanthematous enteroviral infections are usually diagnosed
on the basis of clinical presentation. In both HFMD and
herpangina, a mild leukocytosis (i.e., 10,000-15,000/mm?>)
may be seen. If a specific diagnosis must be made, virus



isolation, type-specific serology, or reverse transcriptase (RT)
PCR may be used to identify the responsible virus type. RT-
PCR-based assays used to detect enterovirus serotypes are
superior to viral culture for diagnosis of severe enterovirus
infections, such as aseptic meningitis and encephalitis (133,
134). When a patient presents with vesicles, it is best to take
samples from both throat swabs and vesicle swabs in at-
tempts to isolate the virus or detect by RT-PCR. For those
patients who do not have vesicles, it is best to take throat
and rectal swabs (135).

Oral lesions of HFMD and herpangina can be distin-
guished from each other on the basis of the total clinical
presentation (e.g., cutaneous and anterior oral lesions in
HEFMD) as well as serology. Oral lesions can sometimes be
confused with aphthous stomatitis, which are larger and less
uniform than the oral erosions in HFMD. More importantly,
the mucous membrane ulcers should be differentiated from
those associated with HSV and VZV. Cutaneous vesicles of
HEMD should also be differentiated from HSV and VZV
infections as well as from erythema multiforme, rubella, drug
eruptions, and gonococcemia.

Therapy

There is no specific antiviral therapy for HEMD or her-
pangina; management is symptomatic. Fluid replacement
and limited physical activity are strongly encouraged. Proper
hygiene and avoiding contaminated food can help prevent
viral infection. Breast feeding has also been found to reduce
the number of enterovirus infections in infants and provides
an overall protective effect (136).

Three vaccines against enterovirus 71 (EV71) have
completed Phase III clinical trials with good safety and ef-
ficacy results (137). On December 3, 2015, the China Food
and Drug Administration (CFDA) approved the first inac-
tivated EV71 whole virus vaccine for preventing severe

HEMD (138).

Measles Virus
Epidemiology

Measles, also known as rubeola, is a highly contagious
childhood infection. Measles outbreaks typically occur in
the late winter to early spring. Transmission is through re-
spiratory droplets from sneezing and coughing. Infected
persons are contagious for several days before signs and
symptoms develop. Since the development of the measles
vaccine in 1963, the incidence of measles has decreased by
98% in the United States (139), but 644 measles cases were
reported in the United States in 2014, the highest number in
the 21* century (due to noncompliance with recommended
vaccinations). In many developing nations, however, mea-
sles is still highly prevalent; mortality rates range from 1% to
5% and can reach 30% in malnourished children and in
refugee areas (140). Approximately 800,000 people world-
wide still die from measles virus infection every year, with

over half of these deaths in Africa (141).

Clinical Features

Infection is characterized by a prodromal phase of fever,
coryza, cough, and conjunctivitis for 3—4 days. Splenome-
galy and lymphadenopathy may also be noted. Cutaneous
manifestations include pathognomonic Koplik’s spots and a
maculopapular morbilliform eruption. Koplik’s spots, which
appear several days before the onset of the rash, are char-
acterized by clusters of blue-white spots on an erythematous
base located on the buccal mucosa. The rash first appears
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on the forehead and behind the ears and then spreads in-
feriorly to the face, then the trunk and extremities, and
finally to the palms and soles (Fig. 19). The macules and
papules may coalesce, especially on the face. As the exan-
thema progresses, the systemic symptoms typically subside.
The rash gradually fades to a yellow-tan color with faint
desquamation, resolving entirely in 4-6 days. The measles
rash is thought to be due to a hypersensitivity reaction.
Children with defective cell-mediated immunity can de-
velop measles without the characteristic rash, hindering
clinical diagnosis.

Complications of measles virus infection include otitis
media, pneumonia, encephalitis, diarrhea, purpura, and
thrombocytopenia. In immunocompromised patients, both
pneumonitis and encephalitis are more common. HIV-in-
fected children have a higher rate of hospitalization from
measles, a younger age of presentation, and a higher fatality
rate (142). Atypical measles occurred in individuals previ-
ously given the formalin-inactivated (killed) measles vac-
cine that was in use in the United States from 1963 to 1968
(143). Coryza, conjunctivitis, and Koplik’s spots are ab-
sent in atypical measles. Unlike in typical measles, the erup-
tion spreads centripetally, usually beginning on the hands and
feet. Initially, the exanthema consists of erythematous mac-
ules and papules which may progress to vesicular and pete-
chial lesions (144). About 5% of measles-mumps-rubella
vaccine recipients develop rash. The rash typically occurs
7-10 days after vaccination and lasts about 2 days.

Diagnosis

Diagnosis is usually made clinically, but serology using en-
zyme-linked immunosorbent assay (ELISA), complement
fixation, neutralization, or hemagglutination inhibition tests

FIGURE 19 Measles in an infant.
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FIGURE 20 Bacillary angiomatosis associated with Bartonella
quintana in an human immunodeficiency virus (HIV)-positive man.

can be used for confirmation. In addition, virus isolation,
antigen detection, and RT-PCR can be used. On cytological
examination of secretions, multinucleated giant cells can be
seen. Biopsy of the measles exanthem reveals hyaline ne-
crosis of epithelial cells, formation of a serum exudate
around superficial dermal vessels, and proliferation of en-
dothelial cells, followed by a leukocytic infiltrate of the
dermis and lymphocytic cuffing of vessels.

The differential diagnosis for measles includes other viral
exanthems, such as rubella, roseola, and enterovirus, as well
as drug eruptions, scarlet fever, Kawasaki disease, infectious
mononucleosis, toxoplasmosis, and Mycoplasma pneumoniae
infection (92).

Treatment

Measles is a self-limited disease in most patients, and treat-
ment is largely supportive. Vitamin A deficiency is a risk factor
for severe measles virus infection, and the WHQO recommends
vitamin A supplementation for all hospitalized patients in
areas of high endemicity (145). There are currently no an-
tiviral drugs specifically approved for the treatment of mea-
sles. Passive immunity via serum immunoglobulins may
modify or prevent measles if administered within 6 days of
exposure to the virus. Ribavirin may be beneficial in patients
with severe complications of measles (146).

Rubella Virus
Epidemiology

Rubella, also known as German measles, is an acute viral
illness typically seen in children, although all age groups are
susceptible. Transmission is through airborne droplets and
can occur up to 7 days before and after the onset of symp-
toms. Before the development of a vaccine in 1969, rubella
was a worldwide disease with epidemics every 6-9 years,
typically in the spring. Since the implementation of the
vaccine, the incidence of rubella has decreased by 99% in
the United States (92). However, with inadequate immu-
nization programs in developing countries, rubella virus in-
fection continues to be a significant health concern.

Clinical Features

Fifty percent of rubella virus infections are asymptomatic.
When symptoms do occur, they usually begin with prodromal
symptoms starting 14-21 days after infection. Prodromal
symptoms are more prominent with increasing age and
consist of low-grade fever, headache, conjunctivitis, upper
respiratory tract symptoms, and sore throat. Lymphadenop-
athy is common, especially in the posterior auricular, sub-

occipital, and posterior cervical lymph nodes. Arthritis and
splenomegaly can also occur, especially in adults. From 1 to 4
days after the initiation of the prodrome, an erythematous
macular to papular rash appears. It begins on the face and
spreads to the neck, trunk, and extremities within 24 hours.
Lesions often coalesce to form a scarlatiniform eruption. The
cutaneous manifestations typically resolve completely within
3 days without residual pigment changes. The rash appears
simultaneously with a rise in antibody titers, suggesting that
the exanthem may be due to the inflammatory effects of
antibody—virus complexes rather than direct viral infection.
Rubella virus infection is typically a self-limited illness,
although complications such as encephalitis, neuritis, or-
chitis, and thrombocytopenia can occur (147). Infection
during pregnancy, especially in the first trimester, can lead to
congenital malformations in approximately 50% of infected
neonates. Neonates with congenital rubella can present with
cataracts, deafness, congenital heart defects, intrauterine
growth retardation, microcephaly, mental retardation,
thrombocytopenia, hepatosplenomegaly, and encephalitis.
Infection of the bone marrow produces the characteristic
cutaneous findings of petechiae and ecchymoses (148).

Diagnosis

Diagnosis is typically made clinically, although it can be
difficult to differentiate rubella from other viral exanthems.
Increased numbers of atypical lymphocytes and plasma cells
may be found in peripheral blood but are not diagnostic.

The mainstay of laboratory confirmation is the detection
of rubella-specific IgM antibodies in serum samples. Alter-
native samples such as dried blood spots and oral fluids have
been used for diagnosis by antibody detection. Oral fluids
can also be used to detect viral RNA, and their use is be-
coming increasingly common because samples can be ob-
tained safely and noninvasively, without the risks associated
with blood collection. Thus, it improves patient compliance
with specimen collection, as the procedure is simple and
painless (149-151).

Diagnosis of congenital rubella can be made through viral
culture, RT-PCR, or serology using samples from amnio-
centesis, cordocentesis, and chorionic villous sampling
(147). During the first trimester, RT-PCR of a sample of
amniotic fluid can provide a diagnosis of prenatal infection
with rubella virus within 48 hours (152). After delivery, the
detection of rubella-specific IgM antibodies can make the
diagnosis of congenital rubella, as the maternally derived
antibody is IgG.

The differential diagnosis for rubella includes other in-
fectious exanthems, adverse drug eruptions, scarlet fever, and
enterovirus infection (92). If arthritis is present, the differ-
ential diagnosis also includes acute rheumatic fever, rheu-
matoid arthritis, and erythema infectiosum (92). Congenital
rubella syndrome may resemble other congenital infections
due to toxoplasmosis and CMV.

Treatment

Rubella is typically a self-limited illness, and treatment is
symptomatic. There are currently no antiviral medications
specifically approved for rubella virus infection. Prevention
is carried out with a live attenuated vaccine that is often
administered as part of the measles, mumps, and rubella
(MMR) vaccine or the recently developed measles, mumps,
rubella, and varicella (MMRV) vaccine. Since the imple-
mentation of the vaccine, rubella is no longer considered
endemic in the United States (153).



Hepatitis C
Epidemiology

It is estimated that approximately 3% of the world’s popu-
lation are living with chronic hepatitis and that about 3—4
million people are infected per year (154, 155). In the
United States, approximately 2.7 million persons have
chronic HCV infection. The infection is most prevalent
among those born during 1945-1965. The incidence of
HCV has decreased from approximately 230,000 per year in
1980 to the current level of approximately 30,000 cases per
year (155).

The predominant risk factor for HCV transmission is
injection drug use. Other risk factors include blood trans-
fusion (although rare since routine testing of the blood
supply for HCV began in 1990), needle stick, sex, and
nosocomial transmission. HCV infection becomes chronic
in approximately 75-85% of cases (155).

Clinical Manifestations

Multiple dermatologic diseases may be associated with hep-
atitis C virus (HCV) infection including porphyria cutanea
tarda (PCT), lichen planus, leukocytoclastic vasculitis, mixed
cryoglobulinemia, and necrolytic acral erythema (156).

PCT is a disease caused by altered activity of the enzyme
uroporphyrinogen decarboxylase (UROD), which leads to
buildup of uroporphyrinogen in the blood and urine (157).
A systematic review including 50 studies and 2167 patients
with PCT found an overall prevalence of HCV of 50%
(158). The exact mechanism by which HCV infection in-
creases PCT risk is unknown.

The characteristic skin findings of PCT are photosensi-
tivity and skin fragility, with which exposure to the sun and/
or minor trauma can lead to skin erythema and the devel-
opment of vesicles and bullae that may become hemorrhagic.
Hyperpigmentation, hypopigmentation, hirsutism, and scle-
rodermatous changes may occur over time. Precipitating
factors (sun exposure, polyhalogenated hydrocarbons, alco-
hol, estrogens, and iron overload) are thought to be necessary
to provoke PCT. The diagnosis of PCT is suspected clinically
and is confirmed by the presence of markedly elevated urine
uroporphyrin levels. Management of PCT in patients with
HCYV infection includes avoiding precipitating factors and
treating HCV infection. Improvement of PCT during HCV
treatment has been described (159).

Leukocytoclastic vasculitis may occur in conjunction
with essential mixed cryoglobulinemia, presenting with
palpable purpura and petechiae that usually involve the
lower extremities. Skin biopsy demonstrates cutaneous vas-
culitis with dermal blood vessel destruction and a neutro-
philic infiltration in and around the vessel wall.

Lichen planus (LP) is characterized by flat-topped, vio-
laceous, pruritic papules involving the skin, oral mucosa,
scalp, nails, and genitalia. LP can be seen in patients in a
variety of liver diseases including primary biliary cirrhosis
and chronic active hepatitis or cirrhosis of unknown cause
(160-163).

Anti-hepatitis C virus (HCV) antibodies are present in
10-40% of these patients, although a causal association is
uncertain. There are reports of the development or exacer-
bation of LP during chronic HCV treatment with IFN. In
one case report, the lesions improved when IFN was stopped
(164).

Necrolytic acral erythema is a pruritic, psoriasis-like skin
disease characterized by sharply marginated, erythematous to
hyperpigmented plaques with variable scale and erosion on
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the lower extremities. In a series of 30 patients who pre-
sented with the disorder, all were found to have antibodies to
HCV (165). Biopsy specimens showed psoriasiform changes,
keratinocyte necrosis, and papillomatosis. Topical and sys-
temic corticosteroids have a variable benefits. Other reports
have confirmed improvement with IFN-a and also suggest a
benefit from oral zinc sulfate (166—168).

Diagnosis

Initial diagnostic evaluation for chronic HCV begins with
an antibody test (anti-HCV). A reactive antibody test
should be followed by HCV RNA to confirm viremia. The
average time to detection of anti-HCV after exposure is 4—10
weeks after infection. Anti-HCV can be detected in >97%
of patients by 6 months after exposure.

Treatment
Treatment selection varies by genotype and other patient
factors (see Chapter 53: Hepatitis C Virus Authors: Yaron
Rotman, T. Jake Liang). Until recently, the mainstay of
treatment for chronic HCV infection has been pegylated
IRN (peg-IFN) and ribavirin, with possible addition of
protease inhibitors (boceprevir and telaprevir) for HCV
genotype 1 infection. This treatment for 24-48 weeks re-
sulted in a cure in 50-80% of patients (higher in patients
with HCV genotypes 2 and 3 than genotype 1) (169). In late
2013, the FDA approved two new direct-acting antiviral
drugs, sofosbuvir (nucleotide analogue inhibitor of HCV
NS5B polymerase enzyme) and simeprevir (protease inhib-
itor) to treat chronic HCV infection. Clinical trials have
shown that these new medications achieve sustained viro-
logical response (SVR) in 80-95% of patients after 12-24
weeks of treatment (169).

Some of the cutaneous manifestations that may respond to
treatment for HCV include PCT, leukocytoclastic vasculitis,
mixed cryoglobulinemia, and necrolytic acral erythema.

Human Immunodeficiency Virus

Epidemiology
HIV type 1 (HIV-1) and other retroviruses can cause sig-
nificant mucocutaneous manifestations. These manifesta-
tions are often the signs and symptoms that first raise
suspicion for HIV infection and prompt serologic testing for
it (170). Similarly, a variety of mucocutaneous manifesta-
tions may serve as clinical markers of progression from
asymptomatic HIV infection to full-blown AIDS (171).
Transmission of HIV is primarily via sexual contact with
an infected person, significant exposure to infected blood or
blood products, or perinatally from an infected mother to her
child. After sufficient contact with HIV, the virus infects
CD4" T lymphocytes by binding to its receptor, the CD4
molecule, and coreceptors (CCR5 or CXCR4). Other CD4*
cells, such as monocytes and macrophages, are also infected
by HIV and help to spread the virus to susceptible cells in the
brain, lymph nodes, skin, lungs, and gastrointestinal tract.
HIV pathophysiology involves killing CD4" cells as well
as the induction of an immune response and cytokine
production.

Clinical Features

Patients with acute primary HIV infection often become
symptomatic 3—-6 weeks after exposure and manifest fever,
mononucleosis-like symptoms, and a characteristic ery-
thematous, maculopapular exanthem appearing on the
trunk and extremities. The exanthem and symptoms of the
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TABLE 3 Dermatologic findings of opportunistic diseases in HIV-infected patients

Organism(s)

Dermatologic findings

Viruses

Molluscum contagiosum

(MCQC) virus

Herpes simplex
virus (HSV)
Herpes zoster
virus (shingles)
Varicella-zoster virus
(VZV; chickenpox)
Human papillomavirus

(HPV; warts)

Epstein-Barr virus
(EBV; oral hairy
leukoplakia)

Cytomegalovirus

(CMV)

Bacteria

Staphylococcus aureus

Pseudomonas
aeruginosa
Bartonella spp.
(bacillary
angiomatosis)
Mycobacterium tuberculosis

Mycobacterium
avium-intracellulare
complex

Treponema pallidum
(syphilis)

Fungus or infection

Candida (candidiasis)

Dome-shaped, flesh-colored papules with a central umbilication; larger, coalescent, and persistent lesions occur in HIV-infected patients; lesions may
be widespread and atypical; observed in unusual sites such as the face, neck, and scalp; unusual forms include solitary, endophytic, aggregated,
inflamed, and giant MCs (73)

Clusters of vesicles that may rupture, crust, and form multiple small or large confluent painful ulcers; recurrent oral and anogenital HSV may lead to
chronic ulcerations in HIV-infected patients (127)

Dermatomal eruption of vesicles that arise in clusters from a red base that either umbilicate or rupture before forming crusts; in HIV-infected patients,
the eruption may also be multidermatomal, recurrent, ulcerative, and widely disseminated with systemic involvement (29)

HIV-infected patients often have chronic infections that begin as vesicles and progress to necrotic, nonhealing ulcers (77)

Flesh-colored papules that evolve into dome-shaped, gray-to-brown, hyperkeratotic discrete, and rough papules, often with black dots on the surface;
HIV-infected patients can have severe, widespread, and chronic warts, which may arise on mucosal surfaces, the face, perianal region, and the
female genital tract; HPV is associated with cervical cancer in women (81) and anal cancer in both sexes

White plaques with hair-like projections localized on the lateral aspect of the tongue (113)

Persistent perineal ulcers are the most common presentation; ulcers may be coinfected with HSV; also associated with nonspecific cutaneous lesions
such as verrucous or purpuric papules, vesicles, morbilliform eruptions, and hyperpigmented indurated plaques (29, 81, 91)

Primary infections include impetigo, folliculitis, furuncles, carbuncles, abscesses, and necrotizing fasciitis; recurrent infections are common due to
increased prevalence of nasal and perineal colonization in HIV-infected patients (63, 177)

Ecthyma gangrenosum, infection of catheter sites, and secondary infection of underlying disorders such as Kaposi’s sarcoma in advanced HIV disease
(81)

Bacillary angiomatosis is characterized by red-to-purple papules, nodules, or plaques resembling Kaposi’s sarcoma (Fig. 20); any site except the palms,
soles, and oral cavity may be involved; hematogenous or lymphatic dissemination to bone marrow and other lymphoid organs may occur (175)

Cutaneous tuberculosis is rare; multifocal lupus vulgaris, tuberculous gummata, orofacial tuberculosis, scrofuloderma, and miliary abscesses may be seen
(81)

Cutaneous manifestations are extremely rare, and some reports describe scaling plaques, crusted ulcers, ecthyma-like lesions, verrucous ulcers,
inflammatory nodules, pustular lesions, and draining sinuses (81)

Although the classic papulosquamous secondary lesions are often seen, unusual presentations may be observed in HIV-infected patients, including
rapidly progressing noduloulcerative forms, papular eruptions that mimic MC, and lues maligna (110)

Generally causes mucosal disease (cutaneous, oropharyngeal, vulvovaginal, and esophageal); recurrent and persistent mucocutaneous candidiasis is
common in HIV-infected patients; manifests as whitish, curd-like exudates on the dorsal or buccal mucosa that are easily scraped away; recurrent
vulvovaginal candidiasis presents with creamy-white vaginal discharge, with itching and burning pain; the vaginal mucosa is inflamed, and
pseudomembranous plaques are often seen (63, 105)
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Tinea versicolor
(dermatophytosis)

Cryptococcus neoformans
(cutaneous cryptococcosis)

Histoplasma capsulatum
(cutaneous histoplasmosis)

Coccidioides immitis
(coccidioidomycosis)

Sporothrix schenckii
(sporotrichosis)

Penicillium marneffei
(penicilliosis)

Aspergillus spp.

Parasites

Leishmania donovani
(leishmaniasis)

Acanthamoeba
castellani
(acanthamebiasis)

Toxoplasma gondii
(toxoplasmosis)

Pneumocystis carinii

Malignancies

Kaposi’s sarcoma

Non-Hodgkin’s
lymphoma

Squamous and
basal cell

carcinomas

Malignant melanoma

Numerous small, circular, white, scaling papules on the upper trunk; may involve the upper arms, neck, and abdomen; in HIV-infected patients,
cutaneous involvement is often more atypical in appearance, widespread, and resistant to therapy (58)

Translucent, dome-shaped, umbilicated lesions resembling MC on the head, face, and neck; cellulitis, ulcers, papules, plaques, and pustules are other
presentations (81)

Mucocutaneous erosions, oral ulcerations, disseminated and erythematous macules and papules, cellulitis-like eruptions, MC-like lesions (108)

Begins as papules and evolving to pustules, plaques, or nodules with minimal surrounding erythema; hemorrhagic papules or nodules; lesions may
resemble MC (81)

Hematogenous dissemination to the skin may manifest as papules to nodules that become eroded, ulcerated, crusted, or hyperkeratotic, usually sparing
the palms, soles, and oral mucosa (79)

Most common skin lesions are umbilicated papules resembling MC, occurring most frequently on the face, ears, upper trunk, and arms (81)

Necrotic papulonodules; subcutaneous nodules (138)

Papular, maculopapular or nodular lesions; typically ulcerated nodules on the extremities; in atypical presentations, the lesions are disseminated (99)

Dissemination to the skin is common in AIDS; necrotic nodules and painful ulcerations of the trunk and extremities develop in HIV-infected patients

(29, 146)
Cutaneous involvement is rare; manifests as an eruption of macules, papules, or vesicles involving the trunk and extremities (81)

Disseminated infection may appear as MC-like papules, bluish cellulitic plaques, and deeply seated abscesses in the external ear or nares (81)

Purple patches on the distal lower extremities that progress proximally and become multifocal; individual lesions darken and thicken, eventually
becoming brown and verrucous; lesions in HIV-infected patients have a predilection for the face, torso, and oral mucosa (7)

Non-Hodgkin’s lymphoma tends to be more progressive and aggressive (88); pink-to-purple papules are usually seen when the skin is affected; the
lesions often ulcerate and sometimes stimulate panniculitis (176); younger age of onset, more advanced stages, and extranodal site involvement at
presentation, in particular the central nervous system, intestine, and skin, are found in HIV-infected patients (87)

In HIV infection, these tumors appear earlier and more often on unexposed sites such as the trunk and extremities; metastases of basal cell carcinoma

have been recorded (103, 152)

Appears to be more aggressive, with shorter disease-free periods and lower overall survival rates in patients with melanoma and HIV than in patients
with melanoma without HIV (2)
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TABLE 4 Antiretroviral therapy cutaneous adverse effects

Nonnucleoside reverse
transcriptase

inhibitors (NNRTIs)

Nucleoside and
nucleotide
reverse transcriptase
inhibitors (NRTIs)

Adverse effect

Integrase strand Entry inhibitor

transfer inhibitors

(INSTIs)

Protease
inhibitors (PIs)

Rash Emtricitabine: All NNRTIs Atazanavir, darunavir, Raltegravir, Maraviroc
hyperpigmentation fosamprenavir, elvitegravir
lopinavir/ritonavir,
tipranavir
Hypersensitivity Abacavir: median Nevirapine: hypersensitivity ~ N/A Raltegravir: HSR Maraviroc:
reaction onset 9 days; 90% syndrome of hepatotoxicity reported when reported as
(HSR) of reactions and rash that may raltegravir given part of a
occur within first be accompanied in combination syndrome
6 weeks of by fever, general malaise, with other drugs related to
treatment fatigue, myalgias, known to hepatotoxicity
arthralgias, blisters, oral cause HSR

lesions, conjunctivitis,

facial edema, eosinophilia,

renal dysfunction,
granulocytopenia,
or lymphadenopathy

acute illness generally resolve spontaneously within 2 weeks
(167). Biopsy material from the exanthem associated with
primary HIV infection usually demonstrates nonspecific
changes, such as a superficial perivascular and perifollicular
mononuclear cell infiltrate predominantly composed of
CD4" cells. The production of anti-HIV antibodies at de-
tectable levels usually requires several weeks and in some
cases may follow infection by more than 1 year.

As the CD4" T cells decline and the disease progresses
from asymptomatic HIV infection to AIDS, over 90% of
patients will develop mucocutaneous manifestations (168).
These may be a direct consequence of the primary HIV-1
infection or the result of secondary infectious, neoplastic,
inflammatory, or other processes. The dermatologic findings
of opportunistic HIV/AIDS-related pathogens include viral,
bacterial, fungal, and parasitic infections, as well as malig-
nancies (Table 3). Inflammatory diseases (e.g., psoriasis and
Reiter’s disease), vascular diseases, hypersensitivities to
drugs, insect bites, and ultraviolet light, pruritus, xerosis,
ichthyosis, and seborrheic dermatitis are all common non-
neoplastic/noninfectious etiologies.

Mucocutaneous manifestations of acute HIV infection
are nonspecific and can resemble those of a variety of in-
fectious diseases, including enterovirus infection, infectious
mononucleosis, secondary syphilis, acute infection with
hepatitis A or B viruses, roseola, and toxoplasmosis (172,
173). The papulosquamous eruption of HIV most closely
mirrors that of secondary syphilis, but drug eruptions are also
included in the differential diagnosis. Because a wide variety
of skin problems develop in persons with advanced HIV
disease, the differential diagnosis usually expands into a
myriad of possibilities that often can be differentiated one
from another only via a skin biopsy.

Diagnosis

ELISA is used to screen for HIV infection, and the Western
blot assay is used to confirm the diagnosis. Although sero-
conversion does not occur until approximately 6 weeks after
the acute illness, viremia can be detected approximately 10
days after infection (174). The presence of HIV may be
detected by PCR or isolation of virus from the blood or
demonstration of HIV p24 antigenemia. Semiquantification

of HIV RNA in the serum, which is useful in assessing the
response to antiretroviral therapy, can also be done using
PCR. Disease progression is also accompanied by a marked
decline in CD4" cells, an increase in CD8" cells, and an

inverted CD4/CDS cell ratio.

Treatment
There is an expanding number of drugs that have been ap-
proved for treatment of HIV infection (see Chapters 11 and

33). Multiple antiretroviral therapy causes rash and hyper-
sensitivity reaction (HSR) (Table 4) (178).
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Viral Hemorrhagic Fevers
GAIL CARSON, MIKE BRAY, AND CATHY ROTH

The term viral hemorrhagic fever (VHF) designates a syn-
drome resulting from infection with any of at least 30 different
RNA viruses from four different taxonomic families (Table 1).
Although they differ in certain features, all types of VHF are
characterized by fever and malaise, a fall in blood pressure
that can lead to shock, the development of coagulation de-
fects that can result in bleeding, and for many VHF agents,
high mortality. With the exception of dengue virus, which is
maintained among human populations by mosquito trans-
mission, all of the VHF agents persist in nature through cycles
of infection in animals. In the past, therefore, the geographic
range of each disease reflected that of the reservoir species.
Human illness is an accidental event resulting from contact
with an infected animal or its excretions or the bite of an
infected arthropod. Subsequent human-to-human transmis-
sion through contact with infectious blood or secretions oc-
curs with multiple haemorrhagic fever (HF) viruses and can
cause devastating nosocomial outbreaks. Pathogenesis in
humans, in most instances, only indirectly reflects the
mechanisms by which the causative agent replicates in its
reservoir host, but high levels of viremia are typical. Treat-
ment is supportive for most VHFs, but progress is being made
gradually in developing specific therapeutics. Vaccines are
widely available for yellow fever, and recent studies indicate
that effective dengue and Ebola virus vaccines are possible.

HISTORICAL PERSPECTIVES

The various types of VHF have presumably occurred for
millennia, whenever humans have come into contact with
reservoir animals or been bitten by infected arthropods. The
first to be recognized by the European medical community
was yellow fever (YF), which was encountered by early
travelers to sub-Saharan Africa and was transferred to the
New World through the slave trade. Its frequently fatal
outcome was long attributed to the severe hepatic damage
and jaundice that gave the disease its name, but it was
eventually realized that gastrointestinal hemorrhage and
compromised renal function resulting from hypovolemic
shock were more common causes of death. A correct ap-
preciation of the role of diminished intravascular volume in
this disease did not emerge until clinical tools for blood
pressure measurement were developed in the 1920s, when
urban YF had been largely suppressed by mosquito control

efforts. Recent studies have in fact shown that host in-
flammatory responses are as important in the pathogenesis of
severe YF as in other types of VHF (1, 2).

Other types of VHF began to be identified in the early
1900s, when severe hantaviral infection that is now termed
HF with renal syndrome (HFRS) was described in Siberia,
and a milder form, nephropathia epidemica, was recognized
in Scandinavia (3, 4, 5). However, it was not until several
thousands of cases of HFRS occurred among United Nations
troops in the Korean War that VHF was brought forcefully to
the attention of western medicine. Over the ensuing five
decades, a number of “new” types of VHF have been de-
scribed and their causative agents have been isolated. The
Old World arenavirus Lassa fever virus and the New World
agent Machupo virus were both characterized during in-
vestigations of disease outbreaks in the 1960s. Marburg virus
was discovered in 1967 as a result of the inadvertent im-
portation of infected monkeys from Uganda to Europe, while
the other filovirus genus, Ebola virus, came to attention
when its Zaire and Sudan species caused large epidemics
in Africa in 1976. Rift Valley fever (RVF), first recognized in
the 1930s, caused a massive mosquito-borne outbreak in
Egypt in 1977. The list of arenaviruses causing a VHF syn-
drome has also continued to grow with the recognition of
fatal human infections caused by Whitewater Arroyo virus
in California (6). Lujo, a “new” arenavirus, emerged in
Zambia in 2008, and was exported to South Africa, where it
caused a small but deadly outbreak with a case/fatality rate of
80% (7). Its natural reservoir has never been identified, and
there have been no further outbreaks in the intervening
years, but its emergence serves as a reminder that there is no
reason to believe that the list of HF viruses is now complete.
That is exactly what happened in 2009 in the Democratic
Republic of Congo with the discovery of a novel rhabdo-
virus, called Bas-Congo virus, as a cause of an outbreak in-
cluding haemorrhagic presentation and fatalities and with
emergence of tick-borne phleboviruses causing Severe Fever
with Thrombocytopaenia Syndrome (SFTS) in Asia and
cases of a similar illness due to Heartland virus in the United
States (8, 9, 10).

The West African outbreak of Ebola virus disease (EVD)
of 2013 to 2016, in which the estimated number of cases was
beyond all previous experience and expectations, has
changed our understanding of VHFs and in particular EVD
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TABLE 1

Some epidemiological features of the principal types of VHF

Virus family Disease

Virus

Geographic distribution

Reservoir host

Patients” and areas affected;
seasonal pattern

Arenaviridae  Argentine HF

Bolivian HF

Chapare
Venezuelan HF

Brazilian HF
Lassa fever

Lujo

Bunyaviridae =~ CCHF
RVF
HFRS

Hantavirus
cardiopulmonary
syndrome

Flaviviridae YF

Dengue HF/shock
syndrome

Kyasanur
Forest disease
Omsk HF

Marburg and
Ebola HF

Filoviridae

Junin virus

Machupo virus

Chapare virus
Guanarito virus

Sabia virus
Lassa virus

Lujo virus

CCHEF virus
RVF virus
Hantaan, Seoul,

and Puumula viruses

Sin Nombre, Andes,
many others

YF virus
Dengue virus types 1-4
Kyasanur Forest virus

Omsk virus

Marburg and Ebola viruses

North-central Argentina
Northeastern Bolivia

Bolivia

Central Venezuela
Unknown
West Africa

Zambia

Africa, central to east Europe,

Middle East to west China
Africa

Northern Asia and Europe,
including the Balkans
and Scandinavia

North, Central, and South America
Tropical Africa, Amazon basin
Southeast Asia, Caribbean,

South and Central America

Karnatake State (India)

Western Siberia
Sub-Saharan Africa & West Africa

Mouse (Calomys musculinus)
Mouse (Calomys callosus)

Unknown rodent
Mouse (Zygodontomys brevicauda)

Unknown rodent
Mouse (Mastomys natalensis)

Unknown rodent

Livestock, crows, hares,
Hyalomma ticks

Livestock, several mosquito genera

Mice and rats (Apodemus,
Rattus, Clethrionomys)

Mice (Peromyscus sp.,
Sigmodon hispidus, others)

Primates, including humans;
tree hole mosquitoes

Aedes aegypti > Aedes albopictus

Monkeys, birds, livestock, ixodid ticks

Vole (Arvicola terrestris), ixodid ticks

Fruit bat species likely reservoir

M; comn harvest; March—June
All ages, both sexes; villages; February—
July

All ages, M = F; houses, gardens; no
seasonality

Two cases in the Sao Paulo state and two
in lab workers

All ages, both sexes; villages; no
seasonality

Only one small outbreak; difficult to
comment on any patterns or at risk
groups

Adults, M > F; cattle, pasture contact;
summer

All ages, M > F; late summer; arthropods

Mostly adults, M > F; rodent excreta;
fall-winter

Adults, M = F; rodent excreta; late spring-
summer peak

M > E all ages; arthropod contact; dry
season

Children <12 yr; peak in late rainy, early
dry seasons

Adults, M > F; tick contact; summer-fall,
dry season

Adult males; muskrat hunt; winter
Mainly adults, M = F; sporadic; late
summer

“M, male; F, female.



in many ways (see chapter 42). These include advances in
understanding the molecular epidemiology and biology of the
virus, investigating new drugs and vaccines, defining stan-
dards of care and their delivery, and highlighting the impacts
on survivors, including viral persistence and associated se-
quelae.However, many unanswered questions remain con-
cerning fundamental aspects of EVD pathogenesis and clinical
management. Despite unprecedented efforts, few therapeutic
and vaccine trials came to completion for various reasons,
including inability to meet enrolment targets due to declining
case numbers as the epidemic waned. All of these experiences
have led to a global consensus that new approaches must
accelerate the necessary research and product development
(diagnostics, drugs, and vaccines) to prevent devastating ep-
idemics of all future VHF diseases. In 2015 the World Health
Organization (WHO) launched its R&D Blueprint in re-
sponse to the call for greater coordination and leadership for
research and development (R&D) (11). The R&D Blueprint
is a global strategy and preparedness plan to ensure that tar-
geted R&D can strengthen the emergency response by
bringing medical technologies to patients during epidemics.
The Blueprint aims to reduce the time between the detection
of a disease likely to cause a public health emergency and the
availability of effective tests, vaccines, and medicines that can
be used to save lives and avert crisis. Of note, one-half of the
infections on the list of priority diseases for R&D are VHFs.

CAUSATIVE AGENTS

The principal HF viruses belong to four different families,
the Arenaviridae (chapter 45), Bunyaviridae (chapter 44),
Filoviridae (chapter 42), and Flaviviridae (chapter 53). All are
enveloped viruses with single-stranded RNA genomes. The
flavivirus genome consists of one strand of positive-sense
RNA. Viruses in the other three families have negative-
sense genomes, which consist of a single strand in the case of
the filoviruses, two separate segments for the arenaviruses,
and three for the bunyaviruses. These agents differ widely in
cellular replication strategies, natural hosts and transmission
cycles, geographic distribution, routes of transmission to
humans, and disease pathogenesis (Table 1). This chapter
provides a general survey of VHFs, comparing individual
diseases to each other and to other types of human illness.
Additional information on individual viruses and the dis-
eases they cause can be found in the pathogen-specific
chapters of this book, as well as those on viral infections that
may uncommonly be associated with hemorrhagic manifes-
tations (e.g., measles, fulminant hepatitis, and historically
smallpox).

EPIDEMIOLOGY

For a zoonotic virus to cause illness, appropriate cell surface
receptors and intracellular cofactors must be present to
permit its replication in human cells, and innate defenses
must fail sufficiently to permit its intrahost spread. VHF
represents the extreme end of the spectrum of possible out-
comes of cross-species virus transfer, in which an agent
replicates so well and overcomes or interacts with host im-
mune defenses to cause a severe inflammatory syndrome.
Reservoirs have been identified for nearly all of the HF
agents (Table 1). In several cases, the natural reservoir is a
species of rodent, probably because these animals’ large
numbers and high population density favor the continuous
circulation of viruses. Arenaviruses, which are split into

“Old World” (Africa) and “New World” (the Americas)
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complexes on the basis of phylogenetic and geographical
distinctions, all have rodent species as the natural reservoir.
Old and New World primates are reservoirs for sylvatic YF,
and a variety of species are involved in the circulation of
Crimean-Congo HF (CCHF) virus. The reservoir host for
the filoviruses is believed to be various bat species (see
chapter 42). Other animals may be infected and act as
intermediaries in transmission to man.

The transmission of a virus from animals to humans can
occur through direct physical contact, exposure to virus-
containing excretions, or the bite of an infected mosquito or
tick. The identity of the host and the mode of transmission
strongly influence the pattern of human disease. For exam-
ple, CCHE which is transmitted by tick bite or direct con-
tact with the tissues of an infected animal during slaughter,
tends to occur as sporadic single cases or small clusters. By
contrast, mosquito-borne agents such as YF virus and dengue
virus can be carried from person to person by the vector, or,
as in the case of RVE animal to person and person to person
by the vector to yield explosive epidemics. The modern
health care setting offers opportunities to amplify sporadic
cases into outbreaks if appropriate infection prevention and
control practices are not observed; health care workers are
often among the earliest casualties.

The arenaviruses and hantaviruses provide interesting
examples of coevolution, in which each agent has a single
rodent species as its primary host (12). Animals that harbor
arenaviruses display partial immune “tolerance,” permitting
chronic viremia and viruria; the latter probably represents the
major source of environmental exposure. The epidemiologi-
cal pattern of arenaviral HF is determined by the intersection
of rodent ecology and human activities. In Argentina and
Venezuela, animal reservoirs are found in or adjacent to cul-
tivars, placing adult males who harvest corn in the fall at
greatest risk of infection. In contrast, because the reservoir
rodents invade dwellings and gardens, Bolivian HF and Lassa
fever are largely acquired in or near houses, and persons of
both sexes and all ages are at risk. Lassa fever is a truly en-
demic disease, because the Mastomys reservoir breeds year
round, and a nearly constant fraction of animals are chroni-
cally infected. Hantaviruses also cause chronic infection in
their rodent hosts, which excrete virus in saliva and feces for
short periods and in urine for many months. Human infection
is most often associated with agriculture, mining, or military
activity. Nephropathia epidemica has a well-marked cyclic
activity, in which rodent population density and prevalence
of infection correlate with transmission to humans.

The epidemiology of arthropod-borne VHF reflects the
biology of viral infection in the mosquito or tick vector.
Both vectors acquire the virus through blood feeding, indi-
cating that viremia occurs in the animal reservoir. Mosqui-
toes competent to transmit flaviviruses become chronically
infected, and there may be transovarial transmission to
subsequent generations of mosquitoes, allowing for persis-
tence and recrudescence when the seasonal or other envi-
ronmental conditions permit. Multiple human infections are
often the result of interrupted blood feeding and movement
to a second host. Among the various types of VHFE, CCHE,
Kyasanur Forest disease, Alkhurma HF, SFTS, and Omsk HF
are transmitted by ticks. “Vertical” (transstadial and trans-
ovarial) transmission is an important feature of their natural
history. Ticks use the blood of birds and mammals primarily
as an energy source for the next stage of their life cycle.
Because far less than 100% of eggs from an adult female are
infected, vertebrate viremia is also important for tick-borne
transmission of virus to humans.
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Dengue fever is the exception to the rule that the HF
viruses are zoonotic in nature. The disease may at one time
have been confined to a small region of the tropics and
maintained through infection of wild primates, in a manner
similar to YE However, the successful adaptation of the virus
to person-to-person transmission by mosquitoes, combined
with a vast increase in the human population in tropical re-
gions and a failure of mosquito control efforts, has permitted
the agent to disperse widely and evolve into four distinct
serotypes (13). As discussed below, the circulation of more
than one serotype in the same geographic region sets the stage
for the occurrence of secondary infections, in which non-
neutralizing antibodies are believed to enhance virus uptake
into cells, causing intense inflammation and increased vascular
permeability (dengue HF/shock syndrome). Even though only
a small fraction of cases result in HE, because of its global
distribution, dengue virus is the most important cause of VHE

Once an individual becomes ill with a VHE, there is great
variation in the potential for further human-to-human trans-
mission, because the pathogenesis of the diseases and sites of
viral replication within the infected human host are so diverse.
A number of diseases, including RVF and dengue, rarely spread
directly from person to person and thus pose little threat to
medical personnel. However, some of the most virulent agents,
including Ebola, Marburg, Lassa, Lujo, and CCHF viruses,
cause prolonged high titer viremia, and can therefore be spread
through direct contact with blood and other body fluids and
tissues. Hospital-based outbreaks have occurred when case
detection has been slow, staff have been overwhelmed by the
workload, or appropriate infection prevention and control
measures have not been observed. In low-technology health
care settings in developing countries, the necessary disinfec-
tion and personal protective equipment required to implement
the appropriate measures are often not available (14).

The extent to which asymptomatic or mildly symptom-
atic individuals are involved in onward transmission of in-
fection and extension of outbreaks varies among the VHFs,
and has not been well explored, even for those diseases
where mildly symptomatic infection is not uncommon, e.g.,
Lassa fever. Asymptomatic infection and continuing human-
to-human transmission had always been assumed to occur
extremely rarely, if at all, in filovirus outbreaks. Sexual
transmission in Ebola and Marburg was recognized in the
past, but more evidence has been collected during the recent
West African epidemic, where on several occasions it has
instigated new cases and clusters long after the apparent end
of virus circulation in specific communities. In one survivor,
semen was positive for viral RNA 284 days after symptom
onset (15). The full extent of “sanctuary sites,” and duration
of the survival of viable virus in those sites after an indi-
vidual’s apparent recovery from illness, have not yet been
determined, but studies continue to explore this in survivors
of the EVD epidemic in West Africa. There are anecdotal
reports of CCHF being transmitted sexually, and therefore
this route of transmission should be considered in subse-
quent outbreaks. Sexual transmission may have a role in
some other VHFs, including Lassa, Junin, and Machupo;
better studies are required to determine the frequency and
importance of sexual transmission in the propagation of
outbreaks of these and other VHFs. During VHF outbreaks,

transmission by infectious blood products is also a possibility.

PATHOGENESIS

The transmission of HF viruses from animals to humans is
generally unidirectional: infected patients do not often ap-

pear to serve as a source of infection for the reservoir or other
intermediary host. Because human infections are “dead-end”
events from the point of view of virus evolution, the patho-
genesis of VHF does not represent the outcome of viral
adaptation or “survival strategy,” but simply reflects the for-
tuitous ability of an animal virus to replicate efficiently in
human cells. In contrast to diseases such as viral hepatitis or
encephalitis, VHFs do not generally localize to one organ or
organ system. However, the persistence of pathogens like
Ebola virus in semen and the associated possibility of onward
transmission raise new concerns. In general, HF viruses rep-
licate primarily in monocytes, macrophages, and dendritic
cells. The fact that these cells, which normally serve as the
first line of defense against microbial invaders, are the prin-
cipal sites of viral replication goes far to explain the ability of
these pathogens to cause rapidly overwhelming infection.
However, HF viruses differ in their abilities to infect other
types of cells. At one end of the spectrum, dengue virus
principally infects only these cell types, without causing their
death. At the other extreme, Ebola and Marburg viruses show
a very broad tissue tropism. Material released from dying cells
is itself a stimulus for inflammation, contributing further to the
fulminant systemic illness. Most HF viruses produce a degree
of tissue damage intermediate between the minimal injury of
dengue fever and the massive destruction caused by the filo-
viruses, with the liver as the principal target. Hepatic in-
volvement probably begins with the spread of virus through
the bloodstream to fixed macrophages (Kupffer cells) in si-
nusoids, from which infection then extends to parenchymal
cells. As noted, hepatic injury is a prominent feature of YF,
causing the jaundice that gave the disease its name, and is seen
in some cases of RVF and dengue. It also occurs in CCHF and
some other infections, but without producing the high levels
of bilirubin that lead to jaundice.

For many reasons, studying the pathogenesis of the VHFs
is challenging due to biosafety requirements, limitations of
animal models in recapitulating human disease, and the
challenge of obtaining samples during outbreaks. One of the
most studied VHFs is EVD, yet many questions remain un-
answered regarding its pathogenesis and multiple factors
likely contribute (see chapter 42). The current data in some
ways support the hypothesis presented by Bray and Mahanty
in 2004 following the Ugandan outbreak of Ebola Sudan
that the multiorgan syndrome induced by Ebola virus
(EBOV) is similar to that of septic shock (16). With its broad
cell tropism, Ebola virus infects monocytes, macrophages,
dendritic cells, endothelial cells, fibroblasts, hepatocytes,
adrenal cortical cells, and several types of epithelial cells (17,
18, 19, 20, 21). An early, well-regulated inflammatory re-
sponse has been associated with recovery, whereas a dysre-
gulated proinflammatory response has been described in fatal
EVD (22). Depletion of lymphoid cells including apoptosis
of these cells may partly explain the lymphopenia and as-
sociated failure of adaptive immune responses in filoviral
infections and probably in other types of severe HF (23, 24).

The VHF agents differ in their interactions with the
immune system, but most share a common feature of the
inhibition of the type 1 interferon response. A number of HF
agents, including filoviruses, RVF virus, dengue virus, and
some arenaviruses, have been shown to block interferon
responses through a variety of mechanisms (25, 26, 27). The
importance of the interferon system to the control of viral
dissemination helps to explain why all of the HF agents are
RNA viruses. Because the double-stranded RNA molecules
that are generated in the course of their transcription and
genome replication are a strong stimulus for type I interferon



responses, each RNA virus must evolve ways of evading or
suppressing interferon responses in its host, to the extent
needed to ensure its own continued survival. The outcome of
human infection with a novel virus will therefore depend in
part on the extent to which the agent blocks human inter-
feron responses. The HF viruses may constitute that small
subset of RNA viruses that suppress human interferon re-
sponses so effectively that they cause rapidly overwhelming
disease. The most severe diseases, such as fatal Ebola and
Marburg HE, are also characterized by a failure of humoral and
cellular immune responses. Others like RRVF and HFRS
proceed despite the host’s adaptive immune response. Most
RVF cases are acute, self-limited febrile episodes in which
viremia may be very high at onset but disappears within 3 to
5 days, by which time virus-specific antibodies are detect-
able. However, about 1 to 2% of patients continue to have
virus in the blood, respiratory secretions, and spinal fluid,
even in the presence of antibodies, and progress to fulminant
VHF with hepatitis, jaundice, and hemorrhage. Uncon-
trolled viral replication in these RVF patients therefore re-
sembles that seen in filoviral HE but it appears to result from
a defective immune response in certain patients rather than
the increased virulence of a viral strain. In another disease
variant, some RVF patients appear to be stable or improving
after 5 to 15 days of illness and then develop an apparently
immune-mediated meningoencephalitis or retinal vasculitis.
The neurologic disease has been temporally associated with
the greatest production of antiviral antibodies seen in any of
the forms of RVE Clarification of the mechanisms of RVFV
invasion into the CSF requires further study. Virtually all
patients with hantavirus infections have circulating virus-
specific immunoglobulin M, immunoglobulin G, or both at
the time of diagnosis. Viral antigens are detectable on the
surfaces of capillary endothelial cells, in the kidneys in HFRS
(28). The development of HFRS and its resolution take
much longer, indicating that tissue damage is greater, needs
more time for repair, and may be partly the result of viral
destruction of cells or the effects of immune viral complexes.

Dengue HF has a unique pathogenesis that is a conse-
quence of the virus’s evolution into four different serotypes.
Primary dengue infection causes an unpleasant, but rarely
fatal, influenza-like illness that results from the transient re-
lease of proinflammatory cytokines from virus-infected
monocytes and macrophages. Viremia is already declining by
the time of symptom onset, and the illness resolves un-
eventfully. The recovered individual is thenceforth resistant
to reinfection by that serotype. In a small percentage of cases,
however, reinfection by a second serotype results in severe
disease in which viremia persists and high levels of Inter-
leukin 6 (IL-6), Tumour Necrosis Factor alpha (TNF-a), and
other mediators in plasma induce vascular leak and shock
(29). Two immune mechanisms are thought responsible for
the occurrence of dengue HF: nonneutralizing antibodies
resulting from a previous infection are believed to enhance
viral replication by linking virions to Fc receptors on the
surfaces of target cells, which then take them up into the
cytoplasm, thus increasing the number of infected cells, the
number of viral particles that enter each cell, and the release
of cytokines and other vasoactive mediators. Second, cross-
reactive memory CD8+ T cells can attack monocytes and
macrophages expressing viral epitopes on their surfaces,
triggering an explosive inflammatory response.

Although early discussions of the pathogenesis of VHF
attributed vascular leak and hemorrhage to viral infection or
injury of the endothelial cells of blood vessels, it now appears
more likely that alterations in vascular function and the
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development of coagulopathy represent physiological re-
sponses to circulating proinflammatory mediators. In VHE
the release of large amounts of these substances into the
plasma causes vascular dilatation and increased permeability,
with catastrophic effects on intravascular volume and blood
pressure. This pathogenic process does not mean that viral
infection of blood vessel linings cannot also occur. Infected
endothelial cells have been observed, for example, in tissues
from persons with fatal cases of CCHF (30). Despite the
syndrome’s dramatic name, hemorrhage is generally a minor
feature of VHE Instead, as in other severe inflammatory
syndromes such as septic shock, the major pathophysiological
lesion is an increase in vascular permeability (“capillary leak”)
brought about by mediators released from infected cells.
Careful physiological management to maintain sufficient
blood flow to critical organs is therefore a hallmark of patient
care. The recognized hemorrhagic tendency may be related to
decreased synthesis of coagulation and other plasma proteins
because of hepatocellular necrosis and the development of a
disseminated intracellular coagulation picture. However,
massive blood loss is infrequent in EVD, and as in CCHE
confined mainly to the gastrointestinal tract.

CLINICAL MANIFESTATIONS

Most of the signs and symptoms of VHF reflect the release of
proinflammatory mediators from virus-infected cells and their
effects on temperature regulation, cardiac function, gastroin-
testinal tract motility, control of vascular tone and endothelial
permeability, and the blood clotting system. Fever, malaise,
myalgia, and headache are typical early manifestations that
tend to evolve insidiously in the case of Lassa fever but can
begin so abruptly in YE CCHE, and the filovirus diseases that
patients can report the hour of onset. Fever is usually high and
often unremitting; however, it may be absent in some sub-
groups of patients, including pregnant women and the elderly
(31). Bradycardia may be notable, particularly in arenavirus
and filovirus diseases and in YE Vomiting and severe diarrhea
frequently occur in filovirus HFs, emphasizing the need for
early supportive care often including the administration of
intravenous fluids. Abdominal pain can be sufficiently prom-
inent to lead to surgical intervention; hospital-based outbreaks
of CCHF and Ebola HF have begun in this fashion. Bleeding
rarely is the presenting symptom, but it can occur, e.g., epi-
staxis in CCHE which is one reason why the health care
workers must be aware of the risk factors and presentation of
these diseases to prevent nosocomial spread.

Vasodilatation and increased permeability of the endo-
thelial linings of blood vessels are manifest in a number of
physical signs. Capillary dilatation is often signaled by diffuse
erythema of the skin of the upper trunk and face that
blanches on pressure. Conjunctival injection with petechial
hemorrhages is common. An erythematous rash is charac-
teristic in early Marburg, Ebola, CCHF, and dengue, but may
be difficult to see in dark-skinned persons. Edema of the face
and sometimes of the extremities, observed in Lassa fever, is
another manifestation of a capillary leak syndrome, but it
may only become evident when a severely ill, dehydrated
patient is treated with intravenous fluids. The development
of coagulation defects leads to easy bruising, failure of ve-
nipuncture sites to clot, hemorrhage from the gastrointesti-
nal and urinary tracts, and menorrhagia. Large ecchymoses
are a characteristic sign of CCHF but are rare in the other
diseases. Although massive bleeding can occur in severely ill
or moribund patients, it is much less common than popular
descriptions of these diseases would suggest.
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Other clinical manifestations reflect the involvement of
specific organ systems. Some degree of hepatic infection and
damage is seen in most types of VHE but the severity varies
markedly among the different diseases. Serum levels of as-
partate and alanine aminotransferase are markedly elevated
in filoviral HE, YF, and RVE but clinical jaundice is com-
monly observed only in the latter two conditions. Higher
serum aspartate than alanine aminotransferase levels indi-
cate sources other than liver alone. Cough, dyspnea, low
oxygen saturations, and the need for mechanical ventilation
have all been described in EVD, and difficulty breathing has
been associated with a fatal outcome in patients with EVD
due to pulmonary edema (32). Gross pathological findings in
Lassa fever deceased patients include pulmonary edema.

Renal dysfunction is common in some VHFs. In EVD
this may be due to a number of reasons, including hypo-
volemic shock, acute kidney injury, rhabdomyolysis, and
interstitial nephritis. (33, 14) A number of the repatriated
cases from the West African EVD outbreak received renal
support. The renal compromise phase of HFRS is charac-
terized by severe oliguria with increased blood urea nitrogen
and creatinine levels; a diuretic phase typically follows.

The systemic inflammation of VHF leads to numerous
changes in clinical laboratory tests, none of which are specific
to these diseases. Blood leukocyte patterns vary widely.
Leukopenia is frequently observed, but patients with dengue
HF usually have normal white blood cell counts. Leukopenia
is minimal in Lassa fever, and fatal disease may be heralded by
a frank polymorphonuclear leukocytosis. Thrombocytopenia
is a universal finding, but it is usually not severe enough in
itself to account for hemorrhagic manifestations. Signs of
hemoconcentration include a rise in the hemoglobin, he-
matocrit, and plasma protein levels. Monitored sequentially,
these can provide an index of the loss of plasma volume
resulting from the capillary leak syndrome and the efficacy of
therapeutic countermeasures. Proteinuria is commonly found
in VHFs and may be severe in Lassa, Marburg, and Ebola
fevers as well as in HFRS. Coagulation factors are variously
reduced, but major increases in prothrombin and partial
prothrombin times are common only in YE CCHE RVE, and
the filoviral diseases. Limited testing during outbreaks has
shown that fibrin split products and d-dimers, indicative of
disseminated intravascular coagulation, are present in EVD
and CCHEF; they would probably be found in many of the
other diseases if testing capability were available.

VHEFs can lead to severe complications during pregnancy,
leading to fetal loss and life-threatening illness of the mother.
In some VHE including Lassa and filovirus infections, third
trimester infection is associated with extremely high rates of
maternal and fetal mortality, which may approach 100%.
The range and degree of outcomes following infection in
pregnancy has not been well explored for all VHFs, including
such widespread diseases as dengue. This is an important
topic for investigation in future outbreaks of all VHFs.

A range of neurological complications including visual
disturbance have been described as a result of RVF infection.
These may occur as early or late complications. Examples
include encephalitis and loss of vision. The retinal vasculitis
of RVF can result in permanent loss of central vision (34, 35,
36, 37).

A few of the VHFs have well recognized sequelae. As in
Marburg Virus Disease, EVD has been noted to cause uveitis,
with live virus being isolated in some instances from the
aqueous. In fact, a range of ocular symptoms was described
prior to the West African outbreak, in the Kikwit outbreak
in 1995 and the Gulu EVD outbreak in 2001. About 3% of

Lassa fever survivors have permanent eighth-nerve damage,
making it the most common cause of deafness in young
people in its region of endemicity. HFRS has led to sequelae
from severe complications occurring during the acute phase
of the illness, such as intracranial hemorrhage or renal rup-
ture. Persistence of viral replication in immunologically
protected “sanctuary” sites may lead to late sequelae, recru-
descence of illness, or late transmission through sexual or
other routes, with a risk of rekindling outbreaks, as recently
observed for Ebola. The recent Ebola epidemic in West
Africa has led to the recognition of a range of sequelae and
chronic health impacts, which were not previously well
characterized, including arthralgia, new visual problems, and
hearing impairment. (38, 39) This recognition has led to
continuing research to more carefully characterize the long-
term impacts and persistence of infection among large co-
horts of survivors. Careful, prospective follow-up of recov-
ered patients has not generally been performed for many
other VHFs, therefore generalizations about lack of sequelae

should be avoided.

DIAGNOSIS

The signs and symptoms of VHF resemble those of a wide
range of infectious diseases, so a specific diagnosis can be
made only by means of specialized laboratory tests that di-
rectly identify the pathogen. This is particularly true in the
early stages of infection, when institution of the correct dis-
ease control measures and the appropriate patient manage-
ment strategy can protect the community and yield the best
outcome for the individual patient. Until recently, such as-
says were generally not performed by hospital laboratories,
and required a containment reference facility. Advances in
diagnostic technologies have permitted the development of
diagnostic platforms and sensitive assays for the suspect
VHFs, which can be performed by operators who do not
possess advanced laboratory skills, for use in hospitals and
field laboratories. Mobile laboratories have been employed
which can be easily transported to outbreak sites lacking
appropriate laboratory infrastructure and basic services. In
the recent EVD outbreak in West Africa, even virus se-
quencing capacity was brought to the field. However, such
capacity is not often on hand at the beginning of an out-
break, and often a combination of clinical and epidemiologic
findings will raise the suspicion. For certain VHFs, this may
sometimes be in the context of recognition of disease in
animals (e.g., waves of abortion in livestock for RVF), or due
to an occupational association with animals or their slaugh-
ter. Only in rare circumstances in developing countries will
the clinician evaluating an acutely ill patient proceed directly
to requesting specialized tests, as the symptoms and early
clinical features of most VHFs are nonspecific and may be
similar to many other endemic illnesses. VHF would be high
on the list of likely diagnoses when a patient reports having
been exposed to an ill person or a cluster of ill persons, or
during an identified VHF outbreak.

A travel and exposure (e.g., animals, ticks, ill persons,
healthcare settings) history should always be elicited in re-
turning travelers; more often the patient’s recent travel
history will only suggest a range of possibilities, rather than a
specific diagnosis. Although someone who develops fever
and malaise soon after returning from central Africa could be
infected with Ebola or Marburg virus, it is much more likely
that he or she has a more common (and easily treatable)
disease, such as malaria, typhoid fever, or shigellosis. VHF
risk has been conservatively estimated at <1 in 1 million



travel episodes to African countries where infection is
present, and febrile patients returning from these countries
are at least 1,000 times more likely to have malaria than
Lassa fever or another VHF (40). Yet, cases of imported VHF
have been missed or misdiagnosed in returning travelers
(41). The consequences both of missing a treatable infection
and missing a diagnosis of a VHF are very serious, so to
follow a diagnostic algorithm which considers both is im-
portant. An appropriate diagnostic strategy for the clinician
faced with a possible case of VHF would therefore be to
obtain advice regarding appropriate and safe sample collec-
tion to diagnose the most likely diseases, based on the
physical examination and history (including the travel his-
tory), and assessment of the epidemiological context. Ad-
vice should also be sought on how to handle, package, and
transport the samples to a laboratory able to perform the
necessary tests under the correct biosafety conditions.

A variety of diagnostic tests have been developed for VHE
Viral antigens and antibodies are now detected most com-
monly by enzyme-linked immunosorbent assay, often em-
ploying recombinant antigens and monoclonal antibodies as
defined reagents. Molecular tests like reverse transcription
polymerase chain reaction (RT-PCR) are being utilized with
great success to identify virus-specific sequences. Because
many types of VHF are characterized by prolonged viremia,
blood is generally considered to be the best sample for testing.
However, oral fluid and oral swabs have been used with good
results for detecting filoviruses, and oral fluid has been used
for diagnosis of Lassa fever. RT-PCR is not the perfect solu-
tion for all VHF diagnostics, and indeed for hantavirus in-
fections, in which the viremia occurs early and is short lived
in relation to clinical symptoms, serology proves more useful.
This may also sometimes be the case for dengue and some
other flavivirus infections, in which the viremia may have
decreased below the detection limits by the time the patient
presents to a health care facility (42).

There have been recent advances in the development of true
point-of-care (PoC) tests, performed at the bedside by health
workers without specialized laboratory skills. PoC tests with
panels to distinguish the potential differential etiologies are in
development and should be available for clinical diagnosis and
surveillance in the not-too-distant future. Information on di-
agnostic assays for various types of VHE, including the collec-
tion, processing, and disposal of diagnostic specimens, can be
found in the appropriate chapters of this book and on a number
of infectious-disease websites. In the United States, further in-
formation can also be obtained by contacting the Viral Special
Pathogens Branch, Centre for Disease Control (CDC), and
contact numbers can be found on that webpage (http://www.
cdc.gov/ncezid/dhcpp/vspb/diseases.html).

CLINICAL MANAGEMENT

Infection Prevention and Control

The first priority in treating a patient with VHF is to prevent
the further spread of infection. The risk of person-to-person
transmission varies greatly for the different diseases. Al-
though respiratory spread appears to be rare for most types of
VHE a hospital outbreak of Lassa fever occurred in Nigeria
in which a patient in an open ward had a persistent cough.
The Andes strain of hantavirus has also been transmitted
from patients to medical personnel or family members (43).
Several diseases characterized by prolonged, high titer vire-
mia, including Lassa, Ebola, and Marburg fevers and CCHE,
can be spread through direct contact with body fluids. In the
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case of the filoviruses, the body fluids posing a transmission
risk includes blood, saliva, vomitus, feces, semen, breast
milk, amniotic fluid, and even sweat. The risk of transmis-
sion is obviously highest when a specific diagnosis has not
yet been made and family members and medical personnel
are not taking precautions to avoid contamination.

Whatever type of VHF is being treated, medical personnel
must observe standard precautions in handling the patient and
diagnostic specimens, and take special care to avoid exposure
to aerosolized material, whether during patient care proce-
dures or in the laboratory. Gloves, gowns, and other standard
protective measures against blood-borne or enteric diseases
should be supplemented with face or eye protection when
relevant. The choice of face mask or respirator will be defined
by WHO or national agencies and affected by availability.
Particular attention should be paid to potential aerosol-
generating procedures. The patient’s room should be under
negative directional air pressure, if possible. Up-to-date advice
on the disposal of clinical waste and other aspects of biohazard
management during patient care is available from WHO and
the U.S. Centers for Disease Control and Prevention.

Supportive Care

Therapeutic interventions for VHF can be divided into gen-
eral supportive and virus-specific measures. The West African
Ebola outbreak experience, including use of intensive moni-
toring and supportive care (e.g., blood products, renal re-
placement therapy, and mechanical ventilation) in some
treatment centers, and also in small numbers of repatriated
health care workers, has resulted in a deeper understanding
of the supportive medical care required by EVD patients
(44, 11). General supportive management should, whenever
possible, be based on careful monitoring of circulating
blood volume and correction of electrolyte abnormalities
(45, 46, 47). Inotropic agents and vasopressors may also be
indicated. During VHF outbreaks where malaria coinfection
is common, MSFs recent experience with artesunate-
amodiaquine would suggest that artesunate-amodiaquine
is preferable to artemether—lumefantrine in patients with
confirmed EVD (48). Amodiaquine has some in vitro activity
and there are concerns over QT intervals and lumefantrine
in patients who are likely to be hypokalemic and hypo-
magnesemic due to diarrhea and vomiting. Although corti-
costeroids in various doses have been administered to patients
with many types of VHE, there is no evidence that they are of
benefit for any of these conditions, and should be avoided
unless required for other medical indications like adrenal
support. It is also advised the Non Steroidal Anti In-
flammatory Drugs (NSAIDs) and aspirin are avoided for risk
of bleeding, and some patients have impaired renal function.

Antiviral Treatment

Specific therapeutic measures are available for only a few of
these diseases and there remains doubt over the efficacy of
these drugs. Intravenous administration of the guanosine
analogue ribavirin appeared to improve the survival rate in
severe Lassa fever in a clinical trial in Sierra Leone in the
1980s (49), and treatment has also reduced the rate of
mortality from HFRS (50). However, two systematic reviews
have concluded that insufficient evidence exists to support
the claim of therapeutic efficacy of ribavirin in CCHF (51,
52). Ribavirin has been used for postexposure prophylaxis of
CCHEF in health care workers (53).

Convalescent plasma with uncertain specific antibody
content did not appear effective in reducing mortality in
EVD (54). However, convalescent plasma with neutralizing
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antibodies has been successfully used in Argentine HE A
placebo-controlled trial in the late 1970s showed that such
therapy significantly reduced the case fatality rate, providing
it was initiated before the eighth day of illness (55). Yet in
contrast to untreated patients who undergo a typical HF
syndrome, patients who receive immune plasma sometimes
relapse a few weeks after the completion of therapy with a
variety of neurologic abnormalities. The etiology of this “late
neurologic syndrome” is unknown and merits further study
as these therapies are often some of the first to be considered
(55). Despite promising results from the use of convalescent
plasma in Lassa in Nigeria in 1984 (56) subsequent labora-
tory studies explored the titer levels and the need for a good
match between the patient and plasma donor. Once riba-
virin was thought to be beneficial in Lassa, the option of
convalescent plasma was largely abandoned.

A number of experimental therapies have shown efficacy
in laboratory animal models of various types of VHE as
described in the corresponding chapters of this book. Most of
the drug development efforts over the years have gone into
Ebola and a number of these therapeutics were trialed in the
recent West African outbreak (see chapter 42). However,
no individual drug (e.g., favipiravir) or immunotherapeutic
(e.g., ZMapp) has demonstrated convincing antiviral or
therapeutic benefits in rigorously controlled trials (58), in
part because studies were under-enrolled and/or observa-
tional in nature. Several of these compounds were also used
in expatriated patients, but for multiple reasons, including
administration of multiple therapies, no conclusions can
be drawn about their efficacy (14). One recently described
prodrug of an adenosine analogue, designated GS-5734, is a
potent inhibitor of Ebolavirus replication in witro and in
experimentally infected Rhesus macaques (59); this agent
was used in several cases with apparent benefit.

If these approaches prove to be safe and effective in hu-
mans, they could have many applications in the setting of a
disease outbreak, and could be lifesaving for a laboratory
worker accidentally exposed to a pathogen. In contrast,
developing an effective treatment for full-blown VHE, with
its combination of vascular insufficiency, disseminated in-
travascular coagulation, tissue damage, and impaired im-
mune function, is likely to remain a challenging medical
problem for the foreseeable future.

PREVENTION

[t is impossible to prevent all sporadic cases of VHFs, espe-
cially those involving spillover from wildlife or a domesti-
cated animal source. Early detection and response remain
fundamental to preventing the extension of outbreaks from
such events. This entails the strengthening of surveillance
systems, health care worker awareness, diagnostic capacity,
and adherence to the International Health Regulations
(2005). Local health care workers should be trained to
recognize the signs and risk factors of early VHF infection.
Analyses of the weaknesses in controlling the West Africa
Ebola epidemic noted the need for improved national sur-
veillance and response systems, as required by the Interna-
tional Health Regulations (IHR), along with strong global
leadership and coordination in responding to such events.

Transmission Reduction Strategies

For VHFs like EVD that can have delayed sexual transmission,
it is important that WHO recommendations are followed re-
garding safe sex practices, including sexual abstinence or con-
dom use until semen has tested negative on two occasions with

an identified interval. Ideally, men should be offered testing of
their semen regularly for Ebola RNA from 3 months after the
onset of symptoms. If not possible, then precautions should
continue for at least 6 months after the onset of symptoms. For
vector-borne VHFs personal protection should be used when
possible, including mosquito repellants. For Crimean Congo
Haemorrhagic Fever Virus (CCHFV) and ticks, animal hus-
bandry practices should be reviewed as animals often roam
easily amongst tick-infested grassland and towns. Safe and
quick removal of ticks should be taught to all at-risk commu-
nities. During VHF outbreaks, transmission-based precautions
should be taken to avoid contamination of the blood supply.

Vaccines

Only a few vaccines are in regular use in humans for the
prevention of VHE The live attenuated 17D YF vaccine,
first introduced in the 1930s, remains one of the most ef-
fective vaccines ever developed, but its use in tropical
countries, where sylvatic infection is endemic, is unfortu-
nately insufficient to prevent recurrent epidemics as is the
current situation in sub-Saharan Africa with outbreaks af-
fecting a number of countries. Effectiveness of reduced
dosing of the vaccine is currently being studied in the at-
tempt to make it available to more people. The attenuated
Candid-1 vaccine for Argentine HF has also proven to be
highly effective and has played an important role in reducing
the incidence of disease in its zone of endemicity. Some older
vaccines against RVF are used for specified groups of at-risk
humans in very limited settings in a few countries. A vaccine
against Omsk HF is used for high occupational risk persons
in the endemic area. The most problematic disease from the
point of view of vaccine development has been dengue fever.
As discussed above, the immunity that follows infection by
one of the four dengue virus serotypes can predispose an
individual to severe disease if he or she is later exposed to a
second serotype. So as not to place vaccinees at risk of severe
illness, it is now generally accepted that a dengue vaccine
must protect against all four serotypes (60). One dengue
vaccine has recently completed clinical evaluation; the
current status is described in chapter 53.

Several vaccines were fast tracked for evaluation against
Ebola during the West African epidemic. These included
recombinant vesicular stomatitis virus (rVSV) and chim-
panzee adenovirus vectored vaccines expressing the Ebola
surface glycoprotein. Both of these have been demonstrated
to be safe and immunogenic, but due to declining case
numbers, only the rVSV vaccine has gone far enough to
yield interim results indicating protection against EVD (61).
These vaccines, and other candidates, must be evaluated for
efficacy in future outbreaks, but safety and immunogenicity
studies can be carried out in the intervals between outbreaks,
so that the necessary clinical trials can be initiated with
minimal delay when the outbreaks begin. Some of the newer
vaccine technologies, which were explored for Ebola, may
also be adaptable to other VHFs, and work is under way to
assess these vaccine platforms for application to one or more
of the other VHFs mentioned in this chapter.

The various disease control needs, such as vaccination for
VHF outbreak control or the vaccination of potential front-
line workers or other at-risk groups, may necessitate different
vaccination strategies, and indeed, different vaccines. Imme-
diate use to curtail an outbreak demands a one-dose schedule
with rapid induction of immunity. Protection of frontline
workers or populations facing repeated exposure over a long
time period may require multiple doses or combination of
vaccines, e.g., a prime-boost strategy. In addition, while there



are a variety of candidate vaccines for VHFs, the absence of a
lucrative commercial market to drive their development and
manufacture has led to slow progress in moving them through
the development pipeline. One consequence of the West
Africa Ebola epidemic was increased awareness of a need for
better available vaccines and vaccine preparedness at the
global level. It is hoped that this will translate into the at-
tention and funding required to accelerate their progress and
to make them available when and where they are needed.
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The eye is a fascinating organ not only because of its com-
plex anatomy but also because it is a partly immunologi-
cally privileged site, which protects itself from potentially
destructive systemic immune responses. This characteristic,
however, may hinder defense against infectious agents, in-
cluding numerous viruses, which may manifest with a variety
of ocular diseases (Table 1). The first part of this chapter
discusses ocular anatomy and physiology, as well as the prin-
ciple clinical syndromes, which are usually classified accord-
ing to the affected anatomic structures. The latter part
discusses the major viral ocular pathogens and highlights se-
lected risk groups, such as infants and patients infected with
human immunodeficiency virus (HIV).

ANATOMY AND PHYSIOLOGY

Figure 1 illustrates the anatomy of the eye, which is a com-
plex organ within which three layers can be distinguished.
The outer layer consists of the cornea and sclera. The middle
one consists of the iris, ciliary body and choroid, collectively
known as the uvea. The retina forms the inner layer of the
eye and is a complex multilayered sheet of neural tissue
closely applied to a single layer of pigmented epithelial cells
(1, 2). The three transparent structures surrounding these
layers are the aqueous, the vitreous, and the lens. The eye can
also be divided into anterior and posterior segments, with the
dividing line just behind the lens (3).

The cornea, which is the window of the eye, is not only
transparent but also avascular; it consists of five distinct
layers: the corneal epithelium, Bowman’s membrane, stroma,
Descemet’s membrane, and the corneal endothelium. The
surface of the cornea is covered by tear film, which protects
against foreign substances, including infectious agents (1, 2).
There are several antimicrobial substances in tear film, such
as lactoferrins and lipocalin, which may interfere with viral
attachment to cells, as well as immunoglobulins (IgG and
IgA), which may neutralize viruses, thus preventing ocular
infection (4). All these characteristics allow the cornea to
perform its main function: to refract and transmit light to the
lens and retina and to protect the eye against infection and
structural damage to deeper parts (1).

The sclera forms a connective tissue coat which helps
maintain the shape of the eye. It contains collagen fibrils
arranged haphazardly, and therefore it is opaque rather than

clear. The outer layer of the sclera is the episclera, a highly
vascular connective tissue (2). The cornea and the sclera
connect at the limbus, while the conjunctiva covers the
visible part of the sclera. The iris (in the middle layer)
controls the size of the pupil, thereby controlling the amount
of light entering the eye. The ciliary body controls the power
and shape of the lens and is the site of aqueous production,
while the vascular choroid provides nutrients to the outer
retinal layers (1). Inflammation of the uvea (uveitis) would
therefore affect these functions to varying degrees. Aqueous
humor contains components of both innate and adaptive
immunity but also contains several substances, such as the
cytokine TGF-beta 2 (transforming growth factor), which
may suppress the activation of T-helper cells, thus contrib-
uting to immune privilege (5).

The retina, the tissue that lines the inner surface of the
eye, is an essential ocular component with its primary pur-
pose being photoreception. It surrounds the vitreous cavity
containing the vitreous humor. Like the aqueous humor, the
vitreous humor is also subject to innate and adaptive im-
mune responses, which protect against infection, and im-
mune privilege is also present in the vitreous (6).

Adnexal structures such as the eyelid, periocular skin, and
lacrimal glands and associated structures are often over-
looked when considering the anatomy of the eye, yet they
are important sites for many viral diseases.

In the eyelid and conjunctival sac, immune cells line
the sites at which ocular exposure to antigens occurs. Lym-
phocytes and antigen-presenting cells of the conjunctival-
associated lymphoid tissue (CALT) form a distinct layer in
the substantia propria and, in places, cluster to form folli-
cles. The CALT is considered part of the mucosa-associated
lymphoid tissue. These tissues are protected primarily by
immunoglobulin A (IgA) antibodies and T-cell-mediated
immune responses (7).

Visual function is critically dependent on normal struc-
tural integrity, as functional repair processes are incapable
of remodeling all ocular components if extensive tissue
damage occurs, which sometimes may be a direct result of an
overzealous host immune response. To reduce this likeli-
hood, the eye has evolved mechanisms, which evoke specific
immunological adaptations. Theses adaptations have been
termed anterior chamber-associated immune deviation, or
“immune privilege,” and consist of suppression of relatively
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TABLE 1 Common viruses affecting the eye
Virus Family Transmission
HSV-1 Herpesviridae Close personal contact
\VAY% Respiratory droplets
CMV MTC, kissing, sex, blood transfusions, transplant recipients
EBV Contact with infected saliva
HIV Retroviridae Sexual intercourse, MTC, needle-stick injuries
Adenovirus Adenoviridae Faecal-oral, aerosol inhalation = depends on type of adenovirus
Enterovirus Picornaviridae Faecal oral, respiratory route, direct contact
Measles Paramyxoviridae Respiratory aerosols
Rubella Togaviridae Respiratory droplets

HSV, herpes simplex virus; VZV, varicella zoster virus; CMV, cytomegalovirus; EBV, Epstein Barr virus; HIV, human immunodeficiency virus; MTC, mother-to-child.

nonspecific, delayed-type hypersensitivity responses, with
preservation of specific noncomplement fixing humoral
immunity and up-regulation of specific T-cell responses. In
addition, blood-ocular barriers (tight cellular junctions of
capillary endothelial cells and retinal pigment epithelium)
in the retina and anterior segment, limit ocular immune
responses by restriction of cellular macromolecular traffic,
and programmed intra-ocular apoptosis of inflammatory cells
may occur. These immune modulations and adaptations
modify the severity and extent of nonspecific intraocular
inflammation and serve to reduce collateral damage (7).

MAJOR CLINICAL SYNDROMES

Table 2 illustrates the major clinical syndromes, as well as
their viral etiologies and special features.

Conjunctivitis

Conjunctivitis refers to inflammation of the conjunctiva and
has four main causes—viruses, bacteria, allergens, and irri-
tants (8)—with viral causes being the most common. Viral
causes of conjunctivitis are numerous, with adenovirus being
one of the more common etiologies. In addition, conjunc-
tivitis often occurs in association with keratitis (keratocon-
junctivitis).

FIGURE 1 Anatomy of the eye. Courtesy of the National Eye
Institute, National Institutes of Health, USA.

Conjunctival inflammatory responses are divided into
nonspecific papillary responses (as a consequence of tissue
edema) and follicular responses (due to the formation of ag-
gregates of activated lymphocytes) (7). In severe cases,
transudates rich in protein and fibrin may coagulate to form
membranes and pseudomembranes on conjunctival surfaces.

Clinical features include mild pruritus, foreign body sen-
sation, matted eyelids, generalized conjunctival injection, and

discharge (8,9).

Keratitis

Keratitis refers to inflammation of the cornea. Herpes sim-
plex virus (HSV), in particular, may cause severe keratitis
resulting in blindness (10). However, numerous other viru-
ses, such as adenovirus and measles, may also present with
corneal manifestations. The resultant clinical syndrome will
depend on the anatomical location of the lesion. Epithelial
disease may present with dendritic or amoebic/geographical
ulcers, whereas stromal disease may present with disciform or
interstitial keratitis. Significant inflammation affecting the
cornea results in limbal vascular dilatation with erythema,
most marked at the corneo-scleral limbus (7).

Symptoms include ocular pain, which is usually moderate
to severe, photophobia, which is thought to be due to reflex
inflammation and spasm of the iris in response to light, and a
watery discharge as a result of reflex lacrimation and mucous
buildup. Visual compromise may occur as a consequence of
reactive blepharospasm or, more significantly, inflammatory
cell infiltration and structural damage and perforation (7).

Early and accurate diagnosis with effective treatment is
essential if permanent damage is to be avoided. To this end,
specific laboratory diagnosis is useful.

Scleritis and Episcleritis

Scleritis is a severe ocular inflammation that is often asso-
ciated with more severe ocular complications and is nearly
always treated with systemic medications. In patients with
scleritis, the vasculature is engorged, whereas in the healthy
eye, the scleral vessels are not prominent (11, 12). If the
anterior sclera is involved, the external surface of the eye
becomes red and tender, with the redness being diffuse or
localized. Anterior scleritis can therefore be divided into
diffuse, nodular or necrotizing types, with the latter being
less common. Posterior scleritis is rare and may present with
pain and decreased vision.

Episcleritis is inflammation of the tissue that lies imme-
diately superficial to the sclera, deep into the conjunctiva.
Differentiation of episcleritis and scleritis, which may be
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Clinical syndrome Virus Features
Conjunctivitis Adenovirus Follicular, pseudomembranous/membranous
HSV Follicular conjunctivitis, neonatal ophthalmia
\VAY Mucopurulent conjunctivitis with lid margin lesions
EBV Follicular or membranous conjunctivitis
Measles Keratoconjunctivits with conjunctival Koplik’s spots
Mumps Follicular or papillary conjunctivitis
Enterovirus Acute haemorrhagic conjunctivitis
Influenza Papillary conjunctivitis
Molluscum contagiosum Follicular conjunctivitis as reaction to shedding of molluscum bodies
into tear film
Keratitis HSV Epithelial or stromal
\YAY Primary infection - punctuate epithelial keratitis, disciform keratitis
Reactivation = epithelial or stromal keratitis
Adenovirus Subepithelial punctate opacities
Measles Epithelial keratitis > usually in malnourished or immunocompromised
children
Mumps Punctate epithelial keratitis, disciform keratitis
Rubella Punctate epithelial keratitis, stromal keratitis
Vaccinia Epithelial, interstitial, or stromal keratitis
Scleritis / Episcleritis HSV Scleritis or episcleritis
VZV Scleritis or episcleritis
Mumps Scleritis or episcleritis
Influenza Episcleritis
EBV Scleritis or episcleritis
Uveitis HSV Anterior uveitis and possibly sectorial atrophy
EBV Anterior uveitis
VZV Anterior uveitis
Adenovirus Rarely, anterior uveitis
Mumps Anterior uveitis
Influenza Anterior uveitis
Vaccinia Anterior uveitis, choroiditis
Retinitis CMV Necrotizing retinitis, usually in AIDS patients
HIV Retinopathy/ Microvasculopathy
HSV Acute retinal necrosis
VZV Necrotising herpetic retinitis
Ocular adnexal disease HSV Blepharitis with primary infection
\VAY Lid cicatrisation with HZO

Molluscum contagiosum
Papillomavirus

HHV-8

Molluscum eyelid nodules
Papillomas on lid, conjunctiva

Kaposi Sarcoma

HSV, herpes simplex virus; VZV, varicella zoster virus; EBV, Epstein Barr virus; CMV, cytomegalovirus; HIV, human immunodeficiency virus; HZO, herpes zoster

ophthalmicus.

caused by several viruses, can be difficult (Table 2), but
correct identification is crucial as the prognosis of episcleritis
is better than for scleritis (9). Other than viral causes for
these syndromes, there are numerous other systemic and
autoimmune conditions which may present with scleritis or
episcleritis. These range from rheumatoid arthritis and sys-
temic lupus erythematosis to metabolic conditions, such as
gout, plus many others. (13)

Initial treatment of scleritis usually involves systemic
anti-inflammatory agents, but cytotoxic agents are some-
times required to control inflammation (7).

Uveitis

Uveitis is the term used to describe many forms of intra-
ocular inflammation involving the uveal tract (iris, ciliary
body, and choroid) and adjacent ocular structures (retina,
vitreous, and optic nerve) (14). The classification of uveitis
into anterior, posterior, or diffuse is based on the physical
appearance of the inflamed eye (14).

In anterior uveitis there is often vascular congestion of
the conjunctiva and sclera. The infiltration of inflammatory
cells between the anterior iris and cornea may result in
closure of the anterior chamber angle, resulting in increased
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intraocular pressure. Alternatively, intraocular pressure may
decrease as a result of uveitis, and aqueous humor production
is diminished. Chronic or recurrent anterior uveitis often
leads to opacification of the lens.

In posterior uveitis, vision often decreases as a result
of opacity formation in the vitreous or from inflammation
or vascular occlusions of the macular area of the optic
nerve (14).

Anterior uveitis is typically associated with limbal hy-
peremia, pain, photophobia, and reflex lacrimation (7).
Although several viruses are associated with anterior uveitis
(Table 2), it is usually associated with rheumatoid-negative
spondyloarthropathies, such as ankylosing spondylitis and
Reiters syndrome.

Treatment is usually aimed at reducing the ocular in-
flammation with topical or systemic steroids or nonsteroidal
anti-inflammatory drugs, while treating any underlying eti-
ology where applicable.

Retinitis

Infections of the retina are potentially sight-threatening.
Viral causes of retinitis have become more prominent with
the global AIDS pandemic (7). This is particularly true for
cytomegalovirus (CMV) retinitis, which is an AIDS defin-
ing illness and usually occurs in patients with severe im-
munosuppression  (15), particularly with compromised
cellular immunity. On the other hand, viruses, such as var-
icella zoster virus (VZV) and HSV, may cause retinitis in
immunocompetent individuals (15). Nonviral etiologies
include Toxoplasma gondii, syphilis, fungal infections, and
tuberculosis, whereas noninfectious causes include autoim-
mune conditions, such as sarcoidosis, as well as inherited
conditions, such as retinitis pigmentosa, all of which need to
be considered in the differential diagnosis of retinitis.

Retinal inflammatory cellular infiltrates and retinal is-
chemia may result in damage to blood-retinal barriers, which
may allow inflammatory cells to enter the vitreous cavity
and produce opacities, giving rise to symptoms of visual
floaters (7).

Acute retinal necrosis (ARN), classically described in
immunocompetent individuals, may involve one or both
eyes and may be characterized by anterior uveitis, vitritis,
and retinal vasculitis with diffuse or patchy areas of retinal
necrosis (15). In contrast, progressive outer retinal necrosis
(PORN) is seen mainly in immunocompromised patients
and is characterized by outer retinal discoloration in the
posterior pole, which rapidly spreads throughout the fundus
(15, 16). Together, ARN and PORN are classified as nec-
rotizing herpetic retinopathies (NHR) (3), with the primary
etiologic agents being VZV and HSV 1 and 2, although
CMYV and Epstein—Barr virus (EBV) are also implicated (7,
15, 17). The visual prognosis for NHR is poor, especially
when caused by VZV (18).

Ocular Adnexal Disease

The ocular adnexa comprise anatomically related tissues
such as the eyelids, lacrimal apparatus, the extraocular
muscles, and periocular skin. Numerous viruses result in
adnexal disease. Disease features depend on the structures
involved and are beyond a general description.

VIRAL OCULAR PATHOGENS

HIV and the Eye

By 2015, over 35 million people worldwide were living with
HIV (see Chapter 34). As access to lifesaving antiretrovirals

TABLE 3 Ocular HIV manifestations

Category Features
Microvasculopathy HIV retinopathy
Conjunctival microvasculopathy
Opportunistic Viral & CMV, HSV, VZV, Molluscum
infections Bacterial: MTB, Syphilis
Fungal: Candida, Aspergillus
Protozoan: Toxoplasma gondi,
Microsporidia
Neoplasms Non-Hodgkin lymphoma

Kaposi sarcoma

Optic neuritis (eg HHV-6)

Compression of optic nerve due
to neoplasm

Optic neuropathies

HIV, human immunodeficiency virus; CMV, cytomegalovirus; HSV, herpes
simplex virus; VZV, varicella zoster virus; MTB, Mycobacterium tuberculosis; HHV-
6, human herpes virus-6.

increases, this number is expected to steadily rise (19). The
impact that this pandemic has had on all specialties within
medicine, ophthalmology included, has been immeasurable.
Eye clinics in developing countries, in particular, where the
prevalence of HIV is high, have been put under immense
strain to provide clinical care. This is not surprising, since
HIV can affect the eye directly, or, by causing severe immu-
nosuppression, make the eye susceptible to a variety of dev-
astating infectious diseases, including other viral infections.
As such, HIV has to be considered a major ocular viral
pathogen.

Eye infections tend to be more severe and are more
commonly multicentric and bilateral. Approximately 70%
of AIDS patients will develop eye disease during the course
of their illness (20). HIV ophthalmic manifestations, illus-
trated in Table 3, fall within four major groups: micro-
vasculopathy, opportunistic infections, neoplasms, and
neuro-ophthalmic disorders (21). Anterior segment findings
include keratitis, keratoconjunctivitis sicca, iridocyclitis, and
others. Posterior segment findings include HIV-associated
retinopathy and opportunistic infections of the retina and
choroid (20).

Microvasculopathy, which is the most common form of
posterior segment involvement in AIDS patients, may affect
the conjunctiva or retina, with the latter also referred to as
HIV retinopathy (22, 23). It is hypothesized that the path-
ogenesis of conjunctival and retinal microvasculopathy is
possibly similar and may include increased plasma viscosity,
circulating immune complexes and infectious damage of the
vasculature (3, 20).

Conjunctival microvasculopathy, which may result in
asymptomatic microvascular changes, usually requires no
treatment (20). The microvascular changes include micro-
aneurysms and vascular dilatations and narrowings (7, 20).

Although being the most common retinal manifestation
of HIV, most cases of HIV retinopathy are asymptomatic.
Fundoscopic changes (Figure 2) include cotton wool spots,
intraretinal hemorrhages and retinal micro-aneurysms (3,
24). The possible opportunistic infections that may affect
the eye are numerous (Table 3) and include viruses, bacteria,
fungi, and protozoa (25). Among the viral opportunistic
infections, CMV, HSV, and VZV can cause severe disease,
especially in those with severe immunosuppression, and are
discussed in more detail in the sections to follow.



FIGURE 2 HIV retinopathy with cotton wool spots. Courtesy
Retinal Gallery and S Cohen (http://retinagallery.com/displayimage.
phppid=3301).

Orbital and adnexal manifestations of HIV are rare, with
the most common being opportunistic viral infections, such
as molluscum contagiosum, as well as HIV-associated con-
ditions such as Kaposi sarcoma and conjunctival micro-
vasculopathy (26). In addition to infectious complications,
HIV may cause optic neuropathies by various mechanisms,
including compression on the optic nerve by tumors and
vaso-occlusion (3). In children, ocular manifestations of
HIV are much less frequent than in adults for reasons which
are still unclear. However, the commonest ocular manifes-
tation of HIV in children is keratoconjunctivitis sicca, or dry
eyes (20, 27).

With close to 10 million people worldwide receiving
highly active antiretroviral therapy (HAART) by 2012 (28),
immune-recovery uveitis is a syndrome expected to occur
more frequently. It entails paradoxical worsening of intraoc-
ular inflammation after receiving antiretrovirals, which may
be caused by an immune response to CMV and other in-
fectious agents present in the eye (3, 27), and is character-
ized by recovery of CD4 cell counts and function. Although
specific treatment of opportunistic infections is also impor-
tant, the mainstay of treatment for ocular complications of
HIV would be HAART, which is discussed elsewhere and is
mentioned in the following sections.

TABLE 4 Ocular manifestations of herpesviruses
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Herpesviruses

Viruses of the Herpesviridae family have biological features of
latency and cytopathic effects, which are important char-
acteristics with respect to ocular manifestations. These
viruses may evade the host immune system by a variety of
mechanisms, including latency, which allows for persistent,
life-long infections, and the potential for reactivation with
or without disease (3).

Table 4 shows the various herpesviruses and their com-
mon ocular manifestations. Herpes simplex virus 1 and 2
(see chapter 20) (HSV-1, HSV-2), CMV (see chapter 23),
and VZV (see chapter 22) are the herpesviruses with the
greatest propensity for severe disease, which may or may not
result in blindness.

Herpes Simplex Virus
HSV-1 generally enters the host via the oropharyngeal
mucosa, where initial replication occurs. This is followed
by the establishment of latency in the trigeminal ganglia
or sacral ganglia, depending on the mode of transmission.
HSV-2, on the other hand, is usually transmitted sexually
with initial replication in the genital mucosa, followed by
latency in the sacral ganglia. HSV-2 infection acquired
congenitally may or may not have ocular manifestations (29,
30). HSV-1 and -2 have similar clinical ocular manifesta-
tions and produce a wide spectrum of diseases. However,
HSV-1 predominates with regard to ocular infections.
Ocular manifestations of HSV-1 include blepharitis,
conjunctivitis, keratitis, uveitis, and retinitis (31, 32, 33, 34),
with keratitis being the most common. HSV keratitis is also
the commonest cause of infectious blindness in developed
countries (35). Keratitis may manifest as corneal edema,
epithelial ulceration, or stromal inflammatory infiltrates.
Due to the inability of the repair process to precisely remodel
the orthogonal collagen fibers of the original corneal struc-
ture, inflammatory processes may produce permanent scar-
ring and decreased visual acuity (7).

Pathogenesis
There are two major routes for primary ocular infection:
direct infection by contact with infectious secretions or
initial infection at a nonocular site with neural spread along
the nerves supplying the cornea (36). Autoinoculation ap-
pears to be an unlikely source of intraocular infection (37).
Primary infection may be followed by intermittent re-
activation (38), both of which may produce ocular disease.
Reactivation episodes may be responses to various stimuli
including fever, stress, exposure to ultraviolet light, hor-
monal imbalances, among others, and is made possible by

Virus Extraocular manifestations Common ocular manifestations
HSV-1 Oral and peri-oral skin lesions, genital lesions, encephalitis Blepharitis, conjunctivitis, keratitis, uveitis, retinitis
HSV-2 Genital lesions, oral skin lesions, encephalitis Keratitis, uveitis, retinitis, congenital cataract
VZV Chickenpox, meningitis, encephalitis, pneumonia, herpes zoster HZO, keratitis, uveitis, NHR
CMV Meningitis, encephalitis, pneumonia, hepatitis, colitis, plus others Retinitis, uveitis
EBV Infectious mononucleosis, Burkitt’s lymphoma, Conjunctivitis, keratitis, uveitis, retinitis
central nervous system (CNS) manifestations
HHV-6 Sixth disease, CNS manifestations, hepatitis Upveitis, optic neuritis
HHV-8 Kaposi sarcoma Conjunctival Kaposi sarcoma

HSV, herpes simplex virus; VZV, varicella zoster virus; HZO, herpes zoster ophthalmicus; NHR, necrotising herpetic retinitis; CMV, cytomegalovirus; EBV, Epstein

Barr virus; HHV-6, human herpes virus-6; HHV-8, human herpes virus-8.
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FIGURE 3 Herpes simplex virus keratitis with dendritic ulcer,
visible after fluor