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Preface

The knowledge and practice of clinical virology
continues to expand. The first edition of Principles
and Practice of Clinical Virology, published in 1987,
contained 16 chapters and 590 pages. Each of the
subsequent editions became progressively larger. This
edition has 902 pages and 38 chapters, including seven
within the section on the Herpesviridae, each of which
is comprehensive.

Rapid progress in the field has occurred between the
fourth and fifth editions. There are now two new editors
and a number of new authors, which will increase
international representation. In addition, each of the
remaining chapters has been extensively revised or
rewritten, taking into account knowledge accumulated
in molecular biology with its applications for laboratory
diagnosis, immunisation and antiviral chemotherapy.
Each chapter also highlights the clinical features and

epidemiological patterns of infection. Between this new
edition and the last, much concern has been focused on
the global threat posed by new viruses. Consequently, a
new chapter on ‘Emerging Infections’ is included.

There is also a new chapter on ‘Hospital-acquired
Infections’, which will be of benefit to those who have
to deal with the day-to-day management of patients in
hospital. This chapter also includes some advice
relating to SARS. However, fresh knowledge about
SARS continued to accumulate as the fifth edition was
in preparation, and further information is included,
not only in the chapter on ‘Emerging Infections’ but
also in the one on ‘Coronaviruses’.

In comparison with the fourth edition, additional
colour plates have been included, and, as in previous
editions, an attempt has been made to limit references
to key publications.

A. J. Zuckerman
J. E. Banatvala
J. R. Pattison

P. D. Griffiths
B. D. Schoub



Preface to the Fourth Edition

It is now 13 years since the first edition of Principles
and Practice of Clinical Virology was published. A
comparison of the first and fourth editions testifies to
the rapid expansion in virology during the intervening
years, including major developments in technology, the
application of these to clinical practice and advances in
the treatment of viral infections with an increasing
number of antiviral drugs. Indeed, such has been the
progress in the field of clinical virology even within the
period between the third and fourth editions that we
have asked a number of new authors to contribute
chapters. These include the chapters on rhinoviruses,
viruses associated with acute diarrhoeal disease, and
human polyomaviruses. Of the remaining chapters,
virtually all have been revised substantially. The
chapter on the Herpesviridae has been expanded
considerably, particularly in relation to Human her-
pesviruses 6, 7 and 8; new authors have contributed to
these sections. The chapter on hepatitis viruses reflects
the considerable expansion of information relating to
hepatitis E and C as well as the role of such newly
recognised agents as GB and the new human virus,
TTV.

Advances in diagnostic methods, particularly mo-
lecular biological techniques and their application to
clinical problems, are reflected in a new chapter on
‘Diagnostic Approaches’, which presents an overview
of the value and limitations of established and more
recently developed techniques. Advances in serological
techniques as well as in virus identification are
emphasised. This chapter also includes an important
section on assays for determining antiviral drug
resistance.

Most of the chapters reflect advances in patient
management, including—where appropriate—antiviral
chemotherapy. As expected, the chapters on hepatitis
viruses and human retroviruses have been expanded
considerably in the light of continuing and rapid
advances in these fields. Both chapters now include a
component by authors with everyday practical experi-
ence in the management and treatment of patients with
these infections.

In comparison with the third edition, more coloured
plates have been included, which we hope our readers
will appreciate. As in previous editions, we have
attempted to limit the reference lists to key publications.

A.J. Zuckerman
J. E. Banatvala
J. R. Pattison



Preface to the Third Edition

Principles and Practice of Clinical Virology was first
published in 1987; a third edition within 7 years of the
first attests to the continuing and rapid progress in the
field of clinical virology.

All the chapters have been revised and some completely
rewritten, reflecting the increasing knowledge of viruses
or groups of viruses included in the various chapters.
Thus, the chapter on hepatitis viruses now contains
sections on hepatitis A and E viruses as well as individual
contributions on hepatitis B, D and C. The previous
edition contained two chapters on viral haemorrhagic
fevers but this section now includes separate chapters for
the flaviviruses, alphaviruses, Bunyaviridae, arenaviruses
and filoviruses. The chapters on arenaviruses and
filoviruses have been contributed by new authors.

New authors have also contributed the chapter on
herpes simplex virus infections and the chapter on the
more newly-recognised herpesviruses now includes a
section on Human herpes virus 7.

As expected, rapid developments continue to occur
in the field of human retroviruses, particularly the
human immunodeficiency viruses, and this chapter
reflects the accumulation of new and important data in
this area. The chapter on human prion disease has
been almost entirely rewritten to reflect many of the
substantial advances in prion research.

Most of the authors stress the developments and
application of molecular biological techniques which
are leading not only to improved methods of diagnosis
but also to an increased understanding of viral
pathogenesis.

Rather than burden readers with a large number of
references, we have aimed to include most of the key
ones.

Finally, we are grateful for the helpful comments
which we received from many of our readers; some of
their suggestions have been incorporated into the third
edition.

A.J. Zuckerman
J. E. Banatvala
J. R. Pattison



Preface to the Second Edition

In the preface to the first edition of Principles and
Practice of Clinical Virology we stated that it was our
intention, with new editions, to remain up-to-date as
the subject advanced. Such is the pace of development
in clinical virology that plans were laid for a new
edition within a few months of the first being
published, and this second edition is appearing only
two and a half years after the first. Each chapter has
been revised, many extensively, to take account of
progress in the understanding of the epidemiology,
pathogenesis, diagnosis, management and prevention
of virus infections. Perhaps the greatest single recent
contribution to the subject has been made by the
application of molecular biological techniques, and
each of our authors has highlighted the contribution of
this rapidly developing discipline to clinical virology.
Human herpesvirus 6 is now the subject of a new
chapter, and we have also added a new chapter on
haemorrhagic fevers to include much new information
on their pathogenesis. As expected, the extensive
accumulation of new information relating to infection
by human retroviruses has resulted in extensive
updating of this chapter, not only to include much

more information on human immunodeficiency viruses
but also on HTLV-1 and -2. The chapter on hepatitis
has been separated into two sections: the first on
hepatitis A and the viruses causing non-A, non-B
hepatitis, two of which have been identified as hepatitis
C and E, and the second on hepatitis B and D (delta
agent).

As before, we were aware when organising the book
that no single arrangement is entirely satisfactory. We
have chosen to arrange the chapters on the basis of
individual viruses or groups of viruses. General
chapters on virus structure, taxonomy and patho-
genesis are not included, but the information on these
aspects necessary for an understanding of the practice
of clinical virology is included in the individual
chapters.

Such factors as the likely discovery of yet new
viruses, improvements in the rapidity and sensitivity of
diagnostic techniques, and the development of new
vaccines, which are likely to involve recombinant
techniques and progress in antiviral therapy, will
ensure that thought will be given to revision and
preparation of another edition.

A. J. Zuckerman
J. E. Banatvala
J. R. Pattison



Preface to the First Edition

There has been a spectacular increase during the last 30
years in our knowledge of virology. This has taken
place to such an extent that virology can now be
regarded as an umbrella term encompassing a variety
of distinct but related disciplines. There are funda-
mental connections with biochemistry, genetics and
molecular biology, and each of these aspects would be
worth a treatise in itself. Clinical virology is that aspect
which is concerned with the cause, diagnosis, treatment
and prevention of virus infections of man. It too
has acquired a substantial body of knowledge and
accumulated experience over the past 30 years and
this book is intended to be an authoritative account of
the present situation. Formerly virological diagnosis
was time consuming, retrospective and rarely influ-
enced the management of the patient. During the past
10-15 years the picture has changed dramatically.
Newly recognised diseases such as AIDS and some
haemorrhagic fevers, which have very serious con-
sequences for individuals and populations, have been
shown to be due to viruses. In the clinical virology
laboratory there has been a change in emphasis
towards rapid diagnostic techniques. Finally, effective
antiviral chemotherapy is a reality at least for some
virus infections and there has been an expansion in the
use of immunoprophylaxis. Thus the current principles

and practice of clinical virology are concerned with
rapid laboratory diagnosis leading to appropriate
patient management which might involve specific
therapy and/or infection control measures at a
hospital, a national and occasionally at an inter-
national level.

In organising the book we were aware that there is no
single arrangement that is entirely satisfactory. We have
chosen to arrange the chapters on the basis of individual
viruses or groups of viruses. General chapters on virus
structure, taxonomy and pathogenesis are not included
but the information on these aspects necessary for an
understanding of the practice of clinical virology is
included in the individual chapters.

Clinical virology is a subject which continues to
evolve. This is usually for one of two reasons, either
the need to apply new technology or the need to study
new diseases or epidemiological situations. We have
therefore invited authors who are specialist investiga-
tors into each of the viruses to contribute up-to-date,
stimulating accounts of the practice of clinical virology
and provide a framework for the assimilation of
imminent advances. One chapter has already had to
be significantly updated during the time of preparation
of the book and it is our intention, with new editions,
to remain up-to-date as the subject advances.

A. J. Zuckerman
J. E. Banatvala
J. R. Pattison
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Figure 2A.2 ‘Cold sores’ at the pustular and crusting stages Figure 2A.3 Rose Bengal staining of herpes simplex virus

dendritic ulceration in a grafted cornea. (Kindly provided by R. E.
Bonshek and A. B. Tullo)
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Figure 2C.4  Proteins of CMV which have been mapped to date. UL = unique long region; US = unique short region; TR = terminal
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Figure 2C.8  Schematic representation of the ways viruses can interfere with presentation of HLA-peptide complexes at the plasma membrane.
Rib, ribosome; ER, endoplasmic reticulum; V, virus-encoded protein; PRO, proteosome; PM, plasma membrane; TAP, transporter associated with
antigen presentation. Peptides derived from virus-infected cells are generated in the proteosome and actively transported by TAP into the lumen
of the ER. A ribosome is shown producing a protein with a signal peptide, which folds in the ER to produce the HLA Class I chain. This should
normally associate with peptide and be transported to the plasma membrane. Misfolded HLA molecules can be re-exported from the lumen of the
ER back into the cytosol where they are degraded by the proteosome. Virus-encoded genes interfere with this process as follows: the proteins may
be inherently insusceptible to proteosome digestion (EBNA of EBV) or may be modified to reduce their digestion (pp65 acts on MIE protein of
HCMYV). Proteins may block the function of TAP (ICP47 of HSV; US6 of HCMV). Proteins may bind mature class I molecules within the ER
and so sequester them (E3-19K protein of adenoviruses; US3 protein of HCMV; m152 protein of MCMYV). Two proteins of HCMV (US2 and
US11) facilitate the re-export from the ER to the cytosol of mature HLA class I molecules. If all of these mechanisms are completely successful,
the level of HLA display at the PM will be insufficient to prevent NK cells or macrophages recognising the cell as being abnormal and so
destroying it. Proteins/peptides encoded within HCMV (UL18) or MCMYV (m144) are presented at the plasma membrane to act as a decoy for
NK cells by providing a negative signal. In addition, HCMV UL16 blocks transmission of a positive signal to another group of NK cells

Figure 2D.7 Photomicrograph of a May-Grunwald-Giemsa-stained peripheral blood film from acute infectious mononucleosis. An
atypical mononuclear cell is illustrated (x 1000)
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Figure 2F.5 Genome diagram of KSHV. Open boxes with Roman numbers denote groups of structural or metabolic genes which are
conserved among yherpesviruses and also many other herpesviruses. The solid line represents the long unique (coding) region, open and filled
rectangles internal or terminal repeat regions. Solid circles represent originas of lytic relication [ori-(L), ori-(R)]. The position and
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different stages of the lytic cycle (see text). Colour coding of the names of individual viral genes refers to their presumed function, as indicated
(see also text)

Figure 2F.6  Expression of vIL-6 in B cells of Multicentric Castleman’s Disease. VIL-6 is expressed in a small number of KSHV-infected
B cells, but may affect others through paracrine action (see text). Photograph kindly provided by Drs Y. Chang and P. Moore
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Figure 8.1 Schematic graphic of adenovirus particle
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Figure 12.2 Schematic representation of the replication and translation of rubella virus structural and non-structural proteins. (Reproduced
from Best, Cooray & Banatvala, Topley and Wilson, 10th edition)
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Figure 21.3 World distribution of rabies. Rabies free areas are white; red indicates terrestrial rabies with or without bat rabies, and
countries with only bat lyssaviruses are green

Figure 24.4  Giant pronormoblast




Figure 24.5  Children with characteristic slapped cheek appearance and reticular lacy rash of fifth disease
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Figure 25A.8 Perivascular lymphocytic infiltration in the central nervous system. (Courtesy of Dr Margaret Esiri)
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In an isolated HTLV-T infected CD4 lymphocyte HTLV-T gag p15 (red) is unpolarized
(A) whilst HTLV-T env gp46 (red) accumulates at the cell surface (B)

.
40 minutes after contact with an uninfected CD4 lymphocyte HTLV-I p15 (C), p19 (D)
and gp46 (E) polarize at the cell-cell junction

HTLV-I gag p19 (red) from the infected (CSEE stained- green) CD4 lymphocyte is
transferred to the uninfected CD4 lymphocyle

G

The ransfer of HTLV-I genome (red) from the CFSE stained infected CD4 lymphocyie
to the uninfected control CD4 cell can be demonstrated by PNA-FISH after 120 minutes.

(PNA-FISH — peptide nucleic acid — fluorescence in-situ hybridization)

Figure 25A.9 Using unstimulated, uncultured peripheral blood lymphocytes from a patient with HTLV-I associated myelopathy the
accumulation of viral proteins at the cell-cell junction and subsequent transfer of gag proteins and HTLV-I nucleic acids to a CD4
lymphocyte from an uninfected donor is demonstrated (courtesy of Professor Charles Bangham)
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Recent Emergence and Reemergence
of Human Viral Diseases, Examples
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Figure 28.3 Recent Emergence and Reemergence of Human Viral Diseases, Examples

World Distribution of Dengue - 2002
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INTRODUCTION

If clinical virology in the 1980s was characterised by
the widespread use of enzyme-linked immunosorbent
assay (ELISA) technology, then there is no doubt that
the 1990s will be seen as the time when molecular
methods of virus detection entered routine diagnostic
use. Following on from this development, the first few
years of the twenty-first century will be seen as the
period when real-time PCR and virus quantitation
came of age, along with increasing automation of
molecular diagnostics. Concurrently, the emphasis and
priorities of diagnostic virology laboratories have
shifted in response to: the availability of rapid
diagnostic methods; the identification of new viruses,
many of which are non- or poorly cultivatable; the
increasing availability of effective antiviral agents; the
emergence of antiviral resistance; the increasing
number of immunocompromised patients, in whom
opportunistic viral infections are life-threatening; and
new cost pressures on pathology services.

This chapter provides an overview of diagnostic
techniques against this background, and highlights
those clinical scenarios of particular importance to
virologists in a diagnostic setting.

TECHNIQUES—AN OVERVIEW

Virus Isolation

Many of the advances in clinical virology have come
about because of the ability to propagate viruses in the

laboratory. Historically, viruses were propagated in
laboratory animals and embryonated eggs, although
most virus isolation techniques now rely on cultured
cells. With appropriate specimens and optimal cell
lines, this technique can be highly sensitive and
specific, and a presumptive diagnosis made on the
basis of a characteristic cytopathic effect (CPE),
confirmed by immunostaining. The judicious use of
two or three cell lines, such as a monkey kidney line, a
human continuous cell line and a human fibroblast
line, will allow the detection of the majority of
cultivatable viruses of clinical importance, such as
herpes simplex virus (HSV), varicella zoster virus (VZV),
cytomegalovirus (CMYV), enteroviruses, respiratory
syncytial virus (RSV), adenovirus, parainfluenza
viruses, influenza viruses and rhinoviruses. In addition,
the ability to grow virus from a clinical specimen
demonstrates the presence of viable virus (albeit viable
within the chosen cell line)—this is not necessarily the
case with detection of viral antigen or genome. For
example, following initiation of antiviral therapy for
genital herpes, HSV antigen can be detected from serial
genital swabs for longer than by virus propagation in
cell culture. This infers that antigen persists in the
absence of viral replication and underlines the impor-
tance of correct interpretation of laboratory results.
Nevertheless, virus isolation has now been shown to be
less sensitive than molecular amplification methods for
this and other viruses (see later).

The advantages of virus isolation include: the ability
to undertake further examination of the isolate, such
as drug susceptibility assays (see later) or typing (Table
1.1); the provision of epidemiological information on
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2 PRINCIPLES AND PRACTICE OF CLINICAL VIROLOGY

Table 1.1 Virus isolation

Advantages Disadvantages
Sensitive Slow (conventional cell culture)
‘Catch-all’ Labour-intensive

Generates isolate for
further study

Detects ‘viable’ virus

Adaptation for rapid result

Multiple cell lines required

viruses of public health importance; and the culture
and identification of previously unrecognised viruses,
e.g. human metapneumovirus (van den Hoogen et al.,
2001) and SARS-associated coronaviruses (Drosten et
al., 2003). However, routine cell culture techniques
available in most laboratories will not detect a number
of clinically important viruses such as gastroenteritis
viruses, hepatitis viruses, Epstein—Barr virus (EBV),
Human herpesvirus 6, 7 and 8 (HHV-6, -7, -8), and/or
human immunodeficiency virus (HIV). Other than
HSV, for which most isolates will grow in human
fibroblast cells within 3 days, the time for CPE (or, for
example, haemadsorption) to develop for most clinical
viral isolates is between 7 and 21 days. For this reason,
a number of modifications to conventional cell culture
have been reported, to provide more rapid results.
These include centrifugation of specimens on to cell
monolayers, often on cover slips, and immunostaining
with viral protein-specific antibodies at 48—72 h follow-
ing inoculation (Shell Vial Assay) (e.g. Stirk and
Griffiths, 1988). Such techniques can also be under-
taken in microtitre plates (O’Neill ez al., 1996).

The role of conventional cell culture for routine
diagnosis of viral infections is diminishing and is a
subject of active debate within the virology community
(Carman, 2001; Ogilvie, 2001). Many laboratories are
discontinuing or downgrading virus isolation methods
in favour of antigen or genome detection for the rapid
diagnosis of key viral infections (usually those that are
treatable, such as CMV and VZV). Nevertheless, it is
important for large laboratories to maintain the ability
to employ this methodology for the reasons given
above. Where primary diagnosis is undertaken by cell
culture, there will be increasing pressure to generate
quicker results by use of the many rapid techniques
that have been reported.

Antigen Detection

Immunofluorescence

One of the most effective rapid diagnostic tests is
indirect or direct immunofluorescence (IF). Initially

undertaken with polyclonal antisera, and then sub-
sequently with pools of monoclonal antibodies, this
method uses either indicator-labelled antibody or a
labelled antispecies antibody (indirect) to directly
visualise viral antigens in clinical specimens. Usually,
the label used is fluorescein. The indirect method is
more sensitive, since more label can be bound to an
infected cell. Results can be available with 1-2h of
specimen receipt. The most common use of this
technique is for the diagnosis of respiratory viral
infections whereby a panel of reagents are utilised to
detect RSV, parainfluenza viruses, influenza A and B
and adenovirus in multiple wells of a microscope slide.
This technique is sensitive compared to cell culture,
especially for the detection of RSV. The ideal specimen
for such testing is a nasopharyngeal aspirate, most
usually obtained from infants with suspected bronch-
iolitis, for whom a rapid result is essential for correct
clinical management and implementation of infection
control measures. However, detection can also be
made from a well-taken throat/nasal swab. There is
increasing evidence that community or nosocomial
acquired respiratory viruses lead to severe disease in
immunocompromised patients (for review, see Ison
and Hayden, 2002), and it is important that broncho-
alveolar lavage specimens from such patients with
respiratory disease are also tested for these viruses in
addition to the more common pathogens, such as
CMV. Respiratory virus antigens are expressed within
the epithelial cells, and the success of the technique
depends on an adequate collection of cells. A
particular advantage of IF, compared to the commer-
cial rapid antigen tests available for RSV and
influenza, is that microscopic examination of the
fixed cells can determine the presence of adequate
cell numbers for analysis (Table 1.2). IF has been used
widely for the direct detection of HSV and VZV in
vesicle fluid, and has advantages over electron micro-
scopy in both sensitivity and specificity. I[F methods
have also been used to detect more unusual viruses,
such as Lassa fever (Wulff and Lange, 1975). An
important limitation of IF is that well-trained micro-
scopists are required for interpretation, which remains
subjective.

Table 1.2 Antigen detection by immunofluorescence

Advantages Disadvantages
Rapid Requires skilled staff
Sensitive for some viruses Variable sensitivity

(e.g. RSV) Dependent on high-quality

specimen
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Detection and semi-quantitation of CMV antigen-
containing cells in blood can also be undertaken by
direct IF (CMV/pp65 antigenaemia assay). This
technique involves separation of peripheral blood
mononuclear cells (PBMCs) and fixing on a slide,
followed by staining with a monoclonal antibody
directed against the matrix protein pp65. The fre-
quency of positive cells can predict CMV disease in the
immunocompromised patient (van der Bij ez al., 1989),
and is used in a number of laboratories. However, it is
labour-intensive, needs large numbers of PBMCs
(making it unsuitable for all patient populations) and
requires a rapid processing of blood specimens if a
reduction in sensitivity of detection is to be avoided
(Boeckh et al., 1994). Therefore, PCR is rapidly
replacing antigenaemia as the method of choice for
qualitative and quantitative detection of CMV.

ELISA/Latex Agglutination for Antigen
Detection

Solid phase systems for antigen detection are now used
widely. ELISAs are based on the capture of antigen in
a clinical specimen to a solid phase via a capture
antibody, and subsequent detection using an enzyme-
linked specific antibody. Variation in capture and
detector antibody species has increased the sensitivity
of these assays, which are widely used for hepatitis B
virus (HBV) surface antigen detection (HBsAg) and,
more recently, for hepatitis C core antigen in donor
blood-testing laboratories (Peterson et al., 2000).
ELISA-based systems for the diagnosis of, for exam-
ple, RSV, influenza and HSV may be appropriate in
some contexts for point-of-care testing, although often
at the expense of sensitivity when compared to IF and/
or virus culture.

Small latex particles coated with specific antibody
can be agglutinated in the presence of antigen, which
can then be observed with the naked eye. This rapid
assay is used for rotavirus diagnosis, with an equiva-
lent sensitivity to electron microscopy. Capture of
antibody, rather than antigen, can also be undertaken,
although latex assays for CMV and VZV antibodies
may lack sensitivity and specificity compared to
ELISA systems (see below).

Electron Microscopy

Electron microscopy (EM) is the only technique
available for directly visualising viruses, and therefore

has many applications beyond purely diagnostic
purposes. The major role of EM in a clinical setting
is in the diagnosis of viral gastroenteritis, for which
many of the aetiological agents are non-cultivatable,
and analysis of skin lesions for herpes, pox and
papillomaviruses.

Preparation of specimens and the technique of
negative staining are straightforward and quick, and
the method is a ‘catch-all’ approach to detecting
viruses. Nevertheless, it has a limit of sensitivity of
approximately 10° viral particles per millilitre of fluid.
Vast numbers of virions are present during acute skin
and gastrointestinal disease, and a diagnosis is easily
made. This becomes more difficult later in the course of
infection, when viral shedding is reduced below the
level of detection. Sensitivity can be enhanced by
antibody-induced clumping of virus (immune EM) or
ultracentrifugation; however, it is unrealistic to under-
take these methods routinely. The advantages and
disadvantages of electron microscopy are summarised
in Table 1.3.

The survival of EM within the routine clinical
virology laboratory hinges on the availability of
alternative, more sensitive methods of diagnosis.
Many centres already use latex agglutination for
rotavirus diagnosis, and polymerase chain reaction
(PCR) is more sensitive for the detection of herpes-
viruses in vesicular fluid (Beards er al., 1998).
Currently, EM in diagnostic virology laboratories is
used primarily for outbreak investigation. Now that
PCR-based methods of Norovirus detection are
established (Green et al., 1995), show increased
sensitivity with respect to EM (O’Neill et al., 2001)
and can be adapted for real-time PCR detection
(Miller et al., 2002), the future of EM in clinical
virology is in doubt. One of the first indications for
electron microscopy was for the rapid diagnosis of
smallpox; in the era of bioterrorism, EM will continue
to play a role in specialist centres in the event of a
bioterrorist attack, such as confirming VZV infection
in cases of vesicular rash.

Table 1.3 Electron microscopy

Advantages Disadvantages

‘Catch-all’

Economical running costs

Detects unculturable viruses

Adaptable, e.g. immunoelectron
microscopy confirms cytopathic effect

Requires skilled staff
Poor sensitivity
Large capital outlay
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Symptoms

Infection

Igh

Response

Figure 1.1 Typical evolution of antibody responses
following an acute viral infection

Histology/Cytology

Direct microscopic examination of stained histology or
cytology specimens can on occasion provide the first
indication that a virus may be responsible for a
pathological process; e.g. the intranuclear (early) or
basophilic (late) inclusions seen in interstitial nephritis
in renal transplant biopsies due to BK polyoma virus;
changes in cervical cytology seen in association with
human papillomavirus (HPV); and the nuclear inclu-
sions seen in erythroid precursor cells in parvovirus
B19 infection.

Serology

All viral infections generate a humoral response, and
this can be used for diagnostic purposes. The classical
pattern of response following an acute infection is
illustrated in Figure 1.1. The functional nature of this
response is extremely variable. In some instances, these
antibodies are neutralising and can be assessed for this
activity (e.g. polioviruses). However, many infections
are controlled more effectively by T cell responses, and
antibody detection is used as a surrogate of infection.
Traditionally, methods of antibody detection did not
distinguish between IgG and IgM responses, and
diagnosis was based on seroconversion or a significant
rise in antibody titre between acute and convalescent
samples (10-14 days apart). The complement fixation
test was used widely in this respect; however, assay
insensitivity and the cross-reactivity of many antigens
used within the assay limited its clinical usefulness.
Most importantly, a diagnosis could only be made
after the time of acute illness. Currently, the major use
of this assay is for the diagnosis of ‘atypical’
pneumonia (Chlamydia psittaci/pneumoniae, Coxiella

or Mycoplasma), since there are few alternative
serological methods. Other serological techniques
include haemagglutination inhibition, latex agglutina-
tion and immunofluorescence (used most widely for
EBV diagnosis). Serum is the specimen of choice for
most serological assays, but oral fluid can be used as a
non-invasive alternative for the detection of a number
of different antibodies, which may be useful for
surveillance studies or in children (Perry et al., 1993;
Parry et al., 1989). In patients with viral central
nervous system infections, the cerebrospinal fluid
(CSF) may be tested for virus antibodies, and the
antibody ratio compared with serum to confirm
intrathecal antibody synthesis.

Increasingly, solid-phase ELISAs are used in diag-
nostic laboratories. Recent technological advances,
e.g. using synthetic peptides or recombinant antigens
instead of whole viral lysates, and improvements in
signal detection have led to more sensitive, specific and
rapid methods for measuring virus specific antibody
levels. The ELISA format is extremely versatile, and
new assays can be designed quickly to cope with
clinical demands, e.g. the investigation of new viruses,
such as severe acute respiratory syndrome (SARS)-
associated coronaviruses. Many of these assays are
available commercially, and can be automated. They
are essentially of three types (Figure 1.2):

e [Indirect assays. Viral antigen is immobilised onto a
solid phase, specific antibody in the patient serum
sample binds to this antigen and, after a washing
step, this antibody is detected by an enzyme-
labelled antihuman immunoglobulin. In this way,
either specific IgG or IgM can be detected,
depending on the indicator immunoglobulin (Fig-
ure 1.2a,b). Clearly, detection of IgM species is
dependent on the prevailing level of IgG, such that
a high level of specific IgG reduces the sensitivity of
an IgM assay for the same virus. If rheumatoid
factor is present in the clinical sample, it may lead
to false-positive IgM results (Figure 1.2c).

o Capture assays. 1gG or IgM species are captured
onto the solid phase by antihuman immunoglobu-
lin, followed by addition of antigen and then
labelled antibody. With regard to IgM assays, this
method reduces the potential interference of
rheumatoid factor, and is used increasingly for a
number of IgM species (Figure 1.2d).

o Competitive assays. In this case, a labelled antibody
in the ELISA system competes for binding to
immobilised antigen with antibody in the clinical
sample. This assay improves both the specificity
and sensitivity of the assay (Figure 1.2e).
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Figure 1.2 ELISA formats: (a) indirect IgG assay; (b) indirect IgM assay; (c) rheumatoid factor interference in IgM assay
(indirect); (d) IgM capture assay; (e) competitive assay. Note that the solid horizontal line represents the solid phase

Serological diagnosis of acute infection is best suited
to situations in which detection of the virus itself is
difficult, time-consuming or where virus excretion is
likely to have ceased by the time of investigation, such
as hepatitis A, rubella or parvovirus B19. There are
situations, however, where IgM is produced over a
prolonged period, or in response to reinfection, as is
the case for rubella. In these cases, past infection can
be distinguished from recent infection by antibody
avidity tests. These are based on the principle that
antibody responses mature over time, such that high-
avidity antibodies predominate at a later stage. By
using a chaotropic agent (e.g. urea) during the ELISA
washing stage, low-affinity antibodies (representing
recent infection) will be preferentially dissociated from
antigen, compared to higher-affinity antibodies
(Thomas and Morgan-Capner, 1991).

Immunoblot methods can be used for confirmation
of HIV (Western blot) and hepatitis C virus (HCV)
infection. These methods are based on the detection by
antibodies within a serum sample of multiple epitopes
blotted on to a membrane. Non-specific reactions
within ELISAs are often clarified in these systems,
since possible cross-reacting antibodies can be

identified by non-viral antigenic epitopes. Immunoblot
assays are expensive and technically demanding.

Serology is also essential for the diagnosis and
screening of persistent infections where antibodies are
detectable in the presence of virus replication, such as
HIV and HCV. The availability of sensitive assays
allows widespread screening for immunity against, for
example, HBV, rubella, VZV and hepatitis A.

Finally, for HIV infection, combined p24/antibody
assays have been developed, for which a signal
indicates the presence of either/both components.
This is of advantage for a first-line screening assay,
since p24 antigen is detectable prior to antibodies
following primary infection, and thus leads to a shorter
window period (Hashida et al., 1996).

Despite these more recent advances in serological
techniques, there remain some inherent limitations
with this form of virological diagnosis (Table 1.4). It is
highly dependent on the ability of the individual to
mount appropriate immune responses to infection.
Thus, serological methods have a limited role for
diagnosing viral infections in the immunocompro-
mised patient (Paya et al., 1989) and every effort must
be made to detect the virus itself. Transfusion or
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Table 1.4 Serology

Advantages

Disadvantages

Specific IgG assays good indicator of prior infection

Capture IgM assays good indicator of recent infection

Allows retrospective diagnosis if no acute clinical specimen
obtained

Rapid

Automated

Diagnosis of unculturable or poorly culturable viruses

Can utilise non-invasive clinical samples, e.g. saliva, urine

Retrospective (e.g. rising CFT titres) CFTs insensitive, especially
to assess previous infection

Cross-reactivity and interference

Insensitive for diagnosing some congenital infections (e.g. CMV)

Not appropriate for immunocompromised

Spurious results possible following receipt of blood products

CFT =complement fixation test.

receipt of blood products may also lead to spurious
serological results, e.g. leading to a false interpretation
that seroconversion indicates acute infection. The
major role of serology in transplant patients is in
identifying immune status at baseline in order to
ascribe a risk to primary infection, reinfection or
reactivation during subsequent immunosuppression
(see Table 1.10).

Interpretation of Serological Assays

Viral serology results should be interpreted carefully,
taking into account the patient’s history and symp-
toms. The diagnosis of a primary virus infection can be
made by demonstrating seroconversion from a nega-
tive to a positive specific IgG antibody response, or by
detecting virus-specific [gM. A four-fold rise in IgG
antibody titre between acute and convalescent samples
can also be indicative of a primary infection (e.g. by
complement fixation test). Detection of virus-specific
IgG in a single sample, or no change in virus antibody
titre between acute and convalescent phase sera,
indicate exposure to the virus at some time in the
past. Results of serological assays can be complicated
by a number of factors; the age of the patient (the
production of serum IgG or IgM antibodies can be
absent or impaired in the immunocompromised,
neonates and the elderly); receipt of blood products
with passive antibody transfer; maternal transfer of
IgG antibodies; and non-specific elevation of certain
virus antibodies due to recent infection with other
viruses. This last point is particularly common with
herpesvirus infections, which have group-specific
cross-reacting epitopes. IgM antibodies may persist
for extended periods of time following primary
infection, and may also be produced as a result of
reactivation of latent infection, although not reliably
so (e.g. CMV, EBV). The production of virus-specific

intrathecal antibody (requires demonstration of an
intact blood-brain barrier) can confirm the diagnosis
of viral CNS infection, e.g. subacute sclerosing
panencephalitis. Serological assays may be comple-
mented and confirmed by molecular assays, e.g. PCR
for HCV RNA in the presence of hepatitis C antibody,
and PCR for HIV, used in the diagnostic setting for the
investigation of infants of HIV-seropositive mothers.

NUCLEIC ACID DETECTION

The area of most rapid development in diagnostic
virology relates to molecular amplification assays to
provide qualitative and quantitative results. PCR and
other similar molecular assays have been applied to the
diagnosis of virtually all human viruses. In general, the
sensitivity of these assays far exceeds that of other
virus detection systems, and subsequent interpretation
of results in a clinical setting may be very difficult. A
number of commercial kits and automated systems are
now available, with the advantage of standardisation
improving quality control and inter-laboratory varia-
bility. These issues will be discussed following a brief
review of the techniques available.

Polymerase Chain Reaction

This technique uses a thermostable DNA polymerase
to extend oligonucleotide primers complementary to
the viral DNA genome target (Saiki et al., 1988).
Consecutive cycles of denaturation, annealing and
extension result in an exponential accumulation of
target DNA. This is limited only by substrate
(nucleotide) availability and possible competition
between target genome and non-target amplicons for
reaction components (Figure 1.3). RNA genomes
require transcription to complementary DNA (reverse
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Figure 1.3 Polymerase chain reaction

transcription) prior to the PCR reaction. Undertaking
a second PCR round on the first round amplicon can
increase the overall sensitivity of detection (nested PCR).
This uses a different set of PCR primers internal to the
first set, and therefore can act as a confirmation of the
correct amplicon produced by the first round reaction.

Primers

The correct choice of primers is an important
determinant of the success of any PCR. Clearly, the
nucleic acid sequence of at least a part of the viral
genome needs to be known, and primers must target a
well-conserved region. This can be done using multiple
alignment programmes; however, the final success of
the PCR depends on the availability of sequence data
from a range of different viral isolates. Since unusual
viral variants may not be detected by an established
PCR technique, it is important for the clinical
virologist to have knowledge of the primer targets in
order to interpret results correctly. This issue is equally
as important for commercial assays as it is for ‘in-
house’ assays, as has been demonstrated regarding
suboptimal HIV subtype detection by a commercial
quantitative PCR assay (Arnold et al., 1995). The
appropriateness of primers also requires continual re-
evaluation in the light of new selective pressures on

viral evolution, such as antiviral drug resistance. Other
important aspects of primer design include the
avoidance of secondary structure, or complementarity
between primers (leading to so-called primer—dimer
amplification artefacts). Computer programs used to
design primer sequences address these aspects.

Preparation of Clinical Specimen

Viral gene detection methods do not require the
maintenance of viral infectivity within the clinical
specimen. Thus, specimens can be transported and
stored in the refrigerator or freezer prior to analysis,
with more flexibility than that required for virus
isolation. This is a major advantage over traditional
methods of virus detection. However, of particular
concern is the susceptibility of RNA to nucleases,
which are present in all biological material. In
addition, certain specimen types, e.g. intraocular fluids
(Wiedbrauk et al., 1995) and urine (Chernesky et al.,
1997), are intrinsically more susceptible to false
negative results. Thus, specimens for qualitative and,
especially, quantitative PCR require careful prepara-
tion and assays need to be evaluated for individual
specimen types and patient groups. The anticoagulant
heparin is contraindicated for blood samples because it
inhibits the PCR reaction. Currently, it is recom-
mended that ethylenediaminetetraacetic acid (EDTA)
blood for HIV RNA quantitation is separated as soon
as possible, after which the plasma can be stored
frozen until analysis. If multiple tests are to be
undertaken on one sample, it should be aliquoted on
receipt to avoid multiple freeze-thawing. A number of
different nucleic acid extraction methods are available,
and their use depends on the nature of the clinical
specimen and whether the target is RNA or DNA.

Detection of Product

The PCR product of any specific reaction has a known
size, and can therefore be detected on an agarose gel in
comparison to a molecular weight ladder. However,
more than one band may be seen, or the band may not
be in precisely the correct position. For this reason,
specific detection of the product by hybridisation with
a nucleic acid probe is to be encouraged. This can be
undertaken within a microtitre plate format, with a
colorimetric end-point, and read in a standard spectro-
photometer, e.g. Gor et al. (1996). Many commercial
PCR assays employ this system. The addition of such a
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Figure 1.4 A 2% agarose gel of ethidium bromide-stained
products from a multiplex PCR for HSV, VZV and CMV.
Lanes: M, size markers (the 100 and 200bp markers are
indicated on the left); 1, isolate of HSV; 2, 3, 7 and 8 are
negative specimens; 4, CMV control; 5, VZV control; 6, HSV
control

step enhances further the specificity of the assay, and
may also improve sensitivity.

Multiplex PCR

Since more than one viral target is often sought in one
specimen, efforts have been made to combine multiple
sets of primers, against different targets, within one
PCR reaction (Jeffery et al., 1997). Each set of primers
requires specific conditions for optimal amplification
of the relevant target, and the development of a
multiplex system requires a detailed evaluation of these
conditions to ensure that the efficiency of amplification
for any one target is not compromised. Identification
of the specific product in this system may be based on
different sized amplicons, or use of different probes.
Figure 1.4 illustrates a multiplex PCR for HSV, VZV
and CMV with agarose gel-based detection.

Quantitation

Conventional PCR is inherently a qualitative assay.
Initial attempts to produce quantitative information
involved the simultaneous analysis of samples with
known target genome copy number, and comparing
the intensity of bands on an agarose gel with that of
the test specimen. However, the efficiency of amplifica-
tion within any one PCR reaction is exquisitely
sensitive to changes in condition, or indeed inhibitory
factors within the clinical specimen, as above. It is
therefore important that internal standards (within the
same PCR reaction) are used for quantitative compe-
titive (qcPCR) assays. These control sequences should
mimic the target genome as closely as possible, yet be
detectable as a distinct entity on final analysis. This can
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Figure 1.5 Quantitative molecular methods for HIV plasma
RNA. (a) PCR; (b) NASBA; (c) bDNA

involve the incorporation of restriction enzyme sites,
whereby the control amplicon, but not target sequence,
can be cleaved subsequently (Fox et al., 1992), or
merely a control sequence of different size (Piatak et al.,
1993). Commercial assays often use a jumbled sequence
as a control, with subsequent use of probes against
both control and target sequences. In all cases, since
the number of input control genomes is known, simple
proportions can be applied to the signals to generate a
quantitative value for the clinical specimen (Figure 1.5a).
These assays are inherently variable, due to both
laboratory and biological variation. Many commercial
qcPCR assays are associated with a variation of
0.5 logjp, and this must be considered in the clinical
interpretation of results (Saag et al., 1996). The
dynamic range of these assays is determined by the
linearity of the reaction. Variability is more likely at
the extremes of this range, and this variability
determines the lowest value (lower limit) at which the
user can be confident that the value given approx-
imates to the truth. The lower limit of sensitivity for
quantitative HIV PCR can be increased by initial
ultracentrifugation of plasma to concentrate virus.
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Real-time PCR

The type of PCR reaction discussed above depends on
end-point detection of product, with the aim of
maximising the amplification reaction. More sensitive
detection methods allow the kinetics of the amplifica-
tion to be measured, and require fewer cycles of
amplification for product to be detected.

Real-time PCR systems allow the reactions to be
undertaken within a closed system, and fluorescence
generated by the assay is measured without further
manipulation. These systems produce very rapid
temperature cycling times and, together with removal
of post-PCR detection procedures, PCR reactions can
be completed within minutes. Many of the signalling
technologies rely on energy transfer between a fluoro-
phore and a proximal quencher molecule (fluorescence
resonance energy transfer). In the “TagMan’ system, a
specific probe binds to the relevant amplicon, and
subsequent hydrolysis of this probe produces an
increase in fluorescence (Morris et al., 1996). The
‘LightCycler’ system allows product detection by the
incorporation of an intercalating dye into double-
stranded DNA, with an increase in fluorescence as
product accumulates (Wittwer et al., 1997). Specificity
of this reaction for the correct product (rather than
artefacts) is provided by analysing a decrease in
fluorescence at the melting temperature specific for
that product. These commercial systems are under
constant review, with new systems and applications for
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the diagnostic laboratory coming on-line (e.g. the
‘iCycler iQ real-time PCR detection system’). A
number of probe systems are also available to generate
sequence-specific fluorescence signals (reviewed in
Mackay et al., 2002).

The major advantage of real-time PCR is that it is
inherently suitable for quantitative PCR, based on the
number of temperature cycles required for a threshold
fluorescence signal to be reached, usually in compar-
ison with an external standard curve. An example of
real-time detection of a calibration series for the
detection of hepatitis C is shown in Figure 1.6. The
dynamic range of real-time PCR of at least 8 logy
copies of template surmounts the problems encoun-
tered by many qcPCR reactions, of an inability to
quantitate high virus loads while maintaining sensitiv-
ity at the lower end of the assay. In addition, intra- and
inter-assay variability is reduced in comparison with
qcPCR (Locatelli et al., 2000; Abe et al., 1999).

The disadvantages of real-time PCR in comparison
with conventional PCR include an inability to monitor
the size of the amplicon or to perform a nested PCR
reaction without opening the system, incompatibility
of some systems with some fluorescent chemistries, and
currently limited capability with multiplexed reactions
because of the limited number of fluorophores avail-
able. Recent advances in the design of hairpin primers,
hairpin and nuclease oligoprobes and novel combina-
tions of fluorophores will allow discrimination of an
increasing number of targets in single rapid reactions
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Figure 1.6 Real-time PCR detection of a hepatitis C calibration series from 10 millionIU/ml down to 10IU/ml in 1 log steps.
X axis = cycle number; y axis = log fluorescence. The sample with the highest virus load (107 IU/ml) crosses the baseline at cycle 18,
whereas that with the lowest virus load (10 IU/ml) requires 39 cycles of PCR before reaching a detectable level. Results obtained by
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Table 1.5 PCR—recommended controls

Negative controls

e Extraction control —to control for contamination
during extraction

—mimic clinical sample

—to control for contamination of
reagents

—use solvent in which extracted
nucleic acid is suspended

e Reagent control

Positive controls

e [Extraction control —use positive clinical specimen

e Control genome  —to control for PCR efficiency,
specifically to assess sensitivity

e Alternate target ~ —to control for inhibition of reaction

in future (Mackay et al., 2002; Vet et al., 1999). In
addition, the start-up costs of real-time PCR may be
prohibitive. Despite these difficulties, real-time PCR is
now used routinely in many diagnostic virology
laboratories, for both qualitative and quantitative
applications. As with conventional PCR, real-time
PCR has proved to be cost-effective in high-through-
put laboratories in comparison with traditional
culture-based methods of viral diagnosis.

PCR Contamination and Control Reactions

PCR is highly susceptible to contamination from
amplified products generated in a previous reaction,
from target sequences cloned in plasmid vectors and
from other positive clinical specimens. By contrast, a
false negative result can arise from inadequate nucleic
acid extraction from a sample and inhibitory factors in
the PCR reaction. Similarly, the sensitivity of the assay
may be reduced but not completely inhibited. Relevant
controls within each PCR run are essential for a
correct interpretation of a positive or negative result,
and these are highlighted in Table 1.5. The limit of
sensitivity for any one assay must be assessed. This can
be undertaken by serial dilutions of a tissue culture
fluid of known median tissue culture infective dose
(TCIDsy), purified viral genome, tissue culture fluid
with known virion concentration (by EM) or plasmid
containing the target genome. Many laboratories are
reluctant to introduce plasmids into the molecular
biology area because of the risk of widespread
contamination.

There are two specific procedures designed to reduce
PCR contamination. First, extraneous DNA within PCR
reagents can be inactivated by subjecting ‘clean’ PCR

reagents to ultraviolet irradiation. This introduces
thymidine dimers into the DNA chain, rendering it
unamplifiable. More effective is the substitution of
dUTP for dTTP in the PCR reaction (Longo et al.,
1990); this does not affect specific product detection. In
subsequent PCR reactions, the addition of uracil DNA
glycosylase prevents DNA polymerisation of any uracil-
containing DNA, but has no effect on thymidine-
containing DNA template. Thus, any contaminating
DNA from a previous reaction is not amplified.

Physical Organisation of the Laboratory

The physical requirements for undertaking ‘in-house’
PCR reactions are demanding (Victor et al., 1993). A
‘clean room’ is required, in which preparation and
aliquoting of reagents occurs. This must be isolated
from any possible contamination with viral nucleic
acid. A separate area is also required for nucleic acid
extraction, although this can be undertaken in a
diagnostic area. A dedicated PCR room is required
for setting up reactions and siting of thermal cyclers.
Finally, another room is required for post-PCR
analysis, such as gel running and genome detection.
Dedicated laboratory coats and equipment are
required for each of these areas, and strict adherence
to protocol by all staff is essential (Table 1.6).

Clearly, the provision of such a dedicated set of
rooms for molecular biology is a challenge for busy
diagnostic virology laboratories. Nevertheless, it is of
paramount importance that diagnostic PCR reactions
are undertaken with minimal risk of contamination,
and every effort must be made to provide the relevant
space if such assays are to enter the routine diagnostic
armamentarium. Some of the newer automated
commercial assays incorporate some of the above
steps within a self-contained machine. However, it is
unwise to use such assays outside of a molecular
biology environment in which staff are well trained in
this type of work.

Table 1.6 PCR—physical separation

1. Preparation of reagents
—*clean’ room (no nucleic acid)
—separate room
2. Nucleic acid extraction
. Amplification reactions (in cases of nested reactions, second
round PCR should be further separated
4. PCR product analysis

(98
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Quality Control

Molecular biology is expensive compared to more
traditional virological methods, making it difficult for
each laboratory to undertake comprehensive evalua-
tions of each PCR assay. For this reason, there is an
urgent requirement for standardised methodologies
and, at least in this respect, the availability of
commercial assays is welcome. There is also a need
for external quality control (QC) schemes, since major
clinical and therapeutic decisions are made on the basis
of molecular assay results, many of which have been
developed ‘in house’ (Valentine-Thon, 2002). QC
programmes such as Quality Control for Molecular
Diagnostics (www.qemd.com) provide QC schemes for
blood-borne viruses and other pathogens, such as
CMYV and enterovirus; however, such programmes are
still under development in terms of repertoire, and
participation can represent a significant expense for
diagnostic laboratories.

Other Amplification Systems

Other amplification systems include the ligase chain
reaction (LCR) which, as with PCR, requires a thermal
cycler. Technical innovations in molecular amplifica-
tion allow techniques such as nucleic acid sequence-
based amplification (NASBA), transcription mediated
amplification (TMA), strand displacement amplifica-
tion (SDA) and branched chain DNA (bDNA) to
detect minute quantities of nucleic acid without the use
of a specialised thermal cycler.

Ligase Chain Reaction

LCR involves hybridisation of two oligonucleotide
probes at adjacent positions on a strand of target
DNA which are joined subsequently by a thermostable
ligase. The reaction also takes place on the comple-
mentary strand, so multiple rounds of denaturation,
annealing and ligation lead to an exponential ampli-
fication of the viral DNA target (Hsuih ez al., 1996).
RNA targets require prior reverse transcription.

Nucleic Acid Sequence-based Amplification

This technique uses RNA as a target, utilising three
enzyme activities simultaneously: reverse transcriptase
(RT), RNase H, and a DNA-dependent RNA

polymerase (Guatelli et al., 1990). A DNA primer
incorporating the T7 promoter hybridises to the target
RNA and is extended by RT. RNase degrades the
RNA strand, and the RT utilising a second primer
produces double-stranded DNA. T7 polymerase then
forms multiple copies of RNA from this DNA
template. This method is suited to the detection of
RNA viruses, or mRNA transcripts of DNA viruses.
In addition, it can be modified to a quantitative assay
using internal controls (Figure 1.5b). Different detec-
tion formats for the amplified RNA product have been
developed, including electrochemiluminescence and
molecular beacon detection technologies, and adapted
for rapid detection of many viruses, e.g. West Nile and
St Louis encephalitis (Lanciotti and Kerst, 2001).
Transcription-mediated amplification (TMA) tech-
niques are very similar. Detection of the amplicon is
commonly performed with detection systems such as
the Hybridization Protection detection system, which
uses a chemiluminescent signal, as in Gen-Probe®
systems. TMA is widely used to detect HIV and
HCYV nucleic acid sequences.

Strand Displacement Amplification

Strand displacement amplification technology has been
established in a fully automated system known as
BDProbeTec©. In SDA technology, an oligonucleotide
primer containing a restriction enzyme site binds to its
complementary (target) nucleic acid. An exonuclease-
deficient DNA polymerase (exo-) is used in the
presence of dGTP, dATP, dUTP and a dCTP contain-
ing an a-thiol group (dCTP aS) to produce double-
stranded DNA containing a restriction enzyme site.
Upon binding, the restriction enzyme nicks the strand
without cutting the complementary thiolated strand.
The exo-DNA polymerase recognises the nick and
extends the strand from the site, displacing the
previously created strand. The recognition site is
repeatedly nicked and restored by the restriction enzyme
and exo-DNA polymerase with continuous displace-
ment of DNA strands containing the target segment.
The process becomes exponential with the addition
of an antisense primer containing the appropriate
recognition site.

Branched Chain DNA

A number of hybridisation methods for detecting viral
genome have been developed and used extensively
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since the 1980s. These are based on the hybridisation
of a labelled oligonucleotide probe to a unique
complementary piece of viral genome, and can be
undertaken either on a solid phase or in situ. These
short probes are 20-30 bases in length and can be
RNA (riboprobe) or DNA. Many solid-phase assays
are of the dot-blot or slot-blot type, and have been
widely used for HPV diagnosis and typing. The bDNA
assay is a modification of probe assays. This method
uses a signal amplification system rather than amplify-
ing target genome. Single-stranded genome (RNA or
DNA) is hybridised to an assortment of hybrid probes,
which are captured in turn onto a solid phase by
further complementary sequences. Branched DNA
amplifier molecules then mediate signal amplification
via enzyme-labelled probes with a chemiluminescent
output. This method can also provide quantitative
results (Dewar et al., 1994; van Gemen et al., 1993)
(Figure 1.5c¢).

Table 1.7 Clinical use of molecular amplification techniques

Diagnosis of infection

Diagnosis of disease

Virus genotyping

Prediction of disease/staging of infection
Monitoring antiviral therapy

Prediction of transmission

Confirming transmission events
Epidemiology of infection

Table 1.8 Evaluation of a new diagnostic assay

Clinical Use of Molecular Techniques

The application of qualitative and quantitative mo-
lecular analysis to human viral infections has provided
new insights into the natural history of human viral
infections, such as HIV, HBV, HCV and the herpes-
viruses. This includes the nature of viral persistence
and latency, viral replication and turnover rate, and an
understanding of the response to antiviral therapies. It
follows that molecular diagnostic assays do not merely
offer an increase in sensitivity over alternative methods;
rather, their correct interpretation demands an under-
standing of our transformed knowledge. These issues
are discussed further below (Table 1.7).

Diagnosis of Infection

Infection is defined by the presence of virus in a clinical
specimen. The infection may be asymptomatic or
symptomatic (disease). However the key determinant
for correct diagnosis is the sensitivity of the assay, with
a goal of detecting viral genome if it is present at any
level. A sensitive qualitative assay is relevant, for
instance, in the diagnosis of HIV in infants (proviral
DNA in PBMGs) (Lyall et al., 2001) or HCV (serum
RNA) infection (Zeuzem et al., 1994). Before introdu-
cing such an assay into routine use, the sensitivity and
specificity of the new test must be established,
according to the formulae in Table 1.8. Note that, in

Parameter Description Formula

Sensitivity Proportion of true positives correctly positive results
identified by test true positives

Specificity Proportion of true negatives correctly negative results

identified by test

Positive predictive ~ Proportion of patients with positive

value test results who are correctly diagnosed

Negative predictive  Proportion of patients with negative

value test results who are correctly diagnosed

Likelihood ratio
result will raise or lower the pretest
probability of the target disorder

Indicates how much a given diagnostic test

true negatives

sensitivity x prevalence
sensitivity x prevalence + (1 — specificity) x (1 — prevalence)

sensitivity x (1 — prevalence)
(1 — sensitivity) x prevalence + specificity x (1 — prevalence)

sensitivity
(1 — specificity)
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this instance, these parameters are compared to an
existing gold standard assay (true positives or nega-
tives) and therefore relate purely to a comparison
between assays. Since molecular assays are usually
more sensitive than existing assays, it is often necessary
to confirm that those samples positive solely by the
molecular assay are indeed true positives. This can be
done by confirming the identity of the PCR product,
correlation with another marker of infection (e.g.
seropositivity, where appropriate) or the clinical back-
ground. Thus, an expanded gold standard, including
positives by both existing and new assay, is used for
sensitivity and specificity calculations. A useful con-
cept in evaluating a diagnostic test is the likelihood
ratio (Table 1.8), which indicates how much a given
diagnostic test result will raise or lower the pretest
probability of the target disorder (Altman and Bland,
1994).

Diagnosis of Disease

As discussed above, the nature of viral disease has had
to be redefined in the light of qualitative and
quantitative molecular data. Increasingly, it is possible
to detect the presence of infectious agents at low copy
number in the absence of symptoms. This makes the
interpretation of positive results problematic and requires
close clinical-virological liaison. Three approaches are
possible:

1. Qualitative detection of viral genome at a site
which is normally virus-free. A good example is the
diagnosis of viral encephalitis, in which detection

Symptomatic |

| Asymptamatic

Low-sensitivity assay
Predictive of disease
High-sensitivity assay
Not predictive of
disease

Blood CMY copies per mi
(arbitrary log scale)

Time

Figure 1.7 The relevance of PCR sensitivity for CMV
diagnosis following transplantation. A very sensitive assay
for detection of persistent/latent viruses, such as CMV, may
not provide clinically useful information. This is because low
levels of viraemia may occur without causing disease. With
regard to CMV, the threshold for detection of virus in whole
blood should have a higher level

of HSV, CMV, VZV or enterovirus genome is
diagnostic (Jeffery et al., 1997). Indeed, it has been
very difficult traditionally to propagate herpes-
viruses in cell culture from CSF samples. It is
unclear whether this is a reflection of a low level of
virus, or whether there is a preponderance of
disrupted, non-infectious virus produced from
brain tissue into the CSF. Qualitative PCR offers
significant advantages in terms of speed over
traditional methods of wviral diagnosis. Early
diagnosis and treatment of central nervous system
infection can improve prognosis in herpes simplex
encephalitis (Raschilas ez al., 2002), or can reduce
unnecessary treatment and hospitalisation, as in
the case of enteroviral meningitis (Nigrovic and
Chiang, 2000).

Qualitative detection of virus without an exquisite
level of sensitivity. This is important for instances
in which low-level viraemia may occur in the
absence of disease, and which does not predict
disease. An example is CMV infection following
transplantation. The sensitivity of a diagnostic
qualitative PCR must be chosen with care in order
that the results are predictive of disease (Figure 1.7).
Quantitative detection of virus at a level associated
with disease. For many persistent virus infections
with transient or continual low-level viraemia, the
onset of disease is related to a higher viral
replication rate. This provides the rationale for
identifying levels of viraemia that are predictive of
disease. HHV-6 and HHV-7 infections can be used
as examples. These herpesviruses are acquired
commonly in early childhood, and primary infec-
tions are associated with erythema infectiosum and
febrile seizures in a small proportion of infants,
with the majority of infections remaining asympto-
matic (Hall et al., 1994). These persistent infections
can be detected by PCR in the saliva and blood of
many seropositive individuals, so that a qualitative
PCR is not helpful in diagnosis of symptoms
specifically associated with these infections. By
contrast, application of a quantitative PCR to such
clinical specimens demonstrates that febrile sei-
zures are specifically associated with higher
systemic viral loads (Clark et al., 1997). Quantita-
tive molecular data on CMV disease in transplant
patients (Boeckh et al., 1996), those with the
acquired immune deficiency syndrome (AIDS)
(Spector et al., 1998) and BK polyomavirus-
associated nephropathy in renal transplant recipi-
ents (Limaye er al., 2001) also demonstrates the
usefulness of this approach. Clear diagnostic
definitions of diseases will depend on the assay
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itself and the patient group concerned. Large
prospective studies are therefore required in each
case. Standardisation within commercial assay
systems will help in this respect.

Genotyping

HCV is a genetically heterogeneous virus with six
major genotypes (Simmonds et al., 1993). Interestingly,
some genotypes (viz. types 2 and 3), have a more
favourable response to interferon-based treatment
(Chemello et al., 1994), and therefore genotyping has
become central in the management of HCV infection.
Sequencing is the reference method of HCV genotyp-
ing, and is becoming increasingly automated (e.g.
Trugene™ HCV 5NC genotyping test). Another
widely used genotyping technique is based on a
genotype-specific probe with reverse hybridisation
(INNO-LIPA HCV II™),

Hepatitis B is a similarly heterogeneous virus.
Several studies have recently shown that genotype B
(prevalent in the Far East) is associated with both a
better overall prognosis (Sakugawa et al., 2002; Kao
et al., 2002) and a higher rate of IFN-induced HBeAg
clearance, compared with hepatitis B genotype C (Wai
et al., 2002). Stratification for HBV genotypes is likely
to be used clinically in future.

Sequence-based genotyping assays are in clinical use
for the typing of HIV and HPV. Over 70 genotypes of
HPYV are recognised, but only a few of these types have
the potential to cause lesions that may progress to
malignancy.

Prediction of Disease/Staging of Infection

Preemptive therapy entails the initiation of therapy in
those at highest risk of disease, and is an approach that
is used commonly for CMV infection in bone marrow
and solid organ recipients. The capacity of a positive
laboratory test to predict disease must be established
by detailed prospective surveillance protocols, in order
to generate positive and negative predictive values
(Table 1.8). Since the natural history of viral infections
(relationship between replication and disease) may be
influenced by factors such as the length and nature of
immunosuppression, these parameters should be
determined separately for different patient groups,
such as bone marrow recipients, solid organ recipients
and patients with AIDS.

A similar approach has now been established for
HIV infection. The large Multicentre AIDS Cohort
Study (MACS) clearly demonstrated a relationship
between plasma HIV RNA load and risk of disease
progression. In this analysis, CD4 cell count was also
an independent predictor, and both measurements
together provided the best prognostic indicator (Mellors
et al., 1997). Data from the MACS study have shown
that a high virus load predicts a faster rate of decline of
CD47* cells (Mellors et al., 1996). Subsequently, this
prognostic capability has been transformed into guide-
lines for initiating antiviral therapy. The decision on
when to initiate therapy for HIV disease is complex.
Recent guidelines (BHIVA, 2001; Dybul et al., 2002)
have moved away from recommending initiation of
therapy based on plasma HIV RNA load alone and
suggest that therapy should be deferred until the CD4
cell count is 200-350 cells/ul. Recent studies in the era
of highly active antiretroviral therapy (HAART)
showed that HIV plasma RNA levels prior to starting
therapy were not predictive of response to HAART
independently of the CD4 count (Sterling e? al., 2001).

A similar analysis of HCV viral load has been
undertaken which suggested that high viral load could
be used to predict disease stage (Gretch et al., 1994).
However, a large natural history study found three
independent risk factors that predicted the rate of
progression of hepatic fibrosis; age at infection older
than 40 years, daily alcohol consumption of 50g or
more and male sex. Virological factors (HCV genotype
and viral load) were not independently associated with
fibrosis progression (Poynard et al., 1997).

A detailed understanding of the virological natural
history of HBV using sensitive quantitative molecular
assays is required before prognostic criteria can be
applied to this infection. As discussed above, there is
increasing evidence that HBV genotype influences both
prognosis and response to treatment. A recent multi-
variate analysis in patients with hepatocellular
carcinoma in the context of hepatitis B infection
identified the level of serum HBV-DNA and tumour
size at diagnosis as independent and significant
prognostic factors (Ohkubo et al., 2002).

Use of Molecular Assays to Monitor Antiviral
Therapy

The relationship of HIV RNA quantitation to prog-
nosis supports the thesis that the ‘disease activity’ is
reflected in overall viral replication rate. It follows that
antiviral-induced reduction in plasma RNA is likely to
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Figure 1.8 Quantitative assays for HBV: their relevance in
assessing response to antiviral drugs. A relatively modest
reduction in HBV viral load in response to therapy is required
in order for HBV DNA levels to become undetectable by an
insensitive assay. Important information on the rate and
extent of viral suppression is missed by the liquid
hybridisation assay

translate into clinical benefit. This has now been
confirmed in a number of clinical trials. For example,
a virological analysis of the AIDS Clinical Trial Group
241 trial (zidovudine, lamivudine with/without nevir-
apine) showed that for each 1 log;( reduction of HIV
RNA between baseline and week 8, there was an
incremental reduction in clinical progression of death
at week 48 (Hughes et al., 1997). The virological goal
of HIV therapy is to reduce HIV RNA to undetectable
levels (<50 RNA copies/ml of plasma), and optimal
therapy should achieve this by 16-24 weeks following
initiation of therapy (Dybul et al., 2002). Commer-
cially available assays have a limit of sensitivity of
around 50 copies/ml. Clinical trial data suggest that
reduction of viral load to below this level predicts the
durability of the antiviral response (Montaner et al.,
1998; Powderly et al., 1999). The main use of regular
monitoring of plasma HIV RNA levels is, therefore, to
monitor the success of therapy, and current protocols
recommend subsequent tests at 3—4 month intervals
(Dybul et al., 2002).

Quantitation of serum HBV DNA has been an
important tool in assessing response to treatment.
HBYV DNA quantitation has traditionally been under-
taken by a relatively insensitive liquid hybridisation
assay (limit of sensitivity approximately 10° copies/ml),
with results expressed as pg/ml. More recently,
nucleoside analogues (lamivudine, famciclovir) and
nucleotide analogues (adefovir) have demonstrated
potent anti-HBV activity, e.g. Lai er al. (1998). Using
more sensitive quantitative assays, such as bDNA or
PCR, four log reductions in HBV viral load have been

observed (defined as copies/ml or genome equivalents/
ml). These new assays can provide important informa-
tion on the potency of drugs, the development of drug
resistance and the dynamics of response (Figure 1.8).

The HCV genotype and the widespread availability
of qualitative HCV RNA PCR are now central to the
planning and monitoring of antiviral therapy, but the
role of quantitative PCR for monitoring therapy
requires further clarification. Recent data suggest
that with combination treatment (pegylated interferon
and ribavirin) in genotype 1 disease, if at 12 weeks the
HCV RNA load has not fallen by >2 logj units, the
likelihood of a sustained viral response is very low and
treatment could be discontinued, with the benefits of
cost savings and a reduction in the inconvenience and
side-effects of treatment (Davis, 2002).

Virological monitoring of patients receiving anti-
CMYV therapy is important. Not only does a high viral
load predict CMV disease in a number of risk groups,
such as solid organ transplant recipients (Fox et al.,
1995), HIV-infected patients (Spector et al., 1998) and
congenitally infected newborn infants (Revello et al.,
1999), but persistent viraemia following the onset of
therapy, or virological relapse on therapy, is associated
with continuing disease. Conversely, in bone marrow
transplant recipients treated with ganciclovir preemp-
tively, clearance of viraemia can be used as a guide to
stop therapy (Einsele et al., 1995). Controversy exists
over optimum methods for monitoring for CMV
disease (qualitative vs. quantitative), ideal specimens
(plasma or whole blood/leukocyte fraction), and
defining threshold values that correlate with active
disease rather than latent infection. These issues need
to be taken into account for each risk group in
choosing an appropriate method of monitoring.

In all cases of antiviral drug monitoring using
qualitative or quantitative molecular assays, a rebound
in viral load or failure to suppress viral replication may
reflect reduced drug susceptibility. In these cases, it
may be appropriate to undertake drug susceptibility
assays, and these are described later.

Prediction of Transmission

It is reasonable to assume that a high viral load within
an individual will predict transmission to another.
Studies on vertical HIV transmission suggest that the
mother’s viral load is a better indicator of vertical
transmission than CD4 cell count (O’Shea et al., 1998).
The HIV viral load has been shown to be the main
predictor of heterosexual transmission in a study of
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HIV-discordant couples in Uganda (Quinn ez al.,
2000). A high HIV load in genital secretions is also
associated with efficient heterosexual HIV transmis-
sion (Chakraborty et al., 2001). Mother-to-infant
hepatitis C transmission is independently associated
with a high hepatitis C virus load (Dal Molin et al.,
2002), and similarly, in a study of 155 HIV and HCV
co-infected women, the maternal plasma HCV RNA
was significantly higher in those who transmitted HCV
to their offspring compared to those who did not
(Thomas et al., 1998). Hepatitis B e antigen (HBeAg)
has long been used as a surrogate marker of a high
HBYV virus load, and therefore high risk of mother-to-
infant transmission, in pregnant women. Increasingly
studies are detecting significant levels of HBV DNA in
HBeAg-negative individuals (Berger and Preiser,
2002). Following a number of incidents of transmis-
sion of hepatitis B from HBeAg-negative health care
workers (HCWs), recent guidance (HSC 2000/020)
has extended the role of HBV DNA monitoring in the
UK, as HCWs with a DNA load of >103 genome
equivalents/ml are now excluded from practising
exposure-prone procedures.

Use of Viral Genetic Analysis for Transmission
Events and Epidemiology

Viral genome sequencing is now a standard method for
establishing transmission events. This uses the nature
of viral quasispecies, in that genetic relatedness
between viruses is sought against a background of
variation. In such investigations, the choice of gene
targets to amplify and sequence is important, and

results must be subject to the correct statistical and
phylogenetic analysis if strong evidence for a transmis-
sion event is to be demonstrated. This approach is
particularly important in the investigation of HCWs
infected with blood-borne viruses, such as HBV (Ngui
and Teo, 1997, Zuckerman et al., 1995) and HIV
(Blanchard ez al., 1998).

Sequence relatedness between different virus isolates
is also essential for virus classification. The data used
to generate phylogenetic trees are usually derived from
conserved genes, such as those coding for viral enzymes
or structural proteins. This type of analysis has been
used recently to develop a new classification of the
Retroviridae  (http://www.ncbi.nlm.nih.gov/ICTVdb/
Ictv/fs_retro.htm).

Antiviral Drug Resistance

Resistance has been documented to virtually all
compounds with antiviral activity, and the emergence
of antiviral resistance in clinical practice should come
as no surprise. Drug susceptibility is a biological
concept, and defined by the concentration of drug
required to inhibit viral replication. Thus, drug
resistance is not ‘all-or-none’ but rather a quantitative
measure. The genetic basis of this resistance is
becoming well understood, and thus specific viral
genetic mutations are associated with resistance.

As the use of these drugs increases, there will be
increasing pressure on diagnostic laboratories to
provide assays to determine the cause of drug failure,
of which drug resistance is one. Laboratory assays for
drug resistance fall into two major categories:

Table 1.9 Advantages and disadvantages of phenotypic and genotypic antiviral drug resistance assays

Advantages Disadvantages
Phenotype Represents sum of all mutations Expensive

Quantitative assessment of resistance Labour-intensive

(ICsp, 1Cy5) Slow
Can assess cross-resistance Selection of culture-adapted strains
(not with recombinant virus assay)

Genotype
(a) Selective (e.g. point mutation Quick Difficult to interpret single mutation in absence of

assay, line probe)

(b) Sequencing Rapid

Comprehensive information
Background polymorphisms detected

Relatively inexpensive (PMA)
Semiquantitation (PMA)

other information

Expensive

Labour-intensive

Expertise in genomic analysis required

Simultaneous mutations not necessarily on same
genome
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phenotypic and genotypic assays. Their relative
advantages and disadvantages are summarised in
Table 1.9.

Phenotypic Assays

The plaque reduction assay is used widely for
herpesviruses and remains the gold standard for
detecting HSV, CMV and VZV drug resistance. In
essence, a specific titre (plaque-forming units) of virus
is inoculated onto a permissive cell monolayer, usually
within a multiwell plate. These monolayers are over-
laid with increasing concentrations of drug in a
semisolid medium, thus preventing extracellular virus
spread. The plaque reduction associated with drug
inhibition can then be calculated, with results
expressed as ICsy or ICyy (concentrations of drug
required to inhibit virus production by 50% and 90%,
respectively). Alternative methods for HSV include the
dye uptake method which quantitates viable cells
within a viral infected monolayer. The time-consuming
nature of VZV and CMYV culture techniques has led to
the development of rapid culture methods, using viral
antigen detection or genome detection to assess drug
efficacy (Pepin et al., 1992). All these assays produce
different ICsy values on the same isolates, and
standardisation is therefore required.

Plaque assays have also been developed for HIV,
making use of a CD4-expressing HeLa cell line
(Chesebro and Wehrly, 1988). This assay is easy to
use but is limited to syncytium-inducing isolates and
cannot be used to assess protease inhibitor activity.
The most standardised of HIV susceptibility assays
uses PBMCs in which to grow the isolate in question,
in the presence of drug. The end-point in this primary
cell assay is p24 production (Hollinger et al., 1992).
However, this is a very labour-intensive assay, which is
impractical for routine clinical use. A more interesting
development in the area of HIV susceptibility assays is
the recombinant virus assay, whereby PCR product
amplified directly from plasma virus is recombined
with an HIV clone lacking the relevant gene (Hertogs
et al., 1998). These fragments can include the RT gene
protease gene and gag cleavage sites, and the resulting
recombinant can then be screened for susceptibility to
a range of drugs. Since the background clone of virus
used grows rapidly in culture, this method is more
rapid than conventional phenotypic assays, and holds
much promise for the future. Appropriate phenotypic
assays will require development as new classes of
antiretroviral drugs become available, targeting such
stages as viral fusion with the host cell.

Phenotypic assays are clearly important, since they
reflect global determinants of drug resistance. A
criticism is that they require propagation of a virus
stock before the assay is undertaken. This process is
selective itself, and may lead to the final susceptibility
assay being carried out on an unrepresentative species.
On the other hand, PCR-based phenotypic assays
suffer from the same genetic selection limitations as
genotypic methods.

Genotypic Assays

An understanding of the genetic basis of drug
resistance and the availability of automated and non-
radioactive methods of nucleic acid sequencing have
enabled widespread assessment of clinical isolates with
reduced viral susceptibility. These methods are used
most commonly for HIV drug resistance, and will
become important for poorly cultivatable viruses, such
as HBV and HCV. Genotypic assays for drug
resistance in CMV have also been developed (Bowen
et al., 1997).

Detection of individual mutations. A number of
groups have described selective PCR or point mutation
assays (PMAs) for HIV, HBV and CMV resistance-
associated mutations. In the selective PCR assays,
PCR primers are synthesised that selectively hybridise
to a wild-type or mutant target (Kozal et al., 1993).
The PMA is based on the specific detection (by
radioactivity or colorimetry) of one of four bases
extending the 3’ end of a primer, complementary to the
wild-type or mutant sequence (Kaye et al., 1992). One
particular advantage of the PMA is the ability to detect
mixtures of genotypes within a viral population with a
sensitivity of less than 10%. These assays are most
appropriate when the mutation in question is clearly
associated with resistance, such as the detection of
lamivudine-resistance mutations in HBV by a real-time
PCR method (Cane et al, 1999). Since multiple
mutations may be associated with resistance, especially
in the context of combination therapy for HIV, the
implications of a single mutation may change, making
interpretation of a PMA difficult. To some extent this
can be overcome by the application of a range of
PMAs to one PCR product. Further, the ability to
detect small proportions of a particular mutation
within a viral quasispecies is a further advantage of
these assays.
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Table 1.10 A typical protocol for virological monitoring of transplant recipients

Pretransplant Donor serology:

Recipient serology:
Posttransplant Weekly surveillance

(3 months):

Symptoms Specimens
Respiratory Throat swab

BAL

Blood
Gastrointestinal Biopsy, stool, blood
CNS CSF

Blood
Urinary tract (haemorrhagic Urine

cystitis)

HIVAb, HCVAD, HBsAg, HBcoreAb, CMVAb, EBVAb

HIVADb, HCVADb, HBsAg, HBcoreAb, CMVADb, EBVAD,
HSVADb, VZVAb

CMYV viraemia (PCR, antigenaemia)

Possible causes
CMV,
RSV, parainfluenza

Techniques
Virus isolation/PCR
Immunofluorescence/virus isolation

HSYV, influenza

Adenovirus, CMV PCR

CMV, HSV Virus isolation/PCR
Adenovirus PCR and EM
Rotavirus (rare)

CMV, JC (rare) PCR

CMV PCR

Adenovirus, BK PCR, EM

BAL, bronchoalveolar lavage.
Risk factors for specific viruses differ between transplant groups.

Significance of CMV viraemia during routine surveillance depends on nature of prophylaxis given.

Line probe assays. These assays are available
commercially for HIV mutations. An RT-PCR pro-
duct is hybridised to multiple probes attached along a
solid-phase strip. The visual signal generated by such
hybridisation allows a range of possible mutations to
be detected and compared with a standard (Stuyver et
al., 1997). Problems with this assay include a lack of
signal due to viral genome polymorphism in the
hybridisation region. In addition, strips need almost
constant updating in order to detect mutations
conferring resistance to new drug combinations.

Restriction fragment length polymorphism as-
says. Based on the common ganciclovir resistance
mutations within the UL97 (kinase) gene of CMV, a
system has been devised involving two PCR reactions
and restriction digests of the products to detect one or
more of these mutations from clinical isolates. This
system detects some 70% of currently recognised
UL97 mutations, and can function as a useful screen-
ing assay (Chou et al., 1995).

Nucleic acid sequencing. Recent advances in auto-
mated sequencing, such as the use of capilliary
sequencers, allows for high throughput within a
clinical laboratory setting. This has been most widely
utilised for HIV drug resistance assays, but is
appropriate for all functions such as the study of
nosocomial transmission events. The biggest challenge
that this technique provides is the manipulation and
analysis of the data provided. Sequence editing is
required, and subsequent sequence interpretation.
With regard to HIV drug resistance, the identification

of key resistance mutations and interpretation of drug
susceptibility pattern is variable, depending on the
software systems utilised. When based on PCR-
amplified product from the plasma, as they usually
are, these techniques provide information only on the
majority population within the quasispecies and
cannot identify specific linkages between two or more
mutations, i.e. they cannot exclude different mutations
existing on separate genomes.

RECOMMENDED INVESTIGATIONS

Making an accurate virological diagnosis is critically
dependent on receiving adequate and appropriate
specimens relative to the onset of symptoms and the
clinical presentation. All swabs and tissue samples
should be placed into virus transport media, and if
sample transport is delayed, samples should be stored
at 4°C or on wet ice (for a maximum of 24 h). It is the
role of the clinical virologist to decide on the most
appropriate investigations for any given clinical
scenario. Laboratory request forms are important in
this respect, and should encourage documentation of
full clinical details. The practice of sending a serum
sample to the virology laboratory accompanying a
request for a ‘screen’ should be strongly discouraged.
In the light of assay developments and identification of
new viruses, clinical protocols require constant updat-
ing. There is an increasing emphasis on direct and
rapid detection of viral causes of disease, in contrast to
retrospective serological diagnosis, and this is to be
encouraged. Not only is this important for clinical
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management, but it also leads to a higher rate of
positive identifications.

A special emphasis on the immunocompromised
patient population is required, since they may experi-
ence life-threatening viral infections, which may
present atypically. Ongoing antiviral prophylactic
therapy may also distort the nature and timing of
presentation. Table 1.10 highlights a typical set of
protocols for the monitoring of transplant recipients.
Precise protocols will depend on the patient group
concerned, availability of laboratory facilities and, of
course, budgetary constraints. Nevertheless, in the
context of high-risk patients, such as those receiving
long-term chemotherapy or transplants, the overall
cost of virological investigations will be relatively
small.

The time of retrospective viral diagnosis has gone, to
be replaced by rapid techniques which impact directly
on patient management. More competition for health
care resources means that new techniques are intro-
duced at the expense of more traditional methods with
limited clinical use. Clinical virologists are having to
work more closely with their clinical colleagues to
establish new diagnostic criteria, develop protocols for
use of antiviral drugs, and for monitoring of those
patients with persistent infections. The diversity of
diagnostic methods now available makes communica-
tion between physicians and clinical virologists more
important than ever before.
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The Herpesviridae are a large family of enveloped
double-stranded DNA viruses. To date, more than 130
members of the family have been identified. These
viruses have been found in almost every species in
which they have been actively sought, including both
warm- and cold-blooded species, vertebrate and
invertebrate. Some species appear to be the host of
only one member of the Herpesviridae, whilst others
harbour multiple viruses (e.g. 16 herpesviruses have
been found in cercopithecine spp., and nine equid
herpesviruses are known). The viruses are clearly
ancient pathogens which have co-evolved with man
and other species over more than 200 million years
(McGeogh and Davidson, 1999).

Viruses included in the family Herpesviridae have a
double-stranded DNA genome of 80-150 million Da
molecular weight. The DNA has up to 200 potential
open reading frames, and functional characterisation
of these viral genes by the generation of virus mutants
and observation of the resultant change in phenotype
has been extensively explored in order to further
understanding of herpesvirus replication and patho-
genesis (Wagner et al., 2002). The genome, tightly
wound in the form of a torus, is enclosed within an
icosadeltahedral capsid (triangulation number, 7= 16),
100-110 nm in diameter. The capsid is composed of 12
pentavalent capsomers and 150 hexavalent capsomers.
The hexagonal capsomeres (7.5 x 12.5nm in size) have
a central channel 4 nm in diameter running from the
surface to the inside of the nucleocapsid. An envelope
surrounds the nucleocapsid. This has a typical
trilaminar appearance in thin section electron micro-
scopy. Numerous glycoprotein spikes project from the
envelope, these being more numerous and shorter than

are found on the surface of other enveloped viruses.
The glycoprotein spikes provide important antigenic
determinants that distinguish individual members of
the group. Between the nucleocapsid and the envelope
is an amorphous electron dense area, the tegument.
This is believed to have an ordered structure and
contain proteins that are important to the virus in
controlling host cellular functions immediately follow-
ing virus penetration of the host cell. The overall
diameter of the enveloped particle is 120-300 nm,
depending upon the particular virus and the prepara-
tion method utilised for examination in the electron
microscope.

Following infection of their natural host, the viruses
establish a latent infection that persists for the life of
the host. In the latent state only a small subset of the
viral genes are expressed. Reactivation, with expres-
sion of viral proteins and production of progeny virus,
may occur at intervals to produce recurrent infection.
This allows virus transmission to new, susceptible
hosts. Individual members are well adapted to their
natural host and exhibit little or no ability to cause
cross-species infection. The viruses encode an array of
enzymes involved in nucleic acid metabolism (e.g.
thymidine kinase, DNA polymerase, ribonucleotide
kinase) and in processing of proteins (e.g. protein
kinases). The replication and assembly of progeny
virus occurs in the host cell nucleus and capsids are
enveloped as they transit through the nuclear mem-
brane. The host cell is ultimately lysed as a result of
virus infection.

Several members of the Herpesviridae have strong
oncogenic associations, the most notable among the
human herpesviruses being the associations of Human
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Table 2.1 Properties of the human herpesviruses

Virus Site of latency G+C Genome Sequence*
(moles %) (kb pairs)
Human herpesvirus 1 Sensory nerve ganglia 68 152 X14112
Human herpesvirus 2 Sensory nerve ganglia 69 154 786099
Human herpesvirus 3 Sensory nerve ganglia 46 125 X04370
Human herpesvirus 4 Leukocytes, epithelial cells 60 172 V01555
Human herpesvirus 5 B lymphocytes 57 229 X17403
Human herpesvirus 6 A T lymphocytes (CD4 "), epithelial cells 43 159 X83413
Human herpesvirus 6B T lymphocytes (CD4"), epithelial cells 43 162 AF157706
Human herpesvirus 7 T lymphocytes (CD4™) 36 153 AF037218
Human herpesvirus 8 B lymphocytes, epithelial cells 59 170 U75698**

*European Molecular Biology Laboratory Accession Numbers (http://www.embl-heidelberg.de).
**Sequence lacks a 3kb region at the right end of the genome that was refractory to cloning.

herpesvirus 4 (Epstein—Barr virus) with nasopharyngeal
carcinoma and Burkitt’s lymphoma, and Human
herpesvirus 8 with Kaposi’s sarcoma and abdominal
cavity B cell lymphomas in AIDS patients.

The Herpesvirus Study Group of the International
Committee on the Taxonomy of Viruses divided the
Herpesviridae family into three subfamilies, the Alpha-,
Beta- and Gammaherpesvirinae (Roizman et al., 1995),
broadly on the basis of differences in the biological
properties of the various viruses (Tables 2.1 and 2.2).
This classification was made before the DNA sequence
of individual members of the Herpesviridae was known.
The Study Group subsequently classified a small
number of herpesviruses into genera based on more
objective parameters, such as: the conservation of genes
and gene clusters and their relative position in the
genome; the presence and distribution of nucleotides
that are subject to methylation; and genome sequence
arrangements (Figure 2.1). The latter difference is
particularly distinctive: six different structural forms of
virion DNA have been identified among members of the
Herpesviridae (reviewed by Roizman and Pellet, 2001),
differing in the presence and location of reiterations of
terminal sequences of greater than 100 base pairs.

A formal binomial nomenclature is not currently
applied in classification of the Herpesviridae. The
International Committee on the Taxonomy of Viruses
(van Regenmortel et al., 2000; ICTVdB, 2002) agreed
that herpesviruses will be described by serial number
and the family or subfamily in which the natural host
of the virus is classified (e.g. Bovine herpesvirus 1,
Cercopithecine herpesvirus 1). Each subfamily is
divided into a series of subgenera. The subfamily
Alphaherpesvirinae contains two genera—Simplexvirus,
exemplified by Human herpesvirus 1; and Varicello-
virus, exemplified by Human herpesvirus 3. The
subfamily Betaherpesvirinae contains three genera—

Table 2.2 Biological properties of Herpesviridae

Common properties

e Large, linear, double-stranded DNA genome

e Synthesis of DNA and assembly of capsid within the
nucleus, acquire envelope by budding through nuclear
membrane

e Specify a large array of enzymes involved in nucleic acid
metabolism and synthesis

e Production of progeny virus results in destruction of the
host cell

e Establish latency in their natural host

Alphaherpesvirinae

e Variable host range

Short reproductive cycle

Rapid spread in cell culture

Efficient destruction of infected cells

Establish latency primarily but not exclusively in sensory
ganglia

Betaherpesvirinae

e Restricted host range (a non-exclusive property of this
subfamily)

e Long reproductive cycle

e Infection progresses slowly in culture, frequently forming
enlarged (cytomegalia) cells

e Latency in secretory glands, lymphoreticular cells,
kidneys, and other tissues

Gammaherpesvirinae

e Experimental host range limited to family or order of
natural host

e [n vitro replication in lymphoblastoid cells

e [n vivo replication and latency in either T or B
lymphocytes

Cytomegalovirus, exemplified by Human herpesvirus 5
(human cytomegalovirus); Muromegalovirus, exempli-
fied by Murid herpesvirus 1; and Roseolovirus,
exemplified by Human herpesvirus 6. The subfamily
Gammaherpesvirinae contains two genera—Lympho-
cryptovirus, exemplified by Human herpesvirus 4



THE HERPESVIRIDAE 25

5
VZV UL H—.
HHV-7 jp—ot -
UL us
Hsv-1, -2 |l .
HHV-6A, -6B UL
HHV-8 Vi g Y2 g Ys U
EBV - lmmm Y SIS
UL us
CMV | ] T
0 50 100 150

Molecular weight x 10-°

Figure 2.1 Diagram to illustrate the arrangement of sequences found in human herpesviruses. The blocks indicate reiterated
sequences, the single lines are unique sequences designated as UL for unique long sequence, and US for unique short sequence or
U1-4 illustrate the four unique regions found in HHV-8 and EBV genomes

Table 2.3 Classification of the Human herpesviruses

Official name Subfamily Genus

Trivial name and abbreviation

Human herpesvirus 1

Alphaherpesvirinae

Simplexvirus
Simplexvirus
Varicellovirus
Lymphocryptovirus
Cytomegalovirus

Herpes simplex virus type 1 (HSV-1)
Herpes simplex virus type 2 (HSV-2)
Herpes varicella zoster virus (VZV)
Epstein—Barr virus (EBV)

Human cytomegalovirus (CMV)

Human herpesvirus 2 Alphaherpesvirinae

Human herpesvirus 3 Alphaherpesvirinae

Human herpesvirus 4 Gammaherpesvirinae
Human herpesvirus 5 Betaherpesvirinae

Human herpesvirus 6 A Betaherpesvirinae

Human herpesvirus 6B Betaherpesvirinae

Human herpesvirus 7 Betaherpesvirinae -

Human herpesvirus 8 Gammaherpesvirinae

Roseolovirus
Roseolovirus

Rhadinovirus

HHV-6A

HHV-6B

HHV-7

Kaposi’s sarcoma-associated herpesvirus (KSHV)

(Epstein—Barr virus); and Rhadinovirus, exemplified by
Samiirine herpesvirus 2.

There are presently nine members of the Herpes-
viridae known to infect man (Table 2.3). These viruses
are distributed worldwide and no animal reservoirs
of infection have been identified for any of these
viruses. The official names, Human herpesviruses 1-8,

are seldom utilised, with the exception of Human
herpesviruses 6A, 6B, 7 and possibly 8, and the
viruses are more usually known by their vernacular
(common) names (i.e. HHV-1 and 2, herpes simplex
virus types I and 2; HHV-3, herpes varicella zoster
virus; HHV-5, human cytomegalovirus; HHV-4,
Epstein—Barr virus). One further member of the
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Herpesviridae, Cercopithecine herpesvirus 1 (common
name ‘B’ virus), is known to occasionally infect man
(Huff and Barry, 2003). Transmitted by the bite of
an infected monkey, the virus may cause an
ascending myelitis that can progress to a fulminant
demyelinating encephalopathy.

The reclassification of Human herpesvirus 6 as two
distinct species was based upon the finding that all
HHYV-6 strains analysed could be segregated into one
of two subtypes. Type B is the major aetiologic
agent of exanthem subitum while type A has no
clear association with human disease. The subtypes
differ in in vitro cell tropism, reactivity with
monoclonal antibodies and T cell clones, and in
nucleotide sequence. Subtypes of other herpesviruses
have been described, e.g. Epstein—Barr virus (HHV-4;
EBV). The two EBV variants, EBV-1 and EBV-2,
differ only in a small number of genes and the
variants do not occupy discrete ecologic niches. By
contrast, HHV-6A and HHV-6B show differences
across their entire genomes; they differ in their
epidemiology and association with disease, and
recombination between viruses has not been
described in nature.
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THE VIRUSES

Human herpesvirus 1 (herpes simplex virus type 1;
HSV-1) and Human herpesvirus 2 (herpes simplex virus
type 2; HSV-2) are members of the family Herpesvir-
idae, subfamily Alphaherpesvirinae, genus Simplexvirus.
Man is the only natural host, although a wide range of
primates and non-primates can be infected under
artificial (laboratory) conditions. Infection with either
virus may be clinically inapparent or may produce
symptoms which range from the mild and trivial to
those of severe disease. During this infection, the virus
establishes latency in the nuclei of nerve cells in the
local dorsal root ganglion. At intervals throughout the
life of the host the virus may reactivate (i.e. produce
recurrent infection) and is either shed silently or
produces overt symptoms. In immunocompromised
individuals both primary infection and recurrent
infection may be severe and life-threatening.

Morphology

The morphology of the viruses as seen by electron
microscopy (EM) is similar for all members of the
Herpesviridae (Figure 2A.1). By negative staining,
transmission electron microscopy (EM) the virus
particle often appears to be pleomorphic. However,
the pseudo-replica EM technique reveals a spherical
virus particle 150-200nm in diameter with four
structural elements:

e An electron-opaque core.

e A protein capsid, surrounding the virus core,
comprised of 162 capsomeres.

e An amorphous tegument surrounding the capsid.

e An outer envelope with spikes on its surface.

The core is composed of linear double-stranded DNA
packaged in the form of a torus. Data derived from
electron micrographs suggests that the DNA is
physically stabilised within the capsid by a series of
protein fibrils embedded on the inner surface of the
capsid and passing through the central hole of the
torus. The ends of the genome are probably held in
close proximity within the capsid, since the DNA
rapidly circularises soon after it enters the host cell
nucleus.

The viral capsid (100—110 nm in diameter) is a closed
shell in the form of an icosadeltahedron (7'=16) with
162 capsomers arranged as 12 pentamers (vertices) and
150 hexamers (face and edges). Using high-resolution
cryo-EM and computer image reconstruction techni-
ques, the three-dimensional structure of empty capsids
of HSV-1 has been determined to a resolution of
approximately 8.5 A (Zhou et al., 2000). There appear
to be four viral proteins (VPs 5, 19c, 23 and 26)
aggregated as pentons and hexons that are associated
with polypeptide triplexes to form the nucleocapsid.
The interior of the capsid is accessible via trans-
capsomeric channels (tubes) formed by the polypeptide
arrangement of the pentons, hexons and holes at the
base of each triplex. These openings are postulated to
play a role in the transport of genomic DNA and
scaffolding proteins during capsid morphogenesis.

Between the capsid and envelope is the tegument, an
amorphous structure as visualised in thin section EM,
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Figure 2A.1 Enveloped virus particle, HSV-1
but with a fibrous appearance on negative staining.
The tegument contains at least 12 proteins that are
believed to have important functions in the early stages
of virus replication following penetration of the host
cell by the virion.

The virus envelope has a typical trilaminar appear-
ance and is thought to be derived from patches of host

PRINCIPLES AND PRACTICE OF CLINICAL VIROLOGY

cell nuclear membrane modified by the insertion of
virus glycoprotein spikes. Numerous such spikes may be
observed on the surface of the envelope, with lengths
ranging from 8 to 24 nm (Stannard et al., 1987).

REPLICATION

The viruses are characterised by a short (18-24h)
replicative cycle that is cytolytic. Initial attachment
and penetration of the host cell is mediated via the
glycoprotein spikes of the virus envelope. These spikes
have been extensively investigated (Table 2A.1) and the
major antigenic differences between HSV-1 and HSV-2
relate to the type-specific epitopes found on certain of
these glycoproteins (Bergstom and Trybala, 1996).
Studies with deletion mutants, purified glycopro-
teins, peptides and monoclonal antibodies show that in
vitro, at least four of the 11 virion glycoproteins are
essential for virus entry to a host cell and for egress
from the infected cell. Initial attachment of HSV-1
appears to be mediated via glycoprotein C (and to a
lesser extent by glycoprotein B) and initial attachment
of HSV-2 by glycoprotein B (Chesenko and Herold,
2002). These glycoproteins bind to glycosaminoglycan
moieties of cell surface heparan sulphate or, on cells

Table 2A.1  HSV glycoproteins

Glycoprotein Gene? Essential for virus  Function

nomenclature' infectivity?

gB U, 27 Yes gB is essential for viral entry. It forms a dimer and induces
neuralising antibody

eC U, 44 No Involved in cell attachment and may have a role in blocking
the host response to infection

gD Ug6 Yes Required after attachment of virus to cell, to allow virus entry
into the cell

gE Ug8 No Complexes with gl. Binds Fc portion of antibodies

G Ugs4 No Involved in entry, egress and spread from cell to cell

gH U, 22 Yes Forms complex with gL. Role in entry, egress and cell-cell spread

gl Ug7 No gl and gE form a complex for transport to plasma membrane
where the Fc receptor is expressed

gl Ugs No Minor glycoprotein reported role in blocking apoptosis

gK U, 53 No Required for efficient egress (viral exocytosis)

gL U, 1 Yes Forms complex with gH, which is required for transport of gH
and gL to plasma membrane and for viral entry mediated by gH

M U, 11 No Necessary for efficient encapsidation and exocytosis

Viral glycoproteins are named sequentially by letter as glycoprotein A, glycoprotein B, etc. The missing sequence letters (e.g. gA,
gF) reflect earlier misidentification of precursors of glycoprotein species as the actual virion glycoprotein. There are a further two
(the products of genes U, 20 and U, 34), and possibly more, non-glycosylated viral proteins inserted in the membrane.

Gene or transcriptional unit: Ug= unique short sequence of the genome; U; =unique long sequence.

SInformation from in vitro experimentation with HSV-1. All glycoproteins are essential in wild-type virus. In cell culture only some
functionality can be dispensed with. Requirement of glycoprotein, non-essential in routine cell culture, can be demonstrated under
specialised conditions, e.g. gC is essential for attachment to the apical surface of polarised MDCK cells; gl is essential for

basolateral spread of virus in polarised cells.
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devoid of heparan sulphate, equivalent glycosamino-
glycan moieties of other cell surface proteoglycans,
such as chondroitin sulphate. Initial attachment is
followed by the binding of glycoprotein D to a co-
receptor belonging to one of several cell surface
molecules (including a member of the tumour necrosis
factor family, members of the immunoglobulin super-
family or an O-sulphated form of heparan sulphate).
Attachment to the host cell activates a process
mediated by the virion surface glycoproteins that
induces a pH-independent fusion of the virion envel-
ope and cell plasma membrane. This process probably
involves several, if not all, of the virion surface
glycoproteins. Fusion results in the introduction of
tegument proteins and viral nucleocapsid into the cell
cytoplasm. Subsequently host macromolecular meta-
bolism is rapidly and efficiently shut down. Host DNA
synthesis ceases, protein synthesis declines rapidly,
ribosomal RNA synthesis is reduced and host protein
glycosylation ceases. There are at least 12 tegument
proteins, and whilst the function of a number of these
is not understood, they are all believed to act directly
or indirectly to produce early shut-off of host
macromolecular synthesis and to contribute to the
early events of replication. The virion-associated host
shut-off protein (vhs) appears to remain in the
cytoplasm, where it causes the disaggregation of
polyribosomes and degradation of cellular and viral
RNA. Conversely, some tegument proteins are
believed to facilitate attachment of the nucleocapsid
to nuclear pores and facilitate release of viral DNA.
The nucleocapsid is transported through the cyto-
plasm to a nuclear pore via microtubules of the cell
cytoskeleton. On arrival at a nuclear pore, virus DNA
is released from the capsid into the nucleus of the cell,
where it immediately circularises. To initiate transcrip-
tion, the circularised DNA binds a host cell protein
(OCT-1), the tegument protein a-trans inducing factor
(a-TIF), an additional host cell factor designated Cl1,
and other transcriptional factors to promote the
expression of o (or ‘immediate early’) genes—the first
set of viral genes to be transcribed (Roizman and
Knipe, 2001). Viral gene expression is regulated and
sequentially ordered as a cascade (x—p—v). The five o
gene products are regulatory proteins, their expression
is required for the production of all subsequent
polypeptide groups. The proteins serve to trans-
activate B and y gene expression and to turn off both
o and early y gene expression (other domains of the
viral genome are transcribed under ‘o’ conditions
including the ‘latency-associated transcript’ LAT-1; see
below). Viral DNA is transcribed throughout the
replicative cycle by host RNA polymerase II.

The expression of the [ genes results in the
production of enzymes involved in nucleic acid
metabolism (ribonucleotide reductase, thymidine
kinase, thymidilate synthetase, alkaline DNase, dUT-
Pase, etc.) and in DNA synthesis (DNA polymerase,
helicase, primase, etc.). Peak rates of synthesis of 3
gene products are observed 5-7h post-infection, and
when sufficient levels of these proteins have accumu-
lated within the infected cell, viral DNA replication
commences. Early (o) gene expression is significantly
reduced following the start of DNA replication, while
late genes begin to be expressed at high levels. HSV
DNA is believed to replicate by a rolling circle
mechanism, yielding a concatomer that must be
subsequently cleaved to package genome lengths of
DNA within the nucleocapsid.

The synthesis of nucleocapsid and all other struc-
tural proteins occurs when y gene expression is induced
by B gene products. HSV capsids are assembled
around viral scaffolding proteins in the nucleus, and
other viral proteins then interact with replicated viral
DNA to allow DNA encapsidation. The tegument
proteins also migrate to the cell nucleus and form
patches underneath the modified nuclear membrane.
The DNA-filled capsids proceed to associate with
tegument (matrix) proteins near the nuclear mem-
brane. Virus glycoproteins undergo extensive post-
translational modification during transit through the
Golgi apparatus; they then become inserted in the
nuclear and other cellular membranes. Mature nucleo-
capsids bud through the nuclear membrane at these
points and acquire their envelope and tegument. The
virion is released from the infected cell by transit
through the cisternae of the rough endoplasmic
reticulum of the Golgi apparatus and cytoplasmic
transport vesicles. Productive infection of a cell results
in the destruction of the host cell, through the major
structural and biochemical changes induced by the
replication of the virus.

PATHOGENESIS

Terminology

A primary infection refers to the first experience of
HSV-1 or HSV-2 infection by a susceptible individual.
If a person already infected with one type of virus (e.g.
HSV-1) becomes infected with the other virus type (e.g.
HSV-2), then the infection is described as an initial
infection. During primary infection and during initial
infection the virus establishes a latent infection of
sensory nerves at the local dorsal root ganglion.



30 PRINCIPLES AND PRACTICE OF CLINICAL VIROLOGY

Subsequent reactivation of latent virus results in
recurrent infection. If someone already infected with
HSV becomes infected with the same strain of virus
but at a different site to the usual site of recurrent
infection (e.g. transfer of HSV-1 from a cold sore to
the eye), then the infection at the new site is described
as an endogenous reinfection. Finally, it is possible that
a person already infected with HSV may be reinfected
with the same type of virus. Infection in this case is
described as exogeneous reinfection.

Overview

Man is the only natural host of HSV. While animal
studies have provided, and continue to provide,
significant insights into the pathogenetic mechanisms
of HSV infection of humans, it is important to
appreciate that no animal model can exactly mimic
human HSV disease.

The transmission of HSV requires direct contact
between a susceptible individual (usually antibody-
negative) and a person actively shedding the virus.
Transfer of virus is achieved by infection of mucosal
surfaces or by entry through abrasions or cuts in the
skin. Virus replication occurs at the site of infection
and produces a short-lived viraemia. This primary
infection is usually inapparent, but in a minority of
cases may lead to localised and even systemic
symptoms. The site of infection is mainly determined
by the route of transmission of the virus from the
infected to the susceptible host. For HSV-1 it is
the buccal cavity and oropharynx, and for HSV-2 the
genital mucosa. However, HSV-1 and HSV-2 may
infect at either of these sites.

Latency is central to the success of HSV as a human
pathogen; it permits persistence of the virus in the
presence of a fully developed immune response and
life-long infection of the host. As a result of periodic
reactivation of latent virus and the production of
recurrent infection, virus shedding and transmission of
infection to susceptible individuals occurs at intervals
throughout life, allowing the virus to persist in
populations with high levels of herd immunity.

During the primary or initial infection, the virus
comes into contact with the cutaneous receptors of
local sensory nerves. It attaches to and penetrates the
nerve cell via these receptors. Once internalised, the
nucleocapsid moves to the perikaryon, utilising the
normal cellular retrograde axoplasmic flow. Viral
DNA is released, enters the nucleus and immediately
circularises. Viral gene expression is then tightly

restricted, so that the usual cascade of gene expression
and the cytopathic results of productive infection do
not occur. A latent infection of the nerve cell is
established. In the latent state the virus is believed to
exist as extrachromosomal circularised DNA (analo-
gous to plasmids). No virions can be detected and no
viral antigens appear to be expressed on or within the
latently infected cell. The host immune response to
infection rapidly eliminates virus and virus-infected
cells from peripheral sites but does not recognise
latently infected nervous tissue as harbouring virus,
since no viral antigens are expressed.

The site of virus latency is related to the site of
primary infection; for HSV-1 the trigeminal ganglia,
and for HSV-2 the sacral ganglia, are the most
common sites. Other dorsal root ganglia, including
the superior cervical, vagal and geniculate ganglia,
may also harbour virus. Although primary HSV-1
infection of the genitalia and primary HSV-2 infection
of the oropharynx are often reported, recurrent
infection of the genitalia by HSV-1 and recurrent
orofacial infection by HSV-2 are uncommon. Infre-
quent reactivation is not thought to be due to a failure
by HSV-1 to establish latent infection in cells of the
sacral ganglia, or of HSV-2 to fail to establish latent
infection in cells of the trigeminal ganglion, since the
respective genomes of the viruses have been detected at
these sites. The inhibition seems to be at the level of
effective viral gene expression in relation to the
particular environment of these sites. Sensory nerve
ganglia may not be the only sites of latency of HSV.
Using molecular techniques for the detection of viral
nucleic acid, evidence for latency within the cornea,
brain and other (non-neuronal) sites is accumulating.

Latently infected neurones apparently contain no
viral protein but do contain numerous virus-specified
RNA transcripts—the so-called latency-associated
transcripts (LATs). Mutant viruses that do not
produce LATs (i.e. LAT~) are also capable of
establishing latency. Thus, the production of LAT
transcripts alone is insufficient to explain the establish-
ment of latency. The maintenance of the HSV genome
in latently infected neurones appears to be passive, in
that it does not require any other viral gene expression
or gene product. In latently infected individuals, 0.2—
4.3% of neurones in the human trigeminal ganglia
have been found to harbour viral DNA (Cohrs and
Gilden, 2001) and latently infected neurones seem to
harbour more than one viral genome per cell. It is
possible that low levels of replication of the viral
genome occur, since in animal experiments the
numbers of copies per cell appears to increase with
time. Such low-level replication may be important for
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the maintenance of latency and to allow reactivation.
A host-dependent origin of DNA replication has been
identified within the viral genome (Sears and Roizman,
1990) and thus host cell enzymes could effect viral
protein expression-independent replication of the viral
DNA in latently infected neurones.

The LAT intron is stable within the latently infected
cell nucleus and, whilst LAT-negative viruses are
capable of establishing latency, these viruses, which
can lack LAT, a LAT promoter, or a 348 bp sequence
in the 5 end of LAT, exhibit reduced efficiency of
reactivation. However, a full understanding of the role
of LATs and of other molecular events involved in
latency remains elusive. Among the many functions
ascribed to the LAT introns are: downregulation of
genes that are lytic; blocking the transcription of the
gene encoding ICPO (a potent gene transactivator);
enabling reactivation from the latent state; mainte-
nance of virus in the latent state; and protection of
neurones from apoptosis.

Reactivation of latent virus produces recurrent
infection. A variety of non-specific ‘triggers’ for this
process have been described, e.g. injury to tissue
innervated by the latently infected neurones, emotional
or physical stress, menstruation, ultraviolet light,
hormone imbalance. However, the molecular basis of
such ‘triggering’ is not understood. A conceptual
difficulty is that productive herpes simplex infection
is cytolytic. If the usual process of virus replication
were followed in nervous tissue, then an individual
experiencing frequent reactivation over a period of
years might be expected to experience local loss of
sensation through the progressive depletion of sensory
nerves. The damage might also be compounded
through the action of the immune system, because in
a productive infection virus antigens are expressed on
the infected cell surface, rendering the infected cell
‘visible’ to the immune system. Various models have
been proposed to explain this process, although none is
entirely satisfactory. It seems likely that, upon
reactivation, virus replication is so thoroughly con-
trolled that only a few virions are produced, with no
expression of virion glycoproteins on the cell surface
(thereby permitting the cell to escape immune-
mediated cytolysis). Viral genes interfere with apopto-
sis to prevent cell death and the cytopathology
associated with normal productive infection is thereby
prevented. In this way the neurone may be able to
survive repeated episodes of reactivation.

Studies of HSV-1 infection of cultured human
embryonic dorsal root ganglion cells (Lycke et al.,
1988) suggest that egress of virus from sensory nerves
is accomplished via anterograde axoplasmic flow in

transport vesicles. The released virus infects adjacent
skin cells, replicates, and infects further cells by cell-to-
cell passage, leading to the distinctive lesions of
recurrent HSV infection.

The Immune Response to Infection

Data derived from animal experimentation suggests
that the host genetic make-up has an important role in
determining immune responsiveness and disease
pathogenesis. In man, despite numerous reports that
have alternately suggested or refuted human leukocyte
antigen (HLA) associations with HSV infection, there
is no firm evidence to either confirm or deny HLA
involvement in disease pathogenesis. Recovery from
HSV infection and the control of reactivated virus
infection involves all components of the immune
system, acting in concert as an immune ‘network’
(Jerne, 1976). Macrophages, specific T cell popula-
tions, complement, specific antibodies and lymphokine
and cytokine responses all have an important role in
the immune response to HSV infection.

Humoral Immunity

Western blot and radio-immune precipitation experi-
ments show that serum from patients recovering from
severe HSV infection may contain antibody to all the
structural (virion) proteins of HSV. The actual number
and quantity of antibodies detected correlate with the
severity of infection and in mild infection only a
restricted number of antibodies may be detectable.
The immune response is principally directed to the
glycoprotein spikes (Table 2A.1) found on the virion
envelope and on the surface of virus-infected cells.
Neutralising and cytolytic antibodies may be detected,
glycoprotein D being the most potent inducer of
neutralising antibody. In a primary infection, an IgM
subclass response is detected just before, or at the same
time as, an IgG and IgA immune response. The
response is relatively short-lived but IgM antibody
may also be detected during recurrence, rendering
serological differentiation of primary from recurrent
infection difficult. Both IgG and IgA antibody persist,
although the IgG antibody response is of greater
magnitude. Repeated HSV recurrences lead to a
gradual boosting of antibody levels but individual
reactivation events or even reinfection may not result
in a significant increase in circulating antibody. The
presence of serum antibody may not protect from
reinfection, and neither the quantity nor the range of
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reactivity (i.e. the lack of antibody to a particular virus
protein) appears directly to influence either the
frequency or severity of reactivation events.

The early immune response to HSV is relatively
type-specific but ‘later’ antibody is more broadly cross-
reacting. Monoclonal antibody studies show that both
type-common and type-specific epitopes may be found
on virion glycoproteins. As a major part of the humoral
immune response is directed to virion glycoproteins, the
change from type specificity with time presumably
reflects temporal changes in the relative preponderance
of antibodies to type-specific and subsequently type-
common epitopes on the virion glycoproteins.

Cell-mediated Immunity

The cellular immune response to infection involves a
complex interaction of natural killer cells, macro-
phages, T lymphocytes and associated cytokines.
During initial or primary infection, the appearance of
non-specific inflammatory changes coincide with the
peak of viral replication. Delayed type hypersensitivity
reactions may be detected that are followed by a
cytotoxic T lymphocyte (CTL) response and the
appearance of IgM and IgG specific antibodies.
When virus reactivates from latency and produces
lesions, there is a swift infiltration of natural killer cells
and CD4 T cells, followed by CD8 T cells. High levels
of B-chemokines and T cell cytokines are also found.
CTL activity peaks with CD4 activity and correlates
with viral clearance (Koelle and Corey, 2003).

The majority of adults can be shown to be HSV-
seropositive and are therefore presumed to harbour
latent virus. About 45% of this population give a
history of herpes labialis. Some may recall only one
recurrence, whilst others report frequent episodes. If
seropositive persons with no history of herpes labialis
are monitored, silent virus shedding may be shown to
occur at intervals. Differences in humoral immune
status fail to explain these observations. In a compar-
ison of persons with infrequent recrudescence of
orofacial herpes and those with frequent recurrence
(10 or more episodes per year), only differences in
HSV-specific T cell proliferation, interferon-y produc-
tion and levels of HSV-specific IgE could be
demonstrated between the two groups (McKenna et al.,
2001). In those suffering frequent recurrence, the immune
response is apparently both delayed and less effective
than those with infrequent recurrences and is manifest
as less effective control of HSV in the periphery
following reactivation from latency. The reasons for the
appearance or non-appearance of clinical symptoms

and the severity of these symptoms are therefore
probably explained in terms of an early and effective local
cellular immune response. Support for this hypothesis is
found in patients with known cellular immune
deficiencies, where herpes labialis occurs frequently
and is a very much more severe and prolonged disease.

Virus-induced Modulation of the Immune
Response

In cell culture experiments in vitro and in animal
experiments, HSV-1 has been shown to be capable of
preventing apoptosis in differentiated cells. Premature
death of a virus-infected cell presents one of a range of
possible host responses to prevent the spread of virus
to other, as-yet uninfected, cells. The products of genes
that map to the long unique component of the viral
genome, particularly the y34.5 gene (Chou and Roizman,
1994), appear to be involved in this process. The viral
glycoproteins expressed on the surface of the infected
cell provide further modulators of the immune defence.
The complex of glycoproteins E and I (Table 2A.1)
produces an Fc receptor which binds monomeric 1gG
molecules. Glycoprotein E, by itself, provides a further
type of Fc receptor binding polymeric IgG molecules.
Glycoprotein C has been shown to bind the C3b
component of complement, possibly through mimicry
of the C3b receptor CR1. The effect of these molecules
is presumably to interfere in antibody interaction with
infected cells and virions and complement-mediated
and antibody-dependent cytotoxic T cell destruction of
virus-infected cells. A further effect of HSV is to
prevent the induction of CD8" T lymphocytes. It is
known that HSV-induced epithelial lesions contain a
disproportionately high number of CD47" cells and
relatively few CD87 cells. It appears that the product
of the 047 gene of HSV renders cells resistant to the
activity of CD8 " lymphocytes by retaining MHC class
1 molecules in the cytoplasm, resulting in a lack of
peptide presentation on the cell surface (York et al.,
1994). In addition, a wide variety of HSV-induced
mechanisms operate to interfere in antigen presenta-
tion and processing, in modulating interferon
production and in interfering with its action and that
of other chemokines and cytokines (reviewed by Koelle
and Corey, 2003).

Pathogenesis in Immunocompromised Patients

Congenital deficiencies in humoral immunity (hypo-
gammaglobulinaemia, or even agammaglobulinaemia)
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do not appear to be significant risk factors for serious
primary or recurrent HSV disease. Congenital defi-
ciencies in CMI may, however, be associated with
severe HSV disease. The risk of serious disease varies
with the particular immune deficit, e.g. patients with
congenital athymic aplasia (Di George syndrome) do
not appear to be at particular risk, whilst those with
severe combined immune deficiency, such as the
Wiskott—Aldrich syndrome, are. These differences
emphasise the complex interplay of the immune
network in controlling HSV infection. Severe HSV
disease is also observed in infants, children and adults
with deficiencies in CMI induced by ‘therapy’. These
include recipients of cytoxic chemotherapy (e.g. for
cancer) and recipients of major organ grafts. The
severity of HSV disease in these patients is related to
the type and degree of immunosuppression. Severe
primary and recurrent HSV infections also occur in
patients with AIDS.

EPIDEMIOLOGY

HSYV has a worldwide distribution and is endemic in all
human population groups examined. There do not
appear to be any animal reservoirs for the infection.
The rate of infection and the timing of primary
infection differs for HSV-1 and HSV-2, reflecting the
differences in the major modes of transmission of the
two viruses.

Primary HSV-1 Infection

Primary HSV-1 infection usually occurs when a
susceptible individual comes into close, intimate
contact with an individual who is actively shedding
the virus. Thus, infants become infected when their
parents or relatives kiss them; adolescents who escape
infection in infancy are usually infected later by
kissing. Infection in an infant is likely to be missed
or dismissed as ‘teething’. In adolescents, infection is
more commonly symptomatic but rarely severe.
Because the majority of primary infections are
asymptomatic, epidemiological data collected by
observation of clinically apparent disease provide
only a partial measure of its true incidence. For
accurate data collection, serological studies must be
employed.

The broad principles of the sero-epidemiology of
primary HSV-1 infection were established in the classic
study of Burnet and Williams (1939) and have since

been confirmed in numerous studies. Burnet and
Williams showed that in the first 6-9 months of life,
infants escape infection by virtue of passively trans-
ferred maternal immunity. Later, infants become
infected and develop HSV IgG antibody. The majority
of these seroconversions occur during the first 5 years
of life and those who escape infection in infancy
undergo seroconversion during adolescence or early
adulthood. A relationship between the age of acquisi-
tion of the virus and socioeconomic status was also
found. Populations associated with a low socio-
economic environment collectively exhibited earlier
acquisition of HSV infection than more affluent
populations, although in both groups 90-95% infec-
tion rates were observed by early adulthood and
primary HSV-1 infection was a rare event in those of
> 30 years of age.

In recent years sero-epidemiological studies have
shown that in developed countries there has been a
lowering in the overall prevalence of HSV-1 antibody
(rates of 70% or lower are often reported among 30—40
year-old adults). However, even within individual
countries, there are wide variations of seroprevalence,
e.g. inner city residents generally exhibit higher
seroprevalence rates than those from rural areas. The
major mediator of seroprevalence is the frequency of
direct person-to-person contact. In crowded areas (e.g.
disadvantaged inner city areas) seroprevalence is
highest; in affluent, rural areas, seroprevalence is
lowest. On a worldwide basis, however, overall rates
of 90-95% seroprevalence are still commonplace in
adult populations.

Primary HSV-2 Infection

HSV-2 transmission is apparently less efficient than
that observed for HSV-1. The principal route of
transmission is sexual activity. Although some infants
acquire HSV-2 infection, in most cases primary
infection is delayed until the onset of sexual activity
in adolescence and early adulthood. At this time the
majority will have already experienced primary infec-
tion with HSV-1 (i.e. infection with HSV-2 often
causes an initial rather than a primary infection).
Because of the shared antigenicity of HSV-1 and HSV-
2, HSV-1 immunity may be partially protective and
not all those exposed to HSV-2 will necessarily become
infected. Also, since transmission usually involves
sexual contact, the number of exposures to the virus
will inevitably be lower than the number of exposures
to HSV-1 infection.
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A major problem in determining the sero-epidemiol-
ogy of HSV-2 infections has been the lack of well-
characterised methods to differentiate HSV-1 and
HSV-2 antibody. Only very recently have relevant
assays become available on a commercial basis (see
section on Diagnosis, below). The data collected to
date suggest that the major influence on acquisition of
HSV-2 infections is, as might be expected for a sexually
transmitted virus, the number of sexual partners. Rates
of up to 95% seroprevalence have been reported in
some female commercial sex workers. In the general
population there are wide differences in seroprevalence
between different patient groups and even between
apparently similar social groups in different cities.
Women are generally infected at an earlier age than
men, and rates of infection in women are higher for all
age groups up to and including those of 45 or more
years of age. Studies among genitourinary medicine
clinic attendees suggest that only in homosexual men
do the rates of infection with HSV-2 match those
found in women. Although even in this context, it is
not until age 4045 that equivalent rates are observed.
The majority (80% or more) of those found to be
HSV-2 antibody-positive cannot recall primary infec-
tion with the virus and either do not recall, or are
unaware of, recurrent genital herpes, emphasising that,
as with primary HSV-1 infection, the majority of
primary infections are mild and clinically ‘silent’ (Van
de Laar et al., 1998).

The Changing Sero-epidemiology of HSV
Infections

The changing sero-epidemiology of HSV-1 infections
in developed countries has meant that primary eye
infections with HSV are now infrequent in children but
much more frequent in young adults. Young adults
entering the world of work are also more frequently
susceptible to primary herpes. In addition, HSV-1 is
now much more commonly seen in association with
genital herpes. In some UK studies 40-60% of isolates
of HSV from first-episode genital herpes have been
found to be due to HSV-1.

Recurrent HSV-1 and HSV-2 Infections

Both silent and overt (i.e. symptomatic) recurrences of
HSV-1 and HSV-2 infection occur. Thus, without
continuous monitoring of a cohort (by virus isolation

studies), accurate data on rates of recurrence cannot be
obtained. Only 38-45% of an adult population (in
whom seroprevalence rates of 90-95% are reported)
will give a history of recurrent herpes labialis.

The frequency of recurrence of genital HSV-2
infection (up to 60%) is higher than that observed in
HSV-1 herpes labialis, although the number of lesions
produced per episode and their duration are generally
shorter. The rate of recurrence is believed to be slightly
higher in men than in women, with rates of up to 2.7
and 1.9 episodes per 100 patient-days, respectively.

Endogenous and Exogenous Reinfections

Reinfection, recognised by the appearance of lesions at
another body site, e.g. infection of the finger (herpetic
whitlow), can occur at any age. Differentiation of
endogenous and exogenous reinfection can only be
accomplished by examination of viruses obtained from
distinct sites and demonstration of genetic polymorph-
ism by restriction enzyme analysis or sequencing of a
region of their respective DNAs.

CLINICAL FEATURES

Oropharyngeal and Orofacial Infection

In a symptomatic, primary, HSV infection of the
oropharynx, gingivostomatitis is the most common
symptom. The incubation period ranges from 2 to 12
days, with a median of 4 days, and the duration of
clinical illness is 2-3 weeks. The spectrum of severity
ranges from the trivial, involving the buccal and
gingival mucosa, to severe, painful, ulceration of the
mouth, tongue, gingivae and fauces. In severe disease,
shallow ulcers on an erythematous base evolve from
vesicles and often coalesce, particularly on the mucosa
of the cheeks and under the tongue. The ulcers are
observed on the hard rather than the soft palate—a
feature that may help differentiate herpetic ulcerations
from those caused by the coxsackieviruses (‘herpan-
gina’). In young children the skin around the mouth is
frequently involved. Submandibular lymphadenopathy
and fever (39—40°C) are common and may produce
febrile convulsions in children. A moderate lympho-
cytosis (up to 7000/mm?) and mild neutropenia are
frequently observed. Elevated liver enzymes are noted
in occasional cases. Acute gingivostomatitis is a self-
limiting disease and resolution begins abruptly. The
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lesions become painless and inflammation subsides.
Intraoral ulceration progresses to healing, although
crusting of lesions, as seen in resolving cutaneous HSV
infection, is not usually observed. The patient becomes
afebrile and symptoms regress rapidly, although
lymphadenopathy may persist for several weeks.

Other symptoms that may be associated with primary
infection include sore throat, mild conjunctivitis, nausea
and vomiting, myalgia and abdominal discomfort.
Dehydration and anorexia may result through the
pain and oedema of the mucosal membrane infection,
with its associated mouth discomfort and difficulty in
swallowing. Older patients may experience a pharyn-
gitis associated with a mononucleosis syndrome (up to
20% atypical lymphocytes) and submandibular lym-
phadenopathy. The tonsils are also frequently found to
be ulcerated during this pharyngitis.

The oral disease can be associated with lesions
elsewhere. Herpetic dermatitis, nasal herpes, ocular
herpes, herpetic whitlows and even genital herpes are
not infrequent complications of primary HSV infection
of the mouth. These probably represent endogenous
reinfections caused by auto-inoculation from the site
of primary infection.

Recurrent infection, triggered by a variety of
apparently non-specific stimuli (such as fever, stress,
cold, menstruation and ultraviolet radiation) appears
as a fresh vesicular eruption termed ‘herpes labialis’,
‘herpes febrilis’, ‘fever blisters’ or ‘cold sores’. The
most frequent site is at the border of the lips but lesions
may appear elsewhere, e.g. on the chin, cheek and on
or inside the nose. Their appearance is usually
preceded by a prodrome of tingling or itching at the
site where recurrence will occur. In the immunocom-
petent, the area of involvement is usually small and
vesicles progress to the pustular and crusting stage
within 3—4 days (Figure 2A.2). The time for complete
healing is variable (5-12 days, mean 7.5 days).

Asymptomatic oral shedding of HSV can occur and
is occasionally preceded by a prodrome similar to that
associated with overt herpes labialis. Recurrent intra-
oral ulcers are only rarely caused by HSV. In the few
instances where reactivation of HSV is responsible,
lesions are limited to the gingivae and the hard palate.
Severe cellular immune deficiency can, however, lead
to extensive ulceration of the mouth and involve the
pharynx and oesophagus.

Genital Infection

In comparison to primary infection of the oropharynx,
primary genital infection is often a more severe clinical

disease that may last for up to 3 weeks. Fever, dysuria
associated with urethritis and cystitis (with urinary
retention in a proportion), localised inguinal adeno-
pathy and malaise are common. A prominent feature
of primary genital herpes is pain, which, especially in
women, may be severe. In women the lesions are
located principally on the vulva but the vagina and
cervix are almost always involved. The lesions may
extend to the perineum, upper thigh and buttocks. In
men, vesicular lesions with an erythematous base are
observed on the glans of the penis or on the penile
shank. Perianal and anal infections, producing procti-
tis, are common in homosexual men. Secondary
microbial infections often follow primary genital
HSV infection and their occurrence necessitates
appropriate antimicrobial therapy.

Rarer complications of genital HSV infection
include aseptic meningitis and sacral radiculomyelitis
with urinary retention and attendent neuralgia. Pri-
mary (maternal) genital herpes occurring at or around
the time of birth may produce severe neonatal
infection (see below).

In recurrent genital herpes a limited number of
vesicles are produced and their appearance is usually
associated with a localised irritation, rather than with
significant pain. In comparison to herpes labialis,
recurrent lesions in the perineal area tend to be more
numerous and can persist longer than their oral
counterparts. New vesicles often appear during the
course of a recurrence, and delay healing. The mean
healing time in recurrent genital herpes may be up to
15 days, compared to an average of 7.5 days in
recurrent oral disease. Complications (neurological or
systemic) associated with recurrent infections are rare.
Although HSV-1 is increasingly found as a cause of
genital infection, recurrence of genital HSV-1 is
infrequent, averaging about one episode per year in
the first year and reducing thereafter. This contrasts
with calculated rates of recurrence of HSV-2 genital
herpes of 3-9 episodes per year. Overall, about 60% of
patients known to have had primary infection will
report recurrence, although, as serological surveys of
HSV-2 seroprevalence indicate, this is probably an
overestimate, since many of those shown to be HSV-2-
seropositive are not aware of their infection.

Ocular Infection

The early symptoms of herpes keratitis are of a
unilateral or bilateral conjunctivitis, with pre-auricular
lymphadenopathy. The most common first
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presentation is, however, of a unilateral, characteristic,
dendritic (branching) ulcer (Figure 2A.3). The normal
course of the disease is 3 weeks but if ulcers are large,
healing can be slow. Mild systemic disturbances,
blepharitis and circumocular herpetic dermatitis are
commonly present during the primary infection.
Infection may occur as a part of a primary infection
but most cases are thought to represent an endogenous
reinfection caused by auto-inoculation from the site of
a recurrent infection. Almost all cases are due to HSV-1.
In the UK new HSV infections of the eye are estimated
to occur at a rate of 8.4/100000 person-years, the
overall incidence of new and recurrent ocular HSV is
20.7/100 000 person-years and the prevalence of ocular
HSV is 1.5 cases/1000 population.

A single recurrence of ophthalmic infection is
observed in 20-30% of patients within 2 years of the
first infection. Subsequent recurrences are less com-
mon but if a second recurrence does occur, then
further recurrences will be observed in 40-45% of
these cases. There are several forms of recurrent
ophthalmic infection that may occur in combination.
Dendritic or larger ‘geographic’ ulcers are usually the
first manifestation of recurrence, with the patient
complaining of ocular irritation, lacrimation, photo-
phobia and sometimes blurring of vision. Infection is
usually confined to the superficial layers of the cornea
and stromal involvement is absent or only relatively
mild. Days or weeks after the recurrent infection, the
corneal epithelium may ulcerate to form a nondescript
ovoid ulcer, known as post-infectious or metaherpetic
keratitis. Virus replication does not appear to be
directly responsible for the production of this ulcer. If
the ulceration is prolonged (weeks and months)
collagenolytic activity may appear, leading to stromal
melting and perforation.

Repeated and severe epithelial disease recurrence or
chronic epithelial keratitis leads to involvement of the
deeper layers of the cornea, producing interstitial or
disciform keratitis. Neo-vascularisation and scarring
may ultimately lead to loss of vision. In developed
countries, ocular HSV disease is the most common
cause of corneal blindness (Liesegang, 1989).

The observation of recurrent infection of the cornea
raises questions as to extraneuronal sites of latency of
HSV. Restriction endonuclease analysis of viral DNA
isolated from successive ocular recurrences suggests
that the same strain of virus is involved in each
recurrence. Repeated auto-inoculation of the virus
from a cold sore seems unlikely and virus latency in the
ophthalmic division of the trigeminal ganglion, and
spread to the cornea in the tear film might not explain
the recurrence of virus infection in the same region of

the cornea in each episode. Thus, extraneuronal virus
latency within the cornea has been suggested. Using
the polymerase chain reaction (PCR) it has proved
possible to demonstrate HSV DNA within corneal
cells of both normal and diseased corneal tissues
obtained at keratoplasty. Moreover, infectious virus
has been isolated using co-cultivation techniques from
corneas obtained from patients with stromal herpes
keratitis. These observations do not in themselves
prove that corneal latency of HSV occurs (they might
reflect low-grade virus persistence, rather than latency)
and further work will be required to allow firm
conclusions to be drawn.

The influence of the immune response in control of
ocular infection is an additional area of interest in the
pathogenesis of ocular HSV infection. Because of the
unique anatomy and physiology of the eye, the local
immune response to infection may differ from that
occurring at, for example, cutaneous sites. The lack of,
and/or relative overproduction of, individual compo-
nents of the immune response undoubtedly influences
disease pathogenesis at this site.

Recurrent iridocyclitis and occasionally panuveitis
may be caused by HSV. Iridocyclitis, produced by
intraocular inflammation, is often observed in associa-
tion with active herpes keratitis. It may be due to direct
involvement of the virus or may be secondary to the
irritative effects of keratitis. Acute retinal necrosis
caused by HSV-1, or less commonly by HSV-2, is a
severe ocular inflammatory syndrome associated with
a poor (visual) prognosis. The presentation is usually
unilateral but will progress to involve the fellow eye,
even after extended periods of time. Suppressive
antiviral therapy is therefore warranted for all patients
suffering this complication of HSV infection of the eye.

Ophthalmic disease associated with intrauterine and
neonatal infection with HSV can present as kerato-
conjunctivitis or later as chorioretinitis. However,
cataract, corneal ulceration, anterior uveitis, vitritis,
optic atrophy, nystagmus, strabismus, microphthalmia
and retinal dysplasia have all been reported in
association with such infection. Ocular manifestations
are more common in those infected in utero than in
those infected intra- or post-partum.

Neonatal Herpes

The reported incidence of neonatal herpes varies from
extremes of 1 case in 2500 live births (Alabama, USA;
Whitley, 1993) to 1.65 per 100000 live births reported
in a UK survey (Tookey and Peckham, 1996). In many
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parts of the world neonatal herpes is, or has been,
predominantly caused by HSV-2. In a recent European
review, however, 73% of cases were found to be due to
HSV-1 (Gaytant et al., 2002). The difference between
the incidence of neonatal herpes and the type of virus
causing neonatal herpes observed in Europe was not
explained in terms of the seroprevalence of HSV-1 and
HSV-2 antibodies among pregnant women. The
frequency of neonatal herpes did not increase over an
observation period of 17 years when rates of genital
herpes simplex infection were increasing. Furthermore,
under-reporting of cases of neonatal herpes was
thought unlikely, as the number of clinical virology
laboratories serving the population increased more
than two-fold during the period. Factors other than
genital herpes must presumably be involved. The
difference in rates of HSV-1-caused and HSV-2-caused
neonatal herpes perhaps reflects the changing sero-
epidemiology of HSV infections (see above), with
increasing numbers of primary HSV-1 infections
occurring at term and increases in post-natal acquisi-
tion of virus. In the largest US systematic study of
neonatal herpes, involving the monitoring of more
than 58 000 live births over a 17 year period to 1999
(Brown et al., 2003), 18 cases were identified, eight due
to HSV-1 and 10 due to HSV-2.

Primary or initial maternal infection during the first
or second trimester of pregnancy is not associated with
significant risk to the developing foetus. However,
congenital infection has been documented, the risk
increasing when infection occurs during the third
trimester. This intrauterine infection can lead to foetal
loss or an infant born with overt disease. Premature
rupture of the membranes can lead to ascending
infection from an infected birth canal, and again an
infant can be born with overt disease. Most commonly,
infection is acquired during passage through an
infected birth canal and disease is evident 3-21 days
(mean 12 days) post-delivery. Infection can also occur
as a result of transmission of oral herpes from the
mother, her relatives or hospital staff in the immediate
post-delivery period. In this situation disease may
appear up to 28 days post-partum.

Symptoms at presentation can range from the very
severe, associated with high mortality, to the relatively
mild, which nonetheless can be a cause of significant
residual morbidity. Most mothers bearing children
who develop neonatal herpes do not have genital
lesions at delivery and in up to 50% of cases the
neonate may have no obvious skin lesions. American
studies (Whitley, 1990) suggest that there are three
types of disease presentation: those presenting with
lesions of the skin, eye and mouth (evident 4-5 days

post-partum); those with neurological symptoms
(appearing by day 17-18); and those with disseminated
disease (apparent 11-12 days post-partum). The latter
form of the disease carries the highest mortality,
sometimes presenting as a picture of fulminant liver
failure or as multi-organ failure, including CNS, lung,
liver, adrenals, eyes and skin. Skin, eye and mouth
disease may progress to involve the CNS or become
disseminated. In the absence of specific antiviral
therapy, mortality exceeds 80% in disseminated
disease and exceeds 50% in those with CNS symptoms
only. Both forms of disease are associated with severe
morbidity. Babies exhibiting only skin, eye and mouth
infection may suffer permanent ocular damage and
most will, if followed for a sufficient period of time,
eventually show some sign(s) of neurological impair-
ment. All HSV infections identified in the neonatal
period therefore warrant antiviral therapy.

The diagnosis of neonatal herpes must not rely
solely upon examination of CSF. Investigation of CSF
for HSV DNA in the skin, eye and mouth form of the
disease is positive in only 24% of cases. This rises to
76% in neonatal herpes presenting as CNS symptoms
and 93% in those with disseminated disease. Appro-
priate investigation of a potential case of neonatal
herpes entails examination of blood, urine and skin or
vesicle swabs, as well as CSF.

Primary maternal genital herpes poses the greatest
threat to the neonate, although recurrent genital
herpes is also a risk. In the study of Brown et al.
(2003) four of the eight neonates with HSV-1-caused
neonatal herpes were due to primary maternal HSV-1
infection and four were due to recurrent HSV-1. Of the
10 with HSV-2-caused discase, seven were due to
primary or initial HSV-2 infection and three to
recurrent maternal HSV-2 infection.

Herpes Simplex Encephalitis

The most common presentation of herpes simplex
encephalitis (HSE) is of a focal encephalopathic
process with signs and symptoms that localise to the
frontotemporal and parietal areas of the brain. As the
disease progresses, symptoms increase in severity and
there is progressive decrease in consciousness, leading,
in severe cases, to coma and death. In the majority of
patients there is a history of a ‘flu-like’ illness occurring
at some time in the 2 weeks preceding the appearance
of neurological symptoms. Herpes encephalitis occurs
in all age groups and with the same frequency in both
men and women. There is no seasonal variation in
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incidence and cases occur sporadically. Because of under-
reporting, precise estimates of the incidence of HSE are
not possible, but estimates range from about 1 case per
million population per year to 1 case per 200 000. Most
cases are caused by HSV-1, with HSV-2 causing 2—
6.5% of cases. In the immunocompromised, ‘classical’
herpes encephalitis appears to occur at the same rate as
in the immunocompetent, although in AIDS patients an
atypical, subacute encephalitis associated with either
HSV-1 or -2 has been identified in 2% of cases studied
at autopsy, usually in association with a concurrent
CMYV infection of the CNS (Cinque et al., 1998).

The onset of disease may be either abrupt or
insidious. In the early stages, signs and symptoms of
the infection may not be distinctive. Electroencephalo-
graphic examination (EEG) will usually reveal non-
specific slow-wave activity during the first 5-7 days of
illness. Later, more characteristic paroxysmal sharp
waves or triphasic complexes with a temporal pre-
dominance can be found. Low-density lesions are
demonstrable by X-ray computed axial tomography
(CAT) in about 70% of cases, within 5 days of the
onset of neurological illness. Proton magnetic resonance
imaging (MRI) has the potential to detect abnormalities
that may not be revealed by routine CAT. MRI may
show fronto-basal and temporal lesions, as hypo-
intense lesions on T1-weighted images and hyperintense
lesions on proton density and T2-weighted images at an
carlier stage than changes can be detected by CAT.

The histopathological changes associated with
severe HSE consist of acute inflammation that evolves
to produce haemorrhagic and necrotising lesions. The
lesions are characteristically located in the temporal
lobes and orbital surface of the frontal lobes, but
adjacent frontal, parietal and occipital lobes and the
cingulate gyri may also be involved. Clinically, herpes
encephalitis ranges in severity from a mild encephalitis
of low mortality and morbidity to severe necrotising
encephalitis associated with both high mortality (70—
90% in the absence of specific antiviral chemotherapy
and expert neurological care) and high morbidity (with
only 10% of survivors returning to normal neurologic-
al function in the absence of antiviral chemotherapy).
Herpes encephalitis is, however, a treatable disease and
prompt initiation of chemotherapy, using the antiviral
drug aciclovir combined with intensive neurological
nursing care, results in a reduction of mortality to less
than 20% with up to 40% of survivors returning to
apparently normal neurological function. In some
patients there may be residual neurological deficit;
this may be severe, with impairment or complete loss
of short-term memory being the most commonly
observed sequelae.

In contrast to several other enveloped viruses,
including herpes varicella zoster, Epstein—Barr virus
and human cytomegalovirus (CMV), HSV does not
seem to be a significant cause of perivascular
leukoencephalopathy (‘post-infectious encephalitis’).
However, this disease has been reported to occur in a
minority of patients recovering from acute herpes
encephalitis. Five days to 3 weeks after apparent
recovery from acute encephalitis, the patient suddenly
develops a ‘relapse’ and a further bout of encephalitic
illness. In the small number of cases examined by brain
biopsy, no virus antigen has been detected and
histopathologically lesions are similar to those seen
in post-infectious encephalitis triggered by other virus
infections (i.e. significant demyelination and immune
cellular infiltration). Viral DNA is usually not detected
in the CSF and most patients survive and recover to at
least their level of disability following acute herpes
encephalitis.

The pathogenesis of herpes encephalitis remains
enigmatic. The structure of the vasculature within the
brain, together with the meninges surrounding the
brain, represent, in the physiologically normal host, a
significant barrier to virus entry to brain parenchyma.
Haematogenous spread of virus to the brain is usually
prevented by these blood—brain and blood—CSF
barriers. To gain access to the brain, the virus must
circumvent the physiological/anatomical barriers. The
virus may achieve this by transit from the periphery
within nerve cells. Various pathways have been
proposed, although in all probability no one route
explains all cases of herpes encephalitis.

During the early stages infection is principally of
neurones, with only occasional involvement of astro-
cyte and glial cells. The frontal and temporal lobes,
together with the associated limbic structures of
the brain, appear to be the primary targets of the
infectious process (Esiri, 1982) and has led to the
suggestion that this localisation reflects the particular
neurochemical and perhaps local neuroimmunological
environment of the limbic region (Damasio and Van
Hoesen, 1985). However, such localisation is not
observed in all cases and virus may spread to involve
other regions of the brain. The amount of HSV DNA
found in CSF appears to be correlated with prognosis,
in that the higher the viral load detected during the
acute stages of infection, the poorer the outcome.

Disease in the Inmunocompromised

Patients who are immunocompromised through defi-
cits in CMI are at risk of severe HSV infection, with
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the possibility of life-threatening, disseminated infec-
tion. Oral HSV infection can progress to extensive
necrotic mouth ulceration, with bacterial super-infec-
tion or haemorrhage in those with thrombocytopenia.
Equally severe, progressive genital HSV infections may
occur. Auto-inoculation may result in initial infection
at sites distant from the original focus. Cutaneous
dissemination can take place and may be clinically
indistinguishable from varicella. Visceral dissemina-
tion is also possible, with hepatitis, pneumonia and
encephalitis. Primary, recurrent and exogenous reinfec-
tions all pose a significant threat to such patients. In
organ transplant recipients, progressive disease may
involve the oesophagus, respiratory tract and even the
gastrointestinal tract, the severity of disease observed
in such patients being linked with the degree of
immunosuppression. In patients with HIV infection,
recurrent HSV infection may occur, with high fre-
quency at multiple sites, widespread cutaneous
distribution may occur and markedly prolonged
times to healing of lesions are observed. Prolonged
viraemia in such patients leads to multi-organ dis-
tribution, including dissemination to the CNS.

Prophylactic antiviral chemotherapy is now routine-
ly given to those receiving organ graft transplants and
HSYV has effectively ceased to be a major problem in
this group of patients, although antiviral drug resis-
tance has emerged as a significant difficulty. In patients
with HIV, combination anti-HIV therapy has signifi-
cantly reduced the prevalence of active herpes. For
those patients with HIV suffering frequent recurrence
of infection, suppressive antiviral therapy is used
selectively (see section on Treatment, below) as there
is some evidence that active HSV infection, in common
with other herpesviruses, can act as a co-factor in
AIDS, activating HIV and making it easier for HIV to
infect certain cells.

Herpes Simplex Meningitis

Herpes meningitis occurs in 4-8% of cases of primary
genital herpes. Women appear to be more frequently
affected than men. Symptoms include headache, fever,
stiff neck, vomiting and photophobia. The meningitis
usually resolves without complications within 2-7
days. HSV-2 is the most common cause, although
occasional cases of HSV-1 are reported in association
with primary genital HSV-1 infection. The use of PCR
for examination of CSF in diagnosis of cases of
suspected HSV meningitis has radically improved the
efficiency of diagnosis. PCR has also provided

evidence that most cases of Mollaret’s meningitis—a
benign recurrent aseptic meningitis characterised by
three to 10 episodes of fever and meningeal irritation
occurring over a period of years—are due to HSV-2
recurrent infection. For the management of such
cases, which are rare, patient-initiated specific anti-
viral therapy or suppressive antiviral therapy may be
appropriate.

Herpes Simplex Dermatitis; Herpetic Whitlows;
Traumatic Herpes; Herpes Gladiatorum

Herpetic dermatitis is a complication of primary
infection. Perioral or periorbital herpes simplex
regularly accompanies more severe primary gingivo-
stomatitis or primary/initial herpes keratitis. In babies,
seeding of the virus can involve large areas of the face
and, when transferred to the anogenital area by
scratching, may involve the whole napkin area. In
primary HSV vulvovaginitis, vesicles readily appear on
the perineum and thigh.

In patients with atopic eczema or with Darier’s
disease, the normal resistance of the skin to HSV
infection is reduced and primary, recurrent and
possibly both endogenous and exogenous reinfection
may produce eczema herpeticum. Eczema herpeticum
as a primary infection carries a small but significant
mortality through progression to severe generalised
disease.

Under normal circumstances HSV does not readily
penetrate healthy skin, but when the dermis is
breached a portal of entry is created. Health care
personnel are at particular risk of perforation injuries.
Direct inoculation of virus into the fingers of those
who constantly manipulate in the oral cavity (dentists,
dental nurses, intensive care doctors, nurses and
anaesthetists) lead to herpetic whitlows, inflammation
of the nail folds. A similar condition is seen in children
and adolescents who transfer their own oral virus
through nail biting. In other situations, workers such
as hairdressers, dressmakers and laboratory personnel
can be infected by accidental stab injuries with
contaminated needles or broken glassware (traumatic
herpes).

Herpes gladiatorum and ‘scrum pox’ are conditions
spread among wrestlers through bites or ‘mat burns’,
and among rugby players through bites and facial
scraping. The appearance of herpetic vesicles at
‘unusual’ sites can sometimes be explained by an
inquiry into the individual’s athletic pursuits!
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A distinct form of cutaneous infection, ‘zosteriform
herpes simplex’, is an infrequent presentation of herpes
simplex but is recognised when the distribution of HSV
lesions accords with a dermatome and otherwise
resembles zoster. Unlike zoster, nerve root pain is
not a feature.

Erythema Multiforme

Erythema multiforme is regarded as a hypersensitivity
phenomenon precipitated by a variety of infectious
agents, immunisations and drugs. The clinical lesions
are characteristic; acrally distributed erythematous
papules which evolve into concentric ‘target’ lesions;
annular plaques and bullae may also be produced.
Although usually mild and self-limiting, the disease
can be recurrent, progress to toxic epidermal necro-
lysis, or to severe mucous membrane involvement
(Stevens—Johnson syndrome). Mycoplasma pneumo-
niae and HSV are the infectious agents most
commonly associated as precipitants. Up to 65% of
patients with recurrent erythema multiforme give a
preceding history of herpes labialis, on average 11 days
before the lesions of the disease appear. Infectious
virus cannot be cultured from the lesions but immuno-
fluorescence studies have shown HSV glycoprotein B
located around keratinocytes in the viable epidermis,
PCR studies have detected HSV DNA in cutaneous
lesions, and in situ hybridisation has been used to
demonstrate HSV nucleic acids within the epidermis.

Erythema multiforme does not respond directly to
antiviral chemotherapy (HSV replication is apparently
a precipitant of the disease but not a direct cause of the
pathology) but cases of recurrent HSV-associated
erythema multiforme can be prevented by prophylactic
use of aciclovir. Some cases of idiopathic recurrent
erythema multiforme (i.e. where antecedent herpes
labialis is not suspected) also respond to prophylactic
use of aciclovir. This is perhaps consistent with a
preceding ‘silent’ recurrence of HSV.

DIAGNOSIS

The ability of HSV to establish latent infection
inevitably complicates diagnosis. A clinical role for
the virus in causation of disease is not established
simply because it is recovered from a patient. To
achieve meaningful diagnosis, a close collaboration
between clinic and laboratory is always necessary.

Light and UV Microscopy

In diagnostic virology, direct light microscopic exam-
ination of clinical material is now seldom used to
provide a diagnosis of HSV infection, although
histopathological examination remains an important
technique in the differential diagnosis of infection.
Staining of relevant tissue sections with specific
antibodies tagged with enzymes provides rapid and
specific localisation of virus. Rapid detection of HSV
in clinical material may be achieved by direct or
indirect immunofluorescence (IF) microscopy. Scrap-
ings from vesicles, impression smears or cryostat
sections of tissue biopsies all provide suitable specimens.

Electron Microscopy

Transmission electron microscopic examination of
negatively stained vesicle fluid presents one of the
most rapid methods for the detection of HSV.
Although not available in all diagnostic laboratories,
this procedure can be very helpful in establishing a
rapid, early diagnosis, particularly for immunocom-
promised patients or their contacts. The morphology
of HSV is characteristic, although HSV-1, HSV-2 and
herpes varicella zoster virus cannot be differentiated by
such direct examination. As the clinical management
of cutaneous lesions is similar, this is an academic
rather than a practical problem (exact typing can be
achieved by complementary techniques, such as
immunofluorescence or PCR). The technique is rela-
tively insensitive and a specimen must contain at least
10® or more particles per millilitre to allow detection of
virus. In practice, vesicle fluid from primary infections
will usually yield sufficient virus. Thin section electron
microscopy, sometimes combined with immunological
staining using gold-labelled specific monoclonal anti-
body, has a role in the examination of histological
material.

Virus Culture

HSV-1 and HSV-2 are among the easiest of viruses to
cultivate and propagate in the laboratory. A wide
range of both primary and continuous monolayer cell
cultures can be infected with HSV. Cytopathic effect
(CPE) develops within 1-7 days of inoculation. Both
ballooning degenerating cells and polykarocytes may
be observed. The CPE of HSV-1 and HSV-2 may be
rapidly differentiated by immunofluorescence staining
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of infected cells with type-specific monoclonal anti-
bodies.

Virus isolation in cell culture provides a highly
sensitive method for the detection of HSV but its
efficiency depends on the method of specimen
collection and the preservation of virus infectivity
between the patient and the laboratory. Vesicle fluid is
usually rich in virus, provided that the fluid is collected
from a ‘fresh’ vesicle. Virus is rarely isolated from
crusted vesicles. A cotton wool bud is used to swab
ulcers or mucous membranes in order to detach virus-
containing cells. To reduce loss of infectious virus
between the patient and laboratory, the swab is then
placed in a suitable transport medium. If there is delay
in transportation, the material should be maintained at
+4°C or immersed in liquid nitrogen. Cerebrospinal
fluid (CSF), biopsy or necropsy specimens are collected
into dry sterile containers and require no special
transport media. Such specimens should be trans-
ported and maintained at +4°C; they should not be
frozen. On arrival in the laboratory, they are inocu-
lated onto at least two different cell types. Biopsy or
necroscopy specimens are homogenised in a small
amount of transport medium prior to their inoculation
onto cell cultures. As for human cytomegalovirus
(DEAFF test), detection of virus growth in tissue
culture can be accelerated if the specimens are
centrifuged onto cells cultivated on small cover slips
and the cells are stained after 24 h with a monoclonal
antibody directed to HSV early antigen. Isolates of virus
may be readily typed as HSV-1 or HSV-2 by the use of
specific monoclonal antibodies tagged with fluorescein.

Immunoassay

A number of ELISA procedures are available for the
rapid detection of HSV. Whilst the specificity of these
procedures is high (ca. 98%) their sensitivity for the
detection of virus in acute vesicular lesions is only
about 80% and with material from crusting lesions may
reduce to less than 60%. In comparison to culture,
immunoassays offer an advantage where suboptimal
transportation of specimens to the laboratory has
resulted in loss of virus infectivity. This is because they
are not reliant upon the detection of infectious virus.

Nucleic Acid Detection

Direct hybridisation of clinical samples with radio- or
enzyme-labelled oligonucleotides has been used for the

direct detection of HSV but these techniques are now
seldom utilised, apart from in the examination of
histopathological materials (see section on In Situ
Hybridisation, below). A number of alternative nucleic
acid amplification or signal amplification techniques
have been applied to the diagnosis of HSV infection
but it is nucleic acid amplification, particularly the
polymerase chain reaction (PCR), that is most widely
applied. A wide variety of PCR techniques have been
used, including single, semi-nested and nested PCR
techniques with product detection via gel electrophor-
esis, Southern blotting or ELISA-like hybridisation.
More recently, ‘real-time’ PCR procedures have been
utilised. These allow direct detection of the products of
amplification ‘in real time’, are quantitative and
usually allow typing of HSV-1 and HSV-2 within the
same test.

Rigorous quality control and attention to detail are
essential for routine application of these techniques.
Many types of clinical samples contain substances that
prove inhibitory to the PCR reaction which, if not
efficiently removed, will result in the production of
false negative test results. The use of internal control
molecules within PCR tests is used to monitor for test
failure through test sample inhibition. Where internal
molecules are not available, the same check may be
performed by ‘spiking’ a sample with a known
amount of HSV or by checking for an alternative
human gene always expected to be present within a
clinical sample.

The intra- and extra-laboratory contamination of
samples with virus or amplicons may give rise to false
positive PCR results. This represents a significant
practical problem and requires careful consideration in
the design of PCR protocols. A particular considera-
tion in herpesvirus PCR is the possible detection of
DNA from (asymptomatic) recurrent herpesvirus
infections. This may create difficulties in defining the
clinical significance of a test result.

Sequencing of the products of PCR is a useful
method for the comparison of strains of virus detected,
e.g. from different bodily sites or from different
persons, and provides a more rapid method for
epidemiological investigation than the technically
demanding restriction-fragment polymorphic analyses
previously applied in such studies.

PCR has been most widely applied in the diagnosis
of herpes encephalitis and herpes meningitis. In retro-
spective studies conducted using stored samples of
CSF from proven cases of herpes encephalitis with
CSF taken during the acute stages of illness (< 10 days
after onset of neurological illness), PCR was found to
have a sensitivity of 95-100% and a similarly high
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specificity of 98-100%. In extended prospective studies
it is recognised that the PCR is not infallible and
negative results may be obtained with samples taken
early in the disease course (days 1-3 after onset of
neurological illness) or where aciclovir therapy has
been instituted prior to lumbar puncture. Caution is
therefore warranted in the interpretation of results and
an algorithm (Cinque et al., 1996; reproduced as
Figure 2A.4) emphasised the necessity of repeating the
lumbar puncture wherever negative test results were
obtained and the diagnosis was still in doubt. The

algorithm further mentioned the necessity of repeat-
ing the lumbar puncture at the end of therapy to
ensure full clearance of viral nucleic acid from the
CSF. It is important to emphasise that antiviral
chemotherapy and/or an intrathecal immune response
may clear viral DNA from the CSF, and the
reliability of PCR in diagnosis of herpes encephalitis
declines rapidly in the second week of diagnosis. PCR is
thus a valuable method during the acute stages of illness,
but its usefulness reduces 10-12 days after onset,
when measurement of specific intrathecal antibody
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HSE
Begin CSF tﬁke;n: for CT/MRI
2 L e | - HSV-DNA PCR ~f Chemistry
aciclovir - HSV-specific intrathecal ] ;
antibody (Ab) synthesis Microbiclogy
Repeat CSF
PCR-and/or][ PCR- and| . | HtSIlE |
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e acyclovir =
i Other diagnosis |
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{10-14 days)
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I - i Improve ‘-
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Figure 2A.4 Diagnostic algorithm for management of patients with suspected HSE. As patients may present with raised
intracranial pressure, immediate lumbar puncture may not be possible. In these circumstances commencement of aciclovir therapy
prior to lumbar puncture is warranted. Reproduced from Cinque et al. (1996), with permission from the BMJ publishing group
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responsiveness (see below) may be a more appropriate
diagnostic procedure.

The application of real-time PCR for the diagnosis
of herpes infection of the CNS has shown that a
sensitivity of 10-25 genome equivalents (copies)/ml
CSF is necessary to detect all cases of HSV infection of
the CSF. Initial CSF viral load varied between 2 x 102
and 2 x 107 for HSV-1 and 9 x 10 and 6 x 10° for HSV-
2 in one study (Linde et al., personal communication).
The amount of HSV DNA detected in the initial CSF
has been shown to correlate with disease severity.
None of nine patients with an initial viral load of > 103
genome equivalents/ml returned to normal neurologic-
al function, compared to five out of six whose initial
viral load was < 10° genome equivalents/ml (Domingues
et al., 1998), providing further emphasis of the role of
PCR in the diagnosis and management of HSV
infection of the CNS.

The availability of simplified and automated meth-
ods for sample extraction and assay set-up, coupled
with improved assays employing internal control
molecules to monitor possible sample-induced inhibi-
tion of PCR, has led to the more widespread uptake of
PCR in diagnosis of other HSV infections. This use of
automation coupled with real-time PCR procedures
has allowed PCR to become price-competitive with
virus culture. One of the major uses of viral isolation in
cell culture has been for confirmation of a diagnosis of
genital HSV infection. Increasingly PCR is being
utilised to supplant culture, providing more rapid
and sensitive detection and typing of virus than can be
achieved by cell culture.

In Situ Hybridisation and In Situ PCR

HSV nucleic acids may be detected in biopsy or
necroscopy material by in situ hybridisation. Paraffin-
embedded tissue sections are dewaxed, rehydrated and
digested with proteinase K. After a denaturing step, a
labelled DNA fragment or ‘probe’ (an oligonucleotide
produced synthetically or a cloned, plasmid-amplified,
fragment of HSV DNA) is incubated with the tissue
section. The section is then washed to remove
unhybridised probe DNA. The probe may be detected
by radiological, enzymatic or chemiluminescent
methods appropriate to the label utilised. Where
particularly small amounts of viral DNA are present
in a clinical sample, in situ PCR methods are available
to allow detection. The technical complexities of this
procedure currently preclude its application, except in
research settings.

Serology

Peripheral Blood

A large number of techniques are available to detect
and quantitate the humoral immune response to HSV
infection including complement fixation tests (CFTs),
immunofluorescence tests and tests for neutralising
antibody. Differences in both specificity and sensitivity
are observed between the different techniques and
different assays. These tests have now been largely
replaced by commercially available ELISA tests. In
most clinical situations assay of HSV-specific IgG
antibody is sufficient. In primary infection seroconver-
sion is readily detected in adequately spaced samples
(14 or more days). In a primary infection IgG
production can be detected at around the same time
as an IgM response. Differentiation of primary and
reactivated infection may be possible by measurement
of HSV-specific IgG avidity. In recent infection I1gG
avidity will be low, while in reactivated infection IgG
avidity will usually be high.

IgM antibody to HSV can be detected using a
suitable enzyme-labelled antiglobulin in the standard
indirect ELISA technique or, with superior specificity,
by IgM ‘capture’ immunoassay. The detection of IgM
antibody does not always allow differentiation of a
primary infection and a reactivation event. During
reactivation an IgM response can often be detected.
The magnitude of the response can vary from
individual to individual, thus the results of IgM
immunoassays must be interpreted with caution.

The type common epitopes of HSV-1 and HSV-2
ensure that most conventional ELISA techniques are
adequate for the detection of seroconversion to either
virus. Co-terminal seroconversions to herpes varicella
zoster virus are occasionally observed and may be due
to an anamnestic immune response, or possibly
because of synchronous reactivation (‘dual reactivation’)
or synchronous infection (‘dual infection’).

ELISA procedures utilising ‘whole virus’ prepara-
tions representative of the complete antigenic spectrum
of HSV provide the most sensitive assays for HSV
antibody. However, to differentiate HSV-1 and HSV-
2 serological responses, ELISA procedures that utilise
type-specific purified virion glycoproteins, peptides
and/or recombinant antigens to distinguish HSV-1-
specific and HSV-2-specific antibodies are necessary.
Such assays are commercially available and are useful
in epidemiological studies and in specialised
situations, such as determination of the serostatus
of the partner of a newly diagnosed case of genital
herpes.
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Cerebrospinal Fluid

Demonstration of a peripheral blood HSV antibody
response is not in itself diagnostic of CNS infection.
Such a response may merely reflect reactivation of
latent HSV secondary to neurological disease of
unrelated aetiology. Detection of HSV IgM in HSV
IgG-negative patients or in patients with very low
levels of specific HSV IgG is suggestive of a primary
infection, although false positive IgM reactions are
known to occur, making follow-up serology necessary.

Serological diagnosis of CNS infection requires
proof of intrathecal synthesis of specific antibody. To
determine whether specific antibodies are produced
intrathecally and not passively transferred from serum,
the integrity of the blood—CSF barrier (BCB) must be
assessed. A variety of methods are available (Linde et
al., 1997). The most accurate are believed to be those in
which the ratio of antibody quantitated in both serum
and CSF are compared to the distribution of a
reference protein such as albumin or, where antigen-
mediated capillary blotting is performed, after iso-
electric focusing of serum and unconcentrated CSF
(Monteyne et al., 1997).

In the former technique, the most reliable of several
formulae applied to determine intrathecal synthesis
was determined to be that of Reiber (1994). Here,
locally produced IgG is differentiated from polyclonal
IgG derived from peripheral blood circulation by
dividing the unit ratio by ‘Qp;y’ (‘QLim’ representing
the fraction of antibody in CSF originating from serum,
ie. QuLim=0.93[(QAIb+6x109—1.7%x10%]. Qp;, can
be estimated for IgG, IgM and IgA using Reiber’s
(1994) diagrams.

The antigen-mediated capillary blot technique,
performed after isoelectric focusing of serum and
unconcentrated CSF, provides an alternative and
sensitive method for the detection of specific intrathe-
cal synthesis of antibody. The presence of two or more
anti-HSV oligoclonal IgG bands present only in CSF is
considered to provide a definite diagnosis.

MANAGEMENT

Outside the natural host, HSV has only a short half-life
and is readily inactivated by a variety of physical and
chemical agents, including detergents, common dis-
infectants (phenolics, formaldehyde, glutaraldehyde,
hypochlorite, quaternary ammonium compounds) and
solvents (e.g. 70% alcohol). Standard methods of
sterilisation, including autoclaving, dry heat, UV- or

v-irradiation and ethylene oxide sterilisation, are all
equally effective for the decontamination of medical
equipment. In the controlled environment of a hospital,
prevention of host-to-host transmission is achieved by
simple hygiene. In the home, or other social contexts,
prevention of transmission by avoidance of contact
with a person with evidence of recurrent infection (cold
sores or genital herpes) is only partially effective. This
is because infectious virus is often excreted before the
appearance of overt symptoms of recurrent infection
and ‘silent’ recurrent infections also occur.

Antiviral Chemotherapy

A large number of compounds with anti-HSV activity
have been described in in vitro experiments. Few have
progressed to clinical trial and fewer still have gained a
place in clinical practice. The major ‘antiherpetic’ in
current use is aciclovir, although newer antivirals, such
as penciclovir or the pro-drugs of aciclovir and
penciclovir, valaciclovir and famciclovir, offering
better systemic bio-availability following oral admin-
istration, are now in use (Waugh et al., 2002).

Aciclovir (Zovirax™)

The structure of aciclovir is shown in Figure 2A.5. The
compound is an acyclic nucleoside analogue. The
mode of action of aciclovir is illustrated in Figure
2A.6. Virus-infected cells appear to be slightly more
permeable to aciclovir than non-infected cells but the
compound is only entrapped and selectively concen-
trated within virus-infected cells. Within the infected
cell, a virus-specified enzyme, thymidine kinase, effects
the monophosphorylation of aciclovir. The resulting
aciclovir monophosphate cannot traverse the cellular
membranes and is consequently localised within the
virus-infected cell. Host cell kinases (including host
cell-derived thymidine kinase) do not appear capable
of catalysing this reaction to any significant degree.
The active antiviral drug is aciclovir triphosphate
and conversion of aciclovir monophosphate to the
active triphosphate form is accomplished by host cell
kinases. The triphosphate form of aciclovir has much
greater affinity for virus-specified, as opposed to host
cell-derived, DNA polymerase. Aciclovir triphosphate
binds to host-derived DNA polymerase, leading to the
inactivation of this enzyme’s activity. Thus, viral DNA
replication is inhibited, whilst normal host cell DNA
metabolism remains virtually unaffected. An additional
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Figure 2A.6 Aciclovir: mode of action

but less significant antiviral action is via chain
termination through incorporation into the growing
viral DNA chain (absence of 2" and 3’ carbons of
guanosine).

Valaciclovir (Valtrex™)

The oral bio-availabilty of aciclovir is relatively low
and for this reason a prodrug, the L-valyl ester of
aciclovir, called valaciclovir, was developed (Figure
2A.5). Valaciclovir hydrochloride is rapidly adsorbed
from the gastrointestinal tract and rapidly and almost
completely converted to aciclovir and L-valine by first-
pass intestinal and/or hepatic metabolism. The mode
of action, safety profile and clinical spectrum of

Viral DNA polymerase

>
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Inhibitio

activity of valaciclovir are believed to be identical to
those of aciclovir. The plasma concentrations of
aciclovir achieved after oral administration of valaci-
clovir are believed to be equivalent to those achieved
by intravenous administration of aciclovir and are
three- to five-fold greater than are achieved with oral
administration of aciclovir. Valaciclovir can therefore
provide a much more convenient dosing regimen of
once, twice, or three times daily, in comparison to the
five times daily for aciclovir.

Penciclovir (Denavir™)

Penciclovir is an acyclic nucleoside analogue (Figure
2A.5) whose mode of action and safety profile are
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essentially identical to those of aciclovir. However, the
drugs differ in their rate of cellular uptake, phosphory-
lation rate, stability of the intracellular triphosphate
and inhibitory concentration for HSV DNA polymer-
ase (100-fold higher for penciclovir triphosphate than
for aciclovir triphosphate). The intracellular half-life of
the active antiviral (penciclovir triphosphate) is sub-
stantially longer (7-20h) than that of aciclovir
triphosphate (0.7-1h), which compensates for the
slightly lower activity of the drug.

Famciclovir (Famvir™)

Famciclovir (Figure 2A.5) is the diacetyl 6-deoxy
prodrug of penciclovir. Famciclovir achieves high
levels of systemic bio-availability following oral
administration. Following administration, the drug is
deacetylated and oxidised to form penciclovir. The
mode of action and clinical spectrum of activity are
thus identical to those of penciclovir.

Other Antivirals

Ganciclovir {[9-(1,3-dihydroxy-2-propoxy)methyl] gua-
nine} has good activity against HSV-1 and HSV-2. It
has higher toxicity than the aforementioned drugs, its
main side-effect being myelosuppression. The L-valyl
ester valganciclovir allows oral administration of the
drug.

The pyrophosphate analogue foscarnet (trisodium
phosphonoformate), an inhibitor of DNA polymerase,
is utilised in severe HSV infections refractory to
aciclovir therapy. Slow intravenous infusion of the
drug is necessary because of its poor oral bioavail-
ability and potential for nephrotoxicity. An alternative
is the nucleotide analogue cidofovir. This compound,
like foscarnet, has dose-dependent nephrotoxicity
and must be given with oral probenecid to reduce
cidofovir accumulation in the renal tubules. The
drug’s extraordinary intracellular half-life means that
only one intravenous infusion every 1-2 weeks is
required.

Drug Resistance

Prolonged use of aciclovir can result in the develop-
ment of drug-resistant strains of HSV. Thymidine
kinase mutants have been reported with either altered
substrate specificity (i.e. aciclovir is no longer recog-

nised as a substrate for virus-specified enzyme) or with
loss of thymidine kinase (TK) activity. These mutants
arise through nonsense, frame-shift or missense
mutations in the TK gene and are thus readily
generated both in vivo and in vitro. A third type of
mutant has altered DNA polymerase, such that
aciclovir triphosphate no longer binds with high
affinity to the virus-encoded enzyme (altered substrate
specificity). The consequence of alteration in TK is a
failure of the virus-infected cell to phosphorylate and
thereby selectively concentrate aciclovir. Alteration in
DNA polymerase results in a much reduced antiviral
activity, since the only antiviral action of the drug
resides in the ability of aciclovir triphosphate to induce
chain termination.

The emergence of drug resistance gives rise to
concern but is currently limited to patients who are
immunocompromised; about 4% of HSV isolates
from patients with AIDS and up to 18% of isolates
from recipients of bone marrow transplants are
resistant to aciclovir. Among immunocompetent
individuals, a very low rate (<0.5%) of resistance to
aciclovir is observed. Most aciclovir-resistant strains of
virus are also likely to be found to be resistant to
penciclovir, valaciclovir and famciclovir. Most drug-
resistant isolates have an altered or deleted thymidine
kinase, and thus drugs which act directly upon the viral
DNA polymerase, such as foscarnet or cidofovir, are
effective as second-line treatments. Multiple drug
resistance has, however, been documented. Drug
susceptibility assays should be performed in immuno-
compromised patients with unresponsive herpes
simplex infection in order to distinguish drug resis-
tance from problems such as poor compliance or
maladsorption of drug.

Transmission of drug-resistant HSV is extremely
rare. This may be related to a requirement of
thymidine kinase for replication of virus within
nervous tissue. Resistant virus shed in cold sores will
revert back to wild-type in subsequent reactivations.

Immunisation

Active Immunisation

The short time interval between loss of passively
acquired maternal immunity and acquisition of primary
infection, together with the high level of HSV infection
in the general population, means that effective preven-
tion of HSV-1 infection by vaccination is problematic.
However, the changing sero-epidemiology of HSV-1
infections suggests that, at least in developed countries,
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application of a vaccine against HSV-1 becomes a
feasible possibility. Due to the psychosocial problems
associated with HSV-2 infection, immunisation against
this virus has been much more actively sought. At the
present time, two strategies are being investigated:
classical immunisation, which aims to produce so-
called ‘sterilising immunity’ (i.e. a broad and durable
immune response which will be effective in preventing
HSV entry via genital mucosa, facial mucosa or the
eye) prior to virus exposure; and immunotherapy;
modification of the immune response by vaccine
administration designed to potentiate immunity and
improve control of, or prevent, recurrent infection.

The production of effective vaccines against HSV
have been actively pursued since the 1920s. A very
wide range of vaccines have been explored as both
‘sterilising’ and immunotherapeutic vaccines (Table
2A.2). As yet no vaccine has progressed beyond Phase
II/I11 clinical evaluation. The evidence from the many
studies performed suggests that cellular rather than
humoral immune responses are important in protecting
against both infection and recurrence. Many of the
vaccines produced thus far have been able to stimulate
humoral immunity, but the antibodies developed have
not been accompanied by an effective co-stimulus of
cell-mediated immunity and have not proved to be
protective. Improved knowledge of the viral determin-
ants necessary to stimulate protective cellular
immunity appear to be key to the future development
of immunisation against HSV.

Table 2A.2  Active immunisation against HSV

Auto-inoculation  Inoculation of an individual’s own
of live virus vesicle fluid in an attempt to treat

recurrence
Attenuated live e.g. R7020 and HSV-1 strain with
virus thymidine kinase deletion plus

insertion of glycoproteins of HSV-2;
disabled infectious single cycle virus;
genetically attenuated (e.g.
Medimmune, AURX)

Inactivated virus ~ Formalin, phenol or UV-inactivated

Non-specific DNA Vaccinia, BCG
vaccines

Subunit vaccines  e.g. HSV-2 glycoprotein B+D +
adjuvant; gD2 + alum; Skinner

vaccine—mixed glycoproteins of HSV-1

Immunostimulatory
complexes

Peptide vaccines

Passive Immunisation

Passive immunisation using hyperimmune HSV-
specific immunoglobulin has not been widely utilised
and normal immune globulin is ineffective. In neonatal
disease, and possibly in immunocompromised patients,
trials of therapy using human recombinant mono-
clonal antibodies are planned, since such therapy
might have a role in helping to prevent virus
dissemination by viraemia.

SPECIFIC MANAGEMENT

Primary or Initial Infection

Primary or initial infection with HSV is, in the
majority of cases, inapparent or only associated with
mild symptoms and, as the aetiological diagnosis may
not be clear, antiviral therapy is not given. If the
diagnosis is apparent, as in severe cases, then oral
antiviral therapy can be given and there is some
evidence of marginal shortening of duration of pain
and time to healing in children with gingivostomatitis
and in patients with primary or initial genital herpes.
Bicarbonate- or chlorhexidine-containing mouth-
washes combined with simple analgesia may be
helpful in gingivostomatitis. Saline bathes, and in
severe cases topical anaesthetic agents, may provide
relief in primary/initial genital herpes. Aciclovir and
penciclovir creams are available for direct application
to skin lesions; however, a more effective treatment is
oral administration of aciclovir (given in 200 mg doses
five times daily), valaciclovir (500 mg twice daily), or
famciclovir (250 mg, three times daily) for 5 days
unless new lesions appear, when continued therapy
should be contemplated. Intravenous therapy is
indicated if the patient cannot swallow or tolerate
oral administration because of vomiting.

In theory, antiviral treatment of primary or initial
infections may impact upon the subsequent frequency
of reactivation. By reducing viral load during the acute
infection, the efficiency of colonisation of sensory
nerves may be decreased, which in turn lowers the
frequency of reactivation from these sites. In support
of this hypothesis is the finding that severe primary or
initial infections are associated with a higher frequency
of (symptomatic) reactivation. In practice, the large
majority of primary/initial infections are undiagnosed
and in those that, are the peak of viral replication may
already have passed before antiviral therapy can be
commenced. Secondary bacterial and fungal infection
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is common in severe symptomatic primary and initial
HSYV infection and requires appropriate antimicrobial
therapy.

Steroid treatment in general increases the severity of
disease, and where patients are receiving high doses of
steroids (e.g. in the treatment of eczema) the appear-
ance of HSV infection is an indication for temporary
cessation or reduction of steroid dosage. In other cases
of iatrogenic immunosuppresion (e.g. for organ
transplantation), HSV infection is an indicator for
temporary reassessment of the dosage of the immuno-
suppressive therapy. Primary HSV infection in the
immunocompromised host always gives cause for
concern because of the possibility of the development
of generalised multi-organ infection. Serious HSV
infections require not only the prompt initiation of
specific antiviral chemotherapy but also full medical
and nursing intervention. Generalised infection in the
immunocompromised produces osmotic imbalances,
endocrine dysfunction, circulatory and respiratory
failure which necessitate an aggressive approach to
intensive care.

Recurrent Infection

Recurrent HSV infections inconvenience the host but
are rarely serious in the immunocompetent individual.
Patients with only occasional recurrences often
develop their own preferred self-treatment, the
dabbing of perfume or alcohol on cold sores or the
use of aciclovir cream. Frequent or severe recurrences
may require oral or systemic antiviral chemotherapy.
The most effective episodic treatment requires a 5 day
course of oral antiviral therapy initiated as soon as
prodromal symptoms are observed. In a recurrent
episode, the earlier the treatment is started, the more
effective it proves in reducing the severity and duration
of the recurrent episode.

Since the maintenance of latent virus infection
appears to be independent of virus replication,
antiviral chemotherapy cannot ‘cure’ recurrent virus
infection. Patients with frequent recurrences (defined
as more than six episodes per year) should be
considered for continuous suppressive therapy. Aci-
clovir (200 mg four times daily or 400 mg twice daily),
valaciclovir (500 mg daily or 250 mg twice daily), or
famciclovir (250mg twice daily) are believed to be
effective. Usually a 6-12 month period is chosen for
continuous therapy and the necessity for therapy is
then reassessed.

Ocular Infection

The majority of cases of ocular HSV infection are
thought to result from an endogenous reinfection (i.e.
transfer of virus from the site of a recurrent infection
to the eye). Misdiagnosis of the condition has
frequently led to the administration of corticosteroids
to the eye. Unfortunately, such treatment may exacer-
bate and prolong the infection. Endogenous
reinfections or primary infections of the eye should
not be treated with steroids. Conservative treatment is
warranted, with application of specific antiviral
chemotherapy (aciclovir ophthalmic ointment) and
possibly debridement of the cornea. Oral or systemic
antiviral therapy (see above) should be given in severe
disease. Secondary bacterial infection may occur,
necessitating appropriate  antimicrobial therapy.
Recurrent ocular HSV infections are managed in a
similar fashion except that the indication for antiviral
chemotherapy is more pronounced.

Long-term suppressive oral aciclovir therapy
(400 mg twice daily) has been shown to be of benefit
in patients with prior HSV stromal keratitis (Herpetic
Eye Study Group, 2000) but of lower benefit in
preventing recurrence of epithelial keratitis. Steroid
therapy is almost certainly indicated in stromal herpes
keratitis and possibly also in iridocyclitis, since most
damage is believed to result from an inflammatory
reaction rather than the direct action of virus replica-
tion in corneal tissues. Severe stromal scarring
necessitates corneal transplantation. One small study
has shown that postoperative oral aciclovir reduces the
rate of recurrence of dendritic keratitis and improves
graft survival (Tambasco et al., 1999).

CNS Infection

Treatment of herpes encephalitis requires the early
administration of antiviral chemotherapy (Cinque et
al., 1996). Antiviral chemotherapy should also be given
in herpes meningitis, since the sequelae of this infection
are not defined but do include the possible develop-
ment of recurrent meningitis. The currently accepted
antiviral treatment for herpes encephalitis is a 10 day
intravenous course of aciclovir at 10 mg/kg given every
8h. Aciclovir therapy should be approached with
caution in patients with impaired renal function, since
build-up of excessive serum concentrations of aciclovir
has been associated with (reversible) neurotoxicity.
Specific antiviral chemotherapy is not the only
important factor in the treatment of CNS infection.
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Brain oedema is believed to represent the major cause
of mortality in herpes encephalitis, hence reduction in
intracranial pressure is an important consideration in
the overall treatment regime and necessitates careful
management in close collaboration with the clinical
virology laboratory (Cinque et al., 1996).

Neonatal Infection

HSV-1 and HSV-2 can both cause neonatal infections.
The difficulty in early recognition of infection and
consequent delay in the institution of antiviral therapy
for HSV have been identified as major factors in the
outcome of infection. Studies have nevertheless
demonstrated the benefit of high-dose aciclovir ther-
apy (60 mg/kg/day administered intravenously in three
divided doses) for a period of 21 days (Kimberlin ef al.,
2001). Despite aciclovir therapy, progressive disease
can occur, with recurrence of herpetic lesions or
relapse of neurological or retinal disease. A Phase III
placebo-controlled trial to examine the benefits of
prolonged (6 months) oral aciclovir therapy in infants
with treated neonatal herpes is currently under way to
determine whether suppressive therapy is of benefit in
prevention of these late sequelae.

Primary maternal genital infection appears to pose
the greatest threat to the neonate, although recurrent
maternal infection is also a risk. Current UK guide-
lines (MSSVD, 1999) suggest that genital herpes
acquired in the first or second trimester of pregnancy
should be treated with oral or intravenous aciclovir as
appropriate to the clinical condition. Continuous
aciclovir during the last 4 weeks of pregnancy should
then be considered, as this has been shown to reduce
the risk of recurrence at term. Where a genuine
primary or initial genital infection is identified in the
third trimester, caesarean section should be consid-
ered, particularly in those developing infection after 34
weeks of gestation. If vaginal delivery cannot be
avoided, aciclovir treatment of both mother and
baby may be indicated. In mothers suffering recurrent
disease, suppressive aciclovir therapy during the last 4
weeks of pregnancy may reduce the risk of recurrence
at term. If recurrent lesions are evident at the time of
delivery, it is current UK practice to perform caesarean
section. The latter advice is somewhat controversial,
since no randomised controlled trial has been per-
formed, caesarean section is not absolutely protective
from risk of neonatal herpes and there is risk to the
mother in caesarean section procedure.

In the US study of Brown et al. (2003), cultures for
HSV were attempted at term for 40000 women;
subclinical (i.e. no overt maternal lesions) virus
shedding was detected in 128 women, 10 of whom
transmitted the infection to their babies. However,
viral culture at term was not an absolute predictor of
risk of neonatal herpes, in that negative viral cultures
were reported in six women whose babies developed
neonatal herpes.

It has been suggested that the new type-specific
serological assays for HSV-1 and HSV-2 could be used
to identify mothers who are seronegative for HSV-1 or
HSV-2 or both and their discordant partners. Appro-
priate counselling could then be given to avoid risk
during the third trimester. Such a strategy may,
however, be difficult to implement and would not
prevent all cases of neonatal herpes. Improved sexual
health counselling with respect to the risk of acquiring
genital herpes infection during pregnancy, coupled
with heightening of clinical awareness, remain the
current mainstays for prevention of this infection.
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INTRODUCTION

Two common diseases are caused by Human herpes-
virus 3, commonly called varicella zoster virus (VZV):
chickenpox (varicella) and shingles (herpes zoster).
Nobody appears to know for sure what the word
‘chicken’ has to do with chickenpox but one possible
derivation of the term ‘chicken’-pox is from the Old
English ‘gican’ (itch), designating it the ‘itchy’ pox to
differentiate it from diseases such as smallpox. The
words ‘zoster’ and ‘shingles’ are derived from Greek
and Latin words, respectively, meaning a belt or girdle,
and are obviously descriptive of the characteristic
distribution of the rash.

Chickenpox is the manifestation of primary infec-
tion with VZV and is one of the commonest
communicable diseases worldwide. Its characteristic
presentation in the majority of cases is as familiar to
laymen as it is to doctors and is usually of little
concern to either. However, it has also been long
recognised that chickenpox can have serious conse-
quences in adults and in immunosuppressed
individuals. Shingles is the manifestation of VZV
reactivation and although rarely a life-threatening
disease, it is perhaps of more concern community-
wide because of the pain, not only of the acute lesion
but also of the frequent post-herpetic neuralgia, which
can be very debilitating and is notoriously difficult to
treat.

The common aetiology of varicella and herpes zoster
was first recognised at the beginning of the century by
clinicians who noticed that a case of zoster in a

household was often followed by an outbreak of
varicella in the younger members of the family and
their friends. Furthermore, it was shown that vesicle
fluid taken from cases of herpes zoster could induce
chickenpox when inoculated into young volunteers.
Virus particles were first observed in vesicle fluids
by electron microscopy in 1943 and definitive
evidence that the two diseases are due to the same
virus came with the isolation of the virus in cell
culture by Weller in 1953 (Weller et al., 1958). It has
now been confirmed by analysis of viral DNA in
sequential isolates from the same individual that the
same virus causes varicella, upon primary infection,
and later causes zoster as a manifestation of reactiva-
tion.

There is currently considerable interest in VZV
infections, which partly stems from the increasing
problems encountered with these infections and partly
from the recent advances in prevention and treatment.
It is likely that the medical significance of VZV
infections will continue to increase in industrialised
countries as a direct result of demographic changes
in the population. The size of the aged population
is increasing, which will result in increasing incidence
of herpes zoster. The success of treatment regimens
that are immunosuppressive in the fields of oncology
and transplantation surgery, as well as the increasing
numbers of individuals who are infected with HIV,
are creating an ever-increasing number of patients
who are at risk of contracting the severe forms of
varicella and herpes zoster. At the same time, VZ
vaccines have been licensed for mass infant
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proteins surrounding the capsid. Contains
enzymes cantrolling virus replication and
regulating cell function

Glycoprotein ‘spikes’

Glycoproteins gE, gB, gH, gl, gC and gL
project through the lipid envelope,
allowing the virus to interact with its
environment. gE/gl and gH/gL are
present as complexes

derived from cellular membranes of the trans-Golgi netwaork

Figure 2B.1 Structure of the VZV particle (virion). When intact, the particle is spherical and approximately 200 nm in diameter.
Amorphous forms may be seen using traditional electron microscopy. From The Sourcebook of Medical Illustration. Parthenon
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immunisation in some countries (e.g. the USA) and
targeted immunisation in others, including the
UK.

THE VIRUS

Structure

Varicella zoster virus has the characteristic morpho-
logical appearance of a herpesvirus (Figure 2B.1),
which has been described in detail in Chapter 1.
However, because VZV is quite difficult to grow and
particularly difficult to purify, less is known about its
proteins and genome organisation than is known
about those of herpes simplex virus (HSV). In fact
much of the knowledge about VZV has been obtained
by parallels with HSV. The complete DNA sequence of
VZV was published in 1986 by Davison and Scott. A

general review of the molecular biology of VZV is
given by Davison (1991). The genome is a linear
double-stranded DNA molecule with a molecular
weight of 80x10° (approximately 125 kilobase pairs,
bp) and is thus among the smallest of all herpesviruses
studied. Buoyant density estimations, as well as the
sequence data, show a (G + C) content of 46%, which
is much lower than most herpesviruses, e.g. 67% in
herpes simplex 1 (HSV) and 58% in cytomegalovirus
(CMV) DNA. Within the genome there are, however,
(G + C)-rich regions, notably the repeat regions. The
organisation of the VZV genome (summarised in
Figure 2B.2) shows distinct similarities with HSV
DNA and the two viruses have sufficient sequence
homology to permit hybridisation under non-stringent
conditions. However, there is substantial local varia-
tion in the extent of this homology, most notably in the
almost complete loss of the repeats around the long
unique sequence in VZV, which accounts for much of
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Figure 2B.2 Gene map showing the organisation of the VZV genome and the location of genes (hatched) encoding the viral
glycoproteins, the major capsid antigen (MCA), the DNA polymerase (POL), the thymidine kinase (TK), the thymidylate
synthetase (TS) and the assembly proteinase/protein (AP). The unique long (U, ) and unique short (Ug) regions are identified, as are
the terminal repeat (TR, and TRg) and inverted repeat regions (IR, and IRg). TR, and IR, are 88 bp long, while TRg and IRy

(black boxes) are 7300 bp long

the size difference between the genomes of these two
viruses. The similarities between the HSV and VZV
genomes would be compatible with a common
ancestry, and a model for this has been proposed
(Davison and McGeoch, 1986). The VZV genome is
divided into two main coding regions: a unique long
region (ca. 105000bp) which is flanked by inverted
repeat elements (at 88 bp, far shorter than those of
HSV), and a unique short region (ca. 5200 bp), also
flanked by inverted repeat sequences (7300 bp). The
short region can be found in either of two orientations
relative to the long region, producing two isomeric
forms of the genome which occur in equal proportion.
Inversion of the long region is rare. By contrast, in
HSV and CMV both regions invert at equal frequency,
resulting in four isomeric forms. An inherent size
variation of the genome of approximately 2%
(2500 bp) has been demonstrated in clinical isolates,
concentrated in five variable regions. Restriction
endonuclease cleavage patterns show some DNA
polymorphism between clinical isolates, and strain
differences in circulating viruses are now becoming
apparent which may make such analyses a useful tool
in epidemiological studies (see below).

Seventy unique open reading frames (ORFs) have
been identified on the VZV genome, of which three are
repeated, two are spliced and two are located entirely
within other genes. Over 70 RNA transcripts have
been demonstrated in VZV-infected cells but the
majority of these appear to contain more than one
ORF. The genes that have been identified to date
account for virtually the whole genome, although the
presence of overlapping genes does allow for further

ORFs to be identified. The list of genes that have been
identified, mostly by analogy with HSV, is shown in
Table 2B.1. Five of the VZV genes, including a gene
for a thymidylate synthetase, are not found in HSV,
while three HSV genes have no VZV equivalent. In
common with other herpesviruses, the synthesis of
VZV proteins broadly involves three phases, desig-
nated immediate-early (o), early (B) and late (y). More
than 30 virus-coded polypeptides can normally be
detected in VZV-infected cells, ranging in molecular
weight from 7kDa to over 200 kDa. Among these, at
least six groups of glycoproteins can be identified with
molecular weights ranging from 38kDa to 118kDa,
which correspond to the gene products of VZV
glycoproteins E, B, H, I, C and L (Table 2B.2). VZV
gE is the major glycoprotein expressed on VZV
infected cells and mediates IgG Fc-binding in a
complex with VZV gl. Two signal sequences within
the gE cytoplasmic domain interact with cellular
proteins to transport gE complexed with gl to the
trans-Golgi network, where post-translational proces-
sing occurs before expression on the cell surface. The
other glycoproteins, including gB, which is present in
virions as a disulphide-linked complex of 140kDa
molecular weight, and gH, which is chaperoned by gL
are also directed to the trans-Golgi network of
membranes (TGN) to be processed before expression
at the cell surface. Glycoproteins C and I have been
shown in the SCID hu mouse animal model (see
below) to be important for infection of skin
cells (Moffat et al., 2002). In addition to the
glycoproteins, a range of non-glycosylated proteins
have been identified. These include the main protein
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Table 2B.1 VZV genes for which functional products have been identified
Gene HSV homologue Protein identity Translation product Function
(%) (kDa)
1 No homologue 12.1 Membrane protein
4 U, 54 29 SL.S Transcriptional activator (IE protein)
5 U, 53 (gK) 28 40 ¢K, E®
6 U, 52 37 122.5 DNA helicase/primase component
8 U, 50 25 44.8 Deoxyuridine triphosphatase
9A U,49.5 Low 9.8 Stearoylated membrane protein
10 U, 48 (VP16) 60 50 Transactivator, tegument protein, NE
13 No homologue 34.5 Thymidylate synthetase
14 U, 44 23 61.4 Membrane glycoprotein gC (gp V)
16 U, 42 21 46.1 Associated with DNA polymerase
17 U, 41 32 51.4 Host shut-off
18 U, 40 54 354 Ribonucleotide reductase small subunit
19 U, 39 30 86.8 Ribonucleotide reductase large subunit
28 U, 30 52 134.0 DNA polymerase
29 U, 29 50 132.1 Binds single-stranded DNA
31 U, 27 45 98.1 Membrane glycoprotein gB (gpIl)
33 U, 26 34 66.0 Assembly protease
335 U,;26.5 24 32.8 Assembly protein
36 U, 23 28 37.8 Pyrimidine deoxyribonucleotide kinase
37 U, 22 25 93.6 Membrane glycoprotein gH (gplII)
40 U, 19 52 155.0 Major capsid antigen
47 U, 13 33 54.3 Protein kinase
48 U, 12 29 61.3 Deoxyribonuclease
49 U 11 26 8.9 Myristoylated protein
51 U9 44 94.4 ori; binding protein
52 U;8 28 86.3 DNA helicase/primase component
55 U,5 56 98.8 DNA helicase/primase component
59 U,2 39 34.4 Uracil-DNA glycosylase
60 Ul 19 17.6 Membrane glycoprotein gL (gpVI)
61 IE110 Local only 50.9 Transcriptional repressor (IE protein)
62/71 IE175 Complex 140.0 Transcriptional activator (IE protein)
63/70 U1 Local only 30.5 Transcriptional activator (IE protein)
66 U 33 43.7 Protein kinase
67 U7 23 39.4 Membrane glycoprotein gl (gplV)
68 Ugs 22 70.0 Membrane glycoprotein gE (gpl)

Table 2B.2 VZV

VZV gene HSV Primary Glycosylation pathway (where known) Mature form
homologue transcript (kDa)
(% protein identity) (kDa)

eE ¢E 73 " 90 — 98

N-linked sialylation

(zp) 22) .

gB gB 100 N-linked 126 O-linked Sialylation Proteolysis 66’ 68

(gplIl) (45) Sulphation

gH gH » N-linked O-linked 18

(gplIl) (25)

gl gl 35 60

(gpIV) (23)

gC gC 58 100

(gpV) (23)

gL gL 18 20

(gpVD) (18)




VARICELLA ZOSTER 57

component of the nucleocapsid (major capsid antigen
or MCA, 155kDa), an assemblin proteinase/assembly
protein complex produced from gene 33, and the IE62
protein (175kDa), an immediate-early translational
activator analogous to the HSV ICP4 protein, which is
present in the virions. Many of the other proteins of
VZV are involved in virus replication. These include
the thymidine kinase and thymidylate synthetase
enzymes, several virus-specified protein kinases, a
range of DNA-binding proteins, including the
viral DNA polymerase, and five transcriptional reg-
ulators produced from ORFs 4, 10 and 61-63 (see
Table 2B.1).

Replication

VZV attaches to the outer membrane of the cell, and
this is followed by membrane fusion and entry of the
viral core into the cell. This process is mediated
primarily by the glycoproteins, projecting from the
virus particles although some tegument proteins may
also play a role in viral penetration. Attachment is
thought to involve binding, predominantly of gB to
heparan sulphate proteoglycan on the cell surface. This
binding is followed by attachment of mannose-6-
phosphate (M-6-P) oligosaccharides, present on the
surface of VZV particles, to M-6-P-specific receptors
on the host cell (Zhu et al., 1995).

The tegument proteins prepare the cell to produce
virus and separate from the nucleocapsid during
transportation of virus particles to the nucleus. Once
within the nucleus, the linear DNA genome circu-
larises.

In common with other herpesviruses, the replication
cycle is coordinately regulated. There are three basic
stages of gene expression and protein synthesis:
immediate-early (IE), early (E) and late (L). The first
viral proteins (IE) can be detected 4-6 h post-infection.
Structural proteins (L) such as the major capsid
protein and viral glycoproteins are not detected until
18 h post-infection. Viral protein synthesis appears to
reach maximum levels at 46-48h post-infection in
some cell culture systems.

IE transcripts are translated in the cytoplasm and
the IE (regulatory) proteins are then transported back
into the nucleus, where they induce the early gene
expression and downregulate further IE gene tran-
scription. The early (E) proteins include those that are
required for VZV DNA replication, such as viral DNA
polymerase, viral thymidine kinase and protein
kinases. As with the IE proteins, the early proteins

are not generally present in the virus particles and only
detected in virus-infected cells.

The late proteins can be subdivided into two
categories: the early-late proteins, which do not require
the synthesis of viral DNA, and the late-late proteins,
which are dependent on new viral DNA synthesis.
DNA synthesis occurs by the movement of the DNA
polymerase around the circularised genomic DNA,
producing head-to-tail polymers of the viral genome
(concatamers). This is referred to as a ‘rolling circle’
mechanism. After translation of late mRNA, the
structural proteins that will form the viral capsid are
transported back to the nucleus and are assembled
around a core of the viral assembly protein. The newly
transcribed DNA genome is inserted into the
assembled capsid, concurrent with the loss of at least
some of the assembly proteins (Harper et al., 1995).
Capsids acquire a ‘temporary envelope’ from the inner
nuclear membrane and move to the TGN, where the
final stages of assembly take place. The nucleocapsid
acquires an envelope containing the viral glycopro-
teins, to which the tegument proteins are bound. In the
normal course of events it appears that a second
membrane derived from TGN forms a transport
vesicle around the mature virions, which then leave
the infected cell by a process of exocytosis. In some
cells, however, the virions appear to be aberrantly
processed and are transported to digestive lysosomes,
which possibly accounts for the very low level of cell-
free infectious virus found in VZV-infected -cell
cultures (see below).

Growth in Cell Culture

Varicella zoster virus replicates with varying degrees of
success, in cultures of most cells of human and several
of simian origin. Cells from non-primates are generally
resistant to infection but the virus has been adapted to
embryonic guinea-pig cells and passage in these cells
was an early stage of the attenuation of the virus used
in the current live vaccine. The behaviour of VZV in
cell culture can be regarded as being intermediate
between that of herpes simplex virus (HSV), which will
grow in nearly all cell cultures, and cytomegalovirus
(CMV) which will grow only in few cell types of human
origin. In other respects, VZV behaves more like
CMV, e.g. it grows slowly even in the most sensitive
cell systems, with the cytopathic effect (Figure 2B.3)
taking from 3 days to over 2 weeks to appear. This
process may be mediated by apoptosis rather than
direct cell killing. VZV remains even more strongly
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Figure 2B.3 The typical early ovoid cytopathic effect of
VZV seen in unstained human embryo lung cells

cell-associated than CMV, and with most systems
passage can be achieved only by transfer of infected
cells. Cell-free virus can be obtained by a number of
procedures, which typically include sonication of the
infected cells. Additionally, protective storage media
may be used to increase the yield of infectious virus.
Higher yields of infectious cell-free virus can be
obtained from the media of infected cultures of
human thyroid or malignant melanoma cells, which
may reflect the release of a high proportion of defective
virus particles in other cell culture systems as noted
above.

The cytopathic effect in most cell systems is so
characteristic that no further means of identification
may be required. Because of the strong cell association
of the virus, the lesion it produces is typically focal and
slowly extends into the surrounding cell sheet, due to
the spread of virus between contiguous cells. Viral
antigen can be detected much more rapidly than
cytopathic effect. Typically, antigens can be detected in
the cytoplasm and nuclei of infected cells within 2-4 h
after infection and in neighbouring cells after 8-18 h,
depending on cell type and the type of antigen
targeted. The shape of the lesion is dependent on the
architecture of the cell sheet. The typical elongated
ovoid shape of the lesion in human embryo lung
fibroblasts is shown in Figure 2B.3. Enlarged cells can
frequently be seen in the lesion and staining reveals

that these are multinucleated, resulting from virus-
induced cell fusion. Staining of the affected cell sheet
reveals another feature of VZV cytopathology, namely
that many of both the mononuclear and the multi-
nucleated cells have irregularly shaped intranuclear
inclusions (Figure 2B.4). With time, the infection
ultimately spreads to involve the whole cell sheet.

Strain Variation and Antigenic Properties

The nucleotide diversity of the VZV genome as a whole
has been estimated at 0.063%, which is comparable to
that of human DNA but may be less than that of HSV
(0.2-0.5%). As with all herpesviruses, the VZV
genome contains blocks of repeated nucleotide
sequences, in this case five (R1-5). R1, R2 and R3
are gC-rich and are located in the coding sequences of
genes 11, 44 and 22, respectively. R4 (which is present
in both of the inverted repeat regions (TR and IR})
flanking the unique long region) and R5 are non-
coding. Variation in the number of repeat elements
within these regions has been used to distinguish one
strain of virus from another, either by means of
restriction endonuclease sites generated or lost or by
variations in the length of the cleaved fragments
(Hawrami et al., 1996). Other restriction sites and
single nucleotide polymorphisms (SNPs) throughout
the genome have also proved useful for typing of
clinical isolates and this has led recently to the
identification of at least four main genotypes, currently
designated A, B, C and J. Genotypes are geographi-
cally segregated, with type A predominating in Africa,
Asia and the Far East, type J in Japan and types B and
C in Europe and the USA. Mixing of genotypes and
intertypic recombination has been observed where
migration has occurred, e.g. in London and Rio de
Janeiro. Single nuclotide polymorphisms (SNPs)
generating restriction sites have been used to distin-
guish the Oka vaccine virus from wild-type strains. A
Pst1 restriction site in gene 38 and a Bgl/l restriction
site in gene 54 have been used to distinguish most UK
and US wild-type viruses from the Oka vaccine strain,
but in 30% of cases, were unable to discriminate
between wild-type Japanese strain and Oka. More
recently, a Sma restriction site in ORF62, which is
present in all wild-type viruses but absent in Oka, has
been identified. These SNPs are used to determine
whether cases of chickenpox and zoster following
vaccination are due to Oka vaccine virus or wild-type
virus.
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Figure 2B.4 (a) Stained VZV-infected human embryo lung fibroblasts. Note the rounded and multinucleated cells (arrow) (H & E
stain). (b) High-power view with many affected cells showing typical intranuclear inclusions

Worldwide, experience suggests that antibody pro-
duced against any strain of VZV is protective against
clinical disease and this is the basis for immunisation
with the live attenuated Oka vaccine. However, well-
documented clinical reinfection has been described in
up to 13% of children (Hall et al., 2002) and pregnant

women with low antibodies (Martin et al., 1994).
Protein differences have also been observed in the
amino-terminal region of ORF10 (a tegument protein),
which may be useful for identifying strains of Japanese
origin, including the Oka vaccine strain. Most recently
a wild-type strain of VZV called MSP, in which a
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single glutamate to aspartame mutation in IgE
abrogates binding of the 3B3 monoclonal antibody
that is commonly used used for diagnostic immuno-
fluorescence, has been isolated. MSP-VZV appears to
replicate and spread more aggressively in tissue culture
and animal models, such as the SCID hu epithelial
mouse.

Some serological cross-reaction with HSV does
occur, indicating that these two viruses share common
antigens. It has not been shown conclusively on which
of the viral proteins the responsible epitope (or
epitopes) is situated. The gB glycoproteins of VZV
and HSV have cross-reacting epitopes but it has been
difficult to demonstrate any significant cross-reactivity
with other proteins, in spite of the sequence homo-
logies between the two viruses. More likely is that
infection with one virus boosts the levels of antibody to
any different but antigenically related virus strains
previously encountered, so-called ‘original antigenic
sin’. This theory cannot entirely explain the hetero-
logous reactions between VZV and HSV, since it is
known that a small number of children, with no
previous exposure to VZV but who are experiencing
primary HSV infection, go on to develop low levels of
antibody transiently which react with VZV. The
converse has also occasionally been observed with
patients experiencing primary VZV infection. It is not
known whether this cross-reactivity extends to cellular
immune responses or whether it confers any cross-
protection between the two viruses.

It is also known that there is appreciable cross-
reaction between VZV and simian viruses which cause
varicella-like illnesses (see below). The level of cross-
reactivity between these viruses is such that adminis-
tration of live human varicella virus will prevent the
development of clinical illness in animals subsequently
infected with the simian virus.

Host Response to Infection

Following infection with VZV, antibodies are pro-
duced to the various structural and non-structural
proteins of VZV. Up to 30 protein bands can be
detected with convalescent sera by radioimmunopreci-
pitation or immunoblotting. The predominant
immunogenic components of the virus appear to be
the glycoproteins, the major capsid protein and the
assembly protein complex (Harper et al., 1988). Both
IgG and IgM antibodies react with these proteins
(Figure 2B.5). Typically, sera from cases of zoster react
more strongly and reveal a wider range of proteins

Varicella Zoster
196 IgM Molecular 196 IgM
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-
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Figure 2B.5 Typical immunoblot patterns for IgG and IgM
antibodies obtained with early convalescent sera from
varicella and zoster cases. The viral proteins were separated
on a 9% polyacrylamide gel, electroblotted onto
nitrocellulose and reacted with the sera. IgG and IgM
antibodies were detected with '*I-labelled sheep antihuman
IgG or IgM. The bands revealed by zoster sera are more
numerous and more intense

compared to varicella. gE, gH and the tegument
protein IE62 are the major targets for the cell-mediated
immune response against VZV, although T lympho-
cyte responses are also measured against epitopes in gl,
gB and gC, as well as the transcriptional regulator
IE63, and the products of ORF4, ORF10 and ORF29
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genes (Arvin et al., 1991). Although specific antibody
against VZV may protect against or attenuate infec-
tion, control of primary infection and clearance of
virus appears to depend on cellular immunity. The
incidence of complications and death from primary
infection are higher if there is underlying impairment
of cell-mediated immunity.

Pathogenicity for Animals

Animals other than man are reputed not to be
susceptible to VZV but there are reports of successful
infection of primates such as gorillas and chimpanzees
as well as marmosets. It has also been shown that
guinea-pigs can be infected with virus which has been
passaged in embryonic tissue obtained from these
animals, leading to virus replication in the nasophar-
ynx, viraemia and an immune response, but without a
rash. Hairless guinea-pigs have been reported to
develop a papular rash frequently after inoculation
but this model remains challenging to use. Some
progress has recently been made on studies of VZV
latency (see below) using VZV-infected rats in which
latent virus appears to behave in a fashion similar to
that seen in human ganglia. However, no in vivo
reactivation is observed in this model. Recently the use
of SCID hu mice with thymus/liver or epithelial
implants have greatly facilitated studies of virus
tropism for and replication in T cells and skin,
respectively. Outbreaks of varicella-like illness have
been reported in several specimens of monkeys from
primate centres throughout the world and viruses
which are similar to VZV have been isolated from
these monkeys. These viruses, which are immunologi-
cally indistinguishable from one another, are partially
related to VZV, showing 70-75% DNA homology
across the genome, and are currently being evaluated
in an attempt to establish a useful model of VZV
infection in man. Studies of simian varicella virus
continue to identify similarities to human VZV
(Pumphrey and Gray, 1995) but the applicability of
data obtained from such a model directly to man is
limited.

Pathogenesis

Knowledge about the pathogenesis of VZV-induced
diseases, particularly the primary infection, is still
limited due to the difficulty in growing the virus and
the paucity of suitable animal models.

Surprisingly little is known about the source and
route of transmission of the virus. The skin lesions are
certainly teeming with infectious virus, even at the
maculopapular stage. Airborne transmission from skin
lesions is therefore highly likely, especially since VZV
DNA is readily detected by polymerase chain reaction
(PCR) in the air surrounding patients with VZV
infection. It is virtually impossible to isolate infectious
virus at any stage from the upper respiratory tract of
cases of wvaricella, although viral DNA may be
detectable by PCR. Nevertheless, it is widely believed
that transmission occurs from this site, probably from
asymptomatic oral lesions which are present before the
skin eruption appears. Whatever the case, VZV
undoubtedly is transmissible via an airborne route
and does not require close personal contact. The
clinical attack rate of varicella in outbreaks is typically
in the range 70-90% of susceptible individuals, which
is slightly less than other viruses transmitted via the
respiratory route, e.g. 90% for measles.

The proposed model for the pathogenesis of
varicella is shown in Figure 2B.6. It is presumed, as
with the vast majority of human virus infections, that
the respiratory tract is the portal of entry. Again it is
presumed that after an initial phase of replication at
the site of entry, the virus spreads to a distant site, the
lymphoid system, where a second phase of replication
takes place. What is certain is that after a period of
about 14 days the virus arrives at its main target organ,
the skin, and the final phase of replication occurs there.
It is likely that the virus spreads to and replicates in
many other organs of the body, particularly the lung.
In most cases, the infection at these sites does not
manifest clinically, presumably because little or no
damage results from it. However, in those cases when
extensive infection involves organs such as the lung or
brain, serious disease can result.

There is considerable clinical evidence in support of
this proposed model for the pathogenesis of varicella
and leukoviraemia has been demonstrated during the
incubation period in healthy as well as immuno-
compromised patients. For a full discussion of this
subject, see Grose (1987).

Histological examination of the skin lesions of both
varicella and zoster shows focal degenerative changes
in the epidermis. The affected cells are swollen and
many of these contain well-defined eosinophilic intra-
nuclear inclusions. Multinucleated cells, also with
intranuclear inclusions, are characteristically seen at
the base of the lesion (Figure 2B.7). The histology of
the skin lesions is thus essentially similar to the
cytopathology seen in cell culture. The lesion extends
and its centre fills at first with clear fluid, which then
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Figure 2B.6 Proposed model for the pathogenesis of varicella. Reprinted from Grose (1981), © 1981, American Academy of

Pediatrics

becomes cloudy due to the influx of inflammatory
cells.

Termination of the infection at this site is indicated
by the drying up of the pustules, which is followed by
separation of the scabs and regeneration of the
epithelium. Termination must be brought about by
both the humoral and the cellular immune responses
and it appears likely that the latter is the more
important. The presence of large amounts of free and
cell-associated virus in the lesion, as well as degenerat-
ing cells showing all the characteristic features of VZV
infection, strongly suggests that the damage results
from a lytic effect of the virus. The lesions in the
immunocompromised are not modified in any way
other than being more extensive and this makes it
unlikely that immunopathology is playing an impor-
tant part in their genesis.

Recovery from the primary infection results, in most
people, in life-long immunity to exogenous infection,
although clinical reinfection has been described in up
to 13% of children and in some pregnant women with
low antibody titres (Martin ez al., 1994; Hall et al.,
2002). Subclinical reinfection may be even more
common, since it has been demonstrated that sero-
positive individuals who are in contact with varicella
can occasionally show significant rises in the level of

specific antibodies and boosting of cell-mediated
responses (Gershon et al., 1996). Furthermore, viral
DNA can be detected by PCR in nasopharyngeal
secretions of immune individuals who are in close
contact with chickenpox, suggesting that localised
reinfections may occur (Connelly et al, 1993).
Asymptomatic systemic spread of virus is also
suggested by reactivation of UK wviral strains in
patients whose primary infections occurred in Africa
(Quinlivan, 2002). It is probable that such re-exposures
to VZV throughout life help to maintain effective
immunity to varicella. Recent epidemiological data
also confirm the hypothesis that exposure to varicella
protects against subsequent zoster (Brisson, 2002).

Latency

Following the primary infection, the virus remains
latent in one or more posterior root ganglia. The
trigeminal and thoracic ganglia are most frequently
involved but ganglia at multiple sites may contain
VZV DNA, including ganglia not directly connected
with the skin (Furuta et al., 1997). VZV can also
infect T lymphocytes and this is likely to be the
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Figure 2B.7 VZV skin lesions. (a) Low-power view showing inflammatory exudate into the vesicle. (b) High-power view showing
multinucleated cells (arrow). Many of the affected cells have typical intranuclear inclusions

route of infection of at least some ganglia. In up to
20% of individuals a single recurrent infection
occurs, usually several decades after the primary
infection. The virus reactivates in the ganglion
and then progresses peripherally down the sensory
nerve to produce the typical skin lesions of herpes
zoster, which are restricted to the dermatome
supplied by the nerve.

Less is known about VZV latency and reactivation
than is known about the corresponding processes with
HSV. During latency the viral DNA appears to exist in
episomal form, with fused genome termini. Latent
virus is located predominantly in the neurons within
the ganglia (2-5%), with a much smaller proportion
(less than 0.1%) of non-neuronal satellite cells being
infected. Unlike HSV, there is no evidence that VZV



64 PRINCIPLES AND PRACTICE OF CLINICAL VIROLOGY

Figure 2B.8 Section of a posterior root ganglion obtained from a patient with herpes zoster. Note the intense inflammatory

exudate and degenerate neurons (H & E stain)

encodes latency-associated transcripts. Instead, in vitro
studies have shown that the majority of the VZV
genome is inactive during latency, and only transcripts
from ORFs 63 (which is most abundant), 21, 29, 62
and, to a lesser extent, 4 and 18 are detectable. ORF63
is the most abundant transcript and there is evidence
that, unlike the situation with HSV, protein products
of ORFs 4, 21, 29, 62 and 63 are produced during
latency (Mahalingam et al., 1996) and are present in
the cytoplasm as well as the nucleus, as expected, of
both neuronal and non-neuronal cells.

Reactivation of virus is associated with intense
destructive inflammatory changes in the involved
ganglion (Figure 2B.8) and this may be reflected in
the severe pain which is frequently experienced in
association with zoster. The failure of the host defence
mechanisms to contain the virus in the ganglia after
such prolonged periods of time is not understood. In
immunocompetent individuals it is probably due to the
decline of the effectiveness of previously acquired cell-
mediated immunity to VZV. In particular, T cell
responses to IE 63 have been proposed to protect
against reactivation. Inadequacy of cell-mediated
immunity is likely to be of critical importance, since
not only the elderly but patients with Hodgkin’s

lymphoma, HIV and similar diseases are also more
likely to experience zoster. These patients are also
more likely to experience more than one attack of the
disease or they may develop the disseminated form of
the disease. The term ‘disseminated’ implies that the
virus spreads through viraemia from the affected
dermatome to infect the skin or other organ at some
distal site, producing lesions that are similar to those of
varicella in their appearance and distribution. In recent
years it has also been shown that the appearance of
zoster correlates with increasing immunodeficiency in
patients infected with human immunodeficiency virus
(HIV), which primarily affects cellular immunity.

Most cases of zoster occur spontaneously but
trauma and stress have also been proposed as triggers
of reactivation. Anecdotal case reports suggesting that
re-exposure to varicella or vaccination with Oka may
trigger zoster have yet to be confirmed.

EPIDEMIOLOGY

Cases of varicella are seen throughout the year but
they occur more frequently in the winter and early
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Figure 2B.9 Age prevalence of antibodies to VZV. The antibodies were detected by both RIA and indirect immunofluorescence
procedures. The numbers of each age group tested are given at the end of the columns. These results were obtained in a
collaborative study with Dr J Cradock-Watson, Withington Hospital, Manchester

spring months. The seasonal incidence of the disease is
therefore roughly similar to that of other systemic
diseases such as measles and rubella and the respira-
tory viral infections, but quite unlike that of the
enteroviruses. Because of the comparatively small
variation in the seasonal incidence of varicella, it is
preferable to regard it as a disease which shows
variation in seasonal endemicity, rather than as an
epidemic disease. Annual variation in incidence also
occurs with higher than average incidence in 34 year
cycles. Herpes zoster, in contrast, occurs sporadically
and evenly throughout the year.

Varicella is one of the most common communicable
diseases worldwide and is predominantly a disease of
childhood. However, different parts of the world can
show significant variations in the age distribution of
infection. In temperate areas it is one of the classic
diseases of childhood. In the past the highest incidence
of varicella occurred in the age group 4-10 years
(Figure 2B.9). Recent serological surveys and data
from surveillance general practices (Royal College of
General Practitioners) have shown that the peak age of
primary infection in Western countries occurs in
children aged under 5 years, which is presumably
related to an increased use of day-care and playgroup
facilities, leading to greater exposure at a younger age.
In general, varicella is highly communicable in
temperate countries, with a reported attack rate of

up to 96% in close contacts (i.e. household or play-
friend), and therefore most people become infected
before adulthood. Seroprevalence studies generally
show that less than 10% of young adults are still
susceptible to varicella (Figure 2B.9) and, despite a
temporary increase in the incidence and overall
proportion of cases in adults (aged over 15 years)
(Fairley and Miller, 1996), this remains the case today.

It is not known what role different environmental
and social factors or different virus strains (see below)
may play in determining the epidemiology of varicella,
but the patterns of infection and disease can be very
different in tropical regions compared to those of
temperate regions. In many tropical countries, var-
icella is predominantly a disease of adults, with a mean
age of 20-25 years, or even as high as 38 years reported
from St Lucia. Studies from the Indian subcontinent,
south-east Asia and the Caribbean have shown that
25-60% of adults aged over 15 years are susceptible to
varicella. It appears that less transmission occurs
amongst the young children in these areas and this
may reflect patterns of social mixing between infected
cases and susceptible contacts. The effects of tempera-
ture and humidity at these latitudes on a naturally
labile virus has also been proposed to explain lower
rates of infection, but is partially discounted by
evidence of a childhood pattern of infection in
countries with similar climatic conditions, such as
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Hong Kong and Northern Australia. The effect of low
population density in a rural setting leading to lower
rates of transmission is supported by the lower rates of
VZV seropositivity for subjects living in rural Bengal
and rural Brazil, as compared with their age-matched
urban counterparts. Other theories include competi-
tion with other viruses infecting the respiratory tract.
Asymptomatic infection occurring in infants protected
by maternally transferred antibodies is also possible,
with the virus failing to establish latency and some
individuals thus remaining susceptible later in life.

It is important in hospital practice in temperate
climates to be aware of the fact that staff who were
born in tropical countries are more likely to be
susceptible to varicella.

Molecular Epidemiology

Using restriction fragment length polymorphisms
(RFLPs) and PCR, strains of VZV in the USA have
been shown to be related and distinct from strains
circulating in Japan (Takada er al., 1995). Restriction
analysis has also been used to prove that the virus
causing chickenpox in an individual was the same as
that reactivating as zoster some years later and that
Oka vaccine strain can be distinguished from wild-type
viruses in the USA (Adams ez al., 1989). Most RFLPs
are generated by variations in the numbers and
sequence of repeats in the five (gC)-rich repeat regions,
R1-RS, in the genome. RFLP differences between the
Oka vaccine strain and wild-type American strains
have been described (Adams et al., 1989), while PCR
across a Bgll restriction site in gene 54 and a Pst1 site
in gene 38 has simplified the identification of Oka
which, unlike VZV in USA, is Pst1~Bgll*. The Oka
strain also differs from all UK strains tested but is
genetically indistinguishable from about 3% of wild-
type Japanese strains. It is probable that, as with
herpes simplex, geographical variations reflect selec-
tion by host factors. However, there is also evidence
for transcontinental spread and recombination of
strains. (Barrett-Muir et al., 2002).

CLINICAL FEATURES

Varicella—the Primary Infection

The incubation period of varicella is approximately 2
weeks but a range of 7-23 days has been quoted. A
shortened incubation period can be encountered,

particularly in immunocompromised patients. A
potential source of error in these estimates will be the
infections that are acquired from asymptomatic cases.

The illness usually commences with the appearance
of the rash but occasionally there are prodromal
symptoms that resemble an influenza-like illness. These
symptoms appear a few days before the rash and are
seen more frequently in adults than in children.

The rash is characteristically centripetal in distribu-
tion and is seen mainly in areas that are not exposed to
pressure, such as the flanks, between the shoulder
blades and in the axillae. It is generally sparse in the
antecubital and popliteal fossae and is rarely seen on
the palms or the soles. This distribution is markedly
different from the more centrifugal distribution of the
smallpox rash, a distinction which used to be of
considerable diagnostic importance. Other differentiat-
ing features are that the lesions of smallpox are
rounder and deeper than the more superficial and
irregular shaped lesions of varicella.

The skin lesions progress fairly rapidly through the
stages of macules and papules to vesicles, which
rapidly break down with crust formation. The vesicle
with its surrounding area of erythema is the most
characteristic feature of the rash. The lesions appear in
a series of crops, so that all stages in their genesis can
be seen at any one time. This is very different from
smallpox, where the lesions are always at the same
stage. Patients with varicella are generally considered
to be infectious from a couple of days before the rash
until new vesicle formation has ceased and existing
vesicles have crusted. This usually occurs 5-7 days
after onset but may be longer in the immunocompro-
mised. The crusts separate usually within 10 days,
revealing healthy skin, but a minor degree of scarring
is common. The general constitutional symptoms of
the illness are typically mild, particularly in children.

Complications of Varicella

Sepsis

Secondary bacterial infection is by far the most
common complication of varicella, especially in chil-
dren, and causes increased scarring of the skin.
Streptococci group A and staphylococci are most
frequently involved and may be life-threatening in the
immunocompromised. Of those children requiring
hospitalisation for pneumonia associated with VZV,
over 30% may have bacterial pathogens.
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Figure 2B.10 Varicella pneumonia. Area of consolidated lung with typical multinucleated cells. (H & E stain)

Viral Pneumonia

Symptomatic varicella pneumonia occurs in 1 in
200000 cases of varicella in children, rising to 1 in
200 in immunocompetent adults, although radiological
changes may be found in 10 times this number. In
pregnant women the incidence of pneumonitis is
increased to 9% whilst 10% of smokers develop this
complication. Those most at risk are the immunocom-
promised, including children with leukaemia, in whom
up to 32% develop pneumonitis with a mortality of up
to 25% (Feldman and Lott, 1987). Adults with
malignant disease of the lymphoreticular system who
have received organ transplants and patients taking
systemic steroids are also at increased risk.
Pneumonia complicating varicella begins 1-3 (range
1-6) days after the onset of rash and the clincial
features include dry cough, dyspnoea and tachypnoea
with chest pain, haemoptysis and cyanosis occurring
less frequently. Over 90% of patients with chest
symptoms will develop pneumonitis and all such
patients should be admitted to hospital for antiviral
therapy. Histological examination of an area of lung
affected by VZV shows alveoli filled with oedema fluid,
a few foamy macrophages and other round cells. The
absence of an extensive outpouring of polymorpho-
nuclear leukocytes is a feature that distinguishes this
disease from bacterial pneumonia. The presence of
multinucleated giant cells with intranuclear inclusions

(Figure 2B.10) is pathognomonic, although somewhat
similar cells are seen in measles pneumonia. It is
important to realise that these multinucleated cells are
not always seen but large swollen mononuclear cells,
similar to cytomegalic cells but without the dominant
intranuclear inclusion, are always present. Clinical
diagnosis is confirmed by chest X-ray changes and
direct immunofluorescence of vesicle fluid and naso-
pharyngeal secretions, using a fluorescein-conjugated
monoclonal antibody. PCR of vesicle fluid and
respiratory secretions and specific [gM antibodies in
the serum are also be useful.

The illness runs a fulminating course if not treated
early with high-dose intravenous aciclovir and is the
single most common cause of varicella-associated
death in the immunocompromised. Surviving patients
may recover completely but others develop fibrosis of
the lungs, with permanent respiratory impairment.

Haemorrhagic Chickenpox

Haemorrhagic symptoms sometimes occur during the
course of varicella and usually make their appearance
on the second or third day of the rash. Haemorrhage
typically occurs into the skin but epistaxis, malaena
or haematuria may be additional presenting features.
The haemorrhage may be so severe as to be life-
threatening. This complication is more commonly seen
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in immunocompromised patients such as renal trans-
plant recipients, in whom a thrombocytopenia and/or
consumptive coagulopathy may also develop. Other
clinical features in these cases often include hepatitis
and gastrointestinal bleeding or distention. Treatment
is with high-dose intravenous antivirals (aciclovir) and
intensive care. Intravenous immunoglobulin, although
it has not formally been evaluated, is also commonly
used. The addition of steroids is more controversial.

Encephalitis

Varicella meningoencephalitis necessitating admission
to hospital occurs in 3—4 cases per 100 000 children and
more commonly in adults. Cerebral symptoms are
more common in adults, whilst cerebellar ataxia occurs
in children. In the majority of cases symptoms begin
4-8 days after onset of rash. CSF examination may be
normal or reveal a lymphocytosis, with a high cell
count and protein level being more likely in encepha-
litis than in cerebellar disease. Typical cases of
encephalitis presenting with headache and vomiting
and proceeding to coma are rarely seen but carry a
high mortality. By contrast, most patients with
cerebellar disease recover fully, although it may take
some months. Other neurological disorders, including
meningitis, transverse myelitis and Guillain—Barré
syndrome, have also been associated with the disease.

As with varicella pneumonia, CNS involvement
occurs much more frequently in immunocompromised
patients and is another important factor contributing
to the increased mortality of the disease in these
patients.

Other Unusual Manifestations and
Complications of Varicella

As mentioned in the section on Pathogenesis, above,
VZV infection may involve virtually any organ of the
body but, apart from in the skin and occasionally the
lung and brain, it is unusual for infection at other sites
to manifest clinically. Nevertheless, myocarditis,
arthritis, hepatitis and both renal and ureteric damage
associated with varicella have been reported.

Reye’s syndrome is a serious and frequently fatal
form of encephalopathy which is secondary to liver
damage occurring in children with varicella or
influenza and is associated with ingestion of aspirin.
The incidence of this has fallen with strictures on the
use of salicylates in children.

Varicella in Pregnancy

From Figure 2B.9 it can be seen that approximately
10% of women of childbearing age are still susceptible
to varicella, but this figure may be as high as 20% in
communities with a high proportion of immigrants
from India and Africa. The incidence of varicella in
adults aged 1544 years has been estimated at 3 cases
per 1000, which would result in about 2000 cases/year
in pregnant women in England and Wales. In areas
with immigrant populations from India and Africa, the
incidence may be over twice as high. Varicella in
pregnancy can present two quite distinct problems,
depending on whether the infection is contracted in the
early or in the very late stages of the pregnancy. For a
review of varicella in pregnancy, see Hanshaw et al.,
(1985).

Varicella in the Early Stages of Pregnancy

Congenital varicella syndrome occurs in fewer than
1% of foetuses where maternal infection occurs before
13 weeks of gestation, but this rises to 2% if maternal
infection occurs between weeks 13 and 20 (Pastusak
et al., 1994; Enders et al., 1994). The main features of
this syndrome are shown in Table 2B.3. Certain
defects, such as those involving the brain and eye,
are similar to those seen in congenital infections caused
by rubella virus and cytomegalovirus but other
features are quite different. Scarring of the skin,
which can be extensive, is a unique feature of the
varicella syndrome and indicates that VZV is derma-
totrophic even in utero. Other unique features are
hypoplasia of the limbs and rudimentary or even
missing digits, indicating that VZV intrauterine infec-
tion has a marked propensity for the musculoskeletal
system. Gastrointestinal abnormalities are also
described. The pathogenesis of the unique lesions of
the congenital varicella syndrome is not fully under-
stood but it is probable that they result from foetal
zoster following the initial VZV infection. The very
short latency period is explained by poorly developed
cell-mediated immunity in the foetus.

Table 2B.3 Clinical features of the congenital varicella
syndrome

Scarring of the skin

Hypoplasia of the limbs, muscular atrophy, rudimentary digits
Cortical atrophy, psychomotor retardation

Choreoretinitis, cataracts
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All of the reported cases in the literature were
seriously affected and less than half of them survived
beyond 20 months. In addition, a few cases have been
reported in the literature of babies born with severe
disseminated varicella acquired as late as the 25th week
of gestation.

Varicella in the Late Stages of Pregnancy

In common with other viruses (e.g. poliovirus),
varicella is known to cross the placenta in the late
stages of pregnancy, causing congenital infection of the
foetus, and infection acquired in this way can result in
the child developing varicella. Varicella occurring
within 10 days of delivery is evidence of intrauterine
infection. The risk of a child acquiring varicella in this
way is dependent on the rapidity with which the
mother develops and transfers humoral immunity
across the placenta and also the time interval between
the date of onset of the rash in the mother and the date
of delivery. This period is important because it affects
the management of these cases. From numerous
clinical observations it has now become consistently
apparent that if the onset of the rash in the mother
occurs 7 days or more before delivery, sufficient
immunity will have been transferred so that, even if
infection has occurred in utero, it will subsequently be
mild or even inapparent. In contrast, if the onset of the
mother’s rash is 6 days or less before delivery, the child
will be exposed to infection without the protection of
maternally transferred antibody. Young children
infected in this way may experience severe fatal
disseminated forms of the disease. Case-fatality rates
of approximately 30% have been reported for
untreated neonatal varicella. Also at risk of severe
infection are babies born to seronegative mothers who
contract varicella in the neonatal period, as no passive
immunity will have been transferred from the mother.
The administration of VZIG to attenuate infection (see
below) is therefore recommended for all children in
contact with varicella within the first 28 days of birth
where the mother is seronegative. Infected children
born to seropositive mothers are usually protected,
although it is worth noting that this protection is not
complete, since cases of mild varicella have been
reported in babies born to seropositive mothers. The
protective efficacy of the maternal antibodies is
maximal during the first 2 months of life. Children
born before 32 weeks gestation may not have acquired
maternal immunity, even if the mother has antibodies
to VZV. In such cases, and indeed in all cases where a

prematurely born infant is exposed to varicella whilst
in hospital, it is advisable to test the infant for varicella
antibody and administer prophylactic VZIG if it is
absent.

As stated above, the pathogenesis of varicella is not
fully understood. The behaviour of VZV in pregnancy
does, however, shed some light on this. First, the fact
that intrauterine infection occurs at all provides
further evidence that primary infection must have a
viraemic phase. Of greater significance is the observa-
tion that serious congenital varicella will occur only if
the onset of the maternal rash is within 7 days of
delivery. This clearly indicates that humoral immunity
can affect the course of infection.

Herpes Zoster—the Recurrent Infection

This is the recurrent form of VZV, which typically
affects a single dermatome of the skin. The average
annual incidence is 0.2% and it can occur at any age.
Over 50% of cases occur in individuals aged over 50
years but the incidence rises sharply from far fewer
than 1/1000 in the under-50s to 3—4/1000 in those aged
over 50 and 8-10/1000 in those aged 65 years and
above. Zoster is rare in children, although maternal
varicella and varicella acquired during infancy have
been identified as predisposing factors.

The disease is a result of the virus reactivating in a
single sensory ganglion and then proceeding periph-
erally down the associated sensory nerve to infect the
skin supplied by that nerve. The location of the skin
lesions are therefore dependent on the ganglion
involved. The ophthalmic branch of the trigeminal
nerve, as well as the lower cervical (in children
especially), thoracic and lumbar (T5-L2) posterior
root ganglia are those that are most frequently
involved. The eruption is usually preceded by abnor-
mal sensations and, perhaps, by burning or shooting
pains in the involved segment, and the skin may be
exquisitely tender to the touch (hyperaesthesia). This is
followed by the familiar unilateral ‘strap’ of vesicles on
the trunk. This can be accompanied by muscle
weakness in the affected or adjoining limb. The density
of the vesicles is very variable, being often sparse in
children but densely packed in adults. Definitive
involvement of the eye in ophthalmic shingles is
signalled by vesicles appearing at the tip of the nose,
which is supplied by the nasopharyngeal branch of the
nerve (Hutchinsons’s sign). Where the sacral ganglia
may be involved, the skin lesions may be associated
with retention of urine or symptoms suggestive of
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urinary tract infection, and sometimes there is frank
haemorrhagic cystitis. Facial palsy associated with
vesicles in the external auditory meatus is known as the
Ramsay—Hunt syndrome and is thought to be a form
of zoster involving the geniculate ganglion of the
seventh nerve. It is often accompanied by hearing loss
and vertigo. However, the pathology of this form of
zoster is disputed and it is preferable to refer to this
disease as ‘aural zoster’ rather than by its eponymous
title or even ‘geniculate herpes’. VZV reactivation has
also been implicated as a cause of facial Bell’s-type
palsy without vesicles or other symptoms but this
association is difficult to prove. A form fruste of herpes
zoster (zoster sine herpete), in which dermatomal pain
is present without lesions, has been shown to be
associated with high IgG antibody titres to VZV, and
VZV DNA is detectable by PCR in circulating
lymphocytes (Gilden et al., 1994) and in the naso-
pharyhngeal secretions (Furuta et al., 2001).

As with primary VZV infection, herpes zoster is a far
greater problem in immunocompromised patients. In
these individuals it frequently occurs earlier in life and
second attacks, which are virtually unknown in the
immunocompetent, are sometimes seen. Moreover, the
disease process is frequently prolonged in immuno-
compromised patients and they are most likely to
experience the disseminated form of zoster. If any
patient with zoster is examined carefully it is not
uncommon to find isolated vesicles in areas of the skin
far away from the main lesion. This means that a
minor degree of dissemination must occur quite
frequently. In one study, asymptomatic VZV viraemia
was detected in 19% of bone marrow transplant
recipients, using PCR (Wilson et al.,, 1992). In the
immunocompromised patient, however, extensive dis-
semination of the virus can occur so that the appearance
is identical to varicella but with the addition of the
zoster lesion. Such patients are frequently extremely ill,
often with visceral involvement, but with antiviral
therapy there is rarely a fatal outcome.

Herpes zoster, unlike varicella, does not usually
present a problem during pregnancy. The disease is
typically mild in pregnant women and transmission to
the foetus is not described. Herpes zoster near term is
not associated with serious neonatal infection, pre-
sumably because of the protection afforded by
maternal antibodies.

Complications of Herpes Zoster

Infection
As with varicella, secondary bacterial infection of the
skin can occur and occasionally can lead to impetigo

or cellulitis, but with appropriate antibiotic therapy
this is rarely a serious problem.

Neuralgia

Pain lasting more than 4 weeks after the onset of the
rash has been termed post-herpetic neuralgia. Since the
pain is usually a continuum of the pain occurring
during the acute phase, a more modern terminology is
zoster-associated pain (ZAP). Prolonged ZAP is the
most common complication of zoster, occurring in
15% of cases overall and up to 40% of those aged 60
years and over. Nearly all patients experience severe
acute pain at the site of the lesion, although the
severity and duration increase with age. The pain may
be present before the onset of the rash but in just over
85% of cases it remits within 2-3 weeks. It may consist
of a constant pain, an intermittent stabbing pain or
paraesthesia. Worsening of the pain on touch,
allodynia, is also characteristic. In some patients severe
disabling chronic pain occurs. The cause of the pain is
not clear but is associated with ganglionic destruction
and scarring with perturbation of type C nociceptor
function (Rowbotham and Fields, 1996). Symptoms
may be precipitated by temperature change and are
often worse at night. Age and, when that is controlled
for, severity of pain at the onset of zoster are the
factors which most strongly predict severe ZAP.
Female gender and ophthalmic location of the rash
are also associated with more severe and prolonged
pain. Treatment with antiviral drugs will reduce the
incidence, duration and severity of ZAP if started
within 72 h of the onset of rash, especially in those aged
over 50 years. The level of active drug, both peak
values and total dose (area under the curve), have also
been shown to be inversely correlated with severity and
duration of ZAP (Beutner et al., 1995) and more
recently the presence of virus in the blood at
presentation was found to correlate with prolonged
ZAP (Scott et al., in press). Post-herpetic neuralgia is
rarely seen in children.

Meningitis Encephalitis and Myelitis

Neurological complications due to VZV may be more
common than hitherto thought. PCR of CSF has
determined that VZV is amongst the most frequently
detected viruses in patients with aseptic meningitis.
VZV may also cause encephalitis, usually in
the presence of lesions but sometimes, in
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immunosuppressed patients, in the absence of visible
rash. Typically the rash, if present, involves the cranial
or upper cervical nerves. It is fortunately very rare and
little is known about its pathogenesis.

A number of clinical observations have strongly
suggested that motor as well as sensory neurons may
be involved in cases of herpes zoster. Ptosis associated
with ophthalmic zoster and paralysis of the intrinsic
muscles of the hand associated with skin lesions of the
deltoid region are examples of this. The phenomenon is
thought to be due to centripetal spread of the virus
from a ganglion into the central nervous system and
thence into a motor neuron. It is possible that facial
palsy with aural herpes, referred to above, may be
mediated in this way rather than through involvement
of the geniculate ganglion. Most of the motor
neuropathies are fortunately transient and serious
sequelae are rarely seen. Guillain—Barré syndrome
and transverse myelitis with ascending paralysis have
been reported in small numbers of cases and appear to
be more common in HIV-positive patients. A rare but
serious complication, particularly associated with
ophthalmic zoster, is contralateral hemiparesis. This
is caused by a granulomatous inflammatory process in
the brain with infarction of the cerebral arteries.

Ocular

The presentation of ophthalmic zoster is complex
because of the many structures of the eye and its
surrounds which can be involved, such as the eyelid,
conjunctiva, sclera, cornea and iris. Consequently the
risk of complications is high, even in immunocompe-
tent individuals. The risk of complications is
particularly high if the nasociliary branch of the fifth
cranial nerve is involved. Iritis and keratitis are the
most common complications. Blindness following
ophthalmic zoster is, however, rare.

Varicella Retinitis

Acute retinal necrosis due to reactivation of VZV has
been described, and is characterised by focal, well-
demarcated necrotising retinitis occurring predomi-
nantly unilaterally. Treatment with intravenous
aciclovir produces improvement within 48—-72h and
prevents the development of ragged retinal holes and
retinal detachment. A similar picture can be produced
by herpes simplex virus, usually in association with
encephalitis. The clinical complexities of ophthalmic

zoster have been reviewed by Marsh (1976) and
Culbertson (1986).

In patients with the acquired immunodeficiency
syndrome (AIDS), rapidly progressive herpetic retinal
necrosis due to VZV infection has been recognised.
First described as progressive outer retinal necrosis
(PORN), the condition is characterised by outer retinal
opacification and absence of inflammatory changes in
the eye bilaterality and multifocality. The signs are
rapidly progressive and are distinct from the retinal
infiltration and haemorrhages seen in CMV retinitis.
Untreated, PORN quickly progresses to bilateral total
blindness. VZV is the most common cause of this
condition and is diagnosed by PCR of fluid from the
anterior chamber. Treatment with intravenous aciclo-
vir or ganciclovir may halt the progression of the
lesions but will not usually affect the loss of visual
acuity. Foscarnet has also been used, both alone and in
combination with a nucleoside analogue, either aciclo-
vir or ganciclovir. Foscarnet and ganciclovir have been
given as intravitreal injections.

Zoster and HIV

Zoster occurs in up to 30% of patients with HIV
infection and in parts of Africa 85% of patients with
zoster aged less than 45 years are HIV-1-positive. Most
episodes of zoster occur early in the HIV disease
process, before the CD4 cell count has fallen, and tend
to be uni-dermatomal. Zoster occurring after the onset
of AIDS is associated with disseminated and multi-
dermatomal zoster. Recurrent zoster is common as the
CD4 cell count falls, occurring in up to 30% of
patients. Up to 10% of patients will also experience an
episode of zoster following the start of antiretroviral
therapy. This reactivation can be triggered by immune
reconstitution. Some HIV positive patients may
develop a chronic form of zoster with atypical
verrucous-like skin lesions, which have been associated
with decreased expression of VZV gE and gB (Nikkels
et al., 1997).

DIAGNOSIS OF VZV INFECTION

The clinical presentations of both varicella and herpes
zoster are usually so typical that laboratory confirma-
tion is rarely required. Notwithstanding, in one series
of shingles diagnosed clinically in the community, 15%
turned out to be due to HSV infection or non-herpetic
(Breuer et al., 2001). Where the distinction between
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HSYV infection and herpes zoster is difficult, such as in
a generalised vesicular rash occurring in an immuno-
compromised patient or where atypical lesions occur,
laboratory confirmation should be sought. Similarly,
laboratory diagnosis may also be useful for some of the
less common CNS and ocular complications affecting
immunocompromised patients. The VZV antibody
status of an individual is also commonly required,
now that treatment and prophylactic measures are
readily available and also because of the increasing
problem of nosocomial varicella outbreaks which
require prompt intervention.

Direct Demonstration Techniques

The main advantage of these techniques is that they
are rapid, usually giving results on the same day that
the specimen is received.

Electron Microscopy (EM)

Typical herpesvirus particles can be seen in profusion
in fluid taken from early vesicles of either varicella or
zoster. The particles can also be seen in emulsions of
material scraped from the base of lesions. The particles
are more difficult to see when the specimens are taken
late in the disease. EM unfortunately will not
distinguish between VZV and HSV infection unless
combined with immunological techniques.

Cytology

Smears of scrapings of the base of the lesions, stained
by Papanicolaou’s method or, for quickness, methy-
lene blue, will reveal characteristic multinucleated
giant cells (Figure 2B.11), also known as Tzanck
cells. Although not a routine procedure, microscopic
examination of biopsies of the lesion will also reveal
these giant cells as well as the other characteristics of
the histology which have been described above. Again,
neither cytology or histology will distinguish between
HSV- and VZV-induced lesions.

Immunofluorescence Cytology

A more specific diagnosis can be made if immuno-
fluorescence or immunoperoxidase examination of the
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Figure 2B.11 Scraping of the base of a lesion of herpes
zoster. Note the typical multinucleated cells (Papanicolaou
stain)

smears is carried out. Even cells from crusted lesions
contain viral antigen in abundance, allowing easy
detection. This method is therefore particularly useful
at a time when EM or virus isolation (see below) may
not be reliable. Direct detection of VZV in cells
scraped from the base of a vesicle is now easily
achieved using the FITC-conjugated monoclonal 3B3
antibody, which is directed against an epitope in gE.
This simple method has replaced indirect immuno-
fluorescence.

Detection of Viral DNA

The polymerase chain reaction (PCR) is more sensitive
than immunofluorescence, EM and culture for the
detection of VZV in vesicle fluid. For this reason it is
the method of choice where the vesicular viral load
is low and a diagnosis is required, e.g. where the rash is
old, following antiviral treatment and where recurrent
varicella infection is suspected. PCR of vesicle fluid is
also used to confirm verruciform zoster occurring in
HIV-positive patients, and has been shown to detect
VZV in up to 10% of simplex-like rashes. PCR is most
extensively used for the diagnosis of VZV CNS and
occular disease. Using PCR, VZV was the commonest
virus (29%) detected in 3231 Finnish patients with



VARICELLA ZOSTER 73

suspected meningoencephalitis. This result is borne out
by other studies, confirming that VZV is a significant
cause of viral meningitis and encephalitis in both
immunocompetent and immunocompromised patients.
VZV viral load in the blood may be useful for the
detection of visceral zoster infection, which may
present in immunocompromised patients as abdominal
pain in the absence of rash. PCR of vitreous fluid is
also used to confirm the diagnosis of ARN and PORN.

More recently PCR has been used to demonstrate
the presence of viral DNA in throat swabs from
patients with zoster and zoster sine herpete. PCR of
vesicle fluid is also the method of choice for
differentiating the Oka vaccine virus from wild-type
strains in rashes occurring in subjects who have been
immunised.

Virus Isolation

This remains the gold standard for diagnosing VZV
infections; however, isolation of virus is difficult and
recovery rates in most laboratories are generally less

than 50%. Human fibroblast cultures are used in most
laboratories as they can be maintained for the 21 days
required for some isolations.

Vesicle fluid or material swabbed from the base of
fresh lesions are the specimens most suitable for
isolation attempts. Supernatants from emulsion of
affected organs, such as the lung, obtained at post-
mortem or by biopsy, can also be used. Virus can
rarely, if ever, be recovered from crusted lesions, the
upper respiratory tract or blood.

With virus-containing specimens, the characteristic
cytopathic effect of VZV will ultimately be produced
(see Figure 2B.3). Occasionally, clinical isolates only
show a restricted CPE on primary isolation and
require ‘blind passage’ onto fresh fibroblast cultures
before the classical CPE develops.

It is possible to increase the speed of isolation by
centrifugation-enhanced infection (‘shell-vial’ culture).
In addition, immunological staining techniques utilis-
ing monoclonal antibodies can be used to detect viral
antigens in cell cultures within 2448 h after inocula-
tion, before a cytopathic effect becomes apparent
(Figure 2B.12).

Figure 2B.12 Immunofluorescence staining of a cell sheet of human embryo lung fibroblast cells infected with VZV. An indirect

method with monoclonal antibody was used
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Identification of Isolates

Many laboratories do not undertake further identifica-
tion of isolates because the cytopathic effect of VZV is
so characteristic. This is not unreasonable provided
that there is awareness that the early changes in the
culture may not be too dissimilar from the early
cytopathic effect of both HSV and CMV.

The definitive identification of an isolate has
traditionally involved tedious methods in which a
crude antigen preparation is prepared from the
affected cell sheet and reacted with a standard VZV
antiserum in serological tests such as the complement
fixation test. However, staining with VZV monoclonal
antibodies (Figure 2B.12) or detection of viral DNA,
e.g. by PCR, now provide simple and rapid means of
identification.

Serological Diagnosis

A number of different methods are currently available
for the serological diagnosis of VZV infection, but
perhaps the most important use of this technology is
the determination of the immune status of patients
prior to the administration of prophylaxis.

The serological diagnosis of varicella using acute
and convalescent sera is easily accomplished but is less
reliable for herpes zoster. Sera obtained in the early
stages of varicella are either devoid of or contain only
low levels of specific antibody, whereas these anti-
bodies are present in high titre in sera taken in the
convalescent period. Whilst significant rises in anti-
body titre in paired sera can be demonstrated in cases
of zoster, this is generally only possible if the first
serum is taken soon after the onset of the rash, for the
reason that pre-eruption sera will always contain some
specific antibodies and the titres rise very rapidly after
onset. In cases of zoster it is not uncommon to see a
drop in the pre-eruption antibody level around the
time of onset, so that the antibodies may barely be
detectable in sera taken within the first 2 days after
appearance of the rash. Testing for avidity of IgG
antibodies provides a means of distinguishing between
primary and anamnestic antibody responses.

The sharing of antigens between VZV and HSV
(discussed above) sometimes makes the interpretation
of serological results difficult. It is quite frequently
found that levels of antibodies to both VZV and HSV
will have shown significant rises in association with a
particular illness; however, without additional infor-
mation, such as virus isolation data, it may be

impossible to determine which of these viruses was
responsible for the infection.

Complement Fixation (CF)

This test is now all but obsolete for the diagnosis of
VZV as it is too slow, not sensitive enough for the
determination of immune status and more susceptible
to cross-reaction between VZV and HSV than other
tests.

Immunofluorescence (IF)

This method provides a sensitive determination of
serological status to VZV but has now been superseded
by enzyme immunoassays in most diagnostic labora-
tories. In IF tests, serial dilutions of sera are reacted
with VZV-infected culture cells, and any specific
antibodies attaching to these cells are detected
with a fluorescein-conjugated anti-human IgG
serum. There are two variants of this basic test.
One is the standard IF procedure, in which sera
react with acetone-treated culture cells, and is
therefore capable, at least theoretically, of detecting
antibodies to all virus-induced proteins. This
method is no more sensitive than most commercially
produced EIAs. The fluorescent antibody to
membrane antigen (FAMA) technique uses unfixed
or glutaraldehyde-fixed cells and is designed to
detect only antibodies to viral antigens that
appear on the surface of infected cells. Consequently,
FAMA should in theory specifically detect those
antibodies that are concerned with protection.
FAMA together with the GP ELISA (see below) are
the most sensitive assays available for the detection of
VZV antibody.

Enzyme Immunoassays (EIA)

In general, the commercially available assays for
varicella zoster antibodies are less sensitive than
FAMA. Currently commercial tests may fail to detect
protective vaccine induced in up to 30% of immunised
individuals. The gpELISA that has been developed by
Merck and which uses VZV glycoproteins as antigen is
as sensitive as FAMA. A level of 5 units or above in
the gpELISA has been shown to correlate with
protection against breakthrough infection following
vaccination. The gpELISA is only available at one or
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two reference centres. Latex agglutination is more
sensitive than most commercially available EIAs but
can be difficult to interpret. Although assays of the
indirect solid phase kind are used most frequently a
competitive type assay has also been described, which
should not, theoretically, be affected by cross-reacting
antibodies to HSV.

Neutralisation

Theoretically, this should be the method of choice for
determining VZV immune status, since it measures
antibodies concerned with protection. However,
current procedures are technically very difficult to
carry out, due mainly to the difficulty of obtaining
a consistent supply of challenge virus, since virus
infectivity is so highly cell-associated. It is also
an insensitive test. For these reasons, it has no
role in routine diagnosis. Antibody detected by
FAMA and gpELISA correlates well with neutralising
antibody.

Detection of VZV-specific IgM Class
Antibodies

This class of antibody can be detected using the
indirect IF or immunoassay procedures, in which
the labelled antibody used in the system is directed
against human IgM class antibodies. Procedures in
which the IgM antibodies are captured onto the
solid phase (MACRIA or MACEIA) can also be
used. VZV IgM may not initially be detectable in
sera from patients with varicella but is present in
100% of convalescent sera, and it can be detected
for about 3 months from the onset of the illness.
Tests for specific VZV IgM are therefore useful for
diagnosing recent infection when the only sera avail-
able are those taken late or after the termination of the
illness.

Unfortunately it is not possible to use these tests to
distinguish reliably between primary and recurrent
VZV infection, since specific IgM antibodies are also
induced in most cases of herpes zoster. In these
patients, however, the amount of IgM antibody is
generally lower than that found in varicella cases and is
also of shorter duration (Figure 2B.13).

VZV IgM can also be detected in some congenital
varicella infections.

MANAGEMENT

Varicella

Varicella in healthy individuals is generally mild and
complications are rare. Where treatment is indicated,
the drug of choice is aciclovir, a nucleoside analogue
that blocks viral replication. VZV is less susceptible to
aciclovir than is HSV and requires approximately a
10-fold higher concentration of the drug for effective
inhibition. The inhibitory concentration (IDsp) of
aciclovir for VZV in cell culture is usually in the
range 2-20 uM, depending on the cell type and virus
strain used. It is possible to obtain adequate inhibitory
concentrations in the blood if a dose of 10 mg/kg (or
500mg/m? for children aged <12 years) is given
intravenously over a 1h period every 8 h. This dosage
maintains plasma levels in the range 10-90puM.
Duration of treatment is normally 5-10 days, depend-
ing on the severity and progression of the disease, but a
minimum of 7 days is recommended for immuno-
compromised patients and adults with visceral
complications. Oral aciclovir is poorly absorbed and
the recommended dose of 800mg, 5 times a day, will
give blood levels of 4-8 uM, which are only just at the
ID5y concentration for VZV. Studies in children
(Dunkle et al., 1991) and adults (Wallace et al., 1992)
have shown that antiviral treatment must be started
within 24h of the onset of rash to be effective. In
immunocompetent patients, the duration of rash and
fever are reduced by treatment with aciclovir but none
of the studies have had the power to show whether
treatment reduces the risk of complications.

The nucleoside analogues famciclovir (Famvir™)
and valaciclovir (Valtrex™), are both better absorbed
orally (50-70%) than aciclovir (20%) and metabolised
to produce blood levels of active drug equivalent to
intravenous aciclovir. However, these have not yet
been licensed for the treatment of varicella.

A detailed review and recommendations for the
management of varicella in different patient groups
have recently been prepared by the UK Advisory
Group on Chickenpox for the British Society for the
Study of Infection (Carrington and McKendrick,
1998).

Varicella in Children

For the typical childhood case, no treatment is
required apart, perhaps, from soothing lotions for
itching and antibiotics if there is any question of
secondary infection. There is some evidence that
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Figure 2B.13 Detection and duration of the specific IgM response in patients with varicella and herpes zoster. MACRIA was used

for the antibody determinations

secondary cases of varicella acquired within a family
are more severe and treatment of such cases, particu-
larly adolescents, is advocated by some, although the
current UK consensus is not to use oral aciclovir
routinely in healthy children. Children on inhaled or
intranasal steroids are not considered to be at special

risk but such cases should be considered individually.
No great pressure is usually exerted on parents even to
quarantine affected children and, indeed, there are
some who advocate that it is preferable for children to
contract the disease to ensure that immunity is
acquired at an early age.
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Varicella in Adults

One in 200 adults will develop clinical pneumonitis and
approximately 1 in 2000 will require intensive care.
Those most at risk include smokers, patients with
severe chronic lung conditions and those with more
dense rashes. Aciclovir commenced within 24 h of the
onset of symptoms does reduce viral shedding and new
lesion formation by 0.5 days, and accelerates rash
healing by 1-2 days (Wallace et al., 1992). Pregnant
women are also at increased risk of pneumonitis but
aciclovir is currently not licensed for use in pregnancy.
However, it has been used successfully in numerous
pregnant women to treat serious VZV disease without
ill-effect and there is no evidence to date that it is
teratogenic, although it is known to cross the placenta
and can be detected in the urine from infants of
mothers who have been treated. It is not known at
present whether treatment with aciclovir has any
beneficial effect on foetal varicella syndrome. Current
UK recommendations are therefore to treat varicella
presenting within 24h in otherwise healthy adult
smokers, patients with chronic lung conditions (includ-
ing adults on inhaled steroids) and pregnant women
in the second half of pregnancy (Carrington and
McKendrick, 1998). Adults presenting more than 24 h
after the onset of the rash should have their clinical
progress assessed. Those who appear to be deteriorat-
ing, e.g. with recurrent fever or progressive rash or
who develop chest symptoms or signs, should be
admitted for chest X-ray, gases and assessment as to
whether they need intravenous aciclovir and antibio-
tics. For detailed algorithms for the management of
varicella in adults, see Wilkins et al. (1998).

Varicella in the Inmunocompromised Patient

Varicella in the immunocompromised can be a serious,
even fatal, illness and consequently its management in
these patients is different from that in a previously
healthy individual. Immunocompromised patients,
including those on systemic steroids (including for up
to 3 months previously), should be aware of their
immune status and, where possible, i.e in all except
those with lymphoreticular malignancies, immunised
with live attenuated Oka vaccine. Where this is not
possible, patients should be counselled against contact
with patients with varicella or zoster as well as being
advised to seek medical help immediately if contact
occurs. Where the patient has no immunity and
significant exposure has occurred, measures should

be taken to prevent or attenuate the infection (see
below). Significant exposure has been defined arbitra-
rily by the American Academy of Paediatrics and by
the UK Joint Committee on Vaccination and Immu-
nisation. Broadly, there is consensus that ‘significant
contact’ constitutes living in the same house as a case
of zoster or chickenpox, indoor contact with a case of
zoster or chickenpox for a period of time (15min or
more in the UK) and face-to-face contact with a case
of chickenpox.

Aciclovir has been shown to be effective in prevent-
ing varicella in the immunocompetent if given between
7 and 9 days post-exposure. Post-exposure aciclovir
prophylaxis is not effective if given earlier than 7 days,
presumably because it interferes with the primary
viraemic phase, which primes the specific T cell
responses.

Herpes Zoster

The main aims of therapy in acute herpes zoster
occurring in a previously healthy individual are to heal
the rash rapidly, alleviate acute pain, prevent post-
herpetic neuralgia and reduce the risks of ophthalmic
and neurological complications.

Antiviral Drugs

Several drugs are currently licensed for use in the UK
for treatment of acute shingles, including topical
idoxuridine, aciclovir, famciclovir and valaciclovir.
Idoxuridine was the first antiviral drug to be used for
this purpose. It is too toxic to be used systemically but
can be administered topically as a 40% suspension in
dimethyl sulphoxide. This form of treatment is
cumbersome and has now been replaced by systemic
or oral treatment with the newer antiviral compounds.

Patients given high-dose aciclovir (800 mg orally,
five times/day) for acute shingles have been shown, in
placebo-controlled studies, to have faster resolution of
the rash (by up to 2 days), have less acute pain,
reduced viral shedding (by 1-3 days) and fewer
ophthalmic complications. Several studies have also
shown a reduction in the incidence, severity and
duration of persistent ZAP in those most at risk, i.e.
over the age of 50 years, when aciclovir is given within
72h of the onset of rash. Valaciclovir (a pro-drug of
aciclovir) and famciclovir (a pro-drug of penciclovir)
give higher blood levels of the active drug, and thus
allow easier treatment regimens on account of their
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improved oral bioavailability. In addition, penciclovir
and its derivative, famciclovir, have a significantly
longer intracellular half-life compared to aciclovir. A
dosing schedule of famciclovir of 250 mg three times/
day or valaciclovir 1000 mg t.d.s. are as effective as
high-dose aciclovir for treatment of zoster. The newer
pro-drugs also have the potential to prove more
effective than aciclovir in reducing the severity and
duration of ZAP (Beutner et al., 1995; Cirelli et al.,
1996). Valaciclovir has also been shown to have an
effect if given later than 72 h after the onset of rash.

Other new drugs that have been developed for the
treatment of zoster include Sorivudine (BVaraU) and
Brivudin (BVDU). Both these agents are particularly
active against VZV when taken orally, and result in
accelerated rash healing. Brivudin has been licensed in
Germany. Furthermore, when administered in combi-
nation with 5-fluorouracil, Sorivudine has caused the
deaths of a number of patients. Brivudin is also
contraindicated in this situation.

Adjunctive Treatment

Oral prednisolone in addition to aciclovir slightly
reduces acute symptoms but does not protect against
prolonged ZAP more than aciclovir alone. Oral
steroids are generally not used, as the risks are felt to
outweigh the benefits. A retrospective case control
study showed that amitriptyline given acutely reduced
the severity and duration of pain. Other treatments,
such as sympathetic nerve blocks, have been reported
anecdotally to reduce pain and require proper trials to
assess adequately.

Treatment of Established ZAP

During the acute attack of zoster, paracetamol, with or
without mild opiate analgesics, is recommended. Non-
steroidal analgesics are less effective. Low-dose tri-
cyclic antidepressants such as amitriptyline, the dose of
which is titrated against side-effects and pain relief, can
also be given for 4-8 weeks, particularly if sleep loss is
a problem. The anticonvulsant gabapentin has also
been shown to be effective in patients with pain of 3
months duration or more. Other recommendations for
pain relief include ice packs, topical local anaesthetic
(e.g. Lidocaine patches), capsaicin and, if necessary,
stronger opiates. Patients with intractable pain should
be referred for specialist pain management advice.

Ophthalmic Zoster

Management of patients with ophthalmic zoster
should include topical aciclovir applied to the eye
and oral aciclovir (800 mg five times/day), whatever the
patient’s age. Treatment should, however, be started as
soon as possible to be effective and preferably within
72h of onset. It is currently not known how effective
aciclovir or the newer antivirals are in treating chronic
complications such as anterior uveitis and stromal
keratitis. Early referral of patients with ophthalmic
zoster to an ophthalmologist is desirable and topical
steroids should in no case be administered without
specialist consultation.

Herpes Zoster in Inmunocompromised
Patients

The more severe, and particularly the disseminated,
forms of herpes zoster are seen in those who are
immunocompromised and may be life- or sight-
threatening. Patients at high risk should be educated
to recognise shingles and to seek medical advice early.
Highly immunocompromised patients should initially
receive intravenous aciclovir followed by oral aciclovir
if necessary. Treatment should be continued until the
lesions crust, approximately 5-7 days later. Less
severely immunocompromised patients with localised
shingles can be given oral aciclovir or one of the newer
pro-drugs.

Antiviral Drug Resistance

VZV resistance to aciclovir has been described in
immunocompromised patients, particularly those
infected with HIV. There is currently no evidence
that such resistant virus strains are transmissible but
they can present a considerable challenge to treatment
and are therefore of much concern. Almost all the
resistant strains that have been characterised to date
have had reduced TK function as a result of mutations
in the thymidine kinase gene (Talarico ez al., 1993),
although some DNA polymerase mutants have also
been found (Kamiyama et al., 2001). Mutations in the
TK gene have been identified as either (a) deletions or
point mutations leading to a truncated protein, or (b)
single point mutations leading to amino acid substitu-
tions. Mutations involved in resistance to aciclovir
have been demonstrated in different positions in the
gene and are not only restricted to the ATP or
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nucleotide binding sites on the protein. Some aciclovir-
resistant strains have also been shown to be cross-
resistant to other TK-dependent drugs, including
penciclovir and Sorivudine. However, such resistant
strains are generally found to be sensitive to foscarnet,
a broad-spectrum antiviral drug which directly inhibits
viral DNA polymerase and thus provides an alter-
native treatment. AIDS patients with aciclovir-
resistant VZV infections have been successfully treated
with foscarnet (40 mg/kg every 8h in a 1h infusion
over 10 days) in an open study (Safrin et al., 1991) but
the optimal dose and duration of treatment are not yet
defined.

PREVENTION

Prevention of VZV disease is important in those who
are at risk of contracting the severe forms of the
disease. An increase in adult susceptibility to varicella
(see section on Epidemiology, above) also has serious
implications for hospital infection control, since
medical staff without immunity may become infected
following contact with zoster patients and can, some-
times with disastrous consequences, transmit the
infection to patients who are immunocompromised.

Many immunocompromised patients will cope
normally with varicella, but the possibility of admin-
istering varicella zoster immune globulin (VZIG) and/
or antiviral drugs prophylactically to these patients
should always be considered if they come in contact
with VZV. At the moment there is, unfortunately, no
means of preventing herpes zoster.

Antiviral Drugs

Acyclovir is now routinely used for prophylaxis
against HSV infections in immuncompromised
patients and may also provide some benefit against
VZV. However, studies have not yet been performed to
demonstrate the efficacy of such a strategy. Oral
aciclovir has been shown to prevent or modify varicella
in young immunocompetent household contacts given
a 7 day course (40 mg/kg in divided doses), beginning
7-9 days after the contact with the index case, i.e.
during the presumed phase of secondary viraemia.
Administration within 7 days following contact, i.c.
during primary viraemia, was not as effective, possibly
because early priming of T cells is reduced.

Passive Immunisation

Human immunoglobulin preparations with high titres
of antibody to VZV are an established means of
attempting to prevent varicella. Such preparations
were originally prepared by cold ethanol precipitation
from the blood of patients recovering from shingles
and were consequently designated ‘zoster immuno-
globulin’ (ZIG). Current preparations are obtained by
processing preselected sera from blood donors with
high titres of antibody to VZV. These preparations are
referred to as ‘varicella zoster immune globulin’
(VZIG) or ‘human anti-varicella zoster immuno-
globulin’. VZIG preparations are frequently in short
supply but antibody concentrations in the blood as
high as those with VZIG have been obtained with
intravenous normal human immunoglobulin (iv-
NHIG) preparations and these may be used empiri-
cally as an alternative when VZIG is not available.
NHIG given intramuscularly has been shown not to be
effective and plays no role in the prevention of
varicella.

VZIG is recommended for any susceptible ‘at-risk’
individual (Table 2B.4) who has significant exposure to
varicella or herpes zoster. It should be administered as
soon as possible after contact, preferably within 96 h,
although some studies have shown VZIG to have a
beneficial effect when given up to 10 days after contact.
The immune status of the patient should be assessed by
testing for specific antibodies in the serum before
administration of VZIG whenever possible. Since
tests with the appropriate sensitivity (see section on
Diagnosis, above) are generally only available in
specialist laboratories, the administration of VZIG

Table 2B.4 Underlying or associated conditions which place
patients at risk of contracting the severe forms of varicella

Leukaemias, Hodgkin’s disease and other neoplasms of the
lymphoreticular system, whether or not treatment is being
given

Other cancers that are being treated with cytotoxic drugs or
other regimes that are immunosuppressive

Primary immunodeficiency syndromes

Bone marrow transplant recipients, irrespective of their own
or the donors’ VZV status

Diseases requiring systemic steroids at a dosage equivalent
to at least 2 mg prednisone/kg/day

Susceptible pregnant women in close contact with VZV

Newborn infants of women who contracted varicella <7 days
before or after delivery

Premature infants whose mothers have no history of varicella
or any infant whose birth weight was <1000 g
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should not be delayed past 7 days after the initial
contact while waiting for the test result. A convincing
history of varicella or zoster is a reasonably reliable
indicator of immunity and usually obviates the need to
administer prophylactic agents. Nevertheless, it is
recommended that an antibody test is performed to
confirm the immune status in immunocompromised
patients, even if a past history of VZV infection is
given. The true efficacy of VZIG has not been
established in well-controlled trials and differences in
the results of different studies may reflect different
potencies of the preparations used. It is known that
VZIG gives incomplete protection against infection. In
a study carried out in the UK it was shown that of 27
seronegative children who were in contact at home, 18
(67%) became infected—14 (52%) with symptoms—in
spite of receiving VZIG. Therefore, the rationale for
administering VZIG to those at risk is not so much to
prevent infection but to prevent the serious forms of
the disease with visceral involvement. There are
numerous studies, based on case series, showing the
beneficial effects of VZIG in reducing morbidity and
mortality compared to historic controls or untreated
patients. Unfortunately, there are also reports of
correctly administered VZIG failing to prevent fatal
varicella in immunocompromised patients. Feldman
and Lott (1987) reviewed the impact of varicella in 280
children with cancer and the effectiveness of various
forms of management. In their study group, passive
immunization significantly reduced both the incidence
and mortality of pneumonitis compared to untreated
children. Even so, pneumonitis developed in 11% of
children who received VZIG, requiring intensive
additional antiviral chemotherapy.

It is important, particularly in a hospital environ-
ment, to be aware of the shortcomings of VZIG and to
be alert to the possibility that an inoculated patient
might develop varicella and become a source of
infection for others.

It is also recommended that VZIG be given to
susceptible pregnant women in close contact with
VZV infection at any stage of the pregnancy, in the
hope that it will reduce the risk of transmission of
infection to the foetus and also to ameliorate any
potentially serious VZV disease which can occur in
pregnant women. Maternal varicella can still occur
despite VZIG prophylaxis but a large prospective
study has shown that even in such cases, the risk of
foetal infection during the first 20 weeks of pregnancy,
and subsequent foetal damage, may be reduced
(Enders et al., 1994). Should a woman contract
varicella perinatally, it is important to administer
VZIG to the newborn baby (Table 2B.4).

The recommended dosages for VZIG preparations
available in the UK are as follows: 0-5 years, 250 mg;
6—-10 years, 500 mg; 11-14 years, 750 mg; and 15 years
or more, 1000mg. A second dose can be given after 3
weeks if necessary.

Active Immunisation

Although individual cases of varicella may be pre-
vented or modified by VZIG or with antiviral drugs,
control of varicella in the community can only be
achieved by widespread vaccination. Active immunisa-
tion also has the advantage in individual ‘at-risk’
patients by offering long-term protection. Varicella
vaccines based on the attenuated Oka strain of VZV
have been available since 1974, when it was first
developed in Japan (Takahashi et al., 1974). The
original vaccine was derived from VZV isolated from
vesicles of a 3 year-old child with typical varicella and
was attenuated by serial passage in guinea-pig cells and
human embryo lung cells. Biologically, vOka grows
less well than wild-type virus at 37°C and better at
33°C. Replication in the SCID hu mouse epithelial
cells is also reduced. Comparison of the sequence of
the vaccine Oka strain and wild-type strains, including
parental Oka, has identified approximately 30 amino
acid changes unique to vOka. Eight of these are
located in the IE 62 protein and reduce its ability to
transactivate the expression of early VZV proteins
(Gomi et al., 2002).

The vaccine is clinically attenuated, as evidenced by
the less severe rash, the rarity of secondary trans-
mission (three cases in 15 million doses given) and the
lower rates of reactivation (2% vs. 15% following
wild-type infection in leukaemic children) (reviewed in
Breuer 2002a). Clinical studies in Japan, the USA and
Europe have shown the vaccine to be effective; 95% of
healthy children seroconvert after one dose of the
vaccine, while leukaemic children immunised during
maintenance therapy, and healthy adults, require
two doses to achieve 90% seroconversion. Clinical
protection against subsequent (breakthrough) varicella
appears to be good, although estimates of protection
within the first 10 years vary between 65% and 97%,
depending on the potency of the vaccine preparation
used. In a study of 4042 healthy children and
adolescents, protection appeared to correlate with the
titre of VZV-specific antibody at 6 weeks post-
vaccination. However, breakthrough infections are
higher in adults and immunosuppressed patients.
Antibody levels decline with time but long-term
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follow-up studies spanning 20 years in Japan and 10
years in the USA have shown that over 90% of
vaccinated children retain protective immunity. Fewer
than 5% of recipients develop a mild varicella-like rash
after vaccination and fever is rare. Genotyping of virus
shows that vaccine-related rashes occurring within the
first 2 weeks of immunisation are wild-type in origin,
while those occurring after 2 weeks are vaccine-related.
No data are available for the GSK vaccine. In
vaccinated leukaemic children, the incidence of adverse
events in the first 6 weeks after immunisation is higher
than in healthy children, and this, coupled with a
reluctance to interrupt chemotherapy for immunisa-
tion, has led to other approaches to preventing serious
varicella in immunosuppressed children. To this end,
the vaccine has been licensed for the immunisation of
seronegative household contacts of children suffering
with leukaemia and cancer.

Since 1995 the Oka vaccine has been given to all
children in the USA at age 12-15 months. This has
resulted in a fall in circulating varicella and a reduction
in associated hospitalisations (Seward ez al., 2002).
Other countries have licensed the vaccine for use in
adults and in children undergoing treatment for
leukaemia. In the UK, considerable doubts about the
economic benefits of preventing varicella in healthy
children remain, especially if the costs of time lost from
work by parents caring for sick children are not
considered in the analysis (reviewed in Breuer, 2002b).
Moreover, modelling of the consequences of vacci-
nation against VZV have shown that eradication of
circulating wild-type chickenpox would be likely to
lead to an upsurge in the incidence of zoster. These
data were based on hypothesis, but more recently
concrete evidence for the affect of contact with
circulating varicella in boosting immunity to the
VZV virus and indirectly preventing its reactivation
to cause zoster has emerged. Two studies have
independently shown that contact with children, a
surrogate for contact with varicella, is inversely related
to the incidence of zoster (Brisson et al., 2002; Thomas
et al., 2002). Such data, when included in economic
models, severely prejudice the likelihood of mass
vaccination against varicella alone being medically or
economically beneficial. Notwithstanding the vaccine
has recently been licensed in the UK for use by
seronegative health care workers and seronegative
household contacts of immunosuppressed children.

The vaccine is potentially useful for post-exposure
prophylaxis and is licensed for this in the USA.
Antibody responses usually do not appear until 3-5
weeks after vaccination, but cell-mediated immune
responses develop within 4 days after vaccination in

approximately 50% of recipients and have been shown
in controlled trials to confer protection after contact.

There is also considerable interest in the possibility
of vaccinating seropositive adults with the aim of
preventing zoster. This arises from the observation
that the vaccine can effectively boost both antibody
levels and cell-mediated immunity in elderly patients
(Sperber et al., 1992). A double-blind prospective case
control study of vaccine in subjects aged over 60 years
is under way in the USA and the results will be
available in the next couple of years.
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INTRODUCTION

Cytomegalovirus (CMV) infections were first described
in the early years of the twenticth century when the
typical ‘owl’s eye’ intranuclear inclusions were found
by histopathologists in tissues from foetuses stillborn
following cytomegalic inclusion disease. These strange
inclusions were thought to result from a protozoan
infection and, in 1910, one group of workers even
proposed the name Entamoeba mortinatalium for the
supposed agent. In the 1920s, the similarity of the
inclusions to those produced by varicella were noted
and the guinea-pig form of CMV was transmitted by
salivary gland extracts passed through a Berkefeld N
filter. Despite these two pieces of evidence suggesting a
viral aetiology, reports were still occurring in the late
1940s attributing the disease to a strange protozoan
infection. In 1956, three laboratories simultaneously
isolated CMYV, having successfully developed -cell
culture technology, so that the true nature of the
infectious agent was apparent. One of these three
investigators, Weller, gave the virus its name from the
effects produced in cell culture, so CMV is named after
its cytopathic effect.

THE VIRUS

Morphology

Electron micrographs of cytomegalovirus reveal a
typical herpesvirus appearance (Figure 2C.1). The
central DNA-containing core is surrounded by a
capsid composed of 162 capsomeres, each of which is

a hollow hexagon in cross-section. The capsid is in turn
surrounded by a poorly demarcated area, the tegu-
ment, which is itself surrounded by a loosely applied
envelope.

When CMV is propagated in cell cultures, two
additional morphological forms are produced from the
virus-specific proteins and envelope. The first is termed
a ‘dense body’ and appears as a large amorphous
structure without nucleocapsid or DNA. The second
has been termed a ‘non-infectious enveloped particle’
and consists of an empty capsid surrounded by a lipid
envelope.

Nucleic Acid

CMV strain AD 169 contains 235 kb double-stranded
DNA. The structure of the DNA is similar to that of
herpes simplex virus (HSV) in that long and short
unique sequences are bounded by terminally repetitive
segments. Each long and short sequence can be
orientated in one of two directions so that four DNA
isomers are produced by cells in culture. The whole
genome of strain AD169 has been sequenced (Chee et
al., 1990). The genes are numbered according to their
relative positions on one of these four isomers, termed
the prototype configuration. By international agree-
ment, the proteins they encode are designated by p (for
protein); gp (glycoprotein); or pp (phosphoprotein),
followed by the gene number. This formal terminology
may then be followed by a trivial name, e.g. gpUL75
(gH) is glycoprotein H, the product of gene number 75
in the unique long region.
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Figure 2C.1 The typical electron microscope appearance of cytomegalovirus. Photograph kindly prepared by Mr J. A. Bishop

Productively infected cells produce linear genomes
from concatameric precursors. Cleavage is accom-
plished by an endonuclease (terminase) coincident with
packaging. pULS89 is part of this complex, and there
are thus similarities between the cleavage/packaging of
herpesvirus DNA and that of bacteriophage T4,
supported by sequence conservation of the terminase
genes. The physical state of the CMV genome during
latency in myeloid precursors is episomal.

Some areas of the genome are homologous with
regions of human chromosomal DNA, which has
practical importance for the selection of CMV DNA
probes. Distinct transforming regions of DNA have
been identified. One maps to a previously unrecognised
open reading frame, UL111A, which is expressed in
transformed cells (reviewed in Doniger et al., 1999).
The ULI11A protein binds p53 and is spliced to two
other exons within UL111A to form another protein,
which binds to the cellular IL-10 receptor. It is not
known whether the transformation is linked to the
expression of the IL-10 homologue (Kotenko et al.,
2000). In addition, CMV induces specific breaks in
chromosome 1 when infection occurs during the S

phase of the cell cycle (reviewed by Fortunato and
Spector, 2002). While such experiments are interesting,
it must be emphasised that, at present, there is no
evidence that CMV is naturally oncogenic.

The DNA can be digested with restriction endo-
nucleases so that, following gel electrophoresis,
oligonucleotide patterns characteristic of distinct
CMV strains are produced. This technique cannot
prove that two strains are identical but if strains fail to
show different patterns after digestion with at least two
restriction endonucleases then it is very likely that they
are identical (Huang et al., 1980). Use of restriction
enzyme analysis can provide useful epidemiological
information, but there is no consistent evidence to
suggest that any one strain is associated with any
particular type of clinical presentation.

Genetic changes also occur in the genome without
acquisition of new cleavage sites for commonly used
restriction enzymes. The polymerase chain reaction
(PCR) followed by sequencing can be used to explore
genetic variation at the fine molecular level for
particular regions of interest, e.g. where viral variants
acquire resistance to antiviral drugs.
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Control of Genome Expression

Expression of the CMV genome is controlled by a
cascade synthesis of proteins. The first proteins to be
synthesised (o or immediate-early) are required for the
transcription of the messenger RNA (mRNA) for the
second group of proteins (B or early). The early
proteins allow DNA replication to proceed and this is
followed by the appearance of the last proteins (y or
late). This cascade sequence is depicted in Figure 2C.2,
which also shows the stages at which metabolic
inhibitors can be employed to manipulate the cascade.
If cell cultures are prepared and infected with CMYV in
the presence of an inhibitor of protein synthesis, then
relatively large concentrations of a-mRNA build up
behind the metabolic block. When this block is
released by refeeding the cultures, synthesis of o-
proteins will occur within minutes. To prevent o-
proteins inducing B-mRNA and then [-proteins,
inhibitors of transcription should be incorporated
into the refeeding medium. To allow B-protein expres-
sion without inducing y-proteins, the cultures can be
refed with an inhibitor of DNA synthesis. Finally,
fresh medium without added inhibitors can be used to
induce the cells to produce y-proteins. It should be
emphasised that this cascade synthesis dictates that at
each time after infection the appropriate proteins,
together with their preceding proteins, are present in
the infected cells. It is therefore not possible to produce
cells containing only B-proteins or only y-proteins by

means of infection; to achieve this, individual genes
must be cloned and expressed separately.

Note that some 7y-genes are transcribed at early
times but are only translated after DNA replication
has occurred. These are sometimes termed ‘leaky-late’
genes to differentiate them from true late genes, which
are only transcribed after DNA replication. Some
latency-associated transcripts which map in both sense
and antisense orientation to the major immediate-early
region of CMV have been described (Kondo et al.,
1996). Some of these have unique expression at
immediate-early and late times and so have been
classified as A-genes. The term ‘virion RNAs’ refers to
transcripts packaged within the virus which are
delivered to an uninfected cell (Bresnahan and
Shenk, 2000). It remains to be proven that such
RNAs are specifically packaged and play the postu-
lated role of producing viral proteins before the onset
of genomic transcription.

The mechanism(s) which control genome expression
are not fully understood. Certainly, there is no
evidence for a canonical sequence upstream of (-
genes which could be activated directly by a-proteins.
This suggests that o-proteins mediate their effects
through activation of endogenous transcription fac-
tors. Cellular transcription factors such as SP1 and
NF-kB have been implicated so far.

Some control of expression is also exerted at the
translational level. The DNA polymerase (pUL54) has
an untranslated leader region which suppresses trans-
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Figure 2C.2 Cascade genome expression of herpesviruses. Genes labelled o (immediate-early), B (early) or y (late) are transcribed
into messenger RNA and then translated into proteins. Inhibitors of protein synthesis (cycloheximide), transcription (actinomycin-
D) or DNA replication [cytosine arabinoside (ara-C) or ganciclovir (GCV)] can be used to interrupt genome expression, as

discussed in the text
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lation. Furthermore, the presence of upstream AUG
codons, which, according to the ribosome scanning
hypothesis, allow production of short peptides in
preference to the authentic proteins, appears to restrict
early expression of some transcribed leaky-late
mRNA.

Proteins

The CMYV genome is sufficiently large to encode over
200 proteins of average size, and sequencing of one
strain has identified 204 predicted open reading frames
(Chee et al., 1990). Of these, approximately 189 may be
unique proteins, since others are found in duplicate in
the repeat regions of the genome.

One expression unit has been studied in great detail:
that encoding the major immediate-early (MIE)
proteins of CMYV. As shown in Figure 2C.3, this
genetic unit is expressed via differential splicing to
produce four a-proteins of distinct M,. The protein of
M, 86000 (/ES86) interacts with the basal transcrip-
tional machinery, especially the TATA binding
protein, to enhance formation of pre-initiation com-
plexes. It also cooperates with the M. 72 000 protein to
synergistically increase expression of its own, and
heterologous, promoters, probably through activation
of endogenous transcription factors and/or by bridging
between their binding sites and the TATA binding
protein. The M. 55000 protein has minor stimulatory
effects, either alone or in combination with either of
the other two larger proteins. The smallest protein

ie mANA

ie mRANA | ‘g ’:’/ﬁ

- N W07
e W27

(M, 18000) is expressed during replication in differ-
entiated monocytes.

The largest of these proteins downregulates its own
synthesis and so is autoregulated (Stenberg and
Stinski, 1985). This downregulation is mediated by a
distinct region in the carboxy-terminus, which is shown
stippled in Figure 2C.3. This region is also present in a
late protein of M40000 embedded within this region,
and it is likely that activation of its promoter at late
times leads to downregulation of the major immediate-
early region. IE86 also binds cellular p53 which may
decrease p53-induced apoptosis. IE86 also interacts
with the protein product of ULS84, which is a
transdominant inhibitor of [E86. Some of the
latency-associated transcripts found in the bone
marrow of normal donors code for proteins which
are recognised by infected humans (Kondo et al.,
1996). Their function is obscure but, by analogy with
HSV, they may play important roles in the establish-
ment or regulation of the latent state. Expression of the
MIE region was found in multiple tissues of transgenic
mice containing a lacZ gene which correlated well with
the cell types in which CMYV replication is found in vivo
(Baskar et al., 1996). Thus, in summary, expression
and regulation of the MIE region are remarkably
complex, with the potential for exquisite control of
virus replication.

Other immediate-early genes are of interest. Genes
UL36-37 encode transactivators which are essential
for DNA replication and which represent a molecular
target for antiviral chemotherapy. Likewise, TRS1 is
required for DNA replication. pUL69 is present in the
tegument of the virion, as is ppULS83. Although the
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Figure 2C.3 Proteins encoded within the major immediate-early region of CMV. Exons are numbered 1-7. TA, transcriptional

activation; PA, polyadenylation; ie, immediate-early; 1, late
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latter is a late protein, in combination, these two
proteins appear to play a similar role to the o-
transinducing factor of herpes simplex virus, which is
released into the cell during the process of uncoating
and is then able to interact with a cellular transcription
factor to upregulate the major immediate-early pro-
moter.

Early proteins mainly provide essential enzymic
functions within the cell, e.g. pUL54, DNA polymer-
ase, and pULY97, a protein kinase which
phosphorylates antiviral nucleosides such as ganciclo-
vir (GCV) or aciclovir (ACV), so starting their
anabolism to the functional nucleoside triphosphate
inhibitors of pULS54.

Late proteins generally play a structural role in
virion formation, e.g. surface glycoproteins are poten-
tially important because of their interaction with the
immune system. Neutralising epitopes have been
described on gB and gH. gH requires gpULIIS5
(glycoprotein L) to facilitate surface expression.
Much of the neutralising activity of serum samples
can be absorbed by recombinant gB, suggesting that
this protein contains dominant neutralising sites (Britt
et al., 1990). gB forms the active component of some
vaccine preparations which have reached the stage of
Phase I clinical testing.

Note that an alternative nomenclature system terms
gB ‘glycoprotein complex I’ (gCI) and gH ‘glycopro-
tein complex III (gCIII) (Gretch et al., 1988). The
protein products of individual genes which combine to
form these complex glycoproteins are summarised in
Table 2C.1.

A variety of other proteins have been identified and
mapped to the genome (see Figure 2C.4), important
examples of which will be mentioned briefly. A total of
11 proteins are required in trans to effect replication
(see Table 2C.2). Many of these perform similar
functions to HSV proteins except that CMV does not
have an identified origin binding protein and requires
transactivators. pUL80A and pULS80.5 encode the
protease and assembly protein, respectively. Protease,

Table 2C.1  HCMYV envelope glycoproteins

Complex in envelope Constituent proteins Mapped ORFs

gCI ¢B homodimer gpULS55

gCIl eM (IMP) gpUL100
eN gpUL73

gCIII gH gpUL75
gl gpULI115
¢O gpUL74

ORF, open reading frame; IMP, integral membrane protein.

Table 2C.2  Eleven loci required for HCMV replication

DNA-pol UL54
pol-Associated protein UL44
ssDNA BP UL57
Helicase-primase UL70
ULI105
ULI101-102
Transactivators UL36-37
IRSI (or
TRSI)
1E1)2
ULII2-113
Binds IE86 protein ULS4

Data from Pari er al. (1993).

which is not packaged into the virion, is responsible for
cleaving the original polyprotein at four distinct sites.
The assembly protein facilitates formation of B-capsids
and entry of DNA, being lost from the capsid in the
process. Four genes (US27, US28, UL33, UL78) are
homologous to G-protein-coupled receptors and so
may be involved in signal transduction. The US28 gene
facilitates entry of HIV into CD4" cells, which are
otherwise not susceptible to HIV infection (Pleskoff et
al., 1997), and also confers chemotactic mobility on
arterial smooth muscle cells, which may be relevant to
the pathogenesis of atherosclerosis (Streblow et al.,
1999).

In addition, open reading frames with predicted
similarities to known proteins have been identified
from the sequenced genome of ADI169. It will be
important to determine rigorously that these proteins
are actually expressed and that they have the predicted
function.

Note also the 22 extra genes depicted outside the
main circle of Figure 2C.4. These are not present in
ADI169 but are found in other strains of CMV with a
lower passage history (Cha et al., 1996). Presumably,
they have been lost during the process of adapting
CMV to grow in fibroblast cell lines which led to the
strain termed ADI169. This strain is popular with
researchers because it grows rapidly to relatively high
titre and releases many extracellular virions. Wild
strains of CMV lack these properties and so are
difficult to work with in the laboratory. As a result, one
has to question whether AD169 is fully representative
of CMV strains in vivo and the presumed loss of these
22 genes illustrates this issue. None of the 22 genes has
homology with known herpesvirus proteins. Many
appear to encode glycoproteins and vaccine candidates
containing these genes are being studied. One gene
(UL146) encodes an a-chemokine.
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Growth In Vitro

The only cells which replicate CMV to high titre in
vitro are human fibroblasts, although wild strains can
also be propagated in endothelial cells, macrophages
and smooth muscle cells. This finding is in complete
contrast to that in vivo where, at post mortem, cells
infected with CMV are found in organs of epithelial
origin (kidney, liver, bile ducts, salivary gland, gut
epithelium, lung parenchyma, pancreas) as well as in
endothelial cells. This observation again suggests that
the virus propagated in the laboratory should not be
assumed to be an authentic model of the wild-type
virus. The genetic changes which confer tropism for
endothelial cells and for polymorphonuclear leuko-
cytes have not yet been defined (Gerna et al., 2002).
The cell surface proteins which act as receptors for
CMV have not been identified although several
candidates have been proposed.

In fibroblast cell cultures, encapsidation occurs in
the nucleus. The products of genes UL50 and ULS53
combine to digest the structural lamins which form the
inner nuclear membrane (Muranyi et al., 2002) and the
virus envelope is then acquired by budding through
this membrane. Enveloped virions are found within
vesicles in the cytoplasm and these appear to fuse with
cellular membranes to allow egress of the mature virus
particles. Dense bodies also mature and are released
from the infected cell in the same way as virions, so
that they contain virus-specific glycoproteins.

At late times after infection, CMV induces the
appearance in infected fibroblasts of an Fc receptor
which has high affinity for human IgG, but not other
human immunoglobulin isotypes, and has low affinity
for rabbit IgG or mouse IgG (Keller et al., 1976).
Recent results show that one Fc receptor is encoded by
gene TRL11 and its duplicate ILR11, while a second is
formed by a UL119-UL118 fusion protein. The Fc
receptor is found in the Golgi apparatus which
enlarges to form a perinuclear inclusion body in the
concavity of the reniform nucleus. It has been
suggested that HSV produces an Fc receptor so that
antibody attached by its Fab portion to a virus protein
can be bound by its Fc portion back onto the virion.
This would have the effect of preventing immune
effector mechanisms, which require an intact Fc
portion after opsonisation. Whether such a mechanism
is operative for CMV remains to be defined. However,
the production by CMV of Fc receptors in vivo might
allow opsonised bacteria or fungi to gain access to cells
which they cannot normally infect; this might explain
why CMYV infection is often associated with secondary
bacterial and fungal infections. A similar process

might operate for HIV coated in non-neutralising
antibody.

Unlike HSV, CMV does not switch off host
macromolecular synthesis but actually stimulates
cellular DNA, RNA and protein synthesis. The overall
effect is to push the cell towards the S phase of the cell
cycle without allowing cell division to occur. One
cellular function which is stimulated as a result is
thymidine kinase activity. It is tempting to suggest that
CMV has learned to increase cellular uptake of
thymidine by switching on the host enzyme respon-
sible, whilst HSV has used a different tactic, the
production of a novel thymidine kinase to achieve the
same objective. Likewise, CMV induces -cellular
topoisomerase II and may package this enzyme into
extracellular virions. Recent results have also shown
that human complement is bound to the virion but not
activated. Host cell complement regulatory proteins
were detected in virions and might explain this
phenomenon (Spiller et al., 1997). Thus, like HIV
(reviewed in Ott, 2002), the mature virion may contain
host proteins of potential importance for understand-
ing pathogenesis.

EPIDEMIOLOGY

Cytomegalovirus must be acknowledged as one of the
most successful human parasites. It has learned to
survive in its human host by infecting both vertically
and horizontally; the virus can be transmitted by either
route during primary infection, reinfection or reactiva-
tion; at all times the virus causes minimal disability,
allowing infected individuals to remain active and so
maintain the maximum opportunity of encountering
susceptible contacts; the virus is excreted from multiple
sites, so contact of varying degrees of intimacy can lead
to transmission.

Infection may be acquired during delivery following
ingestion of infected maternal genital secretions or
soon afterwards by ingestion of breast milk containing
CMV (Stagno et al., 1980). These two means of
perinatal transmission combine to infect 2-10% of
infants by the age of 6 months in all parts of the world.

Throughout the rest of childhood, close contact is
known to be required for transmission, although the
precise route of infection is not known. As a result,
CMYV may transmit readily within family groups. The
possibilities for infection must be increased where
individuals are crowded together in unhygienic cir-
cumstances, and this probably explains why CMV
infection is most common in societies which are
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socially disadvantaged. Infection is transmitted less
well in the general community, apart from child-to-
child transmission, which has been documented in play
groups (Pass et al., 1986). Once infected, such children
can transmit CMV to their parents (Pass et al., 1986)
and so represent a potential threat to a future sibling
should the mother be pregnant.

In populations of poor socioeconomic background,
the vast majority of children have experienced primary
CMYV infection by the onset of puberty. In countries
with good social circumstances, roughly 40% of
adolescents have been infected and, as shown in
Figure 2C.5, seroprevalence increases by approximately
1%/year thereafter (Griffiths and Baboonian, 1984).
Such primary infection can lead to vertical transmission
if the individual is pregnant when she becomes infected.

The prevalence of CMV IgG antibodies in organ
transplant recipients reflects their socioeconomic
grouping. The same applies to individuals who
acquired HIV infection via blood (or blood products),
heterosexually or through contaminated needles used
for intravenous drug use. In contrast, HIV-positive
male homosexuals have a very high prevalence of
CMV IgG antibodies (typically 95%).

At whatever age primary infection occurs, the virus
is not eradicated from the host but persists for the rest
of the life of the individual. Occasionally, however,

100 I-

CMV reactivates from its latent state and infectious
virions appear in the saliva and/or urine. These
reactivations of CMV are entirely asymptomatic but
form an important means by which CMV can spread
horizontally. Reactivations can also lead to vertical
transmission of CMV. This finding came as something
of a surprise, since it was assumed that a woman who
possessed antibody against CMV before becoming
pregnant would be immune to intrauterine transmis-
sion. However, not only can reactivation of latent
maternal infection lead to congenital infection but
more foetuses are infected worldwide by this route
than are infected as a result of primary maternal
infection. Congenital CMV infection thus has its
highest incidence in the poorest communities of the
world, since most women in poor societies are infected
before reaching child-bearing age. Note, however, that
primary CMYV infection in the mother represents a
greater risk to the foetus than recurrent maternal
infection (Fowler et al., 1992), so the burden of
congenital disease is greatest in developed countries.

Finally, ‘immune’ hosts can also be reinfected with
another or, possibly, the same strain of CMV.
Epidemiologically, it is important to distinguish
between reinfection and reactivation of latent infection
but, in clinical practice, the term ‘recurrent infection’ is
often used to cover both possibilities.
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ROUTES OF INFECTION

Intrauterine Infection

As is the case with rubella, intrauterine infection is
assumed to follow maternal viraemia and subsequent
placental infection, although this has not been proved
formally. Due to the lack of maternal illness it has
not been possible to identify a series of pregnant
women with primary CMV infection and show that
viraemia is a risk factor for congenital infection. If
viraemia is responsible for transmission, then it must
be determined whether cell-free virus or leukocyte-
associated virus is required for placental infection.
Intrauterine transmission of CMV occurs in only one-
third of pregnant women with primary infection but
we remain ignorant of how the majority prevent the
virus from infecting the foetus. It may be that the
placenta acts as a form of barrier, but representation
of this organ as a sieve which may or may not trap
CMV must surely be simplistic. Ultrastructural
studies of the placenta emphasise the importance of
macrophage-mediated defence against potential virus
infections.

Perinatal Infection

Perinatal infection is acquired predominantly from one
of two sites: infected maternal genital secretions or
breast milk. During delivery, the foetus is surrounded
by copious quantities of genital secretions, which may
contain high titres of CMV as a result of recurrent
maternal infection. Under these conditions, infection
has been described as occurring ‘during passage
through the Sea of Cytomegalovirus’.

Breast milk, especially colostrum, has also been
shown to be a good source of CMV. Although virus
titres are relatively low, large quantities of milk are
imbibed, so a heavy viral inoculum can be ingested.
Clinical studies have demonstrated that it is not just
the presence of CMV in breast milk which is required
but that this milk must also be fed. Women whose only
site of CMV excretion was from the breast were
studied. Perinatal infection occurred only when breast-
feeding took place, not when such women gave
formula feeds (Stagno et al., 1980). Having ingested
CMYV, infection might be established in the neonate by
infection of buccal, pharyngeal, respiratory, salivary
gland or oesophageal mucosa.

Postnatal Infection

The absence of symptoms associated with postnatal
CMYV infection makes it impossible to implicate with
certainty the routes of transmission, although evidence
exists to support salivary transmission.

Saliva containing CMYV has been recovered from
toys at day-care centres and this would seem to be an
ideal means by which the virus could be transmitted
among young children unable to conform to basic
standards of hygiene (Pass er al., 1986). Likewise,
occasional cases of CMV mononucleosis are seen in
young adults and, by analogy with EBV, the infection
has been dubbed a ‘kissing disease’ (see Chapter 2D).

The prevalence of CMV IgG antibodies in devel-
oped countries increases at 1%/year from puberty to
middle age (see Figure 2C.5). It is often stated that
these infections result from sexual exposure but this
remains unproven. Certainly they result from contact
with an infected individual, but whether this contact
takes place at the level of oral or genital mucosa is a
matter of speculation. Evidence can be found to
support the concept of venereal transmission, since
CMV is found in semen and on the cervix. However,
this is only circumstantial evidence; we do not talk of
brain-to-brain transmission of poliomyelitis or urinary
transmission of mumps just because these viruses may
be found at particular sites. Sexual contact is almost
invariably preceded by oral-oral contact. Thus, even if
CMV is shown to be transmitted by intimate contact, it
may have resulted from salivary rather than from
venereal exposure. This issue is important because we
may need in the future to target CMV vaccines to
particular mucosal sites in order to prevent infection,
and parents may be less reluctant to vaccinate their
adolescent children against a ‘kissing disease’ than
against a perceived ‘sexually transmitted’ infection.

One setting in which sexual transmission of CMV
does occur, however, is between male homosexuals,
who have a high prevalence of CMV infection, and
those who are initially seronegative run a high risk of
primary infection during follow-up. At least one study
has implicated rectal intercourse as an independent
risk factor for CMV seroconversion, implying that the
rectal mucosa provides less of a barrier to the high
titres of virus found in semen than is provided by the
stratified squamous epithelium of the vagina.

Blood Transfusion

In the early 1960s, when extracorporeal blood perfu-
sion was introduced to facilitate open heart surgery, a



CYTOMEGALOVIRUS 93

syndrome of leukopenia, pyrexia and atypical
leukocytosis was recognised which was termed the
post-perfusion syndrome. In the mid-1960s, Finnish
workers showed that the syndrome was attributable to
primary CMYV infection acquired by blood transfusion.

Transmission of CMV by blood transfusion was first
recognised in these patients for three reasons. First,
they received large quantities (typically 10 units) of
blood both during priming of the pump and after the
operation. Second, the blood was transfused to
replenish heat-labile clotting factors and so was used
as soon as possible after donation, a procedure which
would increase the likelihood of transferring viable
virus. Third, the patients were being carefully followed
up, so that the appearance of the new syndrome in
convalescence was likely to be recognised by the
attendant physicians.

Although it has been established that CMV can be
transmitted by blood transfusion, it is clear that this is
an uncommon event, since only 1-5% of blood units
taken from seropositive donors leads to infection of
seronegative recipients. To date, it has not been
possible to determine which donors have a high risk
of transmitting the virus. It is presumed that the virus
exists in the blood of healthy donors in a latent state
within monocytes (Soderberg-Naucler et al., 1997) and
that CMV is reactivated following transfusion when
these cells encounter an allogeneic stimulus (reviewed
in Roback, 2002). In contrast, CMV can be grown
from the peripheral blood of immunocompromised
patients and pp65 antigen is found in polymorpho-
nuclear leukocytes and macrophages. However, this is
clearly a different pathogenetic situation from that
found in healthy blood donors and could be the result
of the phagocytic scavenging activity of these cells.

Organ Transplantation

Several studies have shown that seronegative patients
undergoing renal transplantation can be divided into
two risk groups according to the serological status of
the donor. Those receiving a kidney from a seronega-
tive donor have a virtually zero risk of acquiring
primary infection, whereas a seropositive kidney may
transmit the virus in 60-80% of cases. Molecular
typing of CMV strains excreted by multiple recipients
of organs from a single donor proved that the donor
organ was the source of CMV (Wertheim et al., 1983).
Since both organs from a single donor are usually
concordant for transmission, the infectivity must be
bilateral, either parenchymal cells or infiltrating

leukocytes are prime suspects. Interestingly, the same
techniques showed that donor virus could also infect
seropositive individuals and cause CMV disease
(Grundy et al., 1988). Thus, recipient natural immu-
nity acquired prior to immunosuppression cannot
prevent but may alleviate CMV infection, a finding
which has implications for the development and
evaluation of CMV vaccines. Several studies have
shown the same results following all types of solid
organ transplants, so all organs from seropositive
donors should be regarded as potentially infectious.
In contrast, typing of virus strains showed that the
virus causing disease after bone marrow transplant is
derived from the recipient and not from the donor
(Winston et al., 1985). Seropositive donors have been
reported to adoptively transfer immunity to recipients
(Grob et al., 1987). This has only been reported in
recipients of T cell-depleted marrow, so it is tempting
to speculate that this process removes the cells
containing CMV while leaving intact immunocom-
mitted non-T cells which can function in the recipient.

PATHOGENESIS

Risk Factors for CMV Disease

Comparison of the results from pregnancy, from
recipients of solid organ transplants, from bone
marrow transplants and from patients with HIV
infection reveal some interesting parallels, despite the
different organs involved in CMYV disease (Table 2C.3).
Thus, primary infection is a major risk factor during
pregnancy and for recipients of solid organ transplants
but not for bone marrow transplant or AIDS patients.
Viraemia has been repeatedly shown to be a risk factor
following solid organ or bone marrow transplantation
(Meyers et al., 1990) and the same is true for AIDS
patients (Bowen et al., 1997). A high CMYV virus load
was initially shown to be important in neonates with
congenital infection (Stagno et al., 1975b) and more
recently in renal transplant (Cope et al., 1997b), liver

Table 2C.3 Risk factors for CMV disease

Factor Pregnancy Solid Bone AIDS
transplant marrow
transplant
Primary infection + + — —
Viraemia No data + + +
Increased load + + + +

+, Factor that has been shown to correlate with risk of CMV disease.
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Table 2C.4 Univariate and multivariate assessment of prognostic variables for CMV disease after renal transplant

Parameter Univariate

Multivariate

OR 95% CI

OR 95% CI V4

Viral load (per 0.25 log) 2.79
Viraemia 23.75
Recipient seropositive 0.22

(1.22-6.39)
(3.69-153)
(0.05-0.95)

0.02 2.77
0.0009 34.54
0.05 0.92

(1.07-7.18) 0.04
(0.75-1599) 0.07
(0.002-446) 0.98

OR, odds ratio; CI, confidence interval. Reproduced by permission from Cope et al. (1997b).

transplant (Cope et al., 1997a), bone marrow trans-
plant (Gor et al., 1998) and AIDS patients (Bowen et
al., 1996). Furthermore, multivariate statistical ana-
lyses show that, for renal transplant patients, once
virus load in urine has been controlled for as a marker
of poor prognosis, the other recognised risk factors of
viraemia and donor/recipient serostatus are no longer
statistically associated with CMV disease (Table 2C.4).
This demonstrates that high CMV load is the
determinant of CMV disease and that viraemia and
donor/recipient serostatus are markers of CMV dis-
ease, simply because of their statistical association with
a high virus load. Similar multivariate studies in liver
transplant and bone marrow patients confirm that high
CMYV load in blood explains the association with
donor/recipient serostatus (Cope et al., 1997a; Gor et
al., 1998). Furthermore, in all groups of transplant
patients, a threshold association with CMV disease is
apparent (see Figure 2C.6) showing that low viral
loads are tolerated by the host.

All of these results provide insight into the patho-
genic stages leading to CMV disease. Figure 2C.7
illustrates the concepts, using the flow of water from a
tap into a bath with an open drain. This is analogous
to virus-infected cells at a peripheral organ (such as
kidney or salivary gland) producing CMV virions.
Their number may be controlled by local immune
responses (drain) but, if these are inadequate, the
number of virions will increase. If they overwhelm the
local immune responses, virions will overflow into the
systemic circulation, causing viraemia. The same
process is then repeated in the target organ (e.g.
liver, retina), whose local immune responses may be
able to prevent virus load reaching the critical levels
required to cause disease. This explains why viraemia is
a strong predictor of CMV disease, but does not
guarantee that it will occur. Finally, the model suggests
that different cellular mechanisms of pathogenesis may
be activated at different virus loads. Thus, immuno-
pathology may be triggered by low virus loads, while
high virus loads may be required to damage sufficient
cells by lysis to cause clinically recognised disease.
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Figure 2C.6 The threshold concept: non-linear relationship
between increasing viral load and the risk of CMV disease.
Reproduced from Cope et al. (1997b)

Speculatively, some disease may be produced when
cells are bombarded with very high virus loads without
requiring replication, e.g. binding of gB and gH can
activate release of transcription factors (Yurochko et
al., 1997).

Based on the model in Figure 2C.7, it has been
possible to conduct clinicopathological studies to
define the dynamics of CMV replication (Emery et
al., 1999). Remarkably, serial measures of viral load in
blood show that CMV replicates with rapid dynamics,
giving a doubling time (viral load on the increase) or
half-life (viral load on the decrease) of approximately
1 day. This information has been used to predict the
emergence of resistant strains of CMV during pro-
longed ganciclovir treatment and explain why
conventional cell culture assays frequently fail to
detect this (Emery and Griffiths, 2000). The perspective
of CMV replication and pathogenesis given by this
application of modern molecular biology high-
lights the misleading impressions given about
CMV when studied by fibroblast cell cultures
(see Table 2C.5).
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Figure 2C.7 Cartoon illustrating the dynamics of CMV production leading to disease in a target organ. The tap represents
production of virions by virus-infected cells. The drain represents the ability of local immune responses to control CMV

accumulation

Table 2C.5 Misleading impressions about CMV

Impression

Fact

e [In vitro strains represent those found in vivo
e Live attenuated vaccine can be prepared in fibroblasts

e [In vitro assays correctly identify susceptibility of CMV to
antivirals

e CMV is a slowly replicating virus

o GCV-resistant strains occur infrequently in
immunocompromised patients

e ADI169 strain has 22 missing ORFs; Towne strain has 19

e No protection against CMV infection from Towne,
| severity of disease

e Failed to detect clinically important susceptibility to
ACV

e CMV replicates rapidly

e Resistance is more common. Cell cultures select against
detection of resistant strains

Incubation Periods

Examination of three settings in which the date of
infection and date of onset of virus excretion can be
reliably predicted gives an estimate of 4-8 weeks for
the ‘incubation period’ of primary infection. The three
informative clinical settings are where infection is
acquired perinatally or is transmitted by organ
allograft or blood transfusion.

In contrast, it is not clear whether congenital
infection involves a foetal incubation period as well

as a maternal one. Maternal seroconversion at
different stages of pregnancy has been documented in
several studies, with gestational stage recorded as the
duration of pregnancy at which maternal seroconver-
sion occurred. However, even if it is assumed that the
placenta is infected following maternal viraemia at the
time of seroconversion, it is not known whether the
foetus can be infected immediately or whether replica-
tion in the placenta provides an intrauterine
incubation period before viral dissemination to the
foetus can occur. This point is important, as the
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damage to the foetus should be described according to
its developmental maturity when infected rather than
to the length of the mother’s amenorrhoea; this has
implications for the timing of diagnostic amniocentesis
(see later).

Allograft recipients typically have recurrent CMV
infections in the second or third month following
transplantation. Studies of pregnant and non-pregnant
women as well as male homosexuals have shown that
up to 10% of seropositive individuals may be excreting
CMV from saliva or urine, or from the cervix in
females. Excretion rates are, however, very low after
the age of 30 years, suggesting that a host response
required for suppression may ‘mature’ at about this
age.

Earlier reports showed that virus excretion from the
cervix increased as pregnancy progressed and this was
interpreted as being a response to some ‘immunosup-
pressive’ effect of pregnancy. A later study, however,
showed that CMV excretion was actually suppressed
during early pregnancy, so the increase seen in virus
isolation towards the end of pregnancy only brought
the rate up to the level seen in non-pregnant women
(Stagno et al., 1975a). All studies to date have been
cross-sectional rather than longitudinal, so person-to-
person differences in CMYV excretion could account for
these results.

Host Defences

The defences mounted by the host against different
types of CMV infection will be outlined. In combina-
tion, these responses in people with normal immunity
keep CMV suppressed into a latent state in most
individuals for most of the time. Abrogation of these
responses permits CMV replication, with full expres-
sion of its potential pathogenicity in some cases. Since
severe CMV disease is restricted to individuals with
impaired cell-mediated immunity, it can be concluded
that this arm of the immune response provides most
protection against disease. Nevertheless, several lines
of evidence suggest that humoral immunity may
contribute towards control of CMV: (a) a randomised
trial of prophylactic CMV immunoglobulin reports
that CMV disease was reduced compared to patients
receiving placebo; (b) neonates who acquire CMV
from blood products have reduced disease if they are
born to seropositive women, showing that transpla-
cental antibody from their mothers protects against
disease (but not infection); (c) recent results with
rituximab, a humanised mouse monoclonal reactive

against CD22, report severe CMV disease secondary to
profound B cell immunodeficiency.

Humoral Immunity

Antibodies of IgG class are produced promptly at the
time of primary infection and persist for life. IgM class
antibodies are produced on primary but not recurrent
infection of immunocompetent individuals and persist
for 34 months. Immunocompromised patients may
fail to produce IgM antibodies with primary infection
and one-third of them have IgM detectable with
recurrent infections. With intrauterine infection, IgM
antibodies are produced by the foetus, together with an
IgG class response which only becomes detectable as
passively acquired maternal IgG antibody is catabo-
lised.

Intrauterine CMYV infection represents less of a risk
to a foetus if it has been transmitted by means of
recurrent maternal rather than primary maternal
infection (Fowler et al., 1992). Women with primary
CMV infection who transmit the virus in utero have
higher levels of total IgG but lower levels of neutralis-
ing antibodies and lower avidity than women who do
not transmit (Boppana and Britt, 1995). While all of
this information is compatible with the concept that
immune responsiveness can be protective, it does not
prove that antibody is the beneficial component. For
example, cytotoxic T cells may be protective and the
ability to mount this response promptly may correlate
with the ability to mount a humoral immune response.
Likewise, the postulated humoral defect in women
experiencing primary infection during pregnancy may
be a relative failure of T helper responses rather than
of B cells.

There is evidence to show that enhanced humoral
immune responsiveness in the foetus correlates with
poor prognosis. Cord blood levels of specific IgM,
total IgM and rheumatoid factor are positively
correlated with symptomatic rather than asympto-
matic congenital infection. This effect has been
shown to be independent of virus titre at birth and so
is not simply secondary to a high virus load
in symptomatic infants. Although this suggests that
foetal antibody is responsible for immunopathology,
it could equally well be that there is another
response of the foetus which is damaging and which
indirectly correlates with the humoral immune
response.

The beneficial or adverse effects of humoral immu-
nity could be discerned better if reactivity against a
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particular virus-coded protein could be shown to
correlate with prognosis. Many CMV proteins are
recognised by the humoral immune system and work
to date has not been able to identify such a pattern in
congenitally and perinatally infected infants. The
ability of serial sera to immunoprecipitate radio-
labelled virus-coded proteins has simply shown that
symptomatic infants are more likely to have reacted to
multiple virus proteins and that their sera will
precipitate more of any given virus protein than will
asymptomatic infants. These results are therefore
compatible with heightened immune responsiveness
leading to disease production.

Cell-mediated Immunity

For studies of cell-mediated immunity (CMI), the
lymphocyte blastogenic response to CMV antigen has
mainly been used supplemented recently with tetramer
assays. Most seropositive adults have a positive test
result, with a surprisingly high proportion of total
CDS cells (e.g. 1%) recognising tetramers containing
epitopes from the ppUL83 (pp65S) protein. This
proportion is suppressed for at least 6 months in
transplant recipients, in direct correlation with the
dose of immunosuppressive drugs received (Hassan-
Walker et al., 2001).

The lymphocyte blastogenic response is suppressed
in congenitally or perinatally infected infants. This
failure recovers with time and there is a direct
correlation between cessation of viruria and acquisi-
tion of immune responsiveness at 3-5 years of age
(Pass et al., 1983). The defect is known not to be one of
generalised T cell immunosuppression, for three
reasons. First, CM V-infected infants who also acquire
HSV infections generally mount good responses
against HSV but not against CMV. Second, these
infants respond normally to both killed and live
vaccines. Third, the suppressor (CD4) and helper
(CD8) T cell lymphocyte subsets remain entirely
normal.

Recent work, summarised in Figure 2C.8, has
identified complex but plausible mechanisms which,
in combination, allow the CMV-infected cell to evade
lysis by T cytotoxic, macrophage and natural killer
(NK) cells. Immediately after uncoating, the tegument
protein ppULS83 (pp65) is available in the cell to
phosphorylate the IE72 isoform of the major immedi-
ate-early protein and so prevent its presentation as a
target epitope. At immediate-early times, pUS3 retains
Class I HLA molecules within the endoplasmic

reticulum (ER). Once the virus-infected cell has
moved into the early phase of CMV gene expression,
pUS2 and pUSI1 act to re-export Class I HLA
molecules back from the lumen of the ER into the
cytoplasm, where they are degraded in the proteasome.
At both early and late times, pUS6 blocks the activity
of the transporter associated with antigen presentation
so that epitopes derived from CMYV proteins cannot
be presented as targets. All of these functions might,
in combination, decrease surface HLA display to
such an extent that the cell becomes a target for NK
cells or macrophages which recognise the absence
of these normally ubiquitous molecules. To prevent
this, CMV has evolved a series of distinct strategies.
HLA-E normally presents leader peptides from Class
I molecules at the plasma membrane to indicate
cellular health. Gene UL40 contains the same
peptide which upregulates HLA-E and is displayed
to provide a negative signal to NK cells via their
CD9%4 molecule. CMV also encodes another protein,
pULI1S, which is structurally strongly homologous to
Class I HLA molecules and acts as a decoy to
prevent macrophages attacking the CMV-infected
cells. The pUL18 ligand on macrophages is leukocyte
immunoglobulin-like receptor 1. Another protein,
pULI16, is not membrane-bound but interferes with
the ability of cellular proteins (termed UL16-binding
proteins) to activate NK cells via their NKG2D
receptors.

From the description above, it will be apparent that
CMV has evolved a series of genes (coloured dark
green in Figure 2C.4) which act in a coordinated way
to abrogate cell-mediated immune responses specific
for the virus. There is much to be learned about the
mechanistic aspects of how this objective is achieved.
For example, the expression of UL18 is not blocked by
the action of the set of US genes which normally
reduce Class I expression and, remarkably, US2 is able
to block Class II expression as well as Class 1. Thus,
many responses may be initiated but are unable to
detect their cellular targets during the initial round of
replication. However, when the virus leaves the first
cell to initiate infection in a second cell, it is vulnerable
to display of epitopes before downregulation of HLA
can be effected in that cell. Accordingly, the dominant
effector cell-mediated immunity is directed against
ppULS83 (pp65), revealed when the input virion is
uncoated, thus explaining why CMI is focused on this
late protein rather than those formed earlier in the
viral cascade. However, it is possible that epitopes
from other proteins may make contributions as well,
with the major immediate-early proteins being prime
contenders.
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Possible Interactions with HIV

The multiple mechanisms by which HIV may interact
with herpesviruses are reviewed elsewhere (Griffiths,
1998). Many studies have shown in vitro that CMV
infection (or transfection of particular genes) can
transactivate HIV (reviewed in Ghazel and Nelson,
1993). Under some circumstances, CMV can also
downregulate HIV replication, but CMV is more likely
to stimulate HIV when the latter has an integrated
provirus and when CMYV is not actively replicating
(Moreno et al., 1997).

All of the postulated mechanisms of interaction
would require close contact between HIV and CMV,
either in the same cell or in neighbouring cells. Studies
of human autopsies have shown that CMV and HIV
frequently co-infect the same organs and that indivi-
dual cells can be found infected with both viruses.

Epidemiological studies report that the presence of
active CMV infection or high quantities of CMV are
associated with more rapid progression of HIV
infection to AIDS or AIDS to death. It is therefore
possible that CMV (and other herpesviruses) may act
as co-factors to accelerate HIV disease but this
hypothesis remains unfashionable and the reader is
referred elsewhere for more details (Griffiths, 1998).

CLINICAL FEATURES

Congenital Infection

7% of congenitally infected babies are born with
symptoms. They are said to have ‘cytomegalic inclu-
sion disease’ and their prognosis is poor. The
remaining 93% appear to be normal at birth but
about 15% develop sequelae on follow-up (Stagno,
1990).

Those Symptomatic at Birth

The classic presentation is one of intrauterine growth
retardation, jaundice, hepatosplenomegaly, chorioreti-
nitis, thrombocytopenia and encephalitis, with or
without microcephaly. It is often difficult, even for
experienced paediatricians, to differentiate solely on
clinical grounds between the several agents causing
chronic intrauterine infection; laboratory tests for
CMV, rubella, syphilis and toxoplasmosis are there-
fore invaluable. Most of the pathology outside the
central nervous system (CNS) is self-limiting, although
severe thrombocytopenic purpura, hepatitis, pneumo-

nitis and myocarditis are occasionally protracted and
life-threatening. The CNS involvement may present as
microcephaly, hearing loss, encephalitis, seizures,
apnoea or focal neurological signs. As regards con-
genital malformations, inguinal hernia in males, first
branchial arch abnormalities, anophthalmia, diaphrag-
matic eventration or cerebellar hypoplasia have all
been reported. However, these occur sporadically and
so may be merely coincidental. There is therefore no
evidence that CMV acts as a teratogen to impair
normal organogenesis. Most of the clinically apparent
sequelae can be attributed to destruction of target
organ cells once they have been formed.

In 20% of these cases (1% of all those congenitally
infected) the damage caused by the virus is so severe
that they die during infancy. If a neonate survives, it is
almost certain to have serious abnormalities for life,
especially if there is microcephaly or if abnormalities
are seen by computerised axial tomography (Noyola et
al., 2001). On follow-up, clinically apparent extra-
neural damage is rare but brain damage may manifest
as microcephaly, mental retardation, spastic diplegia
or seizures, and perceptual organ damage such as optic
atrophy, blindness or deafness. Any of these abnorm-
alities may occur alone or in combination. These
defects may appear in children who do not have signs
of CNS involvement at birth (including CSF examina-
tion). Milder forms of CNS damage, such as defects in
perceptual skills, learning disability, minor motor
incoordination or emotional lability, may be noticed
as the child becomes older.

Those Asymptomatic at Birth

Long-term follow-up of such children has revealed
that approximately 15% are likely to have hearing
defects or impaired intellectual performances when
compared to control children. The mean intelligence
quotient of infected children has been reported to be
significantly lower than controls. Other investigators
have not noted these defects but their studies have
often, although not always, failed to follow the
children for a sufficient length of time, or have failed
to use matched controls. There has been scepticism
about the reliability of hearing tests in young children
but there is now sufficient evidence to prove that the
hearing loss can occur in a child born with normal
hearing. In addition, a plausible pathogenesis for
progressive hearing loss is apparent. Figure 2C.9
shows a histological preparation of inner ear struc-
tures from a fatal case of congenital CMV infection,
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Figure 2C.9 Histological preparation of an inner ear structure from a fatal case of congenital CMV infection showing cell-cell
extension of CMV accompanied by an inflammatory response. Courtesy of Dr S. Stagno, Alabama

demonstrating virus spread by the cell-to-cell route to
produce a focus of infection surrounded by inflamma-
tion. It is tempting to suggest that this represents the
infectious process in the inner ear causing progressive
damage to the organ of Corti and decreased ability to
perceive sound.

Perinatal Infection

Despite the continued excretion of virus for many
months, the vast majority of perinatally infected
infants appear not to develop acute symptoms. The
initial titres of CMV in the urine are significantly lower
than those found in neonates with congenital CMV
infection or disease (Stagno et al., 1975b), which is
compatible with the virus load hypothesis of CMV
disease induction. Occasional cases of infantile pneu-
monitis have been attributed to perinatal CMV
infection. This would appear to be an uncommon
event, although CMV is a frequent pathogen in those
few infants who do develop pneumonitis in the first 3
months of life. Disease may occur in preterm neonates
(<1500 g birth weight). One study reported transmis-
sion of CMV in 17% of cases (Yeager et al., 1983),
while a more recent publication reported transmission
in 37% (Hamprecht et al., 2001). In both papers,
individual cases of neutropenia were temporally

associated with CMV acquisition, sometimes accom-
panied by a clinical picture of sepsis with negative
bacterial cultures.

Postnatal Infection

The commonest clinical outcome of primary or
recurrent postnatal infection is a mild course without
the production of symptoms. Most individuals identi-
fied by prospective serological studies as having
seroconversions express surprise when told that they
have experienced a virus infection.

Occasionally, however, primary infections are
accompanied by the syndrome of infectious mono-
nucleosis. This is similar to the syndrome produced by
EBYV except that lymphadenopathy is uncommon and
that the Paul-Bunnell test is invariably negative.
Sometimes, the hepatic component of CMV mono-
nucleosis is prominent, so a diagnosis of viral hepatitis
is considered initially. Within a few days, however, the
full clinical picture becomes clear, with persisting
pyrexia and atypical lymphocytosis. The post-perfu-
sion syndrome, described earlier, is essentially CMV
mononucleosis acquired by blood transfusion.

CMYV is such a common virus infection that primary
infection tends to occur by co-incidence with a variety
of medical conditions. In addition, since CMV is an



100 PRINCIPLES AND PRACTICE OF CLINICAL VIROLOGY

opportunist, it will tend to reactivate when a patient
becomes debilitated as a result of some underlying
condition. If the underlying disease is esoteric and has
an unknown aetiology, a case report tends to appear
describing the association. By scanning through
PubMed, internet surfers will be able to find literally
dozens of such spurious associations, but they should
be reassured; CMYV is not the cause of all known
diseases.

Immunocompromised Patients

Immunocompromised patients may respond to pri-
mary or recurrent CMV infections by remaining
entirely asymptomatic. More frequently, they will
develop a spiking pyrexia which resolves after a few
days. Some may develop viraemia with fever and
leukopenia, which is sometimes termed ‘CMV syn-
drome’. This may progress to pneumonitis or this
complication may supervene directly. In either case,
once pneumonitis has become established, the prog-
nosis is poor (mortality 80-90%). Some patients
present with virus dissemination to the retina without
other signs. Any part of the gut may be the site of
CMYV replication, which may be asymptomatic or may
be associated with ulceration which can, in extreme
circumstances, cause erosion of neighbouring blood
vessels, with catastrophic haemorrhage. Patients with
AIDS may develop an encephalopathy of either a
subacute progressive dementia or an acute presenta-
tion with cranial nerve palsies caused by necrotising
ventriculitis. Alternatively, AIDS patients may present
with a syndrome of weakness of the lower limbs,
bladder paralysis and a polymorphonuclear CSF
response which is termed polyradiculopathy. At post
mortem examination, AIDS patients often have CMV
adrenalitis. Finally, CMV may induce an immunosup-
pressive syndrome in which the patient becomes unable
to deal with superinfecting bacteria or fungi. In this
instance, and in some of the other clinical presenta-
tions (pneumonia, hepatitis, gut ulceration,
septicaemia), the underlying nature of the CMV
infection is often not recognised by the clinical staff,
who are understandably distracted by the more easily
recognised superinfecting organisms.

The major clinical diseases associated with CMV are
summarised in Table 2C.6, according to the type of
immunocompromised patient. Some complications,
such as gastrointestinal involvement, are found in all
patient groups. Some are found in all but predominate
in one group; for example, 85% of CMV disease

Table 2C.6 CMV diseases in the immunocompromised

Symptoms Solid Bone marrow  AIDS
transplant transplant
Fever/hepatitis ++ + +
Gastrointestinal + + +
Retinitis + + + +
Pneumonitis + + +
Immunosuppression  +
Myelosuppression ++
Encephalopathy +
Polyradiculopathy +
Addisonian +
Immunosuppression  + ? ?
Rejection/GVHD + ?
Atherosclerosis +
Death + +

presents as retinitis in AIDS patients compared to less
than 5% in transplanted patients. While this observa-
tion remains unexplained, it is hypothesised that CM'V
pneumonitis in allograft patients is an immunopatho-
logical condition caused by an aggressive cell-mediated
response against a lung target antigen coded by, or
revealed by, CMV infection. Accordingly, AIDS
patients may be relatively spared pneumonitis because,
by the time they are sufficiently immunocompromised
to permit CMV dissemination to the lung, they have
insufficient T cell responsiveness to mount the postu-
lated immunopathological response. Likewise, the
myelosuppressive CMV disease results when CMV
replicates in stromal supporting cells releasing cyto-
kines and producing a milieu unfavourable for
haematopoiesis.

These observations concerning the different CMV
diseases found in distinct patient groups, combined
with the increasing knowledge about the importance of
CMV viraemia and viral load, lead to a potential
explanation for the diversity of CMV diseases. CMV
viraemia may be a prerequisite for CMV disease at any
target site. Increasing viral load may increase the
chance that CMV may penetrate tissues to cause
disease. Other organ-specific changes, distinct for each
patient group, may then dictate in which organ CMV
localises, e.g. the marrow suppression is presumably
found only after bone marrow transplant because these
new cells are receptive to CMV replication.

Indirect Effects

Several studies consistently associate CMV with allo-
graft rejection, secondary fungal or bacterial infections
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and accelerated atherosclerosis after heart transplant.
The results (discussed later) from double-blind placebo-
controlled trials of antiviral agents demonstrate that
each of these is significantly reduced by preventing
CMV disease, so supporting the hypothesis that CMV
causes these conditions in some patients. There are no
clinical features to distinguish CMV-associated graft
rejection/secondary infection/atherosclerosis from the
cases that are not prevented by anti-CMV drugs.

DIAGNOSIS

As with all viruses, there are two potential strategies
for providing a diagnosis: the detection of virus or the
demonstration of a specific immune response.

Detection of Virus

Collection of Specimens

Urine must be fresh and can be obtained by mid-
stream collection, by urine bags in neonates or by
urinary catheter. Samples can be collected at any time
of day and should be sent to the laboratory without
additives, since CMYV is stable in urine.

Saliva should be allowed to soak onto a plain
cotton-tipped swab, which is then shaken in virus
transport medium and broken off.

Heparinised blood samples should be collected with
care, since heparin inhibits CMV replication and the
phenolic preservatives found in proprietary pathology
bottles may be toxic to cell cultures. Some 10ml of
peripheral blood should be mixed gently with 500 units
of preservative-free heparin. For PCR, acid citrate—
dextrose or EDTA is preferred to heparin.

Tissue biopsies should be placed into plain sterile
containers with no additives. Fluid and cells obtained
by bronchoalveolar lavage should similarly be placed
in a plain sterile container.

Amniotic fluid should be collected into a plain sterile
container without any additives.

All specimens should be sent to the laboratory
without delay. If delay of more than a few hours is
anticipated, then all samples should be sent refriger-
ated, or on wet ice, but under no circumstances should
any specimen be frozen at any temperature.

Selection of Sites for Examination

To diagnose congenital or perinatal infection, urine or
saliva samples are usually collected. More invasive

procedures, such as lumbar puncture or liver biopsy,
are sometimes performed but identification of CMV at
these sites has not been shown to have any prognostic
value.

If adults with mononucleosis or hepatitis are being
investigated, then urine and blood are the best
samples. It should be possible to detect CMV from
all urine samples collected within a few weeks of onset,
whilst viraemia is often detected in the first few days of
illness. The identification of urinary CMV excretion in
a patient with such symptoms might be coincidental
but the detection of viraemia strongly supports the
diagnosis of CMV mononucleosis or hepatitis.

If pregnant women have symptoms, they should be
investigated for viraemia. Amniotic fluid can be tested
by PCR and culture but amniocentesis should not be
performed before 21 weeks because foetal renal
function must be established to allow CMV to appear
in foetal urine and then amniotic fluid. In addition,
amniocentesis performed within 6 weeks of primary
infection may give false negative results for CMV
because of the postulated placental incubation period,
which delays the transfer of CMV from the maternal to
the foetal compartment. However, there is no advan-
tage in actively screening asymptomatic women.
Investigations involving the culture of urine, genital
secretions, saliva and breast milk have been carried out
but the results are not predictive of which women will
have babies with congenital or perinatal infection.
Since the ‘patient’ in these examples is the neonate, not
the woman herself, samples should not routinely be
collected from any maternal site.

Immunocompromised patients should be investi-
gated by means of surveillance samples, taken at least
weekly, of blood and possibly also urine or saliva. This
must be done as routine on all patients, rather than
waiting for symptoms to develop. CMV excretion from
urine and saliva is very common in allograft recipients
so the relative risk for future disease is typically 3. In
contrast, PCR viraemia is detected less frequently in
allograft patients but, when it does occur, is indicative
of a relatively poor prognosis, with a relative risk of
about 10. However, even the detection of viraemia
does not guarantee that CMYV is the cause of, say, the
patient’s hepatitis or pneumonitis. Ideally, samples
should be collected from these target organs whenever
possible.

An alternative way of detecting viraemia is through
detection of antigenaemia in preparations of peripheral
blood mononuclear cells as targets (van den Berg et al.,
1991). These are reacted with monoclonal antibodies
against ppULS3 (pp65) followed by immunoperoxidase
staining (see Figure 2C.10). Note that the monoclonal
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Figure 2C.10 Direct detection of cytomegalovirus in peripheral blood leukocytes. M, monocyte; P, polymorphonuclear

leukocyte. Kindly provided by Professor H. Thé

antibody required for this assay does not recognise the
immediate-early proteins as originally described. Pre-
sumably, the phagocytic activity of the leukocytes
shown in Figure 2C.10 has led them to ingest virus-
infected material, among which ppULS83 is prominent.
It is tempting to speculate that this may derive from
dense bodies, since ppULS83 is a major component of
these aberrant forms. In practice, antigenaemia is
useful where samples can be processed by the
laboratory within a few hours and where the leukocyte
count is relatively normal, e.g. in recipients of solid
organs.

Histopathology

Cytomegalovirus can be recognised in histological
preparations by its characteristic ‘owl’s eye’ inclusions.
These Cowdry type A intranuclear inclusions have a
surrounding halo and marginated chromatin. They can
be found in kidney tubules, bile ducts, lung and liver

parenchyma, gut, inner ear and salivary gland but are
less prominent in brain tissue (see Figures 2C.9 and
2C.13 for examples).

Although histopathology provides a specific diag-
nosis, it is known to be insensitive. One study showed
that CMV can be cultured from tissue six times more
frequently than typical inclusions can be seen, while a
later study showed that organs with inclusions have a
median viral load 2 logs higher than those in which
inclusions could not be seen (Mattes et al., 2000).

Tissue Immunofluorescence

Some biopsy samples (e.g. liver, lung) may contain
cells infected with CMV which can be visualised by
staining frozen sections with antisera to CMV.
Alternatively, the tissue can be disrupted and the
cells fixed to glass slides before staining. Broncho-
alveolar lavage fluid contains a suspension of cells
exfoliated from the respiratory tract, which can be
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centrifuged, washed to remove adherent mucus and
then air-dried and fixed to microscope slides before
staining.

Cell Cultures

For conventional cell cultures, human fibroblasts are
used routinely. Foreskins or embryo lungs may be
employed as a source of fibroblasts and must be used
only at low passage (<25).

To detect wild strains of CMV reliably, the cultures
must be cared for obsessionally. The medium must be
drained, 0.2ml of each clinical specimen inoculated
and incubated at 37°C for 1h to permit virus
adsorption. The cultures should then be refed with
maintenance medium to reduce the toxic effects of the
inoculum. This is especially important in the case of
particulate samples, such as blood and tissue homo-
genates. For the detection of viraemia, buffy coat or
unseparated heparinised blood can be inoculated into
cell cultures. If toxicity is observed, denuded areas of
the monolayer can be repaired by the addition of fresh
fibroblasts.

All cultures should be observed at least twice weekly
for the typical focal cytopathic effect (CPE) of CMV
(Figure 2C.11). Occasionally, urine samples from cases

of congenital infection produce widespread CPE
within 24-28 h which resembles that of HSV. Usually,
however, the CPE evolves only slowly, so the cultures
must be maintained for a minimum of 21 days before
being reported as negative. This delay in obtaining an
answer has stimulated research into more rapid ways
of detecting CMV, which are discussed below.

Electron Microscopy

Samples of urine from infants infected congenitally or
perinatally contain high titres (103-10° TCID5p/ml) of
CMV. Using the pseudoreplica electron microscopy
technique, it has been possible to demonstrate this
viruria. Several authors have reported that approxi-
mately 80% of infected infants can be detected, with
the false negative results being clearly attributable to
low-titre urine samples (< 10®> TCIDsp/ml). The viral
specificity of the technique has been reported at 100%,
simply because it would be most unusual for any other
herpesvirus to be found at such high titre in urine from
infants.

Electron microscopy cannot be used in immuno-
compromised patients for several reasons. First, the
titre of CMV found in clinical samples from adults is
generally lower than that found in infants. Second, all

Figure 2C.11 The local cytopathic effect typical of cytomegalovirus seen in monolayer cultures of human embryo lung fibroblasts.

Photograph kindly prepared by Ms A. Grzywacz
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human herpesviruses frequently infect immunocom-
promised patients and cannot be distinguished from
each other by electron microscopy. Since different
antiviral therapy may be required for each herpesvirus,
the results of electron microscopy would not be specific
enough to influence patient management.

Detection of Early Antigen Fluorescent Foci
(DEAFF)

The technique of DEAFF was developed as a means of
retaining the specificity and sensitivity of cell culture
without having to wait for the production of CPE as a
diagnostic end-point (Griffiths et al., 1984).

Following inoculation onto cell cultures, CMV is
absorbed rapidly into the cell. CMV rapidly starts to
produce a- and B-proteins but CMV DNA synthesis is
delayed and protracted until several days after infec-
tion. This explains the long delay seen in conventional
cell cultures, since CMV needs to replicate, produce
daughter virions and infect neighbouring cells in order
to produce the cytopathic effects shown in
Figure 2C.11.

To speed up the diagnostic process, cells are
inoculated with clinical specimens and stained after
only 18h incubation, using monoclonal antibodies
directed against some of the a- and B-proteins of CMV

(Figure 2C.12). This technique is termed ‘shell vial
assay’ in the USA because of the vessels used for the
sample processing (Gleaves et al., 1984).

Enzyme Immunoassay (EIA)

The technique of DEAFF and antigenaemia provide
results rapidly but still require subjective immuno-
staining and cell culture in the case of DEAFF. The
technique of EIA could potentially overcome both of
these problems by detecting soluble virus-specific
proteins and by producing a colour change, visible to
the naked eye, whenever CMYV is present.

Some workers established EIA detection systems
using polyclonal hyperimmune sera or monoclonal
antibodies. The results indicated that EIA could detect
small amounts of CMV complement-fixing (CF)
antigen or of virus when added artificially to buffer
systems. However, when clinical samples containing
CMYV were assayed, results of low sensitivity and/or
specificity were obtained.

Detection of Viral DNA

Earlier reports of the detection of CMV by dot-blot
methods have been completely superseded by PCR.

Figure 2C.12 Cytomegalovirus infection diagnosed by detection of early antigen fluorescent foci (DEAFF)
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Different parts of the CMV genome have been chosen
as targets by various authors, but there is no obvious
advantage in any particular one. Ideally, one would
wish to amplify a conserved region, but the degree of
genetic variability found in clinical strains is only
beginning to be defined. Potentially, PCR methods
could be so sensitive that they detected low quantities,
even latent virus, which would not necessarily be
clinically relevant; accordingly, some authors have
concluded that their nested PCR procedures do not
provide prognostic information. We deliberately chose
a non-nested procedure to avoid this problem, and find
that PCR produces good prognostic information in
both transplant patients (Kidd et «al., 1993) and HIV-
positive individuals (Bowen et al., 1997). Clearly,
‘PCR’ is not a single procedure and each laboratory
should measure the clinical significance of its results
through formal assessment (Kidd et al., 1993; Einsele
et al., 1995; Bowen et al., 1997; Shinkai et al., 1997).
The availability of fully quantitative PCR assays for
CMYV, especially in a real-time format, offers another
approach for further refining prognostic values, as well
as for understanding pathogenesis, as discussed pre-
viously.

Amniotic fluid should be tested in multiple replicates
by PCR to avoid false negative results (Revello et al.,
1998).

Characteristics of the Various Assays
Described

These are summarised in Table 2C.7. In the first three
editions of this book, I described conventional cell
culture as the ‘gold standard’ against which newer
assays should be compared. In the fourth edition I
proposed that this process is complete for PCR, so that
it can be recommended as the new ‘gold standard’ for
providing diagnostic information in a timely manner
able to influence the management of individual
patients. This conclusion is supported by a series of
subsequent reports, so that any PCR assay which has

Table 2C.7 CMV detection in body fluids

had a published validation showing correlation with
clinical end-points could be employed (Kidd et al.,
1993; Einsele et al., 1995; Shinkai et al., 1997). Note
that the samples required, the sample extraction
method and assay-specific details all differ among
these validated assays, so colleagues should choose one
system and follow the whole procedure exactly as
described. We have always used whole blood because
fractionation offers additional opportunities for sam-
ple contamination and mislabelling and so should only
be performed if clear benefits can be shown. This
choice is vindicated by a recent study which directly
compared the utility of testing whole blood or blood
fractions (Razonable et al., 2002).

Advantages and Disadvantages of Virus
Detection

1. The anatomical site of the infection can be
documented (e.g. lung involvement in a patient
with pneumonitis).

2. The patient’s immune response is not required for
diagnosis, so all infected immunocompromised
patients, not just those able to mount an immune
response, can be identified.

3. Rapid diagnostic methods have enabled infected
patients to be recruited into therapeutic trials of
potential antiviral agents so that patient manage-
ment may be influenced.

4. PCR methods can quantify the amount of virus in
clinical samples and allow quantitative virological
assessment of antiviral agents.

5. If resistant virus emerges during a course of
treatment, this may be detected by the assay and
so provide an opportunity for prescription of an
alternative drug.

6. A potential disadvantage is that the monoclonal
antibodies or DNA probes used to detect CMV
may be too specific and may identify only some
strains of the virus, although this has not proved to
be a problem to date.

Method Sensitivity Specificity Reliability =~ Rapidity Proven prognostic value
Conventional cell culture + + ++ + + + + +
Detection of early antigen fluorescent foci  + ++ + ++ + + +
Antigenaemia + + ++ + + + + 4+ + +
Polymerase chain reaction ++ + +++ ++ + + +
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Detection of Inmune Response

IgG Antibody as a Marker of Past Infection

The detection of IgG antibodies against CMV is
clearly indicative of infection sometime in the past. The
individual is said to be seropositive and is liable to
experience reactivations of his/her latent infection. The
presence of IgG antibodies against CMV is thus a
marker of potential infectivity; although a seropositive
individual is ‘immune’ in the immunological sense, this
term should not be used to imply protection from
endogenous or exogenous infection.

Many assays have been described for the detection
of CMV IgG antibodies. Those most frequently used
are listed in Table 2C.8, together with estimates of
their specificity, sensitivity, objectivity and rapidity. In
patients with intact immunity, the CF test is perfectly
adequate, provided that an efficient antigen is
employed and that optimal incubation temperatures
are used. Other tests (marked ‘+ +’ in Table 2C.8) are
more sensitive in that they produce higher antibody
titres but they do not detect substantially more
seropositive individuals in a population.

With immunocompromised patients, the CF test
often gives false negative results by failing to detect low
levels of IgG antibody. Thus, a more sensitive
technique is required and any of those marked ‘+ +’
in Table 2C.8 are satisfactory, with EIA being used
most frequently. If an IF method is chosen, the IFA-
LA assay should be avoided because all human sera
bind to the IgG Fc receptor induced by CMV and this
perinuclear fluorescence can be difficult to distinguish
from the virus-specific nuclear fluorescence found with
seropositive samples. ACIF is the IF method preferred,
since it is unaffected by IgG binding to the Fc receptor.

Table 2C.8 Performance characteristics of several assays
used to measure IgG antibodies against CMV

Method Performance characteristics
Sensitivity Specificity Objectivity Rapidity

Neutralisation + + + + _

CF + + + +

IFA-LA + + — - + +

ACIF ++ ++ + ++

Latex ++ ++ + +++
agglutination

RIA ++ + ++ + + + +

EIA +++ ++ ++ ++

ACIF, anti-complement immunofluorescence; CF, complement fixing;
EIA, enzyme immunoassay; IFA-LA, immunofluorescence assay for
viral late antigens; RIA, radioimmunoassay.

IgG Antibody as a Marker of Acute Infection

Rising levels of IgG antibody were employed in the
past but this approach has been completely superseded
by assays for detecting virus itself. However, the
detection of IgG antibodies of low avidity provides
evidence of primary infection in the recent past, e.g.
16-20 weeks (Guerra et al., 2000).

Detection of IgM Antibodies

Attempts to detect CMV-specific [gM antibodies have
been plagued by the use of methods of poor sensitivity
and specificity and by interference from rheumatoid
factor. Testing for IgM antibodies may be helpful in
cases of suspected CMV mononucleosis. In all other
cases of suspected active CMV replication, investiga-
tions using virus detection methods are recommended.

Problems Associated with Serological
Diagnosis

1. Some immunocompromised patients fail to mount
a typical immune response and die from dissemi-
nated CMYV infection. If diagnoses are made solely
by serology, these cases will not be identified.

2. The passive transfer of CMV IgG antibodies with
blood products may produce ‘seroconversions’ if
sensitive [gG assays are employed.

3. The major objection to detecting CMV infection
serologically is that the diagnosis is delayed and so
can have little effect on the management of an
individual patient.

MANAGEMENT

Congenital Infection

The most important part of the management of these
cases is to make an unequivocal diagnosis. This is
usually accomplished in the case of those symptomatic
at birth but is often impossible in those who are
initially asymptomatic.

Babies born with symptoms are usually investigated
using the appropriate tests; culture of urine or saliva
for CMV. The presence of CMV in a neonate aged less
than 3 weeks is clearly indicative of congenital
infection.
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Those born without symptoms are unlikely to have
cultures performed and typically present from the age
of 6 months onwards with sequelae such as hearing
loss or mental retardation. These cases should be
cultured for CMV but, if the virus is present, this does
not guarantee that the infection was acquired con-
genitally rather than perinatally. Unfortunately, in
each population which has been investigated, perinatal
infection is at least 10 times more common than
congenital infection, so that if the presence of CMV in
a child aged, say 9 months, is taken as evidence of
congenital infection, then such a diagnosis will be
wrong in at least 90% of cases. The clinicians may be
happy to accept the diagnosis when the clinical
findings are reviewed but the child then has only a
clinical diagnosis with compatible laboratory findings
rather than a definitive virologically-proven diagnosis.
Testing for specific IgM antibodies is of no help in this
situation, since they should be present following
congenital infection and will presumably be produced
acutely in cases of perinatal infection, although this
remains to be proven rigorously.

If CMV is found in a child who develops symptoms
during infancy, it is worthwhile bleeding the mother
and contacting the laboratory servicing her antenatal
clinic to see if sera have been retained. Occasionally, a
laboratory has kept a serum used to test for rubella
status. If this serum has CMV IgG but not IgM
antibodies, then it is unhelpful, since the mother may
have had recurrent infection during pregnancy or, if
she presented later than 16 weeks, primary infection
early in pregnancy. If, however, the serum has low
avidity antibodies or is IgM-positive, it will confirm
that she had primary infection during pregnancy,
which makes it more likely that her child’s CMV was
acquired congenitally. Similarly, if the mother sero-
converts between early pregnancy and paediatric
presentation, this supports a congenital transmission.
Finally, the mother may remain seronegative, in which
case the child cannot have had intrauterine infection
and so the diagnosis of congenital infection can be
excluded.

It will be evident from this discussion that the
management of these cases would be greatly facilitated
if it were possible to screen all new-borns for evidence
of congenital infection, in a similar fashion to the
established phenylketonuria screening programme. At
present, cell culture is too cumbersome and expensive a
technique to be used widely but it is hoped that one of
the modern technologies described earlier will be able
to fulfil this role reliably and, of course, cheaply.

Once the diagnosis of congenital infection has been
established, an assessment should be made of the

prognosis for the child and for a future pregnancy. An
estimate of the child’s prognosis can be given from the
titre of neonatal viruria and the magnitude of the
humoral immune reactivity present in the cord serum,
but this can only divide cases crudely into high-,
medium- and low-risk categories. More precise prog-
nostic markers are required, especially of viral load.
The prognosis for a future pregnancy is clear if the
diagnosis has been definitely proven and the child was
symptomatic at birth; since only one example of
cytomegalic inclusion disease has been reported in
consecutive siblings, the risk of an identical recurrence
must be very low. If, however, the child developed
symptoms during infancy, then the position is not so
clear. No sibling cases have been reported but this
might be because the correct diagnosis has not been
made in the past. It remains possible, therefore, that a
woman could have a future pregnancy damaged in a
similar way. To be scientifically and legally correct, the
risk cannot be given as zero but, on humanitarian
grounds, the author usually emphasises that it must be
very low. Before a definitive virological diagnosis is
available, the differential diagnosis often includes a
recessive gene for presentations with hearing loss,
which has a recurrence risk of 25%. If the parents are
prepared to gamble with their genes, then the virologist
must not dissuade them from taking what must be a
far lower risk with CMV. It is conventional to advise
such women to wait 1 year between the estimated date
of infection and trying to conceive, but there are no
data to support this advice and no laboratory tests to
determine whether it is ‘safe’ for an individual to
proceed.

Having established the diagnosis and prognosis,
treatment must be considered, including remedial
therapy to compensate for hearing, speech or devel-
opmental defects. Ganciclovir has been studied in a
dose-comparative trial (Whitley et al., 1997) which
showed that the drug was relatively well tolerated over
the 6 weeks’ duration of therapy with no excess toxicity
from the higher dose of 6 mg/kg b.d. As a result, this
dose was compared against no treatment in a
randomised controlled trial and significantly worse
hearing was reported at 6 months among those who
were not treated (Kimberlin ez al., 2003). Thus, despite
the toxicity of ganciclovir, which caused neutropenia
and thrombocytopenia in substantial numbers of the
neonates, this drug has become the standard of care for
those born with CNS symptoms. Further controlled
trials are required to determine the optimal duration of
therapy and to determine whether the toxicity of
ganciclovir can be justified in neonates born with
symptoms outside the CNS, e.g. hepatosplenomegaly
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or thrombocytopenia purpura. Until such trials are
conducted, this author concurs with the opinions of
the investigators, that ganciclovir should not be used
outside the setting of a controlled clinical trial (Whitley
et al., 1997; Kimberlin ef al., 2003). The toxicity profile
of ganciclovir includes carcinogenesis in rodents and so
possible therapeutic advantages must be balanced
carefully against potential adverse consequences.

Finally, the parents should be informed about the
nature of the child’s illness and advised on its
infectivity (see below).

Perinatal Infection

These cases produce few medical management difficul-
ties. Most remain asymptomatic and undiagnosed.
Cases of infantile pneumonitis should have samples of
urine, saliva and nasopharyngeal aspirate cultured for
CMV but, apart from bronchoscopy and/or lung
biopsy, there is no way of proving that the pneumonitis
is due to CMV in an individual case. The main medical
importance of perinatal infection is the difficulty it
produces for the diagnosis of congenital infection (see
above) and the fear of contagion that it stimulates.

It is clear that children less than 18 months of age
with perinatal infection can transmit CMV to their
parents (Pass et al., 1986). This presumably results
from close contact with infected saliva during normal
family life and so would be difficult to control
completely. Control should be considered, however,
if the mother is contemplating pregnancy, although
care must be taken not to induce feelings of social
isolation or rejection among the older sibling. There is
no evidence that these children are contagious to
adults outside the family but it seems prudent to advise
the parents that the infants should avoid intimate
contact with women who may be pregnant or with
immunocompromised patients. Unfortunately, this
advice, when ultimately passed to school teachers,
can lead to the children being treated as lepers. The
teaching staff may have to be reassured strongly to
ensure that the children are not treated differently from
any others. It usually suffices to emphasise that
10-20% of the children in the classroom are asympto-
matically excreting CMV as a result of perinatal
infection, so that routine hygienic precautions should
be used by all staff for all children. The same advice
should be given when the child has congenital CMV
infection, irrespective of whether or not the virus has
induced disease. It would be absurd to ostracise the
occasional case of symptomatic congenital infection

knowing that literally hundreds of other children of the
same age are excreting similar amounts of the same
virus.

Postnatal Infection

Most cases of postnatal infection are asymptomatic
and so do not require management. Exceptions are
CMV mononucleosis or hepatitis, which may well be
treated once a safe orally bioavailable anti-CMV drug
becomes available.

When postnatal infection occurs in a pregnant
woman, however, the possibility of termination of
pregnancy requires consideration. Recurrent maternal
infections are invariably asymptomatic and no labora-
tory test is currently available which can detect which
immune women are transmitting the virus in utero. For
these practical reasons, it is not possible to contem-
plate therapeutic intervention in these cases, even
though some produce childhood damage (Fowler et
al., 1992), so discussion must be limited to primary
maternal infections.

By analogy with rubella infection during pregnancy,
it has been assumed that primary CMYV infection will
be most severe when it occurs during the first trimester,
so therapeutic termination of such pregnancies would
be justified if the diagnosis could be made sufficiently
early. Studies have shown that asymptomatic primary
CMV infection can be reliably diagnosed early in
pregnancy by testing for IgG avidity and specific [gM
antibodies. It has also been clearly shown that the vast
majority of women in developed countries present
early enough in pregnancy to allow the infection to be
detected and for termination of pregnancy to be
performed safely. Studies have confirmed the assump-
tion that primary CMYV infection is more severe at this
stage of pregnancy, so severe that it produces a
statistical excess of foetal losses. These results clearly
suggest that some pregnancies involving the potentially
most severely affected foetuses are terminated natu-
rally, so that medical intervention directed towards the
survivors may not be as beneficial as has been
assumed.

Currently available data indicate that the risk that
an individual foetus may survive to be born with
cytomegalic inclusion disease following primary mater-
nal infection before 28 weeks’ gestation is about 4%
(Griffiths and Baboonian, 1984; Stagno et al., 1986).
These results clearly demonstrate that, at present, there
is no justification for recommending case finding of
asymptomatic primary CMV infection by serological
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Table 2C.9 Annual public health impact of congenital CMV

USA UK
Number of live births 4000000 700000
Proportion congenitally infected 1% 0.3%
Number congenitally infected 40000 2100
Number with cytomegalic inclusion 2800 147
disease (7%)
Number fatal (12%) 336 18
Number with sequelae (90%) 2218 132
Number asymptomatic (93%) 37200 1953
Number with sequelae (15%) 5580 293
Total number damaged 8134 443

After Stagno (1990).

screening during pregnancy, and no evidence that the
offer of surgical termination of pregnancy in such cases
would significantly reduce the incidence of disease
attributable to congenital CMV infection (see
Table 2C.9).

More subtle problems of an ethical or medico-legal
nature are presented to a practising obstetrician when
a woman develops symptoms due to primary CMV
infection early in pregnancy. Two separate cases have
been reported where mononucleosis was diagnosed at
22 and 18 weeks, respectively, and the pregnancies
were surgically terminated. At first, the therapeutic
intervention in these cases appears to be justified, since
both foetuses showed signs of intrauterine infection.
However, a selection bias is present because only
successful reports have been published; where other
pregnancies have been similarly interrupted, the cases
have not been publicised following abortion of
uninfected foetuses. Furthermore, the presence of
intrauterine infection does not necessarily indicate
that clinically evident disease would have presented
itself in childhood, since the majority of congenitally
infected infants develop normally.

In summary, there is no evidence to suggest that a
symptomatic woman is more likely to deliver an
affected baby than is an asymptomatic woman; there-
fore, whilst the final decision rests with the parents and
their obstetrician, the same virological advice should
be given to all. Amniocentesis with culture and PCR of
the amniotic fluid has been performed in case series.
Overall, these results show that, after 21 weeks’
gestation, CMV can be detected in amniotic fluid in
most cases. Amniocentesis frequently gives false
negative results if performed before 21 weeks because
foetal kidney function is required to excrete CMV into

the amniotic fluid. Given the need to make the
diagnosis rapidly at this late stage of pregnancy,
PCR has a distinct advantage over culture, but the
parents must be counselled about the possibility of
false negative results. In addition, quantitative PCR of
amniotic fluid shows that high viral loads correlate
with a high risk of disease. Coupled with the results of
ultrasound scanning to assess foetal growth, amniotic
fluid testing for CMV aids detection of some of the
potentially most severely damaged cases, but the
techniques are still restricted to specialised reference
laboratories.

In two published independent cases, female mem-
bers of paediatric medical or nursing staff requested
termination after discovering that they had acquired
asymptomatic primary CMV infection during preg-
nancy. Serological tests had been performed because
they were caring for infants known to have congenital
CMV infection. Virus isolates were obtained in each
instance from the index case, the mother and the
aborted foetus. In both cases, the maternal and foetal
isolates were shown to be indistinguishable from each
other by restriction enzyme analysis but were quite
different from their respective index case. The conclu-
sion is clear; primary CMV infection occurs commonly
during pregnancy and will be found if women of child-
bearing age are investigated. Typing of strains in the
published cases showed that the infections were not
acquired from recognised occupational exposures, a
finding which has important medical implications.
There is little evidence that staff exposed professionally
to infectious cases have an increased risk of contract-
ing CMYV infection, but it seems prudent to advise
pregnant staff to avoid such contacts if possible by
practising good hygiene precautions, such as hand-
washing after patient contact. This cautious approach
is applied to female technical staff working with CMV
in the laboratory, although we have never had a case of
seroconversion among our predominantly seronegative
staff. It should be emphasised that the same advice is
given to female staff irrespective of their serological
status; it should be clear that preconceptional humoral
immunity in these women cannot be equated with a
guarantee of protection for the foetus.

Immunocompromised Patients

The most important part of the management of these
patients is to make the diagnosis of CMYV infection
rapidly. Once extensive damage to target tissues has
occurred, as is shown in Figure 2C.13, then no
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Figure 2C.13 The post mortem histological appearance of cytomegalovirus pneumonitis in a bone marrow allograft recipient.
Reprinted from Griffiths. Diagnostic techniques for cytomegalovirus infection, 13, 631-644 (1984) with permission from Elsevier

antiviral therapy can reasonably be expected to have a
successful outcome. To provide advance warning of
CMV disease, blood should be collected at least weekly
from all allograft recipients and processed by one of
the rapid diagnostic methods described in the previous
paper.

If CMV is found in an allograft recipient, then the
patient’s condition should be reviewed with the
clinicians. Many are asymptomatic but some may
subsequently become unwell and the availability of
rapid virological results may allow the clinicians to
reduce immunosuppressive therapy before extensive
dissemination of CMV has occurred. The importance
of rapid diagnosis in the clinical management cannot
be overemphasised, since the differential diagnosis of
some illnesses requires an increase in immuno-
suppressive therapy (e.g. renal allograft rejection
episodes). Strategies for the use of antiviral drugs in
asymptomatic patients found to have active infection
with CMV will be discussed in the next section.

PREVENTION

Is Prevention Needed?

Prevention of an infection can be justified only if it
leads to a reduction in ill-health, i.e. the infection itself

need not necessarily be the target as long as the
infectious process can be modified to prevent disease.
Potential strategies by which this objective may be
accomplished will be detailed, but first it is necessary to
consider the magnitude of the problem in the two
major populations: congenital and immunocompro-
mised patients.

Congenital Infection

While it is well recognised that babies symptomatic at
birth have a poor prognosis, the full effects on those
babies who appear to be normal at birth are only now
becoming apparent (Fowler et al., 1992). However, the
figures outlined in Table 2C.9 indicate that approxi-
mately 8000 children/year in the USA and 400/year in
the UK suffer overtly as a result of congenital CMV
infection. If these figures are ultimately shown to be
correct, then they will confirm congenital CMV
infection as the second commonest known cause of
mental retardation after Down’s syndrome. Prevention
of such a relatively common condition would be
justifiable if this could be achieved safely and at low
cost. A recent Institute of Medicine report estimates
that $1 billion is spent annually in the USA providing
care for these unfortunate children (Stratton, 2000).
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Immunocompromised Patients

Infections form the commonest single cause of death in
allograft patients. In bone marrow recipients, the
single most important infection is CMV, responsible
for approximately 15% of mortality before antiviral
treatment became available. In recipients of solid
organ transplants, several investigators report this
virus to be a major cause of morbidity and mortality.
In an analysis of hospital charges, CMV disease
significantly increased costs, showing that if the
expense of extra days spent in hospital is taken into
account, then prevention of CMV disease should
potentially be cost-effective (Kim et al., 2000). Philo-
sophically, also, it would seem sensible for health
services to want to prevent CMV disease, if this can be
done at reasonable cost, since its investment in high
technology transplantation is wasted if the procedures
are effective but the patients die from complications of
the treatment.

Prevention of transmission. Knowledge of the
potential routes of CMV transmission raises the
possibility of prevention by interruption of infection.
For example, seronegative renal allograft recipients
could be matched to receive only kidneys from
seronegative donors. Retrospective analysis by means
of life-table survival curves has shown that CMV
matching has a greater effect on the survival of cadaver
kidney recipients than does matching the same patients
for HLA class I status. However, CMV reinfection
from the donor kidney has also been shown to cause
disease, albeit at a rate lower than that found after
primary infection (Grundy et al., 1988). If seronegative
kidneys were reserved for seronegative recipients, then
more infected kidneys would be given to seropositive
recipients and matching for other characteristics, such
as HLA, might be prejudiced. Clearly, a controlled
trial of the potential benefits of matching would be
required before it could be justified as a clinical
routine. While there is no doubt that matching could
reduce morbidity and mortality due to CMV, there is
equal concern that even greater morbidity and
mortality due to graft rejection could result from a
policy of matching for CMV. Put bluntly, patients and
their relatives would not thank us for merely sub-
stituting one specific cause for another on the death
certificate.

Likewise, seronegative recipients of all allografts
could receive blood products only from seronegative
donors, but infected blood might also lead to reinfec-
tion of seropositive recipients. A counsel of perfection

would be to give only CMV seronegative blood or
blood products to all pregnant women, all neonates or
all immunocompromised patients, including those with
AIDS. This would represent a major burden for the
blood transfusion centres, all of which are hard-
pressed to provide their current services without
introducing further logistical and administrative pro-
blems. Alternatively, in-line filters could be used to
remove leukocytes during blood transfusion, since this
has been shown to reduce CMV transmission in a
special care baby unit (Gilbert ez al., 1989).
Transmission could theoretically be reduced in the
general population by advising women of child-bearing
age to avoid salivary or sexual contact with seroposi-
tive consorts, but this clearly would be unpopular.

Pre-exposure immunisation. This strategy allows
CMV exposure to occur but immunises the recipients
beforehand, in the hope of preventing disease. Several
vaccine candidates have undergone Phase I clinical
testing (reviewed in Gonczol and Plotkin, 2001). These
include recombinant soluble glycoprotein B, canary-
pox vectors expressing gB or pp65, as well as
recombinant live attenuated Towne strains incorporat-
ing the novel genes from the Toledo strain. The
recombinant soluble gB (with MF59 adjuvant) induced
neutralising antibodies in seronegatives and boosted
the neutralising titre in seropositives. The canarypox-
¢B did not induce neutralising antibodies, although it
primed volunteers to respond to subsequent challenge
with the Towne strain. The canarypox-pp65 induced
CMI in seronegatives. It thus appears that we have
several candidate vaccines which are immunogenic and
safe and so should consider how they could be
evaluated for efficacy.

In the past, vaccinologists assumed that efficacy
would have to be proved by reducing the rate at which
neonates were born with symptomatic congenital
CMV to mothers given vaccine or placebo many
years earlier. The practicalities, logistics and expense of
conducting such studies are prohibitive. However,
modern virology can now be employed in distinct
patient populations to determine whether a vaccine
protects against primary infection and can provide
immunological control against high viral loads (see
Table 2C.10). In the author’s view, a vaccine which
could protect one population of women and one
population of transplant patients should be licensed
for routine immunisation (e.g. of seronegative teen-
agers) with post-marketing active surveillance used to
document the anticipated reduction in symptomatic
congenital CMV infection. Certainly, there are no fears
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Table 2C.10 Populations in whom efficacy of CMV vaccines could be evaluated using virological end-points

Populations given vaccine/placebo

Outcome

Seronegative workers at day-care primary centres
Seronegative women with children at day-care centres
Seronegative pregnant women immunised post-partum

Seronegative patients on waiting list for receipt of solid organs

Seronegative donors of bone marrow to seropositive recipients

Reduced CMYV infection

Reduced CMV viraemia/need for pre-emptive therapy

that widespread introduction of such a vaccine could
affect herd immunity and so shift the incidence of
primary infection into the child-bearing years, because
the average age at which CMV is acquired in
developed countries is already greater than the average
age at pregnancy (Griffiths et al., 2001). Furthermore,
the Institute of Medicine report should provide a
strong financial incentive for the necessary studies to
be performed, because their economic analysis shows a
cost-saving of $50000 for each quality-adjusted life
year gained by a hypothetical vaccine which costs
$360 million to develop (Stratton, 2000).

Concern over the possible oncogenicity of CMV
vaccines derives from theoretical considerations which
are common to all live herpesvirus vaccines. The live-
attenuated Towne strain of CMV vaccine reduced the
severity of disease in seronegative recipients given
seropositive kidneys (Plotkin ez /., 1991). It could not
prevent reinfection of the recipients with a different
strain of CMV but no evidence was found of
reactivation of Towne vaccine virus when the patients
were immunosuppressed. No excess of malignancies of
any kind was found in the recipients of the vaccine.

Homosexual men are at greater risk of acquiring
CMV infection than are heterosexual men and could
be considered as candidates for the assessment of the
efficacy of CMV vaccines. However, most are already
seropositive and so studies would probably have to
address the more difficult question of whether vaccina-
tion could prevent recurrent infection in this group
(immunotherapy).

Vaccines could also be investigated for immunother-
apy in patients receiving allografts. Clearly, there
would be little point in attempting to present T cell
epitopes at this time because the patients would be
receiving drugs such as cyclosporin in order to
suppress these responses. However, one could aim to
present B cell epitopes with the hope of boosting the
humoral immune response to keep the CMV load
below that required to cause disease. In the case of
bone marrow transplantation, immunisation of the
donor prior to marrow harvest may potentially lead to
adoptive transfer of immunity to the recipient.

Passive T cell immunotherapy has also been
evaluated after bone marrow transplantation. Donor
cells are expanded in vitro and passively administered
to recipients. The clinical results show that the cells
persist in recipients and a controlled trial to evaluate
protective efficacy is currently under way.

TREATMENT

The drugs ganciclovir, foscarnet, cidofovir and fomi-
virsen (intravitreal only) have been licensed for serious
or life-threatening CMYV infections in immunocom-
promised patients, while valaciclovir is licensed only
for prophylaxis. Ganciclovir is phosphorylated by the
product of the UL97 gene of CMV (Sullivan et al.,
1992) and then the triphosphate acts to inhibit virion
DNA polymerase (UL54). Cidofovir is a phosphonate
compound which is structurally analogous to a
nucleoside monophosphate. It does not require activa-
tion by UL97 but is converted to the diphosphate
(structurally analogous to a nucleoside triphosphate)
by cellular enzymes, and then inhibits UL54. Foscarnet
is a low molecular weight analogue of the inorganic
pyrophosphate product of DNA polymerase activity
and so acts at a different site and does not require prior
anabolism. Foscarnet and cidofovir must be adminis-
tered by intravenous infusion; ganciclovir can now be
given orally by means of the valganciclovir pro-drug,
which is absorbed and cleaved in gastrointestinal cells
to release ganciclovir. This pro-drug offers the
potential of administering ganciclovir without the
need for intravenous infusion (which is clinically
important for a drug which causes neutropenia).
However, clinical studies are required in each patient
population to show that the drug is bioavailable. This
has been done for liver transplant patients (Pescovitz et
al., 2000) but it remains to be proved that bone
marrow transplant patients (who may have gastro-
intestinal graft-vs.-host disease) can also cleave the
pro-drug ester. Ganciclovir produces neutropenia,
which may be dose-limiting. In animal toxicology
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studies, ganciclovir has a cytostatic effect on the testis;
the clinical significance of this for humans is unknown.
Foscarnet is nephrotoxic, although this effect can be
reduced by large volumes of normal saline. Foscarnet
also affects ionised calcium levels and produces a fixed
drug eruption on the skin of the genital area. Cidofovir
is nephrotoxic and it is important that patients are
hydrated and receive probenecid to decrease renal
concentrations of drug.

Strategies for Deploying Antiviral Drugs

Based on the different stages of pathogenesis shown in
Figure 2C.7, four distinct treatment strategies can be
envisaged for CMV (see Table 2C.11). While these
strategies have been evaluated formally in transplant
patients, it is disappointing that they are only now
being applied to the design of studies in AIDS patients.
Recent results have, however, indicated that the same
basic principles apply also to AIDS patients, so I will
discuss the findings under the appropriate headings.

Prophylaxis

This approach is to give a drug active against CMV
from the time of transplant, and Table 2C.12 lists the
double-blind, randomised, placebo-controlled trials
which have been conducted to date of such prophy-
laxis. Ganciclovir, the most potent drug in vitro, has
been subjected to the rigours of several such trials but
the other two licensed drugs, foscarnet and cidofovir,
have not. In addition, Table 2C.12 shows that
interferon-o. (IFNa), aciclovir, valaciclovir and im-
munoglobulin have also been studied, although many
physicians do not associate these therapies with anti-
CMV activity.

The results summarised in Table 2C.12 show that
ganciclovir has consistently demonstrated activity
against CMV infection in all patient groups. It also
reduced CMV disease in most groups, with some

Table 2C.11 Strategies for deploying chemotherapy against CMV

discrepancies which require discussion. After bone
marrow transplant, ganciclovir had a strong trend
towards protection which was significant in one study
(Goodrich et al., 1993) but failed to reach statistical
significance in a second (Winston et al., 1993). After
heart transplant, ganciclovir had a significant effect in
seropositive recipients (Merigan et al., 1992) but not
primary infections, while the opposite was seen in a
second study (Macdonald ez al., 1995). Note that
ganciclovir prophylaxis after bone marrow transplan-
tation had no significant effect or even a trend in
favour of survival, presumably, the drug-induced
neutropenia facilitated bacterial and fungal infections,
to which the patients succumbed (Goodrich et al.,
1993; Winston et al., 1993). This illustrates the
principle in Table 2C.11, that prophylaxis exposes all
patients to the risk of side-effects and so should only be
contemplated when a drug has no serious toxicity. In
patients with AIDS, a trial of oral ganciclovir, 1g t.d.s.
vs. placebo, was termed ‘prophylaxis’ because patients
did not have CMYV disease at trial entry (Spector et al.,
1996). Note that this is not virological prophylaxis as
defined in Table 2C.11. Nevertheless, PCR data show
that the greatest effect of ganciclovir was seen when it
was given prophylactically because the drug had less
effect in those who were already PCR-positive at trial
entry.

The results in Table 2C.12 also show that IFNa,
aciclovir and valaciclovir each had anti-CMV effects in
vivo, whereas there was no evidence of anti-CMV
activity of immunoglobulin. This suggests that, if
immunoglobulin does have clinical benefit against
CMV disease, this is provided by interference with
secondary phenomena rather than CMYV itself. Note
that the anti-CMV effect of aciclovir is clinically
important; indeed, aciclovir is the only antiviral drug
shown to improve survival when used for prophylaxis
after bone marrow transplantation, presumably
because its modest antiviral activity is not offset by
bone marrow toxicity, as is the case with ganciclovir. A
randomised comparison of prophylaxis with aciclovir
or ganciclovir after liver transplant (not included in
Table 2C.12) shows ganciclovir to be superior in

Term used When drug given Risk of disease Acceptable toxicity
Prophylaxis Before active infection Low None

Suppression After peripheral detection Medium Low

Pre-emptive therapy After systemic detection High Medium
Treatment Once disease apparent Established High
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controlling CMV disease (Winston et al., 1999),
illustrating that the toxicity of ganciclovir is less
prominent if bone marrow is not the organ being
transplanted.

Early Treatment of Active Infection

Where allograft recipients are monitored closely to
detect active CMYV infection at the earliest possibility,
trials have been conducted to determine whether early
intervention with antiviral drugs can provide clinical
benefit. There are two main approaches: suppression,
where the drug is given after CMV has been detected at
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a peripheral site, such as in urine or in saliva; and pre-
emptive therapy, where CMV is detected systemically,
either from blood or the lung sampled by bronchoal-
veolar lavage. The collection of the latter sample is
predicated on the immunopathological nature of CMV
pneumonitis, so that therapy is directed at early virus
replication before disease has become established.
Both approaches have produced clinical benefit (see
Table 2C.13). In particular, the study of ganciclovir in
bone marrow transplants by Goodrich et al. (1991)
showed this drug was literally life-saving when used in
pre-emptive mode, in contrast to its lack of effect on
mortality when used prophylactically (Goodrich et al.,
1993; Winston et al., 1993). Again, the principles
summarised in Table 2C.11 are prescient, showing that

Table 2C.13 Controlled clinical trials evaluating pre-emptive therapy

Patient Site Laboratory Patients Management allocation Outcome compared to arm 1  Reference
group sampled method randomised
Arm 1 Arm 2 Duration CMV Survival
viraemia disease
BMT, BrW Cytology 40 Observation ~ GCV 5mg/kg NG Reduced Increased Schmidt ez al.
DEAFF b.d. 14 d then (1991)
o.d. until 120 d
BMT, Urine DEAFF 72 Placebo GCV 5mg/kg NG Reduced Increased Goodrich et al.
Blood CCC b.d. 7 d then (1991)
o.d. until 100 d
BMT, Blood Culture (I pos) 37 Culture PCR NG Reduced Increased Einsele ef al.
Urine  PCR (2 pos) (1995)
Throat
BMT, Blood Ag 226 GCV GCV S5mg/kg NG Same Same Boeckh et al.
prophylaxis b.d. 7d, (1996)
Smg/kg b.d. o.d. 21d
5/7 d then
6mg/kg o.d.
6/7 d until 100
d or placebo
BMT, Blood Ag 39 GCV 5mg/kg Fos 90mg/kg  Same Same Same Moretti et al.
b.d. 15d b.d. 15d (1998)
BMT, Blood AgorPCR 213 GCV 5mg/kg Fos 60mg/kg  Same Same Same Reusser et al.
b.d. 14d b.d. 14 d (2002)
LT, Blood Ag 22 GCV 5mg/kg oGCV 2gt.ds. NG Same Same Singh et al.
bd. 7d 14 d then 1 g (2000)
t.d.s. 28 d
LT, Blood Ag 60 Observation  oGCV 1gt.d.s. Shorter Same Same Rayes et al.
14d (2001)
LT, Blood PCR 69 Placebo oGCV 1gtd.s. Reduced Reduced Same Paya et al.
8w (2002)
LT, Blood PCR 48 GCV 5mg/kg GCV 5mg/kg  Same Same Same Mattes et al.
RT, b.d. 14d o.d. 14 d plus (2004)
BMT, Fos 90 mg/kg
od. 14d

BMT,, bone marrow (or stem cell) transplant; LT, liver transplant; RT,, renal transplant; GCV, ganciclovir; oGVC, oral ganciclovir; d, days; w,
weeks; NG, not given; CCC, conventional cell culture; DEAFF, detection of early antigen fluorescent foci; PCR, polymerase chain reaction; Ag,

antigenaemia; Fos, Foscarnet.
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the toxicity of drugs for particular organs is as relevant
as their antiviral potency, and that survival benefit can
be achieved when the number of patients exposed to a
toxic drug can be kept low by using laboratory
markers to target therapy to individuals. The results
in Table 2C.13 also show that where ganciclovir was
compared to placebo or observation it usually
produced less CMV disease, often accompanied by a
survival benefit. In contrast, where ganciclovir was
compared to another effective management, such as
foscarnet or prophylaxis with ganciclovir, then no
significant benefit was seen. The results in Table 2C.13
thus provide the evidence that ganciclovir and
foscarnet are each effective anti-CMV compounds,
that they can be given in combination (each at half
dose) to minimise toxicity but do not show synergy in
vivo, and that pre-emptive therapy and prophylaxis are
each effective strategies for preventing CMV disease.
Each of these strategies has its advantages and
disadvantages (see Table 2C.14) and decisions about
which to choose should be made locally and supported
by continuing audit of what should now be a low
incidence of CMV disease in transplant patients, e.g.
1-2% compared to approximately 15% before treat-
ment became available.

In contrast, although pre-emptive therapy should be
an effective strategy in AIDS patients, there is no
evidence for this because controlled trials were not
conducted to address the possibility. However, the
PCR data at trial entry from a ‘prophylaxis’ trial in
AIDS patients (Feinberg et al., 1998) of valaciclovir vs.
doses of aciclovir shown in two previous randomised,
double-blind, placebo-controlled trials to be ineffective
against CMV disease, can be interpreted to show that
this drug worked best for pre-emptive therapy

(Griffiths et al., 1998). This interpretation was initially
controversial but is now supported by natural history
studies from three separate research groups, showing
that PCR viraemia identifies AIDS patients at high
risk of imminent CMYV disease. Although highly active
antiretroviral therapy (HAART) has revolutionised
the prognosis of AIDS patients, cases of CMV disease
still occur in developed countries for two reasons.
First, many individuals are unaware that they are
infected with HIV and present with AIDS-defining
conditions including CMV. Second, some patients
have progressive HIV disease despite having tried all
available antiretroviral compounds. In this latter
group, a randomised placebo-controlled trial of pre-
emptive therapy with valganciclovir is being conducted
by the AIDS Clinical Trial Group (protocol 5030)
triggered by the detection on a single occasion of CMV
DNA in plasma. This is the first trial to apply the
concepts of CMV pathogenesis learned from trans-
plant patients to the parallel group of patients
immunocompromised by HIV and the results are
awaited with interest. In addition, it is known that
the institution of HAART in a patient with asympto-
matic CMV viraemia leads to prompt resolution of
viraemia (Deayton et al., 1999), so that HAART can
be thought of as a form of pre-emptive therapy,
analogous to reducing the dose of immunosuppressive
drugs in a transplant patient with CMV infection.

Treatment of Established Disease

The treatment of an established disease is the most
difficult strategy to pursue successfully, since the virus

Table 2C.14 Comparison of the proposed advantages of prophylaxis and pre-emptive therapy

Proposed advantages of prophylaxis

Proposed advantages of pre-emptive therapy

e Proven benefit in controlled clinical trials
— CMV disease
— Indirect effects

e Target resources on patients most at need (financial, skill)

e Avoids complicated logistical problems e Treat when viral load lower

— Real-time laboratory assays
— Organisation of sample collection
— Geographical location

— Shorter treatment
— Reduced recurrences
— Reduced resistance?

e Protects against HSV, VZV e Allows low level stimulation of immunity—reduces late-onset disease?

e Overall, may be more cost-effective e Protects patients non-compliant with prophylaxis

— Cost of laboratory tests
— Indirect effects of CMV
— Other herpesviruses

e May also reduce indirect effects
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may trigger pathological phenomena unresponsive to
antiviral drugs and because extensive tissue damage is
often followed by target organ failure and secondary
opportunistic agents, which present their own manage-
ment problems. It is thus salutary to note that, in
contrast to the proven benefits of prophylaxis and pre-
emptive therapy, no double-blind randomised placebo-
controlled trial of anti-CMV therapy in established
CMV disease has demonstrated that treatment at this
late stage can provide a clinical benefit (see
Table 2C.15).

One trial reported that ganciclovir and foscarnet are
equipotent for the treatment of CMV retinitis in AIDS
patients, but that foscarnet is associated with a
significant survival benefit (Anonymous. Studies of
Ocular Complications of AIDS Research Group,
1992). Although foscarnet should thus be considered
the treatment of choice under these circumstances, the
difficulties with intravenous administration, toxicity
and cost of foscarnet usually lead clinicians to
prescribe ganciclovir instead. This illustrates that the
drugs available at present for the treatment of CMV
are far from ideal, so the development of safe, orally
bioavailable drugs is eagerly awaited. Note also that a
randomised trial in AIDS patients showed that the
combination of ganciclovir plus foscarnet was superior
to either drug given alone (Anonymous. Studies of
Ocular Complications of AIDS Research Group,
1996). In the absence of evidence for synergy between
these two drugs in vivo against CMV (Mattes et al.,
2003), this outcome is best interpreted as the earliest
example of combination antiretroviral therapy provid-
ing a transient clinical benefit against an opportunistic
infection.

The management of established CMV retinitis is
complex with multiple therapeutic options, including
intravitreal injections of antiviral compounds as well as
intraocular implantation of a device which slowly
releases ganciclovir into the vitreous fluid (reviewed in
Jacobson, 1997). These therapeutic options have
frequently been evaluated by recruiting patients with
peripheral retinitis which is not immediately sight-
threatening and randomising them to immediate
therapy vs. therapy with the same drug delayed until
progression of retinitis has been observed (reviewed in
Jacobson, 1997).

Note that CMV lung infection in AIDS patients is
not routinely treated because of the theory that they do
not mount the cell-mediated response required for
immunopathology, and because cohort studies in the
pre-HAART era showed no excess mortality among
patients with Preumocystis carinii pneumonia who
were co-infected with CMV. CMV pneumonitis in

allograft patients is treated with immunoglobulin in
addition to ganciclovir because components of the
preparation may possibly block the immunopatholo-
gical response to target antigens in the lung.

CMV strains resistant to ganciclovir, ganciclovir
plus foscarnet, or to ganciclovir plus foscarnet plus
cidofovir, have been described in AIDS patients (Chou
et al., 1997). Genetic changes in UL97 usually confer
low-level resistance to ganciclovir. Continued selective
pressure may select for UL54 mutants, some of which
are cross-resistant to cidofovir. Rare mutations in
UL54 can confer resistance to both ganciclovir and
foscarnet (Chou et al., 1997). Based on knowledge of
the replication dynamics of CMV, it was predicted that
CMV resistance was a greater problem than had been
appreciated in the past and would be found in
individuals with high-level replication receiving par-
tially effective antiviral prophylaxis for a long time, e.g.
more than 100 days (Emery and Griffiths, 2000).
Recent clinical studies in transplant patients confirm
this prediction and suggest that approximately
15-25% of patients with CMV disease in transplant
(Limaye et al., 2000) and AIDS patients (Bowen et al.,
1996; Hu er al., 2002) have ganciclovir-resistant
strains.

When HAART is introduced in a patient with
established CMV retinitis, an inflammatory reaction
may occur, leading to vitritis, which often impairs
vision more than the underlying retinitis. This patho-
logical interaction between CMV and the immune
system might be avoided if CMV retinitis were
prevented by using pre-emptive therapy. Interestingly,
no exacerbation or reduction of any other CMV
disease has been observed with HAART, whereas an
increase in CMV pneumonitis might have been
expected if the condition is immunopathologically
mediated. In patients receiving ganciclovir mainte-
nance therapy for CMV retinitis, this can be stopped
once the CD4 count and HIV viral load have
responded to HAART for more than 3 months.

Summary

Different strategies have been described, with advan-
tages and disadvantages for different groups of
patients. For transplant patients, several strategies
are available and which is chosen by a particular unit
will depend upon clinical preference and the laboratory
support available (Bowen et al., 1996; Emery, 2001;
Hart and Paya, 2001) (Table 2C.14). However, such
patients should clearly be managed by one of the
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proactive strategies (prophylaxis or pre-emptive
therapy), since it would be unethical to continue to
allow the natural history of CMV disease in these
patients to proceed unchecked in the face of over-
whelming benefit demonstrated in controlled clinical
trials.

REFERENCES

Anonymous. Studies of Ocular Complications of AIDS
Research Group (1992) Mortality in patients with the
acquired immunodeficiency syndrome treated with either
foscarnet or ganciclovir for cytomegalovirus retinitis. N
Engl J Med, 326, 213-220.

Anonymous. Studies of Ocular Complications of AIDS
Research Group (1996) Combination of foscarnet and
ganciclovir therapy vs. monotherapy for the treatment of
relapsed cytomegalovirus retinitis in patients with AIDS.
The Cytomegalovirus Retreatment Trial (abstr). Arch
Ophthalmol, 114, 23-33.

Balfour HH Jr, Chace BA, Stapleton JT er al. (1989) A
randomized, placebo-controlled trial of oral acyclovir for
the prevention of cytomegalovirus disease in recipients of
renal allografts. N Engl J Med, 320, 1381-1387.

Baskar JF, Smith PP, Ciment GS et al. (1996) Developmental
analysis of the cytomegalovirus enhancer in transgenic
animals. J Virol, 70, 3215-3226.

Boeckh M, Gooley TA, Myerson D et al. (1996) Cytomega-
lovirus pp65 antigenemia-guided early treatment with
ganciclovir versus ganciclovir at engraftment after allo-
geneic marrow transplantation: a randomized double-blind
study. Blood, 88, 4063-4071.

Boppana SB and Britt WJ (1995) Antiviral antibody
responses and intrauterine transmission after primary
maternal cytomegalovirus infection. J Infect Dis, 171,
1115-1121.

Bowen EF, Sabin CA, Wilson P ef al. (1997) Cytomegalovirus
(CMV) viraemia detected by polymerase chain reaction
identifies a group of HIV-positive patients at high risk of
CMV disease. AIDS, 11, 889-893.

Bowen EF, Wilson P, Cope A et al. (1996) Cytomegalovirus
retinitis in AIDS patients: influence of cytomegaloviral load
on response to ganciclovir, time to recurrence and survival.
AIDS, 10, 1515-1520.

Bresnahan WA and Shenk T (2000) A subset of viral
transcripts packaged within human cytomegalovirus parti-
cles. Science, 288, 2373-2376.

Britt WJ, Vugler L, Butfiloski E and Stephens EB (1990) Cell
surface expression of human cytomegalovirus (HCMV)
gp55-116 (gB): use of HCMV-recombinant vaccinia virus-
infected cells in analysis of the human neutralizing antibody
response. J Virol, 64, 1079—1085.

Cha TA, Tom E, Kemble GW er al. (1996) Human
cytomegalovirus clinical isolates carry at least 19 genes
not found in laboratory strains. J Virol, 70, 78-83.

Chee MS, Bankier AT, Beck S e al. (1990) Analysis of the
protein-coding content of the sequence of human cytomeg-
alovirus strain AD169. Curr Top Microbiol Immunol, 154,
125-169.

Cheeseman SH, Rubin RH, Stewart A et al. (1979) Controlled
clinical trial of prophylactic human-leukocyte interferon in

renal transplantation. Effects on cytomegalovirus and
herpes simplex virus infections. N Engl J Med, 300, 1345—
1349.

Chou S, Marousek G, Guentzel S et al. (1997) Evolution of
mutations conferring multidrug resistance during prophy-
laxis and therapy for cytomegalovirus disease. J Infect Dis,
176, 786-789.

Cope AV, Sabin C, Burroughs A et al. (1997a) Interrelation-
ships among quantity of human cytomegalovirus (HCMYV)
DNA in blood, donor-recipient serostatus, and adminis-
tration of methylprednisolone as risk factors for HCMV
disease following liver transplantation. J Infect Dis, 176,
1484-1490.

Cope AV, Sweny P, Sabin C et al. (1997b) Quantity of
cytomegalovirus viruria is a major risk factor for
cytomegalovirus disease after renal transplantation. J
Med Virol, 52, 200-205.

Deayton J, Mocroft A, Wilson P et al. (1999) Loss of
cytomegalovirus (CMV) viraemia following highly active
antiretroviral therapy in the absence of specific anti-CMV
therapy. AIDS, 13, 1203-1206.

Dieterich DT, Kotler DP, Busch DF et al. (1993) Ganciclovir
treatment of cytomegalovirus colitis in AIDS: a rando-
mized, double-blind, placebo-controlled multicenter study.
J Infect Dis, 167, 278-282.

Doniger J, Muralidhar S and Rosenthal LJ (1999) Human
cytomegalovirus and human herpesvirus 6 genes that
transform and transactivate. Clin Microbiol Rev, 12, 367—
382.

Einsele H, Ehninger G, Hebart H et al. (1995) Polymerase
chain reaction monitoring reduces the incidence of
cytomegalovirus disease and the duration and side effects
of antiviral therapy after bone marrow transplantation.
Blood, 86, 2815-2820.

Emery VC (2001) Prophylaxis for CMV should not now
replace pre-emptive therapy in solid organ transplantation.
Rev Med Virol, 11, 83-86.

Emery VC, Cope AV, Bowen EF et al. (1999) The dynamics
of human cytomegalovirus replication in vivo. J Exp Med,
190, 177-182.

Emery VC and Griffiths PD (2000) Prediction of cytomega-
lovirus load and resistance patterns after antiviral chemo-
therapy. Proc Nat Acad Sci USA, 97, 8039-8044.

Feinberg JE, Hurwitz S, Cooper D et al. (1998) A
randomized, double-blind trial of valaciclovir prophylaxis
for cytomegalovirus disease in patients with advanced
human immunodeficiency virus infection. AIDS Clinical
Trials Group Protocol 204/Glaxo Wellcome 123-014
International CMV Prophylaxis Study Group. J Infect
Dis, 177, 48-56.

Fortunato EA and Spector DH (2002) Viral induction of site-
specific chromosome damage (abstr). Rev Med Virol (in
press).

Fowler KB, Stagno S, Pass RF et al. (1992) The outcome of
congenital cytomegalovirus infection in relation to mater-
nal antibody status. N Engl J Med, 326, 663—667.

Gane E, Saliba F, Valdecasas GJ et al. (1997) Randomised
trial of efficacy and safety of oral ganciclovir in the
prevention of cytomegalovirus disease in liver-transplant
recipients. The Oral Ganciclovir International Transplanta-
tion Study Group [corrected]. Lancet, 350, 1729-1733.

Gerna G, Percivalle E, Sarasini A et al. (2002) The attenuated
Towne strain of human cytomegalovirus may revert to both



120 PRINCIPLES AND PRACTICE OF CLINICAL VIROLOGY

endothelial cell tropism and leuko- (neutrophil- and
monocyte-) tropism in vitro. J Gen Virol, 83, 1993-2000.

Ghazel P and Nelson JA (1993) Interactions between
cytomegalovirus immediate-early proteins and the long
terminal repeat of human immunodeficiency virus. Rev
Med Virol, 3, 47-56.

Gilbert GL, Hayes K, Hudson IL and James J (1989)
Prevention of transfusion-acquired cytomegalovirus infec-
tion in infants by blood filtration to remove leucocytes.
Neonatal Cytomegalovirus Infection Study Group. Lancet,
1, 1228-1231.

Gleaves CA, Smith TF, Shuster EA and Pearson GR (1984)
Rapid detection of cytomegalovirus in MRC-5 cells
inoculated with urine specimens by using low-speed
centrifugation and monoclonal antibody to an early
antigen. J Clin Microbiol, 19, 917-919.

Gonczol E and Plotkin S (2001) Development of a
cytomegalovirus vaccine: lessons from recent clinical trials.
Exp Opin Biol Therap, 1, 401-412.

Goodrich JM, Bowden RA, Fisher L et al. (1993) Ganciclovir
prophylaxis to prevent cytomegalovirus disease after
allogeneic marrow transplant. Ann Intern Med, 118, 173~
178.

Goodrich JM, Mori M, Gleaves CA et al. (1991) Early
treatment with ganciclovir to prevent cytomegalovirus
disease after allogeneic bone marrow transplantation. N
Engl J Med, 325, 1601-1607.

Gor D, Sabin C, Prentice HG et al. (1998) Longitudinal
fluctuations in cytomegalovirus load in bone marrow
transplant patients: relationship between peak virus load,
donor/recipient serostatus, acute GVDH and CMV disease.
Bone Marrow Transpl, 21, 597-605.

Gretch DR, Kari B, Rasmussen L et al. (1988) Identification
and characterization of three distinct families of glycopro-
tein complexes in the envelopes of human cytomegalovirus.
J Virol, 62, 875-881.

Griffiths PD (1984) Diagnostic techniques for cytomegalo-
virus infection. Clin Haematol, 13, 631-644.

Griffiths PD (1998) Studies of viral co-factors for human
immunodeficiency virus in vitro and in vivo. J Gen Virol,
79(2), 213-220.

Griffiths PD and Baboonian C (1984) A prospective study of
primary cytomegalovirus infection during pregnancy: final
report. Br J Obstetr Gynaecol, 91, 307-315.

Griffiths PD, Feinberg JE, Fry J et al. (1998) The effect of
valaciclovir on cytomegalovirus viremia and viruria
detected by polymerase chain reaction in patients with
advanced human immunodeficiency virus disease. AIDS
Clinical Trials Group Protocol 204/Glaxo Wellcome 123~
014. International CMV Prophylaxis Study Group. J Infect
Dis, 177, 57-64.

Griffiths PD, McLean A and Emery VC (2001) Encouraging
prospects for immunisation against primary cytomegalo-
virus infection. Vaccine, 19, 1356-1362.

Griffiths PD, Panjwani DD, Stirk P et al. (1984) Rapid
diagnosis of cytomegalovirus infection in immunocompro-
mised patients by detection of early antigen fluorescent foci.
Lancet, 2, 1242-1245.

Grob JP, Grundy JE, Prentice HG et al. (1987) Immune
donors can protect marrow-transplant recipients from
severe cytomegalovirus infections. Lancet, 1, 774-776.

Grundy JE, Lui SF, Super M er al. (1988) Symptomatic
cytomegalovirus infection in seropositive kidney recipients:

reinfection with donor virus rather than reactivation of
recipient virus. Lancet, 2, 132—135.

Guerra B, Lazzarotto T, Quarta S et al. (2000) Prenatal
diagnosis of symptomatic congenital cytomegalovirus
infection. Am J Obstetr Gynecol, 183, 476—482.

Hamprecht K, Maschmann J, Vochem M et al. (2001)
Epidemiology of transmission of cytomegalovirus from
mother to preterm infant by breastfeeding. Lancet, 357,
513-518.

Hart GD and Paya CV (2001) Prophylaxis for CMV should
now replace pre-emptive therapy in solid organ transplan-
tation. Rev Med Virol, 11, 73-81.

Hassan-Walker AF, Vargas Cuero AL, Mattes FM et al.
(2001) CD8" cytotoxic lymphocyte responses against
cytomegalovirus after liver transplantation: correlation
with time from transplant to receipt of tacrolimus. J Infect
Dis, 183, 835-843.

Hirsch MS, Schooley RT, Cosimi AB, et al. (1983) Effects of
interferon-alpha on cytomegalovirus reactivation syn-
dromes in renal-transplant recipients. N Engl J Med, 308,
1489-1493.

Hu H, Jabs DA, Forman MS ef al. (2002) Comparison of
cytomegalovirus (CMV) UL97 gene sequences in the blood
and vitreous of patients with acquired immunodeficiency
syndrome and CMYV retinitis. J Infect Dis, 185, 861-867.

Huang ES, Alford CA, Reynolds DW er al. (1980) Molecular
epidemiology of cytomegalovirus infections in women and
their infants. N Engl J Med, 303, 958-962.

Jacobson MA (1997) Treatment of cytomegalovirus retinitis
in patients with the acquired immunodeficiency syndrome.
N Engl J Med, 337, 105-114.

Keller R, Peitchel R, Goldman JN and Goldman M (1976)
An IgG-Fc receptor induced in cytomegalovirus-infected
human fibroblasts. Immunol, 116, 772-777.

Kidd IM, Fox JC, Pillay D et al. (1993) Provision of
prognostic information in immunocompromised patients
by routine application of the polymerase chain reaction for
cytomegalovirus. Transplantation, 56, 867-871.

Kim WR, Badley AD, Wiesner RH et al. (2000) The
economic impact of cytomegalovirus infection after liver
transplantation. Transplantation, 69, 357-361.

Kimberlin DW, Lin CY, Sanchez PJ er al. (2003) Effect of
ganciclovir therapy on hearing in symptomatic congenital
cytomegalovirus disease involving the central nervous
system: a randomized, controlled trial. National Institute
of Allergy and Infectious Disease Collaborative Antiviral
Study Group. J Pediatr, 143(1): 4-6.

Kondo K, Xu J and Mocarski ES (1996) Human cytomega-
lovirus latent gene expression in granulocyte-macrophage
progenitors in culture and in seropositive individuals. Proc
Natl Acad Sci USA, 93, 11137-11142.

Kotenko SV, Saccani S, Izotova LS et al. (2000) Human
cytomegalovirus harbors its own unique IL-10 homolog
(cmvIL-10). Proc Natl Acad Sci USA, 97, 1695-1700.

Limaye AP, Corey L, Koelle DM et al. (2000) Emergence of
ganciclovir-resistant cytomegalovirus disease among reci-
pients of solid-organ transplants. Lancet, 356, 645-649.

Lowance D, Neumayer HH, Legendre CM et al. (1999)
Valacyclovir for the prevention of cytomegalovirus disease
after renal transplantation. International Valacyclovir
Cytomegalovirus  Prophylaxis Transplantation Study
Group. N Engl J Med, 340, 1462-1470.

Lui SF, Ali AA, Grundy JE et al. (1992) Double-blind,
placebo-controlled trial of human lymphoblastoid



CYTOMEGALOVIRUS 121

interferon prophylaxis of cytomegalovirus infection in renal
transplant recipients. Nephrol Dialysis Transpl, 7, 1230—
1237.

Macdonald PS, Keogh AM, Marshman D et al. (1995) A
double-blind placebo-controlled trial of low-dose ganciclo-
vir to prevent cytomegalovirus disease after heart trans-
plantation. J Heart Lung Transpl, 14, 32-38.

Mattes FM, Hainsworth E, Murdin-Geretti AM et al. (2004)
A randomized, controlled trial comparing ganciclovir or
ganciclovir plus foscarnet (each at half dose) for pre-
emptive therapy of cytomegalovirus infection in transplant
recipients J Infect Dis (in press).

Mattes FM, McLaughlin JE, Emery VC et al. (2000)
Histopathological detection of owl’s eye inclusions is still
specific for cytomegalovirus in the era of herpesviruses 6
and 7. J Clin Pathol, 53, 612-614.

Merigan TC, Renlund DG, Keay S et al. (1992) A controlled
trial of ganciclovir to prevent cytomegalovirus disease after
heart transplantation. N Engl J Med, 326, 1182—-1186.

Metselaar HJ, Rothbarth PH, Brouwer RM et al. (1989)
Prevention of cytomegalovirus-related death by passive
immunization. A double-blind placebo-controlled study in
kidney transplant recipients treated for rejection. Trans-
plantation, 48, 264-266.

Meyers JD, Ljungman P and Fisher LD (1990) Cytomegalo-
virus excretion as a predictor of cytomegalovirus disease
after marrow transplantation: importance of cytomegalo-
virus viremia. J Infect Dis, 162, 373-380.

Moreno TN, Fortunato EA, Hsia K et al. (1997) A model
system for human cytomegalovirus-mediated modulation
of human immunodeficiency virus type 1 long terminal
repeat activity in brain cells. J Virol, 71, 3693-3701.

Moretti S, Zikos P, Van Lint MT et al. (1998) Foscarnet vs.
ganciclovir for cytomegalovirus (CMYV) antigenemia after
allogeneic hemopoietic stem cell transplantation (HSCT): a
randomised study. Bone Marrow Transpl, 22, 175-180.

Muranyi W, Haas J, Wagner M et al. (2002) Cytomegalovirus
recruitment of cellular kinases to dissolve the nuclear
lamina. Science, 297, 854-857.

Noyola DE, Demmler GJ, Nelson CT et al. (2001) Early
predictors of neurodevelopmental outcome in symptomatic
congenital cytomegalovirus infection. J Paediatr, 138, 325—
331.

Ott DE (2002) Potential roles of cellular proteins in HIV-1.
Rev Med Virol (in press).

Pari GS, Kacica MA and Anders DG (1993) Open reading
frames UL44, IRS1/TRS1, and UL36-38 are required for
transient complementation of human cytomegalovirus
oriLyt-dependent DNA synthesis. J Virol, 67, 2575-2582.

Pass RF, Hutto C, Ricks R and Cloud GA (1986) Increased
rate of cytomegalovirus infection among parents of
children attending day-care centers. N Engl J Med, 314,
1414-1418.

Pass RF, Stagno S, Britt WJ and Alford CA (1983) Specific
cell-mediated immunity and the natural history of con-
genital infection with cytomegalovirus. J Infect Dis, 148,
953-961.

Paya CV, Wilson JA, Espy MJ et al. (2002) Pre-emptive use of
oral ganciclovir to prevent cytomegalovirus infection in
liver transplant patients: a randomized, placebo-controlled
trial. J Infect Dis, 185, 854-860.

Pescovitz MD, Rabkin J, Merion RM et al. (2000)
Valganciclovir results in improved oral absorption of

ganciclovir in liver transplant recipients. Antimicrob Agents
Chemother, 44, 2811-2815.

Pleskoff O, Treboute C, Brelot A et al. (1997) Identification of
a chemokine receptor encoded by human cytomegalovirus
as a co-factor for HIV-1 entry. Science, 276, 1874-1878.

Plotkin SA, Starr SE, Friedman HM et al. (1991) Effect of
Towne live virus vaccine on cytomegalovirus disease after
renal transplant. A controlled trial. Ann Intern Med, 114,
525-531.

Prentice HG, Gluckman E, Powles RL et al. (1994) Impact of
long-term acyclovir on cytomegalovirus infection and
survival after allogeneic bone marrow transplantation.
European Acyclovir for CMV Prophylaxis Study Group.
Lancet, 343, 749-753.

Rayes N, Sechofer D, Schmidt CA et al. (2001) Prospective
randomized trial to assess the value of pre-emptive oral
therapy for CMV infection following liver transplantation.
Transplantation, 72, 881-885.

Razonable RR, Brown RA, Wilson J et al. (2002) The clinical
use of various blood compartments for cytomegalovirus
(CMV) DNA quantitation in transplant recipients with
CMV disease. Transplantation, 73, 968-973.

Reed EC, Wolford JL, Kopecky KJ et al. (1990) Ganciclovir
for the treatment of cytomegalovirus gastroenteritis in bone
marrow transplant patients. A randomized, placebo-
controlled trial. Ann Intern Med, 112, 505-510.

Reusser P, Einsele H, Lee J ef al. (2002) Randomized
multicenter trial of foscarnet versus ganciclovir for pre-
emptive therapy of cytomegalovirus infection after allo-
geneic stem cell transplantation. Blood, 99, 1159-1164.

Revello MG, Sarasini A, Zavattoni M et al. (1998) Improved
prenatal diagnosis of congenital human cytomegalovirus
infection by a modified nested polymerase chain reaction. J
Med Virol, 56, 99-103.

Roback JD (2002) CMV and blood transfusions. Rev Med
Virol, 12, 211-219.

Schmidt GM, Horak DA, Niland JC er al. (1991) A
randomized controlled trial of prophylactic ganciclovir
for cytomegalovirus pulmonary infection in recipients of
allogeneic bone marrow transplants; the City of Hope—
Stanford—Syntex CMV Study Group. N Engl J Med, 324,
1005-1011.

Shinkai M, Bozzette SA, Powderly W et al. (1997) Utility of
urine and leukocyte cultures and plasma DNA polymerase
chain reaction for identification of AIDS patients at risk for
developing human cytomegalovirus disease. J Infect Dis,
175, 302-308.

Singh N, Paterson DL, Gayowski T et al. (2000) Cytomeg-
alovirus antigenemia directed pre-emptive prophylaxis with
oral versus i.v. ganciclovir for the prevention of cytomeg-
alovirus disease in liver transplant recipients: a randomized,
controlled trial. Transplantation, 70, 717-722.

Snydman DR, Werner BG, Dougherty NN e al. (1993)
Cytomegalovirus immune globulin prophylaxis in liver
transplantation. A randomized, double-blind, placebo-
controlled trial. The Boston Center for Liver Transplanta-
tion CMVIG Study Group. Ann Intern Med, 119, 984-991.

Soderberg-Naucler C, Fish KN and Nelson JA (1997)
Reactivation of latent human cytomegalovirus by allo-
geneic stimulation of blood cells from healthy donors. Cell,
91, 119-126.

Spector SA, McKinley GF, Lalezari JP et al. (1996) Oral
ganciclovir for the prevention of cytomegalovirus disease in



122 PRINCIPLES AND PRACTICE OF CLINICAL VIROLOGY

persons with AIDS. Roche Cooperative Oral Ganciclovir
Study Group. N Engl J Med, 334, 1491-1497.

Spiller OB, Hanna SM, Devine DV, Tufaro F (1997)
Neutralization of cytomegalovirus virions: the role of
complement. J Infect Dis, 176, 339-347.

Stagno S (1990) Cytomegalovirus (abstr). Infect Dis Fetus
Newborn Infant, 240-281.

Stagno S, Pass RF, Cloud G er al. (1986) Primary
cytomegalovirus infection in pregnancy. Incidence, trans-
mission to fetus, and clinical outcome. J Am Med Assoc,
256, 1904-1908.

Stagno S, Reynolds D, Tsiantos A et al. (1975a) Cervical
cytomegalovirus excretion in pregnant and nonpregnant
women: suppression in early gestation. J Infect Dis, 131,
522-527.

Stagno S, Reynolds DW, Pass RF and Alford CA (1980)
Breast milk and the risk of cytomegalovirus infection. N
Engl J Med, 302, 1073-1076.

Stagno S, Reynolds DW, Tsiantos A et al. (1975b)
Comparative serial virologic and serologic studies of
symptomatic and subclinical congenitally and natally
acquired cytomegalovirus infections. J Infect Dis, 132,
568-577.

Stenberg RM and Stinski MF (1985) Autoregulation of the
human cytomegalovirus major immediate-early gene. J
Virol, 56, 676-682.

Stratton KR (2000) Vaccines for the 21st Century, pp 1-460.
National Academy Press, Washington.

Streblow DN, Soderberg-Naucler C, Vieira J et al. (1999) The
human cytomegalovirus chemokine receptor US28 med-
iates vascular smooth muscle cell migration. Cell, 99, 511—
520.

Sullivan V, Talarico CL, Stanat SC, et al. (1992) A protein
kinase homologue controls phosphorylation of ganciclovir
in human cytomegalovirus-infected cells. Nature, 359, 85.

van den Berg AP, Klompmaker LJ, Haagsma EB et al. (1991)
Antigenemia in the diagnosis and monitoring of active
cytomegalovirus infection after liver transplantation. J
Infect Dis, 164, 265-270.

Wertheim P, Buurman C, Geelen J et al. (1983) Transmission
of cytomegalovirus by renal allograft demonstrated by
restriction enzyme analysis. Lancet, 1, 980-981.

Whitley RJ, Cloud G, Gruber W er al. (1997) Ganciclovir
treatment of symptomatic congenital cytomegalovirus
infection: results of a phase II study. National Institute of
Allergy and Infectious Diseases Collaborative Antiviral
Study Group. J Infect Dis, 175, 1080—1086.

Winston DJ, Ho WG, Bartoni K ez al. (1993) Ganciclovir
prophylaxis of cytomegalovirus infection and disease in
allogeneic bone marrow transplant recipients. Results of a
placebo-controlled, double-blind trial. Ann Intern Med,
118, 179-184.

Winston DJ, Huang ES, Miller M et al. (1985) Molecular
epidemiology of cytomegalovirus infections associated with
bone marrow transplantation. Ann Intern Med, 102, 16-20.

Winston DJ, Wirin D, Shaked A and Busuttil RW (1995)
Randomised comparison of ganciclovir and high-dose
acyclovir for long-term cytomegalovirus prophylaxis in
liver-transplant recipients. Lancet, 346, 69-74.

Yeager AS, Palumbo PE, Malachowski N et al. (1983)
Sequelae of maternally derived cytomegalovirus infections
in premature infants. J Paediatr, 102, 918-922.

Yurochko AD, Hwang ES, Rasmussen L e al. (1997) The
human cytomegalovirus ULSS (gB) and UL75 (gH)
glycoprotein ligands initiate the rapid activation of Spl
and NF-xB during infection. J Virol, 71, 5051-5059.



2D

Epstein—Barr Virus

Dorothy H. Crawford
University of Edinburgh, UK

INTRODUCTION

The discovery of Epstein—Barr virus (EBV) in 1964
resulted from the description by Denis Burkitt of a
geographically restricted tumour occurring in African
children (Burkitt, 1958). The tumour, which character-
istically arises in the jaw, is now known to be of B
lymphocyte origin and is called Burkitt’s lymphoma
(BL). Burkitt noticed that the geographical distribu-
tion of the tumour in Africa corresponded to that of
holoendemic malaria, and was determined by the
climatic conditions (high temperature and high rain-
fall) in which the malaria-carrying mosquito can breed.
Because of this observation, Burkitt suggested that the
tumour had an infectious aetiological agent for which
the mosquito was the vector. This hypothesis led to
electron microscopic studies on fresh tumour biopsy
material, but this technique was unrewarding. Later,
cell lines were grown in suspension culture from BL
tumour material (Epstein and Barr, 1964) and in these
cells virus particles were seen (Epstein et al., 1964).
Further studies showed this to be a new and distinct
member of the herpesvirus group. Thus, Burkitt’s
initial postulate of an infectious agent being involved
in the aetiology of the tumour proved to be correct
and, although the mosquito does not play the role of
vector for the virus, the association with hyperendemic
malaria remains an important and constant finding.
Seroepidemiological studies have since shown that
the virus is a ubiquitous agent; seropositivity increases
with age in all communities studied, so that over 90%
of adults worldwide are seropositive. When carrying
out these studies Henle and Henle (1966) made the
observation that a member of their staff seroconverted

while undergoing an attack of acute infectious mono-
nucleosis (IM). Further studies in collaboration with
Yale University on college students proved that EBV is
the sole aetiological agent in IM (Niederman et al.,
1970).

Early seroepidemiological and molecular studies
also pinpointed an association between EBV infection
and anaplastic nasopharyngeal carcinoma (NPC) (Old
et al., 1966; Wolf et al., 1973), a geographically and
genetically restricted tumour which is very common in
southern China. However, for this tumour, as for BL,
EBYV does not act as the sole aetiological agent but is
probably one of several necessary co-factors in the
evolution of the tumour.

Since its discovery EBV has been associated with a
variety of other lymphoid and epithelial tumours. These
include lymphoproliferative lesions and lymphoma
which develop in immunocompromised individuals
(Crawford et al., 1980), certain types of T cell lymphoma
(Jones et al., 1988), a subset of Hodgkin’s lymphoma
(Anagnostopoulos et al., 1989) as well as a minority of
gastric carcinomas (Tokunaga et al., 1993). The benign
epithelial lesion of oral hairy leukoplakia also contains
replicating EBV (Greenspan et al., 1985).

THE VIRUS

Structure

EBYV is a DNA virus, which is a member of the family
Herpesviridae, subfamily Gammaherpesvirinae, genus
Lymphocryptovirus, showing a structure indistinguish-
able from other human herpesviruses by electron
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microscopy. It is a large virus with a buoyant density in
caesium chloride of 1.2-1.3 and a molecular weight of
100x10° Da. The central nucleic acid of the virion is
surrounded by an icosahedral capsid consisting of 162
triangular capsomeres and measuring 100 nm in
diameter (Figure 2D.1). This, in turn, is surrounded
by an outer, irregularly shaped, lipid-containing
envelope giving the mature particle a diameter of
150-200 nm. The viral envelope is derived from
cellular membranes of infected cells and is acquired
by budding of immature particles through the cell

membrane. The envelope is essential for infectivity,
and the sensitivity of the virus to ether and other lipid
solvents results from its destruction.

The Viral Genome

The EBV genome is a linear double-stranded DNA
molecule of 184 kb in length. Structurally the genome
consists of alternating unique and internal tandem

Figure 2D.1 Electron micrographs of the thin section of cells form an EB virus-immortalised lymphoblastoid cell line (M-ABA).
Arrows indicate (a) immature virus particles and (b) enveloped virus-particles ( x 39 000)
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repeat regions flanked by terminal repeat (TR)
sequences (Figure 2D.2). The genome sequence
shows around 70 predicted open reading frames,
which are designated by a four-letter and number
acronym, e.g. BZLF1 refers to the first leftward open
reading frame of the BamHZ fragment of the genome
(Baer et al., 1984). Two strains of EBV have been
defined—type 1 and type 2 (alternatively named A and
B), which differ at the domains which code for the EB
viral latent proteins. Although these types show no
specific geographical restriction, in Western countries
type 1 viruses are more commonly isolated than type 2.
In vitro type 1 viruses are more efficient at immortalis-
ing B lymphocytes than type 2; however, neither type
has a specific disease association. Variation within
types occurs in the number of repeat sequences in each
internal repeat, making it possible to define specific
isolates by the size of their latent genes and/or their
products. Analysis of these genes can therefore be used
in epidemiological studies to monitor virus transmis-
sion within families or populations.

Following infection of B lymphocytes in vitro, EBV
establishes a latent type of infection, with immortalisa-
tion of the cell and a restricted (latent) viral gene
expression compatible with continued cell prolifera-
tion. The viral genome does not usually integrate into
cellular DNA but forms a closed circular episome by
covalent linkage of the terminal repeat elements. The
episome replicates to give multiple copies shortly after
infection and thereafter resides in the nucleus and
replicates with cellular DNA, with equal partitioning
to daughter cells allowing the copy number per clone
to remain constant. These episomal forms can be
activated to a lytic infection with the release of
multiple viral progeny and cell death (Figure 2D.3).

Viral-coded Proteins

The viral genome is large enough to code for around
70 average-sized proteins, but not all of these have
been identified and assigned to open reading frames on
the viral genome. Nine viral-coded proteins are
expressed in latently infected cells (Table 2D.1;
Figure 2D.2) in addition to the classical herpesvirus
immediate-early, early and late proteins associated
with the lytic infection. The EBV genome also codes
for two small RNA species (EBERS) which form
abundant transcripts that are untranslated. Their
function is unknown. In addition a complex series of
spliced transcripts from the BamA region of the
genome is found in latently infected cells, but it is

uncertain whether any of these are translated into
proteins.

Latent Proteins
(reviewed in detail in Bornkamm and
Hammerschmidt, 2000)

The EB viral nuclear antigens (EBNAs) were first
detected by anticomplementary immunofluorescence in
the nuclei of latently infected EBV immortalised B cells
(Reedman and Klein, 1973) (Figure 2D.4), and were
subsequently identified as six separate proteins
(EBNA1, EBNA2, EBNA3A, EBNA3B, EBNA3C;
and leader protein (LP), also called EBNA1-6) which
are translated from a long polycystronic mRNA by
alternative splicing. EBNA1, EBNA2, EBNA3A and
EBNAS3C are required for in vitro B cell immortalisa-
tion, whereas EBNA3B and EBNALP are not
(Table 2D.1).

EBNA 1 is coded by the BamK open reading frame
and characterised by a 20-45 kDa glycine—alanine
(Gly-Ala) repeat sequence, which varies in length,
causing the molecular weight of the protein to vary
between viral isolates (65-85 kDa). The protein binds
to the viral origin of replication and to metaphase
chromosomes, thereby accounting for EBV episomal
maintenance within the infected cell and equal
partitioning into daughter cells at cell division.
EBNALI is essential for in vitro immortalisation of
B cells and, although no oncogenic function has been
attributed to the protein, mice expressing EBNALI as a
transgene in B cells have been reported to develop
lymphoma (Wilson et al., 1996).

The Gly—Ala repeat in EBNAT1 renders the protein
resistant to degradation in the proteosome. Thus, no
EBNAI peptides are displayed on the cell surface and
cells expressing EBNAT1 are not targets for cytotoxic
T cells (Levitskaya et al., 1995).

EBNA2 is an 86 kDa protein which is coded for by
the BamWYH open reading frames. Expression of
EBNA2 is essential for immortalisation and the
protein plays a pivotal role in this event by trans-
activating all the other latent viral genes. In addition,
EBNAZ2? activates cellular genes, including the B cell
activation antigens CD21 and CD23 and the onco-
genes c-myc and c-fgr.

EBNA3A, EBNA3B, EBNA3C are a family of
related proteins coded for by the BERF open reading
frame, with molecular weights of 140-180 kDa. All
three proteins inhibit transcriptional activation of
EBNA2-responsive genes, thereby counterbalancing
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Table 2D.1  EBV-coded latent proteins

Expressed in:

Antigen complex Molecular weight BL NPL HD PTLD
(x1073)

EB nuclear antigen (EBNA)
1 65-97 + + + +
2 75-105 — — - +
3A 130-195 - — - +
3B 145-160 — — - +
3C 130-195 - — — +
LP 20-130 — — - +

Latent membrane protein (LMP)
1 58-63 — + + +
2A 54 - + + +
2B 40 — + + +

EBNA3A, EBNA3B, EBNA3C are also termed EBNA3, EBNA4 and EBNAG respectively.

Leader protein (LP) is also termed EBNAS.
LMP2A and LMP2B are also termed terminal proteins 1 and 2.

BL, Burkitt’s lymphoma; NPC, nasopharyngeal carcinoma; HD, Hodgkin’s disease; PTLD, post-transplant lymphoproliferative disease.

the action of EBNA2. However, only EBNA3A and
EBNA3C are essential for the immortalisation of
B cells.

EBNA-LP is coded for by the BWRF1 open reading
frame, which also forms the leader sequence of the
EBNA RNAs. Because of multiple repeat regions in
the DNA, EBNA-LP varies in size (20-130 kDa). The
protein is not absolutely essential for immortalisation
but enhances the immortalisation of infected B cells by
complementing the growth-promoting effects of
EBNA2.

Latent Membrane Proteins (LMPs)

LMP]iscoded for by the BNLF1 gene, and its expression
is induced by EBNA2. BNLF1 is the most abundantly
transcribed region of the genome in latently infected cells.
The protein is mainly located in the plasma membrane of
infected cells, where it associates with the cytoskeleton.

Structurally, LMP1 has six membrane-spanning domains
with both the amino- and carboxy-termini in the
cytoplasm. LMP1 is essential for the immortalisation
and continued proliferation of B cells, and induces a
tumourigenic phenotype on transfection into rodent
fibroblasts. When transfected in B cells, LMP1 upregu-
lates expression of the cell adhesion molecules, CD23 and
CDA40, inducing B cell activation and DNA synthesis.
These changes mimic those seen following CD40-
mediated B cell activation, many of which, in both cases
are mediated by tumour necrosis factor receptor-asso-
ciated factor (TRAF)-signalling molecules and the
transcription factor NF-kB. The amino-terminus is
essential for these effects, and a truncated form of
LMP1 lacking this region, which is expressed in lytic
infection and located in the viral envelope, lacks these
properties. When transfected into squamous epithelial
cell lines, LMP1 induces the membrane receptor mole-
cules CD40 and the EGF receptor and inhibits terminal
differentiation processes.

LMP2A, 2B EEMA-LF EBNAZ2 EBMA2A EBMAZE EBMASC EEMA1 LMP1 LMP2a, 2B
1] [+ 1."1!.'..‘.uw".-.+‘.‘...‘.. H F QUFDl-!M E |ER]| K B [ ) TV ! L] Mh=t
h wyg f ch a d
Bam1
map
100 120 140 180 185

kb 0 il at &0 80
h1:"I I | 1 £

Figure 2D.2 Linear map of the EB virus genome, showing the open reading frames for the major latent proteins
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Sequence analysis of the LMP1 gene in EBV isolates
from different tumours and geographical locations has
identified a common 30 bp deletion in the C-terminus
as well as several point mutations when compared to
the prototype genome. It has been suggested that this
deletion increases the oncogenicity of the virus and is
found at high frequency in EBV-associated malignan-
cies (Chen et al., 1992). However, other studies indicate
that the incidence of the deletion in tumours does not
exceed the level found in the healthy population in a
particular geographical area (Khanim et al., 1996).

LMP2A and LM P2B (also called terminal proteins 1
and 2) are formed by alternative splicing from an open
reading frame which spans the terminal repeat
sequences, and thus the intact gene is only formed
and transcribed after the genome has circularised.
Both are membrane proteins with 12 membrane-
spanning segments, but wherecas LMP2A has an
amino-terminus of 119 amino acids, this is truncated
in LMP2B. The amino-terminus of LMP2A associates
with protein tyrosine kinases, and this interaction is
thought to inhibit activation of infected B cells and
thereby inhibit lytic viral replication and promote cell
survival and maintenance of latency. The function of
LMP2B is unknown.

Lytic Cycle Proteins

EBYV lytic genes show extensive homology to those of
other herpesviruses, and their expression similarly
follows an orderly cascade, with the expression of
each set being activated by the previous set and
inhibited by the following set. They are divided into
immediate-early, early and late, according to whether
they are transcribed before (immediate-early and early)
or after (late) viral DNA synthesis.

Immediate-early genes. EBV possesses two genes
that can be classified as immediate-early genes, BZLF1
(Z) and BRLFI1 (R), which together transactivate the
early genes and thereby effect the switch from latent to
lytic infection in B cells.

Early genes. First identified by the staining pattern
of sera containing antibodies to EBV when applied to
the Raji cell line, which lacks expression of the late
genes, the early gene products (early antigens, EA)
were characterised as diffuse (D) (nuclear and cyto-
plasmic staining) and restricted (R) (nuclear staining)
(Henle et al., 1971). It is now known that there are
around 30 early proteins, most of which have enzyme
functions required for viral DNA replication.

Late genes—viral capsid proteins. This antigen
complex (VCA) consists of the non-glycosylated viral

structural proteins but these have not yet been
analysed in detail because of the lack of a fully lytic
in vitro system for EBV. The major capsid protein is
coded for by the BcLF1 open reading frame.

VCA can be detected by indirect immunofluores-
cence in around 10% of cells in a permissive cell line,
such as P3HRI1, using an EBV-positive human serum.

EBV glycoproteins. The EBV-coded glycoproteins
are involved in viral infectivity and spread. Ten have
been identified, most of which are inserted into
membranes in an infected cell, and several of these
become components of the viral envelope (membrane
antigens, MA).

The major envelope glycoprotein gp340/220 is coded
for by the BLLF1 open reading frame. The protein
mediates virus attachment to the B cell surface by
binding to the EBV receptor CR2 (also called CD21).
Antibodies to gp340/220 prevent infection by blocking
attachment, and the protein has therefore been
developed as a vaccine candidate.

Gpl10 is coded for by the BALF4 open reading
frame and has homology with the herpes simplex virus
(HSV) glycoprotein gB. It is localised in nuclear and
cytoplasmic membranes of infected cells but is not
detected in the viral envelope.

Gp85 is coded for by the BXLF2 open reading
frame. It has homology to HSV glycoprotein gH and
induces fusion between viral and cellular membranes.
Gp85 requires another glycoprotein, gp25 (homolo-
gous to HSV gL), for its transport to the cell surface.
Here it forms a trimolecular complex with gp42 and
gp25, which is also present in the viral envelope. The
complex mediates B cell infection by inducing fusion
between viral and cellular membranes (gp85 and gp25)
and viral penetration by binding to HLA class II
molecules in the B cell surface (gp42). Gp42 is not
required for infection of epithelial cells, which are
HLA class II negative (Borza and Hutt-Fletcher 2002).

Human Homologues

EBYV codes for homologues of human interleukin (IL)-
10 (BCRF1, expressed late in the lytic cycle), and the
cell survival gene bcl2 (BHRF1, coding for an early
protein), which are thought to be important in immune
evasion and cell survival respectively.

Host Range and Growth In Vitro

The host range of EBV is limited to man, its natural
host, and some subhuman primates, including the
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gibbon, owl monkey, squirrel monkey and some
species of tamarin, all of which can be infected
experimentally.

In humans only B lymphocytes are regularly infected
by the virus and this restriction of infection is probably
accounted for by their expression of CR2 (the receptor
for the C3d component of complement, also called
CD21) the cell surface receptor used by EBV. A similar
molecule found in a subpopulation of squamous
epithelial cells may result in infection of these cells in
the oropharyngeal cavity, although the extent and role
of this infection in normal individuals is a controversial
issue. Activated T cells and dendritic cells also express
CR2 and may on rare occasions support EBV
infection.

The classical method for demonstrating infectious
virus in patient samples is the lymphocyte ‘immortal-
isation’ test, in which lymphocytes from EBV-negative
donors are exposed to the filtered sample and then
cultured. The presence of virus in the sample is
indicated by the outgrowth of immortalised B cells
into a lymphoblastoid cell line (see below). The
technique is very time-consuming and slow to give
results, and is therefore not recommended for routine
use. A more rapid test enumerates the number of
infected cells in an EBV negative B cell line 72 h after
infection by staining for EBNA antigens. Polymerase
chain reaction (PCR) detection of EBV DNA has
virtually replaced these tests as a quicker and more
sensitive assay; however, a positive PCR result does
not necessarily denote infectivity.

EBV Immortalisation

When EBV is used to infect B lymphocytes in vitro, cell
activation occurs within 24 h (Figure 2D.3). Initially,
small resting B cells undergo blastogenesis, with an
increase in HLA-DR expression, nuclear size and
cytoplasmic volume, and the expression of B cell
activation antigens on the cell surface. In particular,
CD23 expression is reported to be essential for
immortalisation. After 36 h DNA synthesis is initiated
and cell division takes place at around 72 h. Around
this time, immunoglobulin (Ig) can be detected in the
cytoplasm of many infected B cells and it is sub-
sequently secreted into the culture medium; IgM
always predominates. This latter finding indicates
that EBV is a potent polyclonal activator of Ig
production by B cells. These early changes seen in
B cells after infection with EBV are similar to those
seen after stimulation with other B cell activators, such
as the CD40 ligand. However, the polyclonal activa-

tion of B cells by EBV leads to immortalisation, which
is a permanent rather than a transient event. Thus,
once DNA synthesis is initiated, the cells will continue
to proliferate in culture as EBV-positive B lympho-
blastoid cell lines (LCLs).

EBNA2 and -LP are the first viral antigens to be
detected in infected B cells, appearing as early as 12 h
post-infection, and followed by the expression of all
the other nuclear antigens by 24 h. LMP1 becomes
detectable in these cells around 48 h post-infection; the
kinetics of LMP2A and LMP2B expression is
unknown. This viral gene expression (EBNAI,
EBNA2, EBNA3A, EBNA3B, EBNA3C, EBNA-LP;
LMP1, LMP2A and LMP2B) is seen in virtually all
cells in an LCL and is termed °‘full latent gene
expression’ or ‘latency type 3’ (Figure 2D.3). Two
other forms of EBV latency exist; expression of
EBNA1 only (latency 1) seen in BL cells, and
EBNAI1, LMP1, LMP2A (latency 2), seen in NPC
and HD.

Only a minority (< 1-10%) of cells in an LCL at any
one time enter a productive phase resulting in viral
progeny and cell death. LCL derived from different
sources show varying degrees of permissiveness for
viral replication. Tamarin-derived cell lines are the
most permissive, with around 10% of lytically infected
cells, and the tamarin B cell line B95-8, which was
originally immortalised with IM-derived EBYV, is used
in most laboratories to obtain infectious virus for
experimental purposes. Virus production into the
culture supernanant medium can be induced by the
addition of tetradecanoylphorbol-13-acetate (TPA)
and sodium butyrate. Another cell line which can be
induced to produce high levels of EBV, by the addition
of antibodies to surface immunoglobulin, is BL-
derived Akata.

Handling of EBV in the Laboratory

EBV is used as a tool for immortalising B lymphocytes
in vitro, and EBV-positive cell lines, most of which
produce small quantities of infectious virus, are grown
in many laboratories for use in various assay systems.
There is therefore general concern about the safety
precautions necessary for handling this type of
material. In this context it must be remembered that
around 90% of the adult population have been
infected by the virus and will continue to carry it as
a lifelong infection of B lymphocytes and to excrete
infectious virus particles into saliva. In addition, the
virus is of low infectivity, and no authenticated cases of
primary infection contracted in the laboratory have
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Figure 2D.3 EB virus gene expression and cellular events after infection of a resting B cell. EBNA, EB viral nuclear antigen;
LMP, latent membrane protein; EA, early antigens; MA, membrane antigens; VCA, viral capsid antigens

Figure 2D.4 A photomicrograph of cells from an EB virus immortalised adherent lymphoblastoid cell line (MABA) stained for
EBNA. Bright nuclear fluorescence is seen in all cells. The cells are counterstained with Evans Blue ( x 70)
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been reported. EBV is classified as a hazard group 2
pathogen and therefore EBV-positive cell lines should
be handled according to routine microbiological
laboratory practice for this group.

EPIDEMIOLOGY

In seroepidemiological studies the presence or absence
of IgG antibodies to VCA is generally used to screen
sera, since these antibodies arise early in primary
infection and thereafter persist for life. UK results
show that seropositivity increases with age, reaching a
level of around 90% in adults. Two peaks of serocon-
version occur, one at 1-6 years and the other at 14-20
years (Figure 2D.5), with infection occurring later in
high compared to low socioeconomic groups. These
findings are very similar to those from other countries in
the Western world. In developing countries seroconver-
sion occurs early in life, with more than 90% of children
over the age of 2 years being seropositive. Most
seroconversions occur subclinically, but if primary
infection is delayed until adolescence or early adult
life, acute infectious mononucleosis may result.

EBV Infection in the
Normal Seropositive Individual

In most individuals primary infection occurs sub-
clinically during childhood, and thereafter a life-long
carrier state exists in which a balance is maintained
between the level of virus infection and the cellular and
humoral immune mechanisms which keep the infection
controlled. Continued low-grade virus shedding in the
oropharynx can be found in most seropositive indivi-
duals and can be detected by the isolation of
immortalising virus or the presence of viral DNA from
saliva and throat washings. Furthermore, EBV DNA is
present in circulating B cells and when large numbers of
these are cultured from seropositive individuals, ‘spon-
taneously immortalised” EBV-positive cell lines may
arise, indicating the presence of a few cells capable of
producing EBV in the culture. The origin and longevity
of these circulating, infected B cells is much disputed;
however, recent experimental evidence suggests that the
virus establishes a stable, latent infection in a population
of long-lived memory B cells. These cells evade immune
surveillance mechanisms by expressing a very restricted
number of genes; however, details of the exact gene
expression have not been elucidated. Periodic reactiva-
tion of this latent B cell infection into lytic replication in

lymphoepithelial sites such as the tonsil, perhaps in
association with B cell activation/maturation processes,
would allow new virus production and replenishment of
latently infected cells, and egress from the body.

EBV-specific, HLA class I-restricted, CD8-positive
cytotoxic T cells are present in the circulation of all
normal seropositive individuals. Many latent and lytic
T cell epitopes have been identified, but the EBNA1
protein is not recognised due to a resistance to
degradation by the proteosome. Thus, a life-long
balance between virus infection and immune mechan-
isms is established which successfully controls the
infection at subclinical levels in the healthy host.
However, if this balance is altered by intercurrent
disease or iatrogenic means which cause a decrease in
the specific immune response, EBV-associated disease
may occur.

EBV-ASSOCIATED DISEASES

EBV is an unusual virus in that it is associated with
several disease states, in some of which it is the direct
aetiological agent, whilst in others it acts as an essential
co-factor in a complex series of events which lead to the
disease. The EBV-associated tumours are shown in
Table 2D.2. Infectious mononucleosis is the result of
primary infection, whereas Burkitt’s lymphoma and
nasopharyngeal carcinoma occur in seropositive indivi-
duals as a result of a series of alterations in a cell type
infected by EBV. Oral hairy leukoplakia and lympho-
proliferative lesions occur in seropositive individuals in
whom immunosuppression has allowed the cell popula-
tions naturally harbouring the virus to expand.

More recently, EBV has been associated with a variety
of diseases, including subsets of T cell lymphomas (Jones
et al., 1988), Hodgkin’s lymphoma (Anagnostopoulos et
al., 1989), and carcinoma of the stomach (Imai et al.,
1994). Here the tumour cells harbour viral DNA and
express viral antigens; however, the exact role of the
virus in these malignancies is still unclear. Further
associations have been described with salivary gland
tumours (Raab-Traub et al., 1991), thymomas (Leywraz
et al., 1985) and leiomyosarcomas in immunodeficient
children (Lee et al., 1995).

Infectious Mononucleosis

Infectious mononucleosis (IM), or glandular fever, is
an acute, self-limiting lymphoproliferative disease
resulting from primary infection with EBV. It classi-
cally occurs in adolescents and young adults (15-25
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Tumour

At risk population

EBYV association

Lymphoid origin

B lymphoproliferative disease (BLPD)

Burkitt’s lymphoma (BL)

Hodgkin’s disease (HD)

T/NK cell lymphoma

Post-transplant LPD
HIV infection—primary central nervous system
lymphoma

—peripheral lymphoma

African children—endemic BL

HIV infection—sporadic BL

Children—developing countries

Young adults—high SE! groups }
—history of IM

Chronic active EBV

>90%
<100%

50%

97%

25%

Overall 65%

Mixed cellularity type 80%

10-100% depending on

HIV infection

Primary effusion lymphoma HIV infection
Non-lymphoid origin

Nasopharyngeal carcinoma

Mayaks, Dyaks, Indonesians, Filipinos

histological type
70-80%; 100% contain HHV8
DNA

Keratinised 30-100%

S. Chinese and Inuit races—high incidence } Non-keratinised 100%

Vietnamese—moderate incidence

Not identified
HIV infection
Immunodeficiency

Gastric carcinoma
Leiomyosarcoma

Adenocarcinoma 5-15%

mainly children Not known

ISE, socio-economic.

years) in Western societies, where a susceptible
seronegative population is present in this age group.
Studies from the UK and USA in the 1970s showed
that approximately 40% of school-leavers were EBV-
seronegative (Figure 2D.5), and that clinical disease
occurred in 50-74% of these individuals undergoing a
primary infection, whereas the remainder (in common
with most individuals before adolescence) serocon-
verted without overt clinical illness (University Health
Physicians and Public Health Laboratory Service
Laboratories, 1971). However, changing demography
and life styles in the intervening 30 years is likely to
have changed this pattern, and further studies are
required to investigate this. Since the majority of those
reaching the susceptible age for IM in the Western
world are already seropositive, classical outbreaks of
the disease are uncommon. The disease is more
common in upper socioeconomic classes and in the
Western world because these individuals have been
relatively protected from infection during childhood.

Seroepidemiology

Following the original observation of a seroconversion
in one individual at the time of an attack of IM (Henle
and Henle, 1966) a large study was undertaken on
serial serum samples from students at Yale University

(Niederman et al., 1970). The results of this study
showed that: (a) no student having antibodies to EBV-
associated antigens at entry to university later suffered
from IM; (b) no student leaving the university without
antibodies had suffered from IM during the years at
university; and (c) about 50% of those who acquired
EBV-specific antibodies during their years at university
had clinical IM at the time of seroconversion. The
other 50% seroconverted without significant illness.
These data confirmed the causative role of EBV in IM.

Transmission

Detection of immortalising EBV in multiple samples of
saliva and throat washings indicates that oral excretion
of the virus occurs either continuously or intermit-
tently in most seropositive individuals. It is therefore
assumed that primary infection occurs by the oral
route, by close contact with a virus-excreting indivi-
dual. Childhood infection probably occurs through
salivary contact with family members or other
children, whereas the peak of seroconversion in late
adolescence, which coincides with the age at which new
social contacts are often made, is likely to occur during
kissing. However, EBV has also been rescued from the
uterine cervix of a few IM patients and normal
seropositive women (Sixbey et al., 1986), and from
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Figure 2D.5 Histogram analysis of IgG anti-VCA

antibodies in sera from 1469 individuals. The percentage of
seropositivity increases with age to a plateau of 92%

semen from healthy males (Israele er al., 1991),
suggesting that sexual intercourse is a possible route
of spread. This is backed up by recent data from a
large study in university students showing a strong
correlation of previous sexual intercourse with EBV
seropositivity and IM (Crawford ez al., 2002). IM can
also be acquired by transfusion of fresh blood or organ
transplantation from a seropositive to a seronegative
individual.

Pathogenesis

EBYV usually enters the body through the mouth, and a
productive infection occurs in the oropharynx, from
which site infectious virus particles are shed into the
oral cavity and can be recovered from saliva and
throat washings. Currently there is much debate
regarding the cell type first infected by EBV. Extensive
examination of IM tonsils reveals infected B cells
expressing lytic antigens, but no infection of the
overlying epithelium (Anagnostopoulos et al., 1995).
Thus, it is possible that EBV first infects B cells in
tonsillar crypts, where the surface epithelium is
incomplete and virus could access lymphocytes
directly. This initial infection of B cells results in full
latent gene expression (latency 3), cell activation and
proliferation, thus amplifying the number of infected
cells at the site of entry. These B lymphoblasts can be
found in peripheral blood early in IM, and are thereby
disseminated throughout the body. Their presence in
the circulation stimulates a massive T cell response
which is characteristic of IM. The symptoms of IM are

not caused directly by virus-infected B cells but are
immunopathological in nature, resulting from massive
cytokine production from CD8 T cells (Foss et al.,
1994), and to a lesser extent CD4 T cells and NK cells.
Together, these cells are thought to control the infection
by eliminating infected B lymphoblasts; however, some
escape and establish life-long persistence.

Humoral Immunity

The antibody responses to EBV-associated antigens
during primary infection form a characteristic pattern
(Figure 2D.6). Classically, by the time of onset of
clinical symptoms, IgM, IgA and IgG antibodies to
VCA are present in the serum, as are IgG antibodies to
components of the early antigen and membrane
antigen complexes. Antibodies to the viral glycopro-
teins are neutralising and probably agglutinate virus
particles, thus preventing further infection and spread
of the virus. IgM and IgA antibodies to VCA and IgG
anti-EA antibodies rise to a peak during the acute
disease and decline to low or undetectable levels during
convalescence. IgG antibodies to EBNAI1 are not
usually detectable in the serum until the convalescent
period. Heterophil antibodies regularly appear in the
serum early in IM, but their relationship to the virus
and their role, if any, in controlling infection remain
unclear. A variety of autoantibodies may be found in
IM, which include cold agglutinins (anti-i), rheumatoid
factors, anti-nuclear antibodies and antibodies to
platelets and to smooth muscle. These antibodies,
which may account for the raised total serum IgM level
found in IM, are thought to be the result of the
polyclonal activation of B cells caused by EBV
infection. They are usually transient and harmless.

Cellular Immunity

One of the most distinctive features of IM is the
presence, at the time of onset of clinical symptoms, of a
lymphocytosis, and ‘atypical’ mononuclear cells in the
peripheral blood (Figure 2D.7). The rise of lymphocyte
count, which may be very marked (up to 15 x 10%/1), is
due to a vast increase in absolute numbers of
T lymphocytes. These are highly activated CDS-
positive, HLA class I-restricted, cytotoxic T cells
specific for lytic (and to a lesser extent latent) antigens.
During the acute phase of the disease, up to 40% of the
total peripheral CD8 T cell numbers may be directed
against a single EBV epitope. The lymphocytosis is
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accompanied by depression in most T lymphocyte
functions, including those measured by delayed-type
hypersensitivity testing and in vitro mitogen stimulation.

Histological Findings

Generally, tissue from IM patients is not available for
study, but occasionally liver, bone marrow or lymph
node biopsies are performed before the diagnosis is
made. Also the histological findings on tissue from
surgically removed tonsils and ruptured spleens, and
post mortem specimens, have been described. In all
cases the tissues are infiltrated with mononuclear cells,
which are immunoblastic in appearance. These mainly
consist of CD8* T cells with a minority population of
EBERS-positive B cells. In the lymph node the pattern
is generally described as ‘reactive’, with the infiltrate
found in widely dilated sinuses and intersinusoidal
cords extending into the interfollicular compartment,
often obscuring the follicular centres. Virus-infected
B cells are localised in the paracortical region, where
occasional Hodgkin- or Reed-Sternberg-like cells
may be present. In the liver the portal areas are

infiltrated and in the spleen the white pulp may be
obscured by the extensive infiltrate, which extends
throughout the parenchyma. Small aggregates of
monocytoid cells and immunoblasts can be seen in
the bone marrow. The histological findings are not
diagnostic of IM in themselves, and may be difficult to
distinguish from other causes of immunoblastic pro-
liferations, e.g. Hodgkin’s disease and non-Hodgkin
lymphomas.

Clinical Features

Incubation period. As the source of infection is
generally not determined, the incubation period is
difficult to calculate; however, a period of 30-50 days
is usual before symptoms occur.

Symptoms. Characteristically, IM begins abruptly
with a sore throat and swelling of the neck, accom-
panied by non-specific symptoms such as malaise,
fever, sweating, chills, headaches, stiff neck, anorexia
and vague abdominal discomfort. A prodromal period
characterised by lassitude and slight fever is described
by some patients. The sore throat, which occurs in
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80-90% of patients, is usually mild and clears after
7-14 days. It may, however, be severe enough to cause
extreme pain and difficulty with swallowing, and
occasionally gross tonsillar enlargement may lead to
pharyngeal obstruction. In 25% of cases secondary
infection of the pharynx occurs, commonly with a
B-haemolytic streptococcus. Less commonly, patients
present with jaundice, cough, myalgia or symptoms of
one of the neurological complications of IM (see
below).

Physical signs. Lymphadenopathy is present in the
majority of cases at some time during the acute illness.
The cervical nodes are most obviously involved, but
generalised lymphadenopathy occurs, with the nodes
often remaining palpable for several weeks. Glands are
discrete and not severely tender. The additional
presence of rubbery small glands in the axilla and
groin indicates IM rather than a throat infection with
involvement of cervical glands. Clinically detectable
splenic enlargement occurs in 50-60% of patients and
is usually accompanied by tenderness; however, ultra-
sound scanning detects splenomegaly in almost all
cases. Mild hepatomegaly occurs in 15-25% of
patients, and jaundice is clinically apparent in 5—
10%. Fevers of 38-40°C are a regular feature during
the first 1-2 weeks of IM, with the highest temperature
often occurring at midday and being followed by
drenching sweats.

Pharyngitis and palatal petechiae occur during the
first week of the illness. These may be accompanied by
a grey-white membrane which, when associated with
pharyngeal oedema and tonsillar enlargement, can
result in obstruction to the pharynx or trachea.
Periorbital oedema is common early in this disease.

Two types of skin rashes can occur: a faint morbilli-
form eruption, which lasts 24-48 h, or a maculopapular
rash, which occurs in almost all patients receiving
ampicillin. The cause of the latter is unknown, but its
presence is regarded by some as diagnostic of IM.

Other associated clinical conditions include en-
cephalitis, meningitis, delirilum, coma, psychosis,
transverse myelitis, polyneuritis, mononeuritis, peri-
carditis, myocarditis, interstitial pneumonia and
pleural effusions. None of these is common.

IM in children and the elderly. When IM occurs
outside the classic age range of 15-25 years, it tends to
present a less typical clinical picture. In children the
disease is usually mild and does not require medical
attention. Sore throat and cervical lymph node
enlargement are usually present, but not invariably

s0. Occasionally children exhibit classic IM even as
early as age 2 years.

The clinical onset of IM in the elderly is often
insidious and occasionally bizarre. The disease can be
severe, with hepatic, neurological and renal involvement.

IM in pregnancy. Infectious mononucleosis during
pregnancy is uncommon, but where it has occurred
there has rarely been deleterious effect on the foetus,
and termination of pregnancy is not indicated.

IM in the immunosuppressed. When primary EBV
infection occurs in immunocompromised patients,
particularly after organ transplantation, it is often
asymptomatic due to the inability to mount a T cell
immune response. However, it may result in atypical
disease, with gastrointestinal symptoms and/or signs of
renal graft rejection and failure. Antibodies to EB viral
antigens may be slow to develop, with neither IgM
antibodies to VCA nor the heterophile antibody test
being invariably positive. Some of these primary
infections progress to lymphoproliferative disease and
lymphoma (see below).

Course and convalescence. The illness usually
resolves in 1-2 weeks but may last for several weeks,
often with continued exhaustion on the slightest
exertion and complaints of an inability to concentrate
for several weeks after apparent recovery. Occasional
patients, particularly those over 25 years of age, may
experience intermittent fatigue over the following
2 years. Other patients suffer ‘relapses’ during the
6 months to 1 year following IM, with return of fever,
sore throat and lymphadenopathy accompanied by a
positive heterophil antibody test. The exact nature of
these relapses is unclear, since the serological markers
of primary infection may remain positive for up to a
year, even in subclinical cases of seroconversion.

Complications. 1In the vast majority of cases IM is a
benign and self-limiting disease from which complete
recovery is the rule. However, certain morbid compli-
cations have been described in the literature, which
account for around 30 deaths per year in the USA. The
main causes of death are neurological complications,
splenic rupture, hepatic failure and secondary infec-
tion. Approximately half the deaths are associated
with X-linked lymphoproliferative syndrome (XLPS,
see below).

Neurological complications. These include menin-
gitis, encephalitis and the Guillain—Barré syndrome.
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Each of these conditions may precede, accompany or
postdate IM by several weeks. Recovery is usual.

Hepatic complications. Although many IM
patients have biochemical evidence of hepatocellular
damage, overt jaundice is uncommon (5-10%), and
complete recovery occurs. However, more severe cases
have been reported and these include massive hepatic
necrosis, resulting in death if untreated by liver
transplant.

Splenic rupture. This is a well-known but rare
complication of IM, which may occur spontaneously
or after mild trauma. The rupture gives rise to severe
abdominal and shoulder pain and requires immediate
surgical intervention.

Pharyngeal and tracheal obstruction. These may
occur due to massive enlargement and oedema of the
tonsils, adenoids, uvula and epiglottis, giving rise to an
inability to swallow or to stridor with eventual
cyanosis. A short course of corticosteroids usually
gives a dramatic improvement, but intravenous hydra-
tion and feeding or tracheotomy may be necessary as
emergency measures.

Immunological ~ complications. These include
haemolytic and aplastic anaemia, thrombocytopenia,
hypogammaglobulinaemia,  agranulocytosis  and
haemophagocytosis. These disorders may result from
excess autoantibody production, such as to the blood
group antigen i, due to B cell stimulation, or to
abnormal suppression of haemopoiesis by T cells.
Several of these conditions may be found in patients
with X-linked lymphoproliferative disease (see below).

Chronic active EBV. Chronic active EBV infection,
where symptoms of IM persist for more than a year,
occurs rarely (around 1 in 2000 cases) and may result
in death from hepatic failure, lymphoma, sepsis or
haemophagocytic syndrome. In these cases there is a
persistence of the acute IM-like serological profile,
usually with grossly elevated titres of IgG antibody to
VCA and EA-D, absence of IgG antibody to EBNAI,
a positive monospot test and often detectable IgM
antibodies to VCA. An atypical lymphocytosis is also
present, which is mostly due to CD8* T cells. The viral
load in saliva and peripheral blood is very high and in
some cases EBNA-positive B cells can readily be
detected in the circulation. These findings are likely to
be due to inadequate immunological control of viral
replication, and indeed in some cases a lack of EBV-

specific memory T cells in the circulation has been
demonstrated (Borysiewicz et al., 1986).

Chronic active EBV has been treated with aciclovir
and steroids, as well as a variety of agents such as
interferons, but the results are disappointing. More
recently, bone marrow transplant or adoptive
immunotherapy have been used.

Chronic active IM can be distinguished from chronic
fatigue syndrome (CFS) on clinical grounds and by an
EB viral antibody screen. Around 10% of CFS
patients have mildly elevated VCA and/or EA anti-
body titres, but no gross abnormalities can be found.
These changes do not denote a specific aetiological
association between EBV and CFS.

Laboratory findings. The classic finding in IM, after
which the disease is named, is the ‘atypical’ mono-
nuclear cells in the peripheral blood, which were first
described by Downey and McKinlay (1923)
(Figure 2D.7). Morphologically ‘atypical’ cells are
large activated lymphocytes (10-20 pm in diameter)
which, when stained with May—Griinwald—Giemsa
stain, show abundant pale blue, vacuolated cytoplasm
and an elongated or indented nucleus with coarse
nuclear chromatin. These are mainly EBV-specific
CD8" cytotoxic T cells (see above) and account for
the leukocytosis regularly seen in the first 2 weeks of
IM. A few atypical mononuclear cells occur in the
peripheral blood in other acute virus infections,
including cytomegalovirus, hepatitis B, influenza B
and rubella, but they are most prominent in IM.
Activated CD4 T cells and NK cells are also increased
in numbers in acute IM. B lymphocytes are usually
present in normal or slightly raised numbers and
around 1 in 10*-10° are infected with EBV and express
all the latent viral proteins.

Abnormal liver function tests indicative of hepato-
cellular damage are found in 80-90% of patients. Liver
enzymes are usually raised during the second and third
week of the illness, and have returned to normal by the
fifth week. In 30% of patients the bilirubin level is
raised.

Diagnosis. The diagnosis of IM may be suspected on
clinical grounds and substantiated by the haemato-
logical findings of ‘atypical’ lymphocytes, but a firm
diagnosis of IM relies on the serological demonstration
of antibodies to EBV-related antigens. A pre-illness
specimen is rarely available to prove absence of
antibody before the illness, and IgG antibodies to
VCA are almost invariably present in the first serum
sample received, having often already reached their
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peak. However, high levels of IgG anti-VCA anti-
bodies are not of diagnostic significance, since variable
levels are reached during the illness, and higher levels
may occur in other conditions. The presence of IgM
antibodies to VCA, with or without IgG antibodies to
EA (D), and an absence of IgG anti EBNAI, are
diagnostic. Commercial ELISA tests are available and
reliable, although less sensitive than the traditional
indirect immunofluorescence test. False-positive results
in the IgM test may result from cross-linking between
specific EB viral IgG and anti-IgM conjugate by
rheumatoid factor, and therefore, if this factor is
present in the serum, it should be absorbed out before
testing. These days most laboratories rely on the
heterophil antibody test, which has been simplified in a
kit form as the Monospot test.

The heterophil antibody test. This classic test,
variously called the Paul-Bunnell test, the Davidsohn—
Henry test, or the Lee-Davidsohn test after the
authors who described each variation (Davidsohn
and Henry, 1969), detects an IgM heterophil antibody
(HA) which causes haemagglutination of cells from
species other than humans. The original test used a
doubling dilution titration of serum and sheep red
cells. The use of horse, rather than sheep, red cells was
later found to increase the sensitivity of the test
without loss of specificity. The test was modified to
exclude Forssman antibody by absorption of the
serum with guinea-pig kidney emulsion (GPK) before
testing. A further refinement to confirm the specificity
of the heterophil antibody titre was to compare the
titres with and without absorption with ox cell stroma
(OCS), which specifically removes the heterophil anti-
body of IM. Results were then usually expressed as
three red cell agglutinin titres: (a) of unabsorbed
serum; (b) of serum absorbed with GPK; and (c) of
serum absorbed with OCS, and the diagnostic criterion
commonly used was that the titre of (c) must be at least
four-fold lower than the titre of (b), with the titre of (a)
being 56 or higher.

The Monospot test. Slide tests are available which
use absorption combined with agglutination and are
quick and reliable. Drops of serum are placed on two
squares on a slide; GPK is stirred into one drop and
OCS into the other. Horse red cells are added to each
square and stirred into the absorbed serum. Agglutina-
tion in the GPK square and not in the OCS square is
indicative of IM.

The Monospot test is positive in around 85% of IM
cases (as confirmed by positive anti-VCA IgM) and

can persist for up to 6 months after recovery. Negative
results are more common in sera from children with
IM under 14 years than in those from older children or
adults. This may be because HA arises due to the
polyclonal stimulation of memory B cells, so if the
priming exposure to the unknown ‘heterophil’ antigen
has not yet occurred, no specific memory B cells would
be present and no secondary rise could be induced.
False-positive HA tests have been extensively
recorded, particularly in association with pregnancy
and autoimmune disease.

Treatment. This is largely supportive. High-dose
aciclovir reduces virus production in the throat but
does not shorten the duration of the illness, probably
because the symptoms are immunopathological in
nature and not caused directly by virus infection of
B cells. The sore throat may be extremely painful and
regular analgesics are then essential. Corticosteroids
curtail the severity and duration of the symptoms, but
are best reserved for severe cases of pharyngeal or
tracheal obstruction, neurological and haematological
complications.

Burkitt’s Lymphoma

Burkitt’s lymphoma (BL) is a tumour which occurs
endemically in equatorial Africa and Papua New
Guinea and sporadically worldwide. The African
(endemic) form of the tumour is geographically
restricted to those areas in which hyperendemic
falciparum malaria occurs (Figure 2D.8). These are
the low-lying areas of equatorial Africa and Papua
New Guinea, with a rainfall of over 60 cm/year and a
minimum temperature of 16°C.

The endemic and sporadic forms of BL are both
monoclonal tumours of B lymphocytes which have
indistinguishable histological appearances. However,
whereas almost 100% of African BL are associated
with EBV, only 12-25% of the sporadic cases are
EBV-related.

Seroepidemiology

In the geographical areas where BL is endemic, almost
all children over the age of 2 years have been infected
by EBV and have IgG antibodies to VCA. However, in
BL the pattern of antibodies to EBV antigens is altered
when compared to normal matched controls. Sera
from BL patients have IgG antibody titres to VCA
with a geometric mean eight to ten times greater than
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(a)

Figure 2D.8 Maps showing the worldwide distribution of
(a) Burkitt’s lymphoma and (b) nasopharyngeal carcinoma

matched control sera. IgG anti-EA (R) and anti-MA
antibodies are also raised, and the levels of these serum
antibodies vary with clinical events. Thus, after
treatment, a drop in anti-EA (R) indicates a good
prognosis, whereas a rise in anti-EA (R) and a fall in
anti-MA may precede a recurrence of clinical disease.
In a classic 7-year prospective epidemiological study
carried out in Uganda by de The et al. (1978), 12 cases
of BL developed in a cohort of 42 000 children. These
12 children had high titres of anti-VCA for months or
years before the onset of the disease, indicating that BL
does not result directly from primary infection. The
study also showed a 30-fold increased risk of disease in
those children with an anti-VCA titre of two doubling
dilutions or more above the normal control population.

Pathogenesis
Association with EBV. Although it is very difficult

to obtain absolute proof that a virus is involved in the
aetiology of a human tumour, there is now much

evidence which points to the widely accepted view that
EBYV is involved in the aetiology of BL. In addition to
the seroepidemiological evidence outlined above,
multiple copies of the viral genome can be detected
in the tumour cells of around 97% of African BL
biopsy samples. The viral genome is clonal in the
monoclonal BL B cell population, indicating that the
infection event occurred before proliferation of the
malignant cells. However, the viral gene expression is
restricted to the latent antigen EBNAIL, which is
essential for maintenance of the viral genome in the
cell, and EBERS and BamA transcripts (latency 1)
(Table 2D.1). No direct oncogenic role for these genes
has been identified, although mice transgenic for
EBNAI1 develop lymphoma (Wilson et al., 1996), and
EBERS has been suggested to increase cell survival by
inhibiting apoptosis (Komano et al., 1999).

BL-derived cell lines. Lymphoid cell lines that are
grown directly from BL biopsy material show the
characteristic features of BL cells, with cellular
markers consistent with a germinal centre B cell
phenotype (CD10, CD77) and viral protein expression
to restricted EBNA1 (latency 1). These differ from
their in vitro, EBV-immortalised counterpart (see
above) in several important respects, which indicate
their increased malignant potential. Thus, BL-derived
cell lines grow as colonies in soft agar and subcuta-
neously in nude mice whereas in vitro immortalised
LCLs do not. BL cell lines are monoclonal, with all
cells bearing surface immunoglobulin of one heavy
chain isotype (usually M) and one light chain type,
whereas in vitro immortalised cell lines are polyclonal
in origin. There are also differences in growth
characteristics, cellular gene expression and cytological
appearances, reflecting their differing stages of B cell
maturation (germinal centre cell vs. activated lympho-
blast). However, with prolonged culture, the viral and
cellular gene expression in BL cell lines may drift to
resemble LCLs. Finally, BL cell lines consistently carry
specific chromosomal translocations which are not
present in in vitro-grown LCLs derived from normal
individuals (see below).

Chromosomal abnormalities. 1t has been recog-
nised for many years that fresh BL tumour cells and
the derived cell lines (whether EBV-associated or not)
show a reciprocal chromosomal translocation between
the long arm of one chromosome 8 and chromosomes
14, 2 or 22. Each of these translocations results in the c-
myc oncogene on chromosome § coming under the
regulatory control of either the Ig heavy chain genes on
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chromosome 14 or, more rarely, the k or A light chain
genes on chromosomes 2 and 22, respectively. The
position of the chromosomal break points suggest that
these translocations are the result of mistakes occur-
ring during Ig gene rearrangements, Ig class switching,
or during somatic hypermutation in a germinal centre
cell. Furthermore, the translocated allele of c-myc
frequently contains mutations. c-myc is a normal
cellular gene which codes for a nuclear protein
involved in the control of cell activation and pro-
liferation. The BL translocations deregulate the gene,
giving constitutive expression. In addition to this
characteristic chromosomal translocation, BL cells
often contain other genetic abnormalities, including a
mutated p53 gene in about 30% of biopsy samples.

Co-factors in the pathogenesis of BL. Since EBV is
a ubiquitous agent, whereas EBV-associated BL occurs
almost exclusively in those geographical areas of the
world where malaria is hyperendemic, it is probable
that malaria infection acts as one factor in the
multifactorial aetiology of this disease. The association
between BL and malaria is further substantiated by the
finding that where malaria eradication has been
successfully accomplished, the incidence of BL has
dropped dramatically, and the incidence of BL in
children with the sickle cell trait, which confers partial
protection from malaria, is low.

Malaria infection acts as a chronic stimulator of
germinal centre B cells and also as an immunosup-
pressant, causing a decreased EBV-specific cytotoxic
T cell activity and increased numbers of EBV-infected
B cells in the peripheral blood. It is postulated,
therefore, that the combined lymphoid stimulation
and immunosuppressive effects of malaria cause an
increase in B cell turnover and a decrease in the
elimination of EBV-positive B cells. However, at
present it is unclear whether EBV acts to increase the
population of cells susceptible to a chromosomal
translocation, or to enhance the survival and prolif-
eration of a cell population bearing the translocation.
Whichever scenario is correct, it is assumed that the
latent EBV growth-promoting genes (latency 3) must
be expressed at this early stage of lymphomagenesis,
but that a switch to the non-immunogenic EBNAI-
only phenotype (latencyl) occurs once their function is
replaced by deregulated c-myc.

Clinical Features

African BL is a tumour that occurs in children aged
3-15 years, with a peak age incidence of 6-7 years. In

those areas of Africa and Papua New Guinea where
BL is endemic, it occurs with an incidence of 15 per
100 000 children aged 5-10 years, and is the common-
est malignancy in this age range. It is more common in
boys than girls and arises extranodally, typically in the
area of the jaw, giving a characteristic presentation
(Figure 2D.9). The tumour is usually found to be
multifocal at presentation, the other sites commonly
involved being the postorbital region, gastrointestinal
tract, thyroid, liver, kidney, skeleton, testicles and
ovaries, and the breast in adolescent girls. BL is a
highly malignant tumour, with death supervening
within a few months of clinical onset in untreated
cases.

Diagnosis. The diagnosis of BL in an endemic area is
very often clear from the clinical features described
above; however, histological evidence should be sought
(Figure 2D.10). The tumour shows a characteristic
histological picture of a poorly differentiated lympho-
cytic lymphoma with variable numbers of infiltrating
histiocytes, giving the classic ‘starry sky’ appearance.
BL is a monoclonal tumour of B cell origin, expressing
the markers of a germinal centre B cell; CD10, CD77
and, in over 90% of cases, [gM.

Treatment. Burkitt’s lymphoma is very sensitive to
chemotherapy, one dose of cyclophosphamide often
being enough to cause complete regression of the
tumour mass. Relapses do occur, however, and are
progressively less responsive to therapy. For this
reason, a full course of treatment should be given
initially, in which case the prognosis is good.

Prevention. The prevention of BL may theoretically
be achieved by the eradication of malaria, which has
already been achieved in small areas, such as some of
the islands of Papua New Guinea, and the incidence of
BL has fallen in these regions. Alternatively, preven-
tion of BL development by a vaccine which prevents
EBYV infection has been suggested (see below).

Nasopharyngeal Carcinoma

Nasopharyngeal carcinoma (NPC) is a malignant
tumour of the squamous epithelium of the naso-
pharynx, which is highly prevalent in southern China,
where it is the commonest tumour in men and the
second most common in women. In most other areas
of the world the tumour is rare, but pockets of high
incidence occur in North and Central Africa,
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Figure 2D.9 Male child with a Burkitt’s lymphoma of the jaw, (a) before treatment and (b) after treatment with

cyclophosphamade (30 mg/kg body weight)

Malaysia, Indonesia, Vietnam, The Philippines and in
the Inuit races of Alaska, Greenland and Iceland (sce
Figure 2D.8). The most undifferentiated form of the
tumour, which is the most common, shows a 100%
association with EBV regardless of the geographical
location, whereas the association with the rarer, more
differentiated, forms is controversial.

Seroepidemiology

The association between NPC and EBV was first
demonstrated serologically (Old et al., 1966) and later
studies showed that sera from 100% of cases of
undifferentiated NPC have high-titre antibodies to
VCA. As in BL, the antibodies are present at a 10 times
higher geometric mean titre than in matched controls,
and show a unique reaction pattern. Thus, the anti-EA
(D) component is the most frequently seen and is
present at a higher titre than anti-EA (R). IgG and IgA
Anti-EA (D) antibody titres rise as the disease
progresses, fall in remissions, and may be undetectable
in long-term survivors. Similarly, IgA antibodies to
VCA are present in NPC sera and correlate with

disease progression. These IgA antibodies are also
found uniquely in the saliva of NPC patients.

Pathogenesis

Association with EBV. The seroepidemiological data
referred to above, and the finding of multiple clonal
copies of the EBV genome in the malignant epithelial
cells of 100% of undifferentiated NPC biopsy specimens,
strongly suggest that the virus is involved in tumour
aetiology. All the malignant epithelial cells express the
EBV-coded antigen EBNAI, and LMP1 and LMP2 are
expressed in around 50% of tumours (latency 2).
Although the exact mechanisms involved in squamous
epithelial cell transformation by EBV have not been
resolved, the fact that LMP1 is a viral oncogene which
can drive epithelial cell proliferation in vitro (Dawson et
al., 1990) and induce severe epithelial hyperplasia in
transgenic mice (Wilson et al., 1990), provides compel-
ling evidence for an oncogenic role for EBV in NPC.

Co-factors in the pathogenesis of NPC. NPC is a
genetically restricted tumour, being most common in
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Figure 2D.10 Histological section of Burkitt’s lymphoma, showing a uniform population of nucleolated lymphoid cells and
scattered vacuolated macrophages (H & E x 800; courtesy of Professor P. Isaacson, University College Hospital)

southern Chinese and Inuits. It has an intermediate
frequency in some negroid and mongoloid races and is
rare in Caucasians. It has been noted that the first-
generation immigrants from southern China to the
USA retain the high frequency of the disease; although
later generations show a declining incidence, which
may be due to intermarriage with non-Chinese races.
These data suggest a genetic factor in the aetiology of
the disease, and this is backed up by family clustering
and the finding of an association with certain HLA
haplotypes (A2-BSin2, BW17-AW19, BW17-A blank).
Environmental factors have also been suggested in the
aetiology of NPC, particularly dietary components
such as salted fish, which contain carcinogenic
nitrosamines, and traditional herbal medicines con-
taining phorbol esters, which are taken as snuff.

Clinical Features

NPC occurs at a rate of 98 per 100 000 of the
population in southern China and is more common in
men than in women. The age of onset of NPC varies
with geographical distribution and histological type,
the undifferentiated type being more common in high-
risk areas in young patients, whereas the more
differentiated types occur in older patients and
constitute the bulk of sporadic cases. The tumour
most commonly arises on the posterior wall of the
nasopharynx in the fossa of Rosenmiiller, where it

often remains silent, and rapidly metastasises to the
draining lymph nodes. Thus, the most frequent
presenting symptom of NPC is bilateral enlargement
of lymph glands in the neck, which are firm, non-
tender and fixed. The upper cervical chain of glands is
most often involved in the initial spread. At this stage
the primary tumour may be very small and difficult to
locate. Less frequently, the presenting symptoms are
associated with invasion by the primary tumour and
include nasal obstruction, postnasal discharge, epis-
taxis, partial deafness and cranial nerve palsies. If
untreated, the disease is rapidly fatal, with death being
most often due to laryngeal and pharyngeal obstruc-
tion.

Diagnosis. The diagnosis of NPC is made on biopsy
material from the primary tumour or an enlarged
cervical lymph node. The cells are squamous epithelial
in origin and three histological types are described in
the World Health Organisation classification: (a) a
well-differentiated squamous cell carcinoma with
intercellular bridges and/or keratinisation; (b) a non-
keratinising carcinoma; and (c¢) an undifferentiated
carcinoma in which a heavy lymphocytic infiltration is
often present, which may be so extensive as to lead to
the mistaken diagnosis of lymphoma (Figure 2D.11).
However, the lymphocytes, which are mainly T cells,
are non-malignant. The term ‘lymphoepithelioma’ has
been used to describe this third type, which occurs
most commonly in the high-risk areas.
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Figure 2D11. Histological section of undifferentiated nasopharyngeal carcinoma, showing scattered malignant epithelial cells and

a heavy infiltrate of small lymphocytes (H & E x 400)

Serum antibody titres to EBV antigens can be used
to confirm the diagnosis of NPC and to monitor the
progress of the disease. Large-scale screening pro-
grammes in China have identified individuals with
persistent IgA antibodies to VCA in serum and/or
saliva, and follow-up of these cases has successfully
detected ‘precancerous’ and early lesions.

Treatment. NPC is difficult to treat surgically
because of the characteristic feature of early metastasis
to regional lymph nodes. The tumour is resistant to
chemotherapy, and therefore radiotherapy to the
primary tumour and cervical lymph nodes is the
treatment of choice. The overall prognosis is poor;
however, the 5 year survival rate for early stage disease
is around 60%.

Prevention. Although the precise role of EBV in the
aetiology of NPC remains to be elucidated, it has been
argued that prevention of primary infection by EBV
using vaccination may be enough to break the chain of
events which culminates in tumour formation. Vaccine
preparations are discussed below.

Hodgkin’s Disease

An association between EBV and Hodgkin’s disease
(HD) has long been suspected because HD is more

common in people who have previously had IM than
those who have not, and HD patients have high
antibody titres to EBV lytic cycle antigens months or
years before development of the disease. This associa-
tion was firmly established when EBV DNA and
expression of viral-coded proteins were demonstrated
in malignant Hodgkin Reed—Sternberg (HR-S) cells in
a proportion of cases. Multiple copies of clonal,
circular EBV DNA can be detected in 40-60% of
HD biopsies by Southern blotting, with confirmation
of the HR-S cell location by detection of EBERS by in
situ hybridisation (Anagnostopolous et al., 1989).
These cells also express EBNA1 and high levels of
LMPI1 and LMP2A, in the absence of other latent or
lytic proteins (latency 2). The mixed cellularity type of
HD is the most often associated with EBV.

The age distribution of HD is similar to that of
EBV, showing a bimodal distribution, with one peak in
childhood and another in adult life. Furthermore, the
age of the early peak varies with geographical location,
being later in Western societies (15-35 years) than in
developing countries (5-10 years). This similarity
initially suggested that HD may represent an atypical
outcome to primary EBV infection; however, although
most childhood HD in developing countries is EBV-
associated, in Western societies non-EBV-associated
HD predominates in the young, with EBV association
increasing with age (reviewed in Jarrett, 2002).

The pathogenesis of EBV-associated HD is still
unclear, although the presence of clonal viral DNA in
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HR-S cells indicates infection at an early stage. In
addition, expression of LMPI, which induces cell
activation and proliferation while inhibiting apoptosis,
and LMP2A, which enhances cell survival, is consis-
tent with an oncogenic role for the virus. HR-S cells
have now been definitively identified as germinal centre
B cells, with functional immunoglobulin (Ig) gene
rearrangements but defective Ig gene transcription
(Marafioti et al., 2000), and it is therefore possible that
EBYV infection of these atypical cells allows the survival
of a cell which would otherwise undergo apoptosis in
the germinal centre.

EBV Infection in the
Immunocompromised Host

EBV establishes a life-long persistent infection with
latency in B lymphocytes and virus production into
saliva in over 90% of the world’s population (see
above). This persistent infection is controlled mainly
by EBV-specific cytotoxic T cells and it is not
surprising, therefore, that when cell-mediated immu-
nity is decreased there is often increased EBV
production in saliva, high antibody titres to lytic
cycle antigens (VCA and EA) and an increased viral
load in peripheral blood lymphocytes. This pattern is
sometimes called a ‘reactivated infection’, although
generally no clinical symptoms ensue. In a few
patients, however, EBV-associated lymphoprolifera-
tive lesions and lymphoma develop.

X-linked Lymphoproliferative Syndrome
(X-LPS)
(reviewed by Gasper et al., 2002).

This rare syndrome (first called Duncan’s syndrome)
was recognised in 1974 by Purtilo and colleagues, who
described a family in which six male kindred died of
acute IM and/or malignant lymphoma (Purtilo et al.,
1974). Since then, many such families have been
reported, with affected members having an apparent
inability to mount an effective immune response to
primary EBV infection. X-LPS accounts for about half
of the fatal IM cases reported, the other half being
sporadic, with an equal sex distribution.

Clinically, the affected males are healthy until primary
EBYV infection occurs. The course of the disease is then
fulminating and rapidly fatal in the majority of cases,
with death commonly resulting from hepatic necrosis. A
minority of patients progress to a chronic phase, often
culminating in a fatal B cell lymphoma. These tumours

are mostly extranodal, commonly occurring in the
central nervous system or gastrointestinal tract.

Histological studies on fatal cases show infiltration of
tissues throughout the body with EBV-positive lympho-
blastoid and plasmacytoid cells and T activated cells.
These infiltrates are a particularly prominent feature in
the liver, where dysregulated cytokine release from T cells
leads to hepatic necrosis. Haemophagocytosis is seen in
the tissues in almost all cases. There is no elective
treatment for this disease, although etoposide may have
some effect, and recently success has been reported with
bone marrow transplantation.

Many abnormal immunological findings have been
reported in X-LPS, although none is consistently
found. These are more marked following EBV infec-
tion when combined T, B and NK cell abnormalities
are reported.

The defective gene in X-LPS was identified in
1998 (Coffey et al., 1998; Sayos et al., 1998; Nichols et
al,, 1998) and the development of a diagnostic test
rapidly followed. This identified a spectrum of clinical
manifestations associated with the syndrome, including
dysgammaglobulinaemia (incorporating some cases of
common variable immunodeficiency), aplastic anaemia,
lymphoid vasculitis with aneurysm formation and,
rarely, non-EBV-associated lymphoma.

The X-LPS gene codes for a small src-homology 2
(SH2) domain containing cytoplasmic protein, alter-
natively called SH2DIA or SAP [signalling
lymphocytic activation molecule (SLAM)-associated
protein] which is expressed in T and NK cells. SAP
appears to play a modulating role in T cell activation
and is required for NK cell cytotoxicity; it is likely that
the loss of these functions explains the X-LPS
phenotype. However, this does not explain the link
between EBV and X-LPS, since SAP expression is not
specific to primary EBV infection. In this regard, the
finding of rare X-LPS lymphoma in EBV-negative
individuals indicates that the syndrome is not restricted
to primary EBV infection, and it is now postulated
that X-LPS is a more generalised immunodeficiency
that can be triggered by a variety of virus infections.
However, the exact nature of the immunological
abnormality is still unclear.

Transplant Recipients
(reviewed by Hopwood and Crawford, 2000).

Tatrogenic immunosuppression following bone mar-
row or solid organ transplant results in an increased
incidence of virus-associated tumours. B cell
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lymphomas are the second commonest tumours in this
patient population (following skin tumours) and have
a high morbidity and mortality. Termed ‘post trans-
plant lymphoproliferative disease’ (PTLD), these
tumours are mainly classified as large cell lymphoma,
and develop in up to 10% of transplant recipients.
Risk factors include high levels of immunosuppressive
drugs (often in association with rejection episodes) and
primary EBV infection following transplant. The latter
is more common in children, who therefore have a
higher incidence of PTLD than adults. Over 90% of
PTLD patients are EBV-positive and the tumour cells
generally express all the latent viral genes (latency 3)
(Table 2D.1). Early lesions are often polyclonal B cell
proliferations, but progression to a monoclonal
lymphoma regularly occurs.

Clinically, PTLD may present as an IM-like
syndrome, commonly in children undergoing primary
infection (in which the virus may be acquired from the
transplanted organ), and often within the first year of
transplant. Alternatively, discrete tumours, frequently
in the gastrointestinal tract, brain or transplanted
organ, are seen in seropositive recipients, often several
years after transplant. Because of the variable clinical
presentation, diagnosis is often difficult and measure-
ment of the viral load in peripheral blood has been
used as an indicator of risk. However, although high
viral load is found in the majority of PTLD patients,
levels are very variable in healthy recipients, with some
reaching those seen in PTLD. Therefore single estima-
tions are not helpful and regular monitoring is
required.

The pathogenesis of PTLD appears to be straight-
forward; immunosuppressive  therapy  following
transplantation inhibits EBV-specific cytotoxic T cells,
leading to uncontrolled proliferation of EBV-infected
B cells. However, the lesions are often single and
monoclonal, suggesting that, in addition to EBV, cellular
factors are required for tumour outgrowth. The recent
finding of non-functional Ig genes in a proportion of
these tumours (Timms et al., 2003) suggests that EBV
infection may have rescued an abnormal cell from
apoptosis within the germinal centre.

Reduction of immunosuppressive therapy is now the
first line of treatment for PTLD, and the antiviral
drugs aciclovir or ganciclovir are sometimes added to
this regimen, although their role in tumour regression
is unproven. Complete tumour regression may be
achieved by this treatment alone, particularly in early
lesions, but relapses and recurrences are common and,
despite additional chemotherapy and/or radiotherapy,
the overall mortality is around 50%. Recent trials of
immunotherapy for PTLD, including the humanised

antibody to the B cell surface antigen CD20 (Kuehnle
et al., 2000), as well as autologous (Rooney et al.,
1998) or allogeneic (Haque et al., 2002) in vitro-grown
EBV-specific cytotoxic T cells, have reported some
success, although randomised controlled trials have
not been performed.

Acquired Immunodeficiency Syndrome (AIDS)

The incidence of non-Hodgkin’s lymphoma (NHL) in
individuals infected with human immunodeficiency
virus (HIV) is increased some 60-fold over the general
population, and its development is an AIDS-defining
illness. These tumours are not uniform in histological
type or EBV association, and three principal types of
HIV-associated NHL have been described:

1. Primary central nervous system lymphoma
(PCNSL) is a rare tumour in the general popula-
tion, which has 1000-fold increased incidence in
HIV infection. It occurs at a late stage in the disease
in the face of severe immunodeficiency, and is
generally of the large cell lymphoblastoid type.
PCNSL is invariably EBV-associated, showing full
latent viral gene expression (latency 3). Definitive
ante-mortem diagnosis may be difficult, but EBV
DNA can be found in cerebrospinal fluid in most
cases and detection is considered to be diagnostic.

2. Burkitt’s lymphoma develops at a relatively early
stage of HIV infection, when the immunodeficiency
is mild. All AIDS BL tumours show the c-myc
translocation typical of BL and around 25% show
the cellular and viral gene expression described for
African BL (see above), the other 75% being EBV-
negative. The finding of BL in AIDS as well as in
African children led to the suggestion that the
polyclonal activation of B cells caused by both
malaria and HIV infections may predispose to the
development of BL by increasing B cell turnover,
thereby increasing the likelihood of a c-myc gene
translocation and EBV infection occurring in the
same cell (Lenoir and Bornkamm, 1987).

3. Peripheral NHL occurs at a late stage of HIV
infection and often presents at extranodal sites.
Around 50% of these are EBV-associated, showing
a lymphoblastoid phenotype with full latent viral
gene expression (latency 3), similar to that of PTLD
(see above).

Other types of lymphoma seen in HIV infection

include HD, which shows a modestly raised

incidence and a strong EBV association, and the
human herpesvirus 8-associated primary infusion
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lymphoma, of which 70-80% show dual infection
with EBV. All lymphomas associated with HIV
infection respond poorly to treatment, due to the
underlying disease; however, with the use of highly
active antiretroviral therapy, their incidence is fall-
ing (Kirk et al., 2001).

Oral hairy leukoplakia (OHL) was first described in
HIV-seropositive individuals, forming multiple char-
acteristic corrugated white lesions on the Ilateral
margin of the tongue. DNA hybridisation and
immunocytochemical staining revealed EBV replicat-
ing in these lesions (Greenspan et al., 1985). OHL has
now been recognised in other groups of immunocom-
promised patients. The lesion is painless and
apparently harmless, but it can be successfully treated
if required with continuous aciclovir therapy.

VACCINE DEVELOPMENT

Over the last two decades, work has been undertaken to
develop a vaccine which would prevent primary infec-
tion by EBV. The antigen chosen for vaccine
development is the MA antigen gp340/220 (see above),
since it is this antigen to which neutralising antibodies
are mainly directed. It was argued that this would
prevent the development of BL and NPC by breaking a
link in the chain of events which leads to the evolution of
these diseases (Epstein, 1984). Such a vaccine prepara-
tion would have to be given very early in life to prevent
natural infection in the BL- and NPC-susceptible
populations. An effective vaccine preparation could
also be useful in seronegative organ transplant recipients
and those at risk of developing severe IM, such as the
male offspring of XLPS carriers.

More recently, a peptide-based vaccine has been
designed to induce cytotoxic T cell responses. To
overcome the problem of the HLA class I restriction of
the viral cytotoxic T cell response, a ‘polytope’ vaccine,
containing multiple epitopes to which over 94% of the
population should respond, has been formulated
(Khanna et al., 1999). This vaccine is not designed to
induce sterile immunity but to prevent disease. Both
vaccines are in early clinical trials and, if satisfactory,
are then expected to be tested for their ability to
prevent or ameliorate the symptoms of IM.
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Roseoloviruses:
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INTRODUCTION

There is a group of viruses which infect almost all
babies and persist for their lifetime. Lulled into
complacency with their ubiquitous distribution, ‘ignor-
ance is not bliss’, as these same viruses can be serious
hazards during primary or reactivated infections,
particularly in immunodeficient settings. When do
these viruses cause pathology? How can they persist in
cellular mediators of immunity, our own T lympho-
cytes and monocyte/macrophages? What can we learn
from these well-adapted, persistent virus infections
about our own immunity and can we use this knowl-
edge to create new medicines for the future, which
could also treat other conditions?

These are the roseoloviruses, Human herpesvirus 6
and 7 (HHV-6, HHV-7). Fortunately, despite their
widespread nature, these T lymphotropic and neuro-
tropic viruses are generally regarded as benign
infections; however, during some primary as well as
secondary, reactivated infections in immunosup-
pressed patients severe complications have been
recorded. In fact, in the last 15 or so years since their
first identification there are at least 30 reports which
have documented fatalities associated with these
infections. This highlights the importance of their
diagnosis and the role of better clinical care with
available antiviral therapies, effective in some cases,
plus the need for research and development of new
therapeutic strategies plus better definition of Roseo-
lovirus pathology and pathogenesis.

THE VIRUS
Biology

The general properties of HHV-6 and HHV-7 have
been summarised in reviews, including the earlier
version of this chapter (Gompels, 2000) and in
descriptions of their complete genomic sequences
(Table 2E.1). They are closely related, termed
roseoloviruses, more distantly related to the cyto-
megaloviruses, and  together  forming  the
betaherpesvirus subgroup of human herpesviruses.
There are two strain groups for HHV-6 (Ablashi et
al., 1993); the prototypes are strain U1102 for HHV-6
variant A (HHV-6A) and strain Z29 for variant B
(HHV-6B); both genomes have been sequenced
(Gompels et al., 1995; Dominguez et al., 1999).
These show a closer relationship than many human
cytomegalovirus (HCMV) strains. The HHV-6 var-
iant strains differ by 5%, with increases primarily at
the ends of the genomes overlapping repetitive
sequences (Dominguez et al., 1999; Gompels, 2000).
There is also one hypervariable locus at the centre of
the genome which also encodes a variable glycopro-
tein, U46 or gO, and marks a region of genomic
reorganisation  between  herpesvirus  subgroups
(Gompels et al., 1995; Kasolo et al., 1997, Dom-
inguez et al., 1999; Gompels, 2000). Two strains of
variant B genomic sequences are available and show
less variation than between the variants (Dominguez
et al., 1999). The genomes of two strains of HHV-7,
JI and RK, have also been sequenced and also show
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Table 2E.1  Genomes of HHV-6 and HHV-7 strains

Virus
NCBI http Strain Reference
HHV-6A U1102 (Gompels et al., 1995)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd = Retrieve&db = nucleotide&list_uids = 9628290&dopt = GenBank

HHV-6B 729

(Dominguez et al., 1999)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd = Retrieve&db = nucleotide&list_uids =9633069&dopt = GenBank

HHV-6B HT

(Isegawa et al., 1999)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd = Retrieve&db = nucleotide&list_uids =4995977&dopt = GenBank

HHV-7 JI (Nicholas, 1996)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd = Retrieve&db = nucleotide&list_uids = 1236880&dopt = GenBank

HHV-7 RK

(Megaw et al., 1998)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd = Retrieve&db = nucleotide&list_uids =9628718&dopt = GenBank

less variation than beween the HHV-6A and B strain
variant groupings (Nicholas, 1996; Megaw et al.,
1998).

Both HHV-6 and HHV-7 are T lymphotropic and
neurotropic. In vitro HHV-6 can enter a wider variety
of cell types, also sometimes confirmed in disseminated
infections. A ubiquitous cellular receptor for HHV-6,
CD46, has been identified, which is also a measles virus
receptor, although HHV-6 interacts with a distinct site.
CD46 interacts with the gH/glL/gQ complex of
glycoproteins, which also mediate cellular fusion
(Mori et al., 2003; Santoro et al., 2003). HHV-7 is
more restricted and shares with HIV a cellular
receptor, the CD4 antigen on helper T lymphocytes
(Lusso et al., 1994). As in other herpesviruses, there are
likely to be multiple co-receptors and at least one other
has been identified for HHV-7. These are the
proteoglycan heparin or heparan sulphate, common
virus receptors, which can bind to HHV-7 pp65
(ORF100) the homologue of HHV-6 glycoprotein gQ
(U100), gp105 (Skrincosky et al., 2000).

Both HHV-6 and HHV-7 have also been isolated
from saliva and viral antigen has been identified in
salivary epithelium, where the viruses may be secreted.
Infection of the female genital tract has also been
reported. HHV-7 appears to be more frequently shed
in saliva or at higher detectable levels. This is likely to
be the main route of host-to-host transmission. Other
routes include iatrogenic transfer with blood products
or organ transplants. Unlike the other human beta-
herpesvirus, HCMV, HHV-6 and HHV-7 are not
frequently shed in urine, although some virus can be
detected.

Lytic Replication and Latency

Both HHV-6 and HHV-7 can be cultivated in activated
cord blood lymphocytes or mononuclear cells (CBL,
CBMC) or in peripheral blood lymphocytes or mono-
nuclear cells (PBL, PBMC). Cord blood is used
preferentially, as infection with laboratory strains can
result in reactivation of resident latent virus from adult
blood (Black et al, 1989; Frenkel et al., 1990;
Katsafanas et al., 1996). In routine culture both have
been adapted to grow in CD4* T leukaemic cell lines,
e.g. J-JHAN (Jurkat), HSB2, Molt-3 for HHV-6, and
SupT-1 for HHV-7 (Cermelli et al., 1997).

Both HHV-6 and HHV-7 have a cellular tropism for
T lymphocytes. This has been shown in vivo during
viraemia from acute infection as well as in vitro. The
viruses infect and spread in these cells, showing a
characteristic cytopathic effect of large cells (cyto-
megalia) and ballooning cells (Figure 2E.1). The cells
are completely permissive for replication and virus
production, where infection results in cell death by
necrotic lysis. There is in vitro evidence that infection
also causes cell death by apoptosis in uninfected or
non-productively infected bystander cells (Inoue ez al.,
1997; Secchiero er al., 1997a). Both CD4%, CD8* and
v/6 T lymphocytes can be infected, but the evidence
suggests that activated CD4" T lymphocytes are the
preferential target of fully permissive infection in vivo
(Takahashi et al., 1989; Lusso et al., 1991). Antibody
to CD3 (OKT3) has been shown to augment infection
of HHV-6 in both primary (Roffman and Frenkel,
1991) and T leukaemic cell lines (H.A. Macaulay and
U.A. Gompels, unpublished results).
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(a)

Figure 2E.1 The cytopathic effect of HHV-6 on CD4" T lymphocytes. This shows uninfected cells (JJhan T leukaemia cell line) in
(a), and infected cells 5 days post-infection in (b). The cytopathic effect includes clumped, fused cells, cytomegalia (large cells,
including multinucleated) and ‘balloon cells’ (cells which appear to have grossly enlarged cytoplasm). Infection and cell fusion can

result subsequently in cell lysis

There is evidence for latency within monocytic/
macrophage cells as well as bone marrow progenitor
cells (Kondo et al., 1991; Gompels et al., 1993, 1994;
Kempf et al., 1997; Yasukawa et al., 1997). A strong
interaction has been recorded during primary infection
and may also include a form of latency, with specific
restricted transcripts (Kondo et al., 2002, 2003). Latent
infection of primary macrophages has also been
observed for HHV-7 (Zhang et al., 2002). HHV-7
can be detected by PCR in blood and saliva of
asymptomatic adults in higher levels than HHV-6
(DiLuca et al., 1995; Kidd et al., 1996; Gautheret
Dejean et al., 1997). On this basis it has been suggested
that HHV-7 may exist in a less con