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1. Introduction

Cytomegaloviruses (CMVs) are highly species-
specific DNA viruses that are found universally
throughout the world and that commonly infect
many animals, including humans. Many geneti-
cally unique strains of human CMV (HCMYV)
continually circulate in the general population.
In the vast majority of cases the initial infec-
tion is asymptomatic. Some persons experience
a mononucleosis-like illness with fever and a
mild hepatitis. However, HCMV can cause
severe morbidity and mortality in congenitally
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infected newborns and immuno-compromised
patients. As with other herpesviruses, primary
CMV infection is followed by persistent infec-
tion. The site of virus latency is unknown. In-
fectious HCMV may be shed in the body fluids
of any previously infected person, and is most
likely to be found in semen, urine, saliva, cervi-
cal secretions and breast milk. The shedding of
virus usually occurs without either detectable
signs or symptoms. In persistent infection the
excretion of virus is indefinite but intermittent
and may reflect reactivation of latent infection
and/or persistent low-level chronic infection.
Prolonged excretion of virus characterizes cer-
tain forms of HCMYV infection such as primary
infection and infection in the immunocompro-
mised host.
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To discuss the state-of-the-art knowledge on
diagnosis, treatment and prophylaxis of HCMV
infections a consensus symposium was organized
and convened by The Macrae Group (New York
City, NY, USA) in Fort Myers, FL, USA on
April 21-23, 1996. This article provides a review
of the information presented at this symposium,
and the consensus reached in certain areas based
on this information.

Members of the consensus panel were W.
Lawrence Drew, Raleigh A. Bowden, George J.
Galasso, Paul D. Griffiths, Douglas A. Jabs,
Christine Katlama and Stephen A. Spector.

The presenters at the symposium were Dan
Kisner, ISIS Pharmaceuticals, USA; Henry H.
Balfour, Jr., University of Minnesota, USA;
Karen K. Biron, Burroughs Wellcome Co., USA;
Raleigh Anne Bowden, Fred Hutchinson Cancer
Research Center, USA; Carol Brosgart, East Bay
AIDS Center, USA; Julie Cherrington, Gilead
Sciences, USA; Sunwen Chou, Veterans Adminis-
teration Medical Center, USA; Clyde 8.
Crumpacker, Berth Israel Hospital, USA; Dou-
glas T. Dieterich, NYU Medical Center, USA; W.
Lawrence Drew, Mt. Zion Medical Center of
UCSF, USA; Judith E. Feinberg, University of
Cincinnati Medical Center, USA; A. Kirk Field,
Hybridon, Inc., USA; Giuseppe Gerna, Univer-
sity of Pavia, Italy; Paul Griffiths, Royal Free
Hospital Medical School, England; Phuc Le
Hoang, Hopital Pitié Salpétiere, France; Carlos
Isada, Cleveland Clinic, USA; Douglas Jabs, The
Johns Hopkins University, USA; Mark Jacobson,
University of California, San Francisco, USA; M.
Colin Jordan, University of Minnesota, USA,
Christine Katlama, Hopital Pitié Salpétiére,
France; George Kemble, Aviron, USA; Earl R.
Kern, University of Alabama at Birmingham,
USA,; Janice Kolberg, Chiron Corporation, USA;
Jacob Lalezari, University of California, San
Francisco, USA; Per Ljungman, Huddinge Uni-
versity Hospital, Sweden; Daniel Martin, Emory
Clinic, USA; Edward Mocarski, Stanford Univer-
sity, USA; Brent Petty, The Johns Hopkins Uni-
versity, USA; Stanley A. Plotkin, Pasteur Merieux
SV, France; Richard B. Pollard, University of
Texas Medical Branch, USA; Firas M. Rahhal,
University of California San Diego, USA; Stanley

Riddell, Fred Hutchinson Cancer Research Cen-
ter, USA; Robert H. Rubin, Massachusetts Gen-
eral Hospital, USA; Stephen A. Spector,
University of California San Diego, USA; Kath-
leen E. Squires, University of Alabama, Birming-
ham, USA; Mary Jean Stempien, Roche
Bioscience, USA; Richard J. Whitley, University
of Alabama at Birmingham, USA; John Zaia,
City of Hope National Medical Center, USA.

This symposium was sponsored by the Interna-
tional Society for Antiviral Research and the Na-
tional Institute of Allergy and Infectious Diseases.
Educational grants were provided by Astra Arcus
AB, Astra USA, Inc., Bio-Méga/Boehringer In-
getheim Research Institute, Bristol-Myers Squibb
Pharmaceutical Research Institute, F. Hoffmann-
La Roche, Ltd., Glaxo Wellcome, Merck Re-
search  Laboratories and  Schering-Plough
Research Intitute.

2. Epidemiology

Humans are believed to be the only reservoir
for HCMV and transmission occurs by person-to-
person contact. Infection with HCMYV is more
widespread in the developing countries and in
areas of lower socioeconomic conditions. How-
ever, closeness of contacts within population
groups appears to be a more important factor for
transmission than socioeconomic status per se: the
spread of infection requires close or intimate con-
tact with infected secretions. The prevalence of
antibodies in adults ranges from 40 to 100%
(Krech, 1973). In most developed countries infec-
tion increases steadily after infancy and 10-20%
of children are infected before puberty (Britt and
Alford, 1996). Congenital infection-transplacental
or intrauterine transmission-is relatively uncom-
mon and occurs in 0.3-2.2% of all live births.
Perinatal transmission, i.e. horizontal transmis-
sion during and shortly after birth, occurs by
virus transmitted from the uterine cervix and
breast milk and is very common in developing
countries. Infants and young children excrete
HCMYV in their urine and respiratory tract over a
long period of time and they may be sources of
infection for other children and adults: the virus
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has been shown to spread in households and
day care centers (Stagno and Cloud, 1994). Af-
ter puberty, sexual transmission of CMV proba-
bly represents the most important mode of
horizontal transmission (Handsfield et al., 1985).
In sexually active male homosexuals there has
been shown to be an extremely high seropreva-
lence of antibodies to HCMV (Drew et al.,
1981; Collier et al.,, 1987). Reinfection is rela-
tively common in sexually active populations
and disease by coinfection with multiple strains
has been detected in immunocompromised indi-
viduals (Drew et al., 1984; Spector et al., 1984).
HCMYV can also be transmitted via blood prod-
ucts and transplanted organs.

3. Virology

HCMYV is a member of the Betaherpesvirinae
subfamily of herpesviruses. Members of the Her-
pesviridae family are DNA viruses with a capsid,
a tegument and an envelope. HCMYV has the
largest genome among the herpesviruses (230 kbp)
encoding about 200 genes. The genome of the
AD169 strain has been completely sequenced and
contains 208 predicted open reading frames en-
coding more than 100 polypeptides (Chee et al.,
1990). Recently, further genetic complexity has
been described in wild type clinical strains (Cha et
al., 1996). The genome can be divided into two
segments referred to as long (L) and short (S)
components (Ho, 1991). Both components are
flanked by terminal repititive sequences. The junc-
tion between the L and S components is com-
posed of internal repeat (IR) sequences, which are
designated IR; and IRg when attached to the L
and S components, repectively. The sequences at
both ends of the genome are designated terminal
repeats (TR). The sequences between the repeat
regions are unique (U) sequences and are referred
to as the unique long (U;) and the unique short
(Ug) regions. Viral replication reflects the expres-
sion of three categories of genes termed immedi-
ate early (IE) («), early () and late (y). The
categories are defined biochemically and corre-
spond with the time of appearance of either viral
mRNA or protein in the infected cell.

A large number of HCMYV proteins have been
identified and classified according to their genetic
origin (Mocarski, 1993; Spaete et al., 1994). The
capsids of HCMV are composed of a relatively
simple set of proteins. Pre-B capsids are present in
the nucleus of infected cells and contain at least
three major protein species: pUL86, pUL46 and
Mgy 12 K. After processing pre-B capsids become
B capsids. These capsids have in addition a
protein (pUL80a) that is probably involved in
DNA packaging and/or nucleocapsid envelop-
ment. B capsids become filled with DNA and
mature into C capsids (Lee et al., 1988). Antibod-
ies to pUL86, pUL46 and pUL80a do not exhibit
virus-neutralizing activity and are unable to bind
to either extracellular virus or the surface of virus-
infected cells (Rasmussen, 1990; Britt, 1991). The
region between the capsid and the envelope is
called the tegument. HCMV tegument is formed
by at least seven proteins of M,s 212 K, 150 K,
[71 K and 65 K}, [28 K and 58 K], and 67 K. The
function of these proteins is unclear; they may
play a role in viral gene regulation, modification
of host cell metabolism and the envelopment pro-
cess. With the exception of p212, each tegument
protein is phosphorylated. Tegument proteins do
not seem to induce the production of monoclonal
or polyclonal antibodies with either neutralizing
activity or the capacity to bind virus-infected cells.
The HCMYV envelope glycoproteins are presumed
to be involved in attachment to cellular receptors,
fusion with the plasma membrane, penetration,
virion assembly and egress of progeny virus from
the cell. The envelope proteins are of interest
because of their importance as antigens for both
humoral and cellular immune response. One of
the major envelope glycoproteins is referred to as
the gB complex (gpULS5S). This complex is a
major target for virus-neutralizing antibody in the
virus as well as in complexes isolated from viral
membrane preparations and has become the lead-
ing subunit vaccine candidate. The envelope gly-
coprotein referred to as gH (gpUL75) also has
been shown to be a target for the human immune
response as well as being capable of inducing
complement-independent neutralizing antibodies
in mice and guinea pigs (Rasmussen et al., 1991;
Rasmussen et al.,, 1988). gH requires co-expres-
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sion of gh (gpUL115). A third glycoprotein com-
plex (gec II) has been described (Kari et al., 1986).
Neutralizing antibodies that react with the com-
plex are complement independent. CMV specified
components that appear on the cell surface during
productive infection are being studied. Some of
these virus-specified neoantigens on the surface of
infected cells may be targets for a host’s immune
defense. The envelope glycoproteins gB and gH
can also be detected on the surface of virus-in-
fected cells and can be recognized by HCMV
antibody-positive human serum.

4. Immune responses to CMYV in humans

Virus neutralizing antibodies are produced dur-
ing HCMYV infection but how they are involved in
protection is unclear. It is not yet known which of
the HCMYV glycoproteins are the most important
antigens in humans for virus neutralizing anti-
body production. The gB homologue is im-
munodominant as compared to gH and human
neutralizing monoclonal antibodies to gB have
been generated. Numerous clinical observations
have shown the importance of cellular immunity
in HCMV. The delayed hypersensitivity response
and functioning T lymphocytes are probably criti-
cal for keeping latent infection in check. Recovery
from HCMYV disease is correlated with the devel-
opment of HCMV-specific cytotoxic T
lymphocytes (CTL). However, the major viral
target antigens to which the response is directed
are ill-defined, though they may comprise viral
structural elements. The HCMV tegument protein
pp65 has been identified as a significant target
antigen for CD8 + class I major histocompatibil-
ity complex (MHC)-restricted HCMV-specific
CTL (McLaughlin-Taylor et al., 1994). Recogni-
tion of pp65 on target cells occurs prior to the
onset of wviral gene expression and persists
throughout the duration of the replicative cycle.
Recognition in the absence of viral gene expres-
sion suggests that abundant viral protein enters
the normal trafficking pathway upon viral pene-
tration and is readily made available to MHC
molecules for presentation at the cell surface.
Thus pp65 specific CTL may represent an impor-

tant effector population for early control and
limitation of HCMYV infection and disease. In the
setting of bone marrow transplantation, CTL of
donor origin can be propagated in vitro and
passively administered to recipients.

5. Animal models

Human CMV is highly species specific, it does
not infect other animal species, and can be propa-
gated only in cells of human origin. Therefore,
surrogate animal models are used in which viruses
of other species are used in a particular animal,
e.g. the rat, the mouse and the guinea pig. There
are two animal models from which insight in
pathophysiology can be gained. One is the rhesus
monkey model and the second model that has
generated considerable information regarding
congenital CMV is the guinea pig. The mouse
model may be the most useful model for evaluat-
ing antivirals, as explained by Earl Kern (Univer-
sity of Alabama at Birmingham); their drug
sensitivity is closer to HCMV than that of the
guinea pig. The guinea pig CMVs are much more
resistant to some drugs which are effective in
HCMYV. Animal models probably are not appro-
priate for the study of viral vaccines but may be
useful in the preclinical evaluation of new drugs.
A large number of compounds can be evaluated
for activity. Dose range and toxicity studies can
be done, and pharmacokinetics can be studied.
The murine CMYV model, as well as the rat, and to
a lesser extent, the guinea pig have been demon-
strated to be predictive for the efficacy of
monotherapy in human studies (Kern, 1991).
However, animal model systems have significant
limitations and can not be viewed as precise mod-
els of HCMV infection in humans as is demon-
strated by the antagonistic interactions in an
animal model of a combination of GCV and
foscarnet, which contrasts with the observed syn-
ergy in vitro and in humans (Freitas et al., 1989;
Dieterich et al., 1992; Studies of Ocular Compli-
cations of AIDS Research Group, 1996). Re-
cently, severe combined immunodeficient mice
(SCID-hu) implanted with human fetal tissues
under the kidney capsule, were found to support
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HCMYV replication and this model may be appro-
priate for this species-specific virus (Mocarski et
al,, 1993; Brown et al., 1995). When conjoint
implants of human fetal thymus and liver were
inoculated with a low-passage-number isolate of
HCMYV, strain Toledo, consistent high-level viral
replication was detected and continued for up to 9
months. The species specificity of HCMV was
preserved in this model such that virus was de-
tected in the human conjoint thymus/liver implant
but not in surrounding mouse tissues. Treatment
of infected animals with ganciclovir reduced viral
replication, thereby demonstrating the value of
this system for evaluating antiviral therapies. This
animal model opens the way for a range of inves-
tigations not previously possible with HCMV. A
SCID mouse retinal implant model is being devel-
oped. In this model, fragments of human fetal
retina tissue are implanted in the anterior cham-
ber of the eye of SCID mice. A week after en-
graftment the fragments are infected with 10°-10*
pfu of HCMV laboratory strain AD169. The
grafts can be monitored for 60 days and become
well differentiated. The advantage of this model is
the possibility of sequential sampling. The real
potential of the model is not known at this mo-
ment. Additional animal models in which HCMV
can be used are badly needed.

6. Clinical syndromes
6.1. Congenital and perinatal syndromes

Transplacental or intrauterine transmission oc-
curs in about 30-40% of the pregnant women
with a primary HCMV infection. The infection
gives rise to clinical disease at birth in about 10%
of infected infants (Raynor, 1993). Of these, ap-
proximately 10-20% die. Fulminant congenital
HCMYV infection is characterized by jaundice,
hepatosplenomegally, a petechial rash and multi-
ple organ involvement. Microcephaly, cerebral
calcifications, mental retardation, deafness, motor
disability and chorioretinitis are also seen. Late
onset hearing loss, bilateral in almost half of the
cases, has been reported in 17% of all congenital
and 14% of all subclinical congenital HCMYV in-

fections (Stagno et al., 1977). Recurrent maternal
infection of immune women leads to congenital
HCMYV infection in about 0.2—1% of the infants.
Congenital infection due to recurrent disease is far
less severe, and less than 10% of affected infants
have long-term sequelae (Fowler et al., 1992). In
postnatally acquired HCMV disease, diffuse vis-
ceral or central nervous system involvement is
rare. When clinical manifestations are apparent
they are most often nonspecific and are frequently
respiratory in nature. Premature infants who ac-
quire HCMV infection may develop pneumonia
that can be associated with prolonged respiratory
disease (Sawyer et al., 1987). Subtle sequelae of
perinatal infections may still be discovered after
long-term follow up.

6.2. Syndromes in healthy adults

Primary infection with HCMYV in the healthy
adult is often asymptomatic but may be mani-
fested by a mononucleosis-like syndrome in less
than 1:1000 (Horwitz et al., 1986).

6.3. Syndromes in transplant recipients

The two major risk factors for the development
of HCMYV infection in transplant recipients are
preexisting HCMYV antibody seropositivity of ei-
ther the organ donor or the recipient, and host
immunosuppression. The majority of morbidity
for HCMYV disease in solid organ and in allogenic
bone marrow transplantation is found in the re-
cipient seronegative, donor seropositive group
(Ho et al., 1975; Smiley et al., 1985; Meyers et al.,
1986; Appereley and Goldman, 1988; Winston et
al., 1990; Wingard et al., 1988). The severity of
HCMYV disease also correlates with the degree of
immunosuppression in the transplant setting. Pri-
mary infection is infection in a subject without
antibodies to HCMYV before transplantation; sec-
ondary infection is infection in a seropositive pa-
tient. The latter consists of reactivation or
superinfection. The sources for primary infections
or superinfection are mostly transplanted tissues
or organs and, to a lesser degree, transfused blood
(Wertheim et al., 1983; Bowden et al.,, 1986;
Grundy et al., 1988; Bowden, 1995). In solid
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organ transplant recipients, an immunosuppres-
sive regimen that includes OKT3 antibodies in-
creases infections (Singh et al., 1988; Johnson et
al.,, 1994; Portela et al., 1995). Bone marrow
transplant recipients are severely immunocompro-
mised by radiation and cytotoxic drugs received
before transplantation. Recovery of virus-specific
T-cell immunity depends on the in vivo prolifera-
tion of T cells derived from the donor marrow.
HCMYV disease in these patients correlates with
the deficiency of cytotoxic T lymphocytes specific
for HCMYV (Reusser et al., 1991). Infection also
occurs in the recipients of autologous bone mar-
row transplants, but symptomatic HCMV infec-
tions are infrequent. Reactivation may occur in
any seropositive patient and is mostly accounted
for by the immunosuppression essential for
maintenance of the graft (Ho, 1977). After organ
transplantation allograft reactions may occur.
Both the host-vs-graft disecase and the graft-vs-
host disease (GVHD) have been shown to affect
virus infections (Wu et al., 1975; Dowling et al.,
1977; McCarthy et al., 1992). In bone marrow
transplant patients, acute GVHD significantly in-
creases the risk of HCMYV infection and of subse-
quent HCMYV disease (Meyers et al., 1986). In
contrast, HCMYV infection does not increase the
risk of acute or chronic GVHD. In some studies,
HCMYV infection was associated with the develop-
ment of chronic rejection (Pouteil-Noble et al.,
1993).

Patients receiving immunosuppressive
chemotherapy for malignancies are usually not
immunosuppressed for a long enough period of
time to develop HCMV disease from primary
infection or reactivation of a latent infection.

The risk for and the manifestations of HCMV
disease are associated with the organ of trans-
plant, e.g. HCMV pneumonia has been a major
problem in bone marrow transplant patients and
in lung transplant recipients, whereas HCMV
hepatitis is quite common after liver transplanta-
tion. After transplantation, HCMV disease from
primary infections occurs typically in the second
or third month., The incubation period for sec-
ondary HCMYV infections is somewhat longer.
Primary infections are more likely to be symp-
tomatic than secondary infections. HCMV infec-

tion may produce protean clinical manifestations
but the most common clinical presentation is a
febrile mononucleosis. Often leucopenia and atyp-
ical lymphocytes are present. Abnormalities of the
liver function tests are common but severe hepati-
tis is unusual. HCMYV infection may be associated
with transient thrombocytopenia and hemolytic
anemia. More extensive organ involvement may
be evident. Interstitial pneumonia is the most
common serious complication in transplant recipi-
ents. It is defined by the presence of tachypnea,
hypoxemia, and interstitial pulmonary infiltrates
on chest X-rays and the absence of bacterial or
fungal infection, pulmonary edema or hemor-
rhage, or other obvious cause. Evidence from
studies in man and the murine model of CMV
show that virus replication in the lung is unrelated
to the development of pathological effects, and
that a host immune response is required for the
induction of pneumonitis (Grundy et al., 1987,
Tanaka et al., 1994).

6.4. Syndromes in persons infected with the
human immunodeficiency virus (HIV)

Individuals, especially gay men, infected with
HIV are nearly always HCMV seropositive and
often develop symptomatic reactivation disease as
immunocompromise progresses. Patients who
have low immune reactivity to HCMYV antigens in
vitro are at a higher risk for the development of
HCMYV retinitis (Schrier et al., 1995). Retinitis is
the most common manifestation of HCMV dis-
ease, it occurs in up to 45% of patients when the
CD4 count falls below 50/mm?* and accounts for
85% of HCMV end-organ disease in HIV-pa-
tients. It presents usually unilaterally, although it
may progress to the contralateral retina, with
painless, progressive visual loss and results in
blindness (Bowen et al., 1996). HCMYV gastroen-
teritis is usually manifested by submucosal ulcera-
tions-although mucosal friability, erosions,
hemorrhage, and plaque-like pseudomembranes
may be observed-and can occur anywhere in the
gastrointestinal tract from the esophagus to the
rectum (Goodgame, 1993). Patients with
esophageal disease complain about dysphagia and
odynophagia. Diarrhea in association with ab-
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dominal pain and fever is the most frequent symp-
tom complex in patients with HCMV colitis
which is manifested mainly in the cecum. In HIV
infected patients, HCMYV can also cause discrete
mass lesions of the gastrointestinal tract (Rich et
al,, 1992; Laguna et al., 1993). HCMV (ventric-
ulo)meningoencephalitis is characterized by non-
specific neurological signs and is often
accompanied by retinitis (Bylsma et al., 1995).
Some patients have presented with mass lesions
mimicking lymphoma which at biopsy turned out
to be HCMV (Moulignier et al., 1996). Myelo-
radiculitis or polyradiculopathy by HCMYV is
manifested by rapidly progressive paraplegia and
incontinence. In autopsies of AIDS patients there
are often signs of HCMYV disease in the adrenal
glands although clinical evidence of Addison’s
disease is rare. Life-threatening HCMV pneu-
monitis in AIDS patients is seldom seen although
HCMYV may be cultured from bronchoalveolar
lavage fluid (Millar et al., 1990).

7. Diagnostics

Active cytomegalovirus infection is diagnosed
by isolation of the virus or by demonstrating its
presence by immunologic or molecular tech-
niques. However, HCMYV persists in the body in a
state of true latency or, as an asymptomatic pro-
ductive infection in which there is excretion of
infectious virus in body fluids. Therefore, isola-
tion or identification of the virus does not prove
an etiologic role of HCMV in disease and a
definitive diagnosis of HCMYV disease can only be
made with careful assessment of a number of
factors, e.g. histologic evidence of disease, charac-
teristic syndrome and the exclusion of other eti-
ologies. There is great need for diagnostic tests
that predict disease in specific patient populations,
discriminating infection from disease and, allow-
ing for the monitoring of therapy.

7.1. Serology
Diagnosis of infection by serology, i.e. im-

munoglobulin IgG HCMV antibody testing, re-
quires conversion from antibody negative to

positive. The presence of IgM antibody is not a
completely reliable indication of an acute infec-
tion. During an active infection IgM antibodies
may be negative, or these antibodies may persist
for such a long time that their presence is not
diagnostic. Moreover, IgM antibody may be ele-
vated during reactivation of CMV, and thus its
presence does not definitely indicate primary in-
fection.

7.2. Histology

CMV produces characteristic cytological
changes, the infected cells are enlarged and con-
tain intranuclear inclusions: the typical ‘owl-eye’
cells. The presence of these cells in tissue samples
stained by, e.g. haematoxylin and eosin, is a spe-
cific but insensitive method of diagnosing infec-
tion and may be suggestive of HCMYV disease in a
patient with a compatible clinical picture. Fresh
or frozen tissue sections may be examined using
fluorescein-conjugated monoclonal antibodies
against CMV,

7.3. Culture, shell vial assay and DEAFF

A sensitive and specific—but slow——diagnostic
method is the demonstration of viral cytopathic
effect in conventional cell culture. The main ad-
vantage of this method is the possibility to char-
acterize the virus further, e.g. for antiviral drug
testing. A more rapid method is the shell vial
assay for HCMV. This assay detects viral infec-
tion by the presence of the immediate early anti-
gen. Such antigens may be demonstrated directly
or after 2448 h incubation of tissue or body fluid
cultures in ‘shell vials’ by enzyme-linked or
fluorescence methods using monoclonal antibod-
ies directed against the « and f proteins of CMV
(Martin and Smith, 1986). In Europe this tech-
nique is termed DEAFF (Detection of Early Anti-
gen Fluorescent Foci) (Griffiths et al., 1984).
Cocktails of monoclonal antibodies have been
found to be more successful than single mono-
clonals. With the use of the shell vial procedure,
active HCMYV infection can be recognized more
reliably than by specific IgM antibody (Smith and
Shelley, 1988). For maximum detection of HCMYV
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in shell vial cell cultures, at least three vials should
be inoculated with blood specimens, and two vials
should be used for urine, tissue, and BAL samples
(Paya et al.,, 1988; Patel et al., 1995b). Virus
isolation by the shell vial culture may fail to
detect HCMYV infection, especially in blood.

7.4. pp65 antigenemia

A sensitive and specific method to detect the
presence of HCMV in the bloodstream is the
identification of the pp65 KD tegument phospho-
protein (Van der Bij et al., 1988). This structural
CMYV antigen is expressed in the nucleus of circu-
lating polymorphonuclear leucocytes which prob-
ably pick up pp65 via cell-to-cell contact with
late-stage CMYV infected endothelial cells or viri-
ons released into plasma (Grefte et al., 1996). The
test is rapid and has the advantage of being
quantitative: the level of viraemia can be ex-
pressed as the ratio of positive cells to the total
number of leucocytes examined, usually 200 000
peripheral blood leucocytes. This makes it possi-
ble to monitor HCMV activity, including the effi-
cacy of antiviral therapy, over a period of time in
a given patient. However, the test is subjective
and quite labor intensive and will have to compete
with semi-automated, objective, DNA based as-
says.

7.5. Polymerase chain reaction

Polymerase chain reaction (PCR) can be used
to detect viral DNA in tissues, blood leucocytes,
plasma, serum, and other body fluids including
cerebrospinal fluid, broncho-alveolar lavage and
urine (Smith and Dunstan, 1993). In heart and
lung transplant recipients and AIDS patients, the
sensitivity of the qualitative HCMV PCR has
been demonstrated to be superior to the detection
of antigenemia or culture of virus. The high sensi-
tivity of the PCR may be a disadvantage, since it
may be difficult to discriminate an active infection
from a latent infection. The sensitivity of the PCR
may be lowered appropriately by reducing the
number of DNA amplifications cycles, by testing
in cell free blood samples, or by testing for the
presence of HCMV-specific mRNA’s by reverse

transcriptase PCR (Patel et al., 1995a). Quantifi-
cation of viral load with the PCR is still difficult
although progress has been made (Fox et al.,
1995). Recent data have indicated that quantifica-
tion of HCMV DNA in plasma can be useful for
identification of patients at highest risk for devel-
oping CMV disease (Spector et al., 1992; Wolf
and Spector, 1993).

7.6. Hybrid capture™

In this assay the CMYV isolate is inoculated in
96-well culture plates. At 2—-6 days post-infection,
the cells are lysed and the released DNA is hy-
bridized with the CMV probe cocktail. The resul-
tant RNA-DNA hybrids are captured and
detected with a chemiluminescent substrate. The
intensity of the light emitted is proportional to the
amount of target DNA in the specimen. Prelimi-
nary data show that this assay has a high sensitiv-
ity and can be done quickly. A clinical trial,
comparing this assay with the results of cell cul-
ture and antigenemia is in progress.

7.7. Branched DNA assay

This is an assay for the direct quantation of
CMV in which the target is not amplified but the
signal generated from the target is amplified. Be-
cause the assay is a signal amplification, anticon-
tamination procedures are not required and one
advantage of the assay is its ease of use.

8. Therapy
8.1. Systemic therapy for HCMYV retinitis

Treatment options for newly diagnosed HCMV
retinitis are intravenous ganciclovir, 5 mg/kg
b.i.d., or intravenous foscarnet, 60 mg/kg t.i.d. or
100 mg/kg b.i.d., for 14-21 days (Spector et al.,
1993; Palestine et al., 1991; Katlama et al., 1992).
This is followed by lifelong maintenance treat-
ment with either intravenous ganciclovir, 5 mg/kg
once daily for 7 days per week or 6—7 mg/kg once
daily for 5 days per week, or intravenous foscar-
net, 90-120 mg/kg once daily (Jacobson et al.,
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1988b; Hall et al., 1991; Jacobson et al., 1993).
Ganciclovir and foscarnet are equally effective in
the treatment of CMYV retinitis (Studies of Ocular
Complications of AIDS Research Group, 1994).
Compared with ganciclovir, the use of foscarnet is
more frequently limited by the occurrence of toxic
reactions although these rarely have long-term
sequelae (Studies of Ocular Complications of
AIDS Research Group, 1995, 1992).

Recently, oral ganciclovir, at a dose of 1000 mg
t.i.d. was compared with intravenous ganciclovir,
at dose of 5 mg/kg per day, for maintenance
therapy in AIDS patients with newly diagnosed
stable CMV retinitis (The Oral Ganciclovir Eu-
ropean and Australian Cooperative Study Group,
1995; Drew et al., 1995). In all patients the disease
was stabilized by 2-3 weeks of treatment with
intravenous ganciclovir. Although clinical assess-
ment of time-to-progression favored intravenous
ganciclovir, masked assessment of fundus photo-
graphs showed no statistically significant differ-
ences between intravenous and oral ganciclovir.
Therefore, oral ganciclovir should be used only in
patients who do not have sight threatening retini-
tis for whom the risk of progression of retinitis is
balanced by the benefit associated with avoiding
daily intravenous infusions. Also, there is concern
that viral resistance to the oral drug will develop
faster than to the intravenous preparation because
of the lower serum levels obtained although there
was no evidence for this in the 20 week study. A
study is underway in which three dose regimes of
oral ganciclovir, 1000 mg t.i.d., 1500 mg t.i.d. and
2000 mg t.i.d., are compared for maintenace ther-
apy of CMV retinitis.

Combination therapy may provide better in
vivo antiviral activity in suppressing CMV repli-
cation than previously reported with monother-
apy regimens. In one study, patients who had
completed a 14-day course of ganciclovir induc-
tion therapy were randomly assigned to an alter-
nating or concurrent combination regimen of
ganciclovir-foscarnet maintenance therapy (Jacob-
son et al., 1994). CMV was isolated from none of
21 patients who had urine cultured and from only
1 of 24 who had blood cultured while being
treated during the study (median evaluation, 12
weeks). In another study, patients with relapsed

CMYV retinitis were randomized to induction with
foscarnet at 90 mg/kg intravenously bid for 2
weeks, followed by maintenance at a dosage of
120 mg/kg per day; induction with ganciclovir at
5 mg/kg intravenously bid for 2 weeks followed
by maintenance at 10 mg/kg per day; or continua-
tion of previous maintenance therapy plus induc-
tion with the other drug (either ganciclovir or
foscarnet) for 2 weeks followed by maintenance
therapy with both drugs, ganciclovir at 5 mg/kg
per day and foscarnet at 90 mg/kg per day (Stud-
ies of Ocular Complications of AIDS Research
Group 1995, 1996). Comparison of retinitis pro-
gression, as evaluated in a masked fashion by
fundus photograph reading showed that combina-
tion therapy was the most effective regimen. The
median times to retinitis progression were: foscar-
net group, 1.3 months; ganciclovir group, 2.0
months; and combination therapy group, 4.3
months (P < .001). Rates of visual field loss and
retinal area involvement confirmed the time-to-
progression results. No difference could be de-
tected in visual acuity outcomes or survival. The
improved response of recurrent retinitis with com-
bination therapy versus monotherapy was offset
by the decline in quality of life of the patients
randomized to the combination therapy (reflecting
the daily 4 h of infusion therapy required).

J. Lalezari from University of California San
Francisco, reported two clinical studies on sys-
temic treatment with the nucleotide analogue cid-
ofovir (HPMPC). In the first study, 48 patients
with peripheral, newly diagnosed and previously
untreated CMV retinitis were randomized to im-
mediate vs deferred treatment and followed with
retinal photographs to determine time to progres-
sion. Patients on therapy received an induction
course of 5 mg/kg intravenously once weekly for 2
weeks followed by maintenance therapy of 5 mg/
kg once every other week. Patients also received
oral probenecid: 2 grams 3 h before the infusion
and 1 gram 2 and 8 h after the infusion. They
received 1 1 of intravenous saline hydration. Cid-
ofovir doses were reduced for (+) proteinuria
and discontinued for (+ + ) proteinuria. The me-
dian time to retinitis progression was significantly
delayed by cidofovir, 120 days for immediate
treatment vs 22 days in the deferred therapy
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group. In a second study, patients with relapsing
retinitis despite standard doses of approved thera-
pies, received an induction course of cidofovir of
5 mg/kg once weekly for 2 weeks. After this they
were randomized to maintenance therapy of either
3 mg/kg or 5 mg/kg every other week. In this
study patients received 2 | of i.v. saline hydration.
The median time to progression of retinitis in the
3 mgr/kg (n=>51) and 5 mgr/kg (n=49) group
was 49 and 115 days, respectively. The percentage
of patients who developed persistent proteinuria
was 30%. None of the patients in both studies
developed severe nephrotoxicity. There were four
patients in the salvage protocol who had serious
metabolic acidosis possibly due to renal loss of
bicarbonate. Overall 50% of patients reported ef-
fects related to drug toxicity. Cidofovir has been
recently approved for treatment of AIDS patients
with CMV retinitis.

8.2. Intravitreal therapy for CMV retinitis

Intravitreous injection of ganciclovir was first
reported in 1987 and since then there there have
been several reports about its clinical use (Henry
et al., 1987; Engstrom and Holland, 1995). Al-
though there are no comparative studies to estab-
lish the efficacy of intravitreous injections for the
treatment of CMV retinitis, it appears to be effica-
cious and similar in efficacy to intravenous ther-
apy. Intravitreous injection has the advantage of
high vitreous drug levels. The rate of retinal de-
tachments with intraocular therapy is similar to
the rate seen with other forms of parenteral ther-
apy. The most commonly used regimen is ganci-
clovir, 200 ug 2 or 3 times weekly as induction
therapy, and once a week as maintenance therapy,
although doses as high as 2 mg have been given.
Foscarnet has also succesfully been given by in-
travitreous injection at doses of 2400 ug per injec-
tion, using a similar frequency of administration
as with ganciclovir (Diaz-Llopis et al., 1992,
1994). Arrest of the progression of CMV retinitis
may be obtained with a single intravitreal injec-
tion of 20 ug cidofovir (Kirsch et al., 1995).
Patients with acquired immune deficiency syn-
drome who had active CMV retinitis in at least
one eye and no evidence of extraocular CMV

disease received a 20 ug cidofovir trans pars plana
injection and were treated with concomitant oral
probenecid. Retreatments were carried out for
progression of retinitis as determined by serial
fundus photographs. The median time to retinitis
progression after 8 repeat cidofovir injections was
63 days.

F. Rahhal from the University of California
San Diego reported a short-term study of intravit-
real cidofovir, 20 ug every 5 to 6 weeks for
maintenance therapy of CMV retinitis. Patients
received oral probenecid on the day of the injec-
tion. Group A were newly diagnosed patients,
group B were patients who failed treatment with
ganciclovir or foscarnet. In group A none of the
24 eyes had progression of disease. In group B,
four of the 29 eyes had one reactivation episode
each. Of the 35 patients, followed for a mean
period of 15 weeks, 5 developed extra-ocular dis-
ease. In a second study, a single intravitreal injec-
tion of cidofovir of 10 ug was given, and no
maintenance injections were given. The median
time to progression was 45 days—statistically sig-
nificantly worse than the time to progression with
20 ug injection—and 25% of the eyes had pri-
mary failure, suggestive that the 10 g dose is less
effective than the 20 ug dose.

An important development for local therapy is
the use of an intraocular sustained-release implant
containing ganciclovir. In a controlled trial, 26
patients with untreated CMV retinitis in the pe-
ripheral retina were assigned randomly to an in-
traocular ganciclovir device or deferred therapy
(Martin et al., 1994). Median time to disease
progression in the intraocular device group was
226 days, compared with 15 days for the deferred
treatment group. This time-to-progression was
four times longer than that seen in trials of intra-
venous ganciclovir, intravenous foscarnet or oral
ganciclovir. A transient post operative reduction
in visual acuity occurred in most patients, which
in some patients lasted up to 28 days after im-
plantation. As with all forms of local therapy, the
device did not prevent contralateral ocular dis-
ease, which occurred in 50% at 6 months, and
visceral disease which occurred in 31%. Studies of
the combination of ganciclovir implant plus oral
ganciclovir are underway.
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8.3. Therapy for gastrointestinal disease

CMYV gastrointestinal disease is an important
complication in HIV infected patients, but there
have been few studies addressing the response to
currently available antiviral therapy, relapse rate
without maintenance therapy, and long-term out-
come. Both ganciclovir and foscarnet may be
effective first-line treatment (Chachoua et al.,
1987; Weber et al., 1987; Dieterich et al., 1988;
Jacobson et al., 1988a; Reed et al., 1988b; Kaplan
et al., 1989; Mayoral et al., 1991; Blanshard, 1992;
Blanshard et al., 1995; Wilcox et al., 1995; Di-
eterich et al., 1993a). Patients who failed ganci-
clovir therapy may have a positive response to
reinduction with foscarnet (Dieterich et al.,
1993b). Maintenance therapy may not prevent
progression of disease but appears to prevent
retinitis. There are no data on therapy of gas-
trointestinal disease with ganciclovir in combina-
tion with foscarnet.

8.4. Therapy for central nervous system disease

Early diagnosis and treatment may be a major
prognostic factor in CMV disease of the central
nervous system (CNS) (Jacobson et al., 1988).
The diagnosis of HCMV encephalitis is based on
a compatible clinical picture and the detection of
HCMYV in cerebrospinal fluid (CSF). PCR for
HCMYV DNA appears to be a sensitive and spe-
cific diagnostic method for detection of HCMV
CNS disease in AIDS (Cinque et al., 1992; Wolf
and Spector, 1992). Neither ganciclovir nor fos-
carnet consistently halts progression of CNS
CMV disease and higher doses of these drugs or
combination therapy may be required to treat this
disease entity effectively although there have been
no comparative trials (Peters et al., 1992; Enting
et al., 1992). The penetration of drugs through the
blood brain barrier is of concern, as is the sensi-
tivity of the virus to the administered drugs be-
cause CNS disease often occurs in patients on
maintenance therapy for retinitis. At the meeting,
C. Katlama from Paris reported preliminary re-
sults of an uncontrolled case-series of ganciclovir,
in combination with foscarnet, for acute and
maintenance therapy of CMV disease of the CNS

in HIV infected patients. Inclusion criteria were:
CD4 < 50/mm?, encephalitis and/or myelitis, no
other CNS disease, two positive PCR’s of the
CSF and/or CMYV inclusion bodies in the biopsy.
Patients were treated for 3—6 weeks with ganci-
clovir 5 mg/kg b.i.d. plus foscarnet 90 mg/kg
b.i.d. In the maintenance phase the same drugs
were administered at a reduced dose regimen. As
of April 1996, 25 patients had been included in
this ongoing study. Of these patients, 17 entered
maintenance therapy, a number suggesting a re-
duction of mortality in the acute phase when
compared to historical controls. Seven patients
died during acute therapy. Of the patients on
maintenance therapy, five have relapsed.

8.5. Therapy for pneumonia

The most common problem in bone marrow
transplant patients is CMV pneumonia. Criteria
for the diagnosis and the initiation of therapy
differ between centers. Some centers require
symptoms combined with an abnormal radio-
graph and CMV detected in bronchoalveolar
lavage (BAL) or lung specimen, whereas others
accept symptoms with CMV viremia or CMV
detection at any site (Ljungman et al.,, 1993).
Diagnostic methods for the detection of CMV
differ from center to center. However, standard-
ized criteria for the diagnosis of CMV pneumonia
are essential if different treatment regimes are to
be compared. Neither therapy with ganciclovir
alone or in combination with high-dose corticos-
teroids, nor therapy with intravenous cy-
tomegalovirus immune globulin alone has had
much impact on the overall survival of patients
with CMV pneumonia after allogenic bone mar-
row transplantation (Shepp et al., 1985; Reed et
al., 1986, 1987). The effect of high-dose intra-
venous immune globulin (IVIG) in addition to
ganciclovir remains controversial (Emanuel et al.,
1988; Reed et al., 1988a; Verdonck et al., 1989).
While initially associated with improved survival,
this combination does not appear to give much
benefit in survival when compared to ganciclovir
alone. There are little data available on the effi-
cacy of foscarnet in the treatment of CMV pneu-
monia (Aschan et al., 1992). Combination therapy
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of ganciclovir with foscarnet has not been pub-
lished in bone marrow transplant patients.

8.6. Therapy for congenital CMYV disease

A pharmacodynamic/kinetic study to determine
feasibility of treating high-risk babies with evi-
dence of congenital CMV infection was reported
by R. Whitley, University of Alabama at Birming-
ham. Statistically significant predictors of neuro-
logic sequelae are intracranial calcifications and
evidence of CMV retinitis. Deafness is considered
a predictor of long-term neurologic outcome as
well. Included in the study were children with
intracranial calcifications, CMYV retinitis, or deaf-
ness. These children (n =42) were treated for 6
weeks with ganciclovir at dosages of either 8 or 12
mg/kg per day. Within 2 weeks of the onset of
therapy approximately 90% of the babies had
resolution of thrombocytopenia, while the leuco-
cyte count and liver function tests returned to
normal. Only four children had to be removed
from the study because of drug-associated toxic-
ity. Babies who received the higher dose were
more likely to clear the virus from their urine,
throat and blood, than those that were on the
lower dose. At long-term follow-up, at least 3
years, there seems to be neurological benefit for
the children. These preliminary results remain to
be proven in a controlled study. The conclusions
from this trial were that ganciclovir at 12 mg/kg
per day in divided doses can be administered
without inordinate toxicity. A comparative con-
trolled study is now underway to test the hypoth-
esis that ganciclovir therapy improves the
outcome of babies with congenital CMV infec-
tion.

9. Prophylaxis

9.1. Prophylaxis of CMV in HIV infected
patients

Results of the first oral ganciclovir prophylaxis
study (Syntex 1654) for CMV retinitis were pre-
sented by Dr. Spector from the University of
California San Diego (Spector et al., 1996). This

study was a randomized, double-blind, controlled
trial of oral ganciclovir, 1000 mg t.i.d., versus
placebo. Included were HIV seropositive individu-
als, with a CD4 count of less than 100/mm? plus
an AIDS defining opportunistic infection, or a
CD4 count of less than 50/mm?’, and positive
CMYV serology. Patients were seen at baseline and
every 2 months and had a dilated eye examination
by an ophthalmologist at these times. No fundus
photographs were taken. Excluded were patients
with a history of past CMV disease, previous
treatment with anti-CMV drugs, persistent gas-
trointestinal disease, and a low leucocyte ( < 750/
mm?) or thrombocyte count ( < 50 000/mm?) or a
creatinine clearance <20 ml/min. The median
CD#4 cell count was about 20/mm? in both groups.
The incidence of cytomegalovirus disease at 18
months was 39% in the placebo group (n =239)
and 20% in the ganciclovir group (n =486) (p <
0.0001). The major difference was for CMV retini-
tis, where there was an incidence of 39% in the
placebo group versus 18% in the ganciclovir
group. The frequency of sight threatening zone 1
retinitis was higher in the placebo group than in
the ganciclovir group. The protective efficacy of
prophylaxis was not restricted to individuals with
a CD4 cell count of under 50/mm?. One potential
complication of ganciclovir prophylaxis is the de-
velopment of resistance, but preliminary data
from this study suggest that this is not a major
problem.

Dr. Brosgart of the East Bay AIDS Center
presented the results of the CPCRA trial 023. This
study was a randomized controlled trial of oral
ganciclovir, 1000 mg t.i.d., versus placebo. In-
cluded were HIV infected patients with a history
of CD4 cell count < 100/mm?3, positive CMV
serology and no evidence of CMV disease. Pa-
tients were not seen by an ophthalmologist at
entry. At every study visit patients were asked
about visual symptoms. Any visual symptom re-
quired that the patient was sent to the ophthal-
mologist. Endpoint of the study was CMV
disease. A total of 994 patients were included, 662
of which were assigned to oral ganciclovir and
332 to placebo. There was no statistically signifi-
cant difference in CMV disease between placebo
and ganciclovir groups. In a subanalysis of pa-
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tients with CD4 < 50/mm*® or CD4 < 100/mm?
and an AIDS defining opportunistic infection,
no effect of prophylaxis was found either.

Dr. Feinberg of the University of Cincinnati
presented the ACTG 204 study, a randomized,
double-blind, controlled trial of valaciclovir for
prophylaxis of CMV end-organ disease in pa-
tients with advanced HIV. Included were pa-
tients with positive CMV serology, no evidence
of CMV disease and CD4 < 100/mm?3, Patients
were stratified according to CD4 cell count: <
50/mm® and > 50/mm® and then randomized in
a 3:2:2 fashion to valaciclovir 2000 mg q.i.d.,
acyclovir 800 mg q.i.d. or acyclovir 400 mg
b.i.d. Patients were seen by an ophthalmologist
at entry and then every 6 months or when they
had complaints. Retinal photographs were taken
at diagnosis and then read by an independent
ophthalmologist in a masked fashion. A total of
1227 patients was included. CMV endpoints
were reached in 17.5% of the pooled acyclovir
group versus 11.7% in the valaciclovir group.
Retinitis was diagnosed in 13.5% of the former
group and in 9.8% of the latter. In individuals
with a positive blood PCR for CMV at baseline,
there was a stronger protective effect than in
patients with a negative PCR. There was a trend
towards higher mortality in the valaciclovir
group but this did not reach statistical signifi-
cance (p = 0.06).

Dr. Katlama of Paris reported an ongoing
randomized open-label, controlled trial (ANRS
022) to evaluate the efficacy of foscarnet com-
pared to no treatment in HIV-infected patients
with CD4 < 100/mm?, two positive blood cul-
tures for CMV, no evidence of CMV disease or
previous anti-CMV treatment. Patients are ran-
domized to foscarnet 100 mg b.i.d, 50 mg b.i.d.
or no therapy. Preliminary results show a de-
crease in viremia under therapy and a return to
pretreatment levels after discontinuation.

9.2. Prophylaxis in solid organ transplantation

High-dose oral acyclovir, 800 mg q.i.d., ad-
ministered for 4-6 months posttransplant have
been shown to be moderately effective in pre-
venting CMV disease in a variety of solid organ

transplant settings (Rubin and Tolkoff-Rubin,
1993; Rubin, 1994).

Ganciclovir has been administered prophylac-
tically to heart transplant recipients and has
been shown to be effective in preventing disease
in patients who were seropositive, but ineffective
in seronegative patients at risk for primary infec-
tion (Merigan et al., 1992; Aguado et al., 1995).
In renal transplant patients ganciclovir appears
to be effective in seronegative patients receiving
a seropositive kidney (Conti et al., 1994). Ganci-
clovir followed by high dose oral acyclovir, was
more effective than acyclovir alone in liver
transplant patients (Martin, 1994). Recently,
ganciclovir has been shown to be superior to
acyclovir or placebo in liver transplant recipients
(Winston et al.,, 1995). Sequential therapy with
ganciclovir and intravenous immunoglobulin,
followed by a variety of doses of oral acyclovir
was ineffective in preventing primary CMV dis-
ease in lung transplant recipients (Bailey et al.,
1992). Intravenous immunoglobulin preparations
are moderately effective in preventing CMV dis-
ease in organ transplant recipients.

9.3. Prophylaxis in bone marrow transplant
(BMT) patients

The most effective way to prevent CMV dis-
case in the CMV negative recipient is the avoid-
ance of exposure to exogenous sources of CMV
by selective use of CMV-seronegative donors of
blood products and marrow (Bowden et al.,
1991b; Miller et al., 1991). It is unneccessary to
use CMV-negative blood products in a CMV-
seropositive recipient. Another way to reduce the
risk of CMV transmission in transplant recipi-
ents is by the use of blood filters (Bowden et al.,
1989).

In a randomized controlled trial the effect of
prophylactic intravenous ganciclovir initiated at
engraftment, 5 mg/kg b.i.d. for 5 days and then
once daily until day 100, was assessed in CMV-
seropositive BMT recipients (Goodrich et al.,
1993). CMV associated disease was significantly
reduced at day 100 and day 180 post BMT.
There was no difference in mortality rates be-
tween control and treatment groups. Patients in



132 J.T.M. van der Meer et al. | Antiviral Research 32 (1996) 119—140

the ganciclovir group who became neutropenic
(30%) had an increased risk of bacterial infection
and one patient died of sepsis. In another ran-
domized, double-blind study in CMV-positive al-
logeneic BMT recipients, patients were assigned
to either placebo or ganciclovir at a dose of 2.5
mg/kg t.i.d. for 1 week before transplantation and
then at at dose of 6 mg/kg once a day for 5
consecutive days per week, after transplantation
when the post-BMT neutrophil count reached
1 x 10°1 (Winston et al., 1993). CMV infection
developed in 56% of placebo patients versus 20%
of ganciclovir patients (P < 0.001). CMV disease
also occurred less often in the ganciclovir patients
(10%) than in the placebo patients (24%) but this
did not reach statistical significance (P = 0.09). In
summary, prophylaxis with ganciclovir in BMT
recipients reduces CMV infection but is not un-
equivocally associated with a positive outcome.

No controlled trials of the propylactic effect of
foscarnet in transplant recipients have been re-
ported. In a phase I-II study in recipients of
allogeneic and autologous BMT, foscarnet was
reported to reduce the occurrence of CMV infec-
tion significantly.

The efficacy of intravenous immunoglobulin
(IVIG) or CMV antibody-enriched immunoglobu-
lin (CMVIG) for prophylaxis of CMV infection
and CMYV disease in BMT recipients, has been the
subject of several controlled studies (Bowden et
al., 1986, 1991a). CMVIG has been shown to
decrease the incidence of CMV viremia and infec-
tion but not of CMYV disease. In contrast, IVIG
does not change the incidence of CMYV infection
but does significantly lower the incidence of CMV
disease (Messori et al., 1994). How IVIG exerts
this influence is unknown but it has been hypoth-
esized that the effect is the result of a modification
of acute GvHD by IVIG (Sullivan et al., 1990).

In a recently published study the safety and
immunologic effects of immunotherapy with
clones of CD8+ cytotoxic T cells specific for
CMV, were evaluated in recipients of allogeneic
BMT (Walter et al., 1995). Fourteen patients each
received four intravenous infusions of these clones
from their donors beginning 30-40 days after
marrow transplantation. Five of the recipients
were CMV seropositive and nine were CMV

seronegative. All donors were CMV seropositive.
Neither CMV viremia nor CMV disease devel-
oped in any of the 14 patients. Further studies of
the efficacy of this approach as prophylaxis
against CMV are warranted.

9.4. Preemptive therapy for CMV in BMT
recipients

Preemptive therapy is the treatment of active
CMYV infection as indicated by assays for active
replication of virus before the occurrence of dis-
ease (Zaia, 1993). Different investigators use dif-
ferent definitions of disease, different diagnostic
criteria, and different therapeutic strategies.
Therefore, it is difficult to compare studies and to
translate the results into clinical practice. Culture-
based preemptive therapy with ganciclovir has
been shown to reduce the incidence of CMV
disease after BMT. However, culture techniques
do not detect CMV in a substantial number of
patients before the onset of CMYV disease. PCR
helps to identify those patients who will not de-
velop CMV disease and narrows down the num-
ber of patients who eventually will suffer
symptomatic CMV infection (Schmidt et al,
1994). In a prospective study, patients either re-
ceived preemptive therapy based on polymerase
chain reaction (PCR) technique or on culture
assays {Finsele et al., 1995). In both groups, ther-
apy was continued until clinical signs disappeared
and PCR negativity was documented. Preemptive
therapy based on PCR results reduced the inci-
dence of CMYV disease and CMV-related mortal-
ity. Additionally, stopping and withholding
antiviral therapy in a PCR-negative patient
proved to be safe and allowed reduction of the
duration and side effects of antiviral therapy in a
relatively small number of patients.

10. CMV vaccine

Towne strain of CMV was developed as an
attenuated vaccine and has been tested in renal
transplant recipients and mothers of children in
day-care centers (Plotkin, 1994). Prior vaccination
of transplant recipients did not prevent superin-
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fection by CMV from seropositive kidney donors
but did decrease the severity of subsequent CMV
disease and increased the succesful outcome of the
transplant. In mothers of children in day-care
centers, vaccination with Towne strain did not
protect against infection with HCMV from their
child.

The envelope glycoprotein gB or ULSS has
been shown to elicit B cell, helper T cell and
cytotoxic T cell responses, suggesting that it may
be useful as a subunit HCMV vaccine. But al-
though peripheral blood mononuclear cells from
all HCMV-seropositive donors proliferate in re-
sponse to stimulation with whole HCMYV, not all
donors respond to purified recombinant gB
(Curtsinger et al., 1994). Other candidates for a
subunit vaccine include the gH glycoprotein or
the use of a protein antigen combined with a
suitable adjuvant. Inserted into a deletion mutant
of adenovirus type 5, the gB gene was shown to
be immunogenic in small animals (Marshall et al.,
1990). Thus, complex subunit or vectored vaccines
may be needed to elicit protective immune re-
sponses.

Another approach was reported by G. Kemble,
Aviron, CA. This group has shown that the low
passage, virulent Toledo strain of CMV compared
to the attenuated, avirulent Towne strain has an
additional 13 kbp DNA. The factors for virulence
or greater immunogenicity might be present in
this region. A recombinant Towne/Toledo virus
has been constructed and the virulence of this
virus was measured in the SCID-Hu model. The
recombinant virus had replication levels almost
identical to that of Towne, indicating that the
virus was avirulent. It is expected that the recom-
binant strain retains all the safety features of
Towne, while increasing its immunogenicity and
that it will lead to a new generation of CMV
vaccines.

11. New anti-CMYV drugs
11.1. Benzimidazole

This drug is targeted at UL89, the most highly
conserved open reading frame in the herpes virus

and essential for replication. The drug is active
against foscarnet- and ganciclovir-resistant
strains, and has a good therapeutic index. Phase I
clinical studies have been started with a derivative
compound.

11.2. MSL-109

This product is a monoclonal antibody against
the gH glycoprotein of CMV. A phase I/II study
of MSL-109 in combination with either ganci-
clovir or foscarnet showed that the antibody is
well tolerated and has favorable pharmacokinetics
(Pollard, 1996). The agent is administered once
every 14 days. In a pilot study of MSL-109 used
as an adjunctive to ganciclovir therapy, the me-
dian time-to-progression of retinitis was 202 days,
by clinician evaluation. No adverse events were
observed and the agent did not induce antibodies.
Two randomized, placebo-controlled, clinical tri-
als evaluating the efficacy of MSL-109 in combi-
nation with standard therapy against CMV
retinitis and BMT patients have been initiated.

11.3. Lobucavir

This is a nucleoside analog with activity against
a wide range of viruses. Open-label dose escalat-
ing studies to evaluate in vivo antiviral efficacy,
pharmacokinetics and safety, are underway. As of
April 1996, patients have completed 28 days of up
to 400 mg q.i.d. and the agent seems to be well
tolerated.

11.4. Antisense

Inhibition of virus replication by using anti-
sense oligonucleotides complimentary to the RNA
of essential genes may be an effective antiviral
therapy. UL36 and UL37 are immediate-early
genes that are initially expressed 0—4 h post infec-
tion. The products of these genes are required for
HCMYV DNA replication. In vitro, an antisense
phophorothiate oligonucleotide complementary to
the intron-exon boundary of HCMV genes UL36
and UL37 (UL36ANTI) reduced the yield of in-
fectious virus by 99% and inhibited DNA replica-
tion (Pari et al., 1995). The compound has shown
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activity in a CMV strain resistant to ganciclovir
as well as to a strain resistant to ganciclovir,
foscarnet, and cidofovir.

12. Resistance
12.1. Resistance to ganciclovir

The initial ganciclovir phosphorylation is car-
ried out by a viral phosphotransferase encoded by
the UL97 gene. Specific mutations within the
HCMYV UL97 gene have been described in clinical
CMY isolates resistant to ganciclovir. The most
common mutations are on codons 460, 520, 591 -
595, 607 and there may be more than one muta-
tion in an isolate. Chou et al., found an excellent
correlation between resistance as determined by a
plaque reduction assay and specific UL97 muta-
tions directly in PMNL DNA and those in blood
isolates recovered at the same time (Boivin et al.,
1996). The mutations appeared within 3 months
of cumulative ganciclovir therapy and were stable
during prolonged therapy. One or two of these
mutations were detected in all ganciclovir-resis-
tant HCMYV isolates but not in the ganciclovir-
sensitive isolates. Emergence of these mutations
was associated with an increasing CMV DNA
burden in PMNL and MNL extracts in the pa-
tients with AIDS but not in the patients with
leukemia. HCMV resistance to ganciclovir may
also occur via mutations in viral DNA poly-
merase (gene region UL54). These mutations may
occur alone or in addition to UL97 mutations.
Isolates with resistent mutations at both sites are
more resistant than those with only UL97 muta-
tions. Persistent HCMYV viremia or viruria during
prolonged ganciclovir therapy should raise the
possibility of a drug resistant HCMV mutant.

12.2. Resistance to foscarnet

Foscarnet does not require any previous phos-
phorylation and it blocks the viral DNA poly-
merase by a noncompetitive mechanism. It is
assumed that a single mutation in the CMV poly-
merase gene could be responsible for the foscar-
net-resistant strains exhibiting cross-resistance to

other DNA polymerase inhibitors (Knox et al,,
1991; Sarasini et al., 1995). However, in a recent
study HCMYV strains resistant to both foscarnet
and ganciclovir were found to carry two amino
acid changes, one in UL97 and the other in
domain II of the DNA polymerase gene (UL54),
which conferred ganciclovir- and foscarnet-resis-
tance, respectively (Baldanti et al., 1996). The
level of foscarnet resistance that correlates with
poor clinical outcome is not currently known.

12.3. Resistance to cidofovir

Cidofovir is a nucleotide and in contrast to
ganciclovir is phosphorylated in both infected and
non-infected cells . Resistance to cidofovir occurs
by changes in CMV DNA polymerase. No signifi-
cant changes in 1C, values were found in 29
patients with AIDS who were treated with cid-
ofovir during a short term phase I trial. In a study
of isolates from several centers of patients who
had received ganciclovir and/or foscarnet, cid-
ofovir resistance was detected in CMV strains
with high-level resistance to ganciclovir. Ten of
ten isolates with high-level resistance to ganci-
clovir were also resistant to cidofovir, versus 0 of
12 isolates with low-level resistance to ganciclovir.
Of eight isolates with resistance to foscarnet zero
were resistant to cidofovir, as were zero of eight
isolates with resistance to foscarnet and low-level
resistance to ganciclovir. All of five isolates with
resistance to foscarnet and high-level resistance to
ganciclovir, were resistant to cidofovir. In sum-
mary, these results suggest that low level ganci-
clovir resistance, mediated by changes in UL97,
may still be susceptible to cidofovir. In contrast,
high level ganciclovir resistance, mediated by
changes in DNA polymerase, are probably cross-
resistant to cidofovir.

12.4. Resistance testing

DNA based assays, e.g. the Hybrid Capture™
assay developed by Digene and the b-DNA assay
developed by Chiron are potentially useful for the
screening of drug resistance and susceptibility.
Currently, the plaque reduction assay is used for
this purpose, but this assay is labor-intensive and
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time-consuming. The results of DNA based as-
says, which correlate closely with those of the
plaque reduction assay, are available more
quickly but still require isolation of virus and
passage to obtain sufficient virus.

13. Summary

CMV infection and CMV disease can be
difficult to differentiate and the diagnosis is usu-
ally based on a compatible clinical picture and
the results of a diagnostic test for CMV. The
only exception to this rule is in HIV-infected
patients where fundoscopy is sufficient to diag-
nose CMV retinitis. Of the current diagnostic
tests, qualitative and quantitative PCR, branched
DNA and Hybrid Capture™, are the most
promising. The pp65 antigenemia assay has the
disadvantage of being more labor-intensive than
the DNA based tests.

Preliminary data show that a positive qualita-
tive PCR in a HIV-infected patient has a predic-
tive value for the development of CMV retinitis.
However, of the patients positive by qualitative
PCR, those with high viral loads in quantitative
PCR were at the greatest risk of CMV disease.
This might make it possible to identify with great
certainty the patients who will go on to develop
CMYV retinitis, thereby decreasing the number of
patients eligible for preemptive or prophylactic
therapy and increasing the cost-benefit of this
therapeutic measure. Quantative tests might also
be useful in monitoring response to therapy, but
randomized trials comparing the tests are
needed.

Prophylactic antiviral agents should not be
used in seronegative transplant recipients receiv-
ing organs from seronegative donors. In high-
risk transplant recipients, ganciclovir should be
used. CMV vaccines are useful for the protection
of babies from CMV seronegative mothers
against congenital CMV disease. It also may be
useful in seronegative transplant recipients receiv-
ing a seropositive donor organ, although the
benefit of chemo prophylaxis may surpass that of
vaccine.

HIV-infected patients with CMV retinitis who

relapse under either ganciclovir or foscarnet
benefit from subsequent combination therapy,
rather than switching to the other drug. How-
ever, the cost is high in terms of quality of life.

Intravitreal therapy for CMYV retinitis is very
efficacious, suggesting that drug delivery is a
problem in systemic therapy. However, intravit-
real therapy does not protect against the devel-
opment of CMYV retinitis in the contralateral eye
or from CMYV disease elsewhere. Therefore, sys-
temic therapy should be added.

CMYV disease of the CNS should be diagnosed
early and treated agressively, possibly with com-
bination therapy. A diagnosis of CMV disease
should be based on a compatible clinical picture
and the demonstration of CMV in CSF by DNA
or antigen assays which are more sensitive than
culture.

References

Aguado, J.M., Gomez-Sanchez, M.A., Lumbreras, C. et al.
(1995) Prospective randomized trial of efficacy of ganci-
clovir versus that of anti-cytomegalovirus (CMV) im-
munoglobulin to prevent CMV disease in
CMV-seropositive heart transplant recipients treated with
OKTS3. Antimicrob. Agents Chemother. 39, 1643-1645.

Appereley, J.F. and Goldman, J.M. (1988) Cytomegalovirus:
biology, clinical features and methods for diagnosis. Bone
Marrow Transplant 3, 253-264.

Aschan, J., Ringden, O., Ljungman, P., Lonngvist, B. and
Ohlman, S. (1992) Foscarnet for treatment of cy-
tomegalovirus infections in bone marrow transplant recipi-
ents. Scand. J. Infect. Dis. 24, 143-150.

Bailey, T.C., Trulock, E.P., Ettinger, N.A. et al. (1992) Failure
of prophylactic ganciclovir to prevent cytomegalovirus dis-
ease in recipients of lung transplants. J. Infect. Dis. 165,
548-552.

Baldanti, F., Underwood, M.R., Stanat, S.C. et al. (1996)
Single amino acid changes in the DNA polymerase confer
foscarnet resistance and slow-growth phenotype, while mu-
tations in the UL97-encoded phosphotranferase confer
ganciclovir resistance in three double-resistant human cy-
tomegalovirus strains recovered from patients with AIDS.
J. Virol. 170, 1390-1395.

Blanshard, C. (1992) Treatment of HIV-related cy-
tomegalovirus disease of the gastrointestinal tract with
foscarnet. J. Acquir. Immun. Defic. Syndr. 5(1), S25-S28.

Blanshard, C., Benhamou, Y., Dohin, E., Lernestedt, J.O.,
Gazzard, B.G. and Katlama, C. (1995) Treatment of
AIDS-associated gastrointestinal cytomegalovirus infection
with foscarnet and ganciclovir: a randomized comparison.
J. Infect. Dis. 172, 622-628.



136 J.T.M. van der Meer et al. | Antiviral Research 32 (1996) 119140

Boivin, G., Chou, S., Quirk, M.R., Erice, A. and Jordan, M.C.
(1996) Detection of ganciclovir resistance mutations and
quantitation of cytomegalovirus (CMV) DNA in leuco-
cytes of patients with fatal disseminated CMV disease. J.
Infect. Dis. 173, 523-528.

Bowden, R.A. (1995) Transfusion-transmitted cytomegalovirus
infection. Hemat./Onc. Clin. North Am. 9, 155-166.
Bowden, R.A., Fisher, L.D., Rogers, K., Cays, M. and
Meyers, J.D. (1991a) Cytomegalovirus (CMV)-specific in-
travenous immunoglobulin for the prevention of primary

CMYV infection and disease after marrow transplant. J. Infect.
Dis. 164, 483-487.

Bowden, R.A., Sayers, M.H., Cays, M. and Slichter S.J. (1989)
The role of blood product filtration in the prevention of
transfusion associated cytomegalovirus (CMV) infection
after marrow transplant [abstract]. Transfusion 29(Suppl),
578.

Bowden, R.A., Sayers, M., Flournoy, N. et al. (1986) Cy-
tomegalovirus immuneglobulin and seronegative blood
products to prevent primary cytomegalovirus infection af-
ter marrow transplantation. New Engl. J. Med. 314, 1006—
1010.

Bowden, R.A., Slichter, S.J., Sayers, J.H., Mori, M., Cays,
M.J. and Meyers, J.D. (1991b) Use of leucocyte-depleted
platelets and cytomegalovirus-negative red blood cells for
prevention of primary cytomegalovirus infection after mar-
row transplant. Blood 78, 246--250.

Bowen, E.F., Wilson, P., Atkins, M. et al. (1996) Natural
history of untreated cytomegalovirus retinitis. Lancet 346,
1671-1673.

Britt, W.J. (1991) Recent advances in the identification of
significant human cytomegalovirus-encoded proteins.
Transplant. Proc. 23(3), 64-69.

Britt, W.J. and Alford, C.A. (1996) Cytomegalovirus. In: B.N
Fields, D.M. Knipe, P.M. Howley, et al., (Eds.), Fields
Virology, 3rd edn, ch. 77. Lippincott-Raven, Philadelphia,
1996.

Brown, J.M., Kaneshima, H. and Mocarski, E.S. (1995) Dra-
matic interstrain differences in the replication of human
cytomegalovirus in SCID-hu mice. J. Infect. Dis. 171,
1599-1603.

Bylsma, S.8., Achim, C.L., Wiley, C.A. et al. (1995) The
predictive value of cytomegalovirus retinitis for cy-
tomegalovirus encephalitis in acquired immunodeficiency
syndrome. Arch. Ophthalmol. 113, 89-95.

Cha, T.A., Tom, E., Kemble, G.W., Duke, G.M., Mocarski,
E.S. and Spaete, R.R. (1996) Human cytomegalovirus
clinical isolates carry at least 19 genes not found in labora-
tory strains. J. Virol. 70, 78—83.

Chachoua, A., Dieterich, D., Krasinski, K. et al. (1987) 9-(1,3-
Dihydroxy-2-propoxymethyl)guanine (ganciclovir) in the
treatment of cytomegalovirus gastrointestinal disease with
the acquired immunodeficiency syndrome. Ann. Intern.
Med. 107, 133-137.

Chee, M.S., Bankier, A.T., Beck, S. et al. (1990) Analysis of
the protein coding content of the sequence of human
cytomegalovirus strain AD169. Curr. Top. Microbiol. Im-

munol. 154, 125-169.

Cinque, P., Vago, L., Brytting, M. et al. (1992) Cy-
tomegalovirus infection of the central nervous system in
patients with AIDS: diagnosis by DNA amplification from
cerebrospinal fluid. J. Infect. Dis. 166, 1408—1411.

Collier, A.C., Meyers, J.D., Corey, L. et al. (1987) Cy-
tomegalovirus infection in homosexual men. Relationship
to sexual practices, antibody to human immunodeficiency
virus, and cell-mediated immunity. Am. J. Med. 23, 593
601.

Conti, D.J., Freed, B.M., Gruber, S.A. and Lempert, N.
(1994) Prophylaxis of primary cytomegalovirus disease in
renal transplant recipients. A trial of ganciclovir vs im-
munoglobulin. Arch. Surgery 129, 443-447.

Curtsinger, J.M., Liu, Y.N., Radeke, R. et al. (1994) Molecu-
lar analysis of the immune response to human cy-
tomegalovirus glycoprotein B (gB). Il. Low gB-specific T
and B cell responses are associated with expression of
certain HLA-DR alleles. J. Gen. Virol. 75, 301-307.

Diaz-Llopis, M., Chipont, E., Sanchez, S., Espana, E., Navea,
A. and Menezo, J.L. (1992) Intravitreal foscarnet for cy-
tomegalovirus retinitis in a patient with acquired im-
munodeficiency syndrome. Am. J. Ophthalmol. 114,
742-747.

Diaz-Llopis, M., Espana, E., Munoz, G. et al. (1994) High
dose intravitreal foscarnet in the treatment of cy-
tomegalovirus retinitis in AIDS. Br. J. Ophthalmol. 78,
120-124.

Dieterich, D.T., Chachoua, A., Lafleur, F. and Worrell, C.
(1988) Ganciclovir treatment of gastrointestinal infections
caused by cytomegalovirus in patients with AIDS. Rev.
Infect. Dis. 10(3), $532-537.

Dieterich, D.T., Kotler, D.P., Busch, D.F. et al. (1993a)
Ganciclovir treatment of cytomegalovirus colitis in AIDS:
a randomized, double-blind, placebo-controlled multicen-
ter study. J. Infect. Dis. 167, 278-282.

Dieterich, D.T., Poles, M.A., Dicker, M., Tepper, R. and Lew,
E. (1993b) Foscarnet treatment of cytomegalovirus gas-
trointestinal infections in acquired immunodeficiency syn-
drome patients who have failed ganciclovir induction. Am.
J. Gastroenterology 88, 542-548.

Dieterich, D.T., Poles, M.A., Lew, E.A. et al. (1992) Concur-
rent use of ganciclovir and foscarnet in treatment of cy-
tomegalovirus infection in AIDS. J. Infect. Dis. 167,
1184-1188.

Dowling, J.N., Wu, B.C., Ho, M. et al. (1977) Enhancement of
murine cytomegalovirus infection during graft versus host
reaction. J. Infect. Dis. 135, 990-994.

Drew, W.L., Ives, D., Lalezari, J.P. et al. (1995) Oral ganci-
clovir as maintenance treatment for cytomegalovirus retini-
tis in patients with AIDS. Syntex Cooperative Oral
Ganciclovir Study Group. New Engl. J. Med. 333, 615-
620.

Drew, W.L., Mintz, L., Miner, R.C., Sands, M, and Ketterer,
B. (1981) Prevalence of cytomegalovirus in homosexual
men. J. Infect. Dis. 143, 188-192.



J.T.M. van der Meer et al. | Antiviral Research 32 (1996) 119-140 137

Drew, W.L., Sweet, E.S., Miner, R.C. et al. (1984) Muitiple
infections by cytomegalovirus in patients with acquired
immunodeficiency syndrome: documentation by Southern
blot hybridization. J. Infect. Dis. 150, 952-953.

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

Emanuel, D., Cunningham, I., Jules-Elysee, K. et al. (1988)
Cytomegalovirus pneumonia after bone marrow transplan-
tation successfully treated with the combination of ganci-
clovir and high-dose intravenous immune globulin. Ann.
Intern. Med. 109, 777-782.

Engstrom, R.E. Jr. and Holland, G.N. (1995) Local therapy
for cytomegalovirus retinopathy. Am. J. Ophtalmol. 120,
376-385.

Enting, R., de Gans, J., Reiss, P., Jansen, C. and Portegies, P.
(1992)  Ganciclovir/foscarnet ~ for  cytomegalovirus
meningoencephalitis in AIDS [letter]. Lancet 340, 559—560.

Fowler, K.B., Stagno, S., Pass, R.F., Britt, W.J., Boll, T.J. and
Alford, C.A. (1992) The outcome of congenital cy-
tomegalovirus infection in relation to maternal antibody
status. New. Engl. J. Med. 326, 663-667.

Fox, J.C., Kidd, I.M., Griffiths, P.D., Sweny, P. and Emery,
V.C. (1995) Longitudinal analysis of cytomegalovirus load
in renal transplant recipients using a quantitative poly-
merase chain reaction: correlation with disease. J. Gen.
Virol. 76, 309-319.

Freitas, V.R., Fraser-Smith, E.B. and Matthews, T.R. (1989)
Increased efficacy of ganciclovir in combination with fos-
carnet against cytomegalovirus and herpes simplex virus 2
in vitro and in vivo. Antiviral. Res. 12, 205-212.

Goodgame, R.W. (1993) Gastrointestinal cytomegalovirus dis-
ease. Ann. Intern. Med. 119, 924-935.

Goodrich, .M., Bowden, R.A., Fisher, L., Keller, C., Schoch,
G. and Meyers, J.D. (1993) Ganciclovir prophylaxis to
prevent cytomegalovirus disease after allogeneic marrow
transplant. Ann. Intern. Med. 118, 173-178.

Grefte, A., van der Giessen, M., Harmsen, M.C., van Son,
W.J. and The, T.H. (1996) In vitro generation of human
cytomegalovirus lower matrix protein pp65 positive poly-
morphonuclear leucocytes. In: A. Grefte, Dissemination of
Human Cytomegalovirus. Role of Leucocytes and En-
dothelial Cells. Thesis, Groningen.

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

Grundy, J.E., Lui, S.F., Super, M. et al. (1988) Symptomatic
cytomegalovirus infection in seropositive kidney recipients:
reinfection with donor virus rather than reactivation of
recipient virus. Lancet 2, 132-135.

Grundy, J.E., Shanley, J.D. and Griffiths, P.D. (1987) Is
cytomegalovirus interstitial pneumonitis in transplant re-
cipients an immunopathological condition? Lancet 2, 996—
999.

Hall, A.J., Jennens, I.D., Lucas, C.R., MacLean, H. and
Sandland, A.M. (1991) Low frequency maintenance ganci-
clovir for cytomegalovirus retinitis. Scand. J. Infect. Dis.
23, 43-46.

Handsfield, H.H., Chandler, S.H., Caine, V.A. et al. (1985)
Cytomegalovirus infection in sex partners. Evidence for
sexual transmission. J. Infect. Dis. 151, 344-348.

Henry, K., Cantrill, H., Fletcher, C., Chinnock, B.J. and
Balfour, H.H. Jr. (1987) Use of intravitreal ganciclovir
(dihydroxy propoxymethyl guanine) for cytomegalovirus
retinitis in a patient with AIDS. Am. J. Ophtalmol. 103,
17-23.

Ho, M. (1977) Virus infections after transplantation in man.
Arch. Virol. 55, 1-24.

Ho, M. Cytomegalovirus: Biology and Infection, 2nd edn,
Plenum, New York, 1991.

Ho, M., Suwansirikul, S., Dowling, J.N., et al. (1975) The
transplanted kidney as a source of cytomegalovirus infec-
tion. New Engl. J. Med. 293, 1109-1112.

Horwitz, C.A., Henle, W., Henle, G., et al. (1986) Clinical and
laboratory  evaluation of  cytomegalovirus-induced
mononucleosis in previously healthy individuals. Report of
82 cases. Medicine 65, 124-134.

Jacobson, M.A., Causey, D., Polsky, B. et al. (1993) A dose-
ranging study of daily maintenance intravenous foscarnet
therapy for cytomegalovirus retinitis in AIDS. J. Infect.
Dis. 168, 444-448.

Jacobson, M.A., Kramer, F., Bassiakos, Y. et al. (1994)
Randomized phase I trial of two different combination
foscarnet and ganciclovir chronic maintenance therapy reg-
imens for AIDS patients with cytomegalovirus retinitis:
AIDS Clinical Trials Group Protocol 151. J. Infect. Dis.
170, 189-193.

Jacobson, M.A., Mills, J., Rush, J. et al. (1988a) Failure of
antiviral therapy for acquired immunodeficiency syn-
drome—related cytomegalovirus myelitis. Arch. Neurol.
45, 1090-1092.

Jacobson, M.A., O’Donnell, J.J., Brodie, H.R., Wofsy, C. and
Mills, J. (1988b) Randomized prospective trial of ganci-
clovir maintenance therapy for cytomegalovirus retinitis. J.
Med. Virol. 25, 339-349,

Jacobson, M.A., O’Donnell, J.J., Porteous, D., Brodie, HR.,
Feigal, D. and Mills, J. (1988) Retinal and gastrointestinal
disease due to cytomegalovirus in patients with the ac-
quired immune deficiency syndrome: prevalence, natural
history, and response to ganciclovir therapy. Q. J. Med. 67,
473-486.

Johnson, M.R., Mullen, G.M., O’Sullivan, E.J. et al. (1994)
Risk/benefit ratio of perioperative OKT3 in cardiac trans-
plantation. Am. J. Cardiol. 74, 261-266.

Kaplan, C.S., Petersen, E.A., Icenogle, T.B. et al. (1989)
Gastrointestinal cytomegalovirus infection in heart and
heart-lung transplant recipients. Arch. Intern. Med. 149,
2095-2100.

Kari, B., Lussenhop, N., Goertz, R. et al. (1986) Characteriza-
tion of monoclonal antibodies reaction to several biochem-
ically distinct human cytomegalovirus glycoprotein
complexes. J. Virol. 60, 345-352.



138 J.T.M. van der Meer et al. | Antiviral Research 32 (1996) 119140

Katlama, D., Dohin, E., Caumes, E. et al. (1992) Foscarnet
induction therapy for cytomegalovirus retinitis in AIDS:
comparison of twice-daily and three-times-daily regimens.
J. Acquir. Immun. Defic. Syndr. 5(1), S18-24.

Kern, E.R. (1991) The value of animal models to evaluate
agents with potential activity against human cy-
tomegalovirus. Transplant Proc. 23, 152-155.

Kirsch, L.S., Arevalo, J.F., Chavez, de la Paz E., Munguia,
D., De Clercq, E. and Freeman, W.R. (1995) Intravitreal
cidofovir (HPMPC) treatment of cytomegalovirus retinitis
in patients with acquired immune deficiency syndrome.
Ophthalmol. 102, 533-542.

Knox, K.K., Drobyski, W.R. and Carrigan, D.R. (1991) Cy-
tomegalovirus isolate resistant to ganciclovir and foscarnet
from a marrow transplant patient. Lancet 2, 1292-1293.

Krech, U. Complement-fixing antibodies against cy-
tomegalovirus in different parts of the world. Bull. WHO
49, 103-106.

Laguna, F., Garcia-Samaniego, J., Alonso, M.J., Alvarez, I.
and Gonzalez-Lahoz, J. M. (1993) Pseudotumoral appear-
ance of cytomegalovirus esophagitis and gastritis in AIDS
patients. Am. J. Gastroent. 88, 1108—1111.

Lee, J.Y., Irmiere, A. and Gibson, W. (1988) Primate cy-
tomegalovirus assembly: evidence that DNA packaging
occurs subsequent to B capsid assembly. J. Virol. 167,
87-96.

Ljungman, P., de Bock, R., Cordonnier, C. et al. (1993)
Practice for cytomegalovirus diagnosis, prophylaxis and
treatment in allogeneic bone marrow transplant recipients:
a report from the working party for infectious diseases of
the EBMT. Bone Marrow Transpl. 12, 399-403.

Marshall, G.S., Ricciardi, R.P., Rando, R.F. et al. (1990) An
adenovirus recombinant that expresses the human cy-
tomegalovirus major envelope glycoprotein and induces
neutralizing antibodies. J. Infect. Dis. 162, 1177-1181.

Martin, W.J. and Smith, T.F. (1986) Rapid detection of
cytomegalovirus in bronchoalveolar lavage specimens by a
monoclonal antibody method. J. Clin. Microbiol. 23,
1006-1008.

Martin, M. (1994) Combination antiviral strategies in manag-
ing cytomegalovirus infection. Transplant. Proc. 26, 28—
30.

Martin, D.E., Parks, D.J., Mellow, S.D. et al. (1994) Treat-
ment of cytomegalovirus retinitis with an intraocular sus-
tained-releaseganciclovir implant. Arch. Ophtalmol. 112,
1531-1539.

Mayoral, J.L., Loeffler, C.M., Fasola, C.G. et al. (1991)
Diagnosis and treatment of cytomegalovirus disease in
transplant patients based on gastrointestinal tract manifes-
tations. Arch. Surg. 126, 202-206.

McCarthy, A.L., Malik Peiris, J.S., Taylor, C.E. et al. (1992)
Increase in severity of graft versus host disease by cy-
tomegalovirus. J. Clin. Pathol. 45, 542.-544.

McLaughlin-Taylor, E., Pande, H., Forman, S.J. et al. (1994)
Identification of the major late human cytomegalovirus
matrix protein pp65 as a target antigen for CD8 + virus-
specific cytotoxic T lymphocytes. J. Med. Vir. 43, 103-110.

Merigan, T.C., Reylund, D.G., Keay, S. et al. (1992) A
controlled trial to prevent cytomegalovirus disease after
heart transplantation. New Engl. J. Med. 326, 1182-1186.

Messori, A., Rampazzo, R., Scroccaro, G. and Martini N,
(1994) Efficacy of hyperimmune anti-cytomegalovirus im-
munoglobulins for the prevention of cytomegalovirus in-
fection in recipients of allogeneic bone marrow
transplantation: a meta-analysis. Bone Marrow Transplant
13, 163-167.

Meyers, J.D., Flournoy, N. and Thomas, E.D. (1986) Risk
factors for cytomegalovirus infections after human marrow
transplant. J. Infect. Dis. 153, 478-488.

Millar, A.B., Patou, G., Miller, R.F. et al. (1990) Cy-
tomegalovirus in the lungs of patients with AIDS: respira-
tory pathogen or pathogen? Am. Rev. Resp. Dis. 141,
1474-1477.

Miller, W.J., McCullough, J., Balfour, H.H. Jr. et al. (1991)
Prevention of cytomegalovirus infection following bone
marrow transplantation: a randomized trial of blood
product screening. Bone Marrow Transplant 7, 227-234.

Mocarski, E.S., Bonyhadi, M., Salimi, S., McCune, J.M.F.
and Kaneshima, H. (1993) Human cytomegalovirus in a
SCID-hu mouse: thymic epithelial cells are prominent
targets of viral replication. Proc. Natl. Acad. Sci. USA 90,
104-108.

Mocarski, E.S.J. (1993) Cytomegalovirus biology and replica-
tion. In: B. Roizman, R.J. Whitley and C. Lopez (Eds.)
The Human Herpesviruses, pp. 173-226, Raven Press,
New York, 1993,

Moulignier, A., Mikol, J., Gonzalez-Canali, G. et al. (1996)
AIDS-associated cytomegalovirus infection mimicking cen-
tral nervous system tumors: a diagnostic challenge. Clin.
Infect. Dis. 22, 626-631.

Palestine, A.G., Polis, M.A., De Smet, M.D, et al. (1991) A
randomized, controlled trial of foscarnet in the treatment
of cytomegalovirus retinitis in patients with AIDS. Ann.
Intern. Med. 115, 665-673.

Pari, G.S., Field, A.K. and Smith, J.A. (1995) Potent antiviral
activity of an antisense oligonucleotide complementary to
the intron-exon boundary of human cytomegalovirus genes
UL36 and UL37. Antimicrob. Agents Chemother. 39,
1157-1161.

Patel, R., Klein, D.W., Espy, M.J. et al. (1995a) Optimization
of detection of cytomegalovirus viremia in transplantation
recipients by shell vial assay. J. Clin. Microbiol. 33, 2980-
2986.

Patel, R., Smith, T.F., Espy, M. et al. (1995b) A prospective
comparison of molecular diagnostic techniques for the
early detection of cytomegalovirus in liver transplant recip-
ients. J. Infect. Dis. 171, 1010-1014.

Paya, C.V,, Wold, A.D., llstrup, D.M. and Smith, T.F. (1988)
Evaluation of number of shell vial cell cultures per clinical
specimen for rapid diagnosis of cytomegalovirus infection.
J. Clin. Microbiol. 26, 198-200.

Peters, M., Timm, U., Schurmann, D., Pohle, H.D. and Ruf,
B. (1992) Combined and alternating ganciclovir and fos-
carnet in acute and maintenance therapy of human im-



J.T.M. van der Meer et al. | Antiviral Research 32 (1996) 119140 139

munodeficiency virus-related cytomegalovirus encephalitis
refractory to ganciclovir alone. A case report and review of
the literature. Clin. Invest. 70, 456—458.

Plotkin, S.A. (1994) Vaccines for varicella-zoster virus and
cytomegalovirus: recent progress. Science 265, 1383-1385.

Pollard, R.B. (1996) CMV retinitis: ganciclovir/monoclonal
antibody. Antiviral. Res. 29, 73-75.

Portela, D., Patel, R., Larson-Keller, J.J. et al. (1995) OKT3
treatment for allograft rejection is a risk factor for cy-
tomegalovirus disease in liver transplantation. J. Infect.
Dis. 171, 1014-1018.

Pouteil-Noble, C., Ecochard, R., Landrivon, G. et al. (1993)
Cytomegalovirus infection - an etiological factor for rejec-
tion? Transplantation 55, 851-857.

Rasmussen, L. (1990) Immune response to human cy-
tomegalovirus infection. Curr. Top. Microbiol. Immunol.
154, 221-254.

Rasmussen, L., Matkin, C., Spaete, R., Pachl, C. and Meri-
gan, T.C. (1991) Antibody response to human cy-
tomegalovirus glycoproteins gB and gH after natural
infection in humans. J. Infect. Dis. 164, 835-842.

Rasmussen, L., Nelson, M., Neff, M. and Merigan, T.C. Jr.
(1988) Characterization of two different human cy-
tomegalovirus glycoproteins which are targets for virus
neutralizing antibody. Virology 163, 308-318.

Raynor, B.D. (1993) Cytomegalovirus infection in pregnancy.
Semin. Perinatology 17, 394-402.

Reed, E.C., Bowden, R.A., Dandliker, P.S., Gleaves, C.A. and
Meyers, J.D. (1987) Efficacy of cytomegalovirus im-
munoglobulin in marrow transplant recipients with cy-
tomegalovirus pneumonia. J. Infect. Dis. 156, 41—-645.

Reed, E.C., Bowden, R.A., Dandliker, P.S., Lilleby, K.E. and
Meyers, J.D. (1988a) Treatment of cytomegalovirus pneu-
monia with ganciclovir and intravenous cytomegalovirus
immunoglobulin in patients with bone marrow transplants.
Ann. Intern. Med. 109, 783—-788.

Reed, E.C., Shepp, D.H., Dandliker, P.S. and Meyers, J.D.
(1988b) Ganciclovir treatment of cytomegalovirus infection
of the gastrointestinal tract after marrow transplantation.
Bone Marrow Transpl. 3, 199-206.

Reed, E.C., Dandliker, P.S. and Meyers, J.D. (1986) Treat-
ment of cytomegalovirus pneumonia with 9-[2-hydroxy-1-
(hydroxymethyl) ethoxymethyl] guanine and high-dose
corticosteroids. Ann. Intern. Med. 105, 214-215.

Reusser, P., Riddell, S.R., Meyers, J.D., and Greenberg, P.D.
(1991) Cytotoxic  T-lymphocyte response to cy-
tomegalovirus after human allogeneic bone marrow trans-
plantation: pattern of recovery and correlation with
cytomegalovirus infection and disease. Blood 78, 1373-
1380.

Rubin, R.H. (1994) Infection in organ transplant recipients.
In: R.H. Rubin and L.S. Young (Eds.), Clinical approach
to infection in the compromised host, 3rd edn, Plenum,
New York, 1994,

Rubin, R.H. and Tolkoff-Rubin, N.E. (1993) Antimicrobial
strategies in the care of organ transplant recipients. An-
timicrob. Agents Chemother. 37, 619-624.

Rich, J.D., Crawford, J.M., Kazanjian, S.N. and Kazanjian,
P.H. (1992) Discrete gastrointestinal mass lesions caused
by cytomegalovirus in patients with AIDS: report of three
cases and review. Clin. Infect. Dis. 15, 609-614.

Sarasini, A.F., Baldanti, M., Furione, E. et al. (1995) Double
resistance to ganciclovir and foscarnet of four human
cytomegalovirus strains recovered from AIDS patients. J.
Med. Virol. 47, 237-244.

Sawyer, M.H., Edwards, D.K. and Spector, S.A. (1987) Cy-
tomegalovirus infection and bronchopulmonary dysplasia
in premature infants. Am. J. Dis. Child 141, 303-305.

Schmidt, C.A., Oettle, H., Wilborn, F. et al. (1994) Demon-
stration of cytomegalovirus after bone marrow transplan-
tation by polymerase chain reaction, virus culture and
antigen detection in buffy coat leukocytes. Bone Marrow
Transplant 13, 71-75.

Schrier, R.D., Freeman, W.R., Wiley, C.A., McCutchan, J.A.
and the HNRC group. (1995) Immune predispositions for
cytomegalovirus retinitis in AIDS. J. Clin. Invest. 95,
1741-1746.

Shepp, D.H., Dandliker, P.S., de Miranda, P. et al. (1985)
Activity of 9-[2-hydroxy-1-(hydroxymethyl) ethoxymethyl]
guanine in the treatment of cytomegalovirus pneumonia.
Ann. Intern. Med. 103, 368—-373.

Singh, N., Dummer, J.S., Kusne, S., et al. (1988) Infections
with cytomegalovirus and other herpesviruses in 121 liver
transplant recipients: transmission by donated organ and
the effect of OKT3 antibodies. J. Infect. Dis. 158, 124-131.

Smiley, M.L., Wlodaver, C.G., Grossman, R.A. et al. (1985)
The role of pretransplant immunity in protection from
cytomegalovirus disease following renal transplantation.
Transplantation 40, 157-161.

Smith, K.L. and Dunstan. R.A. (1993) PCR detection of
cytomegalovirus: a review. Br. J. Haematol. 84, 187-190.

Smith, T.F. and Shelley, C.D. (1988) Detection of IgM anti-
body to cytomegalovirus and rapid diagnosis of this virus
infection by the shell vial assay. J. Virol. Methods 21,
87-96.

Spaete, R.R., Gehrz, R.C. and Landini, M.P. (1994) Human
cytomegalovirus structural proteins. J. Gen. Virol. 75,
3287-3308.

Spector, S.A., Hirata, K.K. and Newman, T.R. (1984) Identifi-
cation of multiple cytomegalovirus strains in homosexual
men with acquired immunodeficiency syndrome. J. Infect.
Dis. 150, 953-956.

Spector, S.A., McKinley, G.F., Lalezari, J.P. et al. (1996) For
the Roche Cooperative Oral Ganciclovir Study Group:
Oral ganciclovir for the prevention of cytomegalovirus
disease in persons with AIDS. New. Engl. J. Med. 334,
1491-1497.

Spector, S.A., Merrill, R., Wolf, D. and Dankner, W.M.
(1992) Detection of human cytomegalovirus in plasma of
AIDS patients during acute visceral disease by DNA am-
plification. J. Clin. Microbiol. 30, 2359-2365.

Spector, S.A., Weingeist, T., Pollard, R.B. et al. (1993) A
randomized, controlled study of intravenous ganciclovir
therapy for cytomegalovirus peripheral retinitis in patients



140 J.T.M. van der Meer et al. | Antiviral Research 32 (1996) 119—140

with AIDS. AIDS Clinical Trials Group and Cy-
tomegalovirus Cooperative Study Group. J. Infect. Dis.
168, 557-563.

Stagno, S. and Cloud, G.A. (1994) Working parents: the
impact of day care and breast-feeding on cytomegalovirus
infections in offspring. Proc. Natl. Acad. Sci. USA 91,
2384-2389.

Stagno, S., Reynolds, D.W., Amos, C.S. et al. (1977) Auditory
and visual defects resulting from symptomatic and subclin-
ical congenital cytomegalovirus and toxoplasma infection.
Pediatrics 59, 669—678.

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

Studies of Ocular Complications of AIDS Research Group, in
collaboration the AIDS Clinical Trials Group. (1994) The
foscarnet-ganciclovir cytomegalovirus retinitis trial: 4. Vi-
sual outcomes. Ophthalmology 101, 1250-1261.

Studies of Ocular Complications of AIDS Research Group, in
collaboration with the AIDS Clinical Trials Group. (1995)
Morbidity and toxic effects associated with ganciclovir or
foscarnet therapy in a randomized cytomegalovirus retini-
tis trial. Arch. Intern. Med. 155, 65-74.

Studies of Ocular Complications of AIDS Research Group in
Collaboration with the AIDS Clinical Trials Group. (1996)
Combination foscarnet and ganciclovir therapy vs
monotherapy for the treatment of relapsed cy-
tomegalovirus retinitis in patients with AIDS. The Cy-
tomegalovirus Retreatment Trial. Arch. Ophthalmology
114, 23-33.

Sullivan, K.M., Kopecky, K.J., Jocom, J. et al. (1990) Im-
munomodulatory and antimicrobial efficacy of intravenous
immunoglobulin in bone marrow transplantation. New.
Engl. J. Med. 323, 705-712.

Tanaka, K., Koga, Y., Lu, Y.Y. et al. (1994) Murine cy-
tomegalovirus-associated pneumonitis in the lungs free of
the virus. J. Clin. Invest. 94, 1019-1025.

The Oral Ganciclovir European and Australian Cooperative
Study Group. (1995) Intravenous versus oral ganciclovir:
European/Australian comparitive study of efficacy and
safety in the prevention of cytomegalovirus retinitis recur-
rence in patients with AIDS. AIDS 9, 471-477.

Van der Bij, W., Torensma, R., van Son, W.J. et al. (1988)
Rapid immunodiagnosis of active cytomegalovirus infec-
tion by monoclonal antibody staining of blood leucocytes.
J. Med. Virol. 25, 179-188.

Verdonck, L.F., de Gast, G.C., Dekker, A W., de Weger,
R.A., Schuurman, H.J. and Rozenberg-Arska, M. (1989)
Treatment of cytomegalovirus pneumonia after bone mar-

row transplantation with cytomegalovirus immunoglobulin
combined with ganciclovir. Bone Marrow Transplant 4,
187—189.

Walter, E.A., Greenberg, P.D., Gilbert M.J. et al. (1995)
Reconstitution of cellular immunity against cy-
tomegalovirus in recipients of allogeneic bone marrow by
transfer of T-cell clones from the donor. New Engl. J.
Med. 333, 1038-1044.

Weber, J.N., Thom, S., Barrison, [., et al. (1987) Cy-
tomegalovirus colitis and oesophageal ulceration in the
context of AIDS: clinical manifestations and preliminary
report of treatment with foscarnet (phosphonoformate).
Gut 28, 482-487.

Wertheim, P., Buurman, C., Geelen, J. and van der Noordaa,
J. (1983) Transmission of cytomegalovirus by renal allo-
graft demonstrated by restriction enzyme analysis [letter].
Lancet 1, 980-981.

Wilcox, C.M., Straub, R.F. and Schwartz, D.A. (1995) Cy-
tomegalovirus esophagitis in AIDS: a prospective evalua-
tion of clinical response to ganciclovir therapy, relapse
rate, and long-term outcome. Am. J. Med. 98, 169-176.

Wingard, J.R., Chen, D.Y., Burns, W.H. et al. (1988) Cy-
tomegalovirus infection after autologous bone marrow
transplantation with comparison to infection after allo-
geneic bone marrow transplantation. Blood 71, 1432-
1437.

Winston, D.J., Ho, W.G., Bartoni, K. et 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, D.J., Ho, W.G. and Champlin, R.E. (1990) Cy-
tomegalovirus infection after allogenic bone marrow trans-
plantation. Rev. Infect. Dis. 12(Suppl 7), 5776-5792.

Winston, D.J.,, Wirin, D., Shaked, A. and Busuttil, R.W.
(1995) Randomised comparison of ganciclovir and high-
dose acyclovir for long-term prophylaxis in liver-transplant
recipients. Lancet 346, 69—74.

Wolf, D.G. and Spector, S.A. (1992) Diagnosis of human
cytomegalovirus central nervous system disease in AIDS
patients by DNA amplification from cerebrospinal fluid. J.
Infect. Dis. 166, 1412-1415.

Wolf, D. and Spector, S.A. (1993) Early diagnosis of human
cytomegalovirus disease in transplant recipients by DNA
amplification in plasma. Transplantation 56, 330-334.

Wu, B.C., Dowling, J.N., Ho, M., et al. (1975) Enhancement
of mouse cytomegalovirus infection during host versus
graft reaction. Science 190, 56-58.

Zaia, J.A. (1993) Prevention and treatment of cytomegalovirus
pneumonia in transplant recipients. Clin. Infect. Dis.
17(Suppl 2), §392.-399.



