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1 Current Knowledge about the Pathogen
1.1 Characteristics of HCMV

Together with animal cytomegalovirus, human cytomegalovi-
rus (HCMYV), also referred to in recent literature as human
herpes virus 5 (HHV-5), belongs to the Herpesviridae family,
subfamily Betaherpesviridae, genus Cytomegalovirus. It was
isolated in 1956 for the first time. The name is derived from
the fact that it causes enlargement of the infected cell (cytome-
galy) and induces characteristic inclusion bodies. In the blood,
it is predominantly cell-associated, above all with granulocytes
and macrophages. The HCMV genome consists of a double-
stranded DNA with approximately 230,000 bp. The genome is
enclosed by an icosahedral capsid (100-110 nm diameter, 162
capsomers). Between the capsid and the virus envelope is a
protein layer known as the tegument. The virus envelope is de-
rived from cell membranes. At least eight different viral glyco-
proteins are embedded in the lipid bilayer. The mature viral
particle has a diameter of 150-200 nm (fig. 1). Like all herpes-
viruses, HCMYV is sensitive to low pH, lipid-dissolving agents,
and heat. HCMV has a half-life of approximately 60 min at
37 °C and is relatively unstable at —20 °C. It needs to be stored
at at least =70 °C in order to maintain its infectivity.

A distinction is made with herpes viruses between i) the
lytic infection cycle and ii) the latency which leads to life-long
infection of the organism. Characteristics of the beta-herpes
viruses such as also HHV 6 and HHV 7 are their high level of
host specificity, their slow replication cycle and the spread of
infection from cell to cell in the cell culture even in the pres-
ence of neutralising antibodies.

* Revision of the version of March 21, 2000 published in Infus Ther Trans-
fus Med 2001;28:165-171.

Fig. 1. Electron microscope images of HCMYV particles. a Negative con-
trast: the surface proteins (glycoproteins) are partially visible on the dilat-
ed virus envelope. The contrast medium has penetrated the virus particle
(deformation of the lipid envelope) and the nucleocapsid with its subunits
can be identified in the interior. b Ultrathin section through a virus par-
ticle. Inside the virion, the nucleic acid (DNA) is strongly stained with
the contrast medium. The protein layer of the tegument can be identified
between the capsid and the virus envelope. The dense edge of the glyco-
proteins can be seen on the lipid bilayer.

The lytic infection of cells can be monitored using protein
expression patterns and the replication of nucleic acid. The
immediate early (IE) proteins are responsible for the regula-
tion of the early (E) proteins and also for that of the late (L)
proteins.

After adsorption of the virus onto the target cell with the
aid of viral glycoproteins, the virus envelope fuses with the
cell membrane, the capsid is released into the cell and is trans-
ported to the nucleus where the genome is released. Tran-
scription of the IE proteins then takes place in the cell nucleus
with the aid of the RNA polymerase II of the host cell. Tegu-
ment proteins of the infecting virus particle act as transactiva-
tors for the IE genes.

The IE proteins regulate the following stages of viral repli-
cation and are also involved in cell regulation including the
expression and transport of the HLA antigens (class I MHC
proteins) to the proteasoma. IE proteins (in particular the
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phosphoprotein pp65) can be used as early markers of the
virus infection in cell cultures. The E proteins include the
HCMV-coded DNA polymerase interacting with viral nucle-
otide kinases, the activity of which can be specifically inhib-
ited with antiviral agents.

The synthesis of the structural proteins (L proteins) is regu-
lated via the E proteins. The viral capsids are formed in the cell
nucleus; export and enveloping of the viruses take place on the
inner nuclear membrane (possibly also on other cell mem-
branes) HCMYV shows pronounced cellular association [1].

Studies with monoclonal antibodies point to differences
between viral strains and isolates. The most recent studies
using primary isolates and the corresponding sera from pa-
tients show that strain-specific neutralising antibodies are
formed. Whether the variability of antigens is the main cause
here as with other virus families or whether there are sero-
logical subtypes has not yet been clarified [2].

1.2 Infection and Infectious Diseases

In immunocompetent individuals, most HCMV infections take
an asymptomatic course or display minor symptoms not very
characteristic for the disease. HCMV finds its way into the
body by means of mucous membrane contact or parenterally
(via blood components containing cells or via stem cell/organ
transplants), and can lead to a general infection with involve-
ment of the organism such as encephalitis, retinitis, hepatitis,
nephritis, splenomegaly, and colitis. Transmission of the virus
to the foetus/child can be transplacental or via cervical or vagi-
nal secretions and breast milk (peri- and postnatal infection).
Also sexual transmission via cervical secretions or semen, or
via the saliva [3-6] is possible.

The incubation period is 4-8 weeks. In this phase viraemia
occurs; however, the major part of the viruses still remains
mainly cell-linked. The cell-associated viral replication can
take place in different cell types (e.g. epithelial cells, endothe-
lial cells, various parenchyma cells, mononuclear cells) [7].
Ductal epithelial cells of the salivary glands, but also the renal
epithelia and glandular cells of genital organs, are particularly
affected by HCMV [8]. During viraemia, HCMV is excreted in
the above mentioned secretions. Anyone with an HCMV in-
fection can transmit the virus — even if they are asymptomatic.

Like other herpes viruses, primary HCMV infection,
which can be asymptomatic or cause serious illnesses in high-
risk patients (see below), enters latency. The following sites
are discussed as latency reservoirs in the blood and bone
marrow:

— CD34+ haematopoietic progenitor cells
— CD33+ haematopoietic progenitor cells
— Monocytes

— Dendritic cells

— Neutrophil granulocytes

— Macrophages [9-14].
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Roback et al. [13] collected leucocytes from mice 6-8 weeks
following CMV infection, which they divided into a fraction
rich in granulocytes and another fraction rich in monocytes.
Both fractions where transfused to CMV-naive mice. Only the
monocytes transmitted CMV in 35-50% of cases; depending
on the cell quantity administered. It remains to be analysed to
what extent these results can be transferred to humans.

A distinction is necessary in principle between HCMV in-
fection and HCMV disease. Damage to tissues and organs is
caused both by direct cytotoxic effects of HCMV by induction
of cytotoxic T lymphocytes and interferon-y production by
specific CD4+ lymphocytes, and natural killer cells, and by
indirect, HCMV-induced immunopathological phenomena
(e.g. immunosuppression, the formation of pro-inflammatory
cytokines) [6, 7].

The incidence of congenital HCMYV infections is between
0.3 and 1.2% [1]. HCMV transmission thus represents the
most frequent congenital infection. Congenital infections are
usually caused by a primary infection of the mother during
pregnancy with an intrauterine transmission rate of 40-50%.
Furthermore, preconceptionally HCMV-seropositive mothers
can be infected with an additional HCMYV strain (maternal
secondary infection) with an infection rate of 1% of all ne-
onates of seropositive mothers [1]. About 7-10% of HCMV-
infected infants develop disease involving clinical manifesta-
tions such as petechiae, jaundice, hepatosplenomegaly, chori-
oretinitis and sometimes permanent neurological damage
(e.g. mental retardation, impaired hearing or even deafness,
motor deficits) the consequences of which are fatal in about
10% of cases [4, 6]. Another route of infection is the breast
milk-associated postnatal HCMV transmission, which for in-
stance occurs in 35-40% of the premature newborns of sero-
positive mothers who have a considerably higher risk regard-
ing HCMV infection than mature newborns, [1, 15, 16]. A
marked reduction in the transmission rate can be achieved by
freezing the breast milk at approximately —20 °C for at least
24 h since the low temperatures reduce infectivity [17, 18]. In
mature newborns, the infection is usually symptom-free.

Important pathogenetic mechanisms for the occurrence of
HCMYV disease in tissue or organ transplant recipients are
lack of immunity and/or immunosuppression on the one hand
and reactivation of the latent virus in the event of pre-existing
HCMYV infection of the recipient on the other [6]. The reacti-
vation of HCMYV can be triggered or intensified by, amongst
other things, interactions with other viruses (e.g. HHV-6) or
increased cytokine production to the point of a ‘cytokine
storm’, during bacterial infections, graft-versus-host disease
(GVHD), or treatment with antilymphocytic antibodies. Con-
sequently, in addition to serological status and the type and
intensity of immunosuppressive treatment, other risk factors
for HCMV disease are intercurrent bacterial and fungal infec-
tions, hepatitis following liver transplant, or GVHD following
allogenic stem cell transplantation [6, 7]. The type of trans-
planted organ also affects the development of HCMYV disease
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(highest risk with lung transplant, lower with heart/liver trans-
plant, lowest with kidney transplant). HCMV pneumonia and,
more rarely, gastrointestinal ulcers and retinitis are the major
manifestations of HCMV disease in recipients of allogenic
stem cell transplants [19]. In case of transplantation of solid
organs from HCMV-seropositive donors the disease usually
leads to damage of the transplanted organ (e.g. hepatitis fol-
lowing liver transplantation and pneumonia following lung
transplantation) [6].

As a result of immunomodulatory effects of the glycopro-
teins, HCMYV also has pathogenetic significance in transplant
patients for acute or chronic rejection reactions. In addition
and because of the immunosuppression induced by HCMV, it
has pathogenetic significance for bacterial and fungal superin-
fections or opportunistic infections and Epstein-Barr-associ-
ated lymphoproliferative disorders (post-transplantation lym-
phoproliferative disorder) [7].

HIV-infected individuals are very frequently seropositive
for HCMV and usually develop symptoms as a consequence
of the reactivation of the latent virus due to progressing im-
munosuppression and only rarely as a result of primary infec-
tion. The occurrence of clinical HCMV manifestations corre-
lates with the severity of the immunosuppression, and patients
with CD4+ T lymphocyte levels < 50-100/ul are particularly
affected. The most common direct cytotoxic effect caused by
HCMYV in HIV-infected individuals is HCMYV retinitis, which
usually starts on one side but later progresses to both sides
and can even lead to blindness. The frequency of HCMV
retinitis has decreased following the introduction of Highly
Active Antiretroviral Therapy (HAART) with protease in-
hibitors and HIV reverse transcriptase inhibitors. At the same
time, however, the occurrence of intraocular inflammation
was observed with HAART which has been interpreted as the
immune system’s response to persistent viral proteins in
HCMV lesions of the retina [20]. Other manifestations of ill-
ness (e.g. gastroenteritis, colitis pneumonia, meningoencepha-
litis, polyradiculoneuropathy) are rare.

Patients who receive (poly)chemotherapy and/or irradia-
tion treatment for an underlying malignant disease often ex-
perience a transient disturbance of cellular immunity which,
however, does not usually progress to HCMV disease as a
result of a primary or secondary infection [21].

1.3 Epidemiology

The prevalence of specific antibodies to the ubiquitous
HCMYV varies hugely depending on the socio-economic
standards of a country [22]. In general, the prevalence in in-
dustrialised regions such as America, Western Europe and
Australia is lower than in Third World countries. The preva-
lence of HCMV-specific antibodies in adults is said to be up
to 100% in many countries in Africa and Asia whilst in indus-
trialised countries it is on average between 40 and 70% [23].
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The prevalence increases with age and reaches rates of
between 5 and 30% by the 6th year of life. Infection of the
population in industrialised countries occurs in two phases:
A first peak is reached in the first 2-3 years of life as a result
of smear infection, and a second lower peak is reached in
adolescence and early adult life, between the ages of 16 and
30 years, as a result of sexual contacts [24]. After that period,
the portion of seropositive individuals increases with age up
to 50-70% [25].

Following infection, HCMV can be excreted in the urine or
saliva for a prolonged period. The reactivation of latent infec-
tions may lead to sporadic virus excretion. Neonatally ac-
quired HCMYV infection leads to greater and more prolonged
chronic virus excretion than later infection.

1.4 Detection Methods and Their Significance

For diagnosing CMV infection, a variety of detection methods
are available including direct virus identification by cell cultur-
ing, antigen detection of the virus, detection of CMV DNA, de-
tection of IgM and IgG antibodies, or detection of T cell re-
sponses against CMV, which can be applied depending on the
problem under study [reviewed in 26, 27]. Primary diagnosis of
a HCMV infection can be established by antigen detection
(pp63), for instance in leucocytes in the blood, saliva and urine,
as well as by means of isolating the virus or nucleic acid ampli-
fication techniques (NAT) before seroconversion [24, 25]. Se-
roconversion is confirmed by the detection of HCMV-specific
IgM and/or IgG antibodies in the serum. For this purpose, both
ELISA and immunofluorescence tests are available.
Diagnostics of the infection is performed serologically
based on increases in IgM and IgG titres, which are measured
in two serum samples drawn at an interval of about 2 weeks.
The domain of the serological tests lies in the definition of the
serostatus [28]. A reactivation (or secondary infection) can be
detected serologically by means of identifying a significant in-
crease in the titre of HCMV-specific antibodies. In addition,
through avidity determination of the IgG antibodies, a distinc-
tion can be made between primary infection (low avidity and
binding against multivalent antigen) and secondary infection
(high avidity). The immunoblot is considered the gold stan-
dard for confirmation of IgM antibodies in the serum [29, 30].
To monitor reactivation in transplantation patients, quanti-
tative detection of pp65 antigen in neutrophil granulocytes,
and, recently to an increasing extent, quantitative HCMV
DNA detection from whole blood or plasma are performed. In
the case of HCMYV encephalitis, HCMV DNA can be detected
in the liquor. For long-term treatment with antiviral sub-
stances (e.g. in AIDS patients with retinitis), in vitro sensitivity
determination of the viruses against medicinal products used
or genotype resistance determination by means of sequencing
can be sensible diagnostic methods in justified individual cases.
In future, microarrays may complete HCMV diagnostics [31].
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2 Blood and Plasma Donors
2.1 Prevalence and Incidence in Donor Populations

The prevalence of antibodies amongst blood donors in Ger-
many and other European countries is between 37 and 65%,
depending on the age of the donor populations. In Diisseldorf,
the prevalence of HCMV amongst blood donors increased
from about 33% in the 18-23 years age group to about 73%
amongst 61- to 65-year-olds [32]. In Third World countries, the
prevalence can reach 100% [33, 34]. The annual incidence in
Germany and other central European countries is 0.8-1.2%
[35-38]. In a group of thrombocytapheresis donors in the
USA, low incidence rates were recorded. The authors sup-
posed that the main reason for this is the particularly strict se-
lection of donors in the production of cytaphereses, resulting
in a lower rate of HCMYV infections in these donors [39].

2.2 Definition of Exclusion Criteria

There are no specific exclusion criteria at the present time. In
the case of clinical symptoms, the donor is deferred from the
donation.

2.3 Donor Testing and Significance

For the following reasons, serological testing for antibodies
against HCMYV can no longer be recommended:

— high incidence in the donor and recipient population

— low risk for immunocompetent recipients

— obligatory leucocyte depletion with removal of the cell-
associated HCMV.

Before the era of leucocyte depletion of red blood cell and
platelet concentrates, HCMV-seronegative donors were se-
lected for high-risk patients. Products from HCMYV antibody-
positive donors were not used for this particular patient
group. With the introduction of general leucocyte removal,
the HCMV-associated transfusion risk has been reduced to a
level as low as that when exclusively HCMV-seronegative
products without leucocyte depletion are used.

The use of leucocyte-depleted and HCMV-seronegative
red blood cell and platelet concentrates can increase the rela-
tive risk of transfusion-associated HCMYV infections. There is
a portion of viraemic donors among those donors tested
HCMV-seronegative. The probability of using an undetected
viraemic donation for transfusion is higher if the donation was
selected from the HCMV-seronegative donor subpopulation
only, in comparison with selection from the total population
of donors (HCMV-seronegative plus HCMV-seropositive
plus HCMYV serostatus unknown) [40]. In this context, it is as-
sumed that leucocyte-depleted HCMV-seropositive products
practically bear no risk of infection [38].
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In the case of blood components which cannot be leuco-
cyte-depleted (e.g. granulocyte and lymphocyte concentrates),
donations from HCMV-seronegative donors should be used
in HCMV-seronegative patients. For high-risk patients, it is
desirable to manufacture these products from donors which
have also been tested for the absence of HCMV genome using
a sensitive NAT.

2.4 Donor Interviews

Because this virus infection does not show specific symptoms
and its course is frequently asymptomatic, interviewing donors
in a targeted manner does not provide useful information.

2.5 Donor Information and Counselling

If in the rare cases when HCMYV donor testing is carried out,
serological evidence of an HCMYV infection is obtained, it is
not necessary to inform the donor. In view of the high preva-
lence and the absence of consequences for immunocompetent
individuals, no specific advice is planned.

3 Recipients

3.1 Prevalence and Incidence of Blood-Associated
Infections and Infectious Diseases in Recipient Populations

The age-dependent prevalence of HCMYV infection can be as
high as about 70% in Europe. According to Weber and Doerr
[34], seroprevalence is not increased in multiply transfused
patents and intravenous drug abusers compared with the gen-
eral population. No European literature is available providing
information on the period after the introduction of general
leucocyte depletion of red blood cell and platelet concen-
trates, with the exception of transplantation recipients and
some special patient populations.

3.2 Immune Status (Resistance, Existing Immunity,
Immune Response, Age, Exogenous Factors)

According to current knowledge, the cellular immune re-
sponse plays the main role in virus elimination and improve-
ment of clinical symptoms. The significance of the humoral
response for the course of the infection is unclear. Re-infec-
tions can occur in high-risk individuals such as promiscuous
individuals, in-patients, nursing staff caring for sick children
etc. Several strains of HCMV have been identified in such
individuals in some cases, using the methods of molecular
biology. According to van der Meer et al. [S], autologous vi-
rus-neutralising antibodies can contribute to accelerated virus
elimination or prevention of dissemination.
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The fact that severe disease courses following HCMV in-
fection occur almost exclusively in patients with impaired
cellular immunity emphasises the significance of the preven-
tion of primary infection/reactivation of the latent virus in
this patient group. Immediately after primary infection,
non-specific mechanisms (e.g. natural killer cells, interferon)
initially prevent the spread of HCMV [41]. The specific im-
mune response, mediated by MHC-I-restricted CD8+ cyto-
toxic T lymphocytes, and also by MHC-II-restricted T helper
lymphocytes, is responsible for the early control of the
HCMYV infection and the development of long-lasting protec-
tive immunity [5]. An important target antigen for cytotoxic
T lymphocytes is the tegument phosphoprotein pp65, and the
epitopes of its split products. CD8+ T lymphocytes directed
against IE proteins are responsible for preventing an HCMV
disease. Other antigens important for the immune response
include pp150 and the glycoprotein B [42, 43]. Up to 25% of
all peripheral CD8+ T cells can be involved in the permanent
suppression of viral replication. CD4+ T lymphocytes are
essential for the induction, replication, and preservation of
memory cells [44]. The immunomodulating properties of
HCMYV such as the down-regulation of MHC-I on the surface
of infected cells prevent the presentation of cytotoxic T lym-
phocytes and favour life-long persistence of the viruses.

3.3 Severity and Course of the Disease

The primary infection of healthy, immunocompetent individu-
als with HCMYV is usually asymptomatic. If symptoms occur,
they manifest themselves in the form of a clinical syndrome re-
sembling that of influenza or mononucleosis with fever, relative
or absolute lymphocytosis and/or phayryngitis, lymphadenopa-
thy, hepatosplenomegaly, or slight increase in transaminase
levels [4]. In contrast, primary infection or reactivation of the
latent virus in congenitally infected neonates or immunosup-
pressed patients, in particular recipients of allogeneic stem cell
transplantations and HIV-infected patients, can lead to serious
or even fatal clinical manifestations [45, 46]. Other risk groups
include pregnant women and nursing mothers with regard to
the transmission of the infection to the child [8, 21, 41, 48].

The risk of HCMV transmission is minimised by the com-
pulsory leucocyte depletion of cellular blood components. On
the other hand, there is no increased risk of illness from
HCMYV infection for HCMV-seropositive recipients of autolo-
gous or allogeneic stem cell transplantations or organ trans-
plantations, and for full-term infants [reviewed in 8, 49].

3.4 Therapy and Prophylaxis
In general, a distinction is made between the prevention of

HCMV infection/disease and the treatment of manifest
HCMV disease. Prevention includes prophylactic measures

Human Cytomegalovirus (HCMV) — Revised

and measures to suppress viral replication. Whereas prophy-
lactic measures are started in patients in whom virus and dis-
ease cannot be identified, suppressive measures (also known
as ‘pre-emptive treatment’) by definition relate to patients in
whom HCMYV infection with viral replication, but not mani-
fest disease, can be detected. The administration of intrave-
nous immunoglobulins (IVIG) or HCMV-specific immu-
noglobulin come into consideration as a preventive measure
only in isolated cases [45, 46]. Studies which confirm the effi-
cacy of IVIG are comparable only to a limited extent due to
different HCMV prophylaxis regimens [47]. Nowadays, the
administration of IVIG for the prevention of HCMYV infec-
tion is no longer recommended in stem cell transplantation
[49]. Published measures to prevent transmission of HCMV
through cellular blood components are transfusion of leuco-
cyte-depleted or HCMV-seronegative blood components, the
administration of antiviral agents, and an adapted cellular im-
munotherapy [6, 43, 44, 50-52]. Although the clinical signifi-
cance of effective prevention of HCMYV disease is undisputed
in the above-mentioned at-risk groups (see 3.3) because of the
high rates of morbidity and mortality of HCMYV disease, there
is as yet no consensus on the optimum preventive measures.
As far as the transplantation of solid organs is concerned, a
prophylaxis with antiviral substances is becoming more and
more common [53-55]. However, preventive measures should
always be based on the severity of the immunosuppression,
the risk of reactivation of a latent HCMYV infection, and the
tolerability of the antiviral agent [6, 7, 51].

Antiviral agents which are currently available for the pre-
vention of HCMYV infection or for treatment of overt disease
are the nucleoside analogues ganciclovir, valganciclovir and
cidofovir, and the pyrophosphate analogue foscarnet sodium.
All these substances inhibit HCMV DNA polymerase and
therefore HCMYV replication. They have to be administered
intravenously in order to reach therapeutic plasma concentra-
tions and in some cases can cause severe organ-specific ad-
verse reactions (ganciclovir: myelotoxicity, mainly with neu-
tropenia but more rarely with thrombocytopenia, and, in the
case of long-term administration, anaemia; cidofovir: dose-
related nephrotoxicity; foscarnet sodium: impaired renal func-
tion, electrolyte disturbances). Valganciclovir can be orally
administered. The agents listed here slow down the replica-
tion of HCMV and are able to suppress clinical symptoms, but
they cannot eliminate the viruses. Because of pre-emptive
administration of ganciclovir, late manifestations of HCMV
disease (>100 days following transplantation compared with
manifestation in the first 100 days after transplantation) have
become a major problem [56]. Administration of the mono-
clonal antibody alemtuzumab against CD52+ cells as part of
the immunosuppressive regimen can lead to HCMYV reactiva-
tions which can be prevented by the prophylactic administra-
tion of suitable virostatics [57].

A detailed description of the established preventive meas-
ures and current treatment strategies for known risk groups
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with HCMYV disease (i.e. infants with congenital HCMV in-
fection, transplant patients, and HIV-infected patients) can be
found in article of de Jong et al. [6], in the published results of
the Canadian Consensus Conference on HCMYV as well as in
the article by Schleiss [58].

The development of vaccines has a high priority, also from
the point of view of economic aspects, i.e. costs incurred due
to an HCMYV disease. A vaccine for routine use is not yet
available due to the latent infection cycle and stem-specific
variations, lacking induction of vaccination protection, and
problems encountered in clinical studies [1, 59-61].

As an alternative to the virostatics which are heavily
marred by adverse reactions [6, 51, 52, 62], in the past few
years, adoptive immunotherapy with HCMV-specific CD8+
cytotoxic T cells has increasingly developed into an additional
option for the treatment of HCMV reactivations showing only
few adverse reactions. In principle, the donor’s immunity (ac-
tivated T cells and memory cells) against a particular patho-
gen is transmitted to the recipient directly by transfusion. The
working groups of van den Bosch et al. [43] and Moss and
Rickinson [44] have published summaries of the milestones
of adoptive immunotherapy. The prerequisite for this is an
ex vivo expansion of HCMV-specific cytotoxic T cells and
CD4+ T helper cells of the seropositive stem cell donor by
restimulation with HCMV epitopes. There is a great number
of protocols on ex vivo expansion of the virus-specific T lym-
phocyte lines [62-69]. Apart from the time required, a disad-
vantage is the relatively low survival period of the replicated
cells by generation of a proapoptotic molecule (CD95) during
replication. The selection of antigen-specific T cells from the
donor by HLA tetramers makes the collection of a sufficient
number of cells possible for direct infusion [69-73]. The
avoidance of stimulation with vital viruses by using autolo-
gous dendritic cells pulsed with virus lysate (such as pp65
peptide or peptide mixtures) reduces unwanted virus expo-
sure of the recipient [69]. Simultaneous isolation of CD4+ and
CD8+ T lymphocytes by means of methods which recognize
the cell populations by secreting cytokines is almost ready for
clinical application [43, 44].

If the donor is HCMV-seronegative, vaccination of the
donor for the purpose of generating HCMV-specific T lym-
phocytes could be an option for the treatment of primary
HCMV infections of the recipient. This method, however, is
still in its infancy [43, 63].

According to preliminary research data, autologous T cells
after transfer of genes which encode T cell receptors for the
required viral peptides could eventually serve as a basis for
HCMV-specific T cell lines, if an expansion of virus-specific T
lymphocytes in HCMV-naive transplant donors should not be
possible [44].

Adoptive immunotherapy can bring about a rapid reconsti-
tution of the cellular immune response against HCMV, above
all after stem cell transplantations, all the more, since some
transplantation protocols involve T cell depletion (e.g. in the
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case of haploidentical transplantation). Some studies were
able to provide proof of the efficiency in the treatment and
prevention of HCMYV diseases [62, 63, 67, 71, 74]. Administra-
tion of virus-specific donor T lymphocytes a few weeks after
transplantation will further reduce the risk of occurrence of
GVHD even though the reasons for this are as yet unknown
[44, 75]. Tt is also still unclear whether antigen-specific T4 or
T8 lymphocytes or both cell populations simultaneously
should be administered [76].

In the meantime, after new molecular targets have been
identified, therapeutic options with a lower spectrum of ad-
verse effects have been developed, such as marabivir, a pro-
tein kinase UL97 inhibitor [77-79].

3.5 Transmissibility

In the 1980s, the overall risk of an HCMYV infection was in the
order of 30-60% for stem cell transplantation patients receiv-
ing blood components without taking into account the CMV
antibody status and without leucocyte reduction [80, 81].
HCMYV transmission to seronegative recipients by seroposi-
tive blood was described in 0.4-4% of recipients. It can be
concluded that infection is not transmitted from the majority
of seropositive donors [8, 48, 82]. As long as non-leucocyte-
reduced blood components were administered, the risk of
HCMV infection was reduced by HCMV-seronegative cellu-
lar blood components [83, 84]. The general use of leucocyte-
depleted blood components has also reduced this risk. Spiking
experiments have shown a reduction in leucocyte-depleted
blood components of about 3 log levels with regard to cellular
HCMYV DNA [84, 85].

3.6 Frequency of Administration, Type and Amount of Blood
Products

Preiksaitis and co-workers [86] have shown for cellular blood
products that recipients of transfusions who seroconverted
after transfusion had received a higher number of units
(50 £ 38.9) than non-seroconverted patients (23.7 + 15.3).
It is not only the quantity of blood products but also the un-
derlying disease of the patients that influences the risk of
infection [87].

In a study, Nichols et al. [88] have found an increase in risk
of 32% per leucocyte-depleted red blood cell concentrate
compared with the basic risk of an HCMYV infection, and no
increase in risk with leucocyte-depleted platelet concentrates
manufactured from apheresis. The results of this study are not
undisputed, due to the calculation methods used [89]. Ronghe
and co-workers [90] could not find any difference concerning
the HCMYV seroconversion rate in patients receiving allogenic
stem cell transplantations who received either leucocyte-de-
pleted platelet concentrates manufactured by apheresis or
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HCMV-seronegative non-leucocyte-depleted platelet concen-
trates. Red blood cell substitution was performed with non-
leucocyte-depleted HCMV-seronegative red blood cell con-
centrates [90].

Roback and co-workers [13] examined the minimum infec-
tious dose for the transmission of a CMV infection in mice.
No CMYV transmission was observed in the case of an applica-
tion of <10* leucocytes per 25 g mouse weight. Roback con-
cluded that the equivalent human dose should be 4 x 10° leu-
cocytes/kg body weight. Thus, if the limit of 5 x 10° leucocytes/
product was observed, this should prevent a transmission of
HCMV [13].

No HCMV transmissions have so far been described for
therapeutic plasma, regardless of a leucocyte depletion or
pathogen inactivation [91, 92].

Based on the production methods, transmission of HCMV
by plasma derivatives (such as coagulation factors, immu-
noglobulins, albumins) is not to be expected.

4 Blood Products
4.1 Infectious Load of the Starting Material and Test Methods

According to studies by Weber et al. [93], about 2-12% of the
HCMV antibody-positive blood donors are infectious. Ac-
cording to Sivakumaran et al. [94], free virus particles were
found in the blood of HCMV-seropositive blood donors, es-
pecially when the samples were left standing for a prolonged
period, thereby causing damage to cells.

HCMV is predominantly cell-associated. It is estimated
that 0.2% of the leucocytes present in peripheral blood of an
HCMYV antibody-positive donor are latently infected, i.e. con-
tain HCMV genome. Using sensitive PCR methods, Larsson’s
working group was able to identify HCMV genome in all se-
ropositive donors [95]. Identification of an antigen as sign of
active virus replication, on the other hand, was possible only
in about 6% of a group of blood donors, which, however, was
small [96].

New examinations with partly improved techniques modify
existing findings. In the period between the infection and the
time when HCMYV antibodies are detectable for the first time
(6-8 weeks), viraemia is observed by means of consistent
studies [38, 91, 97-99]. During seroconversion, the likelihood
of viraemia was indicated to be approximately 1%. The iden-
tification of HCMV DNA in leucocytes is rarely successful
after seroconversion [100]. A current study by Ziemann and
co-workers [38] was able to detect HCMV DNA, partly up to
one year after seroconversion, using a very sensitive PCR in
44% of the plasmas examined from seroconverters. Samples
before seroconversion were available from 68 donors. In two
cases (2.9%), HCMV DNA could be detected in the plasma
68 or 98 days before the first seropositive sample was available
(‘window phase donation”). In 450 donors who had been sero-
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positive for more than one year, HCMV DNA could not be
found in the plasma in any of the cases [38]. This result is
comparable with results of other examinations [97, 99, 101].
Considering the calculations by Roback [13] concerning the
minimum infectious dose, the low probability of detecting
HCMV-infected cells in symptom-free donors one year or
later after seroconversion and the efficiency of the leucocyte
filters used, the risk of an HCMYV transmission by donors who
have been HCMV antibody-positive for at least 12 months
should be extremely low.

It is not necessary to test plasma for fractionation for
HCMYV (cf. 3.6). Testing is indicated in individual cases for
products containing cells. The above-mentioned procedures/
methods (see 1.4) are suitable test methods. NAT methods
are currently not yet comparable and their quality should be
checked after standards have been established in collabora-
tive studies [102].

4.2 Methods for Removal and Inactivation of the
Infectious Agent

The use of non-leucocyte-depleted blood products from
HCMV-seronegative starting material reduces the incidence
of infection to 1-4% in HCMV-seronegative bone marrow
and organ recipients. Although the results from studies on the
equivalence of leucocyte reduction compared to the applica-
tion of seronegative blood are contradictory, the evaluation of
all results shows that the leucocyte elimination and the use of
HCMV-seronegative non-leucocyte-depleted blood compo-
nents are equivalent [40, 41, 87, 88, 103-110]. Viraemia during
the pre-seroconversion phase, which is a major cause of trans-
fusion-associated HCMYV infections that are still recorded to a
small extent, can be controlled neither by leucocyte depletion
nor by exclusive use of HCMV antibody-negative blood com-
ponents [111].

Leucocyte depletion for red blood cell and platelet prod-
ucts is compulsory in Germany. Thus, an identification of the
HCMV donor status is unnecessary, apart from special cases
of cellular blood components which cannot leucocyte-de-
pleted. Moreover, the selection of exclusively HCMV-sero-
negative donors with their higher relative portion of viraemic
donors compared with the population of total donors can in-
crease the risk of HCMV transmission (see also 2.3).

HCMV transmissions by therapeutic plasma are as yet un-
known. This may be due to the instability of the virus in a cold
environment around —20 °C, an opinion which is based on the
experience gained with frozen breast milk [17, 18].

According to several results of studies which agree with
each other, there are various pathogen inactivation methods
which reliably inactivate HCMV [112-115]. As HCMV is one
of the viruses with a lipid envelope, any measures which at-
tack the lipid envelope (e.g. S/D process) lead to the inactiva-
tion of HCMV. HCMV is also inactivated by heat treatment
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(e.g. pasteurisation). Moreover there are filters which retain
the HCMYV measuring 150-200 nm, and which can be used for
the manufacture of plasma-derived products. HCMV trans-
mission by plasma-derived products can be ruled out on the
basis of current knowledge.

4.3 Feasibility and Validation of Procedures for
Removal/Inactivation of Infectious Agents

The significance of leucocyte depletion for the safety of cellu-
lar components has already been dealt with under 4.2. HCMV
cannot be used directly for the experimental demonstration of
the viral safety of plasma-derived products as it cannot be cul-
tured in high titres in cell cultures and is difficult to titrate. In
addition, antibodies in the plasma would react with the virus
and distort the results. For this reason, animal herpes viruses
are used to test the process as model viruses [112, 116, 117].
The most frequently used virus is the Pseudorabies virus (her-
pes virus of the pig). It is comparable to HCMV in its charac-
teristics, e.g. thermolability and sensitivity to lipid solvents
and extreme pH values.

5 Assessment

HCMYV infections show low pathogenicity in healthy, immu-
nocompetent individuals and cause only mild, if any, symp-
toms. HCMYV leads to latent (persistent) infections with the
possibility of recurrence with viral replication (with and with-
out symptoms). Severe HCMYV illness is observed with in-
creased frequency, however, in individuals whose immune
systems are impaired or who are immunoincompetent. Al-
though antiviral chemotherapy and, in some cases, adoptive
immunotherapy is possible, transmission of HCMV by blood
components should be avoided as far as possible for certain
recipient groups. These include pregnant women, premature
infants, anyone with acquired or genetic immune impairment,
and individuals undergoing massive immunosuppression with
significant T cell number reduction for therapeutic reasons
(such as recipients of stem cell transplantations and (homolo-
gous) transplants). The removal or reduction of leucocytes by
filtration (leucocyte depletion) has proved to be a successful
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method of minimising the risk of transfusion-associated
HCMV infection. Leucocyte depletion is not effective in vi-
raemic donors in the seroconversion phase since the virus is
not fully cell-associated.

If leucocyte-depleted cellular blood products are used, a
selection of seronegative donors is no longer useful. On the
contrary, the selection of HCMV antibody-seronegative do-
nors could increase the risk of HCMV transmission. The rea-
son for this is that in acutely infected still seronegative indi-
viduals, a non-cell-associated viraemia may be present.

If non cellular blood components which cannot be leuco-
cyte-depleted are administered, e.g. granulocyte or lym-
phocyte concentrates, donations should be used from donors
without HCMYV antibodies. In such cases, the HCMV anti-
body examination should be completed by an HCMV NAT
if possible. Regarding the use of HCMV NAT, there is a par-
ticular need for research to establish threshold values and
national as well as international standards.

Transmission of HCMV by therapeutic fresh frozen plasma
derivatives (such as coagulation factors, immunoglobulins, or
albumin) is not to be expected.

This paper was completed on April 1, 2009 and approved by the German
Advisory Committee Blood (Arbeitskreis Blut) on June 7, 2010. It re-
places the paper of March 21, 2000 (Infus Ther Transfus Med
2001;28:165-171). It was compiled by the members of the subgroup ‘As-
sessment of Pathogens Transmissible by Blood’ of the German Advisory
Committee Blood (Arbeitskreis Blut):

Dr. Volkmar Schottstedt

Dr. Johannes Bliimel

Prof. Dr. Reinhard Burger
Prof. Dr. Christian Drosten
Dr. Albrecht Groner

Prof. Dr. Lutz Giirtler

Dr. Margarethe Heiden

Prof. Dr. Martin Hildebrandt
Prof. Dr. Dr. Bernd Jansen
Dr. Thomas Montag-Lessing
Dr. Ruth Offergeld

Prof. Dr. Georg Pauli

Prof. Dr. Rainer Seitz

Dr. Uwe Schlenkrich

Dr. Johanna Strobel

Dr. Hannelore Willkommen
Prof. Dr. Carl-Heinz Wirsing von Konig

Arbeitskreis Blut



References

1

10

1

12

13

14

15

16

17

Hambrecht K, Jahn G: Humanes Cytomegalo-
virus und kongenitale Infektion. Bundesgesund-
heitsbl  Gesundheitsforsch  Gesundheitsschutz
2007;50:1379-1392.

Klein M, Schoppel K, Amvrossiadis N, Mach
M: Strain-specific neutralization of human cy-
tomegalovirus isolates by human sera. J Virol
1999;73:878-886.

Fields BN, Knipe DM, Howley PM (eds): Virolo-
gy, 3rd ed. Philadelphia, Lippincott-Raven, 1995.
Mandell GL, et al (eds): Principles and Practice of
Infectious Diseases, 4th ed. New York, Churchill
Livingstone, 1995.

Van der Meer JTM, Drew WL, Bowden RA,
Galasso GJ, Griffiths PD, Jabs DA, Katlama C,
Spector SA, Whitley RJ: Summary of the inter-
national consensus symposium on advances in the
diagnosis, treatment and prophylaxis of cytomega-
lovirus infection. Antiviral Res 1996;32:119-140.
De Jong MD, Galasso GJ, Gazzard B, Griffiths
PD, Jabs DA, Kern ER, Spector SA: Summary of
the II. international symposium on cytomegalovi-
rus. Antiviral Res 1998;39:141-162.

Fishman JA, Rubin RH: Infection in organ-
transplant recipients. N Engl J Med 1998;338:
1741-1751.

Petz LD, Swisher SN (eds): Clinical Practice of
Transfusion Medicine, 3rd ed. New York, Church-
ill Livingstone, 1996.

Taylor-Wiedeman J, Sissons JG, Borysiewicz
LK, Sinclair JH: Monocytes are a major site of
persistence of human cytomegalovirus in pe-
ripheral blood mononuclear cells. J Gen Virol
1991;72:2059-2064.

Movassagh M, Gozlan J, Senechal B, Baillou C,
Petit JC, Lemoine FM: Direct infection of CD34+
progenitor cells by human cytomegalovirus: Evi-
dence for inhibition of hematopoiesis and viral
replication. Blood 1996;88:1277-1283.
Zhuravskaya T, Maciejewski JP, Netski DM,
Bruening E, Mackintosh FR, St Jeor S: Spread of
human cytomegalovirus (HCMV) after infection
of human hematopoietic progenitor cells: model
of HCMYV latency. Blood 1997;90:2482-2491.
Larsson S, Soderberg-Naucler C, Moller E: Pro-
ductive cytomegalovirus (CMV) infection exclu-
sively in CD13-positive peripheral blood mono-
nuclear cells from CMV-infected individuals:
implications for prevention of CMV transmission.
Transplantation 1998;65:411-415.

Roback JD, Su L, Zimring JC, Hillyer CD: Trans-
fusion-transmitted cytomegalovirus: Lessons from
a murin model. Transf Med Rev 2007;21:26-36.
Bolovan-Fritts CA, Mocarski ES, Wiedemann
JA: Peripheral blood CD14(+) cells from healthy
subjects carry a circular conformation of latent cy-
tomegalovirus genome. Blood 1999;93:394-398.
Meier J, Lienicke U, Tschirch E, Kriiger DH,
Wauer RR, Prosch S: Human cytomegalovirus
reactivation during lactation and mother-to-child
transmission in preterm infants. J Clin Microbiol
2005;43:1318-1324.

Trincado DE, Rawlinson WD: Congenital and
perinatal infections with cytomegalovirus. J Pae-
diatr Child Health 2001;37:187-192.

Maschmann J, Hamprecht K, Weissbrich B, Dietz
K, Jahn G, Speer CP: Freeze-thawing of breast
milk does not prevent cytomegalovirus transmis-
sion to a preterm infant. Arch Dis Child Fetal
Neonatal 2006;91:F288-290.

Human Cytomegalovirus (HCMV) — Revised

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Lee CH, Enright A, Benitz WE, Madan A: Post-
natal cytomegalovirus infection from frozen
breast milk in preterm, low bith weight infants.
Pediatr Infect Dis J 2007;26:276.

Stocchi R, Ward KN, Fanin R, Baccarani M,
Apperley JF: Management of human cytome-
galovirus infection and disease after allogenenic
bone marrow transplantation. Haematologica
1999:84:71-79.

Jacobson MA, Zegans M, Pavan PR, O’Donnell
JJ, Sattler F, Rao N, Owens S, Pollard R: Cytome-
galovirus retinitis after initiation of highly active
antiretroviral therapy. Lancet 1997;349:1443-1445.
Przepiorka D, LeParc GF, Werch J, Lichtiger B:
Prevention of transfusion-associated cytomegalovi-
rus infection. Am J Clin Pathol 1996;106:163-169.
Krech U: Complement-fixing antibodies against
cytomegalovirus in different parts of the world.
Bull World Health Organ 1973;49:103-106.
Lamberson HV, Dock NL: Prevention of transfu-
sion-transmitted cytomegalovirus infection Trans-
fusion 1992:32:196-198.

Staras SA, Flanders WD, Dollard SC, Pass RF,
McGowan JE, Cannon MIJ: Influence of sexual
activity on cytomegalovirus seroprevalence in
the United States, 1988 — 1994. Sex Transm Dis
2008;35:472-479.

Mocarski ES Jr: Cytomegaloviruses; in Webster
RG, Granoff A (eds): Encyclopedia of Virology.
Volume 1. London, Academic Press, 1994, pp 292.
Reimer K, Meisel H: Humanes Zytomegalievirus;
in: Porstmann T (Hrsg): Virusdiagnostik. Diag-
nostische Bibliothek, Band 1. Berlin: Blackwell
Wissenschafts-Verlag, 1996, pp 258.

Haller OA, Mertens T (Hrsg): Zytomegalievirus
(CMV); in Diagnostik und Therapie von Virus-
krankheiten. Leitlinien der Gesellschaft fiir Viro-
logie. Miinchen, Urban and Fischer, 1999, pp 235.
Preiksaitis JK, Brennan DC, Fishman J, Allen
U: Canadian Society of Transplantation consen-
sus workshop on cytomegalovirus management
in solid organ transplantation final report. Am J
Transplant 2005;5:218-227.

Subramanian V: Distinguishing primary CMV in-
fection from reactivation of latent infection. Dig
Dis Sci 2008;53:140.

Lazzarotto T, Guerra B, Lanari M, Gabrielli L,
Landini MP: New advances in the diagnosis of
congenital cytomegalovirus infection. J Clin Virol
2008;41:192-197.

Petrik J: Diagnostic applications of microarrays.
Transf Med 2006;16:233-247.

Bringmann G: Bedeutung der Zytomegalievirus-
infektion in der Transfusionsmedizin. Inaugural-
Dissertation, Medizinische Fakultdt der Heinrich-
Heine-Universitit Diisseldorf, 1990.

Kothari A, Ramachandran VG, Gupta P, Singh
B, Talwar V: Seroprevalence of cytomegalovirus
among voluntary blood donors in Delhi, India. J
Health Popul Nrutr 2002;20:348-351.

Weber B, Doerr HW: Diagnosis and epidemiolo-
gy of transfusion-associated human cytomegalovi-
rus infection: recent developments. Infusionsther
Transfusionsmed 1994;21(suppl 1):32-39.

Galea G, Urbaniak SJ: Cytomegalovirus studies
on blood donors in north-east Scotland and a re-
view of UK data. Vox Sang 1993;64:24-30.
Schennach H, Hessenberger G, Mayersbach P,
Schonitzer D, Fuchs D: Acute cytomegalovirus
infections in blood donors are indicated by in-
creased serum neopterin concentrations. Med
Microbiol Immunol 2002;191:115-118.

37

38

39

40

41

)

43

44

45

46

47

48

49

50

51

52

53

Hecker M, Qiu D, Marquardt K, Bein G, Hack-
stein H: Continuous cytomegalovirus seroconver-
sion in a large group of healthy blood donors. Vox
Sang 2004;86:41-44.

Ziemann M, Krueger S, Maier AB, Unmack A,
Goerg S, Hennig H: High prevalence of cytome-
galovirus DNA in plasma samples of blood donors
in connection with seroconversion. Transfusion
2007;47:1972-1983.

Boeke CE, Pauly ME, Hatch-Stock H, Jackson
JB: CMV antibody prevalence and seroinci-
dence in platelet pheresis donors. J Clin Apher
2008;23:63-65.

Bundesirztekammer:  Querschnitts-Leitlinien
(BAK) zur Therapie mit Blutkomponenten
und Plasmaderivaten (2008). Online-Version
www.bundesaerztekammer.de/page.asp?his =
0.6.3288.6716.

Pamphilon DH, Rider JR, Barbara JA, William-
son LM: Prevention of transfusion-transmit-
ted cytomegalovirus infection. Transfus Med
1999:9:115-123.

Riddell SR, Greenberg PD: T cell therapy of
human CMV and EBYV infection in immunocom-
promised hosts. Rev Med Virol 1997;7:181-192.
van den Bosch GA, Ponsaerts P, Vanham G, van
Bockstaele DR, Berneman ZN, van Tendeloo VF:
Cellular immunotherapy for cytomegalovirus and
HIV-1 infection. J Immunother 2006;29:107-121.
Moss P, Rickinson A: Cellular immunotherapy for
viral infection after HSC transplantation. Nat Rev
Immunol 2005;5:9-20.

Nigro G, Adler SP, La Torre R, Best AM: Pas-
sive immunization during pregnancy for con-
genital cytomegalovirus infection. N Engl J Med
2005;353:1350-1362.

Aslam M, Anderson JL, Guglietti D, Cardwell D:
CMV-induced neonatal thrombocytopenia: a case
report and review of the literature. Am J Perina-
t012007;24:429-434.

Bonaros N, Mayer B, Schachner T, Laufer G, Ko-
cher A: CMV-hyperimmune globulin for prevent-
ing cytomegalovirus infection and disease in solid
organ transplant recipients: a meta-analysis. Clin
Transplant 2008;22:89-97.

Miiller-Eckhardt C, Kiefel V (Hrsg): Transfu-
sionsmedizin. 3. Aufl. Berlin, Springer, 2004.
Ljungman P, Aschan J, Lewensohn-Fuchs I, Car-
lens S, Larsson K, Lonnqvist B, Mattsson J, Spar-
relid E, Winiarski J, Ringden O: Results of differ-
ent strategies for reducing cytomegalovirus-asso-
ciated mortality in allogeneic stem cell transplant
recipients. Transplantation 1998;66:1330-1334.
Vogel JU, Scholz M, Cinatl J Jr: Treatment of
cytomegalovirus diseases. Intervirology 1997;40:
357-367.

Balfour HH Jr: Antiviral drugs. N Engl J Med
1999;340:1255-1268.

Micklethwaite KP, Clancy L, Sandher U, Hansen
AM, Blyth E, Antonenas V, Sartor MM, Brad-
stock KF, Gottlieb DJ: Prophylactic infusion of
cytomegalovirus specific cytotoxic T-lymphocytes
stimulated with Ad5f35pp65 gene modified den-
dritic cells following allogenic haemopoietic stem
cell transplantation. Blood 2008;112:3974-3981.
Hodson EM, Jones CA, Webster AC, Strip-
poli GF, Barclay PG, Kable K, Vimalachandra
D, Craig JC: Antiviral medications to prevent
cytomegalovirus disease and early death in re-
cipients of solid-organ transplants: a systematic
review of randomised controlled trials. Lancet
2005;365:2105-2115.

Transfus Med Hemother 2010;37:365-375

373



54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

Moreno de la Higuera Diaz M, Calvo Romero N,
Sanchez-Fructuoso A, Conesa J, Marques Vidas
M, Prats D, Barrientos Guzman A: Cytomegalovi-
rus infection in seronegative patients treated with
prophylaxis: case-controlled study. Transplant
Proc 2007;39:2231-2232.

Fishman JA, Emery V, Freeman R, Pascual M,
Rostaing L, Schlitt HJ, Sgarabotto D, Torre-Cis-
neros J, Uknis ME: Cytomegalovirus in transplan-
tation — challenging the status quo. Clin Trans-
plant 2007:21:149-158.

Asano-Mori Y, Kanda Y, Oshima K, Kako S,
Shinohara A, Nakasone H, Sato H, Watanabe T,
Hosoya N, Izutsu K, Asai T, Motokura T, Chiba
S, Kurokawa M: Clinical features of late cytome-
galovirus infection after hematopoietic stem cell
transplantation. Int J Hematol 2008;87:310-318.
O’Brien S, Ravandi F, Riehl T, Wierda W, Huang
X, Tarrand J, O’Neal B, Kantarjian H, Keating M:
Valganciclovir prevents cytomegalovirus reacti-
vation in patients receiving alemtuzumab-based
therapy. Blood 2008;111:1816-1819.

Schleiss MR: Congenital cytomegalovirus infec-
tion: update on management strategies. Curr
Treat Option Neurol 2008;10:186-192.

Khanna R, Diamond DJ: Human cytomegalovi-
rus vaccine: time to look for alternative options.
Trends Mol Med 2006;12:26-33.

Steininger C: Clinical relevance of cytomegalo-
virus infection in patients with disorders of the
immune system. Clin Microbiol Infect 2007;13:
953-963.

Adler SP: Human CMV vaccine trials: what if
CMV caused a rash? J Clin Virol 2008;41:231-236.
Einsele H, Hamprecht K: Immunotherapy of cy-
tomegalovirus infection after stem-cell transplan-
tation: a new option? Lancet 2003;362:1343-1344.
Einsele H, Roosnek E, Rufer N, Sinzger C, Rie-
gler S, Loffler J, Grigoleit U, Moris A, Rammen-
see HG, Kanz L, Kleihauer A, Frank F, Jahn G,
Hebart H: Infusion of cytomegalovirus(CMV)-
specific T cells for the treatment of CMV infection
not responding to antiviral chemotherapy. Blood
2002;99:3916-3922.

La Rosa C, Wang Z, Lacey SF, Lalimarmo MM,
Krishnan A, Longmate J, Diamond DJ: In vitro
expansion of polyclonal T-cell subsets for adop-
tive immunotherapy by recombinant modified
vaccinia Ankara. Exp Hematol 2006;34:497-507.
Melenhorst JJ, Solomon SR, Shenoy A, Hensel
NF, McCoy JP, Keyvanfar K, Barrett AJ: Robust
expansion of viral antigen-specific CD4+ and
CD8+ T cells for adoptive T cell therapy using
gene-modified activated T cells as antigen pre-
senting cells. ] Immunother 2006;29:436-443.
Paine A, Oelke M, Blasczyk R, Eiz-Vesper B:
Expansion of human cytomegalovirus-specific
T lymphocytes from unfractionated peripheral
blood mononuclear cells with artificial antigen-
presenting cells. Transfusion 2007;47:2143-2152.
Micklethwaite K, Hansen A, Foster A, Snape E,
Antonenas V, Sartor M, Shaw P, Bradstock K,
Gottlieb D: Ex vivo expansion and prophylactic
infusion of CMV-pp65 peptide-specific cytotoxic
T-lymphocytes following allogenic hematopoi-
etic stem cell transplantation. Biol Blood Marrow
Transplant 2007;13:707-714.

Bao L, Sun Q, Lucas KG: Rapid generation of
CMV pp65-specific T cells for immunotherapy. J
Immunother 2007;30:557-561.

Peggs K, Verfuerth S, Mackinnon S: Induction of
cytomegalovirus (CMV)-specific T-cell responses
using dendritic cells pulsed with CMV antigen:
a novel culture system free of live CMV virions.
Blood 2001;97:994-1000.

70

71

72

73

74

75

76

77

78

79

80

81

82

83

Szmania S, Galloway A, Bruorton M, Musk P,
Aubert G, Arthur A, Pyle H, Hensel N, Ta N,
Lamb L, Dodi T, Madrigal A, Barrett J, Henslee-
Downey J, van Rhee F: Isolation and expansion
of cytomegalovirus-specific cytotoxic T lym-
phocytes to clinical scale from a single blood draw
using dendritic cells and HLA-tetramers. Blood
2001;98:505-512.

Cobbold M, Khan N, Pourgheysari B, Tauro S,
McDonald D, Osman H, Assenmacher M, Billing-
ham L, Steward C, Crawley C, Olavarria E, Gold-
man J, Chakraverty R, Mahendra P, Craddock C,
Moss PAH: Adoptive transfer of cytomegalovirus
specific CTL to stem cell transplant patients after
selection by HLA-peptide tetramers. J Exp Med
2005;202:379-386.

Roback JD: Vaccine-enhanced donor lymphocyte
infusion (veDLI). Hematology Am Soc Hematol
Educ Program 2006:486-491, 513.

Sakagawa H, Azuma H, Fujihara M, Tkeda H: Clin-
ical-scale expansion of human cytomegalovirus-
specific cytotoxic T lymphocytes from peripheral
blood mononuclear cells requiring single-peptide
stimulation and feeder cells but not additional anti-
gen-presenting cells. Transfusion 2006;46:516-522.
Mackinnon S, Thomson K, Verfuerth S, Peggs K,
Lowdell M: Adoptive cellular therapy for cytome-
galovirus infection following allogeneic stem cell
transplantation using virus-specific T cells. Blood
Cells Mol Dis 2008;40:63-67.

Chalandon Y, Degermann S, Villard J, Arlettaz
L, Kaiser L, Vischer S, Walter S, Heemskerk MH,
van Lier RA, Helg C, Chapuis B, Roosnek E:
Pretransplantation CMV-specific T cells protect
recipients of T-cell-depleted grafts against CMV-
related complications. Blood 2006;107:389-396.
Einsele H, Kapp M, Grigoleit GU: CMV-specific
T cell therapy. Blood Cells Mol Dis 2008;40:71-75.
Mehta J: Cytomegalovirus: time for a requiem?
Blood 2008;111:5265-5266.

Andrei G, de Clercq E, Snoeck R: Novel inhibi-
tors of human CMV. Curr Oppin Investig Drugs
2008;9:132-145.

Winston DJ, Young JA, Pullarkat V, Papanico-
laou GA, Vij R, Vance E, Alangaden GJ, Che-
maly RF, Petersen F, Chao N, Klein J, Sprague K,
Villano SA, Boeckh M: Maribavir prophylaxis for
prevention of cytomegalovirus infection in alloge-
neic stem cell transplant recipients: a multicenter,
randomized, double-blind, placebo-controlled,
dose ranging study. Blood 2008;111:5403-5410.
Meyers JD, Flournoy N, Thomas ED: Risk factors
for cytomegalovirus infection after human marrow
transplantation. J Infect Dis 1986;153:478-488.
Cervia JS, Wenz B, Ortolano GA: Leukocyte
reduction’s role in the attenuation of infection
risks among transfusion recipients. Clin Infect Dis
2007;45:1008-1013.

Hillyer CD, Lankford KV, Roback JD, Gillespie
TW, Silberstein LE: Transfusion of the HIV-sero-
positive patient: immunomodulation, viral reacti-
vation and limiting exposure to EBV (HHV-4),
CMV (HHV-5), and HHV-6, 7, and 8. Transfus
Med Rev 1999;13:1-17.

Rubie H, Attal M, Campardou AM, Gayet-Meng-
elle C, Payen C, Sanguignol F, Calot JP, Charlet
JP, Robert A, Huguet F: Risk factors for cytome-
galovirus infection in BMT recipients transfused
exclusively with seronegative blood products.
Bone Marrow Transplant 1993;11:209-214.
Visconti MR, Pennington J, Garner SF, Allain JP,
Williamson LM: Assessment of removal of human
cytomegalovirus from blood components by leu-
kocyte depletion filters using real-time quantita-
tive PCR. Blood 2004;103:1137-1139.

374

Transfus Med Hemother 2010;37:365-375

85 Lau W, Onizuka R, Krajden M: Polymerase chain
reaction based assessment of leukoreduction ef-
ficacy using a cytomegalovirus DNA transfected
human T-cell line. J Clin Virol 1998;11:109-116.

86 Preiksaitis JK, Brown L, McKenzie M: The risk of
cytomegalovirus infection in seronegative transfu-
sion recipients not receiving exogenous immuno-
suppression. J Infect Dis 1988;157:523-529.

87 Vamvakas EC: Is white blood cell reduction
equivalent to antibody screening in preventing
transmission of cytomegalovirus by transfusion?
A review of the literature and meta-analysis.
Transfus Med Rev 2005;19:181-199.

88 Nichols WG, Price TH, Gooley T, Corey L,
Boeckh M: Transfusion-transmitted cytomegalo-
virus infection after receipt of leukoreduced blood
products. Blood 2003;101:4195-4200.

89 Caspari G, Cassens U, Hebart H, Kliter H,
Mansouri-Taleghani B, Wiillenweber J: Aktuelle
Aspekte zur Vermeidung von transfusionsassozi-
ierten CMV-Ubertragungen. Stellungsnahme der
Sektionen «Sicherheit in der Himotherapie» und
«Transplantation und Zelltherapie» der DGTL
Transfus Med Hemother 2003;30:195-198.

90 Ronghe MD, Foot ABM, Cornish JM, Steward
CG, Carrington D, Goulden N, Marks DI, Oak-
hill A: The impact of transfusion of leucodepleted
platelet concentrates on cytomegalovirus disease
after allogenic stem cell transplantation. Br J Hae-
matol 2002;118:1124-1127.

91 Roback JD: CMV and blood transfusions. Rev
Med Virol 2002;12:211-219.

92 Adler SP: Data that suggest that FFP does not
transmit CMV. Transfusion 1988;28:604.

93 Weber B, Rabenau H, Berger A, Scheuermann
EH, Staszewski S, Kreuz W, Scharrer I, Schoeppe
W, Doerr HW: Seroprevalence of HCV, HAV,
HBV, HDV, HCMV and HIV in high risk groups/
Frankfurt a. M., Germany. Zentralbl Bakteriol
1995;282:102-112.

94 Sivakumaran M, Hutchinson RM, Wood JK, Re-
vill JA, Ghosh K, Myint S: Removal of cytome-
galovirus (CMV) infected leucocytes from CMV
seropositive blood units by bedside blood filtra-
tion. Br J Haematol 1993;85:232-234.

95 Larsson S, Soderberg-Naucler C, Wang FZ, Moel-
ler E: Cytomegalovirus DNA can be detected in
peripheral blood mononuclear cells from all sero-
positive and most seronegative healthy blood do-
nors over time. Transfusion 1998;38:271-278.

96 Asadullah K, Proesch S, Audring H, Buettnerova
I, Volk HD, Sterry W, Doecke WD: A high preva-
lence of cytomegalovirus antigenaemia in patients
with moderate to severe chronic plaque psoria-
sis: an association with systemic tumour necro-
sis factor alpha overexpression. Br J Dermatol
1999;141:94-102.

97 Drew WL, Tegtmeier G, Alter HJ, Laycock ME,
Miner RC, Busch MP: Frequency and duration
of plasma CMV virema in seroconverting blood
donors and recipients. Transfusion 2003;43:
309-313.

98 Roback JD, Drew WL, Laycock ME, Todd D,
Hillyer CD, Bush MP: CMV DNA is rarely de-
tected in healthy blood donors using validated
PCR assays. Transfusion 2003;43:314-321.

99 Zanghellini F, Boppana SB, Emery VC, Griffiths
PD, Pass RF: Asymptomatic primary cytomega-
lovirus infection: virologic and immunologic fea-
tures. J Infect Dis 1999;180:702-707.

100 Glock B, Schistal E, Mayr WR: CMV DNA in

blood donors with IgM and IgG CMV antibodies.
Transfusion 2003;43:1493-1494.

Arbeitskreis Blut



101 Greenlee DJ, Fan H, Lawless K, Harrison CR,
Gulley ML: Quantitation of CMV by real-time
PCR in transfusable RBC units. Transfusion
2002;42:403-408.

102 Pang XL, Fox JD, Fenton JM, Miller GG, Calien-
do AM, Preiksaitis JK: Interlaboratory compari-
sion of cytomegalovirus viral load assays. Am J
Transplant 2009;9:258-268.

103 Miller WJ, McCullough J, Balfour HH Jr, Haake
RJ, Ramsay NK, Goldman A, Bowman R, Kersey
J: Prevention of cytomegalovirus infection follow-
ing bone marrow transplantation: a randomized
trial of blood product screening. Bone Marrow
Transplant 1991;7:227-234.

104 Bowden RA, Slichter SJ, Sayers M, Weisdorf D,
Cays M, Schoch G, Banaji M, Haake R, Welk K,
Fisher L, McCullough J, Miller W: A comparison
of filtered leukocyte-reduced and cytomegalovirus
(CMV) seronegative blood products for the pre-
vention of transfusion-associated CMV infection
after marrow transplant. Blood 1995;86:3598-3603.

105 Narvios AB, Przepiorka D, Tarrand J, Chan
KW, Champlin R, Lichtiger B: Transfusion sup-
port using filtered unscreened blood products
for cytomegalovirus-negative allogenic marrow
transplant recipients. Bone Marrow Transplant
1998:22:575-571.

106 Gilbert GL, Hayes K, Hudson IL, James J: Pre-
vention of transfusion-acquired cytomegalovirus
infection in infants by blood filtration to remove
leukocytes. Lancet 1989;1:1228-1231.

Human Cytomegalovirus (HCMV) — Revised

107 Dumont LJ, Luka J, VandenBroeke T, Whit-
ley P, Ambruso DR, Elfath MD: The effect of
leukocyte-reduction method on the amount of
human cytomegalovirus in blood products: a com-
parison of apheresis and filtration methods. Blood
2001;97:3640-3647.

108 Ljungman P, Larsson K, Kumlien G, Aschan
J, Barkholt L, Gustafsson-Jernberg A, Lewen-
sohn-Fuchs I, Ringdén O: Leukocyte depleted,
unscreened blood products give al low risk for
CMV infection and disease in CMV seronega-
tive allogenic stem cell transplant recipients with
seronegative stem cell donors. Scand J Infect Dis
2002;34:347-350.

109 Narvios AB, de Lima M, Shah H, Lichtiger B:
Transfusion of leucoreduced cellular blood com-
ponents from cytomegalovirus-unscreened donors
in allogenic hematopoietic transplant recipients:
analysis of 72 recipients. Bone Marrow Transplant
2005;36:499-501.

110 Laupacis A, Brown J, Costello B, Delage G,
Freedman J, Hume H, King S, Kleinman S,
Mazzulli T, Wells G: Prevention of posttransfu-
sion CMV in the era of universal WBC reduc-
tion: a consensus statement. Transfusion 2001;41:
560-569.

111 Roback JD, Bray RA, Hillyer CD: Longitudi-
nal monitoring of WBC subsets in packed RBC
units after filtration: implications for transfusion
transmission of infections. Transfusion 2000;40:
500-506.

112 Jayarama V, Marcello J, Ohagen A, Gibaja V,
Lunderville D, Horrigan J, Chapman J, Lazo A:
Development of models and detection methods
for different forms of cytomegalovirus for the
evaluation of viral inactivation agents. Transfu-
sion 2006;46:1580-1588.

113 Jordan CT, Saakadze N, Newman JL, Lezhava LJ,
Maiers TT, Hillyer WM, Roback JD, Hillyer CD:
Photochemical treatment of platelet concentrates
with amotosalen hydrochloride and ultraviolet
A light inactivates free and latent cytomegalovi-
rus in a murine transfusion model. Transfusion
2004;44:1159-1165.

114 Lin L: Inactivation of cytomegalovirus in platelet
concentrates using Helinx technology. Semin He-
matol 2001;38:27-33.

115 Lin L, Hanson CV, Alter HJ, Jauvin V, Bernard
KA, Murthy KK, Metzel P, Corash L: Inactiva-
tion of viruses in platelet concentrates by photo-
chemical treatment with amotosalen and long-
wavelength ultraviolet light. Transfusion 2005;45:
580-590.

116 CPMP/BWP/268/95: Note for Guidance on Virus
Validation Studies: the Design, Contribution and
Interpretation of Studies Validating the Inactiva-
tion and Removal of Viruses. www.emea.europa.
ew/pdfs/human/bwp/026895en.pdf.

117 CPMP/BWP/269/95, rev. 3: Note for Guidance on
Plasma-Derived Medicinal Products. www.bpro.
or.jp/publication/pdf_jptrans/eu/eu200101en.pdyf.

Transfus Med Hemother 2010;37:365-375 375



