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Transfusion-Transmitted CMYV Infections
Clinical Importance and Means of Prevention?

Stuart P. Adler. The frequent acquisition
of an active cytomegalovirus infection fol-
lowing blood transfusion has been recog-
nized for at least 15 years. Prospective stud-
ies done in the late 1960s and early 1970s of
patients transfused during both cardiac and
noncardiac surgery demonstrated an average
post-transfusion frequency of CMV acquisi-
tion of about 30% [i] {as determined by a
fourfold rise in CF antibody titer or by viral
isolation). These CMYV infections occurred
with equal frequency in seropositive patients
{those having detectable antibody to CMV
before transfusion) and in seronegative pa-
tients {no detectable antibody before trans-
fusion). The incidence of these infections,
however, did appear related both to the
number of blood donors and the volume of
blood reccived by these patients. The best
pverall estimates are between 3 and 12 CMV
acquisitions per 100 untis transfused.

The clinical significance of post-transfu-
sion CMV infections in these patients ap-
peared to be minimal. Over 90% of patients
remained asymptomatic. Symptoms, when
occurring, were those of infectious mono-
nucleosis, characterized by hepatospleno-
megaly, adenopathy, and fever. Recovery

was complete. Symptomatic infections have
been reported both in patients with a pri-
mary CMV infection (seronegative before
transfusion) and in patients with either reac-
tivation or reinfection (serapositive before
transfusion) [2].

Severe symptomatic and even fatal post-
transfusion CMV infections do ocour in cer-
tain groups of immunocompromised pa-
fients. These patients include premature in-
fants, transplant recipients, patients un-
dergoing splenectomy, and limited groups of
severly immunocompromised oncology pa-
tients. The frequency and severity of these
infections varies from group to group and is
complicated by multiple factors which often
prevent definitive conclusions about the role
of blood transfusions in CMY acquisition.,

The best studied group at nisk for post-
transfusion CMY infections is premature
infants [3, 41. These infants, especially those
with birth weights less than 1,300 g, usually
receive multiple blood transfusions in the
first several months of life. Of those low birth
weight infants lacking maternal antibody to
CMV {seroncgative) approximately
25-30% acquire CMYV infections. Of these,
the mortality is about 25%, among which
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several cases of disseminated disease have
been described [3, 4). The nsk factors for
these infants are low birth weight (usually
less than 1,300 g), muitiple transfusions from
seropositive donors, and lack of maternal
antibody. Seropositive infants also acquire
CMV but transfusions are probably not a
frequent source of CMV acquisition for
these infants. In these cases acquisition from
maternal sources {cervical secretions and
breast milk) occurs frequently and is unaf-
fected by the CMV antibody status of blood
donors for these infants, No fatalities among
seropositive infants acquiring CMV have
been deseribed and the CMV-associated
morbidity for these infants i1s under study,
Transplant recipients frequently acquire
or reactivate CMV infections afler trans-
plantation and these infections are a signifi-
cant cause of morbidity and mortality in
these patients. The importance of blood and
blood products for CMV acquisition in these
patients is often difficult to evaluate because
of the frequent activation of latent CMV
either within donor or recipient tissues dur-
ing post-transplantation immunosuppres-
sive therapy. A significant correlation be-
tween blood transfusion and CMV acquisi-
tion after renal transplantation has never
been demonstrated. However, in none of the
studies were all of the variables controlled or
monitored - the CMYV serological status of
recipients, kidney donors, and blood donors.
Seronegative heart and bone marrow re-
cipients receiving transplants from CMYV se-
ronegative donors do not acquire CMV after
transplantation if they receive blood prod-
ucts only from seronegative donors. This
includes white cell donors for bone marrow
recipients. If either transplant recipient or
donor is seropositive, blood donor selection
on the basis of CMV antibody status has lit-

tle impact on post-transplantation CMV ac-
quisition.

Patients undergoing splenectomy, usu-
ally secondary to trauma, may acquire
severe and even fatal post-splenectomy
CMYV infections [5]. These patients receive
large numbers of blood transfusions during
surgery (an average of 42 units). These
symptomatic CMV infections presumably
occur in patients lacking previous exposure
to CMV (seronegative). Prospective studies
are required to better define the incidence of
symiptomatic post-splenectomy CMV infec-
tions.

Congenital CMV infection occurring sec-
ondary to maternal transfusion has not been
reported, but current data strongly indicate
that a primary maternal infection is the
cause of symptomatic neonatal disease.
Hence, seronegative pregnant women re-
quiring transfusion or intrauterine transfu-
sion priorto the onset of labor should receive
blood from CMYV seronegative donors (see
below).

In the United States approximately 20%
of all transfused patients are oncology pa-
tients and these patients use approximately
20% of all transfused units. Patients with
malignancies of all types may develop dis-
seminated and fatal CMYV infections. While
the incidence of serious CMV infections in
this patient group is apparently fow, acqui-
sition by these patients may be very fre-
quent. The role of transfusion in CMV ac-
quisition by these patients has not been well
studied, although several studies suggest that
CMYV acquisition is more common among
multiply-transfused oncology patients, par-
ticularly children with leukemia. Until the
role of transfusion and CMV acquisition by
oncology patients is better defined, there is
little justification for nonselectively trans-
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fusing these patients with CMV scronegative
blood products.

Post-transfusion CMV infections can be
effectively prevented in seronecgative pa-
tients by providing appropriaie blood prod-
ucts from only seronegative donors. That
seropositive donors are the source of these
CMYV infections has been established by sev-
eral studies [3, 4], particularly those of neo-
nates and bone marrow recipients. The effi-
cacy of donor selection based upon serolog-
ical evidence of a prior CMV infection has
been established and this is currently the
most effective means of prevention. A vari-
ety of serological tests including EIA and
THA are more sensitive for this purpose than
the traditional complement fixation assay.
One probiem with this method of prevention
is that in many parts of the world nearly
100% of donors are seropositive. Presumably
seronegative recipients would also be rare in
these areas. In Richmond, 40% of random
blood deonors have antibody to CMV al-
though antibody prevalence is highly age
dependent,

Use of CMV seronegative blood products
for seropositive recipients is of uncertain
value. Seropositive blood recipients may ac-
guire post-transfusion CMV infection either
by reactivation of latent virus following
transfusion or by remnfection from donor
blood products. The relative frequency of
these two types of post-transfusion CMV
infections in seropositive recipients has not
been studied.

Another possible means of preventing
post-transfusion CMYV infections is the use
of leukocyte-depleted blood and blood prod-
ucts. Viable CMV cannot be recovered from
the leukocytes of blood donors. Nonetheless,
the leukocyte seems a plausible site for CMV
latency. CMYV can be recovered from the

leukocytes of immunocompromised pa-
tients or those with a primary CMV infec-
tion. Several repons suggests CMV infec-
tions can be avoided when frozen deglycer-
olized red cells are used for transfusion, A
problem with these observations is that
gither the number of patients studied has
been small or that the serological status of
donors and recipients has not been con-
trolied and/or monitored [6]. However, the
use of leukocyte-depleted biood is currently
the second best available method likely tobe
effective in preventing primary infection and
perhaps even reactivation and reinfection
with CMYV following transfusion.

Other possible methods, such as donor
screening based upon IgM antibodies against
UMYV or using filtered blood, have not been
studied as means of preventing post-transfu-
sion CMYV infections.

In summary, post-transfusion CMV in-
fections should and can be prevented in
seronegative low birth weight infants, mn se-
ronegative transplant recipients receiving
organs from seronegative donors, and in
pregnant women requiring transfusion or
intrauterine transfusion prior to labor. For
other classes of patients, current data is in-
sufficient to justify the extensive use of donor
selection or frozen deglycerolized red cells,
the only two methods with either proven or
likely efficacy.
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4. C. Coleman. The epidemiology of cy-
omegalovirus infection is very complex.
The prevalence of infection as evidenced by
possession of antibodies depends on a num-
ber of factors, of which age, race and socio-
economic status are but a few. It is therefore
very important to remember that any data
describing the prevalence of infection must
state accurately the nature of the population
which has been studied. Furthermore, the
unqualified extrapolation of data from one
part of the world to another, may lead to
confusion.

Post-transfusion cytomegalovirus infec-
tion was first described in patients receiving
large quantities of blood during open heart
surgery. Subsequent studies have shown that
in adults the risk of infection is related to the
total amount of blood transfused and isnota
peculiar complication of extracorporeal per-

fusion, Neonates appear to be particularly
prone to posttransfusion cytomegalovirus
mfections, In the United States, Prince et al.
11} found that 7% of 39 patients who received
a single unit of blood and 21% of 72 patients
given muitiple transfusions had a cytomega-
lovirus complement-fixing antibody sero-
conversion. Other estimates of the incidence
of cytomegalovirus seroconversion after
multiple transfusion have ranged between
23 and 38%.

Among recipients of blood, the clinical
response may take many forms, ranging
from asymptomatic serpconversion, or a
mononucleosis syndrome, or hepatitis to fa-
tal pneumeonitis and disseminated infection
occasionally seen in neonates and transplant
recipients.

Although it would appear cobvious that
the risk of infection is greater when a cyto-
megalovirus seronegative recipient receives
cytomegalovirus seropositive biood, recent
animal models have shown that transfusion
of allogeneic leukocytes may induce reacti-
vation of cytomegalovirus infection in a se-
ropositive recipient. Therefore, it may well
be that some post-transfusion infections in
man are not primary infections, but are due
to reactivation of a latent infection.

The development of infection by eyto-
megalovirus after transfusion appears to de-
pend on a number of factors. Obviously, the
number of individual donors s important
plus those who receive blood donations from
more than two or three donors are at higher
risk than those who receive blood from only
one or two. The use of fresh blood carries
greater risks than that of stored blood, since
blood that has been stored longer than 36 h
appears to be less likely to {ransmit infec-
tion. Frozen blood does not transmit cyto-
megalovirus [2]. Leukocyte transfusions
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carry an increased risk of transmission [3]. It
is generally assumed that the virus 15 asso-
ciated with the formed elements of the
biood, particularly the white blood celis.
However, despite many attempts 1o isolate
cytomegalovirus from the blood of healthy
blood donors, only one successful culture
has been described in the literature [4], The
presence of cytomegalovirus in the circula-
tion of healthy blood donors therefore lacks
confirmation by tissue culture isolation.

In 1970, Henle et al. |5] estimated that
5-12% of donors were infectious carriers,
this observation being based on immusnolog-
ical response in recipients. However, in the
population they studied, the prevalence of
cytomegalovirus antibodies was of the order
of 80~60%. It therefore follows that not all
individuals with antibodies to cytomegalo-
virus are capabie of transmitting the infec-
tion. Unfortunately, at this time there 1s no
readily available or reliable test which can
detect those amongst donors possessing cy-
tomegalovirus antibodies who are capable of
transmitting infection at the time of dona-
tion. Were it possible to identify infectious
individuals, a much stronger case could be
made for the establishment of cytomegalovi-
rus free panels.

Post-transfusion cytomegalovirus infec-
tions are probably more significant amongst
neonates and those who are immunosup-
pressed, and although in the United King-
dom the incidence of post-transfusion cy-
tomegalovirus infections is very low, it could
be argued that a case could be made for pre-
transfusion screening of donors whose blood
is intended to be given to the neonates and
the immunosuppressed and these individu-
als should receive only blood from donors
known to be seronegative at the time of
donation,
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Roger Y. Dodd. Cytomegalovirus {CMV)
is a member of the herpes group and, assuch,
tends to persist afier primary infection. Nai-
urally acquired infection 1s frequent, with
serologic evidence of prior cxposure ap-
proaching 100% in some populations, al-
though clinical manifestations are mild and
infrequent. However, CMV commonly
causes life-threatening disease in neonates,
or in immunacompromised patients. Over
the past 20 years, it has become increasingly
apparent that CMV infection occurs in a
post-transfusion setting, although it is gener-
ally not clear whether this represents a pri-
mary blood-borne infection or reactivation
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of latent UMYV in the host. In common with
the naturally acquired infection, transfu-
sion-associated CMYV appears (o be of little
consequence in most, if not all immunolog-
ically competent patients. In contrast, post-
operative CMV infection in tissue and organ
recipients is considered to be a frequent
cause of mortality or morbidity. In particu-
lar, 20-30% of bone marrow transplant re-
cipients die of interstitial pneumeonitis, gen-
erally ascribed to CMV. Problems have also
been noted in renal and cardiac transplant
recipients and, interestingly, among patients
undergoing  splenectomy [l}. Although
transfusion is considered to be one source of
the postoperative infections, the possibility
of transfer of virus in the graft, reactivation
of host infection or other 1atrogemic or nat-
ural routes cannot be ruled out.

The study by Yeager et al. [2] on trans-
fused neonates does, however, appear defin-
itive. Transfused infants of CMV seroncga-
tive mothers were not infected with CMV
unless they received CMV seropositive
blood units, implicating the blood useif as
the source of infection. Further, the occur-
rence of death or serious disease was con-
fined to infants of seronegative mothers.
These data led Yeager et al. {2] to propose
that infants of low birthweight shouid be
transfused only with CMV seronegative
blood or components. This proposal ap-
pears reasonable and has gained some accep-
tance in the US although a number of groups
await the publication of confirmatory stud-
ies before implementing policies to reduce
transfusion-associated CMV  infection
among neonates.

The association of infectivity with CMV
seropositive blood is a refiection of the per-
sistent nature of CMV infection. In other
words, the presence of antibody defines prior

infection and thus the potential presence of
latent or persistent virus. Hence, CMV se-
ronegative blood is assumed to be free of the
virus and its the use of screened products for
neonatal transfusions is an appropnate
means to reduce the transmission of the
virus. Unfortunately, the procedure is logis-
tically troublesome since 50% or more of
blood donors have detectabie levels of anti-
CMYV whereas it has been estimated that
only 2-3% of donations are actually infec-
tious for the virus. However, at this time
there does not appear to be a more specific
test to identify those few blood units which
are indeed infectious.

A number of diagnostic test procedures
for antibodies to CMV are commercially
available, and are suitable in greater or lesser
degree for routine donor screening., The
usual reference method is complement fixa-
tion, which cannot be recommended for do-
nor screening purposes on account of the
complexity of the procedure; further, it 1s
not available in kit form, Those methods
which are commercially available are briefly
described below. Each has certain advan-
tages and disadvantages, but an attempt has
been made to rank them in order of increas-
ing convenience for blood center use.

The indirect fluorescence assay (IFA)
consists of microscope slides bearing fixed,
CMV-infected cells. Test samples are ap-
plied to the cell substrate, which is subse-
quently washed; adherent anti-CMV 1s de-
lected by fluorescence labeled anti-im-
munoglobulins and the reaction is evaluated
microscopically, Enzyme-linked immu-
noassay (ELISA) tests are based upon the
direct sandwich procedure; CMV antigen is
linked to the solid phase; enzyme-conju-
pated antiglobulin preparations are used asa
detector. The majority of available tests use
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microplate technology, with some minor
variations. Somewhat similar is the sohd
phase fluoresence immunoassay (FIAX),
which uses a solid phase antigen in a dip
stick format, detecting adherent anti-CMV
with a fluorescence-labeled anti-immuno-
globulin probe. The procedure is formally
equivalent to IFA, but is read macroscopi-
cally and quantitatively.

With the exception of ELISA procedures,
which can be read by eye, the foregoing
methods do require capital equipment. In
fact it s also preferable to evaluate ELISA
reactions instrumentally, The indirect hem-
agglutination assay (IHA} does not depend
upon instrumentation. It consists of erythro-
cytes coated with CMYV antigen, The pres-
ence of anti-CMV agglutinates the cells and
the reactions are read on the basis of settling
patierns in microtiter plates. Unlike the
other procedures, [HA is essentially a one-
step assay, which would appear to be an
advantage in the blood center., We have
found that, with the exception of IFA, these
procedures are essentially cquivalent in their
ability to detect CMV antibodies, IFA gives
a seropositive rate of some 73% among ran-
dom donors from five biood centers in the
United States [3] as it does in the Los Angeles
area [4], whereas the other tests give a detec-
tion rate of about 50% when used on the
same sample population. The IHA proce-
dure does identify some additional active
specimens relative to ELISA. These are pre-
sumed to represent IgM antibodies.

Despite the relative simplicity of tests for
anti-CMV, the problems inherent in select-
ing less than 50% of available blood for
delivery to specific patient groups are signif-
icant. These difficulties arc emphasized par-
ticularly where special products or collec-
tion methods (i.e. quad packs) are required,

Therefore, other approaches to the reduc-
tion of transfusion-associated CMV infec-
tion have been proposed. Most authors feel
that CMYV transmission is via the formed
elements of blood; the most likely candidate
is the polymorph. Thus, it has been sug-
gested that the reduction of leukocyte con-
tent in packed red cells may reduce the trans-
mission risk. In many cases, red cells are
routinely washed before being transfused to
neonates; this procedure is designed to re-
duce extracellular potassium, but it may
have additional benefits in reducing CMV
infection. We are currently investigating this
possibility. A more stringent approach is to
use frozen deglycerolized red cells which
appear {0 have vanishingly low risk of trans-
matting CMV, Finally, the use of irradiated
blood has been proposed but the efficacy of
this procedure is unknown.

The situation with respect to other pa-
tient groups s much less clear cut. Although
it would appear reasonable to reduce the risk
of CMYV infection for all immunocompro-
mised patienis, the following facts must be
taken into account: {i} the use of CMV-
screened products is inappropriate for sero-
positive patients; {ii) equally, it is inappro-
priate for recipients of organs or tissues from
seropositive donors; (iii) the majority of im-
munosuppressed patients receive large num-
bers of blood products, including platelets
and, occasionally, granulocytes; (iv}) except
among recipients of prophylactic granulo-
cyte transfusions, CMV immune globulin
may provide adequate protection from dis-
ease {5, 6]: (v) certain patient groups usually
present a need foremergency transfusion (1.e.
pregnant women, some candidates for sple-
nectomy).

One or more procedures may well prove
worthwhile and cost effective for support of
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some patients at risk of CMV.-associated
morbidity or mortality. However, they do
not seem to offer any hope for those patients
requiring leukocytes. Because such patients
generally require large numbers of products,
great care must be taken in considering pol-
icies in this area.

In summary, the severity of CMV infec-
tion in certain patient groups and especially
neonates of very low birthweight justifies the
adoption of measures to reduce the trans-
mission of infection to these susceptible
hosts. Becaue CMYV infection is usually be-
nign in immunocompetent patients, screen-
ing should be viewed as an issue of compati-
bility rather than safety. In other words,
there should be no prohibition of usage of
CMY seropositive blood for the majority of
patients. Simple serologic screening proce-
dures are available and they do seem to offer
protection. However, the logistic problems
of applying such screening are significant,
and alternate approaches to the elimination
or detection of the virus must be evaluated.
Aithough there is a rationale for supporting
transplant patients with CMV-free prod-
ucts, the proportion of susceptible patients
may be small and the nature and quantity of
the required products is such that it is gen-
erally not possible to protect this group of
paticnts.
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F. Carl Grumel. In assessing the clinical
importance of CMV infection, critical dis-
tinctions must be made for (a) infection vs.
significant disease, and (b) immunocom-
promised vs, immunocompetent (i.e. ‘nor-
mal’) hosts. These distinctions permit clari-
fication of the true hazards, in susceptible
hosts, of transfusion-transmitted CMV be-
cause interpretation is no longer obscured by
a great mass of ‘background noise’ data from
otherwise normal individuals exposed to an
otherwise innocuous virus. This clarifica-
tion is doubly important because most trans-
fusion-transmitted CMV disease is prevent-
able. The pertinent data may be outlined as
follows:

(1) Most CMYV infection oceurs in indi-

viduals with normal immune function,
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rarely causing anything more than a mild
flu-like syndrome. This represents the
‘background noise’,

{2) Among immunocompromised hosts
{e.g. transplantation recipients, premature
infants), CMV infection can cause substan-
tial morbidity and even mortality, particu-
larly during primary infection [1-5]. Disease
{rather than infection) risk is substantially
modified by the susceptibie host’s prior im-
munity. Forexample, transfused {with blood
from seropositive donors) premature in-
fants, with passive CMV antibody from their
seropositve mothers, almost never suffer
CMYV discase despite a 153% infection rate. In
contrast, comparably transfused infants
facking passive antibody, because their
mothers are seronegative, have a similar in-
fection rate, but have significant CMV mor-
bidity, at a rate of approximately 7.5% over-
all, or 50% among those infected {1}, These
results are consistent with the protection
against disease, but not infection, conferred
by passive anti-CMV antibody administra-
tion in bone marrow transplant recipients
[3], again demonstrating that both immuno-
competence and prior immunity substan-
tially alter disease risk. In addition to direct
cytopathic damage caused by the virus itself,
primary CMYV infection is associated with
lymphocyte hyporesponsiveness, inversions
in T cell subset ratios, and increased rates of
superinfections with other organisms along
with the attendant increased morbidity and
mortality {6, 7]. Premature infants affected
with only minimal acute or subchinical in-
fection may also be at risk for long term
neurological or pulmonary sequelae.

{3) CMV can be transmitted by blood
transfusion [1, 3~5] at ratcs estimated to be
from I to 12% per unit. When alternate infec-
tive sources {e.g. engrafled organs in trans-

plant recipients, breast milk and cervical
secretions from infected mothers for prema-
ture infants} are adequately eliminated
and/or controlled, blood transfusions re-
main the most important residual source of
infection.

{4) CMYV transmitted by blood 1ransfu-
sion can cause significant disease in suscep-
tible hosts [, 3-3} In the Stanford study
(1], of 74 premature infants born to sero-
negative mothers and transfused with blood
from seropositive donors, ) became in-
fected with CMV, and 3§ of these suffered
significant morbidity {including 4 CMV-
related deaths).

{5) Transfusion-associated CMV infec-
t1on and disease are uneguivocably prevent-
able by use of only seronegative donor blood
for transfusion of high risk patients (1, 5}
and provision of such blood is technologi-
cally and logistically feasible. Although
screening donors for CMV antibody may
also detect some noninfective donors, all
infective donors are effectively identified. In
the Standford study {l] and in subsequent
follow-up [Yeager et al., in preparation],
among 165 premature infants bom to sero-
negative mothers, and transfused with blood
from seronecgative donors, none developed
CMY infection. Several donor screening kits
with methodologies acceptable (o blood
banks {e.g. Elisa, HA, guantitative IF} are
commercially available and affordable. De-
spite the variation among populations in the
percentages of seronegative donors (e.g. 50%
at Stanford, 25% in a Southern California
community blood bank}, because the sus-
ceptible host populations are small it is fea-
sible to provide sufficient seronegative prod-
ucts for at least the highest risk, immuno-
compromised patients, premature infants
and organ transplant recipients. Because so
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few seronegative units are needed, and be-
cause CMV does not pose a significant haz-
ard to immunocompetent transfusion re-
cipients, implementation of our screening
program to provide seronegative units for
immunocompromised hosts has not had any
detectable adverse affect upon the ‘normal’
transfused population [Preiksaitis et al., in
preparation]. Alternative approaches, such
as the use of leukocyte-depleted or {rozen-
thawed washed red blood cells, to reduce
transfusion-associated CMYV infection have
also been reported; however, [ believe
screening for seronegative donors is more
convenient and less expensive, and has the
additional advantage of providing platelet
and granulocyte concentrates that should be
safe from CMV transmission hazard,

In conclusion, transmission of CMV in-
fection by transfusion is a cause of significant
morbidity in high risk {immunocompro-
mised) patients. Transfusion-related CMV
disease can effectively be prevented by
screening for seronegative donors, and alter-
native technigues (e.g. frozen blood, leuko-
cyte-poor blood) may ultimately prove to be
equally as effective. The continued usc of
unscreened, routine blood products for very
high risk patients (e.g. premature infants
born to seronegative mothers) is, in my opin-
ion, unjustifiable at the present time.
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B. Kornhuber, V. Gerein. In immuno-
compromised patients, especially those re-
ceiving immunosuppressive therapy for
malignancies or organ transplants, infec-
tions are the foremost causes of complica-
tions and death. A maior roll is plaved by
herpes virus infection. Due to passive immu-
nization against herpes zoster and varicella,
these have lost their significance as major
complications in immunocompromised pa-
tients [1]. Today, cytomegalovirus has
gained in importance as a major cause of
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complication. The manifest infection is
caused by reactivation of a latent infection,
blood transfusion (especially granulocvie
concentrate) or direct contact with virus car-
riers. The most significant means of infec-
tion in the pediatric population is transmis-
sion of the virus by blood transfusion. Here,
as well as in other regions, more than 50% of
blood donors were found to be CMV .sero-
positive. We have examined blood units
given within | month on our oncological
ward. 65 blood units were tested of which 35
were positive by the ELISA test for IgG
{>1:160). 2 of the 65 sampies aiso had IgM
against CMV. Due to the fact that we did not
give whole blood transfusions, we also ex-
amined the blood derivatives. These con-
sisted mainly of packed red blood cells
which were also filtered to remove a large
part of the leukocytes. Of these blood sam-
ples, 8 became negative and the remaining
27 showed titre reductions of 75% or
more.

In order to demonstrate the increasing
contamination of pediatric-oncological pa-
tients, data taken from children with ALL
and NHL from 1978 to 1982 is reviewed
here.

In 1978, 404% of the patients with inten-
sive chemotherapy had CMV antibodies. Of
these, only every fourth patient showed clin-
ical signs of infection. In 1982, 66% of the
patients had CMV antibodies and 40% of
these children showed a more or less ¢limi-
cally relevant CMY infection which on oc-
casion led to interruption of chemotherapy.
This development was continuous. The
miost significant clinical manifestation of the
infection was CMV hepatitis which necessi-
tated long pauses in chemotherapy. Mo
deaths were repistered due to CMV infec-
tion. However, relapse of the primary dis-

case was possibly caused by the interruption
of chemotherapy.

Of all employed therapeutic means, the
interruption of chemotherapy was the most
significant. The application of antiviral
drugs {(Ara-A, Acyclovir) was not conciusive
and the intravenous use of unselected 7-S
immunoglobulin preparations showed no
statistically evident benefit. Prophvlaxis and
therapy with CMV hyperimmunoglobulin
has been recommended in newer publica-
tions [2].

During the past 6 months we have per-
formed our own pilotstudy in which we gave
intravenous 7-S CMV hyperimmunoglobu-
lin to all children starting polychemothera-
py. 2 of the 21 children who were passively
immunized had CMV.gG antibodies
{ELISA) before commencing therapy. Dur-
ing the first 24 weeks of therapy all children
received 50 mg hyperimmunoglobulin/kg
intravenously every 2 weeks, followed by
100 mg hyperimmunogiobulin/kg every 4
weeks for the subsequent 52 weeks (this time
period has not passed yet).

Nong of the children developed positive
CMV-IgM titres and none developed mani-
fest infection corresponding (o CMV dis-
ease. All children have CMV-1gG antibod-
ies,

It is practically impossible to avoid inap-
parent cytomegalovirus carriers by isolating
immunosuppressed patients. The complete
isolation of a large patient population is not
realizable and the 1solation of children is
intplerable for their well-being. The possi-
bilities to avoid manifest CMYV disease in
immunadeficient patients today are passive
immunization of endangered patients with
anti-CMV.1gG in short intervals and the
avoidence of transfusion of blood containing
leukocytes (leukocyte-depleted packed red
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blood celis) [3]. With the high contamina-
tion of CMYV virus in the normal population
one should try to employ only CMV-igM
negative blood donors in immunocompro-
mised patients.

Therapy of CMV infections with hyper-
immunoglobulin has not been sufficiently
studied to this day. However, our own study
has encouraged us to continuc our therapy
programm,
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Harold V. Lamberson, Clinical signifi-
cance of human cytomegalovirus (CMV) in
my study is now presented. CMV is a mem-
ber of the herpes family of viruses and as
such is capable of latently infecting man,

Primary CMYV infections produce a broad
spectrum of clinical symptomatelogy rang-
ing from subclinical infection {o severe dis-
seminated infection. Approximately 1% of
infants are congenitally infected and 5-10%
of these manifest signs and symptoms in-
cluding intrauterine growth retardation,
hepatosplenomegaly, thrombocvtopenia,
hepatitis and neurological manifestations.
Regardless of the mode of transmission,
most healthy children and adults who ac-
quire CMYV seroconvert asymptomatically
while a small percentage develop a self-lim-
ited heterophile negative infectious mono-
nucleosis-like syndrome. CMV infections
acquired by immunocompromised patients
may cause, in addition to the heterophile-
negative mononucleosis syndrome, persist-
ent fever, pneumonta, hepatitis, pencarditis
and encephalitis. CMV characteristicaily
produces more clinically significant disease
in severely immunocompromised patients
including the fetus in utero, patients receiv-
ing chemotherapy for cancer and ieukemia,
allograft recipients, patrents with the ac-
guired immune deficiency syndrome, and
low birth weight (< 1,200 g) premature in-
fants bom to seronegative mothers [1, 21.
The morbidity and mortality associated
with CMV infections in immunocompro-
mised patients is difficult to accurately as-
sess, CMV disease in these patients is fre-
quently only one factor in a complex clinical
course. It is, however, now well established
that low birth weight infants (< 1,200 g) born
to seronegative mothers are at risk for clini-
cally severe CMYV infections if the infections
are acquired in the neonatal period {31 Ad-
ditionally, it is clear that allograft recipients
who develop a primary CMV infection in
the immediate post-transpiant period are at
risk for significant morbidity and mortality.
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Reactivation and reinfection with CMV are
thought to produce less severe disease {1].

Mode of Transmission

While CMYV is considered to be an ubig-
uitous virus, its mode of transmission is not
adequately understood. CMV {ransmission
is thought to require close personal contact
or direct exposure to blood and body secre-
tions. Venereal transmission is, no doubt,
the most common form of transmission.
Other significant modes of transmission are
transplacental, and via breast milk, trans-
planted tissues, and blood products. The
studies of Yeageretal. [3] and Adler et al. (4]
clearly implicate transfusion of blood from
seropositive donors as a major source of
CMY infection in susceptible neonates. The
role of blood transfusion in acquisition of
CMYV by adults is less clearly defined be-
cause of the complexities involved in distin-
guishing primary infection from reactiva-
tion and reinfection. It is, however, clear that
whole blood, packed red blood cells, plate-
lets and granulocyte products from some
seropositive donors are potentially infec-
tious.

Control of Transmission of CMV by

Blood Products

The risk of infection with CMYV related to
blood transfusion has been reported to range
from 2.7 to 12% per unit transfused [2].
While the risk of morbidity and mortality
attributable to transfusion acquired CMV
infection is much smaller, it would seem to
be appropriate to reduce this nisk for patients
who are likely to manifest significant mor-
bidity and mortality related to CMV infec-
tion. Patients in this category would include
fetuses of seronegative females, low birth

weight (< 1,200 g) infants born to seronega-
tive mothers, seronegative transplant re-
cipients receiving transplants from seroneg-
ative donors and some selected severely im-
munoccompromised seronegative patients.

Knowledge of the biological properties of
CMV and reported clinical trials suggest sev-
eral approaches to decrease the risk of trans-
fusion transmitted CMV {3, 6]. Efforts to
decrease transfusion requirements and ex-
pose patients to the minimum volume of
hlpod preducts and minimum number of
donors are warranted. Leukocyte-depleted
products (particularly washed frozen deglye-
erolized red cells) can be expected to be
effective since CMV is highly cell associated
and does not withstand freezing and thaw-
ing. The use of CMV seronegative blood
products is recognized to significantly re-
duce the risk of CMV transmission [3]1. Un-
fortunately, while existing serological meth-
ods apparently have sufficient sensitivity to
detect donors capable of transmitting CMV,
these procedures lack specificity since the
majority of seropositive donors do not trans-
mit CMV. A iaboratory procedure to iden-
tify infectious blood products would greatly
simplify the logistics of preventing transfu-
sion-transmitted CMYV. Since a large per-
centage of donors are seropositive and the
risk of clinically significant CMV disease is
small in all but the above noted high risk
groups, the use of seroncgative products
should be limited to those who are at risk for
significant morbidily and mortality related
to transfusion acquired CMV.

Additional, and as yet experimental, ap-
proaches may prove to be of benefit in reduc-
ing the risks associated with CMV infection,
Included in this category are active immuni-
zation, passive immunization and antiviral
therapy [6].
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I. Maiter. Although cytomegalovirus
{CMV) infection alter transfusion of blood is
well documented by epidemiological stud-
ies, it 1s difficult to prove transmission of
CMYV from donor to recipient. The problem
of detecting infectious donors will be dis-
cussed below. In the recipient, CMV infec-
tion 1s frequently asymptomatic, but it may
produce several nonspecific clinical syn-
dromes. The detection of CMV excretion or
viremia is the basis for an unequivocal diag-
nosis of CMV infection. The proof of trans-
mission, however, must rely on the demon-
stration of the relatedness of CMV strains

from donor and recipient by restriction en-
zyme analysis. Serological diagnosis of
CMY infection via blood products is accept-
able if a CMYV seronegative recipient sero-
converts within a few weeks after transfu-
sion. The diagnostic significance of rises in
pre-existing antibody titres is less clear; it
may indicate reactivation of latent CMV
infection. The reliability of CMV-specific
IgM for the diagnosis of primary CMV infec-
tion has not been established in many clini-
cal settings. Therefore, the evidence for
CMV transmission by blood transfusion is
indirect; it is strongest on the basis of studies
showing prevention of post-transfusion
CMYV infection by selecting CMV seronega-
tive donors [reviewed in ref {].
Epidemiology of transfuston-transmitted
CMYV infection/disease: according 1o several
prospective studies from 1966 to 1971, the
cumulative incidence of CMV infection fol-
lowing open heart surgery with extracorpo-
real circulation is 45% in CMV-seronegative
patients as determined by seroconversion.
Climically, its most frequent manifestation 1s
fever, sometimes accompanied by a mono-
nucleosis-like illness. The disease is seif-lim-
ited, and there have been no CMV-asso-
ciated deaths in non-immunocompromised
patienis. Immunosuppressed patients com-
prise another high-risk group for serious
post-transfusional CMV disease. Pneumo-
nitis and multiple organ involvement in-
cluding CINS, eves (retinitis), pancreas and
intestine (with hemorrhage), are important
factors in determining morbidity and mor-
tality in bone marrow and other transpiant
patients as well as in patients suffering from
neoplastic disease treated with irradiation
and cytoreductive drugs. 14-53% of trans.
fused seronegative newborns are infected
after transfusion with seropositive blood {2,
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3]; clinical manifestations usually appear
within 4-8 weeks of transfusion. They in-
clude severe life-threatening disease with
pulmonary, hematologic or systemic in-
volvement. Preterm babies are at special nisk
for severe CMV disease (50%) with a high
fatality rate (20%) [2]. We have recently
shown that in the average adult patient with-
out predisposing conditions the rate of CMV
infection after transfusion is not significantly
different from the spontaneous seroconver-
sion rate in sex- and age-matched controls
[4].

It is difficult to pinpoint reliable markers
of infectivity in blood donors. Even after
transfusion of blood from CMV seronegative
(uninfected) donors, post-transfusion CMV
infection and disease may occur in CMV
seropositive recipients, probably due (o
reactivation of latent infection. But the se-
verity of the CMV disease is usually less than
in seronegative patienis. Seronegative re-
cipients have only very rarely seroconverted
after scronegative transfusions, and these in-
stances may represent natural infections or
reactivated infections in individuals with
very low pretransfusion antibody titres. Al-
though CMYV antibodies indicate potential
infectivity [2, 31, one would wish fo select
specifically those donors who will actually
transmit CMYV to the patient. The detection
of virus excretors is not feasible for donor
selection. Conceivably, CMV can be trans-
mitted by latently infected donor cells espe-
cially in the presence of an allogenic reaction
to the transfused cells in the host as has been
shown in & mouse model {5]. The value of
CMV.specific 1gM antibodies as a predictor
of infectivity remains to be studied. The
total volume of blood transfused and the
number of donors involved have repeatedly
been shown to correlate with the incidence

of post-transfusion CMV infection. Thus,
any reduction in transfusion needs will have
a favorable influence. The importance of the
type of blood products invelved is less clear.
CMV transmission has not been reported
with cell free preparations; transmission
seems to require leukocytes, It is controver-
stal if fresh blood carries a higher risk than
stored red blood cells.

For the prevention of post-transfusion
UMYV, the only method with proven efficacy
for all bload products relies on the selection
of CMV seronegative donors. In populations
with very high antibody prevalence, this
may seem an inefficient way to find a suffi-
cient number of suitable donors, but in these
populations CMYV seronegative patients are
relatively rare. Ideally, every donation
should be tested for CMV antibodies, but in
our adult population spontaneous serocon-
version, especially in male donors, isso rare
[4] that the test may be done at longer inter-
vals. A walking donor program may be suf-
ficient for pediatric transfusion needs. We
advocate the use of CMV seronegative blood
for: {1) AHl preterm babies and mature new-
borns irrespective of their antibody status
(maternal IpG antibodies, neonatal CMV
spectfic IgM unreliable). (23 CMYV seronega-
tive transplant patients before, during and
after transplantation. Because granulocyte
transfusions carry an extremely high risk of
CMYV infection and severe disease in bone
marrow transplant patients, such donors
should always be CMYV seronegative if ever
possible to prevent primary as well as rein-
fection. The organ donor should, of course,
be CMV seronegative too. {3) CMV-sero-
negative patients treated for malignancy
with immunosuppressive regimens (espe-
cially irradiation in Hodgkin’s disease), if
available in sufficient quantity.
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Patients with primary immunodeficien-
cies needing transfusion or transplantation
should be evaluated individually. The use of
CMY seronegative blood for open heart sur-
gery i3 problematic. Transfusion-acquired
CMV infections usually run a benign course
in this setting. Prevention of postperfusion
CMYV infection should nevertheless be at-
tempted (primanly by reducing the overall
transfusion requirements), because most fe-
brile illnesses after cardiac surgery necessi-
tate investigations and antibiotic medica-
tion, and prolonged hospitalisation. Every
blood bank and transfusion center should
evaluate the feasibility and extent of a donor
selection program according to the number
of patients at risk for post-transfusion CMV
disease with serious consequence.

The use of frozen red blood cells seems to
be an alternative method to prevent trans-
mission of CMV by this product. It necessi-
tates equipment and experience which are
not available in all transfusion services in
this country. It is also not cost effective. Sev-
eral Hive CMY vaccines are being evaluated
for the prevention of CMYV disease. Many
problems with efficacy and safety remain to
be solved. The presently available vaccines
do not prevent CMV infection. The main
purpose of such a vaceine 15 to prevent con-
genital CMV disease, Passive immunization
using intravenous immunoglobulin prepa-
rations containing CMY antibodies may be
useful in patients who cannot be protected
by selecting seronegative blood or organ do-
nors, predominantly in bone marrow trans-
plantation. Intrauterine CMV infection is
not prevented by maternal antibodies, but its
clinical manifestation may be mitigated [6].
Passively acquired humoral immunity may
in a similar way become operative in a tran-
siently immunosuppressed patient within a

limited period of viremia. Several controlled
studies are being conducted to clanify these
guestions. Antiviral agents and interferons
have not yet proven useful for (short-termy)
prophylactic or therapeutic use.

In summary, CMV disease after blood
transfusion contributes considerably to mor-
bidity and mortality in certain high-risk pa-
tients. It can be prevented by the use of CMV
seronegative blood provided by a donor
screening program tailored to the needs of
the individual transfusion center or blood
bank.
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S. Gerald Sandler. In healthy immuno-
competent chiidren and aduts, post-transfu-
sion cvtomegalovirus (CMVY infection s
usually manifested by asymptomatic sero-
conversion or a mild heterophile-negative
mononucleosis syndrome, In contrast, CMV
infection may be associated with significant
morbidity and mortality in immunoincom-
petent patients, such as premature newborn
infants, children with 1mmunodeficiency
syndromes, patients with malignant diseases
treated by chemotherapy and radiation, and
transplant recipients.

Currently available data do not permit a
precise assessment of the clinical impor-
tance of post-transfusion CMV infections in
most patients, because (1} infections due to
exogenous CMV cannot be distinguished
from those resulting from endogenous
CMV, and (2) the origins of exogenous CMV
infections are difficult to determine in these
complex clinical settings. Hopefully, new
techniques for identifying CMV strains by
DNA fragment analysis will provide the in-
formation needed to distinguish donor, re-
cipient and environmental iselates and,
thereby, clarify the epidemiology of clini-
cally important CMV infections.

Premature low birth weight infants of
seronegative mothers have been identified as
a subpopulation of immunocompromised
recipients in whom post-transfusion CMV
infection is associated with significant mor-
bidity and mortality [1}. in this category of
immunocompromised transfusion recipi-
ents, atiempts to prevent primary CMV dis-
pase seem appropriate, and transfusion of
blood and components from seronegative
donors has been reported to be effictive in
reducing morbidity and mortality of post-
transfusion CMYV infections [2].

Other promising approaches to the pre-

vention of post-transfusion CMV infections
are currently under investigation, including
passive immunization with hyperimmune
globulin and plasma, interferon, acyclovir
and active immunization with an attenuated
live vaccine {3]. For the immediate present,
however, the most practical approach to
preventing posttransfusion CMY infections
is transfusion of blood and components se-
lected from CMV-seronegative donors. Al
ternatively, transfusion of frozen-washed or
other leukocyte-depleted red blood cells
from unselected donors may reduce the fre-
quency and severity of primary infections.
Candidates for seronegative or other blood
products specially processed to reduce CMV
infectivity shouid be limited to persons
known to be seronegative.

Since convincing data for clinically im-
portant post-transfusion CMV infections are
presently limited to selected premature in-
fants, strategies for preventing such infec-
tions may focus on the unigue needs for
transfusions in this defined category of re-
cipients. Blood transfusion 1n acutely ili
newboms is rarely required to treat bleeding,
hemolysis or acute anemia. Almost always,
transfusions in such infants replace red
blood celis lost for repeated blood samplings
for chimical laboratory tests. In one hospital,
neonatal infants reportedly lost an average
of 3.1 ml/kg body weight per day for diagnos-
tic tests while in intensive care [4]. In an-
other hospital, low birth weight infants lost
an average of 7-31 ml/kg body weight per 4
weeks — 5—45% of the calculated total blood
volume - for diagnostic tests [5]. In a third
hospital, 694 of all 781 {(87%) red cell trans-
fusions replaced blood lost for diagnostic
laboratory tests [6]. The volumes for re-
placement transfusions in this hospital
ranged from 5 to 40 ml. While significant

soonIe $S000Y uad() 103 jdeoxa ‘paytured jou AT)OLNS ST UOHNGLUSIP pue osn-oy [ 1Z0T/T11/€0] U0 -SUIPOIA JO K191008 [eA0Y Ag "wiod KoTim Arerqrppuriuo,//:sdyy woly papeojusod ‘9t ‘6007 ‘0TH0ETHT

RSMEO0000050_0017



404

International Forum

progress has been made in reducing the vol-
ume of blood needed for laboratory tests in
pediatric patients, further miniaturization of
laboratory equipment and development of
alternative monitoring technologies should
lead to fewer transfusions and reduce the
incidence of post-transfusion CMV infec-
tions, Such a preventive approach would not
only lower the incidence of post-transfusion
CMYV infections, but also would reduce the
risk of all known and vet-to-be-recognized
transfusion-transmitted diseases in this cate-
gory of recipients.
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F. Streiff, C. Janot, M. E. Briguel CMV
infections may produce a wide spectrum of
clinical manifestations depending on the pa-
tient’s age {congenital infection, perinatally
acquired infection, CMV mononucleosis
syndrome in children and adults). Of partic-
ular interest is the critical importance of dis-
seminated CMW infections in immunocom-
promised patients, especially those receiving
whole-blood or leukocyte transfusions.

Manifestations of CMV infection occur 3
weeks 1o 2 months after transfusion and can
vary greatly from clinically latent serocon-
version to mononucleosis with various de-
grees of fever, hepatosplenomegaly, lymph-
adenopathy and cutaneous rashes. Intersti-
tial pneumonta, leukopenia or atypical lym-
phocytosis are less frequently encountered.
The high incidence of CMV infection in
immunosuppressed patients is now clearly
recognized although its mechanism remains
partially understood (activation of endoge-
nous virus or introduction of exogenous vi-
rus?). In allogeneic bone marrow transplant
recipients, CMV is the candidate pathogen
most often encountered in interstitial pneu-
monia. This complication occurs in approx-
imately half of the patients surviving more
than 30 days and is fatal in about 60% of
cases,

In cases of blood transfusion, the risk of
CMYV infection s closely dependent on the
serologic patterns of the donor and the pa-
tient. Seronegative patients receiving blood
from seropositive donors are at high risk of
infection. At lower risk are seropositive pa-
tients transfused with seropositive blood:
this is suggestive of a protective effect of the
patients’ antibodies against the exogenous
virus, although the patients may well remain
at risk of developing CMV infection from a
reactivated endogenous virus,
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The role of leukocytes {particularty lym-
phocytes) seems of major importance since
the use of frozen or leukocyte-depleted red
cells lowers the incidence of post-transfusion
CMYV infection {1]. Moreover, it has been
shown that the occurrence of CMV infection
is higher in patients receiving prophylactic
leukocyte transfusions than in control pa-
tients recetving no leukocytes or only thera-
peutic leukocyte transfusions {2].

Diagnosis of CMYV infection is based on
serologic studies rather than on virus isola-
tion from fluids or tissues, Currently avail-
able methods used for defining CMV anti-
body titers are complement fixation, passive
hemagglutination, immunoenzymaology, in-
direct immunofluorescence and radicim-
munoassay: complement-fixation is a cheap
and simple method, but relatively insensi-
tive compared with immunoenzymology
(ELISA) which, in turn, s more expensive
and technically difficult. Major problems,
however, will remain until there is sufficient
standardization of methods and control sera
to allow interlaboratory comparisons.

In a recent epidemiologic study we used
the complement-fixation, passive hemag-
glutination and ELISA tests for the determi-

nation of CMV antibody in 245 healthy
donors {143 males, 102 females) and 149
patients receiving red cell concentrates (101
hemodialysis patients, 48 patients undergo-
mg open heart surgery). Resulis are reported
i figure L

Among healthy donors we found striking
variations in the prevalence of CMYV anti-
body, depending on ages and socioeconomic
conditions. We found no difference between
males and females. Transfused patients dis-
played a different serologic pattern, with a
higher prevailence of CMYV antibody.

As 1o prevention in frequently transfused
patients (particularly in immunosuppressed
patients) several recommendations could be
made: {1} use of frozen red cells: (2) careful
limitation of the indications for leukocyte
transfusion, and (3) selection of seronegative
donors, but the technical and financial prob-
lems of screening for such donors should be
kept 111 mind.

Several trials of passive immunotherapy
in animal and human models have been
reported. In scroncgative bone marrow re-
cipients, the use of CMV immune plasma
has been shown to decrease the incidence of
patient CMYV infection and interstitial pneu-
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montia, especially when leukocyte transfu-
sions are not used [3]. The prophylactic or
therapeutic value of CMV immune globu-
lins prepared from selected plasma with high
titers of CMV antibody are now under inves-
tigation. As a preliminary result from our
laboratory, we found CMV antibody titers
between 10,000 and 12,000 (ELISA) in dif-
ferent lots of standard immune globulins.

Active immunotherapy with live attenu-
ated vaccines has been experienced with
controversial results, It has not reached, at
present, large scale utilisation [4].

In conclusion, the tight relations between
CMV infection and blood transfusion are
now well established. Thoungh they appear
more complex than previously expected,
they have led to preventive recommenda-
tions in patients at high risk of CMV infec-
tion based upon selection of seronegative
donors, use of leukocyte-depleted blood
products and passive immunization,
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Gary E. Tegtmeier. Human cytomegalo-
virus (CMV) infections are frequently trans-
mitted by bloed transfusions for two rea-
sons: first, evidence of exposure to CMYV as
measured by antibody prevalence is wide-
spread in all donor populations surveyed to
date; secondly, in a significant proportion of
those antibody positive donors CMV has the
ability to establish asymptomatic, latent in-
fections which may then be transmitted to
susceptible recipients via donor leukocytes
[1}. In fact, this double-stranded DNA virus
belonging to the herpes group may be trans-
mitied by blood transfusions more fre-
guenily than any other microbe for which
reliable tests are available. Only if non-A,
non-B (NANB) hepatitis is regularly trans-
mitted without concomitant liver enzyme
elevations in the recipient is it likely that
another agent could supplant CMV as the
most frequent transfusion-transmitted infec-
tion. Unfortunately, the lack of sensitive and
specific NANB 1ests prevents this question
from being answered at present.

That CMYV infections transmitted by
transfusions rarely result in overt disease can
be seen from aumerous prospective studies
of pediatric and adult recipients dating back
to 1956 [i]. Infection rates ranged from 35 to
67% and averaged 14%, but recognizable dis-
case, largely restricted to patients expericnc-
ing primary infections, occurred at a much
lower rate of 4%. Higher infection rates were
seen in patients receiving larger amounts of
blood.

Until recently, CMV's involvement in
the etiology of post-transfusion hepatitis
(PTH} was uncertain because most earlier
prospective studies found similar CMV in-
fection rates both in patients who developed
PTH and those who failed to develop PTH.
However, an ongoing prospective study of
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PTH in cardiac surgery patients in the
United States [2] has found that 15% of the
cases onginally ascribed to NANB were as-
sociated with CMV infections. OF9 cases, all
had primary CMV infections, but only | had
clinically recognizable disease; the remain-
ing 8 had only transient transaminase eleva-
tions. Additional studies of prospectively
foilowed PTH cases will be needed to con-
firm or refute this study’s findings.

CMV's sigmficance as a transfusion-re-
lated problem arises when immunosup-
pressed patients acquire the infection. In
such patients, infection rates are higher and
associated disease is more frequent than in
immunocompetent patients. Two groups of
patients are at increased risk: premature in-
fants weighing less than 1,200 g and organ
transplant recipients. Two recent studies {3,
4] have documented the occurrence of trans-
fusion-acquired CMV infection and disease
in premature infants; significantly, infected
nfants received more than twice the number
of donor exposures than uninfected infants,
Numerous publications {1} have shown that
recipients of kidney, heart, and bone mar-
row transplants are also at increased risk of
CMV infections and disease. The major
manifestations of CMV disease include fe-
brile mononucleosis, interstitial pneumon-
ia, anicteric hepatitis, thrombocytopenia,
hemolytic anemia, and retimitis. In re-
cipients with intact immunity, the most
cormmon clinical manifestation is the mono-
nucleosis syndrome, Although rarely seenin
immunocompetent patients, the other fea-
tures are frequently apparent in immuno-
suppressed patients.

In renal and cardiac transplant palients
the grafied organ appears to be the major
source of CMYV. Patients developing symp-
tomatic infections are usually CMYV sero-

negative reciptents of organs from CMV se-
ropositive doners. Although blood 1s a po-
tential source of CMYV in these patients, it is

a low-level risk factor. The situation in bone

marrow transplant patients differs in that the
CMY antibody status of the marrow donor is
not clearly linked to the development of
CMYV infection in the recipient. The admin-
istration of prophylactic granulocyte trans-
fusions enhances the risk of UMV infections
in bone marrow recipients, often resulting in
sertous disease or death [5]. Because bone
marrow transplant patients are heavily sup-
ported with other blood products, i.e., red
cells and platelets, the chances for transfu-
sion-transmitted CMV infections from these
sources are significant, To date, however, no
published study has controlled for these var-
iables.

How can transfusion-transmitted CMV
infections be prevented? T would, first of ali,
emphasize that preventing CMV infections
in most transfusion recipients IS unneces-
sary, because the overwhelming majority of
these infections are inapparent and seem-
ingly innocucus, Only in the high risk re-
cipients mentioned carlier should pre-
ventive measures be contemplated. One
study [3] has shown the efficacy of transfus-
ing blood from CMY antibody-negative do-
nors in averting CMY infections in prema-
ture infants. Frozen, deglycerelized red cells
have been found to carry a reduced risk of
transmitting CMV to renal dialysis patients
[1}; additional studies of CMV transmission
by frozen-washed or washed red celis are
under way in the United States and should
provide the data needed to judge the effec-
tiveness of these procedures. At least one
investigation is in progress to cvaluate the
risk of CMYV infection from irradiated blood
products. Whether stored blood carries a
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reduced risk of transmitting CMV remains
to be established {1].

The methods reviewed above, i.¢., donor
screening, freezing and/or washing blood,
irradiating blood, and storing blood, are po-
tential control measures which may directly
involve regional blood centers, hospital
blood banks, or transfusion services., Other
approaches to controlling CMV discase n
high risk recipients involve administering
prophylaxis to the recipient, A recent edito-
rial {6] has detailed these possibilities which
inciude giving antiviral drugs, lymphokines
such as interferon or transfer factor, CMV
immune globulin or plasma, and CMV vac-
cinations. All of these potential means of
intervention are at varying stages of devel-
opment, With the possible exceptions of giv-
ing CMV immune globulin or plasma to
bone marrow recipients and interferon to
kidney transplant patients, where recent re-
sults have been promising, the safety and
efficacy of these approaches remain to be
proven.

Although transfusing blood from CMV
antibody negative donors appears to prevent
CMY infection in premature infants, [ be-
lieve the widespread application of donor
screening for this population should await
the completion of several prospective stud-
1ies of CMV in transfused neonates now in
progress in the United States. If the studies
confirm the rsk of transfusion-acquired
CMYV disease in this recipient population,
then blood products carrying a reduced risk
of CMV transmission should be provided.
Moreover, such products should be reserved
for infants weighing less than 1,200 g at birth
whose mothers lack CMV antibodies at the
time of delivery.

Regarding organ transplant recipients, it
seems prudent to provide CMYV seronegative

units only to seronegative renal transplant
patients receiving kidneys from seronegative
donors, If transplant units are not control-
ling for this major risk factor, i.¢., the donor
kidney, then providing CMYV seronegative
donor blood is nonsense. The same caveat
applies to cardiac transplant patients. For
bone marrow transplant patients straightfor-
ward recommendations are more difficuit to
make. With the marked reduction in the use
of prophyiactic granuiocyte transfusions,
the risk of CMYV infections should decline.
Because these patients are heavily supported
with other donor products, | believe that
definitive studies must be conducted to as-
sess the risk posed by red celi and platelet
transfusions. To routinely provide CMV se-
ronegative donor products for bone marrow
transplant patients would be a formidable
logistical challenge which should only be
undertaken after convincing data from well«
designed clinical studies indicate the need to
do so.
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T H. The Cytomegalovirus (CMV)infec-
tions, commonly spread in man, apparently
harmless and clinically asymptomatic in the
majority of normal individuals are asso-
ciated with significant morbidity and mor-
tality in patients with a compromised im-
mune system such as premature newbomn
infants, congenital and acquired immunode-
ficiency syndromes, malignant diseases
treated with intensive chemotherapy and
radiation, and immunosuppressed organ
transplant recipients. Therefore, transfu-
sion-transmitted CMV infections are be-
coming increasingly important. However,
transmission by transfusions of whole blood,
leukocytes or thrombocytes are only one
aspect of a more general problem because
blood donors with latent CMV infections
can excrete or shed infectious virus also into
saliva, urine, cervix and semen. In addition,
hosts’ immunity against CMV antigens is
also of importance. In searching for means of
preventing life-threatening CMV infections
one has to consider also the relationship
between CMV and hosts” immune system.

The existence of'a virus-specific immuni-
ty 1s reflected by the CMV serological status
because individuals with CMV antibodies

are more protected against CMV infections
than the seroncgative ones. Consequently,
the clinical symptoms of primary CMYV in-
fections are in general more severe than rein-
fections with other UMV strains or reactiva-
tion of latent CMV infections, the so-called
secondary CMV infections. Still little is
known about the mechanisms involved
leading to hosts' immunity against CMV
infections. It s important to realize that
CMV-infected cells express newly induced
virus-specific antigens which are located on
the cell membranes {CMV-MA). The im-
mune response to these neoantigens is con-
stdered to be important for the recognition
and destruction of CMV-infected cells [1].
This 1s supported by recent studies on the
development of humoral and cellular im-
mune responses against CMV-MA shortly
after primary CMYV infections in man.

Besides this virus-specific immunity, the
host’s general immune status, background
determines also the type of clinical symp-
toms which appear 10 be very heteroge-
neous. They can be placed in “a spectrum of
clhimical symptoms’ in relation to the hosts’
general immune status. Primary CMY infec-
tions in adults may cause the ‘CMV mono-
nucleosis syndrome’ with atypical lympho-
cytes in the peripheral blood, fever, liver
function disturbances, myalgia, arthralgia
and exanthema.

Recovery is mostly uneventful. Primary
CMV infections in c¢hildhood, however, are
clinically asymptomatic in most cases. The
clinical pictare of CMYVY infection is often
entirely different in immunosuppressed or-
gan allografl recipients. The most siriking
symptoms are spiking and prolonged fever,
arthralgia, leuko- and thrombopenia, serum
creatinine rise and liver function distur-
bances, while CMV mononucleosis is not a
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distinctive feature, in fact, it is seldom seen.
These symptoms are not specific for CMV
infections, moreover, they are difficult to
differentiate from graft rejection episodes.
The morbidity and meortality of CMV
infections in this group is related to the
amount of immunosuppressive therapy. Im-
munodeficiency is related to generalized
CMYV disease. In CMV -infected transplanta-
tion patients a rapid diagnosis of active
CMYV infection is important because an er-
roneous raising of immunosuppressive ther-
apy may cause a shift from the early stages of
CMYV infection to the generalized CMYV dis-
ease with widespread CMV infection and
cytomegalic cells in organs and tissues {2].
The relationship between CMV infec-
tions and hosts’ immunosuppression ap-
peared to be closely interrelated. Active
CMY infections cause a depression of hosts’
immune responses. A virus-induced sup-
pression of CMV-specific celiular immunity
occurs inCMYV mononucleosis syndrome [3]
and also in pregnant women and their con-
genitally infected children. In addition, sup-
pression of general lymphocyle responses
are measurabie by in vitro lymphocyte stim-
alation tests to mitogens and antigens. Using
monoclonal antibodies against T cell sub-
sets, patients with acute UMV infections
show a reversal of the normal ratio of
OKT4+ (T ‘helper’) to the OKT8+ (‘sup-
pressor’ or “cytotoxic’) T lymphocyte phe-
notypes. The use of these lymphocyte mark-
ers may be of practical importance for the
rapid diagnosis of active CMV infections in
transplant patients [4). Clinical observations
have confirmed these immunodeficiencies
because a high number of other microbial
infections were recorded. An increased ingi-
dence of infections of an opportunistic na-
ture has been observed following a primary

CMYV infection in renal, cardiac and bone
marrow transplantations.

The above-mentioned observations may
have the following important clinical impii-
cations,

(D) Cytomegalovirus infections remain
an increasing serious medical problem in
immunodeficiency patients. It causes differ-
ent ¢linical syndromes in relation to host’s
immune status background. Further, it also
causes the likelihood of secondary microbial
infections of an opportunisiic nature,

{2) Management of these patients re-
quires a rapid and early diagnosis of symp-
tomatic CMYV infections in high risk groups
(e.g. orpan transplantation). For this, sensi-
tive methods for detection of antibody
against CMV-early (CMV-EA) and CMV-
late {(CMV-LA) {5} antigens have been devel-
oped. We recently have improved thisby a
CMV-ELISA method for a rapid screening
of sera for IgM antibodies against CMV-EA
and CMV-LA. Further, improvement of
diagnostic possibilities is provided by a di-
rect detection of CMV antigens and also of
CMV genome material in patients’ tissues.
For the patients with organ transplantation,
the diagnosis of acute CMV infection im-
plies a lowering or stopping of the immuno-~
suppressive treatment in order to permit the
host to recover from the CMV infection.

{3) Prevention of CMV-infection seems
to be required n the above-mentioned spe-
cial cases with compromised immunity. Se-
rotyping with the CMV-ELISA method for
selecting CMYV seronegative patient group at
higher nisk 1s relevant and practically pos-
sible. Furthermore, serotyping of blood do-
nors for donation of wholie blood, leukocytes
or thrombocytes may be recommended for
donations to CMV seronegative recipients in
the high risk groups. Prevention of CMV
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infection may (partially) be achieved by us-
ing leukocyte-free blood instead of whole
blood. In addition, the use of stored or frozen
blood instead of fresh blood is also recom-
mended.

{4) Application of methods aiming to in-
crease host immunity. Passive immuniza-
tion has been shown to prevent CMV disease
in bone marrow recipients, interferon-alpha
has antiviral effect in renal transplant pa-
tients and CMYV vaccine has been associated
with a low incidence of CMV disease after
renal transplantation.

Investigation of CMV-induced mem-
brane antigens (CMV-MA) required for an
effective host immunity may contribute to a
better understanding of the molecular basis
of the immune response involved, This may
show new roots and may provide the tools
for the development of an effective CMV
vaccine free of viral DNA,
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C.C Entwistle, J.O'H. Tobin. CMV was
first shown to be the main cause of post-
transfusion mononucleosis in the [960s,
since when this virus has been included
among the agents known to be transmissible

by a transfusion of blood or its products.

Most infections are subclinical but up to %
present with fever accompanied by mono-
nucleosis and/or splenomegaly. This may
last for 1-2 weeks or continue for some
months, especially in the very young. Pre-
mature babies infected by CMV suffer a
breader spectrum of illness including pneu-
monitis, hepatitis, ete. {{}. These superim-
posed upon the respiratory distress syn-
drome can lead to considerable morbidity
and even death [2].

The infection rate varies with the age of
the blood when used and the temperature of
its storage: very fresh, unchilled blood being
more liable to transmit the virus than stored
blood. However, little difference i3 noted
once blood is stored [3]. where rates quoted
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in different surveys vary from 2.4 to 12% per
unit {4]. In the United Kingdom the rate is
about 5%. The rate may be much higher
where small infants are given fresh blood
straight from a donor [2]. There is no avail-
able evidence of the presumably relatively
high risk of infection from platelet prepara-
tions stored at 22°C. Blood with any level of
CMV antibody 1s potentially infectious
since replicable virus persists in the leuko-
cytes even in the presence of corresponding
antibody in the serum although its demon-
stration  has been only rarcly accom-
plished.

One way of avoiding this problem is to
identify blood donations with no CMV anti-
body to be used for those patients at greatest
risk. In the UK, few centers have so far fol-
fowed this approach. In 1975, the Oxford
BTS then under Dr. H Gunson, began (o
provide such blood first for renal transplants
and for exchange and other transfusions in
necnates. Later blood, and where necessary
platelet concentrates, was also supplied for
small numbers of children under 16 un-
dergoing open-heart surgery, and for those
suffering from leukemia, aplasia and other
disorders, especially in younger patients
who may be candidates for bone marrow
transplantation. Initially, donor screening
for UMV antibody was carried out on a small
scale, 3040 sampies each week being tested
in the Public Health Laboratory by indirect
immunofluorescence. In 1978, the Transfu-

routine screening to meet the needs of the
patients groups specified. Now, about one-
fifth of the total donor panel have been tested
at some time, including about four-fifths of
the group O rhesus-negative donors. A re-
cent study of six different methods for detect-
g CMV antibody (including immunofluor-

escence) has suggested that for larger-scale
donor screening a micro-hemagglutination
test will be the most suitable and practical
technique {Hunt et al., in press).

The additional cost of identifying and
maintaining around 24,000 CMV antibody
negative dondors from within the total panei
isin the order of £ 1,500 per gnnum, which is
gquivalent to | patient staying in hospital for
about a fortnight. In the USA, the cost has
been estimated at about $3 per unit tested
[5]. The turnover of selected donors is about
the same as that of any blood donor, but in
addition some 1-2% are lost each year from
acquired new CMV infection. Repeat
screening of the panel at each donation is
thus necessary.

It 15 difficult to determine the benefit of
supplving blood known to be CMV negative
to the patients selected. In renal transplant
patients in Oxford, where patients have had
to be transfused prior to, or at the time of
grafting, new CMV infection has only been
acquired from the kidneys of CMV antibody
positive donors and not from transfusions
(Kurtz and Thompson, in preparation).
None of 64 antibody negative recipients
given kidneys from similarly negative do-
nors developed UMYV antibodies in the ensu-
ing months. Conversely, 38 of 60 such re-
cipients who received a kidney from a posi-
tive donor were overtly infected by CMV
about 40 days later. The other 22 remained
uninfected. The 86 CMV-free patients each
received an average of two units of blood.
None became infected although the aumber
of cases expected was between 6 and 10.

In exchange transfusions in Manchester
and Oxford, the CMV infection rate was
about 25% with unscreened blood {23, and
about 33% in those given blood known to be
CMV antibody positive. Since 1978, about
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3,000 units of blood stored less than § days
have been used for babies receiving ox-
change and ‘top up’ transfusions. No case of
CMY attributable to transfusion has been
diagnosed in spite of close clinical and viro-
logical surveillance,

Simitlarly, no postoperative CMV infec-
tion in children undergoing heart surgery
has been diagnosed by the virus laboratory
{Dr. J.B. Kurtz, personal commun.]. Seven
bone marrow transplants have been per-
formed in Oxford; the recipients included
3 patients negative for CMYV antibody who
were given both marrow and multiple blood
products all from CMV negative donors. No
CMYV infection developed in these 5 [Dr.
C. Bunch, personal commun.j.

The justification for providing CMV neg-
ative blood to selected patients may be gques-
tionable, but certainly in neonatal transfu-
sions 1t seems unacceptable to expose a sick
infant to the risk of unnecessary complica-
tions. The role of transfusion in any CMV
infection following renal transplantation is
uncertain, Although kidneys taken from do-
nors with complement-fixing CMV antibod-
ies are known to be most potent sources of
virus, 10% of seronegative recipients given
kidneys from suitably negative donors may
be expected to develop the infection if given
unscreened blood [6]. Where it is patently
avoidable, it cannot be considered good
practive to risk infecting susceptible patienis
with CMV through transfusion with all the
attendant consequences espectally in immu-
nocompromised individuals.

The feasibility of maintaining an ade-
quate panel of CMV negative donors s de-
pendent upon demand for the products con-
cerned, the facilities needed to identify suit-
able donors, and the prevalence of CMV in
the general donor population. Approxi-

mately 50% of donors in the Oxford Region
are antibody positive, and slightly more than
this in the U.K, as a whole; but worldwide
the rate 13 appreciably higher, approaching
100% 1n some communities. Where the inci-
dence is high {71, there may be msufficient
identified seronegative donors available at
all times, and other means may have to be
sought to reduce the risk of transmitting
CMV, eg. by using frozen and thawed,
washed, filtered or otherwise leukocyte-de-
pleted red cells. Such methods are consid-
ered a second choice because of the extra
effort and expense involved [5]: nonetheless,
they may still be cost-effective for blood
banks operating in those communities.

Alternatively, in the absence of specific
treatment or of an effective vaceine, consid-
eration may be given to conferring passive
immunity on selected patients at the time of
their greatest risk by judicious use of CMV
immunoglobulin. Trials in transplantation
so far reported suggest that this form of pro-
phylaxis may substantially reduce sympto-
matic infection from CMV [8]. However,
supplies of the immunoglobulin are severely
restricted and the recommended dosage,
timing and criteria for its administration are
not yet established.
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Editorial Comment

There is almost total agreement among
the contribuior’s on the following two major
points: (1) cytomegalovirus infections trans-
mitted by blood and blood products cause
serious morbidity and mortality in prema-
ture infants and in older immunocomprom-
ised patients lacking anttbodies to CMV,
and (2) prevention of CMYV transmission by
blood transfusion to high nisk recipients 13
highly desireable and best accomplished at
this time by administration of blood that is
seronegative for CMV antibodies.

Of further interest are the observations
that IgM class antibodies for CMV may add
to the specificity of testing donated blood for
potential infectivity and that a variety of
other methods for preventing CMYV trans-
mission to high risk recipients, including
leukocyte-poor red blood cells, frozen and
washed red blood cells, passive immuniza-
tion with hyperimmunoglobulin, active im-
munization, antiviral agents, and minimiz-
ing the need for blood transfusion in these
patients are ander investigation and may
add to the clinical and cost-effectiveness of
preventing transfusion-transmitted CMV
infections in the future.
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