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Transfusion-Transmitted CMV infections
Clinical Importance and Means of Prevention? 

Stuari 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 ofCMV acquisi-
tion of about 30% 'Cl1 (as determined by a 
fourfold rise in CF antibody titer or by viral. 
isolation). These CMV 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 received by these patients. The best. 
overall estimates are between 3 and 12 CM V 
acquisitions per 100 until 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 
o urring, were those of infectious mono-
nucleosis, characterized by hepatospleno-
me.galy, 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 (seropositive before 
transfusion.) [2], 

Severe symptomatic and even fatal post-
transfusion CMV infections do occur in cer-
tain groups of immunocor promised pa-
tients. These patients include premature in-
fants, transplant recipients, patients un-
dergoing splenectorny, and limited groups of 
Beverly imrnunoeomprornised 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 CMV acquisition. 

The best studied group at risk for post- 
transfusion CMV infections is premature 
infants [3, 4]. These infants, especially those 
with birth weights less than 1,30Og, usually 
receive multiple blood transfusions in the 
first several months of life. Of those low birth 
weight infants lacking maternal antibody to 
CMV (seronegative) approximately 
25-30% acquire CMV 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 risk factors for 
these infants are low birth weight (usually 
less than 1,300 g), multiple 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 described and the CMV-associated 
morbidity for these infants is under study, 

Transplant recipients frequently acquire 
or reactivate CMV infections after 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 immunnosuppres- 
live therapy. A significant correlation be-
tween blood transfusion and CMV acquisi-
tion after renal tra.nsplantation has never 
been demonistrated. However, in none of the 
studies were all of the variables controlled or 
monitored - the CMV serological status of 
recipients, kidney donors, and blood donors. 
Seronegative heart and bone marrow re-
cipients receiving; transplants from CMV 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-
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tie impact on post-transplantation CMV ac-
quisition. 

Patients undergoing splenectomy, usu-
ally secondary to trauma, may acquire 
severe and even fatal post-splenectomy 
CMV 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 
symptomatic 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 prior to the onset of labor should receive 
blood from CMV 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 CMV infections. While 
the incidence of serious CMV infections in 
this patient group is apparently low, 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 
CMV 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 ,

RS 

M E0000050_0002 



International Forum 

fusing these patients with CMV seronegative 
blood products. 

Post-transfusion CMV infections can be 
effectively prevented in seronegative pa-
tients by providing appropriate blood prod-
ucts from only seronegative donors. That 
seropositive donors are the source of these 
CNIV 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 E A and 
1HA are more sensitive for this purpose than 
the traditional complement fixation assay. 
One problem with this method of prevention 
is that in many parts of the world nearly,
100% ofdonors are seropositive. Presumably 
seronegative recipients would also be rare in 
these areas. In Richmond, 40% of random 
blood donors have antibody to CMV al-
though antibody prevalence i:s highly age 
dependent.. 

Use of CMV seronegative blood products 
for seropositive recipients is of uncertain 
value. Seropositive blood recipients may ac-
quire post-transfusion CMV infection either 
by reactivation of latent virus following 
transfusion or by reinfection 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 CMV infections is the use 
of Ieukocyte-depleted blood and blood prod-
ucts. Viable CMV cannot be recovered from 
the leukocytes ofblood donors. Nonetheless, 
the leukocyte seems a plausible site for CMV 
latency. CMV can be recovered from the 
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leukocytes of immunocompromised pa-
tients or those with a primary CMV infec-
tion. Several reports suggests CMV infec-
tions can be avoided when frozen dely°cer-
ofized red cells are used for transfusion.A 
problem with these observations is that 
either the number of patients studied has 
been small or that the serological status of 
donors and recipients has not been con-
trolled and/or monitored [ . However, the 
use of leukocyte-depleted blood is currently 
the second best available method likely to be 
etTective in preventing primary infection and 
perhaps even reactivation and reinfection 
with CMV following. transfusion. 

Other possible methods, such as donor 
screening based upon 1gM antibodiesagainst 
CMV or using filtered blood, have not been 
studied as means of preventing post-transfu-
sion CMV infections,. 

In summary, post-transfusion CMV in-
lections should and can be prevented in 
seronegative low birth weight infants, in 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 

References 

I Adler, S. P.: Transf iOon assoc ated cvromegalovi-
rirs inrections. Rev,. insect.. Dis. (in press, 11383). 

2 .Foster, K. M. ; Jack, I.; A prospective study of the 
role t f cyan maealovirus in 

t. -transfusion mono-

nucleosis. New En.V1. 3. Med. 280: 1311--1316 

(1969). 

RS 

M E0000050_0003 



390 

Adkr,S. P. Chnddka.T_;Lawerence,L.;Ba gett, 
J., Citotne alovirus infections in neonates acquired 
by blood transfusions. Pediat. infect. Dig. ',1.14-119 
(1983). 
Yeager, A. S. Grumet, F. C..; Hafteigh, EEL: Arvin,: 
A. M., Bradley, J, S.; Prober, Cc.: Prevention of 
transfusion-acquirad cyio egflovirus infections in 
newborn infants,. J. Pediat. 98: 281-287 (1981), 
Baumgar1nr, J. 0;; Burn-Black, A. L. Pyndiah, 
N.; Glatxer, M.P.; Black, R. D.; Chioilero, R. Se.
ve-re: cyttome akwirus infection in multiply trans- 
fused, splenecto is , trauma patiutt , Lancer ii., 
ii3-65 (1982), 
Tolkoff Rubin, N.E.; Rubin, R.ICI.; Keller; . ..; 
Baker, G, R;Stewart:,J.A. Hirsch.,lt'.S.:C°ylom.eg-
alovi.rus infection in dialysis patientsand personnel. 
Ann. intern. Med. 89 625-628 (1978). 

Stuart P. Adler, MD, 
Medical College of Virginia;
Virginia Commonwealth University, 
PO Box 163, MCV Station, 
Richmond, VA 23298 (USA) 

J. C ole'man.. The epidemiology of cy-
tolne .alovirus 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 cyrtore alovi:rus infec- 
titan 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 t.he. 
total amount of blood transfused and is not a 
peculiar complication ofextracorporeal per-
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fusion.. Neonates appear to be particularly 
prone to posttransfusion cytomegalovirus 
infections, In the United States, Prince et al. 

UI found that 7% of 5 patients who received 
a single unit of blood and 21% of 72 patients 
given multiple transfusions had a cytornea- 
lovires complement-fixing antibody sere 
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 seroconversion, or a 
mononucleosis syndrome, or hepatitis to fa-
tal pncumenitis and disseminated infection 
occasionally seen in neonates and transplant 
recipients. 

Although it would appear obvious that 
the risk of infection is greater when a cyto-
me alovirus scronegative recipient receives 
cytomegalovirus seropositive blood, recent 
animal models have shown that transfusion 
of allogeneic leukocytes may induce reacti-
vation of cytomegalovirus infection in a sew 
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 cyto-
megalovirus after transfusion appears to de-
pend on a number of factors. Obviously, the 
number of individual donors is 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 transmit infec-

tion. Frozen blood does not transmit cyto-

megalovirus [2]. 

Leukocyte transfusions 

RS 

M E0000050_0004 



Intemational forum 391 

carry an increased risk of transmission [3]. It 
is generally assumed that the virus is asso- 
dated with the formed elements of the 
blood, particularly the white blood cells. 
However, despite many attempts to isolate 
cytornegalovirus 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, IJenie et al. 15 estimated that 
5 -12 of donors were infectious carriers, 
this observation being based on immunolog-
ical response in recipients. However, in the 
population they studied, the prevalence of 
cytomegalovirus antibodies was of the order 
of 50-60%. It therefbre follows that not all 
individuals with antibodies to cytot egalo-
virus are capable of transmitting the infec-
tion. Unfortunately, at this time there is 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 :runsfusion cytomegalvvirus 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 (CV) 
is a member of the herpes group and, as such, 
tends to persist after primary infection. Nat-
urally acquired infection is frequent, with 
serologic evidence of prior exposure 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 immunocompromised 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 CMV in the host. In common with 
the naturally acquired infection, transfu-
sion-associated CMV appears to 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 bane marrow transplant re-
cipients die of interstitial pneum.onitis, gen-
erally ascribed to CMV.  Problems have also 
been noted in renal and cardiac transplant 
recipients and, interestingly, among patients 
undergoing splenectomy 1]. 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 iatrogenic or nat- 
oral routes cannot be ruled out. 
The study by Yeager et al. [21 on trans-

fused neonates does, however, appear defin-
itive. Transfused infants of CMV seronega-
tive mothers were not infected with CMV 
unless they received CMV seropositive 
blood units, implicating the blood itself 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 should 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 ofgroups 
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 reflection of the per-
sistent nature of CMV infection. In other 
words, the presence of antibody defines prior 
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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 appropriate 
means to reduce the transmission of the 
virus. Unfortunately, the procedure is logis-
tically troublesome since 50% or more of 
blood donors have detectable levels of anti-
CMV 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 can=not be recommended for do-
nor screening purposes on account of the 
complexity of the procedure;, further, it is 
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 

is 

de- 

tected by fluorescence labeled anti-im-
munoglobulins and 

the 

reaction 

is evaluated 

microscopically. Enzyme

-linked 

immu-

noassay (LISA) tests are based upon the 

direct 

sandwich 

procedure; 

CMV antigen is 

linked to the solid phase; 

enzyme

-conju-

gated 

antiglobulin preparations are used as a 

detector. The 

majority 

of 

available tests use 
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microplate technology, with some miner 
variations. Somewhat similar is the solid 
phase fluoresence immunoassay (FIA), 
which uses a solid phase antigen in a dip 
stick format, detecting adherent anti-MV 
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 ofELISA procedures, 
which can be read by eye, the foregoing 
methods do require capital equipment. In 
fact it is also preferable to evaluate ELISA 
reactions instrumentally. The indirect hem-
agglutination assay (IiA) does not depend 
upon instrumentation. It consists ofery<tbro- 
cytes coated with CMV antigen. The pres-
ence of anti-CMV agglutinates the cells and 
the reactions are read on the basis of settling 
patterns in rnicretiter plates. Unlike the 
other procedures, 1 A 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 equivalent in their 
ability to detect CMV antibodies. IFA gives 
a scropositive rate of some 73% among ran-
dom donors from five blood centers in the 
United States 13] as it does in the Los Angelo: 
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-CMS', the problems inherent in select-
ing less than 50% of available blood for 
delivery to specific patient groups are signif-
icant. These difficulties are emphasized par-
ticularly where special products or collec-
tion methods (i.e. quad packs) are required. 
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Therefore, other approaches to the reduc-
tion of transfusion-associated CMV infec-
tion have been proposed. Most authors feel 
that CMV 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 to have vanishingly low risk oftrans-
mitting 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 is much less clear cut. Although 
it would appear reasonable to reduce the risk 
of CMV infection for all immunoe ompro- 
ionised patients, the following facts must be 
taken into account: (i) the use of CMV-
screened products is inappropriate for ser-- 
positive patients; (ii) equally, it is inappro-
priate for recipients oforgans or tissues from 
seropositive donors; (iii) the majority of im-
munosuppressed patients receive large num-
bers of blood products, including platelets 

and, 

raccasie nally, 

granulocytes, 

(iv) except 

among recipients of prophylactic 

granulo-

cyte transfusions, 

CMV immune globulin 

may provide 

adequate 

protection from 

disco 

case [5, 

6] 

(v) 

certain patient groups usually 

present a need foremergency 

transfusion (i.c.. 

pregnant 

women, some candidates for sple- 

riectomy). 

One or 

more 

procedures may well 

prove 

worthwhile and cost 

effective for support of 
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some patients at risk a CMY-ass ciated 
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 CMV 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 
CMV 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. 
Although there is a rationale for supporting 
transplant patients with CM'S-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 
patients. 

References 

Drew, LL Miner, R.C.: Tr fusion-related ey.. 
torn alorinis infection following non cardiac cur-
test. J. Am rayed„ Ass.. 247:.2389-2391 I1982), 
Yeager, A. S.; Gru net, P. C,; Hal eigh,, E.B. ; Arvi. a, 
A. M.; Bradley, J,S..; Prober, C. G. Prevention of 
tr:ansftision-acquired cytome lovirus infections in 
newborn infants. 3, Pediat. 9: 281-287 (1981), 

International Forum 

3 Dodd, R. Y.; Nath, N. Pielech, M. O'Neil, S.; 
Sherntao, K. ,. Prevalence of infection by four 
hepatotropic viruses in a voluntary donor pcpula-
tion. Transfusion 2.2, 422 (1982). 

4 Silvergleid, A, J. Kott, T.J. Impact olcytomegalo. 
virus testing on brad coitection facilities. Vox 
Sang, 44: 102-105 (1.983). 

5 Meyers, J, .; LLesxcaynsi, J.; Zia, .l. A.; Flour-
nay, N,; Newton, B.; Snydnian, D.1 .. Prevention of 
cytatne alovirus infection by c tomegakwirus im-
mune globulin after marrow transplantation. Ann.. 
intern.. Med. 98: 442-446 (1983). 

b Winston, D.J.; Pollard, R. B.; Ho, W.G.; Gallagh-
er, 3.0,; Rasmussen, I.E.; livane, S. N. Y ; L n, 
C.•H.;Gossett, T.G., iwrle.rigan, T.C.; Gale, R.1?.:
Cytomegalovirus immune plasma in bone marrow 
trsrnsplant recipients. Ann. intern- Med. 97: 11-18 
(.1982). 

Roger Y. Dodd, PbD, 
Assistant Director, Blood Services, 
American Red Cross, 
Blood Services Laboratories., 
9312 Old Georgetown Road, 
Bethesda, MD 2£1814 (USA) 

F. Carl Grrict, In assessing the clinical 
importance of MV infection, critical dis-
tinctions must be made for (a) infection vs. 
significant disease, and (b) immuriocom- 
promised vs. immunocompetent (i.e. 'nor-
mal) hosts. These distinctions permit clari-
fication of they 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: 

(I) 

Most 

CMV 

infection 

occurs 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'. 

( ) Among immunocompromised hosts 
(e.g. transplantation recipients, premature 
infants), CMV infection can cause substan-
tial morbidity and even mortality, particu-
larly during primary infection [1-51. Disease 
(rather than infection) risk is substantially 
modified by the susceptible host's prior im-
munity.Forexample, transfused (with blood 
from seropositive donors) premature in-
fants, with passive CMV antibody from their 
seropositvc mothers, almost never suffer 
CMV disease despite a 15% infection rate. In 
contrast, comparably transfused infarcts 
lacking 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 

13], again demonstrating that both im uno-
competence and prior immunity substan-
tially alter disease risk. in addition to direct 
cytopathic damage caused by the virus itself, 
primary CMV infection is associated with 
lymphocyte byporesponsiveness, 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 subclinic.al in-
fection may also be at risk for long term 
neurological or pulmonary sequclae. 

(3) CMV can be transmitted by blood. 
transfusion [1, 3 5.] at rates estimated to be 
from. l to 12% per unit. When alternate infec-
tive sources (e.g, engrafted organs in trans-

395 

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) CMV transmitted by blood transfu-
sion can cause significant disease in suscep- 
tibie hosts [l, 3_5]. In the Stanford study 
[1], of 74 premature infants born. to sero-
negative mothers and transfused with blood 
from seropositive donors, 10 became in-
fected with CMV, and 5 of these suffered 
significant morbidity (including 4 CMV-
related deaths). 

(5) Transfusion-associated CMV infec-
tion and disease are unequivocably prevent-
able by use of only seronegative donor blood 
for transfusion of high risk patients [1, 5]; 
and provision of such blood is technologi-
call.y, and logistically feasible- Although 
screening donors for CMV antibody may 
also detect some nonin.feetive donors, all 
infective donors are effectively identified:. In 
the Standford study [1] and in subsequent 
follow-up [Yeager et alt, in preparation], 
among 165 premature infants born to sero-
negative mothers, and transfused with blood 
from seronegative donors, none developed 
CMV infection. Several donor screening kits 
with methodologies acceptable to blood 
banks (e.g. Elisa, HA, quantitative IF) are 
commercially available and. .fordable. De-
spite the variation among populations in the 
percentages ofseronegative 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- 
Bible 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 serone tive 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 a1.,. in 
preparation]. Alternative approaches, such 
as the use of leukocyte-depleted Or frozen-
thawed washed red blood cells, to reduce 
transfusion-associated CMV infection have 
also been reported; however, I 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 isa 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 techniques (e.g. frozen blood, leuko-
cyte-poor blood) may ultimately prove to be 
equally as effective. The continued use of 
unscreened, routine blood products for very 
high risk patients (e.g. premature infants 
born to scronegative 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 major roll is played 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 l]. Today, 

cytornegalovirus 

has 

gained 

in 

importance as a major cause of 
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complication. The manifest infection is 
caused by reactivation ofa latent infection, 
blood transfusion (especially granulocyte 
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 donøs were found to be C. MV-sero-
positive. We have examined blood units 
given within I month on our oncofogical 
ward. 65 blood units were tested ofwhich 35 
were positive by the ELISA test for igG 

I:160). 2 of the 65 samples also had IgM 

against CMV. Due to the fact that we did not 
give whole blood transfusions, we also ex-
am m ed 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-
p es., 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, 40% 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 clini-
cally relevant CMV infection which on oc-
casion led to interruption of chemotherapy. 
This development was continuous. The 
most significant clinical manifestation of the 
infection was CMV hepatitis which necessi- 
tated long pauses in chemotherapy. No 
deaths were registered due to CMV infec-
tion However, relapse of the primary dis-
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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-AT Acyclovir) was no€ conclusive 
and the intravenous use of unselected 7-S 
immunoglobulin preparations showed no 
statistically evident benefit. Prophylaxis and 
therapy with CMV hyperimmunoglobulin 
has been recommended in newer publica-
ti s. [2. 

During the past 6 months we have per-
formed our own pilot study in which we gave 
intravenous 7-S CMV hypermmunoglobu- 
lira to all children starting polychemothera-
py. 2 of the 21 children who were passively 
immunized had C V-IgCi 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 hyPperin unoglobulirn/kg every 4 
weeks for the subsequent 52 weeks (this time 
period has not passed yet). 

None of the children developed positive 
C IV-IgNI. titres and none developed mani-
fest infection corresponding to CMV dis-
ease. All children have C V-IgG antibod-
ies, 

It is practically impossible to avoid inap-
parent cytornegalovi us carriers by isolating 
immunosuppressed patients. The complete 
isolation of a large patient population is not 
realizable and the isolation of children is 
intolerable for their well-being. The possi-

bilities to avoid manifest CMV 

disease 

in 

immu€n efcient patients today 

are 

passive 

immunization of 

endangered 

patients 

with 

anti-Cl 

V-igG in 

short intervals and the 

avoidance of transfusion ofblood containing 

leukocytes 

(leukocyte -depleted packed red 
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blood cells) [3]. With the high contamina-
tion of CMV virus in the normal population 
one should try to employ only C1 V-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 continue our therapy 
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Harold V. Lamhers n. 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, 
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Primary CMV infections produce a broad 
spectrum of clinical symptomatology rang-
ing from subclinical infection to 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, thrombocytopenia, 
hepatitis and neurological manifestations. 
Regardless of the mode of transmission, 
most healthy children and adults who ac-
quire CMV 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, pneumonia, hepatitis, pericarditis 
and encephalitis. CMV characteristically 
produces more clinically significant disease 
in severely imnlunocompromised patients. 
including the fetus in utero, patients; receiv-
ing chemotherapy for cancer and leukemia, 
allograft recipients, patients with the ac-
quired immune deficiency syndrome, and 
low birth weight (< 1,200 g) premature in-
fants born to seronegative mothers [1, 2]. 

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 (<1200 g) born 
to seronegative mothers are at risk for clini-
cally severe C r infections if the infections 
are acquired in the neonatal period i3. Ad-
ditionally, it is clear that allograft recipients 
who develop a primary CMV infection in 
the immediate post-transplant 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 [I].. 

Mode 
off_ 

Transmission 
While CMV is considered to be an ubiq-

uitous virus, its mode of transmission is not 
adequately understood. CMV transmission 
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 Yeager et aL [3] and Adler et al. [ ] 
clearly implicate transfusion of blood from 
seropositive donors as a major source of 
CMV infection in susceptible neonates. The 
role of blood transfusion in acquisition of 
CMV 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 CMV 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 risk 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 

399 

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

Knowledge dge ofthe biological properties of 
CMV and reported clinical trials suggest sev-
eral approaches to decrease the risk of trans-
fusion transmitted CMV [5, 6]. Efforts to 
decrease transfusion requirements and ex-
pose patients to the minimum volume of 
blood products and minimum number of 
donors are warranted. Leukocyte-depleted 
products (particularly washed frozen en deglyc-
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). 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 ofseropositiv=edonors do not trans-
mit CMV. A laboratory procedure to iden-
tify infectious blood products would greatly 
simplify the logistics of preventing transfu- 
scion-tr-ansrnitted CMV. 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 seronegative products 
should be limited: to those who are at risk for 
significant morbidity 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 n CMV infection, 
Included in 

this 

category are active 

immuni-

zation, 

passive 

immunization 

and 

antiviral 

therapy [6]. 
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L. Mailer. Although cytornegal€virus 
(CMV) infection after transfusion of blood is 
well documented by epidemiological stud-
ies, it is difficult to prove transmission of 
CMV from donor to recipient. The problem. 
of detecting infectious donors will be dis-
cussed below. In the recipient, CMV infec-
tion is frequently asymptomatic, but it may 
produce several nonspecific clinical syn-
dromes. The detection of ('MV excretion or 
viremia is the basis for an unequivocal diag-
nosis of CMV infection. The proof oftrans-
mission, however, must rely on the demon- 
stration of the relatedness of CMV strains 
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from donor and recipient by restriction ea -
zyme analysis. Serological diagnosis of 
CMV infection via blood products is accept-
able if a CMV seronegative recipient se.ro-
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 
CMV infection by selecting CMV seronega-
tive donors [reviewed in ref. 1]. 

Epidemiology of transfusion-transmitted 
CMV infection/disease: according to several 
prospective studies from 1966 to 1971, the 
cumulative incidence of CMV .infection fol-
lowing open heart surgery with extracurpoo-
real circulation is45% in CMV-seronegative 
patients as determined by seroconversion, 
Clinically, :its most frequent manifestation is 
fever, sometimes accompanied by a mono-
nucleosis-like illness. The disease is self lirn-
ited, and there have been no CMV-asso-
ciated deaths in non-irnmunocompr€mised 
patients. Immunosuppressed patients com-
prise another high-risk group for serious 
post-transfusional CMV disease. Pneumo-
nitis and multiple organ involvement in-
cluding ENS, eyes (retinitis), pancreas and 
intestine (with hemorrhage), are important 
factors in determining morbidity and mor-
tality in bone marrow and other transplant 
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 4-4 weeks of transfusion. They in-
clude severe lif€~-threatening disease with 
pulmonary, hematologic or systemic in-
volvement. Preterm babies are at special risk 
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 ofCMV 
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 ofblood from CMV scronegative 
(uninfe tcd) donors, post-transfusion CMV 
infection and disease may occur in CMV 
seropositive recipients, probably due to 
reactivation of latent infection. But the se-
verity of the CMV disease is usually less than 
in seronegative patients. Seronegative re-
cipients have only very rarely seraeonverted 
after seronegative transfusions, and these in-
stances may represent natural infections or 
reactivated infections in individuals with 
very low pretransfiusion antibody titres. Al-
though CMV antibodies indicate potential 
infectivity [2, 3], one would wish to select 
specifically those donors who will actually 
transmit CMV to the patient. The detection 
of virus exeretors 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 a mouse model [53_ The value of 
CMlV-specific Iglu 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 

lH 

of post-transfusion CMV infection. Thus, 
any reduction in transfusion needs will have 
a favorable influence. The importance of the 
type ofblood products involved is less clear, 
CMV transmission has not been reported 

with cell free preparations, transmission 
seems to require leukocytes, it is controver-
sial if fresh blood carries a higher risk than 
stored red blood cells. 

For the prevention of post-transfusion 
CMV, the onl.y method with proven efficacy 
for all blood 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 CMV 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, is so rare 
141 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) All pre term babies and mature new-
barns irrespective of their antibody status 
(maternal IgG antibodies, neonatal CMV 
specific IgM unreliable). (2) CMV seronega-
tive transplant patients before, during and 
after transplantation. Because granulocyte 
transfusions carry an extremely high risk of 
CMV infection and severe disease in bone 
marrow transplant patients, such donors 
should always be CMV 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 immunodefic ien-
c:ie:s needing transfusion or transplantation 
should be evaluated individually. The use of 
CMV seronegative blood for open heart sur-
gery is problematic. Transfusion-acquired 
CMV infections usually run a benign course 
in this setting.. Prevention of postperfusion 
CMV infection should nevertheless be at-
tempted (primarily 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 tratnsfusion center should 
evaluate the feasibility and extent of a donor 
selection program according to the number 
of patients at risk for post4transf'u:sion 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 isalso not cost effective, Sev-
eral live CMV vaccines are being evaluated 
for the prevention of CMV 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 vaccine is to prevent con- 
genital CMV disease, Passive immunization 
using intravenous immunoglobulin prepa-
rations containing CMV 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 
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limited period of virmia. Several controlled 
studies are being conducted to clarify these 
questions. Antiviral agents and interferons 
have not yet proven useful for (short-tern) 
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 ofCMV 
seronegative blood provided by a donor 
screening program tailored t.o the needs of 
the individual trans sion center or blood 
bank. 
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S. Gerald Sandler. In healthy immuno-
competent children and aduts, post-transfu-
siort cy'tor€ egalovirus (CMV) infection is 
usually manifested by, asymptomatic sere 
conversion or a mild heterophile-negative 
mononucleosis syndrome, In contrast, CM V 
infection may be associated with significant 
morbidity and mortality in immunoincom-
petent patients, such as premature newborn 
infants, children with immunodeficiency 
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 isolates 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 [l]. In this category of 
immunocompromised transfusion recipi-
ents, attempts to prevent primary CMV dis-
ease seem appropriate, and transfusion of 
blood and components from seronegative 
donors has been reported to be eflictive in 
reducing morbidity and mortality of post-

transfusion CMV infections [ ], 
Other promising approaches to the pre-

403 

vention of post-transfusion CMV infections 
are currently under investigation, including 
passive immunization with hyperirnr une 
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 CMV infections 
is transfusion of blood and components se-
lected from CMV-seroneative 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 should be limited to persons 
known to be seronegative. 

Since convincing data for clinically im-
portant pest-transfusion CMV infections are 
presently limited to selected premature in-
fants, strategies for preventing such infec-
tions may focus on the unique needs for 
transfusions in thi:s defined category of re-
cipients. Blood transfusion in acutely ill 
newborns is rarely required to treat bleeding, 
hemolysis or acute anemia. Almost always, 
transfusions in such infants replace red 
blood cells lost for repeated blood samplings 
for clinical 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 7-51 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 7gl (871¢:8) red cell trans-
:usions replaced blood lost for diagnostic 
laboratory tests f6). The volumes for re-
placement transfusions in this hospital 
ranged from 5 to 40 ml. While significant 
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progress has been made in reducing the vol-
ttme 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 
CMV infections, but also would reduce the 
risk of all known and yet-to-be-recognized 
transfusion-transmitted diseases in this cate-
gory of recipients. 
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F. `trel', , C. Ja ol, ME. Briquet CMV 
infections may produce a wide spectrum of 
clinical Ianif tations depending on the pa-
tient's age (congenital infection, perinatally 
acquired infection, CMV mononucleosis 
syndrome in children and adults). Ofpartic- 
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 to 2 months after transfusion and can 
vary greatly from clinically latent serocon-
version to mononucleosis with various de-
grees of fever, hepatosplenomegaly, lymph--
a.denopathy and cutaneous rashes. Intersti-
tial pneumonia, leukopenia or atypical lyrn-
phocytosis are less frequently encountered. 
The high incidence of CMV infection in 
immunosupprt sled 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 tine patients surviving more 
than 30 days and is fatal in about of 
cases. 

In cases of blood transfusion, the risk of 
CMV infection is 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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Fig. 1. Repartit.ion o1 CMV anti.. 

l adi+ s(lgG FLUSA) in bkod healthy 
donors and poiytrancfused patients,. 

The role of leukocytes (particularly ly€m-
phoeytesl seems of major importance since 
the use of frozen or leukocyte-depleted red 
cells lowers the incidence of post-transfusion 
CMV infection il]. Moreover, it has been 
shown that the occurrence of CM V infection 
is higher in patients receiving prophylactic 
leukocyte transfusions than in control pa-
tients receiving no leukocytes or only thera-
peutic leukocyte transfusions[2]. 

Diagnosis of CMV 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, innmun nz.ymology+, in 
direct immunoffuorescence and radioinn-
munoass.aaya complement-fixation is a cheap 
and simple method, but relatively insensi-
tive compared with imrunoenzyFmology 
(ELISA) which, in turn, is more expensive 
and technically difficult. Major problems, 
however4 will remain until there is sufficient 
standardization of methods and control sera 
to allow interlaboratory comparisons. 

In a recent epideraniologic study we used 
the complement-fixation, passive hemag-
glutination and. ELISA tests for the determi-
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ejithy or' !. 

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-
ing open heart surgery). Results are reported 
in figure I. 

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

As to prevention in frequently transfused 
patients (particularly in immunosuppressed 
patients) several recommendation s could be 
made! (l f 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 in mind. 

Several trials of passive immunotherapy 
in animal and human models have been 
reported. In seronegative bone marrow re-
cipients, the use of CMV immune plasma 
has been shown to decrease the incidence of 
patient CMV infection and interstitial pneu-
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nmonia, especially when leukocyte transfu-
sions are not used [3]. The prophylactic or 
therapeutic value of CMV immune globu-
tins 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 l0,000 and 12,000 (LIA) 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 14 

In conclusion, the tight relations between 
CMV infection and blood transfusion are 
now well established. Though they appear 
more complex than previously expected., 
they have led to preventive recommenda- 
tion; 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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Garin E. Tetamerier. Human cytonmegalo-
virus (CMV) infections are frequently trans- 
rnitted by blood transfusions for two rea-
sons: first, evidence of exposure to CMV 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 
[IL In fact, this double-stranded DNA virus 
belonging to the herpes group may be trans-
mitted by blood transfusions more fre-
quently than any other microbe for which 
reliable tests are available. Only if non-A, 
non-B (N NB) 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 ofscnsitive and 
specific NANB tests prevents this question 
from being answered at present. 

That CMV infections transmitted by 
transfusions rarely result in overt disease can 
be seen from numerous prospective studies 
of pediatric and adult recipients dating back 
to 1956 11]. Infection rates ranged from to 
67% and averaged 14%, but recognizable dis-
ease, largely restricted to patients experienc-
ing primary infections, occurred at a much. 
lower rate of 4%. Higher infection rates were 
seen in patients receiving larger amounts of 
Mood., 

Until recently, CIV"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 1.5% of the 
cases originally ascribed to NNB. were as_ 
soc:iated with CMV infections. 019 cases, all 
had primary CMV infections, but only I had 
clinically recognizable disease; the remain- 
ing 8 had only transient transaminase eleva-
tions. Additional studies of prospectively 
followed PTH cases will be needed to con-
firm or refute this study's findings. 

CMV's significance 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 
immunocornpetent 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 
infants 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 fc-
b:rile mononucleosis, interstitial pneumon-

ia, anieteric hepatitis, thrombocytopenia, 
hemolytic anemia, and retinitis. In re~ 
cipicnts with intact immunity, the most 
common clinical manifestation is the mono-
nucleosis syndrome. Although rarely seen in 
immunocompetent patients, the other fea-
tures are frequently apparent in immuno-
suppressed patients. 

In renal and cardiac transplant patients 
the grafted organ appears to be the major 
source of CMV. Patients developing symp-
tomatic infections are usually CMV serer-: 
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negative recipients of organs from CMV se_ 
ropositive, donors. Although blood is a po-
tential source of CMV in these patients, it is 
a low-level risk factor. The situation in bone 
marrow transplant patients differs in that the 
CMV antibody status oftee marrow donor is 
not clearly linked to the development of 
CMV infection in the recipient. The admin-
istration of prophylactic granulocyte trans-
fusions enhances the risk of CMV infections 
in bone marrow recipients, often resulting in 
serious 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 C.l►?lV 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? I would, first of all, 
emphasize that preventing CMV infections 
in most transfusion recipients is unneces-
sary, because the overwhelming majority of 
these infections are inapparent and seem-
ingly innocuous. Only in the high risk re-
cipients mentioned earlier should pre-
ventive measures be contemplated.. One 
study [3] has shown the efficacy of transfus-
ing blood from CMV antibody-negative do_ 
nars in averting • 4V infections in prema-
ture infants. Frozen, deglycerolized 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 ce:ils 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 evaluate the 
risk of CMV i. fection 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.e., donor 
screening, freezing and(or washing blood, 
irradiating blood, and storing hood, are po-
tential control measures which may directly 
involve regional blood centers, hospital 
blood banks, or transfusion services. Other 
approaches to controlling CMV disease in 
high risk recipients involve administering 
prophylaxis to the recipient.. A recent edito-
rial (fit has detailed these possibilities which 
include 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 ofgiiv-
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 
CMV infection in premature infants, I be-
lieve the widespread application of donor 
screening for this population should await 
the completion of several prospective stud-
ies of CMV in transfused neonates now in 
progress in the United. States. if the studies 
confirm the risk of transfusion-acquired 
CMV 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 own transplant recipients, it 
seems prudent to provide CMV seronegative 
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units only to seronegative renal transplant 
patients receiving kidneys from. seronegative 
donors. IC transplant units are not control-
ling for this major risk factor, i.c.., the donor 
kidney, then providing CMV seronegative 
donor blood is nonsense. The same caveat 
applies to cardiac transplant patients. For 
bone marrow transplant patients straightfor-
ward recommendations are more difficult to 
make. With the marked reduction in the use 
of prophylactic granulocyte transfusions, 
the risk of CMV infections should decline. 
Because these patients are heavily supported 
with other donor products, I believe that 
definitive studies must be conducted to as-
sess the risk posed by red cell 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. wel l- 
designed clinical studies indicate the need to 
do so. 
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T H. The.. CyFtomegalovirus(CMV) infec-
tions, com monly spread in man, apparently 
harmless and clinically asymptomatic in the 
majority of normal individuals are assn- 
ciated with significant morbidity and mor-
tality in patients with. a compromised im-
mune system such as premature newborn 
infants, congenital and acquired immurtode- 
eciency 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 ofimportanc e. 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 is reflected by the CMV serological status 
because individuals with CMV aattibodies 
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are more protected against CMV :infections 
than the seronegative ones. Consequently, 
the clinical symptoms of primary CMV in-
fections are in general more severe than rein-
fections with. other CMV 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 is 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-
sidered to be important for the recognition 
and destruction of CM V-infected cells [l , 
This is supported by recent studies on the 
development of humoral and cellular im-
mune responses against CMV-MA shortly 
after primary CMV 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 to be very heteroge-
neous. They can be placed in 'a spectrum of 
clinical symptoms' in relation to the hosts' 
general immune status. Primary CMV infec-
tions in adults may cause the CM.V 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 childhood. however, are 
clinically asymptomatic in most cases. The 
clinical picture of CMV infection is often 
entirely different in immunosuppressed or-
gan allograft recipients. The most striking 
symptoms are spiking and prolonged fever, 
arthrralgia, Ieuko- and thrombopenia, serum 
ereatinine rise and liver function distur-
bances, while CMV mononucleosis is not a 

RSME0000050_0023 



410 

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 mortality of CMV 
infections in this group is related to the 
amount of immunosuppressive therapy. Irn-
munodeficiency is related to generalized. 
CMV disease. In CM V-infected transplanta-
tion patients a rapid diagnosis of active 
CMV infection is important because an er-
roneous raising of immunosuppressive ther-
apy may cause a shift from the early stages of 
CMV infection to the generalized CMV 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 
CMV infections cause a depression of hosts' 
immune responses. A virus-induced sup-
pression of CMV-specific cellular immunity 
occurs in CMV mononucleosis syndrome [3] 
and also in pregnant women and their con-
genitally infected children. In addition, sup-
pression of general lymphocyte responses 
arc measurable by in vitro lymphocyte stim-
ulation tests to mitogens and antigens. Using 
monoclonal antibodies against T cell sub-
sets, patients with acute CMV infections 
show a reversal of the normal ratio of 
OKT4+ (T 'helper') to the OKT8+ (sup-
pressor' or 'cy7tot.oxic') 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 [ ]. Clinical observations 
have confirmed these im.m€unodeficiencies 
because a high number of other microbial 
infections were recorded. An increased inci-
dence of infections of an opportunistic na-
ture has been observed following a primary 
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CMV infection in renal, cardiac and bone 
marrow transplantations. 

The above-mentioned observations may 
have the following important clinical impli-
cations. 

(1) Cytomegalovirus infections remain 
an increasing serious medical problem in 
immunodeficiency patients. It causes differ-
ent clinical syndromes in relation to host's 
immune status background. Fur her, it also 
causes the likelihood ofseconda.ry microbial 
infections of an opportunistic nature. 

(2) Management of these patients re-
quires a rapid and early diagnosis of symp-
tomatic CMV infections in high risk groups 
(e.g. organ transplantation). For this, sensi-
tive methods for detection of antibody 
against CMV-early (CMV-EA) and CMV-

late (CM yi -LA) [51 antigens: have been devel-
oped. We recently have improved this by a 
CMV-ELISA method for a rapid screening 
of sera for IgM antibodies against CMV-EA 
and CM V-L.A.  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 immune- 
suppressive treatment in order to permit the 
host to recover from. the CMV infection. 

(3) Prevention of CMV-infection seems 
to be required in the above-mentioned spe-
cial cases with compromised immunity. Sc-
rotyping with the CM.V-ELISA Method for 
selecting CMV seronegative patient group at 

higher risk is 

relevant and practically pos-

sible. Furthermore, serotyping of blood do-

nors for donation of 

whole 

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 irumuniza-
tion has been shown to prevent CMV disease 
in bone marrow recipients, interferon-alpha 
has antiviral effect in renal transplant l - 
tients and CMV vaccine has been associated 
with a low incidence of CMV disease after 
renal transplantation. 

investigation of CMV-induced mem- 
brarle antigens (CM'S- dlA) 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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Prof. Dr. T_H.The, MD, 
Head, fle rttuentofCliaical Immunology, 
University Hospital, 
Oostersingel 59, 
4711 EL Groningen IThe Netherlands) 

C C Entw stle. 1.0 R Tobin, C M V was 
first shown to he the main cause of post-
transfusion mononucleosis in the 1960s, 
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 10%% 
present with fever accompanied by mono-
nucleosis and/or splenotnegaly. This may 
last for 1-2 weeks or continue for some 
rttonths, especially in the very young. Pre-
mature babies infected by CMV suffer a 
broader spectrum of il lness including pneu-
moniti:s. hepatitis, etc. (l]. These superim-
posed upon the respiratory distress syn-
drome can lead to considerable morbidity 
and even death [ j, 

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 is noted 
once blood is stored [3L where rates quoted 
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in different surveys vary from 2.4 to l2° per 
unit 1:4]  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 is 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 rarely 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-
lowed this approach. In 1975, the Oxford 
BTS then under Dr. H. Gunson, began to 
provide such blood first for re:nai transplants 
and. l"or exchange and other transf"i~sions in. 
neonates. 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 he candidates for bone marrow 
transplantation. Initially, donor screening 
ft r CM V antibody was carried out on a small 
scale, 30-40 samples each week being tested 
in the Public Health Laboratory by indirect 
irnmunofluoreseence. In 1978, the Transfu-
sion Service took over and expanded the 
routine screening to meet the needs of the 
patients groups specified. Now, about one-
fifth of the total donorpanel have been tested 
at some time, including about four-fifths of 
the group 0 rhesus-negative donors. A re-
cent study of six different methods for detect-
ing CMV antibody (including immuno#luor-
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essence) has suggested that for larger-scale 
donor screening a. micro-hemagglutinat:io:n 
test will be the most suitable and practical 
technique [Hurd et al., in press]. 

Th.e additional cost of identifying and 
maintaining around 24,000 CMV antibody 
negative dondors from within the total panel 
is in the order of 1,500 per annum, which is 
equivalent to I patient staying in hospital for 
about a fortnight. In the USA, the cost has 
been estimated at about 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 is difficult to determine the benefit of 
supplying blood known to be CMV negative 
to the patients :selected. In renal transplant 
patients in. Oxford, where patients have bad 
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 CMV antibodies in the ensu-
ing months. Conversely, 3g 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 2.2 remained 
uninfected. The 86 CMV-free patients each 
received an average of two units of blood. 
None became infected although the number 
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 2, and 
about 3 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 5 days 
have been used for babies receiving ex-
change and. °top up' transfusions. No case of 
CMV attributable to transfusion has been 
diagnosed in spite of close clinical and viro-
logical surveillance. 

Similarly, no postoperative CMV infec-
ti.on in children undergoing heart surgery 
has been diagnosed by the virus laboratory 
[Dr. J.B. Kw, , personal common.]. Seven 
bone marrow transplants have been per-
formed in Oxford; the recipients included 
5 patients negative for CMV antibody who 
were given both marrow and multiple blood 
products all from CMV negative donors. No 
CMV infection developed in these 5 (Dr. 
C. Bunch, personal commun. . 
The justification for providing CMV neg-

ative blood to selected patients may be ques-
tionable, but certainly in neonatal transfu-
sions it 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-tixingCMV anti bod-
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 
unsereened blood [61. Where it is patently 
avoidable, it cannot be considered good 
practive to risk infecting susceptible patients 
with. CMV through transfusion with all the 
attendant consequences especially in immu-
nocompromised individuals.. 

The feasibility of maintaining an ade-
quate panel of CMV negative donors is 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-
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mately 30% oldonors in the Oxford Region 
are antibody positive, and slightly more than 
this in the L.K. as a whole, but worldwide 
the rate is appreciably higher, approaching 
100% in some communities. Where the inci-
dence is high [7], there may be insufficient 
identified seron.egative donors available at 
all times, and other means may have to be 
sought to reduce the risk of transmitting 
CMV, e.g, by using frozen and thawed, 
washed, filtered or otherwise 

leukocyte-dc-
pleted red cells. Such meth s are consid-
ered a second choice because of' he 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 vaccine, 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 immunoglohulin are severely 
.restricted and the recommended dosage, 
timing and criteria for its administration are 
not yet established. 

References 

I Ballard, RA. ; Drew, L, Hufnei le, K.G.' Ac-
quired cytom.eea.lov ru.s infection in pretern ir.-

r`an.s. Am. I U s.. Child. d33: 49.2-485 (1979). 
2. Berson, J. W T. ; l den, S, J. Tobin, .J. UK: Cy-

to egalovirus 

ad brood 

transfusion in neonates, 

Archs this. Chile h. 54: 

S3&-54 

(1974). 

3 Stevens, D. R. 

; 

Barker, L.F. ; Ketch.am, 

A. S, 

RSME0000050_0027 



414 

Meyer, H.M.: Asymptomatic cytomegalovirus in-
fection following blood t nstusion in tumour sur-
gery, 1. Am, rn€d... Soc. 21?.• 1341-1.344 (1990). 

4 Armstron, J.A. ; Tarr, GC' Youngblood. J.; 
Dowling J. M.; Saslow, J.R.; Lucas, J. P.; Ho, M. 
Cytoartegalovirus infection in children undenoing 
open-heart suregery. Yale J. Biol, :Mcd. 47: g3-91 
(19764. 

5 Sandler, S.G. Grumet, F, C,: Post-transfusion cy- 

t~ssiaegaiovirus infection. Pacdiatri s, Springfield. 
650-653 (1982x. 

6 Fryd, D. S.; Petersen, P. K. Ferguson, R. M.: Sim-
moos. R.L. l alrour, H.H.; Najarian, J.S.: Cyto-

egaloviru:sas a risk factorin renal transplantation. 
Transplantation fl: 436-493 (99110}. 

7 Silvergteid, A. J. Knott, T. L. impact orcytomeg 
lovints testing on blood collection facilities. Vox 
Sang. 44: 102-105 f19S3). 

S Win-ton, D.1. Pollard, R.13.; Flo, .W.S.; Gallagher., 
.1,G.; Rasmussen, L. E.; Huang, S. N. V,; Lin, C. H.; 
Gossett, T.G. Merigar T t<..: ; Gale. R. P.: Cytotn- 
egal.oir th immune plasma in bone marrow trans-

plant recipicuts. Ann. intern. Med. 7: 11-1g 

Dr. J. O'H. Tobin, 
Sr William Dunn School of Pathology, 
University of Oxford, 
South Parks Road; 
Oxf rrd. OX 13 RE (UK) 
Dr. C. C. Entwistle, 
Regional Blood Transfusion Centre, 
John Radcliffe Hospital, 
Oxford 0X3 9D0 iUK) 

International Forum 

Editorial Comment 

There is almost total agreement among 
the contributor'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 imtnunoco§nprom- 
ised patients lacking antibodies to CMV, 
and (2) prevention of CMV transmission by 
blood transfusion to high risk recipients is 
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 1gM class antibodies fear CMV may add 
to the 'specificity of testing donated blood for 
potential infectivity and that a variety of 
other methods for preventing MV 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 minim iz-
in& the need for blood transfusion in these 
patients are under investigation and may 
add to the clinical and cost-effectiveness of 
preventing transfusion-transmitted CMV 
infections in the future. 
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