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FOREWORD 

As a clinical discipline blood transfusion encompasses enormous vista, vary­
ing from biotechnology to molecular biology, from plasma products, cell 
biology and growth factors to interleukines. Growth of knowledge in this 
field has been rapid, and expertise is now required to be mastered and 
renewed in translating these ideas for patient care. Various types of cells 
could be harvested - progenitor stem cells derived from bone marrow or 
from circulating blood as a source for transplants; in the hemostatic armoury 
platelets could be used prophylactically; granulocytes and mononuclear cells 
are available for treatment of infections or immune modulations. However, 
their therapeutic use carries potential complications including graft versus 
host disease and CMV-infection. Prevention of such complications by 
irradiation and by removal of immunocompetent leukocytes are important 
issues. Thus, production of such therapeutic materials ought to address the 
issues at the earliest, to eliminate those problems while adhering to the con­
cept of high quality; the impact of storing platelets for longer periods by 
using improved plastic containers or storing almost indefinitely in frozen 
state should be explored. Rapid progress in cell culture techniques and bio­
technology have enriched the transfusion medicine armoury with lympho­
kines, interferons and cell colony growth factors which have great potentials 
for enhancement of basic knowledge as well as considerable therapeutic 
applications in patients. The laboratory has crucial roles to play - it could 
preselect blood components and tissue by HLA-typing, it may also be in the 
forefront of innovations when specific cell-lines would produce suitable 
reagents, and cultured cells become available for therapy. 

The purpose of this book is to inform physicians and laboratory workers 
of the developments in these areas with special emphasis on white cells and 
platelets, and their potential application in Transfusion Medicine. 

Cees Th. Smit Sibinga, MD, PhD 
Prakash C. Das, MD, PhD, FRCPath 

C. Paul Engelfriet, MD, PhD 



I. PRINCIPLES AND FUNCTIONAL ASPECTS 



THE HUMAN MHC (HLA) AND ITS IMMEDIATE 
RELEVANCE IN TRANSFUSION PRACTICE 

S.B. Moore 

The human major histocompatibility complex (MHC) or HLA (human 
lymphocyte antigens) has a major role in the functioning of the immune 
system at several key points. The presence of these antigens was first recog­
nized in mice by the pioneering work of Snell and his colleagues, who, in the 
mid-1930s, realized that the antigens were in some way related to the rejection 
of experimental skin allografts in these animals. In the early 1950s, the pre­
sence of a similar group of antigens in humans was independently discovered 
by Daussett in France and Payne in the United States. In The Netherlands, 
van Rood contributed to the elucidation of the actual genetic systems involved 
in the human MHC and in the characterization of sera from multiparous 
women so that tentative specificities could be assigned. A series of regular 
international workshops have continued this painstaking work and have paved 
the way for the detection of several genetic loci within the MHG These 
workshops have also stimulated much of the work on the establishment of the 
clinical relevance of HLA in the fields of organ transplantation and the genetic 
predisposition to specific diseases. 

While the general chromosomal alignment of the various loci has been well 
established for several years (Fig. 1), the development of monoclonal anti­
bodies and DNA probes has led to a flurry of recent activity in the field of 
HLA. These new tools have permitted workers to look not only at the cell­
surface antigens but also at the genes that underlie the expressions of these 
antigens. These new studies have begun to unravel the complexity of the 

__ ---... A 

1----1 C 
1----1 B 

~--I DR 

1----1 DO 

I----IDP 

Glo 

Figure 1. Major histocompatibility gene arrangement on chromosome 6. 
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genes of what are termed class II antigens and promise to supersede many 
of the older studies on both diseases and transplantation, which were based 
on the detection of cell-surface antigens alone. 

Genetics 

The human MHC is located on the short arm of chromosome 6 and is believed 
to consist of the following loci: A, C, B, DIDR, DQ and DP, proceeding cen­
tromerically. A, C, and B locus antigens are termed class I, while DIDR, DQ 
and DP antigens are class II. Serologic typing is performed for class I anti­
gens and for the DR and DQantigens of class II, while cellular typing culture 
methods are used to detect D and DP locus antigens. Interestingly, between 
the class I and class II regions on chromosome 6 resides an area containing 
loci that carry genes which code for various components of the complement 
system. Sometimes the products of these complement loci alleles are called 
MHC class III antigens. The gene for ,82-microglobulin (the ,8 chain of class 
I) is located on chromosome 15. The genes that code for the various ex and 
,8 chains in the class II subregions are outlined in Figure 2. 

Glo 

DP (S8) 
DZo,DOP 

DO (DC) 

0, 

DR 

o Class III Class I 01n O 2 

• =11=;''1:;.' :;:!n~n'=1- ,t::;::;:==:n:;::;:=~:?), ~-;:;::;:;:~~~~EDIla::a:/--~D '{ Y I ~, ~I 111.1'111 ••• 'I U U T • U DFD U U' 

82.84.1016 

174.180 6 

Figure 2. A provisional map of the HLA class II region. The map order shown here 
is provisional since the distal breakpoints of the two deletions have not been deter­
mined. (From Erlich H, Lee jS, Petersen jW, Bugawan T, DeMars R. Molecular 
analysis of HLA class I and class II antigen loss mutants reveals a homozygous dele­
tion of the DR, DQ and part of the DP region: implications for class II gene order. 
Hum Immunol 1986; 16;205-19. By permission of Elsevier Science Publishing Co. 

and the authors.) 

Structure 

Class I 

HLA antigens can be divided into two major subgroups on the basis of struc­
ture, function, and distribution. Class I antigens are found on virtually all 
nucleated cells of the body as well as in plasma. They are also found in greatly 
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reduced quantities on nonnucleated cells such as red blood ,c~Jls and corneal 
epithelium. These antigens are present in abundance on platelets and lympho­
cytes and in lesser amounts on granulocytes. Class I antigens are composed 
of a variant 'heavy chain' a glycopeptide with a molecular weight of 44,000 
and an invariant 'light chain' {3 polypeptide with a molecular weight of 
12,000. This latter chain is a {32-microglobulin, and it shows considerable 
amino acid homology at the molecular level not only within species but also 
between species. Clearly, the alloantigenic epitopes on class I molecules are 
not on this {3 chain. The class I antigens are remarkable in that the a chain, 
including its N-terminal, protrudes externally from the surface membrane 
and the carboxy terminal extends internally into the cytoplasm of the cell. 
The {32-microglobulin is only found external to the lipid bilayer of the cyto­
plasmic membrane [1]. The {32-microglobulin may function as a conforma­
tional stabilizer for the a chain. The a chain is divided into several 'domains': 
aI' a 2, and a 3 . Amino acid sequence studies of various class I antigens have 
revealed considerable heterogeneity between non-cross-reacting antigens, 
while there is much more amino acid homology between antigens that 
demonstrate serologic cross-reactivity. For example, of the several hundred 
amino acids in the a chain of A2 and A28 antigens, differences reflecting 
perhaps a single base change at the DNA level may explain the antigenic 
difference between these two highly cross-reactive antigens [2]. 

Class II 

Class II antigens are found on a much more restricted spectrum of resting 
cells. A notable feature of these antigens is the fact that resting cells, which 
do not normally express or display these epitopes, will do so when they be­
come activated in various ways. The structure of class II antigens displays 
superficial resemblances to that of class I antigens in that each antigen has 
two chains of peptides (a and (3) and that both chains protrude externally 
from the cytoplasmic membrane surface. However, in class II antigens both 
chains extend through the membrane into the cytoplasm of the cell. The a 
chain has a molecular weight of 34,000, while the {3 chain has a molecular 
weight of 29,000. These chains are noncovalently linked to one another, and 
the alloantigenic epitopes are on the {3 chain. The {3 chain has two disulfide 
loops, similar to the configuration of the class I a chain [3]. 

Distribution 

Studies of class I antigens and their distribution have demonstrated their pres­
ence on most nucleated cells but only weak expression on endocrine cells in 
the thyroid, parathyroid, and pituitary glands and the islets of Langerhans in 
the pancreas and on gastric mucosa, the myocardium, hepatocytes, and skel­
etal muscle. The antigens are not found on central-nervous-system neurons, 
endocrine (non-Langerhans) pancreatic cells, parotid acinar cells, and villous 
trophoblasts [4]. 
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Class II antigen expression is much more limited than class I. Initially 
detected on B lymphocytes only, class II antigens have subsequently been seen 
on epidermal Langerhans cells, on endothelial cells and macrophages, and on 
activated T cells [5]. They have also been seen during different stages of the 
maturation of various myeloid and erythroid precursors [6]. They are seen 
on epithelial cells of the tongue, tonsil, epiglottis, trachea, small intestine, 
urethra, epididymis, and proximal renal tubules. Capillary endothelial cells 
express these antigens strongly, except in the testes and brain and in the 
placenta [5]. 

On myeolid progenitor cells, there seems to be a differential degree of 
expression of class II antigens as cells progressively mature. Pre-CFU-GM 
(colony forming units-granulocyte, macrophage) cells are the more imma­
ture, and they give rise to the day 14 CFU-GM cells, which in turn generate 
day 7 CFU-GM cells, which are more mature. DR antigens are expressed on 
all three of these cells, but their expression progressively increases with matu­
ration. DQ antigens seem much more difficult to detect, and their detectabil­
ity increases with progressive maturation. It has been postulated that the 
change in expression of these class II antigens reflects a role for HLA in the 
normal regulation of myeloid cell differentiation [6]. Class II antigens have 
not been found on platelets. It is also of interest that studies have shown that 
DQ antigens seem to be present on only certain subpopulations of monocytes 
[7], and class II antigens in general seem to be absent from mature granulo­
cytic cells [8]. The role that class II antigens has in the innate immunogen­
icity of certain cells remains unresolved. 

HLA typing the gene, not the gene product 

Workers in the field of HLA testing have known that the classification of class 
II genes and their respective interrelationships have been both incomplete and 
inconsistent, because certain well-established serologic specificities at the DR 
locus could be shown to contain serologic subspecificities [9] and because of 
the demonstrated correlations between a single specificity such as DR 4 with 
at least five different HLA-D clusters [10]. Subsequent studies by Bach and 
colleagues have extended this finding to several other specificities [11]. An ex­
citing new tool in the elucidation of the actual genetic basis for class II mole­
cules is the use of restrictive endonuclease enzymes to essentially dissect the 
DNA. The fragmented DNA can then be plated on membranes, and eDNA 
probes can be used to hybridize to the membrane-bound DNA and thus to 
detect specific segments of DNA. This method is already showing promise in 
the dissection of DR (3 gene polymorphisms and their correlation with the 
parent DR serologic typing and in the examination of MHC/disease correla­
tions [12,13]. In fact, this method has even been used to HLA type patients 
who have immunodeficiency and lack HLA antigenic expression [14]. There 
is still controversy over the number of actual (X and (3 genes for each of the 
class II loci, and this uncertainty may be a reflection of the role of pseudo­
genes that are detected at the DNA level but do not express products [15]. 
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Immunogenicity 

The question of the innate immunogenicity of HLA antigens is not as simple 
as one might suspect at first glance. Undoubtedly, HLA class I and class II 
antigens can elicit immune responses, both humoral and cellular. If they did 
not do so, there would be no tools with which to study them. The tools con­
ventionally used are antibodies and lymphocytes. HLA alloimmunization in 
the form of antibodies is seen in patients who have been exposed to these anti­
gens as a result of transfusions, pregnancies, or prior allografting. Each one 
of these immunizing events exposes the host to a plethora of different alloanti­
genic systems, only one of which is HLA. Therefore, the specificities of the 
induced antibodies have been difficult to clearly ascertain. Most studies have 
used panels of lymphocytes as targets to measure alloimmunization and have 
used the differential reactivity with subpopulations as an index of the general 
specificity. For example, an antibody that reacts with B cells but not T cells 
is considered likely to be directed to a class II antigen or antigens. Similarly, 
if platelets are used as targets, reactivity with lymphocytes and absorption by 
platelets are believed to indicate class I specificity. 

Each of the aforementioned immunizing events has a different potential for 
inducing antibodies. We have studied this question in relation to patients 
awaiting renal allografts [16]. We examined the influence of pregnancy, allo­
graft rejection, and transfusions on the levels of lymphocytotoxic antibodies 
in the sera of patients. Our results indicated that, with transfusion alone, 77 % 
of men and 86% of women show less than 10% panel reactive antibodies as 
a result of the transfusions. Allograft rejection was by far the most likely of 
the three events to induce antibodies [16]. Similarly, we found that splenec­
tomy prior to donor-specific transfusions seemed to minimize alloimmuniza­
tion [17]. Allograft rejection induces both class I and class II antibodies, as 
does each of the other immunizing events. In a recent study of 50,000 post­
pregnancy sera, Konoeda et al. [18] postulated that most of the antibodies 
found were directed against 'public' determinants or cross-reactive groups 
(CREG) of HLA (Table 1). This not a new idea, but Konoeda et al. provided 

Table 1. Major HLA class I cross-reactive groups (CREG) groups 
defined by serologic reagents.* 

Major CREG 

1 CREG 
2 CREG 

28 CREG 
5 CREG 

12 CREG 
7 CREG 

22 CREG 
8 CREG 

Bw4 
Bw6 

Included specificities 

1,3,11,9(23,24),10(25,26,34,66),29,30,31,32,33,36,43 
2,28( 68,69),9(23,24 ),17 (57,58) 
28(68,69),33,34,26 
5( 51,52),53,35,18, 70(71, 72),15(62,63),17( 5 7 ,58),21( 49,50) 
12( 44, 45 ),21( 49,50), 40(60,61 ),13, 41 
7 ,22( 54,55,56),27,40(60,61),13,42,47,48 
22( 54 ,55,56) ,16( 38 ,39),6 7,42 
8,14( 64 ,65 ),18,59 ,16(38,39),51 

* For brevity, the 'w' prefix is omitted from nomenclature. 
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compelling evidence with their data. Earlier data had indicatedsimiladind- .. 
ings in a few cases [19]. Konoeda et a1. also examined the relative immuno­
genicity of various HLA class I antigens and found that B locus antigens were 
highest while C locus antigens were lowest in this regard. There was consider­
able variation in immunogenicity within each locus. In addition, it was shown 
that the exposure to a narrow or restricted array of paternal antigens often 
led to broad sensitization asa result of the cross-reactions seen within the 
'public' or cross-reactive groups. Similar to most antigen systems, there are 
'naturally occurring' HLA antibodies in about 1% of normal blood donors. 
Interestingly, about half of these antibodies are directed to HLA- B8 [20]. 
Antigens that are cross-reactive with the hosts may occasionally immunize 
[21]. It would seem that on most occasions the host does not become allo­
immunized against such cross-reactive antigens. 

Thus, the immunogenicity of particular HLA antigens is much more com­
plex than the mere expression on immunizing cell surfaces. Apart altogether 
from the myriad of host factors that determine whether a particular immune 
reaction will occur in response to the appearance of a particular immunogen 
within the system, there are factors in the immunizing event itself that have 
m'~ior roles. 

With respect to alloimmunization induced by the transfusion of platelets, 
common experience is that patients subjected to many platelet concentrate 
transfusions tend to become refractory, with most of the refractory state 
apparently due to the development of antibodies to antigens of class I HLA. 
However, it has also been shown that the development of this refractory state 
can be delayed by minimizing the leukocyte content of the platelet concen­
trates [22]. These data suggest that leukocytes themselves actually present 
H LA antigens more efficiently than platelets do or that some of the 'contami­
nating' leukocytes provide some type of enhancement of the immunizing 
process. Viable mononuclear cells in the product may actually provide an 
added stimulus to the process. Such an event would be analogous to the con­
cept of the 'second signal' for the elicitation of transplant immune response 
by so-called passenger leukocytes, a concept that is gathering considerable 
support as data accumulate [23-26]. Generally, the cells providing this 
'second signal' are antigen-presenting cells; macrophages, lymphoid cells, or 
so-called dendritic cells [27]. 

It has now been shown that cloned T cells can be stimulated by 
interleukin-2 to express several class II antigen types but primarily to express 
DR. These cells have then been shown in vitro to present antigen and to 
stimulate in mixed leukocyte culture, autologous mixed leukocyte reaction, 
and primed lymphocyte test; and such stimulation can be blocked by mono­
clonal anti-DR antibodies [28]. The major factor is platelet alloimmunization 
may be the 'contaminating' mononuclear cells in the product. Interestingly, 
noninvasive methods of abrogating the immune reactivity of contaminating 
leukocytes in plate concentrates are being actively examined. The use of ultra­
violet light irradiation seems to hold promise in this regard [29]. Such irradia­
tion abolishes the ability of lymphocytes to stimulate or react in a mixed 
lymphocyte reaction [30]. The effect apparently is not mediated by alteration 
in the phenotypic expression of class II antigens [31]. Ultraviolet light irradia-
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tion has been claimed to interfere with the synthesis or elaboration of 
interleukin-l [32] and has also been reported to lead to the activation of sup­
pressor cells [33]. From a practical standpoint, about 20% of the alloimmune 
antibodies seen in multitransfused patients are apparently directed to non­
HLA antigens. This is probably why HLA-matched donors provide an ex­
cellent increment in only about 70% to 80% of such patients. It also lends 
emphasis to the point that noninvasive methods to actually prevent the devel­
opment of alloimmunization (not just to HLA) are much more promising 
than further refinements of the HLA-typed donor pool for the support of pa­
tients who are already compromised by the alloimmune state. Slichter [34], 
who has contributed so much to our understanding of platelet alloimmuniza­
tion, has lucidly reviewed this topic. The possession of certain class II antigens 
may confer the capacty for forming an immune response that is more heavily 
weighted toward the suppressive side of the balance. This immune response 
is somewhat analogous to the concept of immune response genes, and in man 
the response seems to be associated more particularly with DRw6 than with 
other class II antigens [35]. There is some evidence that under certain condi­
tions, class I antigens in the absence r.if class II antigens may be immunosuppres­
sive and could conceivably lead to active allograft enhancement [36]. 

The HLA system and adverse transfusion reactions 

Febrile nonhemolytic reaction 

While there are small quantities of HLA class I antigens on red blood cells, 
antibodies to HLA have not been implicated in clinical hemolytic reactions. 
However, febrile nonhemolytic reactions have been clearly associated with 
antibodies to blood cells other than erythrocytes. In our experience febrile 
nonhemolytic reactions cause between 55% and 75% of all immediate ad­
verse reactions to blood and blood products. Other centers have published 
data indicating that between 65% and 70% of reactions are febrile [37], and 
the incidence of such reactions is approximately 0.5% of units of blood trans­
fused. The rate is higher in patients who are transfused frequently and at 
regular intervals [32]. Recent studies have indicated that many different anti­
bodies may be associated with these reactions and that no one test is highly 
sensitive (or specific). One of the most obvious problems with any study of 
febrile nonhemolytic reaction is the lack of established and uniformly accept­
ed definition of the clinical criteria. For example, if one demands that in all 
cases one of the serologic tests be positive, then by definition, all cases will 
be associated with a positive test. However, if one uses rather broad clinical 
limits, one inevitably will include patients whose reactions cannot be proved 
to be due to transfusions at all. Everyone is aware of the dilemma of 'reac­
tions' in patients who are septic or have an underlying febrile course that con­
fuses the issue. Most clinicians tend to use rather broad clinical criteria, and 
perhaps because of this, serologic studies in these cases frequently show positiv­
ity in only about 50% of cases using various techniques, including leukocyte 
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agglutination, lymphocytotoxicity, granulocyte cytotoxicity, indirect granulo­
cyte immunofluorescence, and indirect platelet immunofluorescence. 

One recent study [38] showed lymphocytotoxicity with B cells as the most 
sensitive test (that is: 64%). This test seemed to be about twice as sensitive 
as that using unseparated peripheral blood mononuclear cells. It has been 
considered that class I HLA antigens are more prominent on B cells than on 
T cells, so perhaps this study was indicating that HLA class I was the major 
culprit. Unfortunately, more extensive serologic absorption/elution studies 
are needed to provide more substantial evidence for this surmise. De Rie et 
al. [39], using an extensive array of tests, concluded that most of the alloanti­
bodies were to HLA but that platelet-specific antibodies were also seen fre­
quently. Interestingly, granulocyte-specific antibodies seemed to be least fre­
quent. This last-mentioned study also pointed out that patients whose clinical 
reactions include rigors, do not differ serologically from those in whom fever 
is unaccompanied by rigors. 

Using ll1indium-Iabeled granulocytes to examine the in vivo kinetics of 
granulocyte recovery and tissue localization, McCullough et al. [40] recently 
demonstrated that the granulocyte agglutination test is the most reliable pre­
dictor of altered granulocyte activity. Although the study utilizes six different 
serologic test systems, the mixed nature of the patients' antibodies makes it 
extremely difficult to dissect out the role of HLA alone. However, the data 
suggested that both HLA class I antigens and lymphocytotoxic antibodies 
were involved in the in vivo destruction of transfused granulocytes [40]. It has 
also been shown that granulocyte transfusions are the most frequent com­
ponent associated with febrile nonhemolytic reactions [38]. 

Transfusion-related acute lung injury 

Posttransfusion pulmonary edema is seen infrequently, but the diagnosis is 
often not reported to the blood bank, so it is difficult to ascertain the true inci­
dence. This transfusion reaction is most frequently encountered after massive 
transfusion therapy for trauma or catastrophic hemorrhage. It is also a com­
plication of the transfusion of infants or the elderly with compromised cardio­
vascular compliance. In all of these situations, the cardiovascular system is 
compromised, and the patients have the clinical hallmarks of congestive cardi­
ac failure such as elevated jugular venous presure, third heart sound, cardio­
megaly, and audible pulmonary edema. Occasionally, massive traumaltrans­
fusion is followed by noncardiogenic pulmonary edema, giving rise to the 
adult respiratory distress syndrome (ARDS). This is often termed 'shock 
lung'. 

In addition to the previously mentioned clinical entities, a form of noncar­
diogenic pulmonary edema can arise when massive transfusion has not been 
given. This particular form of ARDS seems to be mediated by antibodies to 
white cells or at least is strongly associated with their presence. IntereTstingly, 
in this setting, which is termed 'transfusion-related acute lung injury' [41], the 
antibody in question is in the plasma of the donor, not the patient. We have 
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noted 36 cases in a period during which 194,715 units of blood products were 
transfused to approximately 22,300 patients [41]. This reaction was charac­
terized by the onset of profound hypotension and hypoxemia, with a mean 
initial Pao of 40 mm Hg. All patients required mechanical ventilation, and 
the reactioh generally occurred within 1 or 2 hours of infusion. The patients 
had extensive pulmonary infiltrates that tended to predominate in dependent 
areas. The reaction was characterized by complete resolution within 96 hours 
(most cases resolved within 48 hours). Laboratory data are summarized in 
Table 2. While the association of HLA class I antibodies (corresponding to 

Table 2. Antibodies in 36 cases of transfusion-related acute lung injury. 

Test Number of cases 

Granulocyte antibody (immunofluorescence) 
Patient (pretransfusion) 
Donor 

Lymphocytotoxic antibodies 
Donor 
HLA class I specific antibody 
HLA antibody corresponding to patient HLA 

2 
32 

26 
11* 
10* 

* Seventeen patients were tested. (Modified from Popovsky MA, 
Moore SB [41]. 

patient HLA phenotype) is striking, our data are by no means conclusive be­
cause several key questions remain to be answered satisfactorily. First, only 
some HLA antibodies in donor plasma seem to cause this reaction. We have 
not been able to ascertain the reason for this [41]. Second, while it is very 
tempting to postulate a role for the liberation of complement components 
C5a or C3a in the pathogenesis of this entity, thus far no firm clinical data 
have been gathered. The role of complement in similar clinical syndromes has 
been elucidated [42]. Third, some reactions occur without demonstrable 
HLA antibodies involved. 

In summary, the evidence is strong that HLA antigens and antibodies are 
involved in this transfusion reaction but perhaps only as one of several possi­
ble systems that may trigger the final common clinical pathway. 

The HLA system is clearly relevant to blood bankers and to transfusion 
therapy; however, its role should not be overemphasized, but rather the 
system should be used as a model with which to study some basic immunlogic 
phenomena that need clarification. 
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Before discussing the mechanisms involved in alloimmunization against 
platelets and granulocytes, it is important to realize which categories of allo­
antigens are present on these cells. The presence on platelets of antigens, 
shared with red cells, has been clearly established i.e. the ABH, Lewis, Ii and 
P antigens. There is no evidence that alloimmunization against these antigens 
may follow transfusion of incompatible platelets. However, once a patient has 
antibodies against these antigens part of a population of transfused incom­
patible platelets will have a shortened survival time. That only part of the 
platelets are destroyed is due to a heterogeneous distribution of these antigens 
over the platelet population [1]. These antigens are also heterogeneously dis­
tributed over the megakaryocytes in the bone marrow [2]. However the pro­
geny of an individual megakaryocyte carry an equal number of these anti­
gens. Important for alloimmunization against platelets are the HLA-A, Band 
C antigens (class I) and platelet-specific antigens. Although it has been 
thought that granulocytes also carry alloantigens shared with red cells, this 
has not been confirmed in recent studies with more reliable techniques [1,3]. 
Alloantigens present on granulocytes are either shared with monocytes and 
lymphocytes or monocytes alone. In addition the HLA-A, Band C antigen 
and antigens specific for granulocytes are present on granulocytes. 

The question is whether immunization against the above alloantigens fol­
lows the same rules as immunization against antigens, foreign to the host in 
general. In that case the antigens must be presented to T helper cells by anti­
gen presenting cells (APC) in conjunction with HLA class II antigens identi­
cal to those of the host. Thus foreign antigens are normally presented by APC 
of the host. This is probably also true for alloantigens with one very important 
exception (see below). 

If indeed alloantigen presentation in general follows the same rules as pre­
sentation of other foreign antigens, there should be evidence for the involve­
ment of immune response genes located in the HLA-D region in alloimmuni­
zation. The following evidence has been found: the frequency of HLA-B8 was 
strongly increased in a group of Zw(a-) women, who were immunized 
against Zw'" in pregnancy [4]. This was confirmed in a larger group of 
patients [5]. It was then established that the frequency of HLA-DR3 was even 
more strongly increased [6] and this was confirmed by others [7,8]. 

It was also shown that the frequency of DR3 in Zw(a-) women who were 
not immunized in pregnancy was not different from that in the general popu­
lation [7]. All of 24 women immunized in pregnancy were found to be 
DRw52 positive and the frequency of DRw3 and DR52 was as high in a 
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group of 12 patients who had developed posttransfusion purpura due to 
anti-Zwa [8]. 

It has also been shown that the formation of antibodies against alloantigens 
expressed on both monocytes and some epithelial cells (ME antigens) occurs 
almost exclusively in DRw6 positive individuals [9]. Also alloantigens against 
B cell and monocyte antigens were found to be formed much more frequently 
in DRw6 positive than in DRw6 negative individuals [10]. 

Thus although still scanty, there is clear evidence that genes in the HLA-D 
region are involved in alloimmunization against some alloantigens. 

The important exception to the rule that alloantigens are presented by 
APC of the host is as follows: clear evidence was obtained that in contrast to 
other alloantigens, the antigens of the Major Histocompatibility System are 
presented to T-helper cells of the host by APC of the donor [11]. Removal of 
donor APC (dendritic cells) from a kidney graft prevented alloimmunization. 
Moreover the donor APC had to be metabolically active cells. This important 
exception was confirmed [12], but it was shown that to a much lesser extent 
APC of the host are also capable of presenting antigens of the Major Histo­
compatibility System. Following alloimmunization of mice it was shown that 
the APC of the immunized mice were capable of inducing alloimmunity in 
non-immunized syngeneic (to the host) mice. Moreover it was shown that 
both donor and host alloantigens were detectable on some of the APC and 
that immunization of the non-immunized syngeneic mice could be prevented 
by incubating the APC with antibodies against host class II antigens [12]. 

What is the significance of these findings with regard to alloimmunization 
against HLA-A, Band C antigens depends largely on the presence of class 
II positive APC from the donor in the platelet concentrate, would explain why 
the removal of leukocytes and therefore also class II positive APC from plate­
let concentrates has been found to be effective in preventing alloimmuniza­
tion against HLA-A, Band C antigens. Since, though much less effectively, 
these antigens can also be presented by APC from the host, this could explain 
why sometimes anti-HLA are formed, even when leukocyte-free concentrates 
are transfused. Moreover alloimmunization against platelet-specific antigens 
cannot be prevented, because these are presented by APC from the host. 

Alloimmunization against granulocytes probably follows the same rules. 
However, removal of class II positive APC from granulocyte concentrates, is 
obviously much more difficult than the removal of leukocytes from platelet 
concentrates. 

Another important question is whether recipients of platelet concentrates 
may be non-responders to platelet alloantigens. It is a well-known fact that 
whereas some Rh-negative subjects produce anti-D antibodies after a single 
injection of Rh-D positive red cells, other Rh-D negative subjects do not be­
come immunized even after a series of many such injections. Is this also true 
for immunization against platelet alloantigens? That unresponsiveness 
against platelet alloantigens exists was shown in a patient described in 1979 
[13]. This patient had received platelet concentrates from 700 random donors 
without becoming refractory. No platelet-reactive antibodies were detect­
able in his serum, although antibodies against granulocyte-specific and 
lymphocyte-specific antigens were detectable. It would be important to be able 
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to recognize non-responders, but alloimmunization against platelets was found 
to be dose-dependent [14 and Slichter at al. (personal communication)]. 

The consequences of alloimmunization against platelets are as follows: the 
survival time of incompatible platelets is severely shortened by both anti­
HLA-A, Band C antibodies and antibodies against platelet-specific antigens. 
Moreover the reaction between antibodies and donor platelets may lead to 
transfusion reactions. These may be mild febrile reactions, but a much more 
serious event is posttransfusion purpura which so far has been found to be 
due to alloantibodies against antigens on glycoprotein lIb (anti Baka/Leka) 
or IlIa (anti-Zwa, anti-Zwb). 

Alloimmunity against granulocytes has the following consequences: the in­
crement of incompatible granulocytes in patients with HLA-A, B or C anti­
bodies is decreased. Granulocyte-reactive antibodies are responsible for the 
well-known, typical febrile transfusion reaction in which the temperature be­
gins to rise a few hours after the start of the transfusion, while it usually drops 
to normal values within 8 hours. The fever may be severe and may be accom­
panied by the presence of leukoagglutinins in donor blood, is characterized 
by dry cough, cyanosis, shock and pulmonary infiltrates. 

The final question to be answered is in which frequency alloantibodies 
against the various alloantigens present on platelets are formed. In Table 1 
the results are shown of serological investigations with the serum of 40 
patients, who developed a typical febrile transfusion reaction, using the leuko­
agglutination test, the lymphocytotoxicity test and the immunofluorescence 
test on granulocytes, platelets and lymphocytes, using cells from 9-12 donors 
[15]. Alloantibodies were detectable in the serum of all patients. It can be seen 
that HLA antibodies were detected in 34 of the 40 patients, platelet specific 
antibodies in 7 patients and granulocyte specific antibodies in only 1 patient. 
Thus, HLA-A, B, C antibodies are formed the most frequent. It is interesting 
that the incidence of platelet specific antibodies (about 20% of the patients) 
corresponds very well with the finding by many investigators, that in allo­
immunized patients the increment of HLA compatible platelets is unsatisfac­
tory in about 20% of the cases. 

Table 1. Serological investigation in 40 cases of a typical febrile 
transfusion reaction. 

Techniques: LAT, LCT, IF on granulocytes, lymphocytes, platelets. 
Cells from 9-12 donors. 

Results: Alloantibodies detectable in all 40 cases. 

- HLA antibodies in 
- HLA-, + granulocyte specific antibodies in 
- HLA-, + platelet specific antibodies in 
- Platelet specific antibodies in 
- Granulocyte specific antibodies in 
- Lymphocyte specific antibodies in 

(From [15] de Rie et al. 1985.) 

28 
3 
3 
4 
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The ways to approach the role of leukocytes in the wide range of blood trans­
fusion has many ramifications. The first thing that has to be considered is the 
class of leukocytes to be discussed: are they polymorphonuclear leukocytes 
(PMNL), T-Iymphocytes, B-Iymphocytes, NK-cells or monocytes which are 
to be dealt with? Is it the behaviour of these cellular elements in the saved 
blood unit or the fate in the recipient and his reactions after transfusion that 
is to be reviewed? Or, does the blood donor show any reactions as a conse­
quence to the donation procedure? 

In this contribution we would like to focus on transfusion medicine in a 
stricter sense, that is the production, storage and transfusion in clinical 
settings leaving aside for instance cytapheresis procedures. 

As has been said above the first thing to be defined is the class of leukocytes 
under consideration. Secondly, dealing with the role of these cells in the 
context of transfusion medicine, one has to define the compartment in which 
these cells are to be reviewed: the donor and his possible reactions to the 
donation procedure, the blood unit and the changes during storage or proces­
sing and, of course, the recipient; the functions of those cells within the re­
cipient and his possible serological reactions as well as his alterations of 
immunofunctions following transfusion. 

As a matter of convenience we have set up a scaffolding - a table where 
the lines give the different classes of leukocytes and the columns the compart­
ment in which the behaviour of these cells is to be described. This way has 
been chosen only in order not to get lost in the variety of different matters 
to be addressed in the course of this overview and is not meant to document 
any interrelationships. Some items will be discussed in more detail and some 
others will only be mentioned for the lack of space. 

The role of polymorphonuclear leukocytes in transfusion medicine 

A. Donor 

Donor reactions to donation procedures of PMNL are well known and docu­
mented in the literature. We shall not comment on the influences of the 
various anticoagulants, sedimentation agents or eluation media reported in 
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Table 1. Behaviour of leukocytes in different 'compartments' (see text). 

Donor Blood unit Recipient 

PMNL Pulmon. leukostasis Rapid deterioration In general good 
by complement of functional functional activity 
activo in filtration capacities danger of NCPE 
proc. 

T-lymphocytes No untoward effects Disappearance of Normal or slightly 
known HLA-bearing cells depressed T4/TS-

ratio, increased 
SCA 

B-lymphocytes No untoward effects Persistance Increase in CIgG+ 
known and SIgG+ cells 

NK-cells No untoward effects (?) Marked reduction 
known of NK-activity 

Monocytes No untoward effects Persistance Help depress 
known MLC-reactivity 

the literature. Continuous and discontinuous (intermittent flow) centrifuga­
tion procedures as a rule produce only mild side effects like trembling, dys­
esthesia or muscular cramps which are more or less related to the serum 
calcium depletion effected by the citrate anticoagulant employed and subside 
within 20 minutes after terminiation of the separation process [1-3]. One case 
of cardiac arrest has been reported in the literature using an intermittend flow 
blood cell processor [4]. 

The situation is somewhat different for the method of filtration leuka­
pheresis which not only produces a profound transient neutropenia early in 
the procedure followed by a rebound neutrophilia but may also precipitate a 
pulmonary leukostasis with respiratory distress in the donor with a reported 
incidence of about 2% [5-7]. Plasma into contact with plastic surface or nylon 
fibers like the One used in filtration leukapheresis is stimulated to produce 
C5a [8], the activated part of the fifth component of complement. This is pro­
bably done by the activation of the a!ternative pathway. C5a produces an irre­
versible aggregation of PMNL in vitro and a sharp drop of PMNL numbers 
in the peripheral blood of the donors as well as a pulmonary leukostasis 
accompanied by a respiratory distress syndrome [8]. Comparable situations 
are known in hemodialysis procedures [9] as well as by use of artificial 
oxygenators [10,11] in open-heart surgery. 

B. Blood unit 

In this section we will deal with the behaviour and changes of functional capa­
cities of PMNL in blood units. Evaluating the functional capacities of PMNL 
one has to take into account, of course, the procedure by which the PMNL 
have been collected as well as the storage conditions. A marked functional im­
pairment of degranulation, phagocytosis and killing of test-bacteria has been 
noted in PMNL-preparations collected by filtration leukapheresis [12,13]. 
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Furthermore, the in vivo recovery of PMNL prepared by filtration leuka­
pheresis seems to be impaired as compared to the recovery of PMNL pro­
cured by continuous flow centrifugation [14]. 

PMNL prepared by continuous or discontinuous flow procedures seem to 
be more or less unimpaired as compared to freshly drawn PMNL [15] al­
though storage of such PMNL-preparations should probably not be extended 
more than 8 hours at longest [16]. The same holds true for PMNL which have 
been submitted to irradiation [17]. Strongly reduced functional capacities 
have been found after freezing and thawing of purified PMNL-preparations 
[18,19]. Functional integrity of PMNL harvested after steroid premedication 
of the donor, which may be done in order to increase the PMNL-count in 
the donor and subsequently to enhance the yield of PMNL harvested seems 
to be unimpaired [20]. 

PMNLlunctions in whole blood (own studies) 

In our laboratory we have investigated a) the changes of PMNL-functions 
during storage in whole blood and b) in autologous blood in the course of 
intraoperative cell saving with a Haemonetics Cell Saver. The following tests 
for assessing PMNL-functions were performed: adherence to nylon wool, 
random migration, chemotaxis under agarose against gradients of FMLP 
(formyl-methionyl-Ieucyl-phenylalanine) and VAS (yeast activated serum), 
phagocytosis and killing of Staphylococcus areus, killing of Candida tropicalis, ge­
neration of superoxide anion (0 -2) and peroxide (H20 2) after stimulation 
with opsonized zymosan. We further determined the cellular contents of the 
lysosomal constituents myeloperoxidase (MPO) in primary granula and lyso­
zyme in primary plus secondary granula. 

Materials and methods 

a. Changes rif PMNL1unctions in stored whole blood 
We investigated the changes of PMNL-functions in whole blood units during 
48 hours of storage under routine conditions at 4°C. 23 units of blood (450 
ml) were collected in polyvinylchloride bags (Fenwal Laboratories) containing 
CPDA-l as an anticoagulant. Testing was done immediately after collection 
as well as after 6, 24 and 48 hours of storage. 

b. Changes in PMNL1unctions during intraoperative cell saving 
In seven patients undergoing major cardio-thoracic surgery the Haemonetics 
Cell Saver model III was employed to reduce the amount of blood units other­
wise necessary to compensate for the massive blood loss. We were interested 
in the functions of PMNL after processing, that is in the preparation that has 
been made ready for autologous retransfusion to the patient after suction 
from the operation site, filtration to remove debris, centrifugation and wash­
ing with saline. In three patients the salvaged blood was investigated once; in 
the other patients we were able to study the salvaged blood in several conse­
cutive runs. 
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In each study undertaken normal healthy blood donors served as day 
controls. 

In short, purification of PMNL was accomplished using a modification of 
the method of Boyum [21] with hydroxyethyl-starch (Plasmasteril® ) used as 
a sedimentation agent. Contaminating erythrocytes were removed by hypo­
tonic shock. 

Adherence 
Adherence to nylon wool was assessed employing the method as detailed by 
McGregor [22]. The number of PMNL before and after passage through a 
premoistened and prewarmed (37°C) nylon wool column with defined 
density (50 mg in an insulin syringe compressed to 1 ml) was determined and 
the percentage of adherent PMNL calculated. 

Spontaneous migration and chemotaxis 
We performed the 'chemotaxis under agarose' method as lined out by 
Chenoweth et al. [23]. There were two substances with chemotactic activity 
employed: yeast activated serum (YAS) containing the complement activation 
product C5a and formyl-methionyl-leucyl-phenylalanine (FMLP), a tripepti­
de with exquisite chemotactic properties. 

Phagocytosis and killing of Staphylococcus aureus 
The method employed was a modification of the procedure proposed by Van 
Furth et al. [24]. After phagocytosis the number of surviving bacteria (a coa­
gulase positive strain of Staphylococcus aureus) was determined in the 
supernatant and after osmotic disrupture of the PMNL by plating out and 
counting the number of colony forming units. In preliminary experiments it 
was shown that the strain in use was resistant against serum factors by incuba­
ting the bacteria in 10 % pooled AB-serum. There was a relation of 1:1 of bac­
teria:PMNL in the assays. A Phagocytosis Index and a Killing Index were 
calculated after 90 minutes of incubation. 

Fungicidal activity 
The test-germ used was Candida tropicalis which had previously shown to be 
resistant against 10% human AB-serum. The assessment of fungicidal 
activity was analogous to the procedure lined out for the determination of 
bactericidal capacity with the exception that the incubation time had been ex­
tended to 120 minutes and the relation germs:PMNL was 10:1. 

Generation of superoxideanion (O-:z) 
Following the procedure proposed by Weening et al. [25] the PMNL were sti­
mulated by preopsonized zymosan and the amount of superoxideanion 
generated determined by the reduction of cytochrome c by measuring at 
546 nm against a blank prepared without zymosan. 

Generation of hydrogen peroxide (H20 2J 
The assessment of hydrogen peroxide generation was carried out according 
to the method described by Pick and Keisari [26]. Horse-radish peroxidase 
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(HRPO) catalyses the oxidation of phenol red utilizing H 20 2 set free by 
zymosan stimulated PMNL. The supernatant was supplemented with 25 ttl 
NaOH and then photometrically measured at 623 nm. 

Cellular content of myeloperaxidase (MPO) 
The oxidative capacity of the freed myeloperoxidase after lysis of PMNL was 
determined by photometry following the oxidation of diansidine (3.2 mM in 
0.1 M citrate buffer, pH 5.5). The reaction mixture consisted of 890 ttl dia­
nisidine solution, 50 ttl 0.2% Triton-X-100, 10 ttl 10 mM ttl H 20 2 in aqua 
dest. and 50 ttl of PMNL-suspension (2 x 106/ml PBS). The reaction was kept 
at 25°C in a thermostatically controlled vial and read after 30, 60 and 90 sec 
at 436 nm. 

Cellular content of lysozyme 
After lysis of PMNL the cellular content of lysozyme was determined using 
a commercially available test kit (Behringwerke, Marburg/Lahn FRG). 
PMNL (lx107) were suspended in 1 ml 1% Triton-X-lOO and left standing 
for 1 hour at room temperature. An aliquot of 25 ttl was dissolved in 1.5 ml 
of lysozyme reactant and immediately read at 546 nm. 

Results 

a. Changes of PMNL-functions in stored whole blood 

Results are summarized in Figure 1. Adherence to nylon wool, random 
migration, phagocytosis of Staph. aureus and killing of Candida trapicalis were 
significantly reduced after 24 hours (p < 0.05). Chemotaxis against a gradient 
of FMLP was depressed after 6 hours of storage whereas chemotaxis against 
a grandient of YAS remained stable within this period before falling. The 
ability to generate H 20 2 was already significantly impaired after 6 hours 
(p < 0.01), whereas the depression in 0 -2-generation became evident only 
after 48 hours of storage (p < 0.01). At this time all the other functional para­
meters were deeply depressed as compared to the initial values (p<O.Ol). The 
lysosomal contents of MPO and lysozyme remained largely unchanged. 

Summarizing these results there seems to be a rapid deterioration of 
PMNL-functions in stored whole blood taking effect after about 6 to 24 hours 
of storage. The functional impairment is severe enough so that those cells 
seem not to be capable to play a decisive role in fighting infections or sepsis 
once transfused after a period of storage longer than a few hours after 
collection. 

b. Changes of PMNL-functions during intraoperative cell saving 

Patients 1, 2 and 3 were tested once, patient 4 was tested 5 times, patients 5 
and 6 were tested 3 times each and patient 7 was tested 4 times so that a total 
of 18 testruns were available for evaluation. Results are summarized in 
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Figure I Changes of PMNL-functions in whole blood monitored over a period of 
48 hours. 
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Figure 2. Changes of PMNL-functions in saved blood after processing 
in a Haemonetics Cell Saver. 
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Figure 2: As compared to the group of healthy blood donors the PMNL 
showed marked impairment in adherence to nylon wool (p < 0.05), random 
motility (p < 0.01), chemotaxis against gradients of VAS and FMLP (p < 0.01), 
generation of H 20 2 and 0-2 (p<O.Ol). Unaffected remained the ability to 
phagocytize and kill Staph. aureus and Candida trapicalis as well as cellular con­
tents of MPO and lysozyme. 

The reported results show that after cell saving the retransfused PMNL are 
mare or less unable to respond to membrane activating stimuli like chemo­
taxins and to generate a respiratory burst. It seems questionable that those 
cells might produce a respiratory distress syndrome after retransfusion. 

Preparation of leukocyte free blood units 

In order to avoid sensitation of recipients which might lead to non-hemolytic 
transfusion reactions and/or impaired graft survival after renal transplanta­
tion [27] several procedures have been designed to remove leukocytes (PMNL 
and others) from blood units. Among the methods employed are: washing of 
red cells [28], centrifugation in upright [29] or inverted positions [30], freez­
ing and thawing [31], dextran sedimentation [30,32] and filtration through 
cotton wool [33] or polyester wool columns [34,35]. By filtration through a 
cotton wool column 98% ofleukocytes and 89% of platelets could be removed 
from the blood unit [36]. Applying a filtration technique it should be assured 
that no PMNL-aggregating activity is produced in the plasma after passage 
through the filter (see above). 

We in our laboratory tested the aggregating activity in plasma before and 
after filtration of whole blood units through a filter consisting of polyester 
mesh (Sepacell R 500; Asahi Medical Compo Ltd). A total of 10 blood units 
were investigated. Aggregometry was done according to the method described 
by Hammerschmidt [9,37]. Concomitantly the release of lysozyme into super­
natants was investigated. There is no difference in the aggregation response 
elicited by adding sample plasma before and after passage through the filters. 
There is also no difference in the amount of lysozyme released into super­
natants, which might be indicative of membrane perturbation of PMNL. 

As a conclusion there seems to be no risk of generating an aggregating 
activity in the plasma that might lead to a respiratory distress syndrome or 
leukopenia [38] in the recipient like the one occasionally happening to donors 
undergoing filtration leukapheresis (see above). 

C. Recipient 

As clinical indications for PMNL-substitution the following have been widely 
accepted [39-41]: 
- profound neutropenia of expectedly more than three days; 
- septic fever with suspected bacterial or fungal infection or ulcerations in 

stomachlintestine. 
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Substitution of PMNL was especially successful in treatment of neonate 
septicemia where no severe side effects have been reported [42,43]. Incidence 
of PMNL-substitution as a form of supportive therapy in chemotherapy of 
malignancies has decreased notably in recent years. In our facility, for in­
stance, in the year 1983 191 PMNL-concentrates were prepared; in the year 
1985 only 42 (results not published). 

Clinical effectiveness of PMNL-substitution may be gauged by [33,44-50]: 
- recovery of PMNL in peripheral blood; 
- resolve of fever; 
- resolve of infections (blood and urine cultures become negative); 

appearance of orogranulocytes/PMNL in skin windows; 
improvement of patient survival. 

Assessment is generally hampered by the occurrence of febrile transfusion 
reactions [51] which are likely to reverse resolve of fever as well as by the ap­
pearance of infections and/or purulent effusions precipitated by the provision 
of PMNL. Especially deleterious is the appearance of diffuse pulmonary 
infIltrates with ensuing respiratory failure after PMNL-substitution [51]. 
The recommended dose for substitution of functionally intact PMNL is 
0.5 - 2.0 x 1010 PMNLlm2/day for PMNL collected by continuous or inter­
mittent flow centrifugation procedures and a number 2-4 times as much for 
fIltration leukapheresis [52]. The transfusion of PMNL should be divided in 
2 to 3 doses a day. Simultaneous antibiotic treatment is generally advised 
[52]. 

In a study involving 26 patients suffering from AML Ford et al. [44] found 
a mean 1-hour-recovery of 11.1% of 1HIn-Iabeled PMNL calculated from a 
total number of 191 transfusions (mean of 1.4x1010 PMNL collected by 
Haemonetics Model 30 intermittent flow centrifugation). In patients with 
transfusion reactions the recovery dropped to 4.7 % and in patients under 
prednisone treatment recovery was an astonishing 27.6%. 

Sensitization against PMNL-specific antigens and transfusion reactions are 
not rare and may interfere with the effectiveness of PMNL-substitution as has 
been stated above. Kretschmer [52] compared outcome and incidence of 
cross-match results with the incidence of clinically observed transfusion re­
actions warranting symptomatic therapy: 

Cross-match n 

LCTT* positive 
IGIFT**IGAT*** positive, LCTT negative 
LCTT/IGIFT/GAT negative 

5 
10 
51 

Total 

* 
** 
*** 

LCTT 
IGIFT 
GAT 

66 

lymphocytotoxicity 
indirect granulocyte fluorescence test 
granulocyte agglutination test 

Transfusion -R 

5 
4 
6 

16 
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A total of 66 cross-matches were performed and evaluated. PIVINL-specific 
(IGIFT/GAT) reactions were found in 15% of the cross-matches; in 40% of 
the serologically positive cases there was also a transfusion reaction seen. The 
overall rate of transfusion reactions in this study was 24.2%. 

A list of known PMNL-specific antigens possibly involved is given below 
[53]: 

System Antigen Frequence (%) 

9 9a 0.39 
NA NA j 0.31 

NA2 0.69 
NB NB j 0.72 
NC NC j 0.80 
ND ND j 0.88 
NE NE j 0.12 
G-A, G-B, G-C 

Next to these there is quite a row of other antigens on PMNL shared with 
other blood cells like ABO, I, i and especially HLA, to mention only some 
[ 54]. 

Non-cardiac pulmonary edema (NCPE) 
In recent years attention has been called to the transfusion related occurrence 
of pulmonary edema - the non-cardiac pulmonary edema (NCPE). The 
NCPE is an acute complication with an estimated incidence of 1:5,000 trans­
fusions with the following signs as its hallmarks [52,55-59]: 
- symptoms developed within hours after transfusion; 
- hypoxia and process to respiratory failure necessitating mandatory 

ventilation; 
- hypotension; 
- bilateral pulmonary edema and fluffy infiltrates in rontgenograms; 
- no signs of left heart failure; 
- fever, cough, urticarial rash; 
- resolve within a few days; 
- in the course no progress toward ARDS* 

As a possible cause passive transfer of antileukocytic cytotoxic antibodies or 
leukoagglutinins [57,58] as well as the existence ofpreJormed antileukocytic antibo­
dies in the recipient have been identified [55,56]. In order to prevent passive 
transfer of antileukocytic antibodies it has been advocated by some [57,60] to 
use only packed RBC-preparations when salvaging blood from multiparous 
female donors. 

Summarizing what has been said in this section one might enter in the 
table under the column 'recipient': in general good functional activity and 
danger of NCPE. 

* ARDS = adult respiratory distress syndrome with a mortality of 40%. 
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The role of mononuc1eated cells 1ll transfusion medicine 

A. Donors 

In this part of the overview we shall try to gain some insight into the be­
haviour ofT- and B-lymphocytes, NK-cells and monocytes within the context 
of transfusion medicine. 

Untoward side effects concerning the donor due to the donation and loss 
of mononucleated cells have hitherto not come to attention. This is also true 
considering the different collection methods employed. Increased incidence of 
infections or occurrence of malignancies that might be attributed to loss of 
specific immunity after blood donation have not yet been reported. 

B. Behaviour of mononucleated cells in blood units 

After 24 hours of storage there is a considerable loss of E-rosette forming cells, 
while cells displaying dot-like non-specific esterase activity which is also a 
marker for T-lymphocytes persist longer than 7 days [61]. The number of 
viable lymphocytes remains largely unchanged. From these findings it cannot 
be excluded that there is a loss of E-receptors on T-cells taking place under 
storage conditions leaving the T-cells without E-receptor but possibly other­
wise intact [61]. Cells forming EA-rosettes responsible for cytotoxicity and 
T-suppressor cells also remain unchanged for at least one week which is also 
true for SIgG-bearing cells [61]. In a more recent study it was shown that 
T-helper and T-suppressor cells as well as cells bearing HLA-A, -B, -C, and 
-DR remain stable for two weeks of storage [62,63]. No information is avail­
able so far about the behaviour of NK-cells in stored blood. 

C. Recipient 

The behaviour of transfused mononucleated cells in the recipient after trans­
fusion is not well understood except for the case of graft-versus-host-disease 
(GVHD). GVHD results when immunologically competent cells are introdu­
ced into an immunodeficient host [64] as is the case for instance in bone mar­
row transplantation. There are a number of monographs and reviews avail­
able discussing this matter in detail [64-68]. Most likely the transfused cells 
are cleared via immunologically mediated destruction in the immunocom­
petent host [68]. 

There are a number of immunologic reactions elicited in the host following 
blood transfusion. The generation of specific antibodies to membrane anti­
gens (cytotoxic or agglutinating antibodies) is only one of the possible 
mechanisms by which the recipient tries to cope with the massive transfer of 
antigenic material [69]. Changes in immunoreactivity are also involved and 
some aspects will be reviewed in the following section. 

After transfusion of RBC to patients awaiting renal transplant a rise of 
suppressor-T-cell activity assessed by the concanavalin A enhancement 
method has been noted: In 15 male patients on hemodialysis who had 
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previously not yet been transfused suppressor-cell activity was studied after 
receiving two units of RBC [70]. Following an initial decline of suppressor­
cell activity after one week there was an 5 to lO-fold increase in suppressor-cell 
activity at three weeks. At 20 weeks following transfusion this situation had 
turned back to normal. Attempts to further characterize nature and specifity 
of the suppression observed are not yet conclusive [71,72]. A suppression of 
plant mitogen mediated lymphocyte transformation as a consequence of 
blood transfusion with return to normal within four weeks have also been 
observed by others [73]. 

Studying changes of suppressor cell status and NK-activity after repeated 
blood transfusions in patients with sickle cell disease a depression of NK-cell 
activity has been described while healthy controls and non-transfused patients 
with sickle cell disease retained normal NK-cell activity [74]. In the same 
study an increase of OKT-8-positive T-Iymphocytes after transfusion was 
noted thus significantly lowering the T4/T8-ratio as compared to healthy con­
trols [74]. These findings gain some weight by the fact that in the same study 
non-transfused patients also suffering from sickle cell disease do not show 
those alterations. These changes thus seem to be truely transfusion-related 
and not an inherent defect of the underlying disease. The findings mentioned 
before were corroborated in a study investigating changes of NK-cell activity, 
HLA-DR expression on T-cells and T4/T8-ratios in multitransfused patients 
suffering from sickle cell anemia, thalassemia and other forms of chronic 
anemia. Next to the suppression of NK-cell activity in the transfused pateints 
there was also seen a marked increase in HLA-DR expression on patient 
T-Iymphocytes which signals a state of chronic antigenic stimulation [75]. A 
linear increase of the percentage of T8-positive cells with the number of units 
of blood transfused to patients with thalassemia could be demonstrated [76]. 
A reversal of T4/T8-ratio in a small subgroup (n=lO) of 65 multitransfused 
patients suffering from thalassemia was observed although an explanation 
could not be given [77]. 

Furthermore following multiple transfusion an increase in B-cell­
immunoglobulin production in vitro may be seen which goes along with an 
elevation of serum immunoglobulin levels [78,79]. In thalassemia patients a 
transfusion-related increase in CIg-positive cells was demonstrated [80]. 

MLC-reactivity of lymphocytes of uremic patients was significantly lowe­
red after transfusions [71]. In an investigation involving uremic patients again 
a low MLC-reactivity of patient lymphocytes challenged with pooled lympho­
cytes from 30 healthy donors as stimulator cells could be correlated to a high 
number of transfusions (more than 20) as compared to a state where less than 
20 blood units had been given [81]. Using a third-party donor MLC-assay 
system it was shown that mononuclear cells from uremic patients having re­
ceived more than five blood units mediated a significantly higher suppression 
of responder cells than mononuclear cells collected from patients who had 
received no or less than five units of blood [82]. It is worth noting that in this 
study patients with normal percentage of OKT-8-positive cells and more than 
5 units blood transfused caused a 60% suppression of third-party-donor 
MLC while patients receiving less than 5 blood units caused a 31 % suppres­
sion. Next to the quality of the HLA- and DR-match the number of trans-
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fusions and the degree of immunosuppression thus achieved is regarded to be 
decisive for graft survival after renal transplantation [82]. 

In order to rule out that renal failure and chronic hemodialysis alone are 
responsible for the depression in MLC-reactivity a group of uremic patients 
was compared to healthy controls as well as to a group of multitransfused 
patients with chronic anemia [83]. Although compared to multitransfused 
non-uremic patients poly transfused uremic patients displayed a more pro­
nounced suppression of immuneresponsiveness. As far as MLC- and PHA­
responses were concerned both groups showed signs of lower immunorespon­
siveness than healthy controls in the assay systems chosen. Interestingly cyto­
toxic antibody formation in the group of poly transfused non-uremic patients 
was associated with relative high MLC-responses - as would be expected 
reflecting a state of sensitization. In contrast, in patients with chronic renal 
failure lowest MLC-responses were seen in conjunction with multispecific 
antibodies [83]. 

Impairement of T-cell activation on an earlier stage was suspected when 
monocytes/macrophages challenged with lysates of RBC produced a nearly 
complete suppression of MLC on cocultivation [84]. In a similar way depress­
ed MLC-reactivity in uremic patients could be restored after removal of 
adherent cells [81]. A serum factor mediating lymphocyte suppression occur­
ring after poly transfusion [85] or major surgical procedures [86,87] could be 
removed after plasmapheresis [88]. The ability of plasma samples to inhibit 
autologous lymphocyte responses to PPD could be attributed to a factor of 
low molecular weight associated with alpha-2-macroglobulin in poly trans­
fused uremic patients [89]. A suppression of donor-specific MLC after trans­
fusion of donor-specific stored blood units to patients awaiting kidney grafts 
from related donors was explained by the action of both humoral and cellular 
adaptive changes of immunoregulatory circuits in the patient [90]. These 
findings correlated with a high graft survival in the study referred to. 

The findings just cited without paying attention to methodological con­
siderations, as has to be admitted, all do suggest a more or less depressive 
effect of blood transfusions on the adaptive immunesystem. As has been 
stated above, these alterations may even be dependent on the number of 
blood units given [81,82]. It has to be stated, however, that the changes on 
the immunoregulartory circuits that are due to the underlying disease per se 
are not yet well understood. Of clinical relevance seem to be the beneficial 
effects of blood transfusions on graft survival in renal transplant patients. 
Depression of MLC-reactivity [71,82,83], induction of suppressor-T-cell activ­
ity [70], lowering of plant mitogen transformation of lymphocytes [73], 
presence of non-cytotoxic Fc-receptor blocking antibodies [91], immuno­
depressive action of serum factors [88-90] and monocytes/macrophages 
[81,84], appearance of anti-idiotypic antibodies against T-Iymphocytes [92], 
and anti-immunoglobulins [93], avoiding of sensitization with cytotoxic anti­
bodies against B- [94,95] and T-Iymphocytes [27,96-98] are some examples of 
changes induced by blood transfusions to uremic patients that are said to con­
tribute to the transfusion-related improvement of graft survival after renal 
transplantation. 
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Use of leukocyte-free blood units in a donor-specific transfusion protocol 
did not altogether prevent development of sensitization and generation of 
antibodies against granulocytes and monocytes [100]. Generation of lympho­
cytotoxic antibodies as a result of regular leukocyte-free blood transfusions 
leading to broad sensitization was documented studying 26 patients with graft 
failure. Only 2 of 27 patients had lymphocytotoxic antibodies detectable at 
time of graft rejection; after blood transfusions 76% eventually became 
broadly sensitized [27]. 

Skin allograft survival in healthy volunteers after administration of donor­
specific cell-free leukocyte extracts was greatly enhanced when mixtures of 
these extracts kept at - 20°C followed by 1-2 hours thawing at 3]oC were 
injected subcutaneously [101]. This finding contrasted with an observation 
made by the same authors that administration of isolated particulate com­
ponents of cytoplasm produced a state of sensitization in the recipient with 
subsequent rapid graft rejection within 10 days. It is speculated that action 
of intraleukocytic RNA-ase may be responsible for the abrogation of allogen­
icity. Increased sensitization of possible recipients of kidney transplants after 
donor-specific haploidentical transfusion of fresh blood compared to negative 
donor cross-match outcomes after regular transfusion of stored (for 1, 3 and 
5 weeks) donor-specific blood was observed thus suggesting a protective effect 
of storing blood on sensitization to HLA antigens [63,101]. In the study just 
cited no transplant rejection has been observed in the group transfused with 
stored blood. For the improvement of graft survival there seems to be also of 
importance a time space between transfusion and kidney transplantation as 
well as a certain dosage effect - that is the need for more than one trans­
fusion [101,75,76]. 

Looking at the incidence of antileukocytic antibodies after poly transfusion 
lymphocytotoxins were found in 9.14% of the 383 sera tested [100]. Granulo­
cytotoxins and granulocytoagglutinins were found in 8.35% and 2.87% 
respectively. Various combinations of the just mentioned classes of antileuko­
cyte antibodies were found in 9.65%. More or less similar percentages were 
detected investigating 521 sera obtained from multiparous women [102]. 

Allogenic lymphocytic transfusion for correction of disorders that go along 
with impaired helper or suppressor T-cell functions have been opposed [103]. 
A long lasting beneficial clinical effect and normalization of rheumatoid fac­
tor after transfusion of allogenic lymphocytes has been described in a small 
number of patients suffering from rheumatoid arthritis [103]. Transfer of 
immunity to leprosy patients by transfusion of lymphocytes harvested from 
lepromin positive healthy donors has been suggested [104]. 

The results reported in this section are again summarized in Table 1 in a 
compressed form. 
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Conclusion 

Many questions remain to be answered before the role of mononucleated 
leukocytes in transfusion medicine is fully elucidated. Because of the many 
interdigitations between cells and modifying serological factors on one side 
and the different states of immunocompetence of the patient and his reactions 
after transfusion on the other side the picture remains blurred and the relative 
importance of the different mechanisms obscure. Thanks to the advent and 
application of cyclosporin as an immunomodulator focus has somewhat shift­
ed to the beneficial properties of this agent in transplantation immunology. 
But to expand our knowledge and understanding of functions and associated 
reactions of immunocompetent leukocytes in transfusion medicine is still de­
sirable because given the enormous number of blood transfusions applied in 
many different clinical situations this challenge with more or less defined anti­
gens serves as an excellent model for the study of immune function in man. 
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PLATELET FUNCTIONS AND PLATELET TRANSFUSION 

].W. ten Cate, M.H.J. van Oers 

Platelets are required to maintain optimal hemostasis under normal condi­
tions and in particular following trauma or surgical intervention. 

Thrombocytopenia and/or thrombocytopathy may be associated with 
spontaneous hemorrhages or excessive bleeding following trauma. Spontane­
ous hemorrhage includes easy bruisability, epistaxis, gingival bleeding, 
menorrhagia and occasionally bleeding from the digestive and urogenital 
tract. Severe thrombocytopenia is associated with petecchiae. 

Thrombocytopenia and thrombocytopathy occur in myriads of clinical 
conditions, in particular in severe desease states such as acute leukemia, 
sepsis, multiple trauma and shock. Bleeding problems are regularly en­
countered in such patients. The increasing availability of platelet concentrates 
has contributed to effective control of hemorrhage in particular in patients 
with thrombocytopenia on the basis of defective production, as for example 
in acute leukemia. 

At present it is less clearly documented whether platelet transfusions have 
contributed to control hemorrhage effectively in other severe clinical condi­
tions accompanied by enhanced platelet turnover. 

In this chapter the following issues will be discussed briefly: 
1. Function of platelets in hemostasis. 
2. Laboratory techniques used to assess platelet function, particularly with 

respect to transfused platelets and their hemostatic effectiveness. 
3. Survey on platelet concentrate transfusion in the Academic Medical 

Center, Amsterdam. 
4. Essential requirements for a prospective study on the safety and efficacy 

of platelet concentrate transfusion. 

It is not the aim to present a complete review of the literature concerning 
several of these issues, but rather to stimulate the discussion of future clinical 
studies evaluating the various aspects of platelet concentrate transfusion. 

Function of platelets in hemostasis 

Following the infliction of a wound platelets accumulate at the site of the lesi­
on and adhere to exposed collagen tissue. Adhesion of platelets requires 
plasma proteins, such as factor VIII-von Willebrand factor and intact platelet 
surface glycoprotein structures, such as glycoprotein Ib which is essential for 
the interaction with factor VIII-von Willebrand factor which bridges platelets 
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with collagen tissue. Other platelet surface glycoproteins, (lIb and IlIa) are 
essential for platelet aggregation. Defective glycoprotein structures or defi­
ciency of the factor VIII-von Willebrand factor results in abnormal hemosta­
sis and prolonged bleeding. Following platelet adhesion platelets are activated 
and undergo a conformational transformation 'shape change' with formation 
of pseudopodes and secretion of substances from the platelet granules. ADP, 
ATP and serotonin are secreted from the dense bodies. These substances and 
thromboxane A2 (TXA2) liberated from activated platelets induce aggregation 
of platelets in the vicinity of the vascular lesion. The locally accumulated 
platelets form the hemostatic plug which results in the arrest of bleeding. 

The hemostatic plug is stabilized by fibrin which is the end-product of the 
activated coagulation cascade. Adequate fibrin formation requires an intact 
coagulation system. Inherited or acquired deficiencies of clotting factors will 
lead to delayed fibrin formation, unstable hemostatic plug formation and thus 
resulting in rebleeding. 

Hence, effective primary hemostasis requires platelets with an intact sur­
face receptor (glycoprotein) system, an intact storage pool of pro-aggregatory 
substances within the platelet granules and an intact metabolism for energy 
dependent processes such as secretion. 

Platelet function tests 

The most important test for the assessment of the hemostatic capacity of 
(transfused) platelets is the bleeding time. Several bleeding time techniques 
have been described in the literature. However, only two techniques have been 
standardized properly [1,2]. 

The most sensitive test is the one designed by Mielke et al [1]. Small in­
cisions are made in the forearm skin following inflation of a sphygmomano­
meter cuff to a pressure of 40 mm mercury around the upper arm. The blood 
oozing from the superficial skin lesions is collected into filter paper at regular 
intervals and the time recorded. This test is a modification of Ivy's method 
[2] in which small standardized puncture wounds are produced. 

All other bleeding time techniques, including Duke's earlobe method, are 
less reliable and cannot be recommended. 

In vitro techniques include measurement of platelet adhesion to glass or 
collagen surfaces and of platelet aggregation using the turbidimetric method 
of Born [3]. 

Measurement of platelet adhesion generally provides no specific informa­
tion. The platelet aggregation method allows the analysis of responses of 
platelets to specific stimuli, such as ADP, serotonin, arachidonic acid and 
collagen. Abnormal platelet aggregation may be due to a variety of platelet 
defects, e.g. defects of the surface glycoproteins, deficiency or defects of essen­
tial enzymes such as cyclo-oxygenase or thromboxane synthetase, and defi­
ciency of the granular contents (,storage pool disease'). It should be noted that 
a normal result of platelet aggregation tests does not exclude partial storage 
pool deficiency. 
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Measurements of platelet storage pool contents may therefore provide ad­
ditional useful information. The available assays comprise enzymatic assays 
for ADP/ATP, a fluorimetric assay for serotonin and radioimmunoassays for 
platelet beta-thromboglobulin and platelet factor-4. 

The bleeding time test and the platelet increment following platelet trans­
fusion are the tests most frequently used in the quality control of platelet 
suspensions, although of course the platelet increment is not a measure of the 
hemostatic effectiveness of these platelets. 

Prior to transfusion platelets are stored: depending upon the circumstances 
the pH decreases, whereas both plasma lactate levels and the pC02 increase. 
These changes may result in loss of platelet viability and function. 

In recent years several improved storage conditions have been described in 
order to preserve platelet viability, for example by the use of bags with in­
creased permeability for gas. This has resulted in increased increments of 
platelets following transfusion. Survey of the literature in this respect revealed 
that hemostatic effectiveness of improved platelet concentrates was either in­
vestigated in volunteers or in patients with stable thrombocytopenia (Tabel 1). 

Table 1. Platelet transfusion study. 

Author Population studied 

Lazarus, 1981 [4] * 
Murphy et aI, 1982 [5] 

Lazarus et aI, 1982 [6] 
Rock et aI, 1984 [7] 

Snyder et aI, 1984 [8] 
Moroff et aI, 1984 [9] 
Simon et aI, 1984 [10] 

Reference. 

Stable thrombocytopenic patients 
Normal volunteers 
Patients with thrombocytopenia secundary 
to acute leukemia 
Stable thrombocytopenic patients 
Normal volunteers 
Stable thrombocytopenic patients 
Normal volunteers 
Neonates with destructive thrombocytopenia 
Patients undergoing coronary bypass surgery 

Only two ~rudies provide data on patients with increased platelet turnover or 
destruction [9,10]. 

Obviously, data obtained in volunteers or in clinically stable patients do not 
necessarily provide information relevant for thrombocytopenic patients in 
intensive care untis with traumatic and/or septic complications. These 
patients who frequently suffer from bleeding problems are transfused with 
platelets although objective data on the hemostatic efficacy of platelet concen­
trate transfusion under these complicated clinical conditions are lacking. 
Transfusion is mainly based on the assumption that platelets showing 
hemostatic efficacy under stable clinical conditions will be effective here as 
well. However, concurrent disseminated intravascular coagulation with 
enhanced platelet turnover and/or antibiotic treatment which may induce 
platelet defects may abolish the desired hemostatic effect of platelet transfusion. 
In order to obtain an impression of the efficacy control of platelet transfusion 
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in our hospital we performed a retrospective survey of data available in the 
hospital computer system over the year 1985 and the first six months of 1986. 

Survey on platelet concentrate transfusion 

Platelet concentrate transfusion data could be obtained from four defined 
areas, i.e. platelet concentrates used during surgery, concentrates given at the 
intensive care unit (involving postoperative and medical patients in high risk 
situations) and transfusion in the various 'wards', where the majority of the 
transfusions were performed in hematological patients (Table 2). 

Table 2. Consumption of platelet concentrates (units) 
Academic Medical Center 1985-1986(112). 

Location 

During surgery 
Intensive care unit 
'Wards' (total) 
Hematology ward 

1985-1* 

176 
1607 
4204 
2971 

1985-11* 

260 
1478 
5780 
4965 

1986-1* 

180 
1012 
3571 
2379 

* I refers to first half year; II to second half year. 

Analysis of the intensive care data revealed that most transfusions were given 
to patients following major abdominal surgery, cardiopulmonary bypass 
surgery and to medical patients (Table 3). 

Table 3. Consumption of platelets (units) in the intensive care unit. 

Location 1985-1* 1985-11* 1986-1* 

Abdominal surgery 395 532 462 
Cardiopulmonary 
bypass surgery 343 424 240 
Neurosurgery 208 0 64 
Vascular surgery 56 104 64 
Medical patients 605 378 94 

I refers to first half year; II to second half year. 

For obvious reasons bleeding times are almost never performed in hemato­
logical patients, therefore the efficacy data were analysed in 68 consecutive 
intensive care patients for 1986-1. Bleeding time data were provided by the 
data-base of the hospital computer system and matched with the patients 
transfused with platelet concentrates. 

In these 68 patients bleeding times were performed in 19 only. Prior to 
platelet transfusion the bleeding time was prolonged in 16 patients and re­
mained so in 9 patients following transfusion. 
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Because these bleeding time data were obtained neither from a rigid quality 
control programme nor from a study protocol, our results provide only a 
weak indication of a possible reduced hemostatic efficacy in this category of 
patients. No data regarding clinical efficacy were available. It can be concluded 
that platelet transfusion is not submitted to quality control, which is urgently 
required (in general). However, this demands an adequate trial design with 
adequate techniques and hospital staff. 

Trial design 

Any study regarding the safety and efficacy of platelet transfusion in high risk 
patients, in particular in those patients admitted to an intensive care unit 
should at least be a prospective one. Regarding efficacy predefined endpoints 
should be established such as quantitative assessment of blood loss, and even­
tually morbidity and or mortality. The effect of platelet transfusion on the 
bleeding time could be used as an acceptable substitution endpoint. 

A pilot study should provide some indication of the efficacy. When the 
efficacy seems to be reduced a randomized study should be feasible which 
however requires extensive ethical considerations. 

Until the results of such a stucy are available, we are not certain whether 
platelet transfusion in intensive care patients with all complications of dis­
seminated intravascular coagulation and of platelet defects inducing medi­
cation is justified. 
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DISCUSSION 

e.p Engelfriet and J.e. Chermann 

S Murphy (Philadelphia): I wonder if either dr. Moore or prof. Engelfriet could 
give us some idea about the quantitative relationship between lymphocyte 
contamination and the ability to induce a unanimous response that is to be 
dealt with as techniques are developed to make lymphocyte depleted platelets. 
To what extend does that has to be done to achieve the results of suppressing 
immunization? 

SB. Moor (Rochester): I do not know how much of a dose-relationship there is 
between the lymphocyte content of a platelet concentrate, or a renal trans­
plant for example and its ability to induce an immune response to HLA anti­
gens. I have an intuitive reaction to the question: It is not an all or non 
phenomenon. Secondly, there probably is a concentration or dose of immu­
nizing lymphocytes below which one does not see immunization. 

c.p Engelfriet (Amsterdam): I do not think there is a real answer to the question. 
If it is true that class II positive cells are the main cells to induce alloimmuni­
zations, then monocytes and B-cells are the most important. But as far as I 
know there have been no studies to show that the removal of these cells exclu­
sively will prevent alloimmunization better than anything else. 

SB. Moore: There have been a number of experimental studies looking at the 
coating of the class II antigen site by monoclonal antibodies in an attempt to 
demonstrate that the presence of the class II antigens on the antigen present­
ing cell was necessary, but those studies tend to give an all or none phenom­
enon. In other words, in the absence of the coating one saw the presentation 
of antigens. In the presence of the antibody one could abbrogate it. The 
question of the number of cells that one would have to block to prevent the 
reaction has to my knowledge not been investigated. 

c.p Engelfriet: The number of cells, so far studied, is the total number of 
leukocytes. So there is no real answer to the question. 

C. Th. Smit Sibinga (Groningen): Prof. Engelfriet could you give us some further 
insight in what the actual mechanism is believed to be in the inactivation of 
antigenicity of white cells present in platelets when treated with UV light? 

c.p Engelfriet: Well, dr. Slichter has actually done the experiment with her 
colleagues. Perhaps she would like to answer the question. 
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Sj Slichter (Seattle): UV-irradiation of blood cells apparently does not interfere 
with the expression of either class I or class II MHC antigen~. It is hypothe­
sized that LTV-irradiation interferes with the function of antigen-presenting 
cells possibly by impairing the release of Interleukin 1. Failure of UV­
irradiated lymphocytes to stimulate in mixed lymphocyte culture may be an 
'in vitro' correlate to select the required UV dose to prevent alloimmune 
recognition of blood products following transfusion. 

C. Th. Smit Sibinga: Does that mean that a plea is coming forward for UV­
irradiation of platelet concentrates in an attempt to further reduce sensitiza­
tion or reaction? 

Sj Slichter: Unfortunately, there are some practical problems with UV­
irradiation. Specifically, it may be difficult to deliver an effective dose, because 
of the poor penetrance of UV-irradiation. For our dog platelet transfusion ex­
periments, presented by dr. Engelfriet, the donor dog's platelet concentrate 
was placed in an open Petri dish and agitated with a stir bar while the cells 
were exposed to UV-irradiation. Obviously, such an open system is not ap­
plicable to platelet transfusion therapy for patients. However, we are now con­
ducting experiments on UV-irradiating platelet concentrates through a stand­
ard blood bag while the platelets are agitated on a platform rocker. In normal 
volunteers, the MLC reactivity of UV-irradiated lymphocytes in the platelet 
concentrates are being evaluated as well as the 51Cr survival of UV-irradiated 
platelets. It will probably be possible to effectively UV-irradiate platelets, but 
the real problem is that most thrombocytopenic patients also require red cell 
transfusions. Delivering an effective UV-dose to a large volume of red cells 
may be a substantially more difficult task. Thus, there are clearly practical 
problems to be solved before UV-irradiation can be used clinically. 

Pc. Das (Groningen): Dr. ten Cate, you made a very original, very critical and 
very constructive presentation. May I take one or two points that you suggest­
ed. During that study you did not take into consideration how old the plate­
lets vvere: \Vere they 2 days old, were they 5 days old, or what was the period 
of storage. That might affect the results that you have had. I mention this, 
because the tendency at the moment in the Blood Bank world is to prolong 
the shelf-life by producing new plastics and thinner plastics. 

j. W ten Cate (Amsterdam): The main question was: What is the hemostatic 
effectiveness of the platelets used in our hospital in this particular category 
of patients in the intensive care unit. Secondly, it is a retrospective study, the 
data are highly incomplete. I could have taken into account the age of the 
platelet concentrates, but that would deliver us not with any data of impor­
tance, because the surveillance was extremely limited. 

C. Th. Smit Sibinga: But probably you could add this point to your list of criteria 
for setting up a prospective study and add another point. One of the things 
that worries us very much is what actually is the practice of transfusing plate­
lets at the bed-side. This is usually out of our scope. We leave it to the com-
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petence of the clinician and the nursing staff, but if you carefully look at what 
happens in a ward you see that the practice in transfusing platelets is not 
always optimal, which eventually influences the clinical efficacy. 

S Murphy: The extrapolation from laboratory data to general clinical practice 
is done on a wide scale and very effective compounds such as penicillin have 
never been subjected to randomized trials. In the context of an intensive care, 
I have the feeling that transfused platelet concentrates contribute only margin­
ally to the final outcome of the patient. So, platelet transfusion in bleeding 
patients with thrombocytopenia, should be investigated in more depth. I per­
sonally believe that the studies that are in the literature of fresh and stored 
platelets correcting the bleeding time of thrombocytopenic patients demon­
strate the efficacy of the stored product. Finally, I think the bleeding time is 
not a very good technique for doing what you are proposing to do. If for 
example I have a patient with leukemia and a platelet count of 5,000 and raise 
his platelet count to 30,000, that in a major way prevents the possibility of 
spontaneous bleeding, but I do not think it will change his bleeding time. 

J W ten Cate: Well, you raised similar issues as I did: Improvement of the 
platelet concentrate has been tested and should be tested in patients with 
stable thrombocytopenia. Your second remark regarding the sample size of 
eventual trials is totally dependent upon the contribution you want to be 
given to the reduction of mortality or morbidity by platelet concentrate trans­
fusion. It is most uncertain, so you have to make an estimate. I agree entirely; 
a prior sample size assessment is complicated. Your third point was the incre­
ment of platelets. I think it is empirical and it is valid for your hematology 
patients. But I am not so sure that this is relevant for totally different patient 
categories, e.g. patients with sepsis. 

S Murhpy: Well, I am not in the least confident about when we should trans­
fuse hematology patients. What I am confident about is that a patient with 
hypoplastic thrombocytopenia is probably going to be quite stable at a plate­
let count of 30,000. While at 2,000 he would not be. Yet the bleeding time 
is well over 20 minutes in both situations. 

SB. Moore: I agree with both speakers that the criteria for the use of platelet 
transfusions have not really been looked at closely enough. In our institution, 
where we do quite some cardiac surgery, the use of platelet concentrates has 
increased by some 300% over 10 years. The number of cases has increased, 
but onlv by 50% in that time. Secondly, the type of cases has not significantly 
changed, and the mortality has not changed. So I am convinced that we are 
using far too many platelets for patients who really do not need them. Apart 
from the fact altogether that we have to establish criteria for patients who have 
hematologic disorders and thrombocytopenia, we just simply do not have 
enough platelets derived from our donor population to cover all of the de­
mands from clinicians for platelets. If we are going to use them, we should 
use them for patients who in fact absolutely need them. 
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J Seidel (Hannover): The Blood Bank in our vicinity has the policy to activate 
platelet concentrates before giving them to the patients by simply putting 
them into the freezer for about 30 minutes to give them a cold shock. They 
argue that that would activate the platelets and procure a very good hemo­
statical effect. 

C. Th. Smit Sibinga: Dr. Seidel, in your presentation you listed two techniques 
of which to the best of my knowledge one has been abandoned already years 
ago: Filtration leukapheresis. Is it still in use in your Centre or is that a mis­
understanding. 

J Seidel: It is not in use in our Centre, but it is still in Germany. 

C. Th. Smit Sibinga: When you spoke about blood salvaging intraoperatively, 
you showed a slide about the fundamental technique. It is known from work 
in Groningen (prof. Wildevuur) that specifically the suction causes most of 
the trouble, reason why a controlled suction device was developed to try to 
reduce the damaging effect. It was shown that specifically the suction is very 
causative for complement activation in this type of blood salvaging. Could 
you comment on that? 

J Seidel: Not exactly, because this technique of measuring aggregation activity 
is very recent in our laboratory and we have not done the study yet. But that 
is being planned and probably within the next months we can provide some 
data. 



II. CLINICAL ASPECTS 
A. Presence of cells 
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PLATELET TRANSFUSION 

S. Murphy 

In 1952, Hirsch and Gardner described the first extensive series of patients 
treated by 'platelet transfusion' [1]. In fact, whole nonanticoagulated blood 
from thrombocytotic patients with polycythemia vera was transferred with 
siliconized syringes to the circulation of thrombocytopenic patients. The 
authors made observations which continue to dominate the philosophy of 
platelet transfusion therapy today. First, in 11 transfusions in patients with 
marrow failure and normal spleen size, immediate mean in vivo recovery of 
platelets infused was 67% and subsequent survival was 5-6 days. Second, in 
6 patients with chronic idiopathic thrombocytopenic purpura (ITP) mean re­
covery was essentially the same, 52%, but survival time was shorter, 2-4 days. 
Thirdly, as several of the patients were repeatedly transfused, recovery and 
survival were progressively reduced undoubtedly due to alloimmunization. 

In the mid-1950s, one would have assumed, as the authors did, that platelet 
lifespan was 5-6 days and wondered why in vivo recovery was only 67% 
rather than 100%. In the early 1960s, Aster and Jandl perfected the technique 
for measuring platelet kinetics after labelling of the cells with 51chromium 
[2]. They clearly established that one-third of the total body platelet mass is 
sequestered in a splenic pool, which is, nonetheless, in free communication 
with a circulating pool which contains the other two-thirds. This physiologic 
splenic pool explains the 67% recovery. However, the 51chromium technique 
suggested that platelet survival time was 8-10 days, raising questions about 
Hirsch and Gardner's 5-6 day figure. 

This issue and many others were addressed by Slichter in her 1980 review 
of platelet transfusion therapy [3]. Using 51chromium labelling, she found 
that platelet survival in normal individuals was 9.6 days while it wa~ 5.2 days 
in patients with thrombocytopenia related to defective production and platelet 
counts < 70,000/ {tl. She hypothesized that platelets normally interact with the 
vascular endothelium. When the platelet count is normal, the percentage of 
circulating platelets involved in this process is very small. However, in 
thrombocytopenic patients, vascular consumption may be proportionately 
much larger. Therefore, as predicted by Hirsch and Gardner, vigorous plate­
let support in such patients would require transfusions twice weekly. 

In subsequent studies by Hanson and Slichter, this fixed vascular require­
ment for platelets was examined quantitatively [4]. Using data from platelet 
kinetic measurements in patients with bone marrow hypoplasia, they develop­
ed a model which predicted a maximum platelet life span of 10.5 days, and 
a fixed requirement for 4,700 platelets/ {tl of blood per day, or about 18 % of 
the normal rate of platelet turnover which was 26,000 platelets/ {tl of blood per 
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day. In patients with severe thrombocytopenia, approximately 20,000 plate­
letsl jll, this fixed vascular requirement was 84 % of daily platelet turnover. 

These theoretical considerations have great relevance for the practice of 
platelet transfusion therapy. Hypoplastic patients with platelet counts in the 
range of 5,000-15,000Ijll, probably have greater platelet production than one 
would think with a platelet mean survival close to two days. Thus they meet 
their daily requirement, 4,7001 jll/day, and, if otherwise stable, have no spon­
taneous bleeding. Slichter has supported this concept experimentally by 
showing that stool blood loss increases only slightly when the platelet count 
is in the range of 5,000-10,0001 jll, and becomes markedly elevated only when 
the platelet level is less than 5,0001jll [3]. However, one would reason that 
spontaneous bleeding might be seen at higher platelet levels of 5,000-20,000Ijll, 
if there were other factors which might predispose to bleeding such as extreme 
leukocytosis, sepsis, platelet dysfunction due to drugs and as carbenicillin, or 
an anatomical lesion such as gastrointestinal ulceration. 

In spite of these considerations, the standard of practice in the United 
States commonly calls for prophylactic platelet transfusion whenever the 
platelet count falls below 20,0001jll particularly in patients who are receiving 
chemotherapy for malignancies. This practice probably arose because of 
physician anxiety but may have originated with data obtained before the avail­
ability of platelet transfusions from the article of Gaydos et al. published in 
1962 [5]. In children with acute leukemia, they correlated the frequency of 
hemorrhage with platelet counts. Minor bleeding such as petechiae, ecchy­
moses, and epistaxis were increasingly common as platelet counts fell below 
50,000IpJ. Gross forms of hemorrhage such as hematuria, melaena, and hema­
temesis only began to appear at levels below 20,0001jll. However, there was no 
real threshold and such gross hemorrhage was seen on 2-4% of days in the 
range of 5,000-20,000Ijll, and on 10-30% of days in the range of 0-5,000Ijll. 
In fact, the authors actually concluded that thrombocytopenia alone is rarely 
responsible for hemorrhage, but that precipitating events such as those listed 
above, that alone would also fail to cause hemorrhage, may result in hemorrh­
age when coupled with thrombocytopenia. Thus, that study in fact provided 
little support for prophylactic transfusion in the range of 5,000-20,000Ijll. 

Only two studies have addressed this issue in a controlled, prospective 
fashion, and one of these was published only as a letter to the editor of Lancet 
[6]. Neither supported prophylactic transfusion. Murphy et al. randomized 
56 children with acute leukemia to one of two regimens of platelet trans­
fusions [7]. The prophylactic group received platelets whenever the platelet 
count fell below 20,0001jll irrespective of clinical events. The therapeutic 
group was transfused only for the occurrence of significant bleeding such as 
epistaxis not controlled by initial packing, gross gastrointestinal or urinary 
tract bleeding, any central nervous system bleeding, or any bleeding episode 
felt to be life-threatening. The time to first serious bleeding episode was sig­
nificantly longer in the prophylactic group, but this result required the use 
of twice as many platelets as used in the therapeutic group and the survival 
curves of the two groups could not be distinguished. The analysis suggests 
that the vast majority of patients who bleed in the absence of prophylactic 
transfusion can recover after a therapeutic transfusion. 
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It is worth pointing out in retrospect that it is essentially impossible to 
prove efficacy for prophylactic platelet transfusion during the initial induction 
therapy for acute leukemia. If it is true that patients with platelet counts in 
the range of S,000-20,000/j-t1, bleed significantly on only 3 % of days [S] (once 
per month) and if the majority of these bleeds can be stopped by therapeutic 
platelet transfusion without serious sequelae [7], one might expect an irrever­
sible event on approximately 0.3 % of days (once every 10 patient-months). 
If prophylactic transfusion prevented all of these irreversible events (which is 
doubtful) and if the period of thrombocytopenia for each leukemia induction 
is approximately one month, one would have to have two treatment arms of 
lS0 patients each to have only a 70% chance of detecting a difference at the 
level, p < O.OS. If prophylactic therapy was effective half the time, one would 
need 660 patients in each group to have a 90% chance of detecting the differ­
ence at the level, p < O.OS. 

There are obvious economic disadvantages to rigid programs of prophylac­
tic platelet transfusion. Are there other disadvantages? Now that random and 
single donor platelets are easily available, the major problem in providing 
platelet support is the development of aIIoimmunization and refractoriness to 
platelet transfusion. One would assume that reduction in the number of 
platelet transfusions given would, at least, delay the onset of aIIoimmuni­
zation. However, in the one study that addressed this issue, there was no such 
dose-response relationship [8]. Amongst 106 newly diagnosed patients with 
acute leukemia receiving initial induction therapy, the rate of aIIoimmuni­
zation was 38% with no relationship between the number of platelet trans­
fusions given and the rate or severity of aIIoimmunization. In a subsequent 
study it was shown that patients who did not become aIIoimmunized during 
induction did not become alloimmunized during subsequent management 
[9]. Thus, very liberal use of platelets does not appear to increase the aIIo­
immunization rate. However, it would be a welcome addition to the literature 
if other groups were to study their patients in an effort to confirm or refute 
these conclusions. 

Nonetheless, I feel that platelet transfusions are overused in the manage­
ment of hypoplastic thrombocytopenia, at least in the United States. Their 
increasingly easy availability has contributed to this. Perhaps, we can now 
reduce prophylactic therapy knowing that platelets are readily available if 
needed. Cost-benefit analysis supports this approach. I favor a modification 
of the protocol of Gmur et aI. who recommended platelet transfusion for: 
1. Morning platelet count < S,OOOI j-tl; 
2. Morning platelet count of S,OOO-lO,OOO/j-tI, with new hemorrhage or fever 

>38°C; or 
3. Major bleeding [10]. 
I would add to criterion # 2: extreme leukocytosis, administration of drugs 
known to interfere with platelet function, and a known anatomical lesion like­
ly to produce major hemorrhage. To use this approach, platelet counting must 
be accurate. This is best accomplished by using the procedure of Gaydos et 
aI. [S] who performed counts by phase microscopy on patients whose platelet 
counts were less than SO,OOOI j-tl by using 1:20 dilution and counting SO squares 
rather than a 1:100 dilution and counting only 10 squares as in the routine 
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method [11]. Taking extra care to obtain accurate platelet counts undoubtedly 
is more cost effective than administering unnecessary platelet transfusions. 

The 1952 article of Hirsch and Gardner [1] demonstrated that platelet sur­
vival time was short in ITF. This is now known to be due to immune destruc­
tion. This has led to the view that platelet transfusions are useless in ITP since 
the transfused platelets will be destroyed as fast as the patient's own platelets. 
In fact, a recent report [12] showed that platelets can be effective in ITP con­
firming what was clear in the 1952 article. Carr et a1. [12J showed that 42 % 
of platelet transfusions in ITP resulted in immediate post-transfusion incre­
ments of 20,0001{t1 or more. Next day platelet counts remained elevated in 
39% of these transfusions. I do not recommend any form of prophylactic 
platelet transfusion in ITP, but a platelet infusion may be helpful in the rare 
patient who has life-threatening bleeding or who must go for surgery of 
tissues which are highly vascular or inflamed. 

As mentioned above, the major, current problem in platelet transfusion 
therapy is the development of alloimmunization and refractoriness to platelets 
after exposure to multiple units of random-donor platelets. These patients can 
often be managed with platelets from single donors selected by HLA typing, 
platelet cross matching, or both [13,14]. Not infrequently, however, manage­
ment is unsatisfactory, and it would be far preferable to prevent alloimmuni­
zation from occurring. Two approaches have been studied, use of leukocyte­
depleted products and initiation of therapy with single-donor platelets from 
the beginning. 

In 1981, Eernisse and Brand suggested that alloimmunization to platelets 
resulted from infusing contaminating leukocytes [15]. This concept received 
theoretical backing with observations suggesting that immunization against 
HLA antigens required both class- I and class-II antigens and that class-II 
antigens must be presented by viable lymphocytes. Since platelets and red 
cells lack class-II antigens, transfusion with only these elements might never 
immunize. In a 1981 study [16], retrospective analysis of 28 patients trans­
fused with routine methods prior to 1974 indicated that 26(93%) became 
refractory to random-donor platelets. After 1974, 68 patients were given only 
red cells filtered so as to remove 97 % of the leukocytes and platelets which 
were depleted of leukocytes by centrifugation. Of these, only 16(24%) became 
refractory. Therefore, in this study which used historical controls, reduction 
in leukocyte contamination of transfusion products appeared to reduce the 
incidence of alloimmunization. In 1983, Schiffer et a1. [17] reported a 
prospective, randomized trial comparing standard platelet concentrates with 
leukocyte-depleted platelet concentrates finding that 42 % of the controls and 
20% of patients receiving leukocyte-depleted platelets became alloimmu­
nized. Although the difference was suggestive, it was not significant statitical­
ly (p=0.071). The authors pointed out that Eernisse and Brand had achieved 
a lO-fold greater reduction in leukocyte contamination than they had been 
able to achieve. 

Gmur et al. took a different approach [10]. In a prospective study, they 
randomized patients with newly diagnosed acute leukemia to receive either 
random, multiple-donor platelet concentrates or single-donor platelets which 
were not matched in any way. The patients receiving single-donor platelets 
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became refractory less frequently, after a longer period of time, and after a 
higher number of transfusions. Finally, in a prospective but not randomized 
study, Murphy et al. treated all of their patients with acute leukemia with 
single-donor platelets from the beginning and found that leukocyte depletion 
of the single-donor products reduced the incidence of alloimmunization [18]. 

Table 1 shows some of the problems in interpreting data in this complex 
field. Routine, random-donor platelet transfusion produced a 93 % incidence 
of refractoriness in reference 16 while it was 52% and 42% in references 10 
and 17 respectively. Leukocyte contamination was 5-10 fold higher in refer­
ence 16. The experimental group in reference 10 and the control group in 
reference 18 both received single-donor platelets which were not leukocyte­
depleted from the start of treatment. The incidences of refractoriness were 
15% and 48% respectively although the levels of leukocyte contamination of 
the products were similar. Thus, similar protocols produce widely different 
results in different centers. Furthermore, the ability of centers to achieve 
leukocyte depletion varies. Reference 16, which indicated benefit, achieved a 
400-fold reduction while reference 17, which did not indicate benefit, achiev­
ed only a 4-fold reduction. With this variation from center to center, we will 
have to be quite cautious in our interpretations. 

In their influential 'sounding board' article published in 1982, Schiffer and 
Slichter reviewed their reasons for recommending that thrombocytopenic pa­
tients receive pooled platelet concentrates from random donors as their initial 
source of platelet support, with single-donor platelets from selected compati­
ble donors used only when refractoriness to random-donor platelets had been 
documented [19]. Four years later, this is still the most common approach in 
the United States. However, one anticipates that techniques will continue to 
evolve to allow rapid procurement of a leukocyte-depleted, therapeutic dose 
of platelets from a single donor. It may then be appropriate to use such 
products as routine initial support for selected patients who will require long 
periods of support. It will be of great interest to see how these issues evolve 
in the years ahead. 

Table 1. 

Reference Product Leukocyte Refractoriness Leukocyte/platelet 
depletion incidence (%) ratio (xlO-3)* 

10 random-donor no 52 1.89 
single-donor no 15 9.09 

16 random-donor no 93 8.13 
random-donor yes 24 0.02 

17 random-donor no 42 0.88 
random-donor yes 20 0.22 

18 single-donor no 18 14.39 
single-donor yest 16 0.86 

* Calculating by dividing the leukocyte content of the product by the platelet 
content of the product and multiplying by 1000. The number represents the 
number of leukocytes per 1000 platelets. 
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PROSPECTIVE SELECTION OF COMPATIBLE PLATELET 
DONORS FOR ALLOIMMUNIZED PATIENTS BY AN ELISA 
PLATELET CROSS-MATCH ONLY* 

K. Sintnicolaas, W. Sizoo, R.L.H. Bolhuis 

Introduction 

Alloimmunization to platelets frequently occurs in multitransfused patients 
and represents a major problem in platelet supportive therapy [1,2]. The pro­
vision of compatible platelets for alloimmunized patients remain difficult for 
the blood bank. Compatible platelet donors are usually selected based on 
HLA-compatibility between donor and recipient. Drawbacks of this approach 
are: a) a large HLA-typed donor panel is required that needs continuously 
updating and is therefore very expensive; 2) a significant percentage (13-31 %) 
of HLA-matched platelet transfusions does not result in satisfactory post­
transfusion platelet increments [3-6]. 

Another approach is to select platelet donors from the random donor popu­
lation using a platelet cross-match test only. This requires an assay for the 
detection of antiplatelet alloantibodies that is sensitive, rapid and can be per­
formed on preserved donor cells. We have recently developed a microplate 
platelet-ELISA that meets these criteria [7]. Here, we describe our initial 
experience with transfusions of ELISA cross-match compatible platelets to 
alloimmunized patients. 

Materials and methods 

Patients 

Eight patients with acute leukemia were studied. All patients were alloimmu­
nized as indicated by refractoriness to random donor platelets and the pres­
ence in the serum of antiplatelet alloantibodies. At the time of transfusion 
there were no other factors present known to interfere with platelet incre­
ments (e.g. fever, sepsis, splenomegaly, massive bleeding, disseminated intra­
vascular coagulation). 

* Supported by a grant from the Josephine Nefkens Foundation. 



54 

+ + 
PAT 1 ENT CONJUGATE 

SERUM (PEROXIDASE) 

+ 
SUBSTRATE 

A c/ 

B.( f'r 1-J 1~ 
, _I NC~UB_AT_E_:-l "l I INCUBATE • Ii P J'J.'I 

000000 WASH ~ ~ WASH 860'6-

~ 
---r~I~J!]i/~MEASURE COLOUR INTENSITY 

Figure 1. Schematic representation of the ELISA for the detection of antiplatelet 
alloantibodies. 
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Figure 2. One hour and 24 hour post-transfusion platelet recoveries following the 
transfusion of ELISA-cross-match negative platelets into alloimmunizer:! recipients. 
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Platelet ELISA 

For compatibility testing a microplate ELISA was used where platelets were 
coated onto the plastic to form a solid phase as detailed elsewhere [7.] In brief, 
platelets were isolated from donor blood and resuspended in EDTA-PBS at 
200 x 109/1 (Fig. 1). Platelets (5 x 106) were coated onto the wells of a micro-

. titer plate. After washing with PBS-Tween (0.05 % v/v), fifty JLl of undiluted 
serum were added and incubated for 60 minutes at 37°C. After washing, 
100 JLl of F(ab')2-fragments of goat-anti-human IgG corljugated to horse­
radish peroxidase diluted in PBS-Tween- BSA (4% ) were added and incubated 
for 30 minutes at 37°C. Tween was added since it reduces non-specific bind­
ing of serum-IgG to the plastic. Enzymatic activity was measured using 
orthophenylenediamine as substrate. The reaction was stopped by adding 
50 JLl 4N H 2S04 , Optical densities (OD) of the wells were read by an auto­
mated micro-ELISA-reader (Titertek, Multiscan MC) at 492 nm (against 
620 nm, dual wave length). 

Calculation of results 

All tests were performed in triplicate and mean values were used for further 
calculations. The platelets from a single donor were coated onto the wells of 
an individual plate, and 10 negative control and 1 positive control sera were 
run in parallel. The test result was expressed as the ratio of the OD value of 
a test serum to the mean of the OD values of 10 negative control sera. A ratio 
of 1.5 or more was considered to be positive. Calculations were performed 
using a microcomputer on-line with the ELISA-reader. 

Donor selection 

Platelets from plateletapheresis donors were coated onto microtiter plates and 
stored in the freezer. When a patient developed alloantibodies, the patient 
serum was tested using the ELISA against a number of available ABO com­
patible donors. Usually 15-30 donors were tested. Donors with a negative test 
were used for transfusion. 

Platelet collection and transfusions 

Platelets were collected by plateletapheresis with the Haemonetics V-50 I 
autosurge cellseparator with a median platelet yield of 4.8 x 1011 (range 
0.2-9.1) and a median leukocyte contamination of 1.6x108 (range 0.03-36.4). 
For evaluation of the transfusion results, a blood platelet count was done in 
triplicate just prior to, at one hour and at 20 hours following transfusion. The 
in vivo recovery of the platelets was calculated by use of the following 
formula: 

Recovery (%) 
platelet increment x blood volume 

100x-------------------------­
number of platelets transfused 

Blood volume [1] was estimated to be 2.5 times body surface area (m2). 
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Results 

For 8 alloimmunized patients platelet donors were selected from the random 
donor population by the ELISA platelet cross-match. It appeared that most 
sera reacted with 30-70 % the donors tested. Thirty-six platelet transfusions 
obtained from donors with a negative ELISA cross-match, were administered 
to 8 patients. In Figure 2 the post-transfusion platelet recoveries are shown. 
A satisfactory 1 hour post-transfusion recovery (> 20%) [8] was obtained in 
30 out of 36 (83 %) transfusions. In 6 out of these 30 transfusions the survival 
of the transfused platelets was significantly reduced as indicated by a 20 hours 
post-transfusion platelet recovery of less than 10%. Thus 24 out of 36 (69%) 
transfusions of ELISA cross-match negative platelets to alloimmunized 
patients were associated with a successful transfusion response. 

Discussion 

Most reports on the value of a platelet cross-match for donor selection for 
alloimmunized recipients have been performed retrospectively on platelet 
transfusions from HLA-matched donors. This study differs in that we have 
prospectively selected compatible random donors using a platelet cross-match 
only. This approach does not use HLA typing as a selection criterion. A sur­
prising finding was that for all alloimmunized patients tested, negative cross­
matches were obtained with 30-70% of the donors tested. 

Thus, even with a small donor pool we were able to find cross-match­
negative donors for all patients tested. Similar results have been reported 
using a platelet radioactive antiglobulin test (PRAT) [9]. 

The optimal study design to evaluate the precise value of a platelet cross­
match assay is to compare the test result with the transfusion outcome using 
single donor platelets. Using this approach we found that the transfusion of 
ELISA cross-match-negative platelets to alloimmunized patients resulted on 
24 out of 36 occasions (67 %) in a successful transfusion response. In 6 addi­
tional transfusions the 1 hour recovery was satisfactory, although the platelet 
survival was significantly reduced. In another study [9] alloimmunized pa­
tients were transfused with a mixture of cross-match-negative platelets with 
a 92 % success rate. However, this figure may not be directly compared with 
our's as the use of mixtures of platelets might not give an accurate estimate 
of the value of the cross-match, e.g. when only a subpopulation of the mixture 
does not behave according to the cross-match prediction, this might not suffi­
ciently influence the post-transfusion recovery to result in a transfusion 
failure. 

Thus, based on the available data a meaningful comparison between the 
ELISA and the PRAT cannot be made and only studies using single donor 
transfusions will allow a correct evaluation of the value of platelet cross-match 
assay. 

In conclusion, the platelet ELISA allows rapid platelet cross-matching. Two­
thirds of transfusions of cross-match-negative platelets to alloimmunized 
patients resulted in a successful transfusion response. 
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WHITE BLOOD CELL TRANSFUSIONS IN THE IMMUNO­
COMPROMISED PATIENTS 

AB. Glassman, P.R. Madyastha 

Introduction 

Over the past two decades, there has been increased interest in support of the 
immunocompromised patient. Aggressive chemo and radiation therapy have 
increased the number of patients who have decreased cellular and humoral 
immunologic responses. These patients have to be supported by a variety of 
blood products. Specific interest in this discussion will be directed to the use 
of granulocytes and monocytes!macrophages in the treatment of the immuno­
compromised patient. General indications for the use of granulocytes include 
patients with documented granulocytopenia (counts of less than 500!,Ll), 
granulocyte dysfunctions, such as those patients with chronic granulomatous 
disease and the variety of other causes of neutropenia which can occur 
(Table 1). Generally, patients who have counts higher than 500 granulo­
cytes! Itl have a higher resistance to infection [1]. Granulocytes can be provided 

Table 1. General indications for granulocyte transfusions. 

1. Patients* with neutropenia and strong clinical or bacteriological evidence of in­
fection unresponsive to antibiotics. 

2. Patients with documented granulocytopenia and severe infections. 
a. transfusion should begin within 24 hours of the onset of infections in patients 

with granulocyte counts of < 1001 J.tl; 
b. transfusion should start in patients with granulocyte counts < 5001 J.tl but 

> 100/J.t1 if their infection is not improved within 48 hours. 
3. Patients with granulocyte dysfunctions. 
4. Patients not responding to antibiotic therapy. 
5. Patients with fever of unknown origin unresponsive to antibiotics but granulocyte 

transfusions are generally ineffective. 

The patient should have reasonable expectations of producing adequate granulo­
cytes if the acute infectious episode is successfully treated. 

by infusing collected peripheral granulocytes using centrifugal devices and 
harvesting the equivalent of the number of white cells that would be present 
in 16-20 single units of blood. Another mechanism for providing granulocyte 
function would be to collect peripheral stem cells and transfuse the mono­
cytelmacrophages that could be obtained [2,3]. Because of problems with 
granulocyte antigen matching, subsequent development of antibodies against 
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specific granulocytes [4] and the short half-life of peripheral granulocytes, this 
therapy cannot be given indefinitely. When successful, the use of peripheral 
stem cells or monocyte/macro phages can result in the production of granulo­
cytes from the stem cells that are present. 

Since providing granulocytes or stem cells presents certain problems, the 
candidate for granulocyte transfusions should be evaluated and the probabil­
ity that eventual recovery from the particular neutropenic episode should be 
substantiated. In those patients in whom bone marrow function is not expected 
to recover, the stem cells are preferred. The infectious agents that are phago­
cytized by granulocytes include bacteria (Haemophilus injluenzae, Streptococcus 
pneumonia, Staphylococcus aureus and other staphylococcal species), fungi par­
ticularly Candida albicans, variety of parasites and some viruses, particularly 
the vesicular stomatitis virus. Parts of these activities (Table 2) are related to 
the ability of the human polymorphonuclear leukocyte to recognize mannose 
on the surface of the organism and actively phagocytize that organism. An­
other way in which phagocytosis is induced, is by the alternative pathway acti­
vation of the complement system. This is particularly true when one looks at 
the fixation of C3 and opsonization of Staphylococcus aureus in the presence of 
normal serum. 

Table 2. Role of granulocytes and macrophages (G/M). 

1. To be effective, transfused G/M must encounter the infecting organisms. 
2. Initially, they enter infected tissue by first adhering to vascular endothelium. 
3. Subsequently, they emigrate from the blood stream by chemotaxis. 
4. Eventually, they recognize, engulf and kill microorganisms through a variety of 

intracellular processes. 

Objectives 

The objectives of this paper are: 
1. to discuss the role of granulocytes in the immunocompromised patient; 
2. to explore the role and indications of granulocytes in the therapy of the 

immunocompromised patient; 
3. to evaluate the circumstances and indications for the use of mono­

cytes/stem cells in the treatment of the immunocompromised patient; and 
4. to explore the therapeutic use of granulocytes or monocytes in adult and 

pediatric patients. 

Granulocytes in the treatment of infection 

Transfused granulocytes are thought to function reasonably normal after 
transfusion if they are obtained fresh and infused rapidly into the patient. 
Granulocytes can be prepared by cytapheresis. This requires expensive equip­
ment, competent nurses and/or medical technologists and the supervision of 
a transfusion medicine physician. It takes about 2-4 hours of donor's time in 
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order to collect sufficient granulocytes for therapy. Early in the history of 
granulocyte therapy, better yields were obtained from patients with chronic 
myelogenous leukemia [5,6], but a variety of considerations have curtailed the 
use of these patients. In order to increase the granulocyte yield from normal 
donors, vigorous exercise and/or the use of steroids 1-4 hours prior to the 
leukapheresis procedure has been recommended [7,8]. Donors for peripheral 
granulocytes must meet all other criteria for blood donors (Table 3). Because 

Table 3. Protocol followed for the selection of donors. 

1. Members of the family are most often sought. Whenever not available, unrelated 
volunteers are used. 

2. All donors should meet the standard requirements and criteria for whole blood 
donation. 

3. Potential donors should have a normal CBC, platelet count and serum albumin. 
4. Donors are screened for ABO and Rh compatibility. 
5. Leukoagglutinins and Iymphocytotoxic antibodies should be absent. 
6. A complete history and physical examination are done. 
7. Although HLA matching is controversial, typing is done for data collection 

purposes. 
8. Steroids or hydroxyethyl starch is used to increase the granulocyte yield. 

of problems with HLA and granulocyte antigen considerations, family donors 
are most often recommended. Thus far known and identified granulocyte 
antigens are shown in Table 4. Criteria for granulocyte use should be carefully 

Table 4. Granulocyte specific antigens 

Specific to 
neutrophils 

NA1 
NA2 
NB1 
NB2 
NC1 
ND1 
NE1 

Common to all 
granulocytes 

HGA-3 
9A 

GA, GB,GC 
GR1, GR2 
Cold (G) 

Group 1-3 
Group 1-5 

Antigen Mart is present in granulocytes, lymphocytes, 
monocytes, but not in platelets and erythrocytes [37]. Anti­
gen CNI [38] (neutrophil specific) is present in 31 % blacks 
and < 2% whites [Madyastha et aI, unpublished]. Four addi­
tional and unnamed neutrophil specificities (Lalezari [39]) 
are not listed. 

defined. These include a documented infection unresponsive to adequate 
combined antibiotic therapy and continued fever and/or clinical infection after 
the addition of an anti-fungal agent for a minimum of 48 hours. The primary 
concern remains neutropenia with the granulocyte count of less than 500/ Ill. 
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It is extremely costly to provide granulocytes for patients, even for a relatively 
short length of time [9]. Granulocyte transfusions have not proven effective 
in patients with localizing infections or with infectious agents other than bac­
teria. The patient receiving granulocyte transfusions should have a prognosis 
such that his survival from the acute infection could be expected to result in 
a satisfactory quality of life for some period of time. The use of granulocytes 
in children is less stringent. Children are thought to have a much reduced 
granulocyte reserve in their bone marrow and neonatal medicine specialists 
recommend prompt use of granulocytes in the neonatal low-birth-weight 
infant [10,11]. It should be recognized that a significant portion of neonatal 
granulocytopenia may be associated with antibodies against granulocytes 
[12-14] and antigens associated with it [15]. In these instances, it is extremely 
important that these antibodies be identified so that proper granulocytes can 
be used for greater clinical effect. The clinical response that is evaluated in­
cludes reduction in size or the site of infection; for instance, if the patient had 
pneumonia, clearing of the pneumonia or clearing of the bacteremia at spe­
cific sites of infection. Attempts at measuring granulocyte effectiveness by 
elevations in the peripheral granulocyte count or radiolabeling of the granulo­
cytes are ineffective [16,17]. The number of granulocytes that are infused are 
too few to give more than a 10 percent rise in peripheral granulocyte count. 
Labeling of granulocytes with radioisotopes is expensive, time consuming and 
at best gives only partial information as to the effectiveness of these granulo­
cytes. Indium-Ill labeling of granulocytes has been used as a diagnostic test 
for finding abscesses [18], but is not useful in determining therapy. 

Clinical use oj granulocytes 

Granulocytes must be transfused as soon as possible after collection. In any 
case, the usual standard is within 24 hours. Granulocytes do not function well 
after refrigeration. It is recommended that granulocytes be kept at room tem­
perature for a minimal period of time without agitation prior to infusion [19]. 
The duration, (the number of days) for which granulocyte transfusions 
should be given remains controversial. It has been recommended that gran­
ulocyte concentrates be given daily for at least 4-6 days or until bone marrow 
recovery occurs. Granulocytes are infused through a standard blood filter. If 
a patient is a potential recipient for bone marrow, he/she should not receive 
granulocyte transfusion from the potential bone marrow donor. While gran­
ulocyte antigens can be determined and granulocyte antibodies can be assay­
ed for in the laboratory [20-22], this is not a usual clinical procedure. It is 
recommended that a minimum of 1.5-2.5 x 1010 granulocytes be infused in 
order to have an adequate dose [23,24]. The granulocytes should be given on 
the basis of donor red blood cells ABO compatibility. In order to give a suffi­
cient number of granulocytes, approximately 200-400 ml will be required. 
Various procedures result in varying amounts of red cell contamination of the 
granulocytes. Leukapheresis requires differential centrifugation and the addi­
tion of hydroxyethyl starch (HES) so that better separation can be obtained 
[25]. Pediatric patients, particularly low-birth weight infants, can be treated 
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with the equivalent number of granulocytes presenting a single unit of whole 
blood. The number of granulocytes in this case would be 5.7 x 109 cells [26]. 

Adverse reactions 

Adverse reactions to granulocytes are fairly common [27] (Table 5). It has 
been stated in the literature that as many as 50-60% of all granulocyte re­
cipients will have some sort of transfusion reaction [82]. These include pul­
monary reactions which may be related to leukoagglutinins, pre-existing 
infection, e.g. bacterial pneumonia, fluid overload in patients with marginal 
cardiovascular reserve or the release of endotoxins after interaction with gran­
ulocytes and complement. Febrile and allergic reactions are very common. 
These are usually mild and may be treated through the use of non-steroidal 
anti-inflammatory agents, use of meperidine to decrease shaking chills and/or 
the use of antihistamine [29]. Aspirin is to be avoided because of its concur­
rent adverse effects on platelet activity. Many of these patients will also have 
thrombocytopenia and the aspirin may exacerbate the bleeding tendency. 
Occasionally, steroids may be given prior to granulocyte transfusions particu­
larly if there have been significant and severe respiratory reactions. 

Table 5. Complications of granulocyte transfusions. 

1. Immunological 
Graft versus host disease 
Recipient alloimmunization 
Febrile non-hymolytic transfusion reactions 

2. Transmission of infections 
CMV 
Hepatitis 
HIV 
Malaria 
Toxoplasmosis 

3. Transfusion associated toxic reactions 
H ypopyrexia 
Dyspnea 
Shaking chills 
Hypertension 
Wheezing 
Pulmonary infiltrates 

4. Related to medication for transfusion reactions 
Allergy 
Acute pulmonary stress 
Platelet, granulocyte dysfunctions 

A major problem following granulocyte transfusions, particularly in patients 
with marked immunosuppression is graft vs. host reaction [30,31]. Graft vs. 
host disease (GVH) is secondary to transfusion of lymphocytes to these im­
munocompromised patients. The transfused lymphocytes then undergo blast 
transformation and are active against the cells of the recipient. Manifestations 
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of graft vs. host disease include gastrointestinal, skin, and pulmonary mani­
festations. There are recommendations that granulocyte concentrations be 
irradiated with at least 1,500 rad prior to transfusion in the severely immuno­
compromised patient to decrease the incidence of GvHD [32,33]. 

Granulocyte transfusions have not been found effective for fungal or viral 
infections. It is of note, however, that there have been reports of severe pulmo­
nary infiltration and acute respiratory stress secondary to the infusion of 
granulocytes in patients who are receiving amphotericin B [34J. The reason 
for this complication is not known, but is well recognized and should be 
respected and remembered for those that are contemplating granulocyte 
therapy. 

There has been a decreased use of granulocyte transfusions over the past 
three years in our institution. Only one instance of granulocyte transfusions 
in an adult has been performed over the past two years. Granulocyte trans­
fusions are still used although less frequently in the neonatal intensive care 
unit in our institution. The total number of granulocyte transfusions given 
at the Medical University of South Carolina last year was down to one patient 
for a total of 11 transfusions. 

Stem cells and monocyte collections and use 

The use of stem cells and/or monocytes/macrophages from the circulating 
blood is an area of increasing interest. It has been estimated that the equiv­
alent of one-half the number of cells from a bone marrow transplant can be 
collected from circulating peripheral stem cells by the use of centrifugal 
leukapheresis apparatus. The dose for peripheral stem cells in an adult is not 
yet settled upon, but probably should be in the range of 3 x 109 [35]. It is 
thought to be well within the capabilities of leukapheresis apparatus to collect 
sufficient stem cells from an adult to provide the equivalent of a bone marrow 
transplant quantity to a low-birth-weight neonate. Peripheral stem cells col­
lected in this way must be given as soon after being obtained as possible. They 
cannot be stored in the refrigerator. They must be stored at room temperature 
without agitation and used as quickly as possible with infusion through a 
standard blood filter. The use of microaggregate filters may remove sufficient 
number of stem cells to decrease the effective dose. As with peripheral gran­
ulocytes, proper ABO and Rh grouping as well as an antibody screen, 
hepatitis B surface antigen and human immunodeficiency virus testing 
should be done. The donor should meet all the criteria that a normal blood 
donor otherwise would. The use of HES in the separation of stem cells has 
been advocated but experience over long term is lacking as to whether this 
would have an adverse affect on the subsequent function and ability of these 
stem cells to produce granulocyte colonies. The use of stem cells or monocyte 
transfusions brings up the problem of HLA and granulocyte antigen testing 
as was mentioned under peripheral granulocytes. Prospective donors should 
not have been previous granulocyte donors to the same patient as there may 
be a sensitization to the leukocyte antigens or a sensitization to the granulo­
cyte antigens. The use of corticosteroids to increase peripheral counts does 
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not seem to be necessary or effective when collecting peripheral stem cells. 
Overall, the clinical utility of stem cells is in its early infancy as far as evalu­
ation is concerned. It would seem as though it would be cost effective and 
optimal if sufficient numbers of stem cells or monocytes could be collected 
from a prospective donor by a leukapheresis procedure [35]. This would avoid 
the cost of hospitalization for obtaining bone marrow material from these 
prospective donors. Whether the long range problems identifying and obtain­
ing adequate stem cells from the peripheral blood and documentation of their 
function as colony forming cells remains for the future. 

Summary and conclusions 

The immunocompromised patient for the purpose of granulocyte transfusion 
is one with granulocytopenia of less than 500 neutrophilslld. An infected 
immunocompromised patient is one who has been treated with appropriate 
antibiotics and antifungal agents without a clinical response. In those in­
stances, the use of granulocytes may be indicated. This is a costly procedure 
and has potential adverse clinical problems of severe pulmonary reactions and 
the development of antibodies by the recipient. Most clinical services now 
believe that the infected granulocytopenic patient should be treated vigor­
ously with a wide range of antibiotics. The cost effectiveness of the use of 
granulocytes is such that it would require $200,000 or more per year to 
sustain a granulocytopenic patient [9]. This does not take into account the 
fact that many recipients would be refactory because of the development of 
antibodies long before this money would be expended. There are difficulties 
in obtaining donors, matching for HLA and granulocyte antigens, as well as 
the difficulty in storing granulocytes. Granulocytes and stem cells must be ob­
tained and used very soon after they are procured. Obtaining stem cells or 
monocytes from the peripheral blood may be a possible alternative for bone 
marrow transplantation in the future. The use of granulocytes in the pediatric 
neonatal group remains the primary indication, today. Generally, there has 
been decreased use in adults with a continued interest for granulocytes in the 
neutropenic child. Granulocytes, monocytes and stem cells may be useful for 
treatment of the infected immunocompromised patient. Procurement, stor­
age, donor-recipient matching and cost of these products remain problems 
that must be examined and evaluated. 
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As no two humans, except identical twins, have the same genetic makeup, a 
blood transfusion exposes a patient to numerous 'foreign' antigens. Anti­
bodies may develop to any of the donor blood components, days, weeks, or 
months after transfusion [1]. Antibodies may cause adverse reactions and 
lower the therapeutic effect of transfused blood components. 

In the majority of recipients of multiple random donor platelet trans­
fusions, the degree of alloimmunization increases with the number of trans­
fusions while platelet survival becomes progressively shorter. According to 
Shulman [2] platelet antibodies can be detected in 5% of patients who re­
ceived one to 10 transfusions, in 24% who received 25-50 transfusions, and 
in 80% who received more than 100 transfusions. 

Even if platelet transfusions are matched for HLA antigens, a recipient 
may still develop antibodies to other incompatible antigens. For example, with 
repeated transfusions of HLA-A and -B compatible thrombocytes, trans­
fusions became inefficient in approximately 25% of cases [3]. 

It can be concluded that alloimmunization represents the most important 
long-term complication of platelet transfusion. 

Alloimmunization is also a major problem in leukocyte transfusion. The 
majority of patients with multiple granulocyte transfusions will develop 
anti-granulocyte antibodies [4] which frequently causes transfusion reactions 
[5]. Brittingham and Chaplin have shown that, in patients with leukoaggluti­
nins, the transfusion of blood fraction containing more than 90 % of the buffy 
coat produced a severe febrile reaction, whereas the transfusion, from the 
same bottle of blood, of red cells and plasma containing less than 10% of the 
buffy coat caused no reaction [6]. 

In experiments in dogs it was shown that injection of non-matched gran­
ulocytes into sensitized granulocytopenic recipients results in no cell migra­
tion to skin chambers, markedly decreased granulocyte recovery, and accom­
panying fall in platelet counts [7]. 

A special problem is the sensitization of kidney graft recipients by pre­
transplant blood transfusion. Following random-donor transfusions, a small 
but significant number of patients develop broadly reacting lymphocytotoxic 
antibodies [8,9]. With donor-specific transfusions, which are often administer­
ed to potential recipients of related-donor transplants, the risk of significant 
humoral sensitization is much higher. In most statistics, approximately one­
third of the recipients are reported to develop antibodies against the donor 
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[10,11]. If antibodies are produced against the potential kidney donor (positive 
cross-match), the transplant cannot be performed because of a high risk of 
hyperacute antibody-mediated graft rejection [12]. 

Our goal was to develop a clinically relevant method of suppression of cyto­
toxic antibody response to allogeneic blood components. In experiments in 
rats we were able to show that pretreatment of animals with allogeneic blood 
cells that were coated with homologous or heterologous antibodies resulted in 
a suppression of antibody responses to subsequent transfusions [13-15]. While 
other models of antibody feedback inhibition [16-19] mainly addressed the 
specific primary antibody response or kidney graft survival, we focused on the 
suppression of antibody responses to repeated booster transfusions from spe­
cific or third party donors. 

Preparation of antigen-bound antibody 

Allogeneic rat blood cells were incubated at room temperature with recipient­
anti-donor serum or monoclonal antibody (homologous), or with rabbit anti­
rat lymphocyte serum (ALS heterologous). Excess antibody was washed out 
after incubation and cells were injected i.v. [13]. 
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Figure 1. LEW rats were transfused three times with antibody-coated BN blood cells 
(1 ml BN blood + 0.05 ml LEW-anti-BN serum or 0.025 ml ALS). Controls were 
transfused with 1 ml BN (p <0.01). Cytotoxic antibody titers (means ± SD) are shown. 
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Immunization with antigen-bound antibody 

Strong incompatible donor-recipient combinations were used (BN ~ LEW, 
DA~LEW, WF~LEW, DA~AO). Whole blood, leukocyte (mononuclear 
cells), or thrombocytes were transfused. 

Lymphocytotoxic antibodies were determined by an immunofluorescence 
microcytotoxicity technique [13]. Anti-thrombocyte antibodies were deter­
mined by a platelet complement fixation microtechnique [20]. 

Graft-versus-host (GvH) reaction was measured in a popliteal lymph node 
weight assay as described by Ford et al. [21]. 

Suppression of antibody response to allogeneic blood 

When LEW rats were transfused three times with LEW-anti-BN- or ALS­
coated blood cells the antibody response became progressively lower, reaching 
an almost complete suppression in the ALS-group (Fig. 1). 

Suppression in the LEW-anti-BN group could be made stronger by in­
creasing (4-lOx) the amount of LEW-anti-BN serum [13]. 
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Figure 2. (A) AO rats were transfused on day 0 with 5 x 106DA leukocytes preincu­
bated with 2.5-5 p,g of three monoclonal anti-RT lAa antibodies. Controls were 

transfused with 5 x 106 DA leukocytes only. 
(B) LEW rats received 5 x 106 BN leukocytes pretreated with 0.1 ml ALS; controls 

received leukocytes only. 
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Completely suppressed antibody response to allogeneic leukocytes 

In one experiment (Fig. 2A) AO recipients received a transfusion with DA 
leukocytes preincubated with three different AO-anti-DA (class I MHC anti­
gen) monoclonal antibodies. In another experiment (Fig. 2B) LEW rats were 
transfused with BN cells coated with ALS. Controls consisted of animals 
transfused with untreated leukocytes. No anti-leukocyte antibodies could be 
detected in any preconditioned group. 

Complete suppression if anti-thrombocyte antibody response 

LEW rates were immunized three times with BN leukocytes preincubated 
with ALS. Controls were injected with untreated leukocytes. Three weeks later 
the animals received one transfusion of BN platelets. 

Following the pretreatment of animals with antibody-coated leukocytes 
subsequent thrombocyte-transfusion did not elicite an antibody response 
(neither anti-leukocyte, nor anti-transfusion) (Fig. 3). 
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Figure 3. LEW rates were immunized three times with 5 x 106 EN leukocytes only 
(controls) or leukocytes preincubated with 0.05 ml ALS. Three weeks later animals 
were boosted with 109 EN thrombocytes. Titers of cytotoxic anti-leukocyte antibody 

and scores of platelet complement fixation reaction (means ± SD) are shown. 
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Even with repeated booster transfusions the suppression is not abrogated 

The question was raised whether suppression of the antibody response in pre­
conditioned animals persists after repeated booster transfusions with untreated 
cells (Fig. 4). 

Our experiments showed that the suppression, once induced could not be 
abrogated by repeated boosters. Suppression was almost complete in the ALS 
group. The weaker suppression seen in the LEW-anti-BN group might be due 
to the smaller amount of antiserum. In previous experiments [13] we showed 
that the suppressive effect was dose-dependent within certain limits. A total 
suppression of secondary antibody response was achieved by increasing the 
amount of LEW-anti-BN serum to 0.2 ml (see Fig. 6A)(in the experiment 
present in Fig. 4 only 0.05 ml were used). 

There is no general immunization schedule for prevention of sensitization 

In our experiments the pretreatment had to be adjusted to the antigen (whole 
blood, leukocytes, thrombocytes) to which suppression was induced, as well 
as to the strain combination. 
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Figure 4. One week after three transfusions of 1 ml BN blood preincubated with 0.05 
ml LEW-anti-BN serum or 0.025 ml ALS, LEW rats were boosted repeatedly with 
1 ml BN blood. Controls were transfused with BN blood only. Mean cytotoxic anti-

body titers ± SD are shown « 0.01). 
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Table 1. Transfer of suppressive activity with serum. 

Days after 
serum transfer 

7 
14 
21 

Pretreatment of LEW rats 

Normal LEW serum 
+ BN blood 

(n=6) 

1O.S±0.S 
9.S±0.5 
8.7±0.5 

Suppressive serum 
+ BN blood 

(n=6) 

2.2 ± 1.9 
0.7 ±1.6 
1.2 ± 1.8 

Suppressive serum was obtained from LEW rats which were 
pretreated with antibody-coated cells (1 ml BN cells + 0.2 
ml LEW-ant i-BN serum)(means of log2 of cytotoxic antibo­
dy titers ± SD are given; p < 10 -3). 

The parameters which proved influential on the degree of suppression for 
a given antigen and strain combination were: dose and origin of antibody and 
immunization schedule. 

With respect to whole blood transfusions, good suppression was obtained 
both with homologous and heterologous antiserum, whereas in the platelet 
transfusion model only ALS (heterologous) seemed to work well. 

When immunizing animals only once with ALS-coated cells [13], weak or 
no suppression was achieved. When injecting the same immunogen three 
times [14] a drastic suppression was induced. With LEW-anti-BN serum the 
effect was as strong after one immunization as after three. 

Active suppression or lack of antibody response? 

We were concerned that unresponsiveness was a simple lack of antibody 
response rather than a real suppression. The injected allogeneic cells coated 
by antibody might have been lysed in the recipient. It seemed also possible 
that exogenous antibodies had masked antigens so that they 'could not be 
seen' by the rescipient's immune system or that transfused cells had rapidly 
deviated into the macrophage systf'm. 

The following findings argue against a simple lack of antibody response: 
1. Transfer of suppressive activity with serum or cells (Tables 1,2). These 

findings show that a suppressive factor and suppressive cells are involved in 
the mechanism of unresponsiveness. These results are not compatible with a 
simple lack of antibody response. 

2. Reduced GvH activity in preconditioned animals. If lack of antibody 
response by antigen destruction (or a similar mechanism) were the explana­
tion for the observed unresponssiveness, pretreated animals would have pre­
sented the same GvH reaction as untreated animals. As shown in Figure 5 
this was not the case. 

3. Prolonged kidney graft survival in pretreated animals. We observed [22] 
in a strongly incompatible donor-recipient combination (BN ~ LEW) that 
transfusion with antibody-coated donor cells leads to a significant prolonga-
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Table 2. Transfer of suppressive activity with spleen cells. 

Days after 
cell transfer 

7 
14 
21 

Controls 
no pretreatment 

10.1 ± 0.6 
8.7 ±1.0 
6.6±1.0 

Pretreatment of LEW rats 

(BN + anti-BN)x3 
(n=6) 

7.7±0.5 
5.8±1.1 
1.0±2.2 

(BN + ALS)x3 
(n=8) 

8.0±0.5 
6.1±0.6 
4.2 ± 2.1 

LEW rats were pretreated with antibody-coated BN cells (1 ml BN blood, 
0.2 ml LEW-anti-BN, 0.025 ml ALS) and 5 x10 7 spleen cells were trans­
fused into syngeneic animals (log2 of cytotoxic antibody titers ± SD; 
p<O.OI). 
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Figure 5. Donor LEW rats were immunized with 1 ml untreated or antibody­
pretreated BN blood (0.2 ml LEW-anti-BN serum or 0,025 ml ALS), One week later 
spleen cells were tested in a GvH assay in hybrid (LEWx BN)Fl rats. ALS-coated 
cells induced a strong suppression (p <10 -4), anti-BN coated cells induced a weaker 

suppression (significant when compared to untreated controls, p < 0,05) of Gvh. 
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Figure 6. LEW rats were transfused first with 1 ml BN blood pretreated with 0.2 
ml LEW-anti-BN serum. Controls received untreated BN blood. Animals were 
boosted thereafter with either 1 ml BN (A) or DA or WF blood (B). Suppression was 
strongest with the specific BN booster, but a significant reduction was also seen with 

DA or WF (p < 4 x 10 -3). Means of log2 of antibody titers ± SD are given. 

tion of kidney graft survival (median survival time 67 days, untreated controls 
9 days). If a lack of exposure to antigen had occurred, the preconditioned 
group would have had the same kidney graft survival as the untreated group. 

4. Suppression of secondary antibody response after immunization with 
antibody-coated cells. The persistence of unresponsiveness even after repeated 
boosters with allogeneic cells (Fig. 5) can only be explained by an active sup­
pressive mechanism. 

We conclude that an active immunologic suppression is induced by immu­
nization with antigen-bound antibody. 

Specificity of suppression 

The question was raised whether suppression was specific or nonspecific. For 
instance, if LEW rats are immunized with antibody-coated BN cells, can sup­
pression be induced only to BN antigens or does the suppression extend to 
third party cells? 

It was shown by others [23,24] that injection of allogeneic cells on whom 
only some antigens were coated, induced an unresponsiveness both to anti­
body-coated and uncoated antigens. 

In our experiments LEW rats injected with BN cells coated with anti-BN 
antibody were boosted with unrelated third party cells (DA, WF)(Fig. 6B). 
A partial but significant suppression was noted of the response to both DA 
and WF cells. It seems possible that by modifying the immunization schedule 
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Figure 7. (A) LEW rats were injected with 0.1 ml BN blood preincubated with 0.1 
ml DA-absorbed LEW-anti-BN serum or BN blood only (controls) and boosted two 
weeks later with 0.1 ml DA blood. Cytotoxic antibody titers were significantly sup-

pressed in antibody-coated cell preconditioned animals (p < 3 x 10 - 3). 
(B) 1 ml BN blood cells were incubated with 0.2 ml (LEWx BN)Fl-anti-BN serum. 
This serum had no cross-reactivity with DA cells. Antibody-coated BN cells were 
injected into LEW rats. Controls were injected with untreated BN blood. Two weeks 
later animals were boosted with DA blood. The antibody response was reduced in 

preconditioned animals as compared to controls (p < 2 x 10 -3). 

a complete suppression could be induced also against third party cells. If 
further experiments would confirm this, a suppression induced with cells 
from donor '/\ could be extended to cells from donor 'E' under certain cir­
cumstances. 

A further question concerns the specificity of exogenous antibody used for 
induction of suppression. Is it possible to induce a suppression against donor 
'B' using an 'anti-A antibody' which does not cross-react with cells 'E'? 

Heyman and Wigzell [25] immunized mice with sheep red blood cells 
(SREC) and different anti-SREC monoclonal antibodies. Some of the anti­
bodies cross-reacted with goat red blood cells (GREC), others did not. The 
anti-SREC and anti-GREC responses were suppressed in parallel regardless 
of whether or not the monoclonal reacted with GREG 

Our LEW-anti-BN serum cross-reacted both with DA and WF cells. To test 
the role of specificity of exogenous antibody a non-cross-reactive anti-EN 
antibody was produced. 

In the experiment shown in Figure 7 A the anti-DA activity of our cross­
reacting LEW-anti-EN antibody was absorbed out. Using that antibody, a 
weak but significant suppression against DA cells was found. The experiment 
is not conclusive since, even after extensive absorption, minute undetectable 
amounts of anti-DA antibody might have persisted. To eliminate this possibility 
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an anti-BN antibody was produced immunizing (LEWx DA)F1 hybrid rats 
with BN cells. By definition, this antibody could not cross-react with DA cells. 
In the experiment shown in Figure 7B a significant suppression of anti-DA 
activity was achieved with this antibody. 

Although the suppression achieved with these non-cross-reactive antibodies 
was not strong, the results prove that it is possible to induce suppression with 
an antibody that has no activity against third party donor cells. 

Mechanism of suppression 

Which could be the mechanism mediating suppression in this model? 

Antigen-reactive cell opsonization 

A mechanism of antibody-mediated immune suppression which could partly 
explain our data is the 'antigen-reactive cell opsonization' (ARCO) proposed 
by Hutchinson and Zola [26]. According tot his hypothesis, the recipient's 
lymphocytes (antigen-reactive cells) react with the determinant of the injected 
antigen that is not occupied by exogenous antibody. The exogenous antibody 
attached to the antigen binds the macrophages via its Fe portion. This bind­
ing leads to an activation of macro phages and to the subsequent destruction 
of recipient lymphocytes attached to the antigen. 

Fe-dependent B cell inactivation 

Another model of immunoregulation by antibody was proposed by Sinclair 
and Chan [27]. They suggested that the !'ecipient's B cells interact with the 
free determinants of donor antigen (not covered by the exogenous antibody). 
The exogenous antibody which is bound to other determinants on the same 
antigen would inactivate the recipient's B cells. This inactivation would be 
induced by binding of the antibody's Fe portion to the Fe-receptor of B cells. 

Both hypotheses do not require specific antibody for induction of suppres­
sion, which is in line with the results obtained in our experiments. 

Anti-idiotypic antibodies 

A mechanism which must be considered is mediation of suppression by anti­
idiotypic antibodies. 

It has been shown that anti-idiotypic antibodies administered to mice can 
suppress B cell activity [28-31]. Similarly, it was shown in man that anti­
idiotypic antibodies can inhibit immunoglobulin synthesis of normal [32-34] 
and malignant [35] lymphocytes in vitro. 

Whereas induction of anti-idiotypic antibodies might serve as a hypothesis 
for specific suppression in our experiments, it is difficult to conceive that the 
observed suppression against third party donors would be produced by anti­
idiotypic antibodies. 
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Nonspecific suppressive serum factor 

Based on our findings we proposed a further mechanism whereby suppression 
might be induced by treatment with antigen-bound antibody. 

Before considering this mechanism it will be helpful to review some of our 
findings: 

1. Pretreatment of rats with antigen-bound antibody produced suppression 
to subsequent boosters with the same antigen. Pretreatment under the same 
conditions with either antigen or antibody resulted in a weak or no suppres­
sion. That means that the induction of suppression is related in some way to 
the binding of antibody to antigen. 

2. The specificity of suppression does not seem to be limited by the spe­
cificity of antibody or antigen by which it was induced. 

3. The suppressive activity can be better transferred by serum than by 
cells. This finding suggests that a suppressive serum factor is involved. 

These results raised the question whether an unspecific factor induced by 
antigen-bound antibody could be responsible for mediation of suppression. 

If binding of immunoglobulin (Ig) to antigen is a precondition for the effec­
tive induction of suppression, let us examine what happens when antibody 
binds to antigen. 

It is known that binding of Ig to antigen may trigger biological activities 
like complement activation or phagocytosis [36-41]. Consequently there is a 
difference with functional implications between bound and unbound Ig. 

There is evidence that antigen binding induces a conformational change in 
the Fc region of antibody. Mota et al [42] showed that antigen-antibody bind­
ing exposes a new binding site for protein A of Stapf!Jlococcus aureus (SpA). As 
SpA binds to the Fc part of Ig, the conformational change must take place 
in that region. 

The new site of Ig created by antigen binding seems to be immunogenic. 
Brown and Bekisz [43] induced anti-human IgG antibody by immunizing 
rabbits with antigen bound Ig. Rabbits had been made tolerant against un­
bound human IgG before immunization. The raised antibodies reacted only 
with antigen-bound IgG (not with unbound). They recognized a neoantigen 
in the IgG structure which appeared following antigen binding. 

Nemazee and Sato [44] described monoclonal antibodies that had binding 
specificity for autologous Ig bound to antigen. These antibodies arose as a 
natural response to a new antigenic determinant present in the antibody-anti­
gen complex recognized as 'foreign' by the immune system. 

We raised the question whether anti-neo-Ig antibody could be involved in 
the mediation of unspecific suppression induced by antigen-antibody com­
plexes as seen in our experiments. 

Some of our findings support this hypothesis: 
1. The serum of LEW rats pretreated with BN cells + anti-BN antibody 

suppressed not only anti-BN (specific) but also anti-DA and anti-WF activity 
(unspecific). It seems that this serum contains an unspecific suppressive factor. 
With respect to BN- and DA-suppression chromatographic separations have 
shown that the suppressive factor is contained in the IgG fraction. 
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2. Preliminary results have shown that serum of rats pretreated with 
antigen-bound rat Ig contains an antibody which binds to antigen-bound 
rabbit Ig. If one admits the existence of anti-neo-Ig antibody, such unspecific 
binding to antigen-bound Ig across species can be explained. Brown and 
Bekisz [43J demonstrated that their rabbit anti-human neo-IgG bound to im­
mune complexes of human IgG with various antigens. The specificity of anti­
neo-lgG was not limited to the antigen or to the antibody it was induced with. 

3. Preliminary data obtained in hybrid rats are concordant with the 
hypothesis of an unspecific regulatory factor induced by antigen-bound anti­
body. Hybrid (LEWx BN)F1 rats were immunized with BN cells coated with 
LEW-anti-BN antibody. In this system both injected cells and antibody were 
derived from parental animals and must consequently be accepted as 'self by 
F1 recipients. Under these conditions either anti-idiotypic antibodies or anti­
bodies against an 'antigenically modified' Ig (induced by binding of Ig to 
antigen) could be raised. If anti-idiotypic antibodies were induced, the serum 
of pretreated animals would specifically suppress the anti -BN response. If an 
unspecific factor were induced, it would suppress the antibody response 
against third party cells. 

To test the latter possibility serum of immunized hybrid rats was trans­
ferred into syngeneic recipients. The recipients were injected concomitantly 
with DA blood cells (unrelated third party cells). The anti-DA antibody 
response was suppressed approximately 35 % as compared to controls. 

These data cannot be considered definitive. It is possible, for instance, that 
specific suppression induced by IgG would be mediated by anti-idiotypic anti­
bodies while unspecific suppression would be an 'IgG effect' as described in 
humans [45], regardless of whether or not the animals were pretreated with 
antigen-bound antibody. 

In our model the possibility must also be considered that treatment with 
immune complexes induces suppressive lymphokines. It is known that B 
lymphocytes secrete regulatory factors including not only those capable of en­
hancing but also of suppressing further B cell Ig production. Suzuki et al [46J 
described a lymphokine termed suppressive B cell factor that is released by 
B cells after binding of immune complexes. The factor suppresses the prolifer­
ation of B cells. A similar lymphokine capable of suppressing a human poly­
clonal antibody-forming cell response was described by Pisko et al. [4 7J. The 
factor was produced by B lymphocytes after stimulation with heat-aggregated 
IgG, a model for immune complexes. 

Alternative, suppressive T cells [48], natural killer cells [49,50], or monocy­
tes/macrophages [51 J may all be involved in the suppression of antibody 
response by immune complexes. 

Wiry are some antibodies suppressive and others are not? 

It seems that some characteristics of the exogenous antibody playa role in the 
induction of suppression. 

Bruggemann and Rajewsky [52J have shown that antibody feedback inhibi­
tion depends on the affinity of exogenous antibody for antigen. In general the 
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antibodies with the highest affinity inhibit best. Similar results were reported 
by Heyman and Wigzell [25]. 

The number of antigenic sites recognized by antibody on the foreign cell 
was shown to correlate with the degree of suppression [25]. This finding is 
in accordance with our own data. We found that by incubating allogeneic cells 
with one monoclonal antibody a partial suppression was achieved; incubating 
the cells with 3 monoclonal antibodies with related specificities (anti-MHC 
class I), i.e. increasing the density of antibodies on the cell surface, a complete 
suppression was induced. 

While antibody affinity and density on the cell surface seems to be impor­
tant, it was shown that antibody induced suppression is not dependent on a 
particular Ig subclass [25,52,53]. 

We could imagine a model of feedback inhibition of antibody synthesis de­
pending on the density and affinity of endogenous antibody. 

It was shown that as immunization proceeds the affinity of secreted anti­
bodies continuously increases [54]; it can be assumed that the density of anti­
bodies on the cell surface also increases. In other words, endogenous anti­
bodies gain properties which are known to confer suppressive capacity. Such 
high affinity antibodies may 'down regulate' further antibody production per­
haps by an induction of suppressive serum factors (lymphokines, suppressive 
IgG, etc.). 

The hypothesis advanced here is in accordance with our previous finding 
[55] that repeated transfusions of rats with allogeneic blood led to a successive 
decrease of antibody production. After 15 transfusions no antibody titer could 
be detected. 

As already discussed several hypotheses can be used to explain the induc­
tion of suppression by antigen-bound antibody. It is possible that antigen­
bound antibody exerts its suppressive effect at several levels and that various 
hypotheses explain part of a complex mechanism of interactions. 

Conclusions 

1. Primary antibody response can be suppressed by coating the blood cells 
with antibodies prior to transfusion. 

2. Even with repeated booster transfusions the induced suppression is not 
abrogated. 

3. The immunization schedule for induction of suppression must be ad­
justed to the type of allogeneic cells and to the donor-recipient combi­
nation. 

4. An active suppression and not a lack of antibody response is induced by 
immunization with antigen-bound antibody. 

5. Injecting third party cells following immunization with antibody-coated 
donor cells still shows a partial but significant suppression. 

6. The mechanism of suppression requires further elucidation. ARCO [26], 
Fc-dependent B cell inactivation [27], anti-idiotypic antibodies, or the in­
duction of unspecific suppressive factors (lymphokines, IgG) all must be 
considered. 
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AUmLOGOUS BONE MARROW TRANSPLANTATION IN 
ACUTE MYELOBLASTIC LEUKEMIA (AML): 
IN VITRO STUDIES TO DETECT MINIMAL DISEASE IN 
REMISSION MARROW 

B. Lowenberg, R. Delwel 

Introduction 
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Autologous bone marrow transplantation (ABMT) is a promising therapeutic 
modality which is currently under investigation in patients in first complete 
remission [1-4] as well as those who have attained a subsequent remission 
following relapse [5,6]. Current results from these studies suggest that remis­
sions are durable in a significant proportion of patients with AML following 
consolidation with marrow ablative cytotoxic regimens and ABMT. The 
advantages of ABMT over allogeneic BMT are that donor selection is not 
needed and thus that the restrictions of the availability of HLA matched 
donors do not apply. In addition, the age limitations in ABMT are far less 
stringent, i.e., ABMT can probably be applied in recipients up to 60 years 
of age. The principal drawback of ABMT is the higher probability of relapse 
following transplantation and this accounts for most failures and mortality 
after ABMT in patients with AML. Relapse is attributed to (a) the absence 
of a graft-versus-leukemia effect in autotransplantation (which appears to pro­
tect against relapse after allogeneic marrow transplantation) and (b) the use 
of autologous bone marrow grafts containing residual leukemia. The latter 
factor implies that in the further development of ABMT it will be important 
to identify these residual AML cells and to remove them. 

Efforts to detect minimal numbers of AML clonogenic cells (AML-CFU) 
in the marrow during complete remission depend on phenotypic properties 
which distinguish AML-CFU from normal marrow stem and progenitor 
cells. We and others have previously shown that AML-CFU represent a 
minority population among the total leukemic blast pool [7-9]. Among the 
phenotypically heterogeneous AML cells, the AML-CFU are typically the 
most immature subset of cells which give rise to maturing progeny during 
proliferation in vitro [9-11]. Earlier studies have established that the pheno­
types of AML-CFU differ, but the differences correlate with the heterogene­
ous classes of normal progenitors as a function of maturity [20]. Although 
AML-CFU phenotypes show considerable variability when different cases of 
AML are compared, it is noteworthy that surface markers to distinguish 
AML-CFU from their normal counterparts have not been reported as yet. 

We wished to investigate whether abnormal surface markers are expressed 
on the subset of clonogenic cells of AML and whether these differences pro­
vide clues for the diagnosis of minimal numbers of AML cells among normal 
marrow. In a systematic search for identifying discriminative markers between 
AML-CFU and normal hematopoietic precursor cells, we selected a combi-
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nation of surface markers (i.e., three MCA and a fucose binding lectin), 
which are expressed as a consistent phenotype on early as well as late hemato­
poietic progenitors. These investigations were conducted with fluorescence 
activated cell sorting (FACS) of colony forming cells. We assessed the mem­
brane marker expression not only by presence or absence of the marker but 
also by relative fluorescence intensity to measure the antigen density on the 
cell surface. 

Materials and methods 

The collection and processing of marrow and blood from patients with AML 
and from normal individuals [9], the colony assay for AML-CFU [12-14] and 
for normal myeloid progenitors (CFU-G M) [14], the use of indirect immuno­
fluorescence [9,10], fluorescence activated cell sorting [15] and the application 
of the fucose binding lectin UEA (Ulex Europaeus Agglutinin) coupled to the 
fluorescent label FITC [15] have been described in detail. Vim-2 is a murine 
MCA (IgM7 which recognizes an antigen expressed on granulocytic cells 
(from myeloblasts to polymorphonuclear cells) and monocytes [16]. The 
mouse MCA My-1O (IgGI) is expressed on immature human marrow cells, 
including normal hematopoietic in vitro colony forming cells [17]. The MCA, 
RFB-l (IgGI), reacts with immature progenitor cells of the granulocytic­
monocytic cells, including colony forming units and terminal deoxynucle­
otidyl transferase-positive (TdT +) cells in the marrow and thymus [18]. 

Results 

Characterization if CFU-GM in normal marrow with four surface markers 

We have previously reported that a varying proportion of Ficoll separated 
normal bone marrow cells are UEA positive. Normal CFU-GM are UEA 
negative or only weakly positive, i.e., they express receptors for the lectin 
UEA at only low density on the cell surface [15]. Normal marrow shows a 
bimodal Vim-2 fluorescence profile indicative of distinct Vim-2 positive and 
Vim-2 negative populations. CFU-GM are almost entirely recovered among 
the Vim-2 negative cells. The My-1O fluorescence histogram reveals a minor 
(approx. 5%) subset of highly reactive cells from which almost all CFU-GM 
are recoverable. Finally, normal marrow contains 20-50% RFB-l positive 
cells and all CFU-GM are RFB-l strongly positive. In summary, CFU-GM 
in normal marrow are characterized by the following surface phenotype: 
UEA -1+, My-1O ++, Vim-2 -, RFB-l ++. Studies involved with other 
progenitor cells, confirmed the same phenotype for early (day 7) and late (day 
14) CFU-GM, BFU-e and CFU-GEMM [20]. 



87 

Characterization oj AML-CFU with four surface markers 

AML blasts from 20 cases of AML were labelled with the MCA My-lO, 
RFB-l, Vim-2 and the lectin UEA and analyzed by FACS. The cells were 
sorted into three fractions of relati'/e fluorescence intensity, i.e., negative ( - ), 
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Figure 1. Cytofluorographic analysis of the leukemic blasts and AML-CFU in one 
patient with Al\1L using three surface markers. 

Following FACS of marker negative (-), weakly positive (+) and clearly positive 
( + + ) cells, the separated fractions were cultured in the colony assay in order to assess 
the surface phenotype of AML-CFU The different panels indicate the data for each 

of the surface reagents. 
Open histogram in each panel: distribution of AML blasts as a function of surface 
marker expression. Hatched histogram in each panel: distribution of AML-CFU 

relative to surface marker expression. 
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Table 1. Surface phenotypes of AML-CFU in 20 patients with AML. 

Reactivity with surface markers Patterns of Number of markers 

Patient FAB UEA My-10 Vim-2 RFB-1 
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The surface marker profile was established in the individual patients with FACS 
using the lectin UEA-FITC and three monoclonal antibodies (My-lO, Vim-2, RFB-l) 
as illustrated in the example of Figure 1. Negative -; weakly positive +; strongly 
positive + +. 

1. Reference data for normal hematopoietic precursor cells CFU-GM, BFU-e and 
CFU-GEMM. 

2. 45-50% of normal precursors are UEA negative, 50% are UEA +, and less 
than 10% UEA + +. 

3. Between 90-100% of normal progenitors. 
4. Between 90-100% of normal progenitors. 
5. 100% of normal progenitors. 

weakly positive ( +) and intensely positive (+ + ) cells. These separated frac­
tions were inoculated in colony culture to determine the distribution of AML­
CFU as a function of antigen density expression in each of the cases. An 
example of a complete analysis of the binding abilities of AML blasts and 
AML-CFU to these reagents is given in Figure 1. It illustrates a case of AML 
in which the majority of AML-CFU were shown to be UEA -, My-lO + + 
and Vim-2 + +. Thus AML-CFU from this patient differ from CFU-GM 
(see above) by one marker, i.e., UEA. The results of the analogous analyses 
for the complete series of patients are compiled in Table 1. Ten classes of sur­
face phenotypes were recognized depending on the composite antigenic con-
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figuration expressed on AML-CFU. In the table these are designated as A 
through L. In 16/20 patients two or at least one discrepant marker(s), based 
on the relative amount of surface binding to AML-CFU, were different from 
normal CFU-GM. This refers to the surface categories A through K. In con­
trast, in the four patients 17, 18, 19 and 20, AML-CFU phenotypes (profile 
L) were indistinguishable from their normal counterparts. 

Conclusion 

For demonstrating minimal residual AML in autologous bone marrow grafts 
one would wish to identify AML clonogenic cells and distinguish those from 
their normal counterparts. This would provide a basis for better qualification 
of these transplants in terms of malignant cell contamination as well as for 
the selective purging of these grafts. 

No unique AML-associated surface markers have been reported. AML 
cells share differentation antigens with normal marrow cells. In the present 
study we have phenotyped the clonogenic cells in 20 cases of human AML 
(AML-CFU) with three MCA (monoclonal antibodies), My-lO, Vim-2 and 
RFB-l and the fucose binding lectin UEA. Using fluorescence activated cell 
sorting and colony culture of sub populations with different fluorescence 
intensities, we did not only determine the abnormal presence or absence of 
these surface markers on AML-CFU, but also whether the expression was 
apparent at an abnormal (i.e., increased or decreased) density on the cell sur­
face. Based on this approach, the surface profile was established in each of 
the individual cases of AML. 

We demonstrate that AML-CFU phenotypes are highly variable and 10 
combinations of phenotypes were distinguished. In 16 of these 20 cases, we 
were able to differentiate AML-CFU from the majority of the normal 
hematopoietic precursors, i.e., AML-GEMM, early (day 14) and late (day 7) 
CFU-GM and BFU-e. Only, in 4 cases AML-CFU phenotypes were identical 
to the normal counterparts as far as these four markers are concerned. Other 
studies involving monoclonal antibodies have previously indicated discrepan­
cies as regards their reactivity with AML-CFU and CFU-GM. However, the­
se approaches have usually been based on complement mediated lysis so that 
more subtle distinctions founded on relative binding abilities were not made. 

We have defined a reference phenotype, which included 4 heterogeneous 
classes of normal precursors. The frequent discrepancies between the AML 
and normal precursors are striking. The fact that AML-CFU phenotypes 
were so diverse and so frequently dissimilar to the standard surface pattern 
of each of the types of normal progenitors, suggests that these polymorphic 
phenotypes of AML-CFU reflect abnormalities of differentiation. At the pres­
ent time we can not distinguish between the two possibilities to explain this 
bizarre marker expression: i.e., AML-CFU present altered phenotypes as the 
result of malignant transformation or they correlate with expansions of pre­
cursors with essentially normal but unfrequent phenotypes. 
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The problem of the identification of minimal numbers of AML clonogenic 
cells in a remission bone marrow aspirate relates not only to the unfavourable 
quantitative ratio of AML versus normal cells, but also to the cross reactivity 
of the surface reagents with AML cells and diverse normal cell types. The ex­
periments presented utilizing FACS allow for differentiating AML-CFU from 
the normal hematopoietic precursors by fluorescence intensity and thus open 
new possibilities for detecting minimal leukemia. These possibilities increase 
when surface markers are selected which indicate a stable phenotype for the 
different categories of normal hematopoietic precursors and which permit the 
identification of a high frequency of deviations in AML. 

In order to successfully detect minimal numbers of AML cells, the marrow 
cell suspension needs to be processed so that a fraction is obtained from which 
contaminant normal precursors are removed and which is highly enriched for 
AML precursors. It is conceivable that this goal can be reached if advantage 
is taken of the disordered differentiation which characterizes most cases of 
AML as demonstrated in our studies. Attempts at detection can for instance 
be made by sorting M y-1O postive cells in a first separation step, so that 95 % 
of contaminant non leukemic marrow are removed. In a second step utilizing 
a discriminative marker the AML-CFU can be recovered and CFU-GM re­
moved. This may result in the ultimate concentration of AML-CFU by 
30-100 fold. 

Preliminary data (not shown) indicate possibilities for detection of AML 
cells when they make up only 0.1-1 % of a mixed normal marrow and AML 
cell preparation. 
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The natural resistance of a fraction of cells in a tumor to a conventional dose 
of chemotherapy can partly be overcome by high dose (HD) chemotherapy 
[1]. HD chemotherapy may kill more tumor cells but could also cause long 
lasting or irreversible bone marrow aplasia. 

Both animal research on the protective effect of autologous bone marrow 
infusion from lethal doses of chemotherapy and/or total body irradiation [2], 
and clinical experience [3] indicate that autologous bone marrow transplanta­
tion (ABMT) in man after intensive chemotherapy of malignant disease is 
feasible and could increase response rates. 

The criteria for the use of ABMT have been formulated previously [4]. 
Of major importance are: 

- The tumor should preferably respond to a standard dose of drugs to be 
used in HD. 

- Dose escalation of that drug must be known to improve the tumor 
responsiveness. 

- High drug levels should usually produce profound marrow depression 
persisting for periods of > 2-3 weeks without severely affecting non­
hematopoietic tissues. 

- Autologous bone marrow should be collected before the institution of in­
tensive chemotherapy and should be free of contaminating tumor cells. 

Since 1981 we perform a program in the University Hospital, aimed at de­
fining appropriate regimens of HD chemotherapy with ABMT in adult 
patients with disseminated solid tumors, and at evaluating the effect of such 
chemotherapeutic regimens in various tumor types. 

Patients and procedures 

Fifty-two patients have been treated. Their age ranged from 20 to 66 years, 
median 40 years. 

The tumor types involved were: 
- Breast cancer (5 patients) in complete remission after induction chemo­

therapy (methotrexate, 5-fluorouracil, adriamycin and vincristin) in 
women below the age of 45 years. 
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- Ovarian cancer (10 patients) in women below the age of65 years who have 
failed standard chemotherapy (cisplatin, adriamycin and cyclophospha­
mide) with residual limited disease on diagnostic laparotomy ( 4 patients). 
Six other patients with bulky disease after standard treatment were entered 
in phase I studies. 

- Germ cell tumors (14 patients) after failure on standard chemotherapy 
with cisplatin, bleomycin, vinblastine and/or etoposide. One patient was 
treated twice. 

- Small cell lung cancer (18 patients) recurrent or progressive after standard 
chemotherapy with cisplatin, cyclophosphamide and etoposide, vincristin, 
adriamycin, procarbazine, BCNU and hexamethylamine. Nine patients 
were treated in a phase I study and also 9 patients were treated in a phase 
II study. 

- Colon cancer (1 patient), no prior chemotherapy, treated in a phase I 
protocol. 

- Malignant melanoma (1 patient). ABMT was tried following response to 
prior treatment with dacarbazine, bleomycin and vindesine. 

- Carcinoma of unknown origin (3 patients), prior treatment included 
cisplatin, adriamycin and vinblastine, mitomycin and 5-fluorouracil. 
These patients were treated in phase I ABMT protocols. 

Additional selection criteria were: no detectable tumor cells in marrow biop­
sies, smears and cultures, normal serum bilirubin and creatinin levels, no un­
treatable cardiac decompensation, a Karnofsky performance score above 60 
and an informed consent after a standard information procedure. The study 
was approved by the local medical ethical committee. 

Bone marrow collection: procedure in vivo and in vitro 

Bone marrow was collected in the 52 patients by multiple punctures from the 
posterior iliac crest under local anesthesia with lidocain without narcosis after 
premedication with 100 mg meperidine and 20 mg diazepam i.m. [5] 

The marrow was aspirated in 10 ml disposable syringes and collected in 
Hanks solution with hepes buffer and heparin, final concentration of heparin 
150.000 IU/l. The marrow was centrifuged in a Haemonetics 30S@ apheresis 
machine. After sedimentation of red blood cells in a 10% hydroxyethyl starch 
solution and concentration of nucleated cells to 200 x 106 cells per ml, cryo­
preservation followed. 

A minimum number of 2 x 108 nucleated cells per kg body weight was col­
lected. Recovery of nucleated cells, after separation of the buffy coat in the 
apheresis machine and purification of white cells by hydroxyethyl starch, was 
approximately 50%. 

Cryopreservation and reinjusion 

The nucleated cells are resuspended in autologous plasma, and 20% dimethyl­
sulfoxide (DMSO) is added in a 1:1 solution. The marrow concentrate 
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contammg 100 X 106 nucleated ctells/ml and 10% DMSO, is placed in 5 ml 
ampoules (Nunc). These are frozen in a Cryoson BV-4 liquid nitrogen con­
trolled freezer at a rate of 1.0°C/min until - 40°C. Ampoules are then trans­
ferred for storage in liquid nitrogen. 

Granulocytic-macrophage colony forming units (CFU-GM) were deter­
mined in a two layer agar system using bone marrow obtained during collec­
tion, after separation, before freezing and after thawing, to evaluate the pro­
cedure in 6 patients. The CFU-GM are routinely measured in harvested 
marrow of all patients. Immediately prior to infusion, the cryopreserved bone 
marrow is thawed in a water bath at 40°C and aspirated in 50 ml syringes 
in a laminar flow cabinet. The thawed marrow is reinfused over a standard 
blood filter into a central venous (Hickman) catheter. 

The DMSO is not washed out [6]. Patients receive 2 mg clemastine and 
60 mg prednisolone i.v. prior to all infusions containing DMSo. 

Chemotherapy regimens 

Antitumor regimens consisted of combinations of two or more of the follow­
ing drugs: cyclophosphamide 7 g/m2, etoposide range 0.9 to 3 g/m2, carbo­
platin 750 mg/m2, mitoxantrone 30-45 mg/m2, melphalan 210 mg/m2 and 
dacarbazine 1.2 g/m2. Two patients received total body irradiation in combi­
nation with teniposide 500 mg/m2. 

Transfusion support 

During the aplastic period patients were reconstituted with autologous cryo­
preserved platelets, when platelets were below 15 x 109/1 or in case of bleeding 
tendency. Thrombapheresis was done prior to ablative therapy with a Haem­
onetics V50® blood cell separator, using a platelet elutriation programme 
[7]. After centrifugation to remove red cells, DMSO 10 % and autologous 
plasma were added. The final volume of about 100 ml with a concentration 
of 5 % DMSO was frozen and stored in liquid nitrogen [8]. 

Results and discussion 

The ultimate goal of this form of treatment is to provide a perspective of cure 
or at least prolonged survival for patients with apparent incurable cancers. 
Most of our patients have been treated in studies aimed at defining tolerable 
regimens, they were in an end stage of the disease. Usually only an indication 
of the activity of a regimen can be found in that situation. 

Tumor response 

Breast cancer 
Two of four patients with breast cancer remained free of disease after more 
than 18 months. Two patients had a relapse after 4 and 8 months. One patient 
has only recently been treated and therefore not evaluable for response. 
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Ovarian cancer 
Four patients with minimal disease had a complete response. Three of these 
patients are disease-free after 12, 13 and 33 months respectively. One patient 
relapsed and died after 26 months. One patient had bulky Sertoli-Leydigcell 
cancer of the ovary, which became operable after ABMT. She is without 
evidence of disease 11 months after surgery. 

Germ cell tumors 
One patient had a complete remlSSlOn for 36 weeks. Two patients did not 
respond. Nine patients had a partial remission for a mean duration of only 
11 weeks. Two patients died during treatment, without tumor detectable on 
autopsy. 

Small cell lung cancer (SCLC) 
In the phase I studies, using 7 g/m2 cyclophosphamide and increasing dosages 
of etoposide, one patient had a partial remission of 9 months and one patient 
had a complete remission of 5 months. In the phase II study the regimen con­
sisted of 7 g/m2 cyclophosphamide and 1.5 g/m2 etoposide (patients :5 50 
years) or 0.9 g/m2 (patients> 50 years). Nine patients entered this study, six 
had a partial remission and two had a complete remission. The longest remis­
sion period was 12 months with a mean duration of remission of 5 months. 
One patient died of treatment-related toxicity. 

From these results it is evident that HD chemotherapy has a high response 
rate, however this was not translated in an increased survival in SCLC and 
germ cell tumors with the regimens that we studied. In the literature the best 
results with HD chemotherapy have been described in malignant lymphoma 
[9] and childhood neuroblastoma [10]. Our results in ovarian and breast 
cancer indicate that some patients with these tumor types could also benefit 
from this form of treatment provided that it can be instituted in a situation 
with minimal disease. 

Hematopoietic recovery 

Recovery of the hematopoiesis after HD chemotherapy depends upon a 
number of factors. The quantity and quality of the marrow surviving chemo­
therapy are important, and therefore the nature of the drugs used. It has been 
established that high dose etoposide does not require marrow substitution [11]. 
However, if alkylating agents or radiotherapy are used in patients who have 
previously been extensively treated with chemotherapy, this is less sure. 

Hematopoietic reconstruction was found to be accelerated with ABMT 
after high-dose melphalan [12] and nitrosurea [13], but this was not found in 
patients who received single agent HD cyclophosphamide [14]. 

We do not know if, after our conditioning regimen, autologous bone mar­
row reinfusion adds to the speed of hematopoietic recovery but we feel it is 
not ethically justified to omit reinfusion of bone marrow in a randomized 
study, especially because the harvesting procedure does not require general 
anesthesia, and is therefore barely a burden for the patient. 
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Animal studies showed a consistent engraftment when a minimum of 
0.5 x 108 nucleated cellslkg bodyweight were infused [2). In human subjects 
a minimum of two to four times the animal dose is given to secure engraft­
ment potential. Into our patients a mean of 1.41 x 108 nucleated cells per kg 
bodyweight was reinfused (range 0.73-2.9). 

The number of infused colony forming units in culture also has been found 
to influence the marrow reconstitutive capability especially neutrophil re­
populating ability [15). It is suggested that this correlation is only demonstrated 
for low numbers [16). In our patients mean numbers of CFU-GM transfused 
were 40.09 x 103/kg bodyweight (SD 36.80). Patients were thrombopenic (less 
than 40x109/1) for a median of 14 days (range 9-28) and leukopenic (less 
than 1. 0 x 109/1) for 15 days (range 11-22). We found no clear correlation 
between duration of thrombocytopenia or granulocytopenia and the number 
of nucleated cells or the number of CFU-GM infused. 

In contrast to allogeneic bone marrow transplantation where the marrow 
is collected from a healthy donor, autologous marrow is harvested from heavi­
ly pretreated patients. We found no correlation between the number of 
nucleated cells obtained and the degree of pretreatment, as the highest 
numbers were found in 2 women who had received 6 courses of adriamycin, 
cisplatin and cyclophosphamide for ovarian cancer and a woman who was to 
receive a second course of ablative chemotherapy with cyclophosphamide and 
etoposide after failure of previous standard treatment with cisplatin, vin­
blastine and bleomycin. 

If it is accepted that the infused marrow accelerates or garantees the recovery 
of hemopoiesis in patients treated with HD chemotherapy, it is essential that 
the optimal form of marrow recovery, storage and reinfusion are defined. The 
storage temperature is of influence on the viability of marrow. Human mar­
row CFU-GM declined to 15% after storage at 4°C after 72 hours [17). It 
seems that marrow frozen in DMSO and stored in liquid nitrogen will stay 
biologically active indefinitely though no absolute proof is available. Changes 
in ambient temperature can decrease the engraftment potentials of marrow 
specimens even with present freezing methods and storage conditions. Prob­
lems related with allogeneic bone marrow transplantation such as HLA­
incompatibility, delicate immunologic balance between graft rejection and 
graft-versus-host disease [18), immunosuppressive regimens, longstanding 
posttransplant immunodeficiency [19), (viral) infections transmitted by 
foreign graft, in vitro manipulations on graft T-lymphocytes prior to infusion 
arc all avoided in autologous bone marrow transplantation and have therefore 
no influence on hematopoietic recovery. 

Bone marrow reirifusion 

The moment of bone marrow reinfusion is determined by the period required 
for elimination of the chemotherapeutic agents from the circulation and 
therefore depends on the chemotherapeutic regimen used. 

Melphalan is cleared rapidly from the circulation [20). We found that 
etoposide was only cleared after 6 days [21). Carboplatin in the dosage used 
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was found to be still present after 7 days. In the literature usually only mar­
ginal attention is being paid to the pharmacokinetic characteristics of the 
drugs used in HD regimens. 

A number of features concerning the treatment of these patients have been 
further evaluated in our program. 

We found that bone marrow can be procured under local anesthesia and 
meperidine/diazepam analgesia on an outpatient basis and that general an­
esthesia is not necessary. Fifty-two patients underwent 54 harvesting 
procedures. 

For all 54 procedures the mean duration was 90 minutes (range 45-165 
minutes). During and after the procedure, 3 units ofleukocyte-free red blood 
cells were administered. In contrast, in 7 donors for allogeneic transplantation 
brought under general anesthesia the procedure took a mean of 160 minutes 
from the start of anesthesia. 

All patients were evaluated for complications and acceptance of the har­
vesting procedure. Forty-four patients had no complications, 4 patients 
vomitted, 4 patients had a brief period of hypotension. Acceptance was ex­
cellent in 28 patients, reasonable in 21 and poor in 3. In one patient the pro­
cedure under local anesthesia was stopped and continued under general 
anesthesia. 

A potential lethal effect of the marrow aplasia brought about by HD 
chemotherapy is the period of thrombocytopenia. The routine use of allo­
geneic platelets harbours the risk of sensitization and also of viral contamina­
tion. Both problems can be circumvented by the use of autologous platelets 
frozen before chemotherapy is instituted. We tried therefore to collect at least 
4 thrombocyte concentrates from each patient by apheresis prior to chemo­
therapy. Those platelets are frozen under protection with DMSo. We studied 
in 12 patients whether washing of the platelets to remove DMSO, inf1uenced 
platelet recovery after reinfusion. In a prospective cross-over study with wash­
ed and unwashed platelets the mean numbers of platelets infused were respec­
tively 247 and 309x109/1 [6]. 

The increment in thrombocyte levels in the patient was the same in both 
situations (11. 7 and 13.5 x 109/1). There was no side effect of DMSO contai­
ning platelet infusion, so we decided that washing out of the cryoprotective 
agent was not required. No bleeding episodes occurred in any of the patients 
who received autologous cryopreserved platelets, indicating their viability. 

The use of allogeneic blood products in severely immune suppressed 
patients implicates a risk of graft-versus-host disease (GvHD). As GvHD is 
not usually seen in patients receiving chemotherapy we did not institute irra­
diation of allogeneic blood products in the first 25 patients. In 4 patients this 
was found to lead to histological signs in the skin of graft-versus-host disease 
[22]. All of these patients had symptoms (erythema of the skin and/or diar­
rhea) that can in retrospect be ascribed to GvHD). We therefore advocate 
irradiation of all allogeneic blood products infused in these patients. 
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Conclusion 

The curative perspective of high-dose chemotherapy for resistant neoplasms 
is no longer limited by hematopoietic toxicity. Trials on the most effective 
drug combinations to the most suitable tumors are underway in many centers. 
Long-term survivors have been seen in our treatment modality only in ovarian 
and breast cancer patients, and not in patients with small cell lung cancer and 
germ cell tumors. Decontamination procedures of bone marrow with tumor 
cells will become of importance as soon as long-term remission emerge with 
these treatment modalities, indicating cure or control of primary disease 
localizations. 
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DISCUSSION 

M.R. Balie and S.B. Moore 

S.F Leitman (Bethesda): Dr. Mulder, four of your patients developed posttrans­
fusion GvHD. Two fo the patients were treated with total body irradiation. 
Did both of the irradiated patients develop GvHD or were the GvHD 
patients treated with chemotherapy alone? 

POM. Mulder-Dykstra (Groningen); There were only two patients who were 
treated with total body irradiation and teniposide. Graft-versus-Host disease 
did not occur in these two patients. 

S.F Leitman: These are the first reported cases of posttransfusion GvHD in 
breast and ovarian solid tumor patients. However, the chemotherapy they 
received was much more aggressive than standard chemotherapy for these 
tumors. 

Dr. Sintnicolaas, the platelets that you used on your microplate were pre­
served. Were they cryopreserved? 

K. Sintnicolaas (Rotterdam): Yes, the platelats were cryopreserved III DMSo. 

J Ord (Brentwood): Dr. Sintnicolaas, I am interested to know how many of 
your ELISA negative patients, who have a negative ELISA cross-match, gave 
a cytotoxic positive test. The reason I ask this question is because in our ex­
perience the ELISA test is relatively insensitive for HLA-antibodies. 

K. Sintnicolaas: We had in the patients with a good transfusion response one 
out of the 24 with a positive lymphocytotoxic cross-match. But we also per­
formed lymphocytoimmunofluorescence and there were more positive reacti­
ons, I think 4 or 5. 

J Ord: You would ignore the cytotoxic positive reaction if the ELISA test was 
negative. Is that your conclusion? 

K. Sintnicolaas: Yes. 

s.B. Moore (Rochester): Dr. Mulder, I was fascinated by the description of the 
four cases of mild transfusion induced Gv HD, because of the fact that the ex­
perience in the literature with transfusion induced Gv HD is almost invariably 
fatal. I am wondering if you like to comment on that. 
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Po.M. Mulder-D&kstra: All these patients have died. They also had progression 
of the tumor, but they died of GvHD. 

G. Sciorelli (Milan): Dr. Terness, I was very impressed by your data. What is 
the percentage of pooled red cells that you have to reinfuse after antibody 
treatment to induce the suppression. 

PTerness (Heidelberg): The animals were pretreated once or :3 times with anti­
body coated cells and then they received repeatedly about 1 ml untreated 
blood cells. We could repeatedly transfuse them with strongly incompatible 
cells without any antibody response. The antibody response was completely 
suppressed in some models. 

G. Sciorelli: How many cells did you coat with antibody for every injection? 

P Terness: If we used leukocytes, we coated 5 million of leukocytes. If we used 
whole blood to pretreat animals, we used an amount of 1 ml whole blood and 
coated the cells with antibodies. 

Pc. Das (Groningen): Dr. Lowenberg, does purging of the bone marrow influ­
ence disease-free survival? How about engraftment? 

B. Lowenberg (Rotterdam): I showed the in vitro methodology and an ongoing 
trial using autologous bone marrow. This trial is carried out with non-purged 
bone marrow. In fact the slow repopulation data are based on non-purged 
bone marrow. This is by itself very interesting. Repopulation from the auto­
graft in patients with AML is significantly delayed as compared to patients 
with ALL or patients with solid tumors. This is now becoming clear from 
several studies and it points out, that we have to separately consider the effect 
of purging on repopulation. It is suggested that the disease by itself (AML) 
has a relationship to delayed regeneration. 

P Rebulla (Milan): Dr. Sintnicolaas, why do you chose the 20% recovery as 
a measure of effective transfusion? In our experience leukemia patients with­
out HLA antibodies have a recovery which is well above 20% if they receive 
random platelets. Their actual recovery is in the range between 40 and 60 of 
expected. So, we should try to better define what is an effective platelet trans­
fusion as far as the recovery is concerned. 

K. Sintnicolaas: Well, it is very difficult to say what the precise limit is of the 
level below which you can call transfusion a failure and above which you can 
call it a success. The data in the literature mostly expressed as corrected count 
increments are comparable to this 20% when you compare the formula's. We 
have based this upon literature data and on non-sensitized patients, who 
received platelet transfusions. I agree that most transfusions will have re­
coveries about 40 to 50%, but it is a wide range one can observe in non­
sensitized patients. 



II. CLINICAL ASPECTS 
B. Absence of cells 



CLINICAL USE OF LEUKOCYTE POOR RED CELL 
CONCENTRATES 

].Th.M. de Wolf 
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Leukocytes present in blood components are associated with some more or 
less important transfusion complications: The production of alloantibodies 
directed against HLA andlor leukocyte specific antigens can be the cause of 
febrile non-hemolytic transfusion reactions (FNHTR) and of refractoriness to 
platelet transfusion; immunocompetent leukocytes transfused to severely 
immunodeficient patients may react against the tissues of the recipient and 
may develop graft-versus-host disease (GvHD). Finally, substantial clinical 
evidence exists for the transmission of cytomegalovirus by leukocytes. 

We will discuss the clinical relevance of these complications and the neces­
sity for transfusing leukocyte depleted blood to prevent these. Since there are 
better ways to prevent GvHD (irradiation) and CMV infection (CMV neg­
ative blood), these subjects will not be discussed, 

Febrile non-hemolytic transfusion reaction (FNHTR) is defined by the following 
criteria: Temperature rise of 1°C or more during or within four hours follow­
ing transfusion; normalisation of the temperature within 48 hours; no other 
causes of fever such as infectious disease and no signs of hemolytic transfusion 
reaction. 

The reported incidence of FNHTR ranges from 1.6-3.8% [1,2], in the early 
1960s to 0.4-0.73% [3,4] in the 1980s. To identify the different causes Decary 
et al. [3] analysed non hemolytic reactions following the transfusion of 26,318 
units of blood components on 5,030 occasions giving an incidence per unit 
of 0.73%. The highest incidence of reactions was associated with white cell 
infusions (6.49%). The second highest incidence was with concentrated red 
cells (1.06%). Patients who had been transfused but who did not manifest any 
reaction were used as a control group. 

With the use of a lymphocytotoxicity test with a prolonged incubation time, 
significantly more antibodies were detected in pre transfusion specimens from 
reactors (reactors: 51/101 positive, controls: 17/5 7 positive). In posttransfusion 
specimens from reactors, more antibodies were detected than in the pretrans­
fusion specimens, however this higher incidence was not statistically signifi­
cant. Other tests to detect antibodies included: Indirect immunofluorescence 
tests on lymphocytes and platelets, the leukocyte agglutination test and an 
ELISA test for platelet antibody. Three or four randomly selected donors 
were used with the application of all these tests; antibodies were detected in 
66% of the reactors and in 30% of the controls. 

The fact that not in all cases antibodies were detected may be explained by 
the small number of donors used in the tests and therefore antibodies directed 
against antigens of low frequency were not demonstrated. 



104 

Thulstrup [5] investigated sera from 274 patients with FNHTR and 
demonstrated leukocyte agglutinating antibodies in 48.9% and lymphocyto­
toxic antibodies in 54%. Matching of the sera of 39 of these patients with 
leukocytes and platelets of the donors whose blood actually caused the reac­
tion, demonstrated incompatibility in all cases. In 26 cases sera were tested 
against control cells from donors whose blood had not caused reactions, a 
positive result was only found in one. De Rier et a1. [6J looked for antibodies 
against leukocytes and platelets in the sera from fortv patients with FNHTR. 
They used an immunof1uorescence test on platelets, granulocvtes and 
lymphocytes, as well as a leukocyte agglutination test and a lymphocytotoxic­
ity test. \Nith these tests antibodies were found in all forty sera when tested 
against the cells of at least nine donors. If only lymphocytotoxicity and plate­
let suspension immunof1uorescence test were used, antibodies could be detec­
ted in 39 of 40 sera. Most frequently HLA antibodies were detected but also 
platelet specific antibodies were quite frequent: at least 25 %; the least fre­
quent were granulocyte specific antibodies (10%). 

Menitove [4] reported 253 FNHTR after transfusion of 99,658 units of 
blood (0.5%); 144 of the reacting patients were transfused with RCC's. Only 
21 (15%) had a second reaction. Therefore, it seems reasonable to wait with 
precautions until the patient has had three consecutive FNHTR. Perkins [7] 
thoroughly studied eight patients with recurrent FNHTR and found that al­
though the sensitivity of each patient differed with respect to the number of 
incompatible white cells which could be tolerated without reaction, infusion 
of less than 0.25 x 109 leukocytes caused no reaction in any of them; that is, 
if blood depleted for more than 95% of the leukocytes is transfused, febrile 
reactions did not occur in these eight patients. 

There are several ways to remove leukocytes from blood: Centrifugation, 
washing, sedimentation, freezing and thawing, and the use of specific leuko­
cyte depletion filters. The shelf life of blood processed by these methods is 
24 hours. Leukocyte depletion ranges from 80-100%, red cell loss varied from 
10-40%. Microaggregate blood filters (MABF) remove 46-84% of the white 
cells [9], especially granulocytes. Combined with centrifugation they remove 
74-91 % of the leukocytes. The efficiency varies directly with the shelf life of 
the unit. 

The use of MABF reduces the incidence of FNHTR by 77%. If MABF 
is combined with centrifugation the reduction is 98%. The advantages of the 
use of MABF above the other leukocyte depleting techniques are the lower 
costs and the simplicitv: It can be used at the bedside. Therefore, if a patient 
has experienced three febrile reactions after transfusion of blood products one 
should initially use microaggregation blood filters for the prevention of 
FNHTR. If this appears to be insufficient, blood should be depleted of leuko­
cytes by filtration with a specific leukocyte depleting filter, saline washing or 
freezing and thawing. 

In summary: In the literature there is ample evidence that FNHTR are 
induced by leukocyte alloantibodies. In the case that a patients experiences 
a FNHTR it must be considered, whether specific measures should be taken 
to prevent such a reaction. 



105 

The development of refractoriness to platelet transfusion (alloimmuniation) is the 
second complication associated with the transfusion of leukocytes. 

When poor posttransfusion platelet increments occur at two or more con­
secu tive occasions in the absence of fever, infection, sepsis, disseminated 
intravascular coagulation, bleeding and splenomegaly, patients are considered 
refractory to platelet transfusion [10]. Acceptable posttransfusion count incre­
ments are: A percentage recovery at 1 hour of 30 and at 24 hour of 20 [11], 
corrected increment (ci) of 7.5x103 at 1 hour and 4.5x103 at 24 hour [12] or 
corrected count increment (cci) of lOx 103 at 1 hour and of 7.5x103 at 24-
hour [13]. 

Daly et al. [13] demonstrated a close correlation between a poor one hour 
cci and the presence of Iymphocytotoxic antibodies in the patient. vVhen these 
patients were given HLA-matched platelets a significantly better post trans­
fusion platelet increment was noticed. 

A poor 24 hour increment was seen in patients with fever, infection, bleed­
ing and DIe, indicating a poor platelet survival. From thalassemic and 
kidney transplant patients transfused with leukocyte poor blood products it 
is known that this can reduce the incidence of alloimmunization. 

Sirchia et al. [14] transfused 11 thalassemic children over a period of 10 
years with 12 -129 units of leukocyte free red cells per patient (buffy coat 
deprived red cells were filtered through a specific leukocyte depleting filter, 
followed by two additional centrifugations). A control group of 13 thalassemic 
children were transfused with 49-108 buffy coat deprived red cell transfusions 
each. No patient treated with leukocyte free red cell transfusions produced 
antilymphocyte, antigranulocyte or antiplatelet alloantibodies, whereas 69% 
of control patients were immunized. 

Fisher et al. [15] transfused 24 previously non-transfused patients awaiting 
renal transplantation at 14-day intervals three times 2 x 1010 platelets. 1\velve 
patients received platelet suspensions contaminated with 15 x 10° leukocytes 
per transfusion. The other twelve received suspensions with less than 5 x 106 

leukocytes per transfusion. Five patients in the first and none in the second 
group developed Iymphocytotoxic antibodies. Studies in leukemic patients 
concerning the reduction effect of leukocyte poor blood products on allo­
immunization are not consistent. 

Eernisse et al. [12] showed in a retrospective study, using leukocyte depleted 
blood products, a reduction in alloimmunization from 93 (26/28) to 24% 
(16/68). Red blood cells were depleted of leukocytes with the use of a specific 
leukocyte depleting filter. With an additional centrifugation of pooled platelet 
concentrates the leukocyte contamination was reduced to 5 x 106/concentrate. 

Schiffer et al. [16] performed a prospective study in acute non-lymphocytic 
leukemia patients. The patients received frozen, deglycerolized red blood cells 
and platelet concentrates with 0.12 x 108 leukocytes/unit in the leukocyte 
depleted group and 0.65 x 108 leukocytes/unit in the control group; 42 % of 
the control group (13/31) and 20% (5/25) of the patients receiving leukocyte 
depleted platelets became alloimmunized. The difference was not statistically 
significant (p=0.071). Furthermore, 19% of the control group and 16% of the 
leukocyte depleted group required HLA-matched donors during remission 
induction because of poor count increments. 
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Of the patients who had not been previously transfused or pregnant 33 % 
of the control group and 27 % of the leukocyte depleted group became allo­
immunized. This difference is not significant. Murphy et al. [17] also studied 
prospectively the effect of leukocyte poor blood products on alloimmuniza­
tion. Leukocyte poor red cells were prepared using a specific leukocyte de­
pleting filter; the maximum accepted leukocyte count per unit was 8 x 106 . 

The mean leukocyte contamination of platelet concentrates in the control 
group was 5.38x109 , in the leukocyte depleted group 0.07-0.22x109 per con­
centrate. A third group received leukocyte poor HLA-matched platelet con­
centrates. As a result 48% (15/31) in the control group and 16% (3/19) in the 
leukocyte depleted group developed HLA antibodies (p=0.02), and none in 
the HLA-matched group; 23% in the control group and 5% in the leukocyte 
depleted group became refractory to platelet transfusion and needed HLA­
matched platelet transfusion. 

In summary, although not proven for all categories of patients it seems very 
suggestive that transfusion of leukocyte poor or leukocyte free blood products 
reduces or prevents alloimmunization. Concerning red blood cells, it is very 
costly and time consuming to prepare leukocyte free red cells in the way 
Sirchia [14] does. In this context the following studies might be of interest: 
Oh et al. [18] transfused 6 groups of rhesus monkeys three times with whole 
blood. Group A received fresh blood, B received I-week old blood, C received 
2-week old blood, D received 3-week old blood, E received 4-week old blood 
and F received I-week old platelet suspension. One week following each trans­
fusion serum was tested for lymphocytotoxicity. The results showed that the 
longer blood was stored the less was its immunogenicity, especially after 
storage for more than 3 weeks. Dzik et al. [19] investigated changes in mono­
nuclear subpopulations in whole blood stored under standard Blood Bank 
conditions. During the first week of storage the percentage of viable cells 
bearing T-lymphocyte markers, declined from 66% to 29%. When whole 
blood was stored at room temperature (22°C) these changes did not occur. 
Light et al. [20] also studied the effect of storage on the cellular characteristics 
of blood. They found a rapid disappearance of T·cells and other cells bearing 
HLA-antigens especially after storage of 17 or more days. Functional analysis 
of the cells revealed virtual disappearance of MLC and mitogen responsive­
ness. For these reasons we think it is worthwhile to examine the effect of trans­
fusion of RCC's stored for more than 3 weeks in combination with leukocyte 
free platelet transfusion on the incidence of alloimmunization in leukemic 
patients. 



107 

References 

1. Ahrons S, Kissmeyer- Nielsen F. Serological investigations of 1358 transfusion 
reactions. Dan Med Bull 1968;15:259-62. 

2. Kevy SV, Schmidt PJ, McGinnis MH, Workman WG. Febrile, non-hemolytic 
transfusion reactions and the limited role of leuko-agglutinins in their etiology. 
Transfusion 1962;2:7-16. 

3. Decary F, Ferner P, Girvidoni L et aJ. An investigation of nonhemolytic trans­
fusion reactions. Vox Sang 1984;46:277-85. 

4. Menitove JE, McElligott MC, Aster RH. Febrile transfusion reaction: What 
blood component should be given next? Vox Sang 1982;42:318-21. 

5. Thulstrup H. The influence of leukocyte and thrombocyte incompatibility of 
non-hemolytic transfusion reactions. Vox Sang 1971;21:233-50. 

6. De Rier MA, van der Plas-Dalen CM, Engelfriet CP, von dem Borne AEG Kr. 
The serology of febrile transfusion reactions. Vox Sang 1985;49:126-34. 

7. Perkins HA, Payne R, Ferguson J, Wood M. Nonhemolytic febrile transfusion 
reactions. Vox Sang 1966;11:578-600. 

8. Meryman HT, Hornblower M. The preparation of red cells depleted of leuko­
cytes. Transfusion 1986;26:101-6. 

9. Wenz B. Microaggregate blood filtrations and the febrile transfusion reaction. 
Transfusion 1983;23:95-8. 

10. Kelton JG, All AM. Platelet transfusion - a critical appraisal. In: Schiffer CA 
(ed). Clinics in oncology. London: WA Saunders PubJ. 1983;2:549-87. 

11. Slichter SJ. Controversies in platelet transfusion therapy. Ann Rev Med 1980; 
31:509-40. 

12. Eernisse JG, Brand A. Prevention of platelet refractoriness due to HLA­
antibodies by administration of leukocyte-poor blood components. Exp Haemat 
1981;9:77 -83. 

13. Daly PA, Schiffer CA, Aisner J, Wiernik PH. One hour posttransfusion incre­
ments are valuable in predicting the need for HLA-matched preparations. 
JAMA 1980;243:435-8. 

14. Sirchia G, Rebulla P, Mascaretti L et al. The clinical importance of leukocyte 
depletion in regular erythrocyte transfusions. Vox Sang 1986;51(suppl.1):2-8. 

15. Fisher M, Chapman JR, Ting A, Morris PJ. Allo-immunization to HLA anti­
gens following transfusion with leukocyte-poor and purified platelet suspensions. 
Vox Sang 1985;49:331-5. 

16. Schiffer CA, Dutcher JP, Aisner J, Hogge D, Wiernik PH, Reilly JP. A ran­
domized trial of leukocyte-depleted platelet transfusion to modify allo­
immunization in patients with leukemia. Blood 1983;62:815-20. 

17. Murphy MF, Metcalfe P, Thomas H et aJ. Use of leukocyte-poor blood compo­
nents and HLA-matched platelet donors to prevent allo-immunization. Brit J 
Haemat 1986;62:529-34. 

18. Oh JH, McClure HM. Lymphocytotoxic antibodies induced by fresh blood, 
stored blood, and platelets in rhesus monkeys. Transplant Proc 1982;14:410-2. 

19. Dzik WH, Neckers L. Mononuclear cell-surface antigens during storage of 
banked blood. Transplant 1984;38:67-71. 

20. LightJA, Metz S, Oddenino K et aJ. Donor-specific transfusion with deminished 
sensitization. Transplant 1982;34:352-5. 



MANAGEMENT AND PREVENTION OF 
CYTOMEGALOVIRUS INFECTION 

T.H. The, W. van der Bij 

Introduction 
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Cytomegalovirus (CMV), a member of the family of Herpesviridae, is com­
monly spread in man. Infectious CMV is excreted in the saliva, urine, breast­
milk, cervix and semen, also by apparently healthy individuals. This is the 
main reason for its ubiquitous nature. 

CMV infections in experimental animals and natural infections in man 
have clearly demonstrated an intricate and close relationship between CMV 
and immunological response in the host. While a virus specific immune 
respUllse is mounted to limit the virus spread, CMV infection is also likely 
to cause a serious depression of hosts' immune response. The resultant effect 
in healthy immunocoinpetent individuals is usually an asymptomatic sero­
conversion or a mononucleosis. However, active CMV infection may be asso­
ciated with significant morbidity and mortality in patients with a deficient 
(cellular) immune system, such as premature newborn infants, congenital 
and acquired immunodeficiency syndromes, malignant diseases treated with 
intensive chemotherapy and irradiation, and immunosuppressed organ­
transplant and bone marrow transplant recipients. 

The essential role of cell mediated immunity has been well recognized in 
bone marrow transplant recipients who developed CMV infection. Patients 
with CMV infections who developed CMV specific cytotoxicity lymphocyte 
responses survived, but patients who failed to generate these responses gener­
ally died of CMV infection [1]. In addition, patients with fatal infection had 
depressed levels of natural killer cell and antibody-dependent killer cell activity 
before and during their CMV infection, while patients who survived did not. 
Thus, a correct evaluation of the crucial phase of the intricate relationship 
between CMV induced immunosuppression and host immune response is 
most important in the management of patients at risk. 

It is important to note that a significant number of these infections is trans­
mitted by blood transfusions and organ transplantations, especially when 
seronegative recipients receive organs from seropositive donors. These indi­
viduals acquire a so-called primary CMV infection and because a pre­
existing immunity is not yet present the clinical symptoms in this group are 
more pronounced than in recipients who are already CMV-seropositive and 
have built up virus-specific memory T cells. However, this statement is relative 
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because secondary CMV infections, caused by reinfections with other CMV 
strains or reactivation of latent CMV infections can also cause serious clinical 
problems in patients depending on their cellular immunocompetence under 
the given immunosuppressive therapy. Therefore, transfusion transmitted 
CMV infections are becoming increasingly important. This article will deal 
with the importance of early and reliable diagnostic techniques in the man­
agement and prevention of serous infections. 

CMV-replication and viral antigens 

The human CMV is a highly species-specific, double-stranded DNA virus 
with a large genome of 235 kB with a coding capacity of at least 70 proteins. 
Infection of fetal fibroblasts with AD169, one of the laboratory strains of 
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Figure 1. Distinct phase in the replication cycle of human cytomegalovirus - CMV 
= cytomegalovirus enveloped virion particle: lEA (a) = immediate early antigens, 

appearing diffusely in the nucleus within one hour after entry of CMV into the cell; 
EA ({J) = early antigens induced at about 3 hours after infection which predominant­
ly accumulate in the nucleus in the absence of viral DNA-replication (6. ) early mem­
brane antigens; ((J'Y) = after onset of viral DNA-synthesis, which occurs about 24 
hours after infection, nuclear inclusions are formed but infectious virus cannot be 
demonstrated yet (D) late membrane antigen; LA (1') = late antigens, present in 
the nucleus as large nuclear inclusions and in the Golgi-region, being a predominant 
site of viral envelopment; (A , D) prominent expression of membrane antigens; (e) 
(possible) expression of viral envelope antigens or virus particles bound to the cell 

surface. 
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CMV, is a widely used system to have the CMV-specific antigens at one's dis­
posal for diagnostic and immunological studies. After infection several CMV 
encoded antigens and induced host cell proteins appear intracellularly and on 
the surface membrane. Based on blocking of host cell metabolism and on 
patterns and localization of immunofluorescence with human sera three dis­
tinct phase of the infectious cycle can be defined, marking the emergence of 
immediate early, early and late antigens (lEA, EA and LA) (Fig. 1). The final 
result of the 'teamwork' of these subsequent phases is the release of new infec­
tious viral particles and death of the host cell [2]. 

Detection of CMV in blood 

Cytomegalovirus is transmittable by blood transfusions and especially leuko­
cyte transfusions. These observations support our notion that we are dealing 
with a cell-associated virus and therefore the question arises whether CMV 
could be detected in certain cell types. Although for many years it is known 
that the virus can be transmitted by transfusions with blood from CMV­
seropositive donors, viral cultures from blood cells derived from buffy coat 
from these donors were negative. It is important to note that infectious virus 
could only be isolated from leukocytes from patients with an active CMV 
infection. 

Interestingly, Schrier and Old stone [3] reported that HCMV specific 
messenger RNA is detectable in the CD4+ subpopulation ofT lymphocytes 
in latently infected healthy subjects. The foregoing results indicate that CMV 
might be present in an incomplete form as CMV-DNA in certain lymphocytes 
from healthy individuals with a latent infection. The results of studies in 
patients after kidney transplantation have shown that positive virus isolation 
from the buffy coat (CMV-viremia) is related to those acute CMV infections 
with overt symptoms of disease. Using CMV specific monoclonal antibodies 
against immediate early antigens (CMV-IEA), prepared in our laboratory, we 
recently succeeded in showing these antigens in blood leukocytes from pa­
tients with an active CMV infection [4]. These CMV-IEA positive cells were 
only detected during the onset of disease in relation with the period of clinical 
symptoms of CMV infection and that these cells have the morphology of 
polymorphonuclear leukocytes and monocytes. Very rarely lymphocytes were 
positive which were T cells and not B lymphocytes. In a prospective longi­
tudinal study in patients after organ transplantation the emergency of CMV­
antigen positive blood leukocytes reached a peak, decreased and disappeared 
thereafter at the moment of the appearence or rise of virus-specific circulating 
antibodies. CMV antigens appeared, on average, nine days before a signifi­
cant rise of antibody levels. The test was positive in patient groups with a 
primary as well as a secondary CMV infection. The test is virus-specific and 
of clinical relevance for the early and rapid diagnosis (within a few hours) of 
an active CMV infection and its possible therapeutic consequences. The 
essential steps of its method are presented in Table 1. 
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Table 1. Method of CMV antigen detection in blood leukocytes. 

- Isolation of peripheral blood leukocytes 
- Cytocentrifuge-preparations (~100 x 103 leukocytes) 
- Indirect immunoperoxidase staining with: 

(three) monoclonal antibodies against CMV-IEA 
- Detection and (semi)quantification of lEA positive leukocvtes 

Management of CMV infections 

Especially in organ transplantation and bone marrow transplantation the 
management of CMV infections is difficult because the symptoms of infec­
tion resemble graft rejection and graft-versus-host disease. Therefore reliable 
and rapid methods are necessary for a correct diagnosis at the beginning of 
the disease because of the obvious important clinical implications with regard 
to the dosage of the immunosuppressive regime, which in cases of CMV 
infections has to be lowered, whereas graft rejections require high doses of 
these drugs. Diagnostic methods can be invasive in patients with pneumon­
itis, requiring lung biopsies for detection of the causative infectious agents. 
Evaluation of these difficult clinical situations could be aimed by following 
these patients with a sensitive serological method, a CMV-ELISA test. Sero­
conversions or significant rises, especially of IgM antibodies against CMV 
late antigens have been proved to be quite successful. Further improvement 
of diagnostic facilities is provided by rapid virus isolation methods from blood 
leukocytes developed by Griffiths et al. [5] using CMV-specific monoclonal 
antibodies applied on early virus isolates, and by our direct detection of virus­
specific immediate early antigens in circulating blood leukocytes. For the 
patients with organ transplantation the diagnosis of acute infections implies 
a reduction or stopping of the immunosuppressive regimen in order to permit 
the host to recover from the CMV infection. Antiviral chemotherapy with 
dihydroxy-propoxy-methyl guanine and Foscarnet is applied increasingly in 
clinical trials, with varying success. In addition, treatment of patients with 
hyperimm une gammaglobulin fractions showed promising results [6,7]. 

Prevention of CMV infection 

In patients belonging to the above mentioned high risk groups for serious 
CMV infections prevention and treatment of CMV infections is essential, 
and such a strategy is shown in Table 2. 

Table 2. Prevention and treatment. 

- Serological detection 
- Selective use of 'CMV-negative' blood 
products 

Acceleration immune reconstitution, I.e. 
tapering of immunosuppression 

- CMV immunoglobulins 
- Antiviral chemotherapy 
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First, serotyping of recipients with a sensitive ELISA method for IgG anti­
CMV-LA antibodies is needed to recognize CMV-seronegative from the posi­
tive individuals. Especially the seronegative ones need blood or blood cells 
and, if possible, also organs from CMV-seronegative donors. Prevention of 
secondary CMV infection may be partially achieved by using leukocyte-free 
blood in stead of whole blood for transfusion to CMV-seropositive recipients. 
In addition, the use of leukocyte depleted and stored blood in stead of fresh 
blood also reduces CMV infectivity. 
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GRAFT-VERSUS-HOST DISEASE AND THE ROLE OF BLOOD 
PRODUCT IRRADIATION 

S.F. Leitman, M.D. 

Introduction 

Antigenic differences between the donor and the recipient in a blood trans­
fusion may lead to a variety of immunologic reactions following transfusion. 
Most frequently, this involves immunologic rejection of transfused red cells, 
white cells, or platelets. However, on rare occasions the reaction may occur 
in the opposite direction, and immunologically active lymphocytes in a trans­
fused unit may generate a severe reaction against the recipient. This is known 
as a graft-versus-host (GvH) reaction. It has become clear that GvH reactions 
may occur whenever immunologically competent allogeneic lymphocytes are 
transfused into an immunocompromized host. 

The aggressive and widespread use of chemotherapy, radiation therapy, 
and bone marrow transplantation in the treatment of neoplastic and non­
neoplastic diseases has resulted in a large population of patients at risk of de­
veloping posttransfusion Gv H disease. Increased demands have been placed 
on transfusion services to supply blood products from which all mitotically ac­
tive lymphocytes have been removed. It now appears that the most efficient 
way to eliminate immunocompetent mononuclear cells from blood products 
is by exposure to ionizing radiation. In this review, the etiology of posttrans­
fusion GvH reactions and the patient populations documented to be at risk 
of this disorder will be discussed. The efficacy of varying doses of irradiation 
on eliminating viable lymphocytes from blood products, and the potential for 
radiation-induced damage to other cell types in the irradiated unit will be 
reviewed. 

Pathogenesis of graft-versus-host reactions 

Animal systems have provided useful model for determining the etiology of 
graft-versus-host disease (GvHD). Newborn mice and lethally irradiated adult 
mice develop a fatal 'runting syndrom', characterized by weight loss, diar­
rhea, lymphoid atrophy, and hepatic necrosis following transfusions of hetero­
logous spleen, lymph node, thymus, buffy coat, or bone marrow cells. [1,2]. 
Mature T lymphocytes carried in the donor inoculum have been shown to be 
the effector cells in this murine model of GvHD, whereas antigens of the 
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major (H -2) histocompatibility locus act as the targets of the reaction [3,4 J. 
Spleen cells transplanted from neonatally thymectomized mice can recon­
stitute hematopoiesis in irradiated recipients without causing Gv HD [5 J. 
Elimination of mature T cells from murine donor marrow by pretreatment 
with monoclonal anti-T cell antibodies plus complement can prevent Gv HD 
even in mice transplanted across major histocompatibility barriers [6J. Lethal 
GvHD has also occurred in irradiated mice receiving infusions of H-2 iden­
tical allogeneic lymphocytes; as few as 3 x 104 total T cells can cause Gv HD 
in such donor-recipient pairs. Differences in minor (non H-2) histocompati­
bility antigens are assumed to be responsible for the reaction in such cases, 
although the precise identity of these target antigens is not known [7J. 

The occurrence of GvHD in man closely follows the pattern predicted by 
murine models. Donor T cell stimulation in response to the histocompatibil­
ity antigens of the host is thought to initiate the process [8J; Since extensive 
polymorphisms exist in both the major histocompatibility (HLA) locus of 
man as well as in minor, poorly described, tissue histocompatibility antigens, 
severe GvH reactions are common not only in recipients of HLA-incompati­
ble marrow, but also in recipients of 'HLA-identical' sibling grafts. Currently, 
30 to 60% of patients receiving marrow transplants from HLA-matched 
siblings will develop clinically significant acute GvHD, and 15-20% of trans­
planted patients will die of its complications [9J. 

The factors involved in determining which patients will develop acute 
GvHD following HLA-matched marrow transplantation, and in predicting 
the severity of their reactions, are not well defined. Older recipient age and 
sex-mismatched donor-recipient pairs, especially female-to-male transplants, 
have been associated with an increased occurrence of acute GvH reactions, 
whereas protective isolation has been shown to decrease their frequency and 
severity [1OJ. Systemic bacterial infection may both initiate and potentiate 
GvHD via the immunostimulatory effects of endotoxin. Circulating endo­
toxin released during Gram negative bacteremia has been shown to augment 
the response of T cells to alloantigen in vitro and enhance the reactivity of 
donor T cells to host antigens in vivo [11 J. 

Treatment of established GvHD using immunosuppressive drugs such as 
corticosteroids, anti thymocyte globulin, or cyclosporine is generally unsuc­
cessful, and efforts have focused on prevention. Attempts to avert Gv HD 
following bone marrow transplantation have followed two routes: treatment 
of the recipient with systemic immunosuppressives, and treatment of the 
donor marrow with agents that deplete it of T cells. Use of methotrexate or 
cyclosporine, alone or in combination with antithymocyte globulin, steroids 
or other drugs, may decrease the incidence and severity of acute GvHD if the 
agents are begun immediately after grafting and continued for 3 to 12 months 
[12-14], but they do not eliminate it entirely. In constrast, significant GvHD 
has been successfully avoided by depletion of mature T cells from donor mar­
row inoculum [15,16]. Several methods are available to accomplish this, in­
cluding immunologic removal of T cells by incubation with monoclonal anti­
T cell antibodies plus complement [17,18], or with antibodies linked to toxins 
or bound to magnetic beads [15,19], as well as physical removal by lectin 
agglutination and E-rosetting [20] or counterflow elutriation [21]. However, 
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the beneficial effect of T cell depletion on preventing severe Gv H reactions 
had been counterbalanced by the increased incidence of both graft rejection 
and leukemic relapse in recipients of T cell depleted marrow allografts [17,18]. 

Clinical manifestations of Gv H reactions 

Both posttransfusion and posttransplantation GvHD are characterized by 
abnormalities in three target organs: the skin, the liver, and the gastrointes­
tinal tract [22-25]. The earliest symptoms, fever and rash, appear 3 to 30 days 
following transfusion and are followed by profuse watery diarrhea, marked 
jaundice, and pancytopenia. Since symptoms of fever, rash, hepatitis, and 
diarrhea are relatively nonspecific, it may be difficult to support the diagnosis 
of posttransfusion GvHD on clinical grounds alone. Confirmatory studies 
may include cytogenetic analysis of donor and recipient tissues, especially in 
cases of sex disparity, and HLA typing of donor and recipient lymphocytes 
[26-29]. In addition, histologic confirmation can be achieved by skin biopsy, 
which typically shows hyperkeratosis, lymphocytic infiltration, and vacuolar 
degeneration [30], and by bone marrow biopsy, which often reveals a histio­
cytic infiltrate with erythrophagocytosis [31]. 

In contrast to the clinical recognition of posttransplantation GvHD, which 
is easily identified whether the symptoms are mild or severe, cases of post­
transfusion GvHD have been recognized only when the patient was severely 
affected, and the outcome has been fatal in 90 % of cases. In accord with expe­
rience gained in the posttransplantation setting, attempts at treating estab­
lished, severe posttransfusion GvHD with immunosuppressive agents have 
been uniformly unsuccessful [22-24]. Thus, similar to the posttransplantation 
setting, attention has focused on prevention of the disorder and determina­
tion of high risk groups. 

Posttranfusion GvHD: patient risk groups 

Premature and full term neonates have a small but well-documented risk of 
GvHD following blood transfusion. The disorder has been reported in seven 
infants who received either exchange transfusions or intrauterine as well as 
exchange transfusions [32-35], and in one infant who received only platelets 
of maternal origin [36] Crable 1). The outcome was uniformly fatal. Since it 
is likelv that only fatal cases were recognized and confirmed by autopsy or 
H LA studies, the actual risk of posttransfusion Gv HD in this population is 
unknown, and may be considerably higher than the small number of reported 
cases would suggest. 

Children with congenital immune deficiency syndromes involving severe 
impairment in cellular immunity appear to be at considerable risk of post­
transfusion GvH reactions. Eleven cases have been fully documented (Table 
2) and include three patients whose transfusions consisted only of fresh non­
frozen plasma, containing less than 107 lymphocytes per unit [37-39]. In ad­
dition, engraftment of intrauterine-derived maternal lymphocytes is common 
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Table 1. Clinical features of neonates with posttransfusion GvHD. 

Diagnosis Age Product transfused' Ref. 

1. Prematurity 33-wk gestation ExTx (x2) 31 
2. Prematurity 28-wk gestation 600 ml WB ExTx 32 
3. HDN** 32-wk gestation IU Tx (600 ml PRBC) 33 

ExTx (1000 ml WB) 
4. HDN Term ExTx (1500 ml WB) 
5. HDN 33-wk gestation IU Tx (x3); ExTx (x6) 34 
6. HDN 36-wk gestation IU Tx (230 ml PRBC) 35 

ExTx (x5) 
7. HDN 36-wk gestation IU Tx (220 ml PRBC) 35 

ExT x (x2) 
8. NAIT*** Term Maternal platelets 36 

* ExTx = exchange transfusion; IU Tx = intrauterine transfusion; 
WB = whole blood; PRBC = packed red blood cells. 
** HDN = hemolytic disease of the newborn. 
*** NAIT = neonatal alloimmune thrombocytopenia. 

Table 2. Posttransfusion GvHD in patients with congenital immuno-
deficiency syndromes. 

Diagnosis Age Product transfused * Ref. 

1. Wiskott-Aldrich syndrome 32 mo fresh plasma 37 
2. SCID** 11 yr fresh plasma 38 
3. scm 5 mo fresh plasma 39 
4. scm 3 mo 50 ml WB 39 
5. scm 3 mo WB,2U 41 
6. scm 3.5 mo 5000 ml WB (ExTx) 42 
7. scm 4 mo WB, m; PRBC, 2U 43 
8. scm 5 mo WB, m 44 
9. scm 8 mo 750 ml BC 42 

10. scm 11 mo 125 ml WB 25 
11. scm 18 mo 200 ml PRBC 45 

* 'U' indicates a one unit transfusion; ExTx = exchange transfusion; 
WB = whole blood; BC = buffy coat cells; PRBC = packed red 
blood cells. 
* * SCID = severe combined immunodeficiency disease. 

in this disorder, and is occasionally associated with the development of Gv HD 
[40]. Since the fevers, recurrent infection, and chronic diarrhea that charac­
terize Gv HD may mimic the symptoms of primary immunodeficiency, many 
cases of posttransfusion Gv HD in this population of severely ill children have 
probably gone unrecognized, and the true risk is unknown. 

Patients with acquired immunodeficiency syndrom (AIDS) commonly 
manifest profound lymphopenia and markedly altered T cell number and 
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function [46]. However, despite disturbances in immunoregulation severe 
enough to result in lifethreatening opportunistic infections, patients with 
AIDS do not appear to be at risk of posttransfusion GvHD. There have been 
no documented cases of Gv HD following transfusion in such patients, and no 
evidence of GvHD identified during autopsy of nearly 100 patients with 
AIDS at the N.I.H. (E. Lack, personal communication). 

Patients with acute leukemia, Hodgkin's disease, and non-Hodgkin's 
lymphoma have been reported to develop GvHD following transfusion of 
either red cells, platelets, or granulocytes (Table 3). The Gv H reactions 
occurred during periods of maximal immunosuppression induced by chemo­
therapy and/or radiation therapy. The outcome was uniformly fatal in the 
patients with lymphoma, although as many as a third of the patients with 
leukemia recovered. Estimations of the risk of posttransfusion Gv HD in this 
population are extremely difficult to determine, and have ranged from 0.01 % 
to 1.0% [52,53]. 

Only two patients with solid tumors, a two year child with neuroblastoma 
and a 59 year old female with glioblastoma have been reported to develop 

Table 3. Posttransfusion GvHD in patients with acute 
leukemia and lymphoma. 

Diagnosis Age Products transfused' Ref. 

1. AML** 6 yr PRCB's, 2U; gran, 2U; 47 
platelets, 4U 

2. AML 19 yr washed RBC's, 4U; 48 
platelets, 1 pack 

3. AML 38 yr washed RBC's, 12 U; 48 
plts 14U, gran, 12 U 

4. AML 50 yr granulocytes, lOU 49 
5. AML 45 yr PRBC's, 2U; gran, 3U; 50 

platelets, 2 packs 
6. AML 60 yr PRBC's, 4U; gran, 2U; 50 

platelets, 5 packs 
7. ALL 7.5 yr granulocytes, 2U 23 
8. ALL 10 yr granulocytes 26 
9. ALL 5 yr whole blood, 5 U 26 
10. NHL 6 yr 150 ml buffy coat 22 
11. NHL 30 yr granulocytes, 5U 27 
12. NHL 34 yr granulocytes 30 
13. HD, IIIA 18 yr PRBC,2U 28 
14. HD, IlIA 6 yr granulocytes, 3U 29 
15. HD, lIB 24 yr WB, 2U; plts, 2U 51 
16. HD, IlIA 30 yr platelets, 4 U 52 

* WB = whole blood; PRBC = packed red blood cells; 
plts platelet concentrates; gran granulocyte 
concentrates. 
** ALL = acute lymphocytic leukemia; AML = acute 
myelocytic leukemia; NHL = non-Hodgkin's lympho­
ma; HD = Hodgkin's disease. 
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Table 4. Lymphocyte contamination In blood 
products.* 

Component 

Whole blood 
Washed red cells 
Filtered red cells 
Frozen, deglycerolized red 
cells 
Platelet pack (one unit) 
Platelet pheresis pack 
Granulocyte concentrate 
Single donor plasma 
Fresh frozen plasma 
Cryoprecipitate 

Lymphocytes per unit 

1. 0-2. Ox109 

1.0-2.0x108 

1.0x10 7 

5.0x107 

4.0x10 7 

3.0x108 

1.0xlO lO 

1.5x105 

o 
o 

* Data derived from N.I.H. Department of Transfusion 
Medicine. 

posttransfusion GvHD [24,29]. The disorder was fatal in both cases. It is 
notable that GvH reactions have not occurred in patients with the more com­
mon solid tumors treated with multimodality immunosuppressive therapy, 
such as breast, ovarian, and testicular carcinoma. 

Recipients of autologous stored marrow undergo a preparative regimen of 
ablative chemotherapy and total body irradiation similar to that given to 
recipients of allogeneic marrow grafts [54]. Posttransfusion Gv HD has not yet 
been reported in this setting. However, since most autologous marrow reci­
pients are treated on protocols involving transfusion of irradiated blood 
products only, the actual risk in this group cannot be determined at present. 

Lymphocyte contamination in blood products 

GvHD has been attributed to the passenger lymphocytes contained in units 
of whole blood and packed cells, washed red cells, platelet and granulocyte 
concentrates, and even single units of nonfrozen plasma. In the case of 
plasma only 8x104 lymphocytes per kg were estimated to have been trans­
fused [39]. Since the lymphocyte content of various blood products ranges for 
1.5x105 cells per unit of nonfrozen plasma to 5.0x109 cells in a granulocyte 
concentrate, any of the blood products listed in table 4 may potentially be 
capable of initiating a lethal Gv H reaction in a susceptible host. 

GvHD has not been reported to follow transfusions of frozen deglycerol­
ized red cells. However, while deglycerolization may remove up to 95 % of the 
original lymphocytes in a unit of red cells, the remaining white cells are pre­
dominantly mononuclear and exhibit intact functional activity in vitro [55]. 
Newer depth-type blood filters, made from cotton wool, polyester, or cellulose 
acetate, are capable of removing greater than 99 % of the leukocytes in a red 
cell unit. No cases of posttransfusion GvHD have been reported in recipient 
of such filtered units, but experience with these filters is limited. 
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Transfusions of frozen, cryopreserved blood components, such as plasma 
and cryoprecipitate, have not been associated with GvH reactions. Since a 
cryoprotective agent is not used during the preparation of these components, 
the final product does not contain functional cells and would not be expected 
to elicit a GvH reaction. 

Standard blood bank techniques to reduce the lymphocyte content in blood 
components may thus lower the number of mononuclear cells, but do not 
eliminate them entirely. In contrast, ionizing radiation has been shown to 
completely inhibit lymphocyte mitotic potential [56]. Prophylactic irradiation 
of blood products prior to transfusion is presently the safest way to prevent 
posttransfusion GvHD. The remaining discussion will focus on identifying an 
optimum dose of radiation that will prevent lymphocyte engraftment while 
preserving intact red cell, platelet and granulocyte function. 

Effects of irradiation on circulating blood cells 

In order to initiate a Gv H reaction, donor lymphocytes must both recognize 
the MHC antigens of the recipient as foreign, and respond to this stimulus 
by proliferating and producing cytotoxic factors. Small circulating lympho­
cytes are extremely radiosensitive. The mean dose of radiation associated with 
loss of reproductive capacity in these cells is less than 2 Gy. [57]. Lymphocyte 
proliferation in response to tissue alloantigen, as measured in a mixed 
lymphocyte culture (MLC), can be completely abolished by exposure to 5 Gy 
[56,58], although a higher dose of radiation, approaching 50 Gy, is necessary 
to completely inhibit blast transformation in response to mitogens [59,60]. 
Blast transformation only reflects the ability of cells to recognize and react to 
a stimulus and can occur without cell division. Since MLC reactivity directly 
reflects the mitotic potential of lymphocytes, irradiation of cells with a dose 
sufficient to abolish MLC reactivity (5 Gy) should eliminate the ability of 
such cells to induce a GvH reaction following transfusion. A certain nonuni­
formity in dose distribution is inherent in the actual irradiation of irregularly 
shaped blood products, and a three to four fold margin of safety is usually 
allowed. We would thus consider 12-20 Gy as the minimal radiation dose to 
use in the prophylactic irradiation of blood products. There have been no 
reports of posttransfusion GvHD in susceptible patients receiving blood 
products irradiated with at least 15 Gy [8]. 

In contrast to lymphocytes, mature erythrocytes are not mitotically active 
and are among the most radioresistant of circulating blood cells. Following 
exposure to 100 Gy, the in vivo survival of 51 chromium-labeled autologous 
red cells was not significantly different from that of nonirradiated controls 
[59]. Similarly, red cell units stored for 21 days and then exposed to up to 200 
Gy of gamma radiation exhibited the same ATP, 2,3-DPG, and free hemoglo­
bin levels as nonirradiated units [59]. However, packed red cell units exposed 
to 40 Gy and then stored for 35 days in CPDA-1 were recently shown to have 
slightly lower ATP and 2,3-DPG levels and higher free hemoglobin levels 
when compared with concurrently stored nonirradiated units [61]. The in 
vivo significance of these changes in stored irradiated cells remains to be 
demonstrated. 
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Figure 1. In a pair-controlled manner, platelet concentrates were collected from 
six donors on two occasions each and stored for 5 days at 22°G One of each of the 
paired collections was irradiated with 30 Gy prior to storage. The in vivo survival 
of autologous 111 Indium-labeled platelets that had been irradiated prior to storage 
C.6. ---.6. ) did not differ from that of platelets stored in the nonirradiated state 
C. ~. Each point represents the mean of six values CKodis C, Read Ej, 

Leitman SF). 

Platelets, which are also mitotically inactive, appear to be similarly re­
sistant to damage by ionizing radiation. Several small studies have suggested 
that in vivo 51Cr-Iabeled platelet survival is unchanged after exposure to 
doses of radiation ranging from 50 to 750 Gy [59,62]. Platelets stored for 5 
days and then treated with 50 Gy were shown to have normal shape, size, 
LDH and beta-thromboglobulin release, to generate normal amounts of 
thromboxane B2, to exhibit normal responses to hypotonic stress, and to 
undergo equivalent degrees of synergistic aggregation to ADP plus collagen 
when compared to nonirradiated similarly stored platelet packs [63]. A recent 
pair-controlled study analyzed the effects of irradiation prior to storage on 
subsequent survival of indium-labeled autologous platelets [64]. Exposure to 
30 Gy followed by 5 days of storage at 22°C was associated with normal in 
vivo recovery and survival (Fig. 1). Thus no additional storage lesion appear­
ed to result from prolonged storage of platelets in the irradiated state. 

Unlike erythrocytes and platelets, mature granulocytes contain an intact 
nucleus and, when stimulated, may engage in biochemical activities that lead 
to free radical formation. It is not surprising to find that the function of these 
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cells may be significantly impaired by moderate doses of radiation. A dose­
related decline in granulocyte locomotion has been demonstrated over expo­
sures that ranged from 5 to 1200 Gy, although bactericidal capacity was 
affected only after exposure to 400 Gy [58]. Other investigators have similarly 
found that exposure to less than 50 Gy did not appear to alter endotoxin­
stimulated nitroblue tetrazolium (NBT) reduction, bactericial capacity, or 
chemotaxis [65,66]. The effect of ionizing radiation on superoxide production 
in granulocytes has been difficult to characterize, however. In one study, a 
twenty percent reduction in phorbol ester-stimulated superoxide production 
was noted after exposure of granulocytes to 50 Gy [59]. Others have demon­
strated a highly variable reduction (5 to 72%, mean 41 %) in the number of 
phorbol ester-stimulated NBT-positive granulocytes following exposure to 
25 Gy [67]. The results of these studies suggest that irradiation of granulo­
cytes prior to transfusion may lead to defects in oxidative metabolism, but 
that these effects are highly variable. 

Techniques of blood product irradiation 

Cesium-137, a gamma emitter with a half-life of 30 years, is the most com­
monly used radioactive source for delivering a fixed dose of radiation to blood 
components. The cesium source is generally purchased as part of a free­
standing blood irradiator containing a rotating platform for placement of the 
blood product, and double lead shields to encase the radioactive material. 
The current price of such a device ranges from $40,000 to $50,000 [68]. 
Depending on the strength of the cesium source, which ranges from 600 to 
2400 curies in most commercially available devices, the dose rate at which a 
blood product is irradiated will range from 5 to 20 Gy per minute. The total 
dose delivered depends on the length of time the blood pack is exposed to the 
source, such that delivery of 15 to 50 Gy can be accomplished in 1 to 5 
minutes if an 1800 curie source is used. Dosimetry checks are usually per­
formed on a yearly basis, and the time of exposure adjusted to account for 
radioactive decay in the source. 

Blood product irradiation may also be accomplished using conventional 
cobalt-60 sources or linear accelerators located in radiation therapy depart­
ments. In this case, the radiation is delivered using two standard antero­
posterior fields. Lymphocyte proliferative ability can also be completely elimi­
nated by exposure to ultraviolet light, which is significantly less expensive to 
employ than gamma radiation [69]. However, standard polyvinylchloride 
blood storage plastics do not allow penetration by ultraviolet light in the UV-B 
range (290-320 nm), the wavelength at which the desired cellular inhibitory 
effects are seen. Although routine blood product irradiation via UV exposure 
is thus impractical at present, synthesis of newer blood storage plastics or col­
lection devices may make it possible to overcome this obstacle. 

Since many smaller transfusion services do not have access to in-house 
irradiators, consideration has been given to maintaining an inventory of irra­
diated components, wherein radiation was delivered at another institution, 
usually a regional blood collection center. Such a practice raises two questions: 
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(1) Can irradiated units be stored as long as nonirradiated untis? (2) Can irra­
diated blood products be safely given to recipients not necessarily requiring 
such a special product? 

To answer the storage question first, it is necessary to recall that the mole­
cular interaction of ionizing radiation with cellular DNA is extremely rapid. 
The damage done by gamma radiation is nearly instantaneous; it will not 
increase during prolonged storage of an irradiated unit. This has been con­
firmed in vitro for red cell units irradiated and stored for 35 days [61] and 
in vivo for platelet concentrates irradiated and stored for 5 days [64]. Both 
the metabolic activity of red cells and the in vivo survival of platelets were 
not significantly impaired following prolonged storage in the irradiated state. 
These considerations do not apply to granulocytes, which should be trans­
fused as soon as possible after collection. 

In terms of the carcinogenic potential of an irradiated unit, at the very high 
dose rates used in irradiating blood packs, usually 10 Gy per minute or 
greater, there is no opportunity for repair of sublethal damage to DNA. All 
exposed cells will subsequently die an intramitotic or intermitotic death [57]. 
There is no potential for sustained proliferation of cells whose nucleic acid has 
been damaged by such high unfractionated doses of radiation. In addition, 
once a blood pack has been exposed to radiation and removed from the radia­
tion source, it is not 'radioactive'. It does not pose the potential for radiation 
exposure to staff members manipulating it or to transfusion recipients. In 
view of these considerations, it appears that irradiated blood products may 
be safely transfused to patients who do not necessarily require irradiated 
blood. Due to the adverse effects of irradiation on granulocyte function, how­
ever, this practice should be limited to red cells and platelets. Irradiated blood 
products should be clearly labeled as such. 

Summary and conclusions 

Blood product irradiation is currently the most efficient and dependable way 
to prevent posttransfusion graft-versus-host disease. Doses of less than 30-40 
Gy appear not to interfere with red cell or platelet function, however doses 
of greater than 20 Gy can significantly impair granulocyte metabolism. In 
contrast, lymphocyte mitotic activity can be completely inhibited by exposure 
to as little as 5 Gy. In balancing the considerations of minimal damage to 
non-mononuclear cells with the need for complete inhibition of lymphocyte 
proliferative capacity, we have selected 15-20 Gy as an optimum dose for the 
prophylactic irradiation of blood products. 

Preliminary data suggest that red cells and platelets may be stored follow­
ing irradiation for the full shelf-life of the original product. Adoption of such 
usage in transfusion practice would greatly aid inventory maintenance for 
transfusion services lacking on-site facilities for blood irradiation. There is no 
evidence that irradiated blood products pose either a carcinogenic or a radia­
tion hazard to transfusion recipients. 

Indications for blood product irradiation are given in table 5. Patients at 
highest risk of developing Gv HD following transfusion include children with 



Table 5. Indications for blood product irradiation. 

Absolute indications 

Congenital immune 
defeciency syndromes 

Allogeneic and autologous 
bone marrow 
transplants 

Relative indications 

Intrauterine 
transfusions 

Neonatal exchange 
transfusions 

Lymphoma 

Acute leukemia 

No definite indications 

Non-premature neonates 

Solid tumors 

125 

Acquired immunodeficiency 
syndrome (AIDS) 

severe congenital immunodeficiency syndromes involving T lymphocytes and 
recipients of autologous and allogeneic bone marrow transplants. All cellular 
products given to such patients should be irradiated. It does not appear neces­
sary to irradiate non-cellular frozen blood products such as fresh frozen 
plasma or cryoprecipitate. 

At considerably less risk are patients receiving immunosuppressive therapy 
for hematologic malignancies, in whom no definite statement can be made 
about the likelihood of a GvH reaction following transfusion. At the height 
of sustained and severe therapy-induced cytopenias, the safest product for 
such patients is probably irradiated blood. 

The risk assessment of posttransfusion Gv H reactions in infants receiving 
intrauterine and/or exchange transfusions is extremely difficult. Although 
routine irradiation of blood products given to all premature infants or full­
term neonates is not indicated, it appears reasonable to irradiate blood in­
tended for intrauterine transfusion or for exchange transfusion following 
intrauterine transfusion. 

Prophylactic irradiation of blood products is not necessary for patients with 
solid tumors receiving standard chemotherapy. Similarly, patients with AIDS 
do not appear to be at risk of posttransfusion Gv HD and routine use of irra­
diated blood is not recommended in this setting. Until a fuller understanding 
of the disorder is achieved, irradiation of blood products should be limited 
only to those clinical settings in which disease risk has been definitively 
demonstrated. 
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In the three years since interferon therapy was last discussed at this sym­
posium [1], there have been major advances in both our basic understanding 
of cellular immune mechanisms, and in our ability to produce large quan­
tities of human lymphokines by recombinant and non-recombinant DNA 
techniques. These advances have greatly expanded our horizons in the 
development of innovative therapeutic modalities using interferons and 
other biologic response modifiers. In parallel with these basic and applied 
advances in our knowledge of cellular immunology, a broader array of anti­
viral chemotherapeutic agents has been developed [2-6]. These develop­
ments, coupled with early observations about pharmacokinetics and toxicities 
of interferons, have resulted in a change in the primary focus of lymphokine 
therapy. Rather than being limited to the area of antiviral therapy, there is 
now a much wider view of the prospects for the therapeutic application of 
lymphokines. A final development over the past three years has been the 
spread of human immunodeficiency virus (HIV), and an increasing sense 
of urgency in developing effective therapies for this devastating pathogen 
[6,7]. In that cellular immunodeficiency is the basic mechanism by which 
HIV induces morbidity, the potential use of lymphokines in immune 
restoration has become an area of very intense investiation [8-10]. 

At the in vitro level, a large number of lymphokines have been described 
and characterized to various degrees, but up to this point only three (inter­
feron alpha, interferon gamma, and interleukin-2 have been produced in 
large quantities and used in large scale human trials. These human trials 
have focused on a wide array of diseases, including cancer, viral diseases, con­
genital and acquired immunodeficiencies, and neurology disorders. Although 
on could expend a great deal of effort recounting in detail the results of these 
clinical trials, it might be more productive to concentrate on a more restricted 
group of topics in order to outline future directions for the clinical utility of 
lymphokines rather than to simply catalogue the large number of clinical 
trials which have been carried out over the past several years. Thus, the focus 
of this manuscript will be on the potential utility of interferons and interleukins 
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in the therapy of neoplasia, and of the possible role of immunomodulatory 
agents in the treatment of the acquired immune deficiency syndrome (AIDS). 
Given the central role of blood banks in several aspects of lymphokine therapy 
(Table 1), it is very appropriate that this topic be one of the features of this 
sympoSIUm. 

Table 1. Roles of blood banks in adoptive immunotherapy. 

1. Collection of large numbers of 
peripheral blood mononuclear 
cells 
a. preparation of Iymphokines 
b. starting materials for in vitro 

manupulations of autologous 
cells 

2. Administration of cellular 
products following in vitro 
manipulation 

3. Quality control of blood 
components 

Basic mechanisms 

The cellular immune response is comprised of a complex network of cellular 
effectors, and soluble mediators which function primarily to coordinate the 
cellular immune response. The initial phase in the induction of a cellular 
immune response requires processing of antigen by cells of the monocyte/ 
macrophage lineage. When such processed antigen is presented to lympho­
cytes of the helperlinducer (primarily T4 expressing) surface phenotype in the 
presence of both the compatible HLA class II molecules and interleukin-1, 
these cells are induced to produce interleukin-2 (IL-2) and to express re­
ceptors for IL-2. In addition, IL-2 operates in a positive feedback loop by the 
induction of additional IL-2 receptors. Such activated T4 cells proliferate, 
and participate in the activation of natural killer (NK) cells, cytotoxic-T cells, 
lymphokine activated killer (LAK) cells, and B-cells through the elaboration 
of interleukin-2. IL-2 driven T-cells also produce interferon gamma which 
plays a further role in the activation of NK cells and HLA restricted cytotoxic 
T-cells. In addition, interferon gamma enhances the expression of HLA 
class II molecules on the surface of activated monocyte/macrophage which 
then in turn further enhances the cellular immune response. Defects in one 
or several of these steps can have profound effects on the coordination and 
intensity of the cellular immune response. In the case of antineoplastic thera­
py, interferons (alpha and gamma) have additional direct antitumor effects 
which may be operative above and beyond the immunomodulatory effects 
which are primarily exhibited by interferon gamma. 
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Toxicities and pharmacokinetics of interferons and interleukin-2 

Interferon alpha for clinical trials has been produced by both non-recom­
binant and recombinant DNA techniques [11-14]. The initial clinical 
trials were made possible by preparations which were produced by Ka­
ri Cantell utilizing pooled buffy coat preparations from Finish Red 
Cross blood donors. After a series of purification steps, a material was 
produced which contained 1-2x104 U interferon alpha/mg of protein. 
Lymphoblastoid interferon, as this form of interferon is termed, achieved 
peak levels 4-6 hours after intramuscular or subcutaneous injection and exhi­
bits a serum half-life of 4-8 hours. Interferon alpha diffuses poorly into the 
central nervous system and other extravascular sites. With the recent advan­
ces in molecular biology, it has become apparent that there are at least 14 dif­
ferent species of interferon alpha. These forms of interferon alpha vary both 
in molecular structure and in activity against specific viruses, but pharmaco­
kinetics in these species which have been most extensively studied are similar 
to lymphoblastoid interferon. Although recombinant DNA techniques have 
allowed for the development of much more highly purified interferon prepa­
rations, interferon toxicity has co-purified with biologic activity. 

The toxicity of interferon alpha is dependent on several factors: (1) dose, 
(2) routine of administration, (3) length of administration, and (4) the host 
(Table 2). Interferon toxicity can be divided into both systemic and organ 
system-specific effects. Systemic toxicity is dose-related with most adults exhi­
biting fever, chills, malaise, myalgias and headache in doses of 1x106 U or 
greater (Table 3). In one study, however, these effects appeared to be more 

Table 2. Factors affecting systemic toxicity 
of interferon. 

1. Dose 
2. Route of administration 
3. Length of administration 
4. Host immune status 

Table 3. Toxicities of parenterally administered interferons. 

Systemic 

Chills 
Headache 
Myalgias 
Diaphoresis 

Organ system specific 

Bone marrow suppression 
Nephrotoxicity 

Fever 
Malaise 
Nausea 
Syncope 

Cardiovascular 
Peripheral neuropathy 
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pronounced after subcutaneous or intramuscular injection, compared to a 
slow intravenous injection [15]. This study suggested that the magnitude of 
these effects may relate as much to the peak serum interferon level as to the 
total dose. With chronic administration tachyphylaxis develops to many of 
these effects so that during the second or third week of daily administration, 
systemic side effects are much less severe. Finally, it has been our impression 
that immunocompromised patients (e.g. organ allograft recipients and those 
with AIDS) tolerate the systemic effects of interferon better than those who 
are immunocompetent. In addition, organ sytem-specific interferon toxicity 
is also observed. These toxicities include reversible bone marrow suppression, 
nephrotoxicity, and cardiac toxicity [16]. Interferon gamma has also been 
produced by recombinant DNA techniques. Such interferon has been ad­
ministered to patients with cancer and with AIDS. Preliminary data suggest 
that pharmacokinetics and toxicities are similar to those exhibited by inter­
feron alpha. 

Interleukin-2 was initially prepared for clinical administration by the frac­
tionation of supernatant fluid from human peripheral blood lymphocytes cul­
tured in the presence of lectins. Since these earlier trials, production of IL-2 
by recombinant DNA techniques has been achieved. Although this material 
is nog glycosylated, the biologic activities appear to be identical to material 
produced by mammalian cells [17]. 

Pharmacokinetic studies have been performed with both non-recombinant 
and recombinant IL-2. The serum half-life following intravenous administra­
tion of recombinant IL-2 is quite short, being in the range of 6-7 minutes 
[18-19]. Despite the short serum half-life of IL-2 itself, the biological effects 
may be much longer, given the fact that the effects of IL-2 on the host are 
mediated indirectly by effector cells. Once these effector cells are stimulated 
by IL-2, their effects may last for a much longer period of time. 

Interleukin-2 is one of the better-tolerated lymphokines. The most serious 
toxicity at high doses is fluid retention, which appears to be due to increased 
capillary permeability [20]. This effect can result in peripheral edema, 
pulmonary edema, or both. In addition, patients may exhibit fever, chills, 
malaise or gastrointestinal disturbances. In certain patients, IL-2 administra­
tion appears to induce a graft-versus-host-like reaction with fever, a maculo­
papular eruption, diarrhea, and pleural and pericardial inflammation. 

Therapy of cancer with interferons and interleukin-2 

Strategies for the immunotherapy of neoplasia have been in existence for 
many years (Table 4). It was not until the advent of molecular biological tech­
niques in the early 1980s which made possible the inexpensive production of 
large quantities of interferons for clinical use, that such therapies became a 
practical reality. 

The initial interest in interferons focused on the direct antitumor effects of 
these biological response modifiers. Early trials with non-recombinant 
interferon-alpha, particularly in such situations as osteogenic sarcoma pro­
phylaxis and adjuvant therapy of non-Hodgkin's lymphoma, were sufficiently 



Table 4. Interleukin-2: Stages in the development of 
effective clinical applications. 

1. Initial description 

2. Biochemical and functional characterization 

3. Molecular cloning and development of techniques 
for large scale in vitro production 

4. Clincial trials: 
a. Parenteral IL-2 
b. Adoptive immunotherapy: 

i. lymphokine activated killer cells + IL-2 
ii. task specific effectors (e.g. TIL cells) ± IL-2 
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interesting to induce major efforts on the part of the American Cancer Society 
and of the National Cancer Institute to make sufficient interferon available 
for widespread clinical trials. Over the past five years, there have been many 
clinical trials with interferons. Most have been accomplished with interferon 
produced by recombinant DNA techniques. Although there are several 
exceptions, the initial enthusiasm for interferon alpha as a major form of 
therapy for a wide variety of tumors was waned. There are, however, at least 
three tumors in which recombinant interferon alpha has shown clear-cut 
benefit: hairy cell leukemia, renal cell carcinoma, and Kaposi's sarcoma 
[21-24]. Recombinant interferon alpha has recently been licensed in the USA 
for the former two indications. In other neoplastic diseases, interferon therapy 
has exhibited much less clear-cut benefit. Although clinical trials with inter­
ferons in cancer will clearly proceed, most investigators expect a much more 
limited role for interferons as single agents in the therapy of most forms of 
cancer than was hoped by some as recently as three years ago. 

The potential role of IL-2 in the therapy of neoplastic disease is currently 
of both great theoretical and practical interest. Cellular effectors with cyto­
toxic capabilities against autologous and syngeneic tumors have been 
demonstrated in a wide variety of in vitro and animal systems. Depending 
on the specificity and lineage of these cellular effectors they have been desig­
nated as natural killer (NK), lymphokine activated killer (LAK), and cyto­
toxic T-Iymphocytes. The pivotal role of Il-2 in both the initial induction of 
these cells and in the stimulation of proliferation of these cells is well recog­
nized. Initial clinical trials with IL-2 served mainly to confirm the fact that 
it is relatively non-toxic following parenteral administration. Direct anti­
tumor effects of this dosing strategy were, however, rarely demonstrable. 

A large number of well-executed animal studies have formed the basis for 
a much more innovative approach to the use of IL-2 in the therapy of neo­
plasia [25-33]. These animal studies have demonstrated that IL-2 can be used 
very effectively in vitro to selectively expand subsets of cells with specific func­
tional capabilities. In the first generation of these studies, IL-2 has been used 
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to stimulate the proliferation of a subset of cells, termed lymphokine activated 
killer (LAK) cells [20,29-33]. These cells of non-B, non-T lineage are present 
in the bone marrow, spleen, lymph nodes and peripheral blood. In human 
studies which have been carried out primarily at the National Cancer Insti­
tute, 5x109 to 5xlOlO peripheral blood mononuclear cells were harvested from 
the peripheral blood of patients with a variety of tumors, by continuous flow 
cell separator. These cells were then cultured in vitro in the presence of high 
concentrations of IL-2 for 3-4 days, washed, and reinfused into the patient 
in conjunction with high doses of IL-2 (Table 5). In the initial studies, which 
consisted of 25 patients with solid melanoma exhibited a complete response 
which has lasted for at least 10 months (Table 6). The major toxicity exhibited 
by this approach was fluid retention which could be attributed to the high 
dose of IL-2 which was required for the continued activity of the infused cells 
III VIVO. 

Recently a much more tumor-specific approach has been investigated in 
the murine system. In these studies, tumor biopsies were obtained, minced, 
and established in culture in the presence of IL-2 [34]. After a week, the 
tumor cells regress and lymphocytes remain. With further in vitro cultivation 

Table 5. Adoptive immunotherapy using lymphokine activated killer cells. 

5 x 109 - 5 x 1010 peripheral blood mononuclear cells collected by 
continuous flow cell separation 

Ficoll hypaque separation 

3-4 day in vitro cultivation with 1000 U rIL-2/ml 

administration of 108 cells with rIL-2 

Table 6. Lymphokine-activated killer cells: Interim results. 

1. 25 patients treated with several types of 
tumors including: 
a. melanoma 
b. colon or rectal cancer 
c. osteogenic and other sarcomas 
d. renal cell cancer 
e. esophageal cancer 

2. Regression: 11 of 25 patients 
Complete regression: 1 patient 

3. Toxicity: 
a. fever, chills 
b. fluid retention 
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with IL-2, the number of tumor-infiltrating lymphocytes (TIL) can be ex­
panded 100-fold. These cells are much more active in vitro against the tumor 
from which they arise than are LAK cells derived from peripheral sites. In 
the presence of immunosuppressive therapy with cyclophosphamide, TIL 
cells coupled with IL-2 are highly effective in both the reduction of established 
micrometastases and in reducing hepatic metastases, in the MCA-105 sar­
coma and MC-38 colon adenocarcinoma systems respectively. In addition to 
the clear-cut therapeutic activity of this approach, there is a need for much 
less parenteral IL-2. This should significantly reduce the toxicity of this ap­
proach. These techniques are in the process of being applied to humans. TIL 
with anti-tumor activity have been generated from human tumors. Clinical 
results have not yet been reported. 

Thus, from the standpoint of anti-neoplastic therapy, it is clear that 
lymphokines will play an increasingly important role. Over the post decade 
we have witnessed an increasingly refined approach to cancer therapy in 
which efforts have progressed from simple parenteral administration of rela­
tively impure preparations, to the in vitro application of highly purified 
materials produced by recombinant DNA techniques in the in vitro induction 
and expansion of specific subsets of narrowly directed effector cells. 

Lymphokines in the therapy of AIDS 

As has been noted above, the central feature of the acquired immune defi­
ciency syndrome is the immunoincompetence induced by the etiologic retro­
virus, HIV ([8,10]. Although the lytic interaction between HIV and lympho­
cytes of the T4 surface phenotype has been perceived as the major mechanism 
for HIV induced immunoincompetence, it is also clear that other cells in­
cluding monocytes and cells of the central nervous system are also susceptible 
to infection by HIV [35-39]. In addition, humoral mediators of the immuno­
incompetence induced by HIV have also been demonstrated. 

Interest in immune reconstitution in patients with HIV infection stems 
from two underlying tenets. The first is that since immunoincompetence is 
the major means by which HIV induces morbidity, immune reconstitution 
will prevent the indirect clinical expression of HIV in the form of oppor­
tunistic infections and neoplasms. The second is that it is quite likely that part 
of the reason for the differences in the clinical expression of HIV from patient 
to patient may relate to HIV specific immune function. Lymphokine therapy 
of patients with HIV infection might be expected, therefore, to be directed 
at manipulation of either global or HIV-specific immune function. Two other 
objectives of therapy with lymphokines might relate to either the direct effects 
of these agents on a complication of AIDS (e.g. Kaposi's sarcoma) or on the 
virus itself (e.g. interferons). 

Studies by our group and by others have demonstrated the activity of inter­
feron alpha against HIV in vitro [40]. Using recombinant Roche interferon­
alpha A we have noted marked inhibition of HIV replication in either H9 
cells or peripheral blood mononuclear cells at therapeutically achievable con­
centrations of interferon. Interferon gamma is less active against HIV in 
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lymphocyte target cells, but appears to be more active than interferon alpha 
against HIV with monocyte target cells. Thus, at least in vitro, the activity 
of interferons against HIV is target cell specific. 

Clinical trials of interferons in AIDS patients have included trials of inter­
feron alpha or gamma against Kaposi's sarcoma [24], and a double-blinded 
placebo-controlled study of recombinant interferon alpha A in patients with 
AIDS-related complex or AIDS. The studies of interferon alpha against 
Kaposi's sarcoma have demonstrated partial remissions in a subgroup of 
patients. Patients most likely to respond are those who have not had an oppor­
tunistic infection and those who do not have endogenous levels of circulating 
acid labile interferon alpha. Although not yet formally reported, interferon 
gamma did not exhibit beneficial results in patients with Kaposi's sarcoma. 

A multicenter trial of interferon alpha in patients with AIDS-related com­
plex, or patients with AIDS who have recently recovered from Pneumocystis 
carinii pneumonia has been recently completed. Although the data analysis is 
not yet complete, it does not appear that Roche interferon alpha A in doses 
of 3 or 9x106 U three times weekly has a significant effect on patient survival 
(Friedland, G, personal communication). We are currently performing a 
study designed to determine whether the same interferon preparation has a 
demonstrable antiviral effect in vivo (Schooley, RT, Hirsch, MS, ongoing 
studies). Although we have, as yet, studied only a small number of patients, 
we have not demonstrated that these doses of recombinant interferon alpha 
A decrease the ability to isolate HIV from the peripheral blood. 

Interleukin-2 has also received attention as a possible therapeutic adjunct 
in patients with HIV infection. Defects in both IL-2 elaboration in response 
to mitogens, and in IL-2 responsiveness have been demonstrated in patients 
with HIV infection [8-9,41-44]. We and Quinnan et a!., have demonstrated 
in the EBV and CMV systems respectively, the ability of IL-2 to reconstitute 
cytotoxic effector cell function against autologous virally-infected cells 
[45-48]. 

The parenteral administration of IL-2 to patients with AIDS has, however, 
been disappointing to date. Extensive studies at the NIH by Clifford Lane 
have demonstrated the feasibility of long-term parenteral administration of 
IL-2 in this patient population. Although modest transient improvement in 
several immunologic parameters have been noted in occasional patients, no 
clear-cut clinical benefits have been demonstrated. 

Toxicities of parenteral IL-2 in this patient population have been consider­
able. In addition to the toxicities observed in the Rosenberg cancer trials, we 
have observed a graft-versus-host-like reaction in a patient participating in an 
escalating dose tolerance trial of recombinant IL-2 administered by intra­
venous infusion over 30 minutes at weekly intervals (Schooley RT, Hirsch 
MS, unpublished observations). This individual developed exfoliative derma­
titis, fever, diarrhea, and pleural and pericardial effusions four days after re­
ceiving 10 million units of IL-2. This may be the result of the activation and 
expansion of a subset of cells with autoimmune properties [49]. 

Thus, despite a good theoretical basis for the application of lymphokine 
therapy in patients with HIV infections, clinical benefits have to date been 
extremely modest in that they have been limited to a subgroup of patients 
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with Kaposi's sarcoma treated with interferon alpha. 
Is there likely to be a role for lymphokine therapy in patients with AIDS? 

Two approaches which have been utilized in the application of anticancer 
therapy appear to warrant further investigation in HIV infection. The first 
of these relates to combination chemotherapy; the second to in vitro manipu­
lation of specific effector cell subpopulations. 

Recently the multicenter placebo controlled trial of the reverse transcript­
ase inhibitor, azidothymidine (AZT) in patients with AIDS and ARC was 
terminated, because of excess mortality in the placebo group. Although the 
data analysis is currently not complete, several benefits were observed in the 
group of patients receiving azidothymidine (Table 7). Because of these ben­
efits, it was deemed prudent to terminate the study in order to offer the drug 
to all participants. Although it is not yet clear whether these studies which 
were performed in severe ARC patients and AIDS patients who have recently 
recovered from Pneumocystis carinii pneumonia can be extrapolated to other 
subgroups of HIV-infected individuals, and what, if any, long-term toxicity 
will be exhibited by AZT, it is clear that effective antiviral therapy results in 
both improved survival, and in improved in vitro assessments of immunologic 
function. 

Table 7. Benefits of azidothymidine therapy. 

Decreased mortality 
Fewer recurrent or new opportunistic infection 
Improved delayed hypersensitivity testing 
Increased number of T4 cells 
Increased performance status 
Weight gain 

We have studied in vitro interactions of antiviral drugs such as azidothymi­
dine and phosphonoformate (PFA) with recombinant interferon alpha, and 
have noted additional or synergistic effects with both interferon alpha and 
AZT and interferon alpha and PFA [50]. Thus, it seems reasonable to ad­
vocate the cautious exploration of the clinical utility of such combinations in 
selected subgroups of patients. 

The other potential role of lymphokines in the therapy of HIV infection 
relates to the potential use of these agents in the manipulation of HIV specific 
immune responsiveness. Although antibodies which neutralize HIV have 
been studied extensively in the pursuit of vaccines for HIV, little is yet known 
about the cellular immune response to HIV In ongoing collaborative studies 
with dr. Bernard Moss of the National Institute of Allergy and Infectious Dis­
eases, we have demonstrated the existance of HIV-specific cytotoxic T­
lymphocytes in two patients with AIDS-related complex. In these studies we 
have observed significant cytotoxic activity in a 51Cr release assay using 
autologous targets infected with vaccines/HIV-env recombinant virus. We are 
currently extending these studies to determine the potential role of this 
response in determining the natural history of HIV infection, to determine 
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the range of epitopes at which their response is directed, and to explore 
whether this response might be expanded in vitro using lymphokines such as 
IL-2. If this response proves to be important, it is conceivable that adoptive 
immunotherapy might playa role in the therapy of HIV infection, as it is 
beginning to be applied to patients with neoplastic disease. 
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DISCUSSION 

M.R. Halie and S.B. Moore 

SB. Moore (Rochester): Dr. Leitman, since severity and mortality of the graft­
versus-host disease is obviously quite different in patients who have received 
bone marrow transplantation and within the group of patients who receive 
a blood product do you think that perhaps what we now call graft-versus-host 
disease is really several immunologically and perhaps clinically distinct enti­
ties, which tend to manifest themselves in a similar fashion. Are we looking 
at a highly heterogeneous mixture? 

SF Leitman (Bethesda): That is a difficult question. I think that posttransfusion 
graft-versus-host reactions are much more common than we appreciate. 
Grade I and II reactions can be quite mild. They are immediately recognized 
in the posttransplant setting, because they are watched for so closely. But they 
may not be recognized as a consequence of transfusion in a sick patient. A 
little rash, diarrhea, jaundice, and fever can be attributed to multiple other 
processes. I think that one can probably, with the appropriate degree of suspi­
cion, see the same spectrum of grade I to grade IV posttransfusion Gv HD 
as one sees in the posttransplantation setting. 

H. R. de Vries (Enschede): Prof. The, is there any relation between the detection 
of early and late CMV antigens to the infectivity of blood transfusion. And 
if so could you elaborate on the best tests to screen blood for transfusion. 

TH. The (Groningen): With regard to your question about selection of blood 
donors with the direct test on circulating blood leukocytes, I have to emphasize 
that the positive cells are only detectable in acute CMV cases. In normal 
healthy blood donors this test is to my feeling less usable. For screening blood 
donors a sensitive CMV ELISA method is the most practical test available. 

SB. Moore: Prof. The, the antibody to the immediate early antigen of CMV 
appears to be perhaps one of the more important antibodies developed from 
the selfprotection standpoint of the individual. Would you speculate on the 
possibility of using this antibody to determine the epitope characteristics and 
from the epitope characteristics to derive a vaccine. This then would be a non­
infectious vaccine, but would in fact contain the antigen which would induce 
the protecting immune response. 

TH. The: The immediate early antigen I was dealing with is an intracellular 
antigen located in the nucleus. So, this antigen has a significance as a marker 
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to recognize CMV infected cells. These cells are in fact fixed in vitro, so the 
antigens in the nucleus can be reached. With regard to immunosurveillance 
of the host against virus and specially the virus in its latent stage one would 
look more at the cell surface instead of inside the cell. Immediate early anti­
gens are probably also expressed at the cell surface but these are not yet 
detectable by monoclonal antibodies. 

HR. de Vries: Dr. de Wolf, in your excellent paper you drew the conclusion 
that 17 days or even older units of blood are free of mononucleated cells. In 
my opinion that does not mean that they are free of antigens. It sounded like 
a suggestion that you could make blood non-immunogenic by simply storing 
it for three or more weeks and that it could be compared in that fashion with 
filtered blood, which is almost entirely leukocyte free. 

jTh.M. de Wolf (Groningen): In 1978 Bachelor had a publication in Nature*, 
concerning rats transfused with membrane fragments bearing HLA antigens. 
They followed the animals for 50 days and no immunization occurred. Only 
if viable cells were transfused alloimmunization occurred. In blood stored for 
17 days HLA bearing lymphocytes have almost disappeared. 

H. R. de Vries: Would you suggest that to store blood for three weeks or more 
will be as good as to deplete it completely of leukocytes as we do now for in­
stance by using cellulose acetate or cotton wool filters or by washing the cells 
or freezing and thawing? Do you suggest that, as a method it is equivalent 
to depleting red blood cells from leukocytes? 

j Th.M. de Wolf: I think that the leukocytes present in platelet suspensions are 
more important for alloimmunization than fragments of leukocytes in blood 
stored for three weeks, because they are stored at room temperature and 
therefore are viable cells. The last three years we have used red blood cells 
stored for two or three weeks and then filtered. However, our percentage of 
alloimmunization and the requirement of HLA-matched platelets is not 
higher than elsewhere. 

C. Th. Smit Sibinga (Groningen): There is indeed some evidence that when cells 
ex vivo age they become less immunogenic. An intriguing point mentioned 
is that these cells show less mitotic or progenitor activity and therefore lead 
to less expression of GvHD or might even not be causative for that. That is 
something we need to sort out further. 

Prof. The, could you give us some further clues of how to prevent CMV 
infections. Because to my knowledge it is know that when blood of CMV 
positive individuals apparently infected with the virus, is stored at 4°C, the 
virus rather rapidly looses infectivity. Is that true? 

TH The: Yes, but I hesitate whether this is absolute. 

* Bachelor JR. Nature 1978;273;54-7. 
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C. Th. Smit Sibinga: So, if we do not agree upon the absoluteness of the loss of 
infectivity, the vitality of the virus, it means that we should try to either 
eliminate white cells from blood products or try to come to the use of CMV 
negative blood. Your screening method is sensitive and picks up a very early 
phenomenon. What we usually do in blood donor screening is using an over­
all test, which is less sensitive and does not pick up an early infection. What 
do you think we should do? 

TH The: It may happen that certain seemingly healthy blood donors might 
have a primary CMV infection. That might be detected with the direct test 
on their blood leukocytes even before the appearance of circulating anti­
bodies, but in practice this would be a minority. I think it is not very practical 
to look at the donor cells. The sensitive CMV ELISA test is better to look 
for CMV seropositivity and CMV latency, but I agree that acute cases before 
onset of clinical symptoms could be missed. 

SJ Stichter (Seattle): As there is a large amount of data suggesting that CMV 
may be predominantly transmitted within white cells, it may be that 
leukocyte-poor blood products will have two potential benefits. One is the 
previously discussed decrease in platelet alloimmunization, and the second 
may be a reduction in CMV transmission. The virologists associated with the 
Bone Marrow Transplant Unit in Seattle are currently conducting a study 
evaluating CMV transmission in bone marrow transplant candidates with 
leukocyte-poor blood products compared to standard transfusion products. 
This study is being conducted in a special group of marrow transplant 
patients who have a high risk of CMV seroconversion with transfusion of 
CMV-positive blood products but little risk for development of active infection. 
This study is being performed because of the very large requirements for 
CMV-negative blood products to bone marrow transplant patients that must 
be provided by our Blood Center. In CMV-negative transplant patients who 
also have a CMV-negative bone marrow donor, it has clearly been shown that 
CMV-negative blood products result in a substantial reduction in CMV 
infection. However, because the CMV-positive rate in our donor population 
is in the range of 50%, providing consistently CMV-negative blood products 
to a transplant programme, which does over 400 bone marrow transplants a 
year, is a logistical problem. Therefore, the leukocyte-poor transfusion trial 
is being conducted to determine if this may be a way to provide safe blood 
products even from CMV-positive donors. The data is too preliminary to 
have any results, but at least, for the first several patients, there has been no 
evidence of CMV seroconversion from leukocyte-poor blood products. How­
ever, one remaining question to be addressed both for CMV transmission as 
well as platelet alloimmunization is the potential effect of leukocyte disinte­
gration during blood storage on these problems. There is conflicting data in 
the literature concerning whether antigens have to be present on intact cells 
in order to be recognized as foreign, or whether membrane fragments are 
themselves immunogenic. Furthermore, as the white cell breaks down and the 
CMV virus is released into the plasma, does this make the virus more or less 
susceptible to clearance following transfusion into a recipient? 
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C. Th. Smit Sibinga: Dr. Schooley, could you give some more information on 
the recent clinical trial using adoptive immunotherapy? 

R. T Schooley (Boston): The FDA just released their guidelines. They have not 
yet decided what to do about patients whose fate is very complex, because of 
the time constrains. This study had both AIDS and ARC patients present. 
There were more deaths among the AIDS patients, but there was a trend to­
wards increased survival in the ARC patients as well. The study was set up 
to be terminated as soon as there was an overall difference or difference in 
either subgroup. So it was terminated before statistically significant differ­
ences were seen amongst the ARC patients. If I were an ARC patient, I likely, 
on an emotional basis would want the drug. The development of the drug 
sofar has been very rapid; it was just given to the first patient last summer. 
The biggest drawback has been until recently the availability of the starting 
material. Burroughs Wellcome has enough drug they tell me to be able to 
treat 30,000 new patients per year, which is a large number of patients. But 
if you look at the number of ARC patients even only in the United States, 
that would not come close to providing drug for ARC patients. But in the 
United States now the easiest subgroup of patients to get drugs for, are the 
patients with AIDS who had no pneumocystis. Clinical trials will continue. 
I think we will know a lot more about this in the next three or four months. 
It is a very exciting position to finally have something to offer, but I think we 
are still a long way from having something to offer every patient. 
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Major advances in platelet concentrate production and storage have ensured 
the ready availability of this transfusion product. The storage procedures 
required to achieve a quality product are determined by monitoring selected 
in vitro measurements together with the incremental response, survival, and 
function of the platelets following their transfusion into either normal volun­
teers or aplastic thrombocytopenic recipients. 

Over time, a standardized approach for evaluating new platelet storage 
procedures has been developed. Such an approach uses a limited number of 
in vitro tests that have been documented to correlate with poststorage in vivo 
platelet viability measurements. If the preliminary in vitro test results are 
acceptable, poststorage radiolabeled platelet recovery and survival measure­
ments are performed in normal volunteers. Finally, transfusion studies in 
selected stable thrombocytopenic patients provide conclusive evidence of 
platelet viability and function in clinical practice. 

Methods 

1 Methods of measuring poststorage platelet viability and function 
1.1 In vitro measurements 
1.1.1 pH 

Several studies have documented a progressive fall in pH during storage of 
platelet concentrates at 22°C. The pH changes are primarily a consequence 
of lactate accumulation through glycolysis with some contribution from accu­
mulated CO2 [1,2]. Generally, the f~lll in pH with room temperature storage 
has been directly correlated with increasing platelet concentration [1-3] and 
ma\·be further increased by residual white blood cells [4,5]. However, pH is 
not affected by contaminating red cells [3]. IfpH falls to less than 6.0, platelet 
viability is markedly compromised; i.e., recoveries <15% and survivals of 
< 2.5 days compared to recoveries of > 30% and survivals of > 7.9 days at 

* Supported by NHLBI Grant HL 33375. A portion of this work was also conducted 
through the Clincal Research Center, University of Washington which is supported 
by NIH Grant RR-37. 
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higher pH [6-8]. Platelet concentration can be appropriately reduced by 
increasing the residual plasma volume which maintains pH by buffering the 
acid load. Carbon-dioxide loss is enhanced by continuous gentle agitation 
during storage. Under some circumstances, it may be necessary to further 
facilitate gas transport (02 in and CO2 out) by decreasing the thickness of 
the bag wall or increasing the surface-to-volume ratio by storing the concen­
trates in larger bags [1]. The latter changes in the storage bag are usually only 
required if the platelet concentration cannot be appropriately reduced. 

Higher pH values between 7.2 and 7.8 may occur if concentrates are stored 
in large, thin bags which permit excessive CO2 loss, or even in regular bags, 
if the platelet count is very low. These concentrates show a direct inverse rela­
tionship between increasing pH and decreasing posttransfusion recovery [1]. 
Thus, extremes of pH are positively correlated with reduced posttransfused 
platelet viability. However, in the range of 6.0-7.2, the pH does not reflect 
differences in platelet viability of individual units [1]. 

1.1.2 Morphology 
1.1.2.1 Disc-to-sphere transformation (shape change) 

Normally, platelets circulate in the blood stream as discs. As the pH falls 
during storage at 22°C, there is a progressive change in the percentage of 
platelets in disc form compared to those which have become sphered. At pH 
values between 6.8 and 7.2, platelets maintain a normal disc configuration 
even after 3 days of storage. When the poststorage pH is between 6.0 and 6.4, 
40-70% of platelets are sphered; at pH values <6.0 or >7.2, platelets are all 
sphered with spiny projections, correlating with major losses in platelet viabil­
ity [1]. 

A morphologic index, rather than the percentage of cells in disc form, has 
also been shown to predict viability after 22°C storage [9]. The number of 
discs identified in a 100 cell count was multiplied by 4, spheres by 2, platelets 
with dendrites by 1, and balloon forms by O. The calculated answers were 
added together and a perfect score was 400. The morphology score was found 
to directly predict both posttransfusion platelet recovery and survival with 
correlation coefficients of 0.67 and 0.82, respectively. 

As a more quantitative way to measure disc-to-sphere transformation, or 
more accurately 'shape change', samples of platelet concentrates before and 
after storage were added to an aggregometer and stirred at two different 
speeds [10]. The amount of light transmitted through the PRP was found to 
be dependent on stirring rate with disc-shaped cells, but was independent of 
rate for spherical cells. As shown in Figure 1, if after 3 days of platelet concen­
trate storage at 22°C, pH values were between 6.8 and 7.1, the ratio of light 
transmission of the two stirring rates was comparable to that of fresh platelets. 
At intermediate poststorage pH values of 6.1-6.5, there was a significant 
change in the ratio which was reversed after pH adjustment to 7.0. This re­
versibility in shape may correlate with in vivo data showing maintenance of 
platelet viability in this pH range. Conceivably, a similar restoration of disc 
shape occurs in vivo as the cells are brought to physiologic pH following 
transfusion. In contrast, platelet concentrates with poststorage pH values of 
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Figure 1. Shape change. Effect of 3 days of storage of platelet concentrates (PC) at 
22°C on E700/E200' In those cases where the final pH of the PC was below 6.6, the 
diluted platelet suspensions were divided into two parts. The pH of one part was ad­
justed to that of the final pH of the PC after storage with 1 N HCl, and the pH of 
the other was adjusted to 7.0 with 1 N NaOH. E700 is the extinction or optical den­
sity at a stirring rate of 700 rpm in a Payton aggregometer, and E200 is the extinction 
at 200 rpm. Light transmission is dependent on stirring rate for disc-shaped platelets, 
but is independent of rate for spherical cells. At pH values between 6.1 and 6.5, 
sphering is reversible as evidenced by changes in E700/E200 with pH adjustment. 
• = pH not corrected; 0 = pH corrected to 7.0. From Holme and Murphy [10]. 

less than 6.0 showed no change in light transmission with stirring at different 
rates, reflecting the spherical transformation known to occur below this pH 
level. Furthermore, the change in shape was not reversible with in vitro pH 
adjustment to 7.0. This result is compatible with the confirmed in vivo loss 
of viability of these platelets. 

1.1.2.2 Size range 

One additional morphologic measurement which has been correlated with in 
vivo platelet recovery and survival is the size range. Poststorage platelets were 
measured by a Coulter channel analyzer arbitrarily set to record the number 
of platelets in seven different windows. Increased platelet size was considered 
to reflect disc-to-sphere transformation, while decreased size was thought to 
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represent the effect of a release reaction. An increase in the size range of 
stored platelets correlated with decreased in vivo platelet recovery with a cor­
relation coefficient of 0.83, and, with percent discs, the value was 0.67 [11]. 
There was no relationship with in vivo platelet survival. 

Although there have been a variety of other in vitro tests evaluated, the 
tests discussed are among the most reliable and simplest to perform. A com­
prehensive review of the relationship between in vitro tests and in vivo trans­
fusion data is available [12]. 

1.2 In vivo measurements 
1.2.1 Normal volunteers 

Evaluation of platelet efficacy involves determining the recovery, survival, and 
function of transfused platelets in thrombocytopenic recipients. However, 
variables related to the patient's disease [13,14], or therapy [15] often limit the 
interpretation of posttransfusion results. A useful alternative approach has 
been to measure the recovery and survival of fresh or stored 51Cr or 
111 Indium-labeled autologous platelets in normal volunteers. Normal varia­
tions in recovery and survival measurements among individuals may obscure 
minor differences between storage parameters unless paired studies are done 
in the same volunteer [11]. The validity of using radiolabeled platelet viability 
measurements in normal volunteers has been documented by confirmatory 
platelet transfusion studies in selected, clinically stable thrombocytopenic 
patients [16]. 

1.2.2 Thrombocytopenic patients 

Although preliminary studies on the effect of storage conditions on platelet 
viability are best performed in normal volunteers, major changes in platelet 
storage techniques still require confirmatory studies in thrombocytopenic 
patients. However, finding appropriate thrombocytopenic recipients to reli­
ably determine posttransfusion platelet viability and function is difficult but 
extremely important. Such patients should not have hypersplenism, viral or 
bacterial infections, extensive malignant disease, or other conditions known 
to be associated with platelet consumption, or be taking medications known 
to interfere with platelet function. If the posttransfusion data suggest that the 
storage procedure has compromised either platelet viability or function, a re­
peat transfusion of fresh platelet concentrates will determine if the product or 
the recipient is producing the abnormality. 

1.2.2.1 Platelet viability 

Posttransfusion platelet survival is determined by measuring pretransfusion 
and multiple posttransfusion platelet counts, or by determining the disappear­
ance rate after transfusion of radio-labeled platelets. 
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Platelet recovery is calculated by: 

I t I t (07) _ 1 hr posttransfusion pIt ct - baseline pIt ct 
p a e e recovery ;0 - I f' I" d p t ct 0 concentrate x vo ume ITlJecte 

1.2.2.2. Platelet function 

There is a direct inverse relationship between bleeding time and platelet 
count in aplastic thrombocytopenic patients [17,18] (see Fig. 2). This bleeding 
time/platelet count relationship forms the basis for determining the function 
of stored platelets; i.e., whether there has been an appropriate improvement 
in the bleeding time for the posttransfusion platelet count achieved [17]. The 
best differential between baseline and posttransfusion data is achieved if only 
patients with severe thrombocytopenia and correspondingly long bleeding 
times are studied; i.e., a baseline platelet count of < 20,000/ ttl and a bleeding 
time of > 30 minutes. Posttransfusion platelet aggregation studies, as another 
approach to determining platelet function, are rarely performed because 
platelet increments are usually not sufficient to obtain reliable results. 
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Figure 2. The relationship between bleeding time and platelet count was determined 
in 70 individuals with marrow failure and platelet counts of less than 150,0001 ILl. In 
individuals with platelet counts of greater than 1OO,OOOlvl, the bleeding time averaged 
412 ±112 minutes. In patients with platelet counts between 10 and 1OO,OOOIILI, there 
was a direct inverse relationship between bleeding time and platelet count that could 
be predicted by the equation, 

bl d · t' (.) 30 5 (platelet count x 109/1) ee mg ime mm = . - 3.85 

At platelet counts less than 10,0001 ILl, bleeding time was greater than 30 minutes (17J. 
From Harker and Slichter (17J. 
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Figure 3. Six centrifugal forces between 175 and 1600 g were evaluated for the centri­
fugation time required to achieve the maximum platelet yield from the whole blood 
into the platelet-rich plasma (PRP). The optimum time to achieve maximum platelet 
yield for each g force is inversely proportional to the logarithm of the force applied. 

From Slichter and Harker [19]. 
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Figure 4. For each g force tested, too short a centrifugation time did not allow ade­
quate separation of PRP from other cells, resulting in poor yield while too long a 
centrifugation time sedimented the platelets into the buffy coat, reducing platelet 
yield. In this example, a centrifugal force of 1000 g was used with an optimum centri­
fugation time of 9 minutes to yield 89 ± 1 % of the whole blood platelet into the PRP. 

From Slichter and Harker [19]. 
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Results 

1 Techniques of optimum platelet concentrate preparation and storage 
1.1 Platelet concentrate production 

The yield of platelets in a platelet concentrate varies with the time and force 
of centrifugation used to separate the platelet-rich plasma (PRP) from whole 
blood and, subsequently, the sedimentation of platelets from the PRP. Centri­
fugation conditions should yield the maximum number of platelets in the 
shortest time while perserving platelet viability and function. 

Using an RC-3 Sorvall centrifuge with horizontal head, extensive studies 
have been performed to obtain maximum platelet yield [19]. For each centri­
fugation force tested for PRP preparation, an optimum time for centrifuga­
tion was found (Fig. 3). Too short a centrifugation time for the g force did 
not allow adequate separation of PRP from other cells, while too long a cen­
trifugation sedimented the platelets into the buffy coat (Fig. 4). The maxi­
mum platelet harvest of 89 ± 1 % of the whole blood platelets was determined 
using a g force of 1000 for 9 minutes (Fig. 5). 

The data in Figure 5 show that, as long as the optimum centrifugation time 
is used for each g force (Fig. 3), the differences between the platelet yield in 
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Figure 5. Plotting the optimum platelet yield in the PRP for each centrifugal force 
evaluated indicates a optimum platelet yield at 1000 g. 

From Slichter and Harker [19]. 
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PRP over a wide range of g forces is not great: 79-89 % of the platelets in 
whole blood are separated into the PRP. This finding may explain why 
different strategies of optimum platelet harvesting have resulted in a number 
of different recommendations for PRP preparation [19-21]. Furthermore, to 
achieve reliable data, a large number of units must be examined, because of 
differences in blood sedimentation characteristics of individual donors. 

Another factor that may need to be considered in the PRP preparation 
process is the number of contaminating white cells. This is a variable that has 
not been systematically addressed, but high white counts in the platelet con­
centrate appear to contribute to a pH fall during storage, leading to loss of 
platelet viability [4,22] (see below). It may also contribute to platelet allo­
immunization [22,24]. Prolonged centrifugation at low g forces gives the 
greatest reduction in white cell contamination (Table 1). 

Table 1. PRP centrifugation conditions determine WEe contamination 
of platelet concentrate. 

PRP preparations WBC contamination 
platelet concentrate 

Investigator # units time (min) force (g) WBC's x toS/unit' 

Herzig [24] 252 3 1500 8.36** 
( 4.8-22.5) 

Marolf [22] 66 3 h .J 2665 1.41±1.27 
Slichter 12 5 1500 0.95±0.69 
Gottschall [4] 290 6 1032 0.92 ± 1.1 
Slichter 12 9 1000 0.70±0.57 

* Average ± S.D. 
** Median with range in parenthesis. 

The objective of platelet sedimentation from PRP is to obtained all of the 
platelets without using a g force so high that it damages cells. The higher the 
g force used, the shorter is the centrifugation time required (Fig. 6). However, 
at the highest g force tested of 4000 g for 10 minutes, a decrease in platelet 
survival was found even when the platelets were transfused without storage 
[19]. This injury is potentiated after platelet storage for 3 days [6]. 

After centrifugation, it is important to leave an appropriate volume of 
platelet-poor plasma (PRP) with the platelet concentrate to facilitate storage 
(see below). This can best be achieved by placing the transfer pack on a shelf 
above the expressor. This system leaves the desired residual volume and pre­
vents gravity syphoning of plasma beyond that required. 

Resuspension of platelets is a critical step in the preparation process. After 
centrifugation, immediate attempts at resuspension result in platelet aggrega­
tion, completing the aggregation process initiated by platelet packing during 
centrifugation. If the platelets are left for 1 Yz -2 hours at room temperature, 
spontaneous disaggregation occurs [25 J, and the platelet pack can be gently 
kneaded to facilitate resuspension, or placed on a rotator. 
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Figure 6. The minimum time required to sediment 95% of the platelets from the 
PRP into a PC was found to be inversely proportional to the centrifugal force 

applied. From Slichter and Harker [19]. 

Most patients require platelets from more than one donor, necessitating 
pooling of platelet concentrates. This procedure should be done before issuing 
the platelets from the central facility to ensure that all of the platelets are 
transferred to the pooling bag. Furthermore, as some storage procedures re­
quire large residual plasma volumes (up to 70 ml/unit), an additional centri­
fugation after pooling may be necessary to reduce tht'.' volume of plasma ad­
minstered. Centrifuging up to 8 pooled concentrates at 1745 g for 15 minutes 
recovers over 95 % of the platelets and does not reduce posttransfusion platelet 
recovery and survival, even if the platelets have been stored for 3 days before 
pooling (personal observations). 

1.2 Platelet concentrate storage 

There are several variables that directly effect poststorage platelet viability 
and function (see below). However, it has been well-established that CPD an­
ticoagulant solutions with or without adenine do not produce platelet injury 
storage [26-28] and that 22°C is the optimum storage temperature [29]. 
Thus, these latter parameters will not be discussed further. 

1.2.1 Agitation 

Platelets require constant gentle agitation during room temperature storage 
to maintain viability [7,19]. In fact, even the type of agitation used - whether 
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a horizontal to-and-fro movement at 40-70 cycles per minute (Eberbach, Ann 
Arbor, MI), and end-over-end type of tumbler agitation (Helmer Laborato­
ries), elliptical rotation (Fenwal), or a 'ferris wheel' rotation at 5 cycles/minute 
- had different effects on platelet viability [11,30]. Equally good transfusion 

results were obtained with either the horizontal or the tumbler agitator, while 
the other two agitation methods (elliptical and ferris wheel) produced 
substantially inferior results. 

1.2.2 Platelet count, white cell count, residual plasma volume and gas 
exchange through the storage bag 

Several interrelated variables affect platelet viability during storage. There is 
a direct inverse relationship between platelet count and pH change during 
storage [6,26,30]. To explain this pH change, the relationships between pH, 
platelet count, lactate production, oxygen tension, and PC02 levels have 
been evaluated [1,2,30,31]. The higher the platelet concentration, the lower 
the poststorage P02 level (Fig. 7), and lactic acid and PC02 levels are reci­
procally elevated. Low poststorage pH's are exacerbated if the platelets are 
not agitated during storage and are lessened if: (1) platelets are stored in either 
more permeable bags or those with a large surface area to improve gas trans­
port, or (2) the platelet concentration is reduced by increasing the residual 
plasma volume. 
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F~gure 7. Platelet concentrates were stored in 50 ml of plasma for 24 hours. In 
PL-146 plastic bags (Fenwal), poststorage P02 was markedly reduced in PC with 
high platelet counts, suggesting oxygen transport across the plastic bag was inadequate 
to replenish the oxygen consumed. P02 was higher in PL-732 plastic bags (Fenwal), 

consistent with its increased permeability to oxygen. From Murphy et al. [30]. 
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Oxygen is utilized by platelets to support aerobic metabolism during 22°C 
storage. If the number of stored platelets produces a requirement for oxygen 
that cannot be met by gas exchange through the bag's plastic walls, platelet 
metabolism changes from aerobic to anaerobic, and the increase in glycolysis 
produces excessive lactic acid. If there is not sufficient plasma present to 
buffer the lactic acid, the pH falls. In addition, pH varies with production of 
CO2 and its transfer across the bag; i.e., high PC02 levels further contribute 
to low pH's. 

When using the standard PL-146 (Fenwal) and CL-3000 (Cutter) 3-day 
storage bags, the best method of preventing the pH fall associated with high 
platelet yields is to increase the residual plasma volume. The plasma volume 
required is determined by the storage time; i.e., for I-day storage a residual 
plasma volume of 20 ml is sufficient; for 2 days, 50 ml; and for 3 days, 70 ml 
[6]. A platelet concentration of less than 1. 7x10 12 /l is necessary to maintain 
pH above 6.0 after 3 days of 22°C storage. However, even when optimum 
plasma-platelet ratios were used so that the pH did not fall below 6.0, platelets 
showed substantial losses in viability if storage in these bags was extended 
beyond 3 days [6,29]. 

Fortunately, a new generation of bags has been developed that permits 
platelet storage for up to 7 days. These bags were designed to facilitate gas 
transport by using either a more permeable polyolefin plastic (Fenwal 
PL-732) [30] or a thinner bag (Cutter CLXTM) [32]. 

Using the CLXTM plastic bag with a 50 ml residual plasma volume, 149 
of 167 (89%) of platelet concentrates stored for 5 days maintained a post­
storage pH greater than 6.0. Those with low pH had platelet concentrations 
of greater than 2.0x10 12/l, indicating that this is the maximum allowable 
platelet concentration for 5-day storage. For those concentrates with a pH of 
greater than 6.0 at the end of the storage interval, there was no difference 
between recovery and survival data using radio-labeled measurements in 
normal volunteers after 3 or 5 days of storage [32]. 

After 7 days of storage CLXTM bags with a 50 ml volume, 15/20 units 
(75%) had a pH below 6.0. For those 15 units with a pH greater than 6.0, 
posttransfusion recovery was above 40%, and half-time survivals were reduced 
to 2.8 days as compared to 3.3 days for 5-day-stored platelets. Transfusion 
studies in four patients showed improved bleeding time measurements in all 
but one, whose maximum posttransfusion platelet count was only 39,0001 f.tl. 

After 5 days of storage in PL-732 plastic bags containing 30-60 ml of 
plasma, 93 of 101 platelet concentrates had a pH between 6.7 and 7.4. One 
had a pH of 6.1, and 7 had pH's of greater than 7.5. Thus, 8% of the stored 
concentrates had unacceptable pH values. 51 Chromium-labeled platelet via­
bility studies in normal volunteers showed there was no difference in platelet 
recovery or survival after 5 days, compared to 1 day of storage at room tem­
perature [30]. These viability results were confirmed in patient transfusion 
studies. Even with this improved container, acceptable platelet recoveries de­
pend on residual plasma volume as demonstrated in Figure 8. After 7 days of 
storage with 50 ml of residual plasma, recoveries were significantly less than 
at 5 days with the same volume. One of the 8 units has a pH of less than 6.0 
for 7 days, but even those with a pH greater than 6.0 had reduced recoveries. 
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Figure 8. In vivo recovery using 51Cr-labeled autologous platelets in normal volun­
teers after 3-7 day storage intervals in either 30 or 50 ml ofresidual plasma in PL-732 
plastic with flatbed agitation. The symbols represent individual studies and the num­
bers in parentheses represent the final poststorage pH. The horizontal line represents 
the lower limit of the results when 50 ml of plasma were stored with the platelet con­
centrate for 5 days. Use of30 ml of residual plasma for 5 days or only 50 ml for 7-day 

storage resulted in reduced platelet recoveries. From Murphy et al (30]. 

Recently, the Food and Drug Administration (USA) has shortened the ac­
cepted platelet storage time in the new bags from 7 to 5 days. This change 
was based on concerns about bacterial contamination following extended 
storage and a progressive loss in platelet viability over the storage interval. 

Discussion 

The value of any proposed change in the conditions of platelet preparation 
and storage requires a systematic approach. Platelet preparation procedures 
are designed to optimize platelet yield into a platelet concentrate without 
compromising platelet viability or function. Critical steps in this process are 
the sedimentation force used to prepare the platelet concentrate and re­
suspension of the concentrated platelets. 

If a procedure results in a poststorage pH below 6.0, there are sufficient 
transfusion data to document that this change will be harmful, and the proce-
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dure should be abandoned. Less information exists on the detrimental effects 
of a high pH, but the available studies suggest that pH values greater than 
7.4 are sometimes associated with decreased platelet recovery. 

If poststorage pH is satisfactory, an evaluation of platelet morphology is 
indicated to determine if platelets have undergone disc-to-sphere transforma­
tion. However, disc-to-sphere transformation begins during 22°C storage at 
pH's less than 6.8 and progresses to complete platelet sphering at pH's less 
than 6.0. Since acceptable poststorage recoveries and survivals have been 
shown for platelets at pH's between 6.8 and 6.0, partial disc-to-sphere trans­
formation cannot by itself be taken as evidence for loss of platelet viability. 
This may be related to a reversal to disc form following transfusion. 

If the in vitro determinations give acceptable results, poststorage chromium 
or indium-radio-labeled platelet recovery and survival measurements in 
normal volunteers should be performed. Finally, if a significant change in the 
storage procedure has been introduced, serial measurements of posttrans­
fusion platelet counts and corresponding improvements in bleeding times in 
stable thrombocytopenic patients will confirm the effectiveness of the storage 
procedure in maintaining platelet viability and function. 

Platelets should be continuously agitated during 22°C storage either by a 
horizontal to-and-fro motion (Eberbach rotator) or an end-over-end process 
(Helmer Laboratories). With the newer platelet storage bags (Fenwal PL-732 
or Cutter CLXTM), platelet concentrations of between 2 and 3x10 12/l in 
50 ml of residual plasma are well-preserved for at least 5 days of storage. 
Because of the excellent gas transport provided by these new storage contain­
ers, it is important for blood centers to closely monitor poststorage pH values 
for unacceptably high results greater than 7.4. Such results may occur in 
poor-yield platelet concentrates with large residual plasma volumes; either 
reducing the residual plasma volume or improving platelet yield will solve the 
problem (Table 2). 

Table 2. Correction of poststorage pH's. 

Resolution 1 

Problem Residual Platelet WBC Gas transport 
plasma yield contamination 
volume 

Poststorage pH < 6.0 Increase Reduce2 Improve3 

Poststorage pH > 7.4 Decrease Improve Reduce4 

1. One or more of these procedural changes should resolve the problem. 
2. Use PRP centrifugation time and force that reduces WBC contamination (see 

Table 1). 
3. Use more permeable storage bag or a storage bag with a larger surf~lce area. In 

addition, bags should be stored individually on open wire racks with small bag 
labels to filcilitate gas transport. 

4. Use less permeable storage bag or storage bag with a smaller surface area. 
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SURGE PLATELETAPHERESIS 

M.K. Elias, H. Pol, M. Weggemans, A. Maas, Pc. Das, C.Th. Smit Sibinga 

Introduction 

Minimizing alloimmunization of multi transfused platelets reCIpIents is in­
creasingly becoming a challenge. The use of non-selected single donor plate­
lets or HLA-matched platelets reduces the rate of alloimmunization to only 
50% and 30% respectively. 

The use of leukocyte-poor platelets seems to gain increasing support. Inde­
penent studies [1-5] report a similar low incidence of alloimmunization in re­
cipients of leukocyte-poor blood components. This incidence was reduced to 
0% when using platelets which are both leukocyte-poor and matched [3]. 

There are 3 possibilities to deplete platelet concentrates of contaminating 
leukocytes: 
1. An extra centrifugation step of 300 g for 10 minutes completely removed 

the leukocytes from standard platelet concentrates [6]. However, this re­
sults in loss of at least 30% of the thrombocytes. 

2. Filtration through a cotton wool column [7] recovers almost all the plate­
lets, but the final leukocyte contamination varies according to the initial 
pre-filtration leukocyte count in the platelet concentrate. 

3. The third possibility is the surge technique; this is a plateletapheresis 
method which combines centrifugal separation with elutriation. The elu­
triation method allows a cell separation based on the balance between cell 
sedimentation speed and plasma speed in the opposite direction. As sedi­
mentation speed is principally a function of cell surface, elutriation can 
be considered as a small cell collection technique. It therefore increases 
the resolution of platelets from leukocytes producing a high-yield product 
equal to 7 -8 standard platelet concentrates, with a minimal possible leuko­
cyte contamination (Table 1). However, this contamination still seems to 
be of considerable amount as regards alloimmunization. 

At present, there is a lack of consensus on the minimal dose of leukocytes per 
transfusion which is capable of inducing sensitization. Some investigators 
report to the absence of a dose response relationship [8]. Others suggested 
that the critical level for febrile reactions to occur is 0.25x109 leukocytes per 
transfusion [9]. A recent study [10] reported that platelets with fewer than 
5 million lymphocytes per transfusion do not seem to stimulate a response to 
major histocompatibility antigens, while a contaminating dose of 15 million 
leukocytes appears to be highly immunogenic. Accordingly, we attempted to 
deplete the leukocyte-poor surge platelets even further by filtration through 
cotton wool. 
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Table 1. The platelet yield and the leukocyte contamination obtained with various 
preparation techniques* 

Method Mean platelets Leukocyte contamination Donor 
xl011 xl08 equivalent 

Standard 0.55 4-10 
Manual thrombapheresis 

(multiple bag) 1.8 - 3.6 6-8 2-6 
Machine 

thrombapheresis 3.2-6.4 54-67 6-8 
Surge 3.4-5.8 0.7 -6.7 6-8 

* The absolute content of one donor equivalent of standard PC is 0.55x10 11 thrombo­
cytes with a contamination of 4x108 leukocytes in a 50 ml volume prepared from a 
donation of 450 ml blood. 

Figure 1. The surge technique (Haemonetics V50-1). 
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Methods used 

The surge technique (Fig. 1) 

The Haemonetics V50 hemapheresis machine with a platelet elutriation pro­
gramme was used. Blood is pumped into the bowl at 60-70 ml/min. When 
the buffy coat is 1.1 cm from the exit port, the blood pump is stopped auto­
matically and the surge pump activated to eject part of the plasma collected 
in the air/plasma bag, into the spinning bowl. 

This fast stream of plasma, called 'surge', elutes the platelets from the buffy 
coat leaving white and red cells behind. The surge technique evoluted rapidly 
in three generations: the manual, the semiautomated and the autosurge. 

In the early surge trials [11] a line was drawn 1.05 cm from the bowl rim 
to serve as an indicator to start the surge pump by pressing a button. Again, 
collection of platelets was terminated by noting a clearing in the turbidity of 
plasma when platelets have passed through the exit port. This manual and 
visual control of the surge collection was not very accurate. The surge was 
further semiautomated by supplying optical sensors at the shoulder of the 
bowl and on the effluent line allowing more accurate timing for the start and 
termination of collection. 

Prior to each procedure three parameters must be adjusted according to 
the composition of the donor's blood in an attempt to modify the collection 
procedure for that donor. These parameters are: the VO, the CDV and the 
P/WC factor: 
a. Volume offset (VO) determines the surge starting point, which is the point 

where the surge of plasma exiting from the air/plasma bag towards the 
bowl begins. This starting point can be delayed for donors with low 
hematocrit to give more time for the buffy coat to reach the shoulder of 
the bowl. It is possible to recognize whether the VO should be increased 
or decreased based on the sequence of events observed during the first 
pass (Fig. 2). 
- If the VO is too low the surge begins too early. The graph in this situa­

tion would be elongated on the time axis. The product would have a 
high volume, low platelet concentration because the buffy coat (BC) 
did not have enough time to be well formed. This results in a poor 
total yield and very low or no contaminating white and red cells. 

- if on the other hand the VO is too high, the surge starts too late. The 
graph in this situation would be compressed on the time axis with the 
cell population overlapping each other to a greater extend. This is the 
packing phenomenon. The product would be low in volume, with a 
high platelet concentration but still poor in total yield and with in­
creased white and red blood cells. 

There is an inverse relationship between VO and donor hematocrit. The 
higher the hematocrit, the lower the VO and vice versa. This relationship 
is not directly linear because of the presence of other factors such as donor 
precount, thickness of the platelet band, plasma viscosity, packing charac­
teristics and indiviual machine operating range. Therefore, observation of 
the first pass is essential to predict what the VO for a particular donor 
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Figure 2. The situations which may be encountered with different VO adjustments 
(adapted from publications of Haemonetics). 
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Figure 3. Determination of the product volume by adjusting the CDV parameter. 
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should be. In a previous study [12] we developed a range of VO adjust­
ments according to different hematocrits. The platelet yield obtained 
using an adjusted VO was significantly higher than that obatined using 
the surge protocol with standard VO parameter. 

b. The second parameter to be adjusted is the collection delay volume 
(CDV). This determines the collection starting point (Fig. 3). Prior to the 
start of the surge there is a long period where the separated PPP enters 
the air/plasma bag. After activation of the surge pump the concentration 
of platelets in the effluent line remains low for a further 20 ml (the preset 
value of the CVD) after which collection begins. The concentration of 
platelets then steadily increases within the next 20 m!. The peak is detect­
ed, then steadily decreases within the next 20 ml before the concentration 
of white cells increases. When the CDV parameter is adjusted in an 
appropriate way, the volume and therefore the concentration of the final 
product could be altered to meet specific needs; for example a high 
volume for storage or a low volume for radio-active labeling etc. 

c. The third surge control parameter is the platelet/white cell factor (Fig. 4). 
This determines the end point of the surge. It is measured as the number 
of seconds during which the surge continues after the platelet peak has 
been detected by the line sensor. The preset value is 3 seconds. Increase 
of the P/WC factor yields more platelets, but carries the risk of increasing 
white cell contamination in the product. 

P/WC 

SJRGE 
0-------3----5 

...... _-+---

Figure 4. Determination of the end of collection through adjusting the P/WC 
parameter. 
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Figure 5. Comparison between the old surge and the autosurge. The reference value 
of the donor's plasma is taken as 100%. 

The interaction of these three control parameters VO, CDV and P/VVC factor 
especially in the light of the donor's hematologic profile modifies the surge 
technique to obtain the best product possible from each individual donor. 
However, a major disadvantage of the surge technique is the difficulty to find 
the correct BC position through adjusting the VO prior to each procedure. 
Since elutriation is dependent on a good BC position, the resolution between 
platelets and leukocytes is imcomplete unless this position is found. Also the 
interruption of the surge after predetermined volume (P/WC factor) may be 
too early or too late, according to the thickness of the platelet band. This 
makes the surge procedure a semiautomated platelet collection programme 
which lacks standardization. 

Another disadvantage is that part of the platelets already processed is re­
mixed with white and red cells during the sudden start and sudden brake of 
the surge. To circumvent these problems a fully automated platelet elutriation 
programme has been developed called 'autosurge' (Fig. 5). In this pro­
gramme the surge always starts at the same BC position detected by the bowl 
optics irrespective of the donor hematocrit. Elutriation starts with a surge 
speed of 80 rpm and increases its speed every second by 5 ml per minute. 
\IV hen the platelet concentration in the effluent line increases and the line sen­
sor voltage drops to 65 % of the reference value, the surge acceleration stops 
meaning that the surge incremental limit (SIL) is reached. This optimal 
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Figure 6. Comparison between the end of collection in the old surge and the 
autosurge. 

elutriation speed (range 170-230 mllmin) is then kept constant until the plate­
let peak is detected. If the line sensor detects a small platelet peak, the 
machine automatically reduces the SIL for the next cycle to prevent contami­
nation. This gradual surge acceleration allows automatic adaptation to each 
cycle and each donor. It also generates less turbulence in the BC and thus 
minimizes remixing of platelets with white cells. 

Another modification in the autosurge (Fig. 6) is that the end of collection 
is not suddenly terminated as in the traditional surge. Once the platelet peak 
has been detected, the surge pump slows down at a rate predetermined by the 
contamination factor until it reaches the baseline speed. the preset value is 
30mllmin every second. This gradual decrease of the surge speed allows col­
lection of the last platelets. The CDV in this programme is equal to 20ml for 
the first cycle meaning that the line sensor is disabled during the first 20 ml 
of surge. The line sensor signal is read every 2 m!. When it reaches 70% of 
the reference plasma value the CDV is recorded by the machine (V). The 
CDV for the next cycle is then automatically calculated as l(, xv. This new 
platelet e1utriation programme has some major donor related disadvantages 
namely overshooting of the surge acceleration in case of thin platelet band 
and in case of initial turbid or lipemic plasma. This jeopardizes the principles 
of the technique and leads to unpredictable white cell contamination. 

Surge filtration 

The Imugard IG500 cotton wool filter (Terumo Corporation, Japan) was 
used as described [7] except that the first 50 ml of platelet-poor plasma were 
discarded; the filter volume is approximately 80 m!. The capacity of the Imu­
gard IG500 filter in retaining the leukocytes has been evaluated by filtration 
of other products with increasing leukocyte contamination gradients such as 
pools of standard platelet concentrates and pools of buffy coats. Care was 
taken to keep the volume of these products equal to that of the surge platelet 
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concentrates (± 300 ml). the filtrates where thoroughly shaken and the first 
few ml's in the tubing were discarded before taking a sample for in vitro tests. 
The platelet concentrates were allowed to run over the filter by gravity. 

Laboratory tests 

Manual counting by the Burker chamber technique was done before and 
after filtration. Pellets from the filtrates which were 10 x concentrated, were 
counted to confirm the presence or absence of leukocytes. The reliability of 
the automatic counters was also considered by comparing the results obtained 
by the Sysmex PL1lO and the Coulter S plus counters with those obtained by 
the Burker chamber technique. The absence of leukocytes was confirmed by 
Coulter histograms, cytospin preparations using antilymphocyte monoclonal 
antibodies and by blood smears. 

As the platelets prepared by surge technique and filtration are subjected to 
two different handling techniques, we investigated the extend to which their 
function and integrity have been affected. The recovery from hypotonic shock 
was determined, the increase in lactic dehydrogenase percentage leakage and 
{3-thromboglobulin percentage release were calculated. The two latter tests 
are known to correlate inversely with platelet survival [13]. The morphology 
score was performed according to Kunicki [14] before and after filtration. The 
ultrastructure of the surge platelets before and after filtration was examined 
by electron microscopy. The filter was tested for possible pyrogen release by 
the Limulus assay test. Random samples were cultured after filtration to 
assess the sterility since both elutriation and filtration are in principle open 
systems. 

Results 
Table 2 shows the results of 540 surge procedures carried out with the semi­
automated as well as the autosurge protocols. Mean volume was 354 ml with 
a mean platelet yield of 3.7x10 11 and a leukocyte contamination of 2.5x108, 

mostly lymphocytes. The unsuccessful surge procedures, in which the buffy 
coat was not detected, were excluded from the statistical analysis. The stan­
dard deviations of the leukocyte contamination in the platelet concentrates 
were almost approaching the means. In the autosurge protocol, when the do­
nor platelet precounts are exceeding 200x109/1. No significant difference III 

Table 2. Comparison of results (Haemonetics V50). n = 540 

Volume Platelets Leukocytes xl08 PL/WC n 
xlO11 ratio 

1984 semiautomated 401 (74) 4.3 (1.0) 2.0 (1.1) 2150 370 
1985 autosurge 315 (58) 3.3 (1.0) 2.5 (2.2) 1320 110 
1986 autosurge 346 (41) 3.5 (0.9) 2.9 (2.0) 1200 60 

mean 354 3.7 2.5 1557 540 

Standard deviation in parentesis. 
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platelet yield was found with different SIL settings. At low precount, however 
the SIL needed to be adjusted to a lower setting. It is therefore advisable to 
reject donors with low platelet precounts, although this is not always prac­
tically feasible. The volume of the platelet products obtained by the autosurge 
correlated inversely with the donor hematocrit and this explains the 
correlation between the total platelet yield and the donor hematocrit. 

I1ble 3 shows the results of filtration of platelet concentrates with different 
initial leukocyte contaminations. 

Table 3. Comparative filtration study. 

Absolute leukocyte count x 108 

% platelet Biirker Sysmex Coulter 
recovery 

before after before after before after 

Surge (n=28) 95 3.4 0.0 3.9 0.1 2.0 0.1 
Pools of 6 standard 
PC (n=1O) 75 12.4 0.0 10.1 0.33 9.9 0.5 
Pools of 6 BC (n=3) 57 105.4 16.3 93.0 11.8 90.5 12.4 

Platelet recovery - The mean platelet recovery of the surge PC's is 95% with 
a range of 89-100%, while the mean platelet percentage recovery of the stan­
dard pooled PC's is 75% and only 57% of the buffy coat platelets are 
recovered. 

Residual leukocytes - Although no residual leukocytes could be detected by 
the Burker's chamber counting technique after filtration of either the surge 
PC's or the pooled PC's, yet in the automatic counting technique a consider­
able amount of contamination (30-50x106) of the pooled PC was detected 
when the prefiltration leukocyte counts are in the range of lOx108 The read­
ings were nil or within the blanc level for the surge PC's. This observation 
suggests that the filter is not equally effective in depleting both products and 
that confirmatory methods are needed when low leukocyte counts are dealt 
with. 

Confirmatory tests - No leukocytes were detected in the blood smears or the 
C\·tospin preparations after filtration of the surge Pc. No lymphocyte histo­
gram could be plotted by the Coulter S plus after filtration. 

·[tble 4 summarizes the results of filtration of the surge platelets. The pH re­
mained optimal after filtration excluding the possibility of acid release by the 
filter. The Limulus test was negative excluding a possible pyrogen release by 
the filter. No significant change was found in the hypotonic shock response 
before and after filtration. The increase in LDH percentage leakage and BTC 
percentage release after filtration was not significant. However, the latter was 
found to be increased after the surge procedure suggesting centrifugation 
induced platelet activation. The morphology score after either elutriation or 
filtration was above 200. 



\ 
0 

iJ 
f, 

Fi
gu

re
 7

. 
E

le
ct

ro
n 

m
ic

ro
g

ra
p

h
s 

o
f 

th
e 

su
rg

e 
pl

at
el

et
s 

be
fo

re
 (

le
ft

) 
an

d
 a

ft
cr

 (
ri

gh
t)

 f
il

tr
at

io
n 

th
ro

ug
h 

Im
u

g
ar

d
 c

ot
to

n 
w

oo
l 

fi
lt

cr
 (

m
ag

ni
fi

ca
ti

on
 

15
,0

00
 x

).
 

.....
.. " N 



173 

Table 1. Surge-filtration study. 

Platelet Residual Mean Mean Increase Increase Morph. 
recovery leukocytes pH HSR % LDH % B-TG % score 

(Biirkers) leakage release change 

89-100% 0.0 6.94 71.3 0.7 0.5 14 

The morphological features of the surge platelets before and after filtration 
are shown in Figure 7. The discoid configuration was preserved after the 
surge elutriation while after filtration the platelets acquired a more rounded 
configuration with the appearance of short stubby pseudopods. However, the 
ultrastructure of the platelets remained intact with normally distributed dense 
and a-granules and with moderate number and size of vacuoles. The platelet 
membrane displayed an electron density consistent with preseved ccll mem­
brane integrity. 

Conclusion 

We concluded that surge filtration seems to be a suitable technique to almost 
completely deplete platelets of contaminating leukocytes without compro­
mising platelet yield. Preconnecting the filter with the surge software in one 
closed system could overcome the sterility problem for future clinical applica­
tion and allows extended storage of the surge platelets. 
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PLATELETS AND PROPYLENE GLYCOL: AN APPROACH TO 
FREEZING PLATELETS IN THE PRESENCE OF A NEW 
CYROPROTECTANT* 

F.G. Arnaud, Ch.J. Hunt, D.E. Pegg 

Introduction 

Banking of cryopreserved platelets would make it possible to adjust the 
balance between supply and demand, and would facilitate the availability of 
typed [1,2] and autologous [3,4] platelets and random blood groups in cases 
of emergency [5]. The cryopreservation of platelets, at slow cooling rates, 
using conventional cryoprotectants (CPAs) remains unisatisfactory when 
assessed in vitro [6-8] although some have considered the results sufficiently 
good for clinical use [9,10]. Since the first attempts [11,12J platelet freezing has 
proved less satisfactory than that of many other cells, such as red blood cells 
[13]. This poor response might be explained by greater osmotic fragility of 
platelets [14] or by an inadequate concentration of CPA [15J due to the limita­
tions imposed by toxic effects. 

Recently, there have been reports of bacterial infection associated with 
long-term liquid storage of platelets leading to death of the recipient [16,17]. 
Although, it is an expensive technique, cryopreservation should be seriously 
considered as a means of platelet preservation. 

CPAs are chemical compounds which must be water soluble, non toxic in 
the concentrations used [18], and if they belong to the group of permeating 
CPAs then the more permeable, the easier is their addition and dilution. 
Therefore, platelets should be given better protection during freezing in high 
concentrations of a permeable, non toxic CPA [15]. Propylene glycol (or 
propane-1,2-diol) (PG) has been proposed as a CPA for platelets because it 
is known to have low toxicity and to permeate the cell membrane rapidly. 
Som(; authors have favored PG [20-22] because of its ability to inhibit ice 
formation; it has a strong glass forming tendency and the amorphous state 
is remarkably stable [23]. However, the tolerance of platelets to PG should 
be investigated and the toxic limits should be found before cryopreservation 
is attempted. Moreover, toxicity cannot be assessed without first establishing 
the permeability of platelets to PG [15,24] so that methods of addition and 
removal can be used that avoid osmotic damage. Normal cell physiology is 
maintained only when cell volume is kept within a specific range [25] and it 
has been shown that platelets can tolerate volume variations between 60 and 
130% of their initial volume [15J. 

* This work was funded by the Medical Research Council. 
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The purpose of this study was to measure the effect of several concentra­
tions of PC at several temperatures and for various lengths of time. The 
details of the methods and the complete data will be described elsewhere; only 
the data from experiments at room temperature are included in this paper. 

Methods 

Preparation rif the cells 

Platelet concentrate (PC) was prepared from fresh blood by the standard 
method shown in Figure 1. First a gentle spin at 250 g for 20 min to produce 
the platelet rich plasma (PRP); then a hard spin 2000 g for 15 min to provide 
the platelet concentrate (PC) (Centrifuge MSE Mistral 6L from Fison Scien­
tific Equipment, UK). After 20 min at 20°C the platelets were resuspended. 

EXPERIMENTAL PROTOCOL 

Dlood 

PRP fl·: ~ "f. 

,r"CD 

PREPARATION o Q PPP 

I 

P C ~ -------.1 
" Controls 

ADDITION , + o PG i+O PBS 

I I PPP 

~ DILUTION 

S PIN ~ 
Ii A SS A Y S 

HST. AGG. 

Figure 1. Protocol for the preparation of platelets from fresh blood. 
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Figure 2. Photometric device to measure the changes in volume of platelets at various 
temperatures. The jacketed system allows the circulation of water around the sample 

cuvette from the water bath. 

Method for measuring permeability to PC 

Changes in cell volume [19,25] were measured following the addition of 
glycerol or propylene glycol (PG) (Glycerol Analar from BDH Ltd. Poole, 
UK; PG Purissimum from Fluka AG. 9470 Buchs, Switzerland); 0.5 mlof 
CPA solution (isotonic regarding the salt concentration) was added to 1 ml 
of PRP, producing a final concentration of 0.333 mol/I. The consequent 
change in platelet volume was monitored by a photometric device [25,26] 
(Fig. 2). Solutions of known osmolality were used to produce platelets of 
known volume, calculated by means of the Boyle van 't Hoff equation [27] 
(see appendix); these were used to calibrate the chart recorder in volume 
terms. The experimental curves from 6 individual experiments (Fig. 3a) were 
visually matched with curves (Fig. 3b) obtained by applying the equations of 
Kedem & Katchalsky [28]. This was done on a 380Z-D microcomputer 
(Research Machines Ltd. Oxford, UK) using a Pascal programme (see ap­
pendix). The shape of the curves is governed by the permeability parameters 
hydraulic conductivity (Lp), solute permeability (w), and the reflexion coeffi­
cient (a), and best fit values were obtained by curve fitting. 



178 

100 

80 

70 

60 

50 
o 10 

ADDI TION of PROPYLEN E GLYCOL 

EXPERIMENTAL DATA 20°C 

A TIME(secs) 

110 I ume en 

100 

80 

70 
ADDITION of PROPYLENE GLYCOL 

60 MATCHING CURVES 20°C 

50 
o 10 20 
B T I 1'1 E ( sec::. ) 

30 

30 

Figure 3. (A) Visual matching of the experimental data (1111) (mean of 6 experi­
ments; the bars (I) indicate ± SEM). 

(b) The computerized curves ( ____ ) were obtained from the equations of Kedem 
& Katchalsky. 

Protocols if addition and dilution of PC 

The permeability parameters were then used in the same Kedem & Katchal­
sky equations [28] to calculate the volume response to various step changes 
in concentration of PC. It was then possible to define steps such that the cell 
volume remained above 60% of initial volume during the addition and 
remained below 130% during dilution of PC. 
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Method oj studying the toxicity oj PC 

Aliquots (10 ml) of platelet concentrate were equilibrated at 20°C (Fig. 1). 
The solutions of PC studied were also kept at this temperature and contained 
respectively 0, 0.5, 1, 2 and 2.5 molll of PC. All solutions were prepared in 
phosphate buffered saline, PBS, (Oxoid Ltd. Basingstoke, UK). Such solution 
was made up on a molar basis and contained salts equivalent to 9 g NaCI/I; 
thus they were all isotonic. PC was added stepwise to the suspension accord­
ing to each protocol. The cell suspension was exposed to PC for 0, 15 min 
or 2 hours, then the dilution of the CPA was carried out by the appropriate 
stepwise dilution protocol. Finally PC was completely removed from the 
suspension by a 10 min spin at 2000 g, and the pellet was resuspended, either 
in platelet poor plasma (PPP) or PPP + ACD depending upon the test to 
be performed. 

Assays 

Hypotonic stress test: 
When exposed to hypotonic conditions [29], platelets first swell due to the 

influx of water and then gradually return to their initial volume by efflux of 
water. In a spectrophotometer, the transmitted light increases due to dilution 
of the cells, and swelling also increases transmission (Fig 4). The final trans-

w 
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z 
« 
a: 
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HYPOTON I C STRESS TEST 

PR P 

bose line 

1 
A 

1 

TIME 

0/0 

100 

10 PI< P 

AGGREGAT ION 

base Ii ne 

A B 

1 I + 
ADP 

TIME 

Figure 4. The assays. The hypotonic stress test (HST), 0.5 m! of water (or PBS for 
the baseline) was added to 1 m! of PRP, and recovery was calculated after 10 min 
as the ratio AlB. The aggregation test. Complete aggregation was induced by 1.5 ttM 

ADP and recovery was calculated as the ratio AlB. 
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Table 1. Permeability parameters obtained from the best match 
between experimental and calculated curves (T=20°C). 

Coefficients Solute 

Hydraulic conductivity PG 
Glycerol 

Solute permeability PG 
Glycerol 

Reflexion coefficient PG 
Glycerol 

Table 2. Stepwise method of addition 
of PG at room temperature 20°C. 
The . platelets were not allowed to 
shrink below 60% of their initial 
volume (T=20°C). 

Time Steps PG concentration 
(sec) (moIlI) 

0 1 0-- 1.4 
15 2 1.4 - 2.15 
30 3 2.15- 2.6 
45 4 2.6 - 2.9 
60 5 2.9 - 3.1 
75 6 3.1 - 3.21 

LP = 8xlO - 7 cm • s -1 • atm- 1 
LP = 8xlO -7 cm • s -1 • atm- 1 
wRT = l.lxlO -5 cm • s-1 
wRT = lxlO - 5 cm • s-1 
(J 0.4 
(J = 0.9 

Table 3. Stepwise method of dilution 
of PG at 20°C. The platelets were not 
allowed to swell above 130% of their 
original volume (T = 20°C). 

Time Steps PG concentration 
(sec) (moIlI) 

0 1 2.5 - 2.4 
30 2 2.4 - 2.2 
60 3 2.2 - 2.0 
90 4 2.0 - 1.75 

120 5 1.75- 1.45 
150 6 1.45- 1.05 
180 7 1.05- 0.6 
210 8 0.6 - 0 

mission if only dilution occurred was obtained by addition of isotonic PBS to 
the suspension and swelling was induced by adding water to Pc. Transmit­
tance was measured at 610 nm (SP spectrophotometer, Pye Unicam, UK) and 
the recovery was calculated as illustrated by Figure 4. 

Platelet aggregation: 
This was induced by 13 ttmolll ADP [30]. The suspension was continuously 

mixed and the optical transmission was recorded in a Malin aggregometer 
(Malin Electronics Ltd., UK). The increase in transmittance was recorded 
until total aggregation had occurred and recovery was calculated as illustrated 
by Figure 4. Platelet counts were performed with a Coulter counter (Model 
D from Coulter Electronics, Luton, UK). 

Electron microscopy was used selectively in this study but not as a method 
of investigating function. The technique used was previously described [14]. 
The results were analyzed using Student's t-test. 
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Results and discussion 

Permeability parameters 

Permeability parameters deduced from the visual matching of experimental 
and theoretical curves are shown in Table 1. The data obtained for glycerol 
are in good agreement with those obtained by W.]. Armitage [19,24]. PG 
appears to be 110 fold more permeable at room temperature than glycerol. 
The reflexion coefficient is a representation of the semi permeability of the 
membrane for a specific solute [25]. The difference found between PG (0.4) 
and glycerol (0.9), although the molecules of PG and glycerol are of compara­
ble size (radius=2.71X) [31], suggests that these solutes cross the cell membrane 
by different mechanisms, or at least, not through the same fixed pores [32]. 
U sing these coefficients protocols were designed, such that the step changes 
in CPA concentration allowed the platelets to contract and to expand within 
acceptable limits. The addition steps for PG at room temperature proved very 
convenient, and 2.5 molll PG could be reached in 3 steps of 15 seconds each 
(Table 2). Similarly, in the dilution protocol PG concentration could be re­
duced from 2.5 molll to 0.6 molll in 7 steps of 30 seconds each (Table 3). 

Toxicity of PC 

Using the previously described protocol, the effect of several concentrations 
of PG on platelet function has been ascertained (Fig. 5,6,8). No significant 
difference in numerical recovery (Fig. 5) was noted when each sample was 
tested immediately after a brief exposure, but the loss in platelets became sig­
nificant after contact with 2 molll PG for 15 minutes or more. The informa­
tion obtained from hypotonic stress test is presented in Figure 6. When PG 
was added to the platelet suspension and immediately diluted, simulating the 
conditions prior to freezing and after thawing, no differences were apparent 
with respect to the treated controls. However, the presence of 2.5 molll PG 
for 15 minutes or 2 molll for 2 hours did cause significant damage. Since the 
HST is an indication of membrane integrity [30], these results could be ex­
plained by alteration of the structure of the cell membrane. 

EM of samples in contact with 2.5 molll PG for 10 minutes at 20°C ap­
pears similar to the controls: all organelles are present - microtubules, mito­
chondria and canalicular system (Fig. 7). However some cells had lost their 
discoid shape, and the canalicular system was highly developed, possibly be­
cause the platelets had been stored for 14 hours before being used. Treated 
and washed platelets responded very poorly to aggregation induced by ADP 
(Fig. 8). This is also ascribed to the time of storage, because controls aggre­
gated poorly. Nevertheless, better aggregation was seen after the brief exposure 
of platelets to PG (time=O on Fig. 8). Undeutsh et al [33] studied the effect 
of glycerol on platelet metabolism and reported an inhibitory action of glyce­
rol on aggregation. They found it difficult to resuspend platelets after hard 
centrifugation, which caused a significant amount of aggregation. However, 
since their methods are different, it is difficult to compare this findings with 
our results. From our unpublished observations, aggregation appears to be 
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Figure 7. EM of platelets after 10 minutes in the presence of 2.5 molll PC at 20°C. 
The control (A) is a fresh platelet concentrate which underwent addition of PBS and 
subsequent dilution with PPP. Treated samples (B) appear similar to the control. 
Microtubule (MT), mitochodria (M), canalicular system (CS), dense bodies (DB) are 

present in both cells. Magnification ( ____ scale = 0.5 p,m). 
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stimulated by PC, and resuspension was easier after centrifugation and no 
aggregates were seen. It seems probable therefore, that PC affects platelet 
metabolism by a different mechanism than glycerol, but we have no evidence 
on this point. 

Kim and Baldini [34] studied the effect of glycerol on platelets. They [34] 
and other authors [15] indicated that a gradual addition and removal of CPAs 
was beneficial for the function of platelets. It appears that glycerol and PC 
were of similar toxicity for platelets when low concentrations were used. They 
reported an HST response of 88% in 0.5% glycerol [34] and we obtained 
82 % in 0.5 molll PC. At 20°C glycerol requires 10 to 15 minutes to permeate 
the cell membrane [34,15, unpublished observations J, and consequently 
glycerol, when it is used in high concentrations, exerts its toxicity during the 
incubation period. This would not happen with PC since its permeation is 
very rapid and virtually no incubation is necessary. This makes PC a solute 
safer at high concentration. 

If platelets were tested within 15 minutes of the addition of PC (2.5 molll), 
there was no major decrease in viability. This suggests that platelet volume 
did respond in accordance with the model, but it should be stressed that it 
is not entirely proven that osmotic damage does not occur since we have not 
measured the relevant permeability coefficients at high concentrations of Pc. 
Presumably the subsequent drop in viability was the result of toxicity of Pc. 
Whatever the mechanism, it is shown that PC exerts its effects on platelets 
in a time-dependent manner, and consequently the quicker the cells are 
handled the higher the survival will be. 

Conclusion 

The results of the HST are sufficient proof that PC can be safely added at 
RT up to 2.5 molll, and we suggest that freezing should then be performed 
within 15 minutes. It would have been interesting to increase the concentration 
of PC to still higher levels where vitrification might conceivably happen, but 
the addition and dilution of the cryoprotectant will be then a long and tedious 
process. We therefore propose to start the study of platelet cryopreservation 
using 2.5 molll PC and to carry out the addition and dilution at 20°C. 

Appendix 

The B(!)Jle van 't Hoff relationship 

Platelets placed in solutions of different osmolalities of an impermeant solute 
such as NaCI are able to swell in hypotonic solutions or shrink in hypertonic 
solutions, thereby maintaining equality of chemical potential of water across 
the cell membrane. It is said that platelets behave as osmometers [31]. Conse­
quently, there is a straight line relationship between the reciprocal of osmotic 
pressure and water volume. This is known as the Boyle van 't Hoff relation­
ship. 
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The Boyle van 't Hoff equation calculated for platelets by W.J. Armitage 
[19] was: 
VIVo = O.87x 1l"ol1r+0.13 (I) 
V/V 0: relative water volume 
1l"0/1l": relative reciprocal osmolality 
The physiological water content V 0 of the platelet occurs at the physiologic 
osmolality 1l"o. 

The optical density of platelet suspensions of constant concentration is also 
linearly related to the reciprocal of osmolality; thus the chart of a recording 
of optical density can be calibrated in terms of cell water volume. 

Kedem and Katchalsky equations 

After addition of a permeable solute such as PG to a cell suspension, water 
will first flow out of the cell and then, accordingly to the ability of the solute 
to penetrate the membrane, the cell will increase in volume due to the pene­
tration of solute and water. Cell volume will return to its initial value if the 
concentration of impermeant solutes is the same as initially. The shape of the 
volume curve is governed by the permeability parameters as follows: 
Lp = hydraulic conductivity which controls the total volumetric flow. 
w = solute permeability which controls the solute flux through the plasma 
membrane. 
a = reflextion coefficient, which is an index of the semipermeability of the 
membrane. 

The equations are: 
Jv Lp(dP- A1l"i - aRTdC s 

Js wRT dCs + Jv(l- a)cs 
Jv total volumetric flux 
Js solute flux 
dP = hydrostatic pressure difference 
d1l"i = osmotic pressure difference due to impermeable solute 
aRT dC s = osmotic pressure developed by permeable solute 
dCs = concentration difference of permeable solute 
cs = mean concentration of permeable solute in the membrane. 

(II) 
(III) 

These equations were solved simultaneously using the Euler method of 
numerical integration. A series of computerized curves (Fig. 3b) was then 
obtained by varying the 3 parameters Lp, w, a and imposing the following 
restrictions: 
(a) Lp and a values for glycerol should be similar to the values obtained by 

W.j. Armitage [19,24]. 
(b) Lp should be the same value for glycerol and PG. 
(c) The surface area will remain constant and is equal to 2.6xl0- 7 cm 2 [19]. 
(d) The physiologic water volume is 6.6xlO -12 cm 3 [19]. 
The experimental and theoretical curves were then visually matched as close­
ly as possible. 
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BACTERIAL CONTAMINATION IN PLATELETS STORED AT 
AMBIENT TEMPERATURE 

D.H. Buchholz 

For many years blood products were stored at refrigerator temperatures in 
order to maintain cell quality and to prevent the growth of any bacteria intro­
duced inadvertently into blood during the phlebotomy procedure. With the 
advent of integrally connected multiple plastic container systems, preparation 
of components such as plasma, red cells and platelets became feasible on a 
large scale. Platelet transfusion has played a major role in the supportive 
treatment of patients with thrombocytopenia and has permitted more aggres­
sive attempts at the control/eradication of malignancy through the use of 
chemo- and radiotherapy. 

In contrast to the 4°C storage conditions which appear optimal for red 
blood cells, platelets appear to benefit significantly if they are not stored under 
refrigerated conditions. Ambient temperature storage plus development of 
highly gas-permeable storage containers have permitted effective transfusion 
therapy after up to 7 days of 22°C storage. A theoretical risk of room temper­
ature storage is the rapid proliferation of any microorganisms which may 
have been admitted along with blood at the time of collection. While contro­
versial, several studies have indicated that bacteria can be recovered from 
room-temperature-stored platelets from one to seven percent of the time. 
Other studies have suggested that the recovery of bacteria from such platelets 
represents inadvertant contamination of the sample used for culture rather 
than true contamination of the platelet product. 

Following an increase in reports of clinical/laboratory evidence of bacterial 
growth in platelets during 7 day storage, the United States Food and Drug 
Administration recently recommended that the maximum 22°C storage time 
be reduced from 7 to 5 days. The following historical review of studies dealing 
with bacterial recovery from platelets may be helpful in evaluating extended 
storage at ambient temperature conditions. 

Murphy and Gardner [1], first demonstrated the beneficial effects of room 
temperature platelet storage in 1969. As part of their studies they cultured 137 
units of platelet concentrate which had been stored for up to three days at 
22°C. One-half ml samples of either platelet concentrate (PC) or platelet-rich 
plasma were inoculated into thioglycollate broth and maintained at 37°C for 
72 hours. One non-hemolytic streptococcus was isolated. 

The following year Silver et al. [2] studied 40 units of platelet concentrate 
prepared using ACD-A anticoagulant. A 1 ml sample of donor blood (seg­
ment) and a 2 ml sample of platelet-poor plasma from each unit were cul­
tured. The PC had been stored at 30°C without resuspension; 10 different 
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units were cultured in 10 ml of thioglycollate broth after 24, 48, 72 and 96 
hours of storage, respectively. No bacterial growth was found. 

In 1971 Buchholz et al. [3] reported that administration of platelet concen­
trate prepared immediately prior to transfusion from platelet-rich plasma 
stored at room temperature for 48 hours resulted in a shaking chill, hypoten­
sion and a fever to 41°C in a 20 year old outpatient with Hodgkins disease. 
Enterobacter cloacae was recovered from the recipient and later from plate­
let-poor plasma removed from one of the units which comprised the trans­
fusion. Recovery of the recipient following antibiotic therapy was uneventful. 
Another platelet recipient experienced a shaking chill, fever (40.5°C), severe 
hypotension, and confusion following a transfusion of platelets stored for 24 
hours at 22°e. Antibiotic therapy only slowly resolved symptoms. E. cloacae 
was recovered from the patient and the platelet pooling container. 

As part of the evaluation of these patient septicemias, 258 platelet pools re­
presenting 2,188 units of platelets were studied. Platelet pooling was performed 
under laminar air flow hoods. Triplicate 5 ml samples of each pool were 
inoculated into tryptic soy broth, brain-heart infusion and thioglycollate and 
incubated at 37°C for 21 days. During the last half of the study, identical cul­
tures were performed at 25°C as well. Fifty-three of 258 pools were found to 
contain bacteria as defined by recovery of microorganisms from one or more 
cultures. Diphtheroids and S. epidermidis were the organisms most often reco­
vered, however, other bacteria, including Gram-negative organisms such as 
E. cloacae and Pseudomonas sp. were also found. Assuming that only one unit 
per pool was the source of the bacteria recovered, the calculated incidence of 
contamination was 1.3, 2.8, 3.4 and 4.9% for units stored 0, 1, 2 and 3 days, 
respectively. 

Culture of 75 bags from 10 different lots of blood packs showed all to be 
sterile. Supplies and arm preparation materials were also unrelated to the 
contamination. Although pools, rather than individual untis had been cul­
tured, inadvertent contamination at time of pooling and culture was felt un­
likely in view of the correlation between bacterial recovery and storage time. 
Twenty five of the pools from which bacteria were recovered had been trans­
fused, 13 without room temperature storage. All but five of the remainder 
contained S. epidermis or diphtheroids. The other pools contained S. aureus, 
Alcaligenes sp., Pseudomonas sp. [2] and E. cloacae. Except for the last (see the 
second case report) the transfusions were not associated with recognized reci­
pient septicemia. Although quantitative cultures were not performed, the 
authors speculated that in most instances the number of bacteria present after 
storage at room temperature was small. 

Since inadvertent contamination of platelets could not be totally ruled out 
when units were pooled in the above study, Buchholz et al. [4] subsequently 
cultured 3,251 individual fresh units of platelet concentrate using samples ob­
tained from segments after thorough mixing with bag contents. Samples from 
each unit were cultured on blood agar plates at 37°C and 25°C for 96 hours. 
U nits demonstrating bacterial growth by the time needed for transfusion were 
excluded from use. Pool cultures were also performed using trypticase soy 
broth, thioglycollate and brain-heart infusion. In addition, duplicate 0.5 ml 
samples were incubated on blood agar plates at 25°C and 37°C to quantify 
the degree of contamination in the pool. 
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Forty-five of 3,251 (1.4%) individual fresh units of platelet concentrate cul­
tured without pooling were found to contain bacteria. Usually only 1-2 
colonies were found, suggesting that the number of bacteria present was 
small. The 1.4% value compared favorably with a calculated estimate of 1.6% 
contamination (74 of 4,560 units) based upon earlier culture studies of plate­
let pools. In pool culture studies bacterial recovery again increased with the 
time of storage prior to pooling (0.9, 2.1, 2.5 and 4.3 %, respectively for pools 
comprised of units stored 0, 1, 2 and 3 days). Semi-quantitative cultures of 
pools revealed that in the majority of instances the number of bacteria present 
per ml of platelet concentrate was low. Of 45 positive pools cultured in this 
manner, 34 contained fewer than 50 organisms per ml, two contained be­
tween 50 and 200/ml and five contained organisms too numerous to count. 
In four instances, the colony count was not recorded. Thus, in most instances, 
the number of organisms present was small; this likely accounts for the low 
rate of recognized clinical septicemia. The authors also presented data which 
suggested that presumed 'skin plugs' induced by needle coring during phlebo­
tomy may have played a role in entry of bacteria into blood collection systems. 

Four additional instances of recipient septicemia took place during or fol­
lowing these studies. In each instance, bacteria were recovered from the 
patient and the platelet pooling bag. The organisms involved included Flavo­
bacterium sp., Serratia sp. and S. epidermis. Patients who were transfused with 
the first two organisms eventually recovered. A third patient with acute 
leukemia and profound granulocytopenia developed a shaking chill, fever to 
41°C and severe hypotension after being given platelets stored 24 hours. He 
developed acute tubular necrosis and died 9 days following the transfusion. 
The remaining patient displayed nearly identical symptoms, also developed 
acute tubular necrosis and died 12 days following transfusion. 

Mallin et al. [5] cultured 110 units of platelets, 42 prepared under closed 
system conditions and 68 with deliberate aseptic (open) transfer of plate­
let-rich plasma to and from a transfer pack prior to cell concentration. Tripli­
cate one ml samples of platelet concentrate were removed from each container 
at 0, 24, 48 and 72 hours of storage and cultured in thioglycollate, tryptic soy 
broth and brain-heart infusion. In addition, 1-5 ml aliquots removed from 
platelet-poor plasma on day 0 were cultured in the same three media. Micro­
organisms were not recovered from any of the 110 units. 

In a large study, Cunningham and Cash [6] cultured one thousand indi­
vidual units of platelet concentrate following up to 3 day storage at 20°C. Ali­
quots (1 ml each) were inoculated into cooked meat medium and cultured at 
37°C and 20°C for 48 hours. Each was then subcultured on nutrient agar 
plates maintained anaerobically and aerobically at either 37°C or 20°C 
(depending upon the original culture temperature) for 48 hours. 

Sixty-three of 1000 units (6.3 %) were found to contain bacteria. S. albus 
(s. epidermidis) was recovered 52 times, coliforms 6 times, Cl. welchii 3 times, 
and S. aureus and Micrococcus sp. once each. Plate count studies indicated that 
in 78% of instances, the number of bacteria present was less than 101ml, al­
though as many as 585 organismslml were recovered from one unit. Culture 
of 100 units of platelets prepared in platelet packs obtained from a different 
manufacturer showed a bacterial contamination rate of 6%. In this study, 
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there was no statistically significant correlation between length of storage time 
prior to culture and percent contamination. 

Goddard et al. [7] prepared platelet concentrates with a long length of 
tubing left attached to the bag to permit respresentative sampling of bag con­
tents without direct entry. After mixing with bag contents, segments (0.6 ml 
sample size) were obtained from 350 consecutive bags of fresh concentrate 
and incubated for 18 hours at 4°C, 22°C and 3rG The contents of each seg­
ment were then Gram-stained and cultured overnight at 37°C on blood agar 
plates. All samples from segments maintained at 4°C and 22°C were sterile. 
A coagulase negative Staphylococcus sp. was recovered from one of the 37°C 
segments which had been defectively sealed. 

Additional studies were performed to qualitatively assess growth of various 
organisms in platelet concentrate maintained at 4°C, 22°C and 37°C. Small 
inocula (2-14 organisms) of coagulase-positive and -negative staphylococci, Ps. 
pyocyanea, E. coli and an unidentified spore-forming bacillus were introduced 
to 2· ml samples of platelet concentrate. After 18 hours of incubation, no 
growth was seen in any sample maintained at 4°C and heavy growth was seen 
in all samples maintained at 37°C except those containing the bacillus. In the 
22°C group, only Ps. pyocyanea showed significant growth by 18 hours. In ad­
dition to the above studies, 2,511 segments from fresh units of PC were incu­
bated overnight and Gram-stained. Microorganisms were seen upon micro­
scopic examination in a single instance. 

Rhame et al. [8] reported seven cases of Salmonella cholerae-suis septicemia 
that occurred in immunocompromised patients during a 7 month period. 
One patient died and two had long-term disease recurrences. Epidemiologic 
data implicated platelet transfusion as the means of bacterial dissemination. 
The organism was traced to an asymptomatic platelet donor with chronic Sal­
monella osteomyelitis of the tibia. The organism was subsequently isolated 
from the donor's plasma on three separate occasions. Platelet concentrates 
had been prepared from platelet-rich plasma maintained at ambient tempera­
ture and transfused within 10 hours of collection. 

Four hundred units of platelet concentrate were cultured by Wrenn and 
Speicher [9] following 72-96 hour ambient temperature storage. Triplicate 
1 ml samples were injected into 10 ml of thioglycollate broth and incubated 
at 4°C, 24°C and 37°C, respectively. Four of 1,200 cultures were found to 
contain bacteria (2 Corynebacterium sp. and 2 coagulase-negative staphylococci). 
In each instance organisms were recovered from only 1 of the 3 triplicate cul­
tures and growth was attributed to accidental contamination during culturing. 

Myhre et al. [10] cultured two hundred units of platelet concentrate and 
reported all to be sterile. Units of concentrate were then deliberately inocula­
ted with variable numbers of S. epidermidis, S. au reus, or Ps. aeruginosa. Samples 
were obtained at 0, 4, 12, 24, 30, 38 and 48 hours for culture on blood agar. 
When fewer than 103 S. epidermidis or Ps. aeruginosa organisms were introdu­
ced, no growth of microorganisms was seen. With introduction of 104 to 106 

bacteria, growth was suppressed for 24 hours after which it slowly increased. 
Progressive growth occurred with inoculation of 107 organisms. In contrast, 
when concentrates were contaminated with S. aureus, progressive growth was 
noted, irrespective of inoculum size. 
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Studies were also performed to evaluate the role of skin contamination as 
a mechanism for bacterial entry. After phlebotomy site preparation with 
green soap, 70% of alcohol and 3 % aqueous iodine followed by 70% alcohol, 
7 ml of blood was drawn into sterile tubes containing 1 ml of ACD. Approxi­
mately 0.5 ml aliquots were dispersed to 16-20 blood agar plates which were 
incubated at 32°C for 24 hours. Blood obtained from 10 phlebotomies was 
studied. Bacteria were recovered from all ten and ranged in number from 1 to 
> 200 colonies per 7 ml blood sample. 

Kahn and Syring [11] also deliberately inoculated units of whole blood with 
known numbers of selected bacteria (E. coli, S. epidermidis, E. cloacae, Ps. aerugi­
nosa) prior to component preparation. Platelet concentrates were then stored 
for three days at room temperature or 4°C and samples were removed at 
24 hour intervals. During room temperature storage, E. coli and E. cloacae 
(initial average numbers of 3 and 11 organisms/ml in Pc, respectively) grew 
rapidly (> 300/ml by 24 hours). S. epidermidis grew only slowly during the first 
24 hours but then underwent significant proliferation (> 300/ml by 48 hours). 
Ps. aeruginosa did not multiply. None of the four organisms increased in num­
bers during 4°C platelet storage; however, bacteria were recovered from all units 
kept at 4°C. 

Blajchman et al. [12] reported three episodes of Serratia marcescens sepsis in 
1979, one of which resulted in death. A fourth unit of platelet concentrate 
contaminated with the same organism was detected prior to transfusion. 
Platelets had been stored at 22°C for up to 72 hours. Sixty units of PC stored 
up to 72 hours were cultured. One ml samples were divided and cultured on 
blood agar plates, MacConkey agar and in Robertson's cooked meat medium 
(48 hours at 35°C). Thirty-two plastic packs (10 ml of thioglycollate/bag) and 
550 EDTA vacuum tubes (3 ml blood culture broth/tube) were also cultured. 
No growth was seen in platelets or blood packs. Serratia marcescens was isolated 
from 14 of 550 vacuum tubes. Simulated blood collection procedures in which 
EDTA tubes were filled via the phlebotomy needle showed recovery of Serratia 
marcescens in 5 of 6 instances. Contaminated vacuum tubes were felt to be the 
most likely source of product contamination. 

Hogge et al. [13] noted a patient who developed a shaking chill and fever 
following platelet transfusion which rapidly resolved without therapy. A 
Gram-positive bacillus was recovered from a culture of the pooled platelets. 
Culture studies were performed during the course of evaluation of a new 
polyvinyl chloride 7 -day platelet container. One hundred ninety-four units of 
platelets stored 3 days in standard plastic containers were compared with 195 
units collected in 7 -day containers. Cultures were performed after units were 
pooled following 3 or 7 days of storage. Bacteria were recovered from 4 of 39 
cultures (3 from 3-day and 1 from 7 -day bags). Recovered organisms included 
Micrococcus sp., Klebsiella pneumonia, Bacillus brevis, an unidentified Gram­
negative rod and a Gram-positive bacillus. Where quantified, the number of 
organisms recovered was small. 

Four cases of transfusion-associated sepsis were reported by Braine et al. 
[14] in 1986. Platelets, prepared in containers from two different manufac­
tures had been stored at room temperature; at least one unit in each pool had 
been stored for five or more days. Reactions consisted of chills, fever and 
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hypotension in one patient, chills alone in a second and chills and fever in 
the remaining two. Three of the four were receiving concurrent antibiotic 
therapy at the time of the contaminated platelet transfusion. Stapfrylococcus 
epidermidis was recovered singly in two instances and with Flavobacterium sp. in 
another. The fourth reaction was caused by Streptococcus viridans. 

Culture studies in platelet concentrates were performed using two examples 
of S. epidermidis, one of S. aureus and one of Corynebacterium JK group. Each 
unit was cultured on day zero (immediately after inoculation) and following 
7 days of storage at 24°G Introduction of one S. epidermidis organism/unit re­
sulted in a 24-48 hour lag growth phase followed by log-phase growth in three 
of four units. Inoculation of 7 and 55 organisms resulted in growth in all con­
tainers. By 6 days, bags contained from 108 to 109 organisms per m!. Similar 
results were seen with S. aureus and a second example of S. epidermidis. Rela­
tively poor growth was seen in samples inoculated with Corynebacterium sp. 

Salmonella heidelberg sepsis was reported by Heal et a!. [14] following trans­
fusion of 7 units of platelets stored for five days. The organism was recovered 
from the recipient as well as the platelet container. The transfusion was asso­
ciated with chills, fever (40.6°C), hives and severe hypotension. Development 
of shock-induced renal and hepatic failure lead to death six days later. The 
same organism was recovered from stool culture of one of the platelet donors. 

These investigators also studied the rate of bacterial growth in platelet pro­
ducts by directly inoculating 10 1, 102, 103, 104 or 105 organisms in the log 
phase of growth into 50 ml units of platelet concentrate [15]. Cells were main­
tained at 24°C on a mechanical rotator for 7 days with daily removal of sam­
ples for bacterial quantification. When 1000 or more organisms were introdu­
ced per unit, 88% (7 of 8) supported bacterial growth. When the inoculum 
size was 100 organisms or less, 50% of cultures (5 of 10) were sterile by 24 
hours and remained so for 7 days. Twenty percent showed logarithmic growth 
while in the remainder growth was temporarily suppressed for 5-6 days. The 
authors concluded that bacterial contamination which was not clinically sig­
nificant following 3 days of storage could become so during 7 days of storage. 

Arnow et a!. [17] described a transfusion of 12 units of platelet concentrate 
which resulted in nausea, vomiting, chills, tachypnea and shock. E. coli was 
recovered from the patient as well as a container used for platelet pooling. E. 
coli was also recovered from a unit of red cells corresponding to one of the 
units of platelet concentrate implicated in the transfusion. The platelets had 
been stored 3 days at 22°G 

Culture of 500 arbitrarily selected units of concentrate was performed over 
an 18 month period. One ml aliquots were aspirated aseptically from indi­
idual units and cultured on sheep blood-Columbia agar plates (36°C for 72 
hours). Thirty-five of 500 units (7%) were found to contain bacteria. Nearly 
all isolates were common skin bacteria (coagulase-negative staphylococci, 
Corynebacterium sp.); however, in two instances S. aureus was recovered and in 
another Enterobacter aerogenes was found. All but one of the contaminated units 
contained fewer than 20 colony-forming units per m!. The remaining unit 
contained == 1000 viable microorganisms/m!. Bacterial recovery appeared to 
increase in proportion to the length of time platelets were stored (Table 1). 
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The authors concluded that ~he bacterial presence was of relatively little 
clinical significance due to the fact that 
(1) the level of contamination was low; and 
(2) most of the organisms were Gram-positive skin flora, bacteria not usually 

considered pathogenic. 

Table 1. Recovery of bacteria from platelet concen­
trates stored on to five days at 22°C. 

Storage time No. cultured No. (%) contaminated 
(days) 

1 33 0 (0) 
2 55 3 (5.5) 
3 87 5 (6.9) 
4 145 11 (7.6) 
5 180 15 (8.3) 

The above studies suggest that bacteria can be recovered from one to seven 
percent of platelet units when large scale culture studies are performed. The 
studies remain controversial in that episodes of clinical sepsis are far less com­
mon than would be expected based upon culture data. There may be several 
reasons for this. In the first place the inoculum size appears to be small in 
most instances. A likely mechanism for bacterial entry would appear to be the 
phlebotomy procedure. The care with which the intended site of phlebotomy 
is cleansed is of obvious importance as is the avoidance of the temptation to 
repalpate the cleansed area immediately prior to venipuncture. Less well 
appreciated is the possibility that bacterial resident in sweat and sebaceous 
gland pores may not come in contact with solutions used to cleanse the skin 
surface but may in fact be transferred to the blood collection container as the 
venipuncture is performed. The studies of Buchholz et al. [4] and Myhre et 
al. [10] suggest that bacteria are present in initial volumes of blood obtained 
just after venipuncture. The fact that skin organisms such as S. epidermidis and 
diphtheroids were the predominant organisms recovered in a number of 
studies further suggests this possibility. 

Skin bacteria such as S. epidermidis are generally not regarded as pathogens 
although this may not be the case if patients have been severely compromised 
by the effects of aggressive cancer chemotherapy. Infusion of platelets contain­
ing 'nonpathogens' may result only transient chills and fever, often ascribed 
to platelet or leukocyte alloimmunization of the recipient. Thus, a number 
of platelet-induced septicemias may not be recognized unless bacterial cul­
tures of recipient and platelet containers are performed. Other organisms, 
considered pathogenic, may not multiply to numbers sufficient to cause 
severe problems in the recipient. Proliferation is likely related to the type of 
organism, the time and temperature of platelet storage and certain donor­
specific factors such as opsonins, bacterial species-specific antibodies and resi­
dual monocytes/granulocytes which are present in platelet concentrates, 
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residual monocytes may playa significant but unappreciated role in control­
ling bacterial proliferation during ambient temperature storage. Heal et al. 
[16] clearly demonstrated 'donor specific' factors in her studies of deliberate 
inoculation of known numbers of bacteria. When the same strain of organ­
isms was added (== 100lcontainer) to platelets prepared from 10 different 
donors, in two instances there was immediate logarithmic growth, in three 
there was a 5-6 day delay in growth and the remainder became sterile by 
24 hours. Thus donor to donor differences may play important roles in regu­
lating bacterial proliferation. 

In closing, bacterial contamination of platelets does occur and likely occurs 
at greater frequency than is clinically appreciated. In most instances the 
initial inoculum size is small, the organisms are 'nonpathogenic' skin bacteria 
which frequently do not proliferate extensively. The presence of variable 
numbers of phagocytic cells as well as host-specific opsonins/antibodies further 
act to prevent or inhibit bacterial multiplication in many instances. That 
proliferation does occasionally occur suggests that a review of skin-cleansing 
and phlebotomy procedures should be a regular part of blood bank quality 
control programmes. In addition, since bacterial proliferation is time depen­
dent, recipient risk can be further reduced by minimizing room temperature 
and the time of platelet storage prior to transfusion. 
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PREPARATION OF LEUKOCYTE-POOR BLOOD 

B. Brozovic 

When transfused, HLA antigens, expressed on granulocytes and lympho­
cytes, are capable of stimulating the production of HLA alloantibodies in the 
recipient. These antibodies are responsible for two distinct clinical syndromes: 
non-hemolytic febrile transfusion reaction (NHFTR), seen in patients re­
ceiving multiple blood transfusions, and refractoriness platelet, seen in 
patients on long-term platelet support. 

It has been known that, in those patients in whom antibodies can be detect­
ed, NHFTR can be prevented or its severity ameliorated by the transfusion 
of blood that has been depleted of leukocytes [1-4]. Also, it has been shown 
that transfusion of leukocyte depleted blood in patients receiving long-term 
platelet support delays the onset of platelet refractoriness and reduces its over­
all incidence [5-6]. Therefore, the indications for use of leukocyte depleted 
blood now include not only prevention of NHFTR but also prevention or 
immunization to HLA antigens in patients receiving multiple transfusions 
and in patients on long-term platelet support. Whether other undesirable 
effects of leukocytes on the recipient, such as immunosuppression in a patient 
with a malignant disease, can also be prevented by transfusion of leukocyte 
depleted blood still remains to be elucidated. The aim of this paper is, first, 
to present an outline of available methods for leukocyte depletion of blood (for 
details see reviews [7,8]) secondly, to highlight recent developments in this 
field. 

A number of techniques can be used alone or in combination to deplete 
a unit of blood ofleukocytes (and platelets, and sometimes plasma). They are 
based on one of the following principles. 

(i) Separation of red cells and leukocytes by centrifugation. Centrifugation of 
blood packs and subsequent removal of the buffy coat is technically straight­
forward. Packs can be centrifuged in an upright position and the plasma and 
buffy coat expressed manually, or in an inverted position and the red cells 
removed by draining into a transfer pack. Satisfactory results have been 
achieved using these techniques (Table 1). Addition of saline to the red cells 
enables the procedure to be repeated several times, improving leukocyte de­
pletion with the highest reported mean value of 93 % [9,10]. Platelet depletion 
of approximately 90% and a considerable loss of plasma proteins is usual with 
centrifugation alone or combined with saline washing. 

Washing of red cells is carried out much more easily using one of the 
several commercially available blood cell processors. Results obtained using 
the system with continuous washing in a bowl and fixed speed centrifugation 
(Haemonetics Models 15, 102 and 115, and Elutramatic) have been on the 
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Table 1. Comparison of methods for leukocyte depletion of blood. 1 

Method Leukocyte Platelet Red cell Cost Comments 
depletion 2 depletion 2 loss2 

(%) (%) (%) 

65-88 87-90 12-42 Cheap 
Centrifugation and 

bufly coat removal 
Centrifugation and 

manual washing 
Washing with blood 

cell processor 

up to 93 about 90 20 Cheap Tedious 

Sedimentation of red 
cells 

Freezing and thawing 
of red cells 

3.8M glycerol 
6.2M and 8.6M glycerol 

Filtration 
Imugard IG-500 

Erypur 

Cell Select 
Sepacell R-500 

M icroaggregate filter 
Ultipor SQ 40S3 : 

Alone 
Following centrifugation 

of blood 
Following centrifugation 

up to 90 

82-95 

over 98 

98 

98 

99 
99 

15 

47 

and cooling of blood 85 
Following centrifugation, 

cooling of blood and 
exclusion of bull}' coat 95 

over 90 

over 90 

98 

68 

81 

87 
83 

15 

45 

11-25 

3-9 

10-22 

about 5 

about 8 

about 8 

20 

Moderately Red cell loss 
expensIve 

Cheap 

Expensive 
Moderately 
expensIve 

Moderately 
expensIve 

Cheap 

may reach 40% 

Time-consuming 

Filtration time 
about 30 minutes 

Filtration time 
less than 10 min 

May be labour 
intensive 

1. Compiled from Hughes and Brozovic [7], Mcryman and Hornblower [8] and Polesky et al. 
[9]. 

2. Range of mean values reported. 
3. Quoted from Mijovic et al. [30] and l'arravicini et al. [31]. 
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whole disappointing producing about 60% leukocyte depletion, although they 
can be improved when blood is centrifuged and buffy coat removed prior to 
washing [10,11]. The variable speed centrifugation (Dideco Progress 90 Cell 
Separator) can produce leukocyte depletion greater than 80% [11,12]. Serial 
centrifugation using the COBE (IBM) 2991 Blood Cell Processor can pro­
duce depletion of 90% or better, though red cell losses have varied from 11 % 
to 25% and may be even as high as 40% [10,11,13-15]. The COBE 2991 Blood 
Cell Processor probably produces the best and the most consistent results and 
has the added advantage of a fully automated operation. Both manual and 
machine red cell washing techniques remove more than 90% of platelets and 
almost all the plasma. In general, centrifugation and saline washing of red 
cells is inexpensive, while washing with blood cell processors is moderately ex­
pensive and can be time-consuming. 

(ii) Sedimentation of red cells with high molecular weight polymers such as 
dextran, gelatin (Plasmagel) and hydroxyethyl starch (HES) have been used 
to provide better separation between red cells and leukocytes [9,16,17]. Using 
sedimentation excellent leukocyte and platelet depletion can be achieved 
(Table 1). Though no special equipment is required the technique can be 
time-consuming particularly if saline washing is included to remove the sedi­
menting agent prior to transfusion. In practice, however, this may not be 
necessary as the incidence of allergic reaction to dextran is exceptionally rare, 
the rate of accumulation of HES is negligible, and the volume of sedimenting 
agent administered with blood too small to interfere with coagulation [7]. 

(iii) Freezing and thawing produces units of red cells almost entirely depleted 
of leukocytes. The cryopreservative, glycerol, can be used at the concentration 
of 3.8 M with a rapid rate of freezing of the red cells and storage in liquid 
nitrogen [18] or at higher concentrations of 6.2 M [19] and 8.6 M [20] with 
a slow rate of freezing and storage at - 85°C in mechanical freezers. With 
both protocols thawing is rapid and it is followed by extensive washing of red 
cells with electrolyte solutions in a cell washer. During washing more than 
95% of leukocytes (Table 1), and most of the platelets and plasma are 
removed [9,19,21, Johnson, personal communication]. Red cell losses are usu­
ally less than 10%. In contrast to high capital and revenue costs required for 
freezing and storage of frozen red cells with liquid nitrogen the recently re­
ported method by Valeri et al. [22] for freezing red cells in the primary collec­
tion pack employing high glycerol concentration and mechanical freezers is 
much cheaper and is likely to be widely used. It is of interest that addition 
of glycerol to the red cells and subsequent washing without freezing is suffi­
cient to remove 98% of both lymphocytes and platelets [23]. 

(iv) Filtration of blood to achieve leukocyte depletion has been known since 
1962 when Greenwalt et al. [24] described the removal of granulocytes from 
blood passed through the nylon fiber filter. Since then several types of 
'specific' leukocyte depleting filters have become commercially available. 
Nylon fiber filters (Leuko-Pak, Travenol Laboratories) have been superceded 
by filters made of tightly packed fibres of combed cotton (Imugard IG-500, 
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Terumo Corporation), cellulose-acetate (Erypur, Organon-Teknika Ltd. and 
Cellselect, NPBI) or polyester sheets (Sepacell R-500, Asahi Medical Cor­
poration Ltd.). Their mode of action is not quite clear as the fibers retain not 
only the adhering granulocytes but also non-functional granulocytes, lympho­
cytes, monocytes and platelets. Cotton wool and cellulose-acetate filters are 
capable of removing on average 98% of the leukocyte (Table 1) and about 
75% of the platelets [25-28]. Red cell losses caused by filtration with 'specific' 
leukocyte depleting filters are on average 10%. Plasma is not removed unless 
centrifugation and plasma removal is carried out before and after filtration. 
Filtration is a simple but moderately expensive procedure, which can be usu­
ally completed in less than half an hour. Cellselect and Sepacell are also avail­
able as 'in line' filters for bed-side use. Their performance has not been afIect­
ed by the slow flow of blood (personal observation), and furthermore they can 
be used for filtering two units of blood. 

Recently Wenz et al. [29] have drawn attention to the fact that microaggre­
gate filters, in widespread use for the prevention of pulmonary microemboli 
due to microaggregates present in stored whole blood, can also deplete blood 
of leukocytes. Several types of micro aggregate filters are commercially avail­
able with pore size between 20 and 40 /lm, all of which have a similar capacity 
to reduce leukocyte numbers in stored blood regardless of whether they are 
of a screen or depth type. The leukocyte depletion achieved with microaggre­
gate filters is on average 40% (Table 1), and can be increased to approximate­
ly 55% by centrifugation of blood prior to filtration [29,30]. Depletion of 
platelets is also about 40 %, and red cell losses are negligible. This has been 
further improved using Ultipor SQ 40S (Pall) filter, firstly, by keeping the 
units of blood for 3 hours at 4°C following centrifugation, and secondly, by 
excluding the buffy coat from filtration [31]. These procedures enabled the 
removal of 93% of the units' leukocytes. In spite of relatively poor leukocyte 
depletion, Wenz et al. [29] have previously found that filtration of stored 
blood has caused a 95 % reduction in the incidence of febrile reactions among 
45 previously sensitized patients. The clinical effectiveness of these filters 
appears to be due to the fact that the microaggregates removed are largely 
composed of granulocytes which are the most immunogenic cells involved in 
the causation of NHFTR. 

Combined techniques, for example centrifugation and saline washing prior 
to filtration of blood or prior to freezing and thawing of red cells, can be used 
with the aim of increasing the degree of leukocyte depletion. Although the 
leukocyte depletion is slightly improved by this approach the benefit is out­
weighed by the greater red cell loss, which can be as high as 40%, the increas­
ed complexity of preparation with the possibility of bacterial contamination, 
and the increased cost. 

Although the leukocytes in platelet concentrates are present only in small 
numbers they may still be capable of immunizing the recipient on long-term 
platelet support against HLA antigens [32). Platelet concentrates collected 
from multiple donors as well as those obtained by a cell separator can be 
leukocyte depleted by one of the following methods: (i) Platelet concentrates 
can be pooled in a specially designed transfer pack with a pouch at the 
bottom, Leukotrap (Cutter Biological), and centrifuged. Leukocytes and 
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red cells are trapped in the pouch and remain separated from the platelets. 
(ii) Platelet concentrates can be filtered using Imugard filter, the procedure 
which will remove all the leukocytes, at the cost of an average platelet loss of 
10% [33]. 
(iii) Freezing and thawing of platelet concentrates renders them free ofleuko­
cytes (Johnson, personal communication). However, the platelet loss, on 
average 24%, is too high to recommend the procedure for routine use. 

In conclusion, the available techniques for leukocyte depletion are capable of 
removing most of the leukocytes present in the unit of blood. It seems, how­
ever, that no procedure can render blood completely non-immunogenic as 
even transfusions of frozen and thawed red cells have led to the formation of 
granulocyte and platelet specific antibodies and to HLA antibodies [34]. 
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USE OF HEMAPHERESIS-DERIVED HEMOPOIETIC STEM 
CELLS FOR TRANSPLANTATION IN MALIGNANT 
LYMPHOHEMOPOIETIC DISORDERS 

M. Korbling, W. Hunstein, H. Martin, R. Haas, P. Reichardt 

Introduction 

The usual source of hemopoietic stem cells for transplantation is the bone 
marrow. However, evidence in rodents, canines and non-human primates 
indicates that stem cells with marrow repopulating ability also circulate in the 
peripheral blood [1-4). To use the circulating blood as the primary source of 
stem cells to repopulate an aplastic bone marrow is a concept which reflects 
the physicological pattern in which fetal hemopoiesis develops. The fetal bone 
marrow becomes a site of hemopoiesis after pluripotent hemopoietic stem 
cells immigrate into its stromal matrix via the circulating blood. Thus trans­
fusing blood-derived stem cells in adults may be considered to repeat the pre­
natal seeding of hemopoiesis into the bone marrow [5,6). 

In man the repopulating ability of circulating stem cells is less well estab­
lished. Goldman et a1. [7) were the first who showed that blood-derived hemo­
poietic stem cells can re-establish hemopoietic function after myeloablative 
treatment for blast crisis in CML. However, in these patients most stem cells 
collected and eventually transfused originate from a PhLpositive tumor cell 
clone. Their repopulating capability does not necessarily mean that 'normal' 
stem cells act the same way. In 1980 in the Oncology Center of the Johns 
Hopkins Hospital Baltimore we collected blood stem cells in a transient 
chemotherapeutically induced PhLnegative phase. The retransfusion of those 
'normal' stem cells into the patient after myeloablative treatment resulted in 
the complete hemopoietic reconstruction without reappearance of the 
PhI-positive cell clone, but the follow-up was too short to evaluate the re­
constitutive potential of the transfused stem cells on a long-term basis [8). 

There are other reports on autologous blood stem cell transplantation 
(ABSCT) in patients with malignant lympho- hemopoietic disorders other 
than CML or with solid tumors, performed as an alternative approach to 
bone marrow transplantation [9-22). These provide clear evidence that hemo­
poietic engraftment can be achieved with human stem cells collected from the 
circulating blood rather than from the marrow site. Here we describe the re­
constitutive potential of blood derived hemopoietic stem cells in patients with 
malignant lympho-hemopoietic disorders and we discuss approaches to 
mobilize stem cells into the peripheral blood in order to optimize the stem 
cell collection procedure. 
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Methods 

Stem cell harvest 

Peripheral blood stem cells were collected by 'stem cell apheresis' using a 
continuous-flow blood cell separator (Fenwal CS-3000, Fenwal Laboratories, 
Deerfield, 111.). The total blood volume processed per run was 10 litres at a 
flow rate of 50- 70 ml per min (Table 1). The interval between stem cell 
harvests was between one and three days [23]. To optimize the stem cell yield 
stem cell aphereses were performed in most cases after transient myelosuppres­
sion during the subsequent expansion of the circulating blood stem cell pool. 

The details of the stem cell apheresis procedure using the Fenwal system 
are given in Table 2 [24]. This procedure particularly describes the collection 
of a mononuclear cell product with low RBC contamination. 

Table 1. Methodological aspects of stem cell apheresis. 

~ Donor blood volume processed per run: 10 Iitres 
~ Blood flow rate: 60-70 ml per min 
~ Centrifuge speed: 1,000-1,600 rpm 
~ Anticoagulants: ~ 5,000 IU heparin (bolus at start of apheresis) 

~ ACD-A continuous infusion (500 ml per run) 
~ 5,000 IU heparin injection into the cell 

collection bag after completion of apheresis 

Table 2. Stem cell apheresis parameters using the Fenwal CS-3000 
Blood Cell Separator. 

~ A 35 Collection Chamber, Granulo-Separation Chamber 
~ Procedure number 1 (platelets) 
~ Modification of the basic computer program dependant on the 

blood flow rate (L-68 is changed to 0750, not dependant on the 
patient's hematocrit) 

~ The secondary spin procedure to remove the platelets from the 
collected mononuclear cells is omitted to minimize possible cell 
loss. 

Cryopreservation of apheresis-derived stem cells 

The 200 ml cell suspension collected per run was concentrated to 100 ml and 
mixed with the same volume of Spinner-minimum essential medium (S­
MEM) supplemented with 20% dimethyl sulfoxide (DMSO). The final 200 ml 
cell suspension was distributed into two 100 ml-polyolefine bags (DELMED, 
Canton, MA) and frozen to -100°C in a computerized freezer (CRYOSON 
BV-6, Cryoson Deutschland GmbH, Sch6llkrippen, West Germany) (Fig. 1). 
The frozen cells were stored in the liquid phase of nitrogen until use. 
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Thawing and transplantation of apheresis-derived stem cells 

The frozen bags were thawed by immersing them into a 40°C waterbath. The 
cell suspension was immediately injected into the patient using a central line. 
Post thaw washing and spinning of cells was avoided to minimize the risk of 
cell clumping and stem cell loss. The total volume of cell suspension injected 
into the patient was in the range of 1,500 ml and was given over 2 hours. 
Forced diuresis was started after infusing 500 m1. The transfusion of remain­
ing free hemoglobin transiently impaired renal function (creatinine was 
raised to 2.0-2.5 mg/dl for 24-48 hours). In our experience this was without 
any major risk to the patient, nor caused the infusion of a cooled 6-8°C cell 
suspension into the right atrium of the heart any cardiac arrhythmia. 

Pretransplant conditioning regimens 

Regimen 1: Total body irradiation (TBI) using a linear accelerator, superfrac­
tionated over four days at 120 rad single dose up to a total of 1320-1440 rad 
(lungs 900 rad). Three single doses were administered per day at 8 am, noon, 
and 4 pm. Following irradiation, cyclophosphamide (CY 50 mg/kg) was given 
on each of four consecutive days (total dose 200 mg/kg; patient 1, 3 and 6). 
Regimen 2: TBI, superfractionated over 3 days up to a total of 1200 rad 
followed by a single dose of melphalan (120 mg/m2; patient 4). 
Regimen 3: CY (1.5 g/m2x4), carmustine (300 mg/m2) and etoposide (125 
mg/m2 x 3) (CBV regimen [25]; patient 2). 
Regimen 4: Mitoxantrone (12 mg/m2 x 2d), carmustine (300 mg/m2), etoposide 
(125 mg/m2x3d; patient 5). 
Regimen 5: Melphalan 200 mg/m2 (patient 7). 

ABSCT was performed 48 hours after completion of chemotherapy in regi­
mens 1 and 3, and 24 hours thereafter in regimen 2, 4 and 5. 

In vitro stem cell assay 

To determine the concentration of hemopoietic progenitor cells in each 
harvested cell suspension and in the peripheral blood before and after 
ABSCT we used the human multilineage in vitro assay in methylcellulose 
(CFU-GEMM) previously described by Fauser and Messner [26] and 
modified according to Ash et a1. [27]. 

Results 

Blood stem cell collection 

Stem cell yield in 7 patients pretreated and subsequently transplanted with blood 
stem cells 

All patients were treated with various chemotherapeutic regimens before stem 
cell apheresis was started. 
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Table 3. Cell yield by leukoapheresis in 7 patients subsequently transplanted with 
autologous blood stem cells. 

MNCxt09 CFU-GMx103 

Run no. pt.t pt.2 pt.3 ptA pt.5 pt.6 pt.7 pt.1 pt.2 pt.3 ptA pt.5 pt.6 pt.7 

1 6.8 4.2 2.1 2.1 2.1 12.3 2.4 2000 620 130 6 10.5 272 4.n 
2 4.5 4.8 1.5 1.6 3.8 4.8 2.7 900 300 62 6') .) 114 5.4 

3 6.4 4.1 2.4 2.0 2.45 :1.0 2.4 N.D. 650 230 108 48:36 
4 5.0 2.6 1.27 1.7 2.5 5.0 2.1 2600 340 100 10 45 20 17.n 
5 15.0 3.9 1.2 3 c .J 0.75 2.3 2.1 3900 370 91 10 :19 :lHO 
6 7.5 :1.1 2.1 2.7 4.5 2.8 3.0 :)800 1070 50 10 194 :145 
7 10.0 1.5 4.4 2.0 8.5 5.6 6.2 1900 180 490 :12 68 6637 
8 5.6 0.6 4.8 4.9 3.8 530 1+ C).6 6812 
C) 6.:1 6 4.8 2.7 210 (j 34 11 

10 0.95 5.9 2.9 3.8 :17 
11 2.5 5 
12 3.7 11 
13 4.3 39 
14 1.1 3 

Total! 
kg b.w. 0.77 0.53 0.20 0.65 0.75 n.5S n.5 210 60 16 10 6.7 7.5 4 

N.n ~ not done 

In patient 1 with NHL, 7 apheresis were performed from 2 to 4 weeks after 
completion of the second cycle of COMP chemotherapy. 

Patient 2 with recurrent Hodgkin's disease was heavily pretreated with irra­
diation and polychemotherapy (6 x COPP, 1 x CHOP, 6 x ABVD) and receiv­
ed 3 cycles of HOAP-Bleo subsequent to his 3rd relapse. Aphereses were per­
formed in early 4th remission (4 runs 3-4 weeks after the 1st cycle of HOAP­
Bleo and 5 runs 2-3 weeks after CY (15 mg/kgx4 days) given 4 weeks after 
the 3rd cvcle of HOAP-Bleo). 

Patient 3 with end-stage AML was pretreated with 2 x11\D, 2 x Amsacrin, 
2 x Mitoxantrone/VP-16+ 1 x high dose Ara-C. Stem cells were collected by 
7 aphereses in early 3rd CR, 3-5 weeks after completion of the last cytotoxic 
treatment (2nd course of mitoxantrone/VP·16). 

Patient 4 with sarcoma (Askin tumor) had 4 VAIA cycles (VCR, Adri, 11'0, 
Act- D) 8 leukaphereses were performed 4 to 7 weeks after completion of the 
4th block of VAIA. 

Patient 5 with recurrent Hodgkin's disease was pretreated with irradiation 
and polychemotherapy (6 x COPP and 5 x ABVD). A total of 14 aphereses 
were performed in 3rd remission, 6 runs 2-5 weeks after a course of cyclo­
phosphamide (15 mg/kg x 4d) and another 8 runs 4 months later without 
further intermittent chemotherapy. 

Patient 6 with newly diagnosed AML was treated with 2 xTAD within 4 
weeks. 10 aphereses were performed in early first remission 2-7 weeks after 
completion of the 2nd TAD cycle. 
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Patient 7 with rhabdomyosarcoma was pretreated with polychemotherapy 
(2 x YAIA + 2 x PlAY (Platinex, 110, Adri, VCR)). A total of 10 leukaphereses 
was performed, 6 runs 2-5 weeks after a course of cyclophosphamide (15 
mg/kg x 4c1) and another 4 runs 4 months later without further intermittent 
chemotherapy. 

The number of leukaphereses and the cell yield per run is shown in Table :3 
for each of the 7 patients. The highest total stern cell number was reached 
in patient 1 with 15.1x106 CFU-GM, the lowest in patient 4 (a 9 year old boy 
of 25 kg) with 0.25x106 CFU-GM. 

Stem cell yield in heavily pretreated patients after cyclophosphamide treatment 

In 9 heavily pretreated patients aphereses were performed after a course of 
cyclophosphamide (CY 15 mg/kg x 4 days). 

Five of them had end stage Hodgkin's disease and were pretreated at least 
with C-MOPP and ABYD regimens. One patient with rhabdomyosarcoma 
received prior polychemotherapy (2 x YAIA + 2 x PlAY). These patients under­
went a total of 37 aphereses. The average number harvested per run was 
3 .1x104C FU -G M. 

Three patients with non Hodgkin's lymphoma who had been pretreated 
with standard multiple chemotherapy underwent a total of 16 runs. The 
average number harvested per run in those patients was 1O.4x104CFU-GM. 

Figure 1. CFU-GM yield per run in heavily pretreated patients after a course of 
cyclophosphamide (15 mg/kg b.w. x 4 days). Abscissa: days after begin of 

CY-treatment. 
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In Figure 1 the stem cell yield per run following treatment with cyclophos­
phamide (CY 15 mg/kg x 4 days) is shown. Stem cell apheresis was started 2 
to 3 weeks after CY treatment. Usually 6-8 runs were performed over a 
period of 2-3 weeks. As one can see, in this group of heavily pretreated 
patients, prior cytotoxic treatment with CY did not result in a subsequent 
CFU-GM overshooting as seen in early remission patients [28-32]. The most 
likely explanation is an exhaustion of the mobilizable progenitor cell pool by 
heavy and prolonged cytotoxic treatment. 

Reconstitution of leukocytes and platelets after ABSCT 

Blood cell reconstitution after ABSCT occurred very rapidly in patients 1 and 
2, and reached 1,000 leukocytes per ilion day 9 (patient 1) and day 10 (patient 
2), 500 granulocytes per ilion day 12 on day 10, resp. and 40,000 platelets 
per ilion day 10 for both (Figs 2,3). Normal blood counts were reached within 
2 weeks. Both patients show complete and permanent trilineage engraftment 
at 21 + (patient 1) and 10 + months (patient 2) post transplantation. 

Patient 3 to 7 were transplanted with 0.4-1.6x104CFU-GM per kg b.w., a 
stem cell dose believed to be at the lower limit for safe engraftment. Com­
pared to patients 1 and 2 leukocyte and platelet reconstitution was variably 
delayed. Patient 3 reached 1000 leukocytes and 500 neutrophils on day 14 and 
16 after ABSCT, respectively (Figs 3,4). On day 120 his bone marrow is still 
slightly hypocellular and his WBC is around 1800 with 1000 neutrophils. 
Patient 4 reached 1000 leukocytes on day 14 and 500 neutrophils on day 14. 
On day + 70 he has 2300 WBC. Patient 3 (day + 120) and patient 4 (day 
+ 70) did not yet reach 50,000 platelets without platelet support. 

,O'r-------------------------------, 

In 103 
a. 
:i. 
~ 
a. 
U 
In 

== 102 

... s.o . 210 x 10) CrU-GM/kg 

... W.M 60 x 10 J CFU-GM/kq 

... K,W. 16 x 10] CFU-Gttlkg 

I 
.. MK. 10 x 103 crU-cr-l/kg 
- Re. 7 x 103 CFU-CM/kg 

ASseT -0 H.M. B x 10 3 CFU-GM/kg 
.. M.B. 4 x 10) CFU-GM/kg 

100+--~ __ _,._-----,.__----__r_----___,_-----._----1 
·15 ., 0 " 

25 35 

Days after ABSC T 

Figure 2. Early reconstitution of WBC after ABSCT. 
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10',.----------------------------------, 

10' 

10' 

ABSCT 1 

.. 8.0. 
~ W.M. 
.... K.W 
... ilK 
- Re. 
-0 H.M. 
... MD. 

210 x 10) Cf'U-CH/kg 
60 x 103 CF'U-GM/kq 
16 x 10) CFU-GH/lcg 
10 x 10] CFU-CM/kg 

7 x 103 CFU-GH/kq 
Ii x 10 3 CfU-GM/kg 
" x 10] CFU-GH/kg 

103+---_----.---,---"""T'""--~--..__-~--___r--~--_,_--l 
·15 .• 0 2. 3. 

Davs after ABSeT 

Figure 3. Early reconstitution of platelets after ABSCT. 

Patients 5 and 6 reached 1000 leukocytes on day 20 and on day 10, and 
50,000 platelets on day 18 and on day 15, respectively. The cell count on day 
+ 28 is 3300 and 4600 leukocytes, and 405,000 and 50,000 platelets, respec­

tively. Follow-up is too short to assess long-term engraftment. 
Patient 7 has about 600 leukocytes on day + 26 and still needs regular 

platelet support. 

Discussion 

Successful blood stem cell transplantation to restore hemopoietic function 
after myeloablative treatment has to fulfill two major requirements: (1) hemo­
poietic reconstitution (including the lymphopoietic system) must be complete; 
and (2) the reconstituted hemopoietic function must be permanent. 

In our cases transplanted with hemopoietic precursor cells in excess of 
2x104 CFU-GM per kg b.w. hemopoietic recovery after ABSCT occurred 
very rapidly and resulted in complete and permanent trilineage reconstitu­
tion. Peripheral blood counts reached normal values within less than two 
weeks. Both patients were in a condition to be discharged from the hospital 
three weeks post transplantation. Although the total number of CFU-GM 
transfused per kg b.w. differed by a factor of 3.5, there was no significant 
difference in the kinetics of cellular reconstitution (Figs 2,3). Follow-up at 21 + 
and 10 + months after ABSCT shows normal peripheral blood counts and 
normal bone marrow cellularity in both patients. This demonstrates that 
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blood derived stem cells autotransfused after myeloablative treatment are 
capable of sustaining long-term hemopoiesis. 

In 5 patients transplanted with 0.4x104 to 1.6x104 CFU-GM per kg b.w. 
hemopoietic recovery after myeloablative therapy and ABSCT was variably 
delayed except in patient 6. Patient 3 and 4 stayed thrombocytopenic for 4 
and 2 monts after ABSCT and still need platelet support once a week. Both 
have leukocytes around 1600-2300. Patients 5 and 6, who received only 0.67 
and 0.75x104 CFU-GM/kg b.w., but high numbers of 7.5 and 5.8xlOR 

MNC/kg b.w., had good early reconstitution, despite transfusing such low 
CFU-GM numbers. Long-term reconstitution remains to be evaluated. 

Thus the minimal number ofCFU-GM needed for safe engraftment seems 
to be in the range of 1x104 per kg b.w., a stem cell dose which is confirmed 
by data in the canine blood stem cell transplantation model [31]. 

As to our knowledge another 25 cases of ABSCT have been reported from 
7 other centers [10-21] (Table 4). Patients who survived ABSCT for more than 
4 months showed complete hemopoietic engraftment; stable engraftment has 
also been noted by Reitlers et al. [11], Bel et al. [10], Juttner et al. [16], 
Castaigne et al. [17,18] and by Tilly et al. [19] with a follow-up of 4 + to 12 + 
(median 8+) months. The CFU-GM transfused per kg b.w. in those cases 
ranged from 2.3x104 to 230x104 . 

Of particular interest is the rapid hemopoietic reconstitution after ABSCT 
in patients who received more than 5x104 CFU-GM per kg b.w.: 1000 leuko­
cytes, including 500 granulocytes were reached within 2 weeks after ABSCT. 

The rapid early rise in peripheral leukocyte counts may be explained by 
transfusing large numbers of committed progenitor cells which take about 
10-14 days to diflerentiate to mature cells as do C FU -G M in the in vitro assay. 
Transfusing these committed progenitors which differentiate early and sub­
sequently appear as the first cohort of circulating neutrophils is of clinical 
importance. It will significantly reduce time of isolation and hospitalization 
due to treatment induced neutropenia. 

Long-term hemopoiesis, however, is re-established by early pluripotent 
stem cells; they will take longer to eventually give rise to ditlerentiated progeny. 
Hence the pattern of hemopoietic reconstitution of platelets appears to be 
composed of successive cohorts of cells which differentiate from various pro­
genitor and stem cells. 

Figure 4 illustrates the correlation between numbers of MNC and CFU-GM 
transfused and early hemopoietic recovery in evaluable patients from Table 4. 
Early hemopoietic recovery seems to correlate more with the number of 
MNC transfused (r=0.65 for 1000 WBC and r=0.54 for 50,000 platelets) 
than with the number of CFU-GM transfused (r= 0.43 for 1000 WBC and 
r=0.28 for 50,000 platelets). 

Our experience further strongly suggests that the cytotoxic treatment prior 
to leukaphereses inf1uences both the yield and the repopulating ability of pro­
genitor and stem cells. 

Whereas rapid early engraftment appears to be predictable by transfusing 
sufficient CFU-GM which can be assayed in vitro, the stability of long-term 
hemopoiesis after ABSCT cannot yet be assessed by in vitro tests but remains 
dependant on clinical studies. 
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Figure 4. Correlation between cell number transfused and hemopoietic recovery 
after ABSCT. 

Table 5. Platelet recovery after ABSCT (data from 32 patients shown in Table 4). 

Recovery No of patients 

- Verv rapid (50,000 pIts within 16 days) 
- Slow (50,000 pIts within 34-50 days) 
- Delayed (CFU-GM transfused <2.5x104/kg 
- Delaved without explanation 

(all 3 patients in one center [20 J) 
- Immunothrombocytopenia 
- 1Viegakaryocytic engraftmcnt Llilure 
- Early relapse 
- TETE due to early deathlclata not available 

9 
5 
6 

3 
2 
1 
1 
3 

In contrast to consistent early leukocyte reconstitution platelet recovery 
after ABSCT varied (see Table 5). In our patients 1, 2 and 5 platelet recovery 
was \'ery rapid. They reached 50,000 platelets within 2 weeks after ABSCT. 
Nine of the patients reported so far showed such rapid platelet recovery. 
Delayed platelet recovery for various reasons which are detailed in TIlble 6 
was seen in our patients 3, 6 and 7 and was reported by Reiffers et al. [10-13], 
Castaigne et al. [17,18], Kessinger et al. [20) and Stiff et al. [21). Patients who 
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were transplanted with less than 2.5x104 CFU-GM/kg b.w. except our patients 
6 consistently had delayed platelet recovery. Two cases of immunothrombo­
cytopenia and one case of megakaryocytic engraftment failure were also 
reported. 

Five of the patients receiving ABSCT in AML [10-16] who were transplant­
ed in overt relapse eventually died in subsequent relapse. In three of his four 
patients Juttner et al. [14-16] reported a consistent rapid early, but later in­
complete engraftment despite transfusing 23-29x104 CFU-GM per kg b.w. 
collected in the very early first remission phase of AML [29]. Late incomplete 
engraftment seen in 3 of the patients may be due to underlying leukemia. 
Alternatively the pattern of engraftment may be explained by the transfusion 
of abundant numbers of committed but insufficient numbers of pluripotent 
stem cells. It must be re-emphasized, however, that stable long-term engraft­
ment was achieved in all patients, who survived ABSCT disease free for more 
than 4 months. 

It is well known that circulating progenitor cells in man are increased du­
ring recovery from myelosuppressive chemotherapy [28]. Large numbers of 
CFU-GM circulate also in very early remission after induction therapy for 
AML [29-32]. The CFU-GM compartment in these patients is preferentially 
expanded 10-25 fold, but CFU-GEMM are increased only about 3 fold 
[15,31]. In all centers performing ABSCT for leukemia or lymphoma [9-19] 
hemopoietic progenitor and stem cells were collected during the recovery 
phase after various chemotherapy regimens. 

Mobilization of progenitor cells, however, appears to depend very much on 
the patients' pretreatment. In our series of heavily pretreated patients with 
lymphoma we could not observe an expansion of the circulating progenitor 
cdl pool after a course of cyclophosphamide (15 mg/kg per b.w. x 4 days), a 
finding not previously reported in man. Heavy and prolonged cytotoxic treat­
ment seems to exhaust the mobilizable progenitor cell pool. This is in agree­
ment with canine data [33-37]. Consequently circulating progenitors should 
be collected as early as possible after diagnosis or achieving first complete 
remission, respectively. 

Besides cytotoxic treatment with subsequent expansion of the peripheral 
blood stem cell pool a number of other approaches to increase the peripheral 
blood stem cell concentration have been reported (see Table 6). 

Table 6. Factors that increase the number of circulating stem cells. 

- Endotoxin 
- Pyran copolymer and related agents 
- Low molecular weight dextran-sulphate 

- Exercise, ACTH, prednisone, hydrocortison 
- Stem cell overshooting after transient chemotherapy-induced 

myelosu ppression 
- Recombinant human GM-CSF (?) 
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Table 7. Indications for autologous blood stem cell transplantation. 

Supportive approach 
- Augmenting the reconstitutive potency of quantitatively inadequate autologous 

marrow collections 

Therapeutic approach 
- Acute leukemia in CR 
- Non Hodgkin's lymphoma 
- Resistant multiple myeloma (?) 

Prophylactic approach 
- In persons who are at risk for severe radiation exposure 
- In persons with genetic predisposition for malignant lymphohemopoietic 

disorders 

The administration of endotoxin [38,39], pyran copolymer [40] and related 
agents or low molecular weight dextran sulphate has been studied in animal 
models. These compounds have not yet been approved for clinical use. Results 
not yet conclusive or reproducible have been published using corticosteroids 
or activators of endogenous steroid production to mobilize peripheral stem 
cells [43-45]. 

Transplantation of circulating stem cells may have advantages over the use 
of marrow derived stem cells, such as: 
(1) In patients at risk for general anesthesia, continuous-flow apheresis offers 

an alternative and safe way for stem cell harvest. 
(2) Blood stem cell harvest, processing, and freezing is simple and can basic­

ally be done in blood banks, like the handling of any other blood com­
ponent. Besides collecting stem cells from patients already affected by 
malignant disease blood stem cells may be harvested as a prophylactic ap­
proach from normal individuals known to be at risk for acquiring malig­
nant lymphohemopoietic disorders such as twins, or persons at risk of 
severe radiation exposure. 

(3) Stem cell harvest is feasible in case of damage to the marrow collection 
site by previous radiotherapy or tumor involvement. 

(4) hemopoietic reconstitution after myeloablative treatment and ABSCT 
seems to be more rapid for the WBC line, and therefore the aplasia­
related risks in the early post transplantation period are lowered, provided 
sufficient numbers of stem cells are transplanted. 

(5) The ratio between normal hemopoietic stem cells and clonogenic tumor 
cells in the peripheral blood of patients with malignant lymphohemopoi­
etic disorders in remission may be in favor of the former, a hypothesis yet 
to be proven. 

ABSCT after myeloablative chemo/radiotherapy promises an alternative 
approach to autologous bone marrow transplantation which provides 
additional safety because of low aplasia-related risks. The possible long-term 
benefit to those patients, however, has to be proven in further clinical trials. 
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Table 8. Conclusions. 

Apheresis-derived hemopoietic stem cells are able to reconstitute hemopoiesis 
completely and permanently. 

- Hemopoietic reconstitution after ABSCT occurs rapidly provided sufficient 
numbers of stem cells are transfused (more than 1-2x104 per kg b.w.) 

- The efficiency of hemopoietic stem cell collection depends on the patient's 
cytotoxic pretreatment 

- New and more effective approaches for mobilizing hemopoietic stem cells into the 
peripheral blood are needed resp. under investigation 
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PURGING OF BONE MARROW 

M.K. Brenner, J-P. Grab, H.G. Prentice 

Bone marrow transplantation (BMT) is an effective adjunct in the treatment 
of a number of malignant and non-malignant hematological conditions [1]. 
Bone marrow (BM) may be obtained from a gentically matched donor (allo­
geneic BMT) or - for the treatment of malignant disease - from the patient 
himself (autologous BMT), and is used to rescue the patient from the inten­
sive treatment given for the underlying disease. The major disadvantage of 
allografting is that donor T-Iymphocytes may cause graft-versus-host disease 
(GvHD) in the recipient; conversely the major problem associated with auto­
logous BMT is that marrow may be contaminated with malignant cells con­
tributing to relapse. Thus in both types of BMT, success may be compro­
mized by the presence of unwanted cells in the graft and BM purging is the 
name given to the process of their removal. 

Table 1. Methods of BM purging. 

Principle Method 

I Physical 
II Pharmacological 

III Immunological 

Density gradients, elutriation 
In vitro cherrwtherapy: 
Cyclophosphamide derivates 

4-HC 
Asta 2-7557 

Deoxycoformycin 
Etoposide (VP-16) 
Merocyanin 
Target removal: 
Magnetic microspheres + magnetic fields 
Target killing: 
Complement mediated 
Toxin mediated 

Three approaches to BM purging have been adopted (Table 1), biophysical, 
pharmacological and immunological: 
(1) Biophysical purging is based on differences in cell density and/or size 

between malignant cells (or mature T-cells) and hemopoietic progenitors, 
which thereby permit separation on density gradients. These techniques 
are cumbersome and are not now widely used [2,3]. 
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(2) Pharmacological purging has been used mainly in autografting and is 
based on the possibility of a difference in sensitivity to chemotherapeutic 
agents between leukemic cells or mature T-cells and hemopoietic progen­
itors [reviewed in 4]. Two cyclophosphamide derivates, 4-hydroperoxy­
cyclophosphamide (4-HC) and INN mafosfamide (Asta Z-7557), cur­
rently dominate this area [5,6], but other agents such as the podophylo­
toxins [7] and deoxycoformycin [8] have also been used, as well as photo­
reactive intercalating dyes including merocyanin [9 J. However, the hu­
man pluripotent stem cell has not yet been identified, and there is no 
proof that it is any more resistant than the leukemic clonogenic cell to 
these agents. 

A few centers have adopted a pharmacological approach to T-cell 
depletion of allografts: incubation with high doses of steroids [10] or 
deoxycoformycin plus deoxyadenosine [11] may provide effective 
depletion. 

(3) Immunological purging exploits the selective targeting of specific anti­
geneic structures present on either leukemic cells or mature T-cells which 
are absent from hemopoietic progenitors [reviewed in 12]. This technique 
usually employs monoclonal antibodies directed against surface antigens. 
The bound Ab is then used either to remove these cells physically or to 
lyse them. Physical removal of T-cells or residual malignant cells has been 
achieved by coupling the antibodies to magnetic microspheres which are 
separated with the target cells in magnetic fields [13]. Target-cell killing 
is usually achieved either with human or rabbit complement mediated 
lysis (C:mediated cytotoxicity) [14]. Alternatively the McAb may be 
coupled to a toxin ( toxin-mediated cytotoxicity) [15], most frequently 
ricin. Ricin is derived from castor beans and is composed of 2 chains. 
The A chain causes cell death once it has entered the cell by inactivating 
elongation factor 1 and thereby blocking protein synthesis at the poly­
some level, while the B chain binds to galactose-containing glycoproteins 
present on the surface of all human cells and orientates the A chain so 
that penetration into the cell is facilitated [16]. The antibodies selected 
may be coupled either to the A chain alone, utilizing ammonium chloride 
during incubation to increase cytotoxicity [17], or to an intact ricin mole­
cule providing that the binding of the B chain to non-relevant cells is 
avoided by adding lactose to the system [15] or by modifying the B chain 
itself. 

1l1ble 2 gives a list of antigens which have been or could be used as targets 
for immunologic purging. 
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Table 2. Target antigens for BM purging with McAb.* 

Antigen MW CD number 

1. Teel! depletion 
a. T-associated T j-like (p 67) (CDS) 

T 2-like (p 41) (CD7) 
T 3-like (p 19-29) (CD3) 
Tg-like (p 32) (CD8) 
T 1J-like (p 50) (CD2) 
T j2-like (p 100) (CD6) 

b. T and B + monocyte associated Campath-1-like (p 44) 

II. ABMT 
T-cell disorders Tj-like (p 67) (CDS) 

T 2-like (p 41) (CD7) 
T 1J-like (p 50) (CD2) 

B-cell disorders Y 29/55 (p unknown) 
Bj-like (p 35) (CD20) 
B4-like (p 87) (CD19) 

Common ALL cALLA (p 100) (CDlO) 
BAj-like (p 30) (CD24) 
BA2-like (p 24) (CD9) 
B4 -like (p 87) (CD19) 

* Reviewed in [12]. 

Clinical applications of BM purging 

Allogeneic BMT 

Experiments in a number of animal species in the late 60's and early 70's 
[18-20] showed clearly that graft-versus-host disease (GvHD) after allogeneic 
BMT could be totally abolished by removing mature Tcells from the donor 
graft, a procedure which did not significantly affect marrow engraftment. 
Although in man some successes were subsequently reported by removing 
unwanted T-Iymphocytes with polyclonal rabbit antisera [21] or cell elutria­
tion [3], it was not until the introduction of monoclonal antibodies to clinical 
medicine that Tcell depletion could be undertaken with sufficient ease, reli­
ability and reproducibility for the procedure to enter into general use. Most 
published series of T-cell depleted BMT report the use of monoclonal anti­
body mediated lysis of Tcells with either mouse anti-human Tcell mono­
clonal antibodies and rabbit complement [22] or Campath-1, a rat pan­
lymphocyte IgM antibody which fixes human complement [23]. More re­
cently reports have been published describing the use of toxin conjugated 
antibodies [24] or antibody coupled magnetic beads [25]. Improvements in 
elutriation technology have also led to a renewed interest in this physical 
approach to T-cell removal [3]. Whatever technique of Tcell removal is used 
there is now no doubt that the procedure effectively abolishes significant 
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GvHD. In previous series between 25 and 50% of patients develop grade II 
or greater GvHD and about half of those so affected, subsequently perished 
[26,27]. In addition the acute form of GvHD progressed to chronic GvHD 
in at least half of the survivors to produce fibrosis of skin, liver and bowel, 
profound immunodeficiency and consequent mortality from opportunistic 
infections [28]. In contrast in our own series of 70 patients transplanted using 
T-cell depletion or sole method of GvHD prophylaxis, 51 developed no 
GvHD at all, 13 developed grade I GvHD and only 4 patients developed 
grade II or grade III Gv HD. The incidence of chronic Gv HD was less 
dramatically reduced but occurred in only 19% of patients surviving. These 
excellent results have been matched by other groups [29,30]. 

Problems oj T-cell depletion 

While there is now no doubt that T-cell depletion is the most effective way 
of preventing Gv HD new problems have evolved in its wake. 

1. Graft rejection (GvHD) 
Recipients of bone marrow grafts are conditioned with cytotoxic agents 

with or without total body irradiation (TBI) before transplantation. For all 
recipients this has the purpose of eliminating residual marrow and host 
immunity, allowing the allografted marrow to 'take'. Where the recipient 
suffers from leukemia, conditioning has the additional purpose of eliminating 
residual leukemic cells and it is therefore correspondingly more intense than 
that undertaken for non-malignant disease. The different intensity of condi­
tioning was reflected in the different rates of GvHD in the two groups of reci­
pients. HvG was rare when BMT was undertaken for leukemia but occurred 
in about 25% or more of patients transplanted for aplastic anemia or thalas­
semia [31]: not only do such patients receive less intensive conditioning, but 
the multiple transfusions they require serve to immunize them against a wide 
range of alloantigens, some of which may well be present on donor marrow 
progenitor cells. When T-depletion was introduced as GvHD prophylaxis, 
however, many centers were surprised by a relatively high incidence of rejec­
tion even after transplantation for leukemia [32]. It seems likely that under 
normal circumstances infused donor T-Iymphocytes interact with the reci­
pient immune system to block graft resistancelrejection. The implication of 
this is that if the donor marrow is T-depleted then the recipient must receive 
more intensive or more immunosuppressive conditioning [33]. Fortunately it 
appears that relatively minor changes in the conditioning protocol are suffi­
cient to permit engraftment of T-cell depleted marrow [29,32,34]. Thus, of 
patients transplanted in a collaborative study using the Royal Free Hospital 
McAb treated marrow, 9 of 13 (69%) rejected bone marrow if total body irra­
diation was given in fractions to a total dose between 1000 and 1200 Gy, but 
only 1.5% rejected when radiation was given as a single prescribed fraction 
of 750 Gy at a dose rate of 26 Gy/min in air (15-18 Gy/min mid-plane received 
dose rate), a regimen which in animal models is more potently immunosup­
pressive than fractionated TBI [33]. Similar, graft rejection by the recipients 
of Campath-treated marrow can be prevented by using total lymphoid irra-
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diation [29]: this modification to conditioning is effective in allowing engraft­
ment even in thalassemic and aplastic anemia recipients. 

Clearly, increasing or modifying radiotherapy is not ideal for patients 
transplanted for non-malignant conditions and in such individuals we have 
found that increased pretransplant cytotoxic conditioning in combination 
with anti-lymphocyte globulin (ALG) reduces the rate of rejection. Nonethe­
less it remains unsatisfactory that all the methods so far adopted to augment 
recipient immunosuppression before T-depleted BMT have utilized more 
rigorous conditioning schedules with TBl or cytotoxic agents. These modified 
regimens increase the morbidity and mortality due to the conditioning pro­
tocol, thus partially offsetting some of the benefits of a low rate of Gv HD. 
A more elegant approach to the abolition of H vG disease would be destroy 
or disable specifically the components of the recipient immune system respon­
sible for rejecting the donor marrow by in vitro treatment of the recipient 
with McAb. One such monoclonal antibody that appears to have the appro­
priate characteristics is anti-lymphocyte function associated antigen 1 (LFA-1) 
[35]. This antigen is a two-chain structure on the surface of lymphocytes and 
neutrophils and is responsible for ensuring tight apposition of cells in the 
immune system. Blockade of this molecule using anti-LFA-1 prevents the 
binding of cytotoxic effector cells to their target and has been used successful­
ly in rodents and in man to reduce the risk of marrow rejection [36]. As yet 
it has been applied only to HLA-mismatched transplants in whom the problem 
of rejection is correspondingly more severe, but there is little doubt that this 
or related antibodies will prove equally effective at preventing rejection in 
HLA-matched transplants without the need for more intensive and therefore 
more toxic conditioning. 

2. Prolonged immunodificiency 
Even after conventional BMT, immune infection is poor for 6-18 months 

[37,38]. T-cells playa central role in all immune functions, so that one poten­
tial problem associated with Tcell depletion for GvHD prevention is that the 
recipient - deprived of his own Tcells by conditioning (see 1 above) and 
lacking donor Tcells in the transplanted marrow - might remain immuno­
incompetent for even longer. Paradoxically Tdepletion actually seems to 
enhance the speed at which immune function is restored in the recipient, so 
that CD4 (helper) to CD8 (suppressor) ratio is less deranged than that seen 
with conventional BMT and the usual CD8 'overshoot' is prevented [39], 
immunoglobulin levels do not fall from pretransplant levels [40], antibody 
responses can be made in the immunized transplant recipient [41] and natural 
killer function rapidly reappears [42]. This improved immune function may, 
in part, be a consequence of the reduction in the incidence and severity of 
GvHD so that patients do not regularly require immunosuppressive drugs 
after BMT. Reconstitution of NK and T-cell function following Campath-1 
treatment follows a similar pattern [43]. 

3. Leukemic relapse 
GvHD occurs when donor alloreactive T-cells recognize alloantigens on 

recipient cells. Residual leukemic blasts are obviously also of recipient origin 



and it is possible that GvHD would therefore also have a graft-versus­
leukemia effect. If this were so then one would predict that patients with acute 
or chronic GvHD would have a lower incidence of leukemic recurrence than 
patients who did not suffer this complication. Early studies investigating the 
probability of disease-free survival after BMT tended to confirm the presence 
of graft-versus-Ieukemia effect: patients with acute chronic Gv HD had a 
lower recurrence rate than those who did not [44]. Subsequent studies have 
not confirmed these data for all types ofleukemia [45,46], and only in children 
transplanted for acute lymphoblastic leukemia in second or later remission is 
a statistically significant evidence of graft-versus-Ieukemia effect convincingly 
demonstrated [47]. The possibility, however, remains an important one; if 
T-cells are implicated in the prevention of leukemic recurrence, then patients 
receiving purged marrow for the treatment of leukemia would be expected to 
have a high relapse rate. At the moment the position is unclear. Two groups 
carrying out bone marrow transplants for chronic granulocytic leukemia 
claim a higher incidence of recurrence after using marrow depleted of Tcells 
or treated with Campath-l [48,49]. Other groups including our own have not 
found any increased incidence of relapse and, indeed, in our own series of 36 
patients transplanted in first remission there has been only one possible leuke­
mic recurrence (focal brain lesion of undetermined origin) over a 40 month 
period. The incidence of leukemic relapse in second or subsequent remission 
transplants is high regardless of whether the marrow is first T-cell depleted 
and, at the moment, it is not possible to say whether there is any overall 
increase in risk in the recipients of purged marrow. It seems likely that this 
issue will be hotly disputed for some time to come. Nonetheless, it is also clear 
that the ultimate aim of transplantation for leukemia is to avoid relapse al­
together and we believe that T-cell depletion, which will allow us to safely 
explore the use of biological response modifiers, offers the best hope of achiev­
ing this end (see below). 

Overall value of T-cell depletion and future prospects 

At the moment Kaplin Meyer plots show a 73 % probability of disease-free 
survival to 3 liz years for patients receiving T-cell depleted BMT for acute 
leukemia in first remission. Other centers using T-cell depletion have reported 
even better results [29]. Because of the wide confidence limits associated with 
Kaplin Meyer plots of data from relatively small numbers of patients, it is not 
yet possible to say that T-cell depletion BMT offers a long term survival 
advantage over transplantation with unmanipulated marrow. But even if it 
were ultimately shown that T-cell depletion only reduced acute and chronic 
GvHD without influencing overall survival, it would still represent a major 
advance: many of the patients who survive conventional transplants have 
chronic Gv HD and this produces poor quality of life, while death from severe 
acute GvHD is an horrific experience for patients, relatives and staff. How­
ever, T-cell depletion offers enormous potential for improving marrow 
grafting. The most obvious benefit is that transplants between MHC-mis­
matched donor and recipient become feasible since T-cell purging prevents 
significant GvHD even where donor and recipient are haploidentical or 
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of treating marrow recipients with immuno-enhancing agents such as Inter­
leukin 2 in an attempt to overcome the profound immunodeficiency that 
follows transplantation. Studies in animals have shown that 11-2 accelerates 
and potentiates GvHD when given to the recipients of convential allografts. 
In contrast, when animals are given T-cell depleted marrow grafts, Gv HD 
does not occur even in the presence of high doses of IL-2, while there is 
increased recovery of cell mediated immune responses [50]. It is more diffi­
cult to assess the place of T-cell depleted transplantation for the treatment of 
non-malignant disease like aplastic anemia and thalassemia, since fewer 
centers have experience with these conditions and the risk of rejection is 
thought to be greater. But here too, with appropriate conditioning, it seems 
likely that high survival figures can be obtained which should be further 
improved as methods of immunological conditioning are explored. 

Problems and outcome of autologous BMT 

White T-cell depletion may present us with new problems to solve, at least it 
offers one benefit - the abolition of significant GvHD. Claims for the ben­
efits of purging in autologous transplantation, however, are obstructed by two 
problems. First the effectiveness of purging on the patient marrow cannot 
readily be determined and, second, trials directly comparing the outcome of 
purged vs. unpurged BMT have not been undertaken. 

1. Does purging remove residual blasts? 
Whatever method of purging is used, alone or in combination, in preclin­

ical models removal of 3-6 logs of malignant cells mixed with normal BM 
may he achieved without significant damage to BM progenitors [51]. These 
models are, however, somewhat artificial, as they use leukemic cell lines of 
known sensitivity to the purging method tested, and they might not therefore 
apply to clinical situations. In fact there is already evidence to support the 
contrary view: (1) leukemic blasts from patients with AML are no more sensi­
tive to cyclophosphamide derivatives than normal BM progenitors and (2) im­
munologic methods using monoclonal antibodies and rabbit complement for 
lysing blasts from patients with ALL induces significant lysis (> 2 logs) in 
only 75% of cases expressing the relevant antigen [53]. Effective lysis seems 
to be dependent on the density of the target antigen on the blasts and can 
be predicted by previous estimatiom of this parameter [54]. Unfortunately 
assessment of the efficiency of any form of BM purging at the time of trans­
plant is not possible as recognizable blasts in BM harvested during remission 
are usually absent and up to now there has been no reliable cloning system 
for most leukemias/lymphomas. 

2. Does purging increase patient survival? 
The clinical value of any form of purging is similarly difficult to assess in 

the absence of any reported results from trials comparing purged to non­
purged autologous BMT. In addition the question of whether relapse after 
BMT is due to infused malignant cells or to resistant disease in the patient 
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is always difficult to answer. Present experience in autologous BMT for 
lymphomas has emphasized the importance of residual disease [55], and this 
problem, of course, minimizes the possible impact of purging. 

3. Outcome if purged BMT 
Biophysical purging using discontinuous density gradients has been tried 

by a group in Houston in patients in relapse and was found not to be superior 
to unpurged BM [56,57]. At this stage of the disease the probability of 
resistant disease in the patient is, however, high and no patient remained 
disease-free. 

Pharmacological purging is being used in many ongoing studies and has 
already produced some interesting results. The Johns Hopkins' group have 
used 4-hydroxyperoxy-cyclophosphamide to purge marrows from 25 patients 
with AML in second or third CR [58]. Four patients died early after BMT 
and another died later while persistently aplastic. Nine patients relapsed less 
than one year after BMT but eleven remained disease-free at 230 to 1650 days 
posttransplant. A group from Paris used another cyclophosphamide deriva­
tive, INN Mafosfamide, to purge the BM of 24 patients with ALL or AML 
at various stages of their disease [59]. Of 13 patients transplanted in first CR, 
2 relapsed at 6 and 15 months, 2 died from transplant-related complications 
and 9 remained disease-free at 8 to 26 months after BMT. In contrast 6 of 
11 patients transplanted with more advanced diseases relapsed less than 5 
months after BMT and only 2 remained disease-free, at 9 to 10 months. 

Immunologic purging is presently restricted to eliminating malignant cells 
expressing surface antigens thought to be absent from the hemopoietic stem 
cells, and so it is used mainly for ALL and lymphoma BMT, although mar­
row from patients with non-hematologic tumors such as neuroblastoma may 
also be treated [60]. Most centers use cell killing techniques (predominantly 
complement-mediated cytolysis), but removal using immunomagnetic proce­
dures is also under investigation, mainly in neuroblastoma. The two largest 
studies have used monoclonal antibodies and rabbit complement for the BM 
purging of children with common-ALL in second or subsequent CR. The 
Boston group used 2 antibodiesJ5+I-J2 in 34 patients [61]. Twelve patients 
died during the prolonged aplasia, 10 patients relapsed within 8 months and 
12 remained disease-free at 4-50 months (median 22 months). The Minnea­
polis group used 3 antibodies BAl + BA2 + BA3 and 1 or 2 incubations in 23 
patients [62]. Only one patient died of infection, 15 relapsed and 7 remained 
disease-free 6-32 months after transplant (median 21 months). 

4. Future prospects 
These studies, as well as many smaller ones not reported here, support the 

view that BM purging is feasible in autologous BMT. Improvements in tech­
niques to detect minimal residual disease will become available. These will 
permit more accurate assessment of the efficiency of BM purging and so re­
duce the risk of reinfusing a contaminated marrow. Nonetheless, the relapse 
rate after autologous BMT may remain higher than that observed after allo­
geneic BMT, perhaps due to the absence of a graft-versus-leukemia effect: 
improvements in pretransplant therapeutic regimens may therefore be needed 
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in addition. Finally the problem of delayed engraftment will need to be over­
come, as this leads to an unacceptably high incidence of infection related 
morbidity and mortality. Delay in engraftment could be due simply to pre­
vious patient chemotherapy but it may also be exacerbated by ex vivo BM 
purging. One potential means of accelerating engraftment will be to use 
recombinant GM-CSF in vivo, assuming that responsive precursors are 
present, and this agent may also prove of benefit to recipients of T-cell depleted 
allografts. 

Conclusions 

There is no doubt that marrow purging for both auto- and allogeneic trans­
plantation offers major advantages in the treatment of hematological disease. 
The next 5 years should establish much more clearly (i) how the choice should 
be made between autograft and allografting, (ii) what procedure of purging 
should be adopted and (iii) how purging can be integrated with administration 
of recombinant cytokines such as Interleukin-2 and CSF to obtain optimum 
results. 
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DISCUSSION 

P.e. Das and S. Murphy 

P Rebulla (Milan): Dr. Slichter, how do you standardize the amount of plasma 
which is left: on the platelet concentrate, I mean in routine. Can you comment 
on the practical aspects of separating platelet concentrates from the buffy 
coat. 

Sj Slichter (Seattle): The amount of plasma transferred is standardized by 
putting a wedge in each corner of a plasma expressor. The thickness of the 
wedge has been determined to leave the desired residual plasma volume on 
the platelet concentrate. However, to prevent plasma siphoning once the ex­
pressor plate has met the wedges, the plasma hag must be placed above the 
leYel of the platelet concentrate bag. 

P Rebulla: Well, if I understood properly in The Netherlands there are several 
centers where the platelet concentrates are separated from buffy coats. I think 
they make buffy coats and then they make centrifugations in order to sedi­
ment red cells and white cells. Do you have any experience? 

Sj Slichter: I have no experience with these procedures. 

JC Bakker (Amsterdam): Dr. Slichter, you mentioned five methods by which we 
could measure platelet function or predict platelet function in vivo. You did 
not comment which method is your method of choice. A lot of investigators 
in the field of platelet preservation, prefer morphology as seen under the 
microscope, but it is not an objective method. Which would be your method 
of choice? 

Sj Stichter: I am one of those who have predominantly relied on in vivo 
measurements. I think all of us would love to have a standardized way that 
we could all agree on to do in vitro measurements. Sofar the one we do agree 
on is pH extremes. There is no good evidence from studies like dr. Murphy 
has done, that some of the lesions (either morphological changes, aggregation 
changes, hypotonic shock response, or whatever in vitro parameter you have 
been evaluating and have found to be abnormal), may well reverse either sim­
ply after taking off the plasma, in which the platelets have been stored adding 
fresh plasma in vitro and then showing that the abnormal parameter improves 
or in addition by simply putting the platelet in vivo into the patient's plasma. 
There is increasing evidence, however, that when the disc-sphere transforma­
tion measured by whatever technique is irreversible, there is a non-vital cell. 
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One of the major problems is that we cannot be exactly sure without in vivo 
transfusion experiments. So, I really believe that the in vitro measurements 
help us to exclude, but cannot necessarily help us to include platelets in terms 
of changes and storage to ensure we are delivering a quality product to the 
patient. 

Ie. Bakker: Does dr. Murphy have any further comments? 

S. Murphy (Philadelphia): Well, to summarize the situation we have a variety 
of measurements, which I think often correlate with each other. I think the 
safest and best thing to do in developmental work is to do a panel of in vitro 
studies. As a generalization cells that have good maintenance of morphology 
and therefore good maintenance of results in the more objective reflections 
in morphology, invariably do well when labelled with chromium. The problem 
is that some of the changes are more or less slowly reversible. One may have 
preparations after storage which will do well in vivo, but will not have done 
so well in the in vitro tests. So I think that as long as the in vitro tests are 
giving good results, you can feel relatively confident that the in vivo results 
will be good. But some poor results may still be compatible with good in vivo 
viability. I fundamentally agree with dr. Slichter that any method in storage 
has to be confirmed in vivo. 

je. "Bakker: Dr. Arnaud, the propylene glycol as a cryoprotectant seems pro­
mising as far as toxicity is concerned. In the beginning of your paper you 
mentioned a toxicity of dimethyl sulphoxide and glycerol. It would have been 
nice if you could compare the toxicity of glycerol and dimethyl sulphoxide to 
propylene glycol. 

FC. Arnaud (Cambridge): I did not do the experiments that way. If you look 
at the results quoted in the literature they are very difficult to compare because 
no one uses the same technique of preparation and assay of the cells. It is very 
difficult to correlate all the results.'So, what we can say is just that: propylene 
glycol seems much less toxic thanDMSO, as 2.5'PG is tolerated by. platelets. 
The advantage of propylene· glycol is that, compared to glycerol for instance, 
it has to be intubated with platelets for a shorter time. One just has to incubate 
propylene glycol and platelets for 40 or 50 seconds and the propylene glycol 
will penetrate the cells. So it is much less toxic in the sense that the period 
of contatt is reduced. 

Ie. Bakker:IDDes , DMSO' penetrate the cell more slowly? 

FC. Arnaud: No, faster. Propylene glycol penetrates faster than glycerol. 
Propylene glycol. permeation is somewhere in between glycerol and DMSo. 

Ie. Bakker: Propylene glycol is not a normal compound of the body, so you 
would expect to have to remove it to zero levels. Is that possible? 
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FC. Arnaud: Well yes, I have checked this by measuring the osmolarity of the 
final solution, when the cells are resuspended in stored plasma and I have 
obtained the same osmolarity as platelets suspended in fresh plasma. So, there 
might be still some propylene glycol, but this is not significant. 

C.B. Humphrey (Croningen): Is there an arcadian rythm to circulating peri­
pheral blood stem cells under normal circumstances or during the period of 
chemotherapy induced overshoot. Are there times when harvesting would be 
more ideal as a function of the time of the day? 

M. Korbling (Heidelberg): Yes there is, but what we do is using this induction 
chemotherapy treatment just to mobilize the stem cells, that means we can 
reconstitute hemopoiesis. I think the problem is the pretreatment of the 
patient himself. If the patient is heavily pretreated we can not mobilize the 
stem cells at all, for example in the end-stage Hodgkin patients. If the treat­
ment is less it is very well possible to mobilize the stem cells. 

C. Th. Smit Sibinga (Croningen): Dr. Brozovic came at the end of his presentation 
with the bedside practice of leukocyte removal. We now know how crucial it 
is to have good control of the optimal depletion of white cells from, specifical­
ly, red cell concentrates, which are the major transfusion commodity, as well 
as from platelet concentrates. How do you implement quality control of the 
bedside practice? 

B. Brozovic (London): In experimental trials one can take samples at various 
points of the giving set. We have done that at the bedside and found that 
blood which comes through the filter is almost leukocyte free. However, you 
can simulate this exercise in the laboratory. If you adjust the flow of the blood 
through the filter to 30 drops per minute, collect samples continuously, and 
count the white cells, you will find that filters perform well. So it seems that 
the efficiency of the filter to remove white cells is not dependant on the flow 
of blood through the filter. 

C. Th. Smit Sibinga: I see your point. However, we are now shifting major 
responsibility from the experts in the field of tissue preservation to the bedside 
practitioner. Not that I do not have confidence in my clinical colleagues and 
the nursing staff, but we should realize that there is a danger in shifting this 
responsibility from the Blood Bank laboratory to the bedside. 

B. Brozovic: You are quite right. There arc two aspects of this problem. One 
is the responsibility for the quality of the product and the criteria used for it. 
The other perhaps more important question is who pays for the filter. Once 
the filters are used at the bedside, the financing or purchasing of the filters 
will fall entirely on the hospital. 

C. Th. Smit Sibinga: That immediately brings you to the next danger in this 
practice, because now we rely on the policy of a hospital for buying whatever 
there is on the market. There are major experiences that not always the 



hospital buys the best and the most efficient material for optimal clinical use, 
because of economical impact. 

B. Brozovic: You are quite right on that. My personal view is that filtration 
techniques ought to remain in Blood Transfusion Centers. There is no reason 
why that cannot be done and it is really just convenience to place them at the 
bedside. 

M.K. Elias (Groningen): Dr. Brozovic, I have a comment on the efficiency of 
the filter to retain the leukocytes, especially the specific filters. Although called 
selective for leukocytes they also retain red cells and platelets, but this is not 
valid for all the products. If I take for example the Imugard filter, the recovery 
of platelets is 60 or 70% when filtering a unit of whole blood, while the 
recovery is 90%, when filtering leukocyte-poor blood. We have done a com­
parative study in Groningen using different leukocyte contamination gra­
dients to determine the capacity of the filter to retain the leukocytes. So we 
have used the leukocyte-poor platelet concentrates and a pool of standard 
platelet concentates and a pool of buffy coats. We found that the more the 
product is contaminated with white and red cells, the less is the recovery of 
platelets. 

B. Brozovic: Well, this is certainly a vary interesting study. We do not know 
cxactly the mechanism of retention of leukocytes and platelets on the filters. 
There must be a good explanation for your observations, but I can not say. 

P Rebulla: I would like to make a comment on the bedside filtration point. 
Thc best quality control of this procedure could be monitoring the febrile 
transfusion reaction rate in a reactive patient population. We have been quite 
happy during the last year transferring the whole filtration procedure to the 
wards with two diHerent filters: the Pall and the Sepacell. The overall reaction 
rate remained unchanged in thalassemia patients, when it was compared with 
units filtered in the Blood Bank. So, we are quite happy with the bedside pro­
cedure and no problems were seen. 

S. Murphy: Dr. K6rbling, about the collection of stem cells from the peripheral 
blood, do you need to do CFU-C and CFU-GM measurements to know 
whether you have an adequate dose or could you not just count the number 
of cells which look like lymphocytes to know whether you have had an ade­
quate collection. As I understand it, there is no known necessary correlation 
between the colony forming cells and the cells that rescue the patient. 

M. Korbling: You are totally right. The CFU-C or CFU-GM assay is the best 
indicator, but what we have learned especially from purging is that the rela­
tionship shifts completely. If we do a pharmocological purging, we transplant 
marrow grafts for example without any evidence for CFU-GM and the 
patient reconstitntes very well. 
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C. Th. Smit Sibinga: Dr. Korbling, you see for the future an indication in peri­
pheral stem cell collection for those who are at risk for continuous exposure 
to irradiation. We see now what comes of Tsernobyl and all know that these 
disasters might occur anywhere in the world. Do you see this indication limi­
ted to only workers in nuclear plants or do you see this broader. How about 
the mobility of people and how do you see then bone marrow following them 
around the world. 

M. Korbling: We made such a proposal to the German government. First of 
all the procedure is very expensive, per person about 10,000 DM. Now, that 
is not the real problem. The real problem is a political one. Nobody would 
like to admit, especially in Germany, that nuclear power plants are not 100% 
safe. That is the reason that we cannot proceed with that approach. Even the 
workers in the plant would not admit that their plant is not 100% safe. The 
people we would like to apherese and collect stem cells from, are mainly 
people who have to do with repairment. That is the most risky thing to do 
in atomic power plants. The government of Baden Wurtenberg West Germany, 
has some 200 names on a list. That means a realistic number of 200 people 
from whom blood stem cells are to be collected and preserved as a preventive 
measure. 
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HLA-MATCHING AND CROSSMATCHING IN PLATELET 
TRANSFUSION 

J.M. Beelen 

Introduction 

Repeated platelet transfusion often induces alloimmunization to HLA­
antigens resulting in a state of refractoriness of the thrombocytopenic patient. 
Such patients can be successfully treated with platelet concentrates from an 
HLA compatible sibling donor [1]. Also matched platelets from unrelated 
donors can survive normally in the highly sensitized patient [2-4]. The HLA­
antigens are coded by a very polymorphic genetic system. Therefore even in 
a large pool of blood bank donors chances of finding a perfectly matched 
donor are low. However in the alloimmunized thrombocytopenic recipient the 
effectiveness of transfusion of platelets from donors selectively mismatched for 
crossreactive antigens does not differ from the cell increment obtained with 
HLA fully matched platelets [5,6]. A positive crossmatch as a result of cir­
culating antibodies against donor incompatibilities is associated with a poor 
transfusion response. HLA-antibody screening enables us to determine which 
donor HLA-incompatibilities will not lead to a positive crossmatch and there­
fore can be considered as acceptable mismatches. The aim of this paper is to 
summarize the methods which are currently used in routine HLA-typing and 
antibody screening. 

HLA-typing techniques 

In this review, Moore already discussed the genetics and structure of the 
HLA molecules [7]. The HLA-ABC (class I) antigens are expressed on all 
nucleated cells and also on platelets whereas of the periferal blood cells only 
B-lymphocytes, monocytes and macrophages do express HLA-DR (class II) 
antigens. The incidence of alloimmunization is principally defined by the 
degree of class II incompatibility expressed by the contaminating white blood 
cells in the platelet concentrate [8-10]. Until now, HLA-DR matching has not 
been applied in platelet transfusion therapy. By the use of leukocyte-poor 
platelet suspensions the incidence of sensitization is successfully reduced 
[11-14]. If as a result of alloimmunization antibodies are formed, those respon­
sible for a poor platelet survival are directed against class I antigens and also 
against platelet specific antigens [15]. However, because the incidence of anti­
body formation against platelet specific antigens is low, selection of platelet 
donors for the sensitized patients is primarily based on HLA-ABC compati­
bility. 
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HLA-ABC typing 

HLA-ABC typing is done by a microlymphocytotoxicity assay. Mononuclear 
cells are isolated from heparinized or defibrinated blood by Ficoll Isopaque 
density gradient centrifugation. In 60 wells microtiter plates 1 pl of cell 
suspension with a concentration of 2x106 cells per ml is added to each well 
containing 1 pl of a specific antiserum. After 30 minutes incubation time 5 
ttl rabbit complement is added. Cytotoxicity is visualized by eosine or trypan 
bluc dye exclusion. Automatic reading of the trays has become possible by 
using propidium iodide (red fluorescence) to visualize cell lysis [16]. The most 
reliable results are obtained when in a double staining technique carboxy­
fluorescein diacetate (green fluorescence) is used as a viability label simul­
taneously [17]. 

HLA-DR typing 

In the mononuclear cell fraction isolated by Ficoll Isopaque gradient centri­
fugation only B-Iymphocytes and monocytes/macrophages do express HLA­
DR antigens. By the use of an enriched B-lymphocyte suspension, e.g. ob­
tained with a rozetting technique, the standard microlymphocytotoxicity 
assay can be applied for HLA- DR typing. However, the two-color fluorescence 
technique, originally described by Van Rood and his coworkers, circumvents 
the time and cell consuming enrichment procedures [18]. In this technique 
B-cells and monocytes are specifically labeled by fluorescein (FITC) conjugated 
anti-human immunoglobulin. Cell lysis is now visualized with ethidium­
bromide. In the two-color fluorescence method not only cytotoxicity is mea­
sured but this test also shows whether the cell lysis is restricted to the class II 
positive cells, indicating that the positive reaction is the result of binding of 
an anti-DR serum. 

7jping sera 

Numerous typing sera are needed to characterize all of the antigens encoded 
by the different loci of the highly polymorphic HLA system. Sera of multi­
parous women, successively alloimmunized by pregnancy against paternal in­
compatibilities of the foetus, are still the most important source of typing 
reagents. Since alloirnmunization only occurs against a limited number of 
antigens, the induced antibody is frequently directed against a single anti­
genic specificity or against a crossreactive group of antigens to which one of 
the paternal incompatibilities belongs. This is in clear contrast with the anti­
bodies detected in sera of patients alloimmunized by multiple transfusions, 
which are largely multi specific. 

Because of the differences in expression of class I and class II antigens a 
positive reaction due to HLA-ABC antibodies will overrule cytotoxicity 
induced by anti-DR sera. By platelet absorption the HLA-ABC antibodies 
can be selectively eliminated leaving the HLA-DR antibodies in the serum. 
The introduction of the hybridoma technique by Kohler and Milstein has 
enabled the production of monoclonal antibodies against HLA-antigens. 
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Until now, only a limited number of specificities can be defined by mono­
clonal reagents. A striking feature of some of the monoclonal antibodies is 
that they may detect antigenic determinants that have not been picked up by 
alloantisera. For example, antigenic variants of HLA-A2, a specificity by well 
defined alloantisera, have now been characterized by monoclonal antibodies. 

A highly conscientious analysis of the reaction patterns of the alloantisera 
shows that antibodies against these antigenic splits are only rarely formed. 
Antigenic determinants shared by the different antigenic splits, detected by 
antibodies with a broad specificity, seem to be more immunogenic. Therefore 
these subtypes, although very important from the immunogenetist' point of 
view, may be of minor relevance in clinical HLA-matching. 

Antibody screemng 

Sensitization to HLA-antigens as the cause of refractoriness of a patient 
transfused with platelets from a random donor can be confirmed by antibody 
screening. In the microlymphocytotoxicity assay the patient serum is tested 
against a panel of lymphocytes. By selecting a panel representing the HLA­
specificities in a balanced make up, it is possible to characterize the antibody 
specificity. In sera of thrombocytopenic patients alloimmunized by multiple 
cell concentrate transfusions, HLA-antibodies are detected which are fre­
quently multispecific. By testing the patient serum with lymphocytes of panel 
donors selectively mistmatched for one single HLA-antigen one can deter­
mine which HLA-incompatibilities can be considered as acceptable. By this 
procedure of intelligent mismatching, the number of compatible donors eligi­
ble for the strongly alloimmunized patient can be greatly extended. 

Crossmatching 

Crossmatching is the ultimate test to confirm compatibility between the sensi­
tized patient and the selected platelet donor. An optimal donor selection is 
achieved with a combination of lymphocytotoxic and platelet specific 
crossmatching [19,20]. The standard lymphocytotoxicity assay is used for the 
lymphocytotoxic crossmatch. The platelet crossmatch techniques will be dis­
cussed by Von dem Borne [21]. If crossmatching is performed by the 
microlvmphocytotoxicity test only cytotoxic HLA-antibodies will be detected. 
A positive platelet crossmatch with a corresponding negative lympho­
cytotoxicity can be caused by non-cytotoxic HLA-antibodies and antibodies 
directed against crossmatch-specific alloantigens. A chloroquine modification 
of the platelet crossmatch enables to distinguish between HLA- and platelet­
specific antibodies. Chloroquine treated platelets no longer react with HLA­
antibodies whereas reactions with platelet-specific antibodies are unchanged 
or even enhanced [22,23]. A positive platelet crossmatch is always accom­
panied by a low platelet increment indicating that cytotoxic and non-cytotoxic 
HLA-antibodies as well as platelet specific antibodies may be responsible for 
a poor platelet transfusion response [14]. 
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The presence of platelet-specific antibodies will make selection for platelet 
donors compatible for platelet-specific antigens obligatory. 

Concluding remarks 

The number of compatible donors available to the alloimmunized patient can 
be increased significantly by the use of platelets from donors selectively 
mismatched for HLA-antigens crossreactive with antigens of the patient. 

For the highly immunized patient the number of compatible donors can be 
greatly extended by defining the acceptable mismatches in an antibody 
screening with lymphocytes of selected panel donors each of which is incom­
patible for a single antigenic specificity. 

Crossmatching is the ultimate test to confirm platelet donor compatibility. 
A lymphocytotoxic crossmatch in combination with a platelet crossmatch will 
detect the antibodies responsible for a poor platelet survial in an optimal way. 

References 

1. Yankee RA, Grunet FC, Rogentine GN. Platelet transfusion therapy, the selection 
of compatible platelet donors for refractory patients by lymphocyte HLA typing. 
N Engl J Med 1969;281:1208-12. 

2. Thorsby E, Helegesen A, Gjemdal T. Repeated platelet transfusion from HLA 
compatible unrelated and sibling donors. Tissue Antigens 1972;2:397-404. 

3. Yankee RA, Graff KS, Dowling R, Dowling R, Henderson ES. Selection of un­
related compatible platelet donors by lymphocyte HLA-matching. N Engl J 
Med 1973;15:760-4. 

4. Lohrmann HP, Bull MI, Decter JA, Yankee RA, Graw RR Jr. Platelet trans­
fiJsion from HLA compatible donors to alloimmunized patients. Ann Intern 
Med 1974;80:9-14. 

5. Duquesnoy RJ, Filip DJ, Rodey GE, Rimm AA, Aster RH. Successful trans­
fusion of platelets 'mismatched' for HLA-antigens to alloimmunized thrombo­
cytopenic patients. Am J Hematol 1977;2:19-26. 

6. Dahlke MB, Weiss KL. Platelet transfusion from donors mismatched for cross­
reactive HLA-antigens. Transfusion 1984;24:299-302. 

7. Moore SB. The human MHC and its relevance to transfusion practice. In: Smit 
Sibinga CTh, Das PC, Engelfriet CP (eds). White cells and platelets in blood 
transfusion. Boston, Dordrecht, Lancaster: Martinus Nijhoff 1987:1-12. 

8. Welsh KI, Burgos H, Batchelor JR. The immune response to allogeneic rat 
platelets: Ag-B antigens in matrix for lacking Ia. Eur J ImmunoI1977;7:267-72. 

9. Batchelor JR, Welsh KI, Burgos H. Transplantation antigens per se are poor 
immunogens within a species. Nature 1978;273:54-6. 

10. Claas FH, Smeenk RJT, Schmidt R, van Steenbrugge GJ, Eernisse JG. Allo­
immunization against the MHC antigens after platelet transfusion is due to con­
taminating leukocytes in the platelet suspension. Exp Hematol 1981;9:84-9. 

11. Eernisse JG, Brand A. Prevention of platelet refractoriness due to HLA­
antibodies by the administration of leukocyte-poor blood components. Exp 
Hematol 1981;9:77-83. 



247 

12. Schiffer CA, Dutcher JP, Aisner .1, Hogge D, Wiernik PH, RullyJP. A random­
ized trial of leukocyte-depleted platelet transfusion to modify alloimmunization 
in patients with leukemia. Blood 1983;52:815-20. 

13. Fischer M, Chapman JR, Ting A, Morris F:J. Alloimmunization to HLA­
antigens following transfusion with leukocyte-poor and purified platelet suspen­
sions. Vox Sang 1985;49:331-5. 

14. Murphy MF, Metcalfe P, Thomas H, et al. Use of leukocyte-poor blood com­
ponents and HLA-matched-platelet donors to prevent HLA alloimmunization. 
Brit .1 Haematol 1986;62:529-34. 

15. Pegels JG, Bruynes EC, Engelfriet CP, von dem Borne AEG Kr. Serological 
studies in patients on platelet and granulocyte-substitution therapy. Brit J 
Haematol 1982;52:59-68. 

16. Bruning JW. Automatic reading of HLA-ABC typing and screening, the propi­
dium iodide (PI) method. Hum Immunol 1982;5:225-31. 

17. Bruning JW, Kardol MJ, Arentzen R. Carboxyf1uorescein f1uorochromasia 
assays. I. Non-radioactively labeled cell mediated lympholysis. J Immunol 
Methods 1980;33:33-44. 

18. Van Rood JJ, van Leeuwen A. Simultaneous detection of two cell populations 
by two-color fluorescence and application to the recognition of B-cell deter­
minants. Nature 1976;262:795-7. 

19. Brand A, van Leeuwen A, Eernisse JG, van Rood lJ. Platelet transfusion therapy. 
Optimal donor selection with a combination of lymphocytotoxicity and platelet 
fluorescence test. Blood 1978;51: 781-8. 

20. Waters AH, Minchinton RH, Bell R, Foros JM, Lister TA. A crossmatching 
procedure for the selection of platelet donors for alloimmunized patients. Brit 
J Haematol 1981;48:59-68. 

21. Von dem Borne AEG Kr. Platelet antibody detection. In: Smit Sibinga CTh, 
Das PC, Engelfriet CP (eds). White cells and platelets in blood transfusion. 
Boston, Dordrecht, Lancaster: Martinus Nijhoff 1987:261-7. 

22. Nordhagen R, Flaatzen ST. Chloroquine removal of HLA-antigens from plate­
lets for the platelet immunofluorescence test. Vox Sang 1985;48:156-9. 

23. Metcalfe P, Minchinton RM, Murphy MF, Waters AH. Use of chloroquine­
treated granulocytes and platelets in the diagnosis of immune cytopenias. Vox 
Sang 1985;49:340-5. 



CELL CULTURE AND IMMUNE FUNCTION TESTS 

J.w. Smit, J.T.M. de Wolf, M.T. Esselink, M.J.A. van Luyn, N.R. Blorn, 
T. Cazemier, H.E. Modderman, W. Huiges, M.R. Halie 

Introduction 

249 

Concerning the role of white blood cells in blood transfusions different 
aspects have to be considered: 
1. Antibody formation against HLA and cell specific antigens by the patients 

immune system. 
2. The influence of transfusion on the composition of different white blood 

cell populations in the patient. Several studies have demonstrated that 
supportive hemotherapy may influence the immune system: improve­
ment of graft rejection in renal transplantation [1]; alterations in lympho­
cyte sub populations in hemophilia patients [2]. 

3. The properties and the function of the white blood cells of the donor, 
which have been collected for transfusion. For instance granulocytes used 
in transfusion for granulocytopenic patients. But most important are here 
perhaps the bone marrow grafts now that bone marrow transplantation 
has become an established procedure in the treatment of hematological 
disorders. 

Cell separation techniques (densi ty gradient centrifugation, counter flow cen­
trifugation) and monoclonal antibodies make it possible to distinguish and to 
isolate functionally different cell populations. Functions of granulocytes, 
monocytes and of lymphocyte subpopulations can be tested separately in the 
·I<i.bora tory. 

Clonogenic colony assays with their specific growth factors have been 
developed to demonstrate the presence or absence of progenitor cells of the 
different hemopoietic cell lineages. 

These different techniques can also be applied in the above mentioned 
aspects of blood transfusion and white blood cells. 

Lymphocytes 

'In the fine-tuned network of interacting cells in the immune system two 
major functionally different lymphocyte populations can be distinguished: 
B- and T-cells. These two types of lymphocytes are derived from or processed 
by two different primary lymphoid organs, the adult bone marrow ami the 
thymus respectively, and can be identified by characteristlicmembrane sur:face 
markers. 



B-lymphocyte bear surface membrane-bound immunoglobulins, acting as 
specific antigen receptors. The surface immunoglobulins are detected by 
staining a lymphocyte suspension (isolated by density gradient centrifugation) 
with fluorescein labeled specific antibodies to the appropriate immuno­
globulin on the membrane. Since immunoglobulins can also be bound to Fc­
receptors for immunoglobulins, also present on other than B-cells, care 
should be taken in counting the number of B-cells, because the fluorescein 
labeled anti-immunoglobulin conjugate will also stain these Fe-receptor 
bound immunoglobulins. Though B-lymphocytes are classically defined by 
membrane-bound surface immunoglobulins. there are now B-cell specific 
monoclonal antibodies available, suitable for use in the immunofluorescence 
technique. 

T-lymphocytes were originally identified by the cell marker which binds to 
sheep erythrocytes. At present these lymphocytes are detected using mono­
clonal antibodies in the immunofluorescence technique. H ybridoma tech­
nology has resulted in the production of many monoclonal antibodies which 
have been valuable in defining different lineage stages in the maturation of 
the T-cell in the thymus and in defining difTerent functional T-cell subsets. 

Using flow cytometry techniques which allow the simultaneous detection 
of more than one fluorescent label, it is possible to define the two major Tcell 
subpopulations, i.e. T-helper and T-suppressor lymphocytes. This is illustrated 
in Figure 1. 
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Figure 1. Simultaneous enumeration of T-helper (anti-Leu-3aFITC) and T­
suppressor (anti-Leu-2aPE) cells in peripheral blood. 

Quadrant 1: T-helper cells; Quadrant 2: Double labeled cells (rare in normal blood); 
Quadrant 3: Unstained cells; Quadrant 4: T-suppressor cells. 
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Other techniques to detect cell populations by surface markers are the 
immunoenzyme techniques, i.e. the immunoperoxidase and the alkaline phos­
phatase-anti-alkaline phosphatase (APAAP) methods. Especially the latter 
technique, introduced by the group of Mason [3] in Oxford and combining 
phenotyping and morphology has been propagated as extremely sensitive. 
However, in our hands only a selective number of monoclonal antibodies is 
reacting after the appropriate fixation. For instance the helper/inducer T-cell 
subset could be detected with the anti-Leu-3a monoclonal antibody but not 
with the OKT4 monoclonal antibody while until now B-cell specific mono­
clonal antibodies gave hardly any positive results. Similar findings were re­
ported by Lowenthal et al. [4]. 

Besides the B- and T-Iymphocytes there is in the peripheral blood a popula­
tion of lymphocytes which do not have markers corresponding to B- or 
T-Iymphocytes. This population is called the Null cell population. The major­
ity of this lymphocyte population is characterized by Fc-receptors and by the 
monoclonal antibody anti-Leu-ll. Morphologically these cells are defined as 
the large granular lymphocytes (LG L) due to the azurophilic granules in the 
cytoplasm. At the ultrastructural level part of these granules are characteristic 
parallel tubular structures (Fig. 2) [5]. It has been suggested that these struc­
tures playa role in the function of these cells as effector cells in the natural 
killer (NK) and antibody dependent cellular cytotoxicity or killer (K) pro­
cesses [6]. 

Figure 2. Part of a large granular lymphocyte showing parallel tubular structures. 



Immune function tests 

The demonstration of the presence of lymphocyte subsets is not always a con­
dition for functional activity. This is illustrated in Table 1, which summarizes 
the phenotype and functional activity of the peripheral blood lymphocytes in 
a group of patients with Ty lymphocytosis. In these patients an expanded 
population of T')' lymphocytes has been found. Though these cells are T8 
positive they do not possess the suppressor cell activity of normal T8 positive 
lymphocytes. Therefore it is often necessary to study functional activity in 
vitro. 

Following stimulation by their specific antigen the cells of the B-lineage can 
proliferate and diflerentiate into antibody secreting plasmacells, thus medi­
ating humoral immunity. In vitro this process can be mimiced by stimulating 
lymphocytes with mitogenic lectins, derived from plants or bacteria. Thus the 
functional activity of human B-Iymphocytes has been studied in a pokeweed 
mitogen (PWM) driven immunoglobulin (Ig) production system. The results 
can be assessed by means of determining the number of Ig synthesizing cells 
(by an immunof1uorescence technique) or by measuring the Ig levels in the 
culture supernatant as described by Riimke et al. [7]. The in vivo formation 
of antibodies against specific antigens can be tested by using patients serum 
in an in vitro assay, e.g. the detection of antibodies directed against HLA, 
granulocytes or thrombocytes. 

Table 1. Phenotype and functional properties of T'Y cells in 
most patients with T'Y lymphocytosis. 

ESRBC F-( T3 T4 T8 T11 Help Suppr. K NK 

+ + + + + + 

Because the B-cell stimulation system requires the presence of other cell 
types, i.c. monocytes and T-Iymphocytes, the in vitro regulating activity of the 
latter cell type and its subsets has also been studied by means of the PWM­
driven polyclonal IgM synthesis system. Aspecific T-ceH function may be 
studied by stimulation with the mitogens phytohemagglutin (PHA) and con­
canavalin A (Con A) using a 3H -thymidin incorporation technique. The 
same 3 H -thymidin uptake is used to evaluate T-cell function in a mixed 
lymphocyte culture (MLC). In this sytem T-cells are stimulated by contact 
with allogeneic lymphocytes, resulting in transformation. 

NK- and K-cell activities attributed to the normal Leu-ll positive LGL, are 
measured in an in vitro assay using S1Cr labeled target cells from cultured 
cell lines. The antibody dependent cellular cytotoxicity (K-cell activity) is 
often measured with P-815 mouse mastocytoma cells, sensitized with rabbit 
IgG antibodies [8], the NK-cell activity with the myeloid/erythroblastoid 
K-562 cell line [9]. However, other target cells are also possible. 
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Hemopoietic cell culture methods 

In the normal peripheral blood several cell types can be demonstrated: ery­
throcytes, (neutrophilic, eosinophilic and basophilic) granulocytes, mono­
cytes, lymphocytes and thrombocytes. All these cell lines originate - directly 
or indirectly - from the bone marrow, where in the normal adult human 
hemopoiesis takes place. 

By morphological examination of the bone marrow it is possible to recog­
nize, in addition, most of the immature precursors of these cell lines, however, 
only of the last five or six cell divisions. More immature precursors, the multi­
potential stem cells and the committed progenitor cells are too few to be 
recognized microscopically. 

For this purpose in vitro clonal assay systems have been developed, at first 
in the mouse. Later these systems were modified for growth of human hemo­
poietic cell lines. Reviews on hemopoietic cell cultures are found in references 
10-12. In Figure 3 a schematic representation of the multipotential stem cell 
and the related precursor cells in each lineage is presented. Clonal assays for 
different progenitor cells are available, not only for the myeloid and erythroid 
cells but also for the lymphoid cells. 
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Figure 3. Schematic representation of the hematopoiesis. Some lines are 
hypothetical. 
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Density gradient 
centrifugation 

--..... _11·.·.·.· 

Cell suspension 
(5x106/ml) 

- Bone marrow or peripheral blood cells 
- Methylcellulose (0,9%) 
- Iseove's modified Dulbecco's medium 
- Fetal calf serum (20%) 

Bovine serum albumin (10%) 
- thioglycerol (1.1xlO -5 M) 
- Erythropoietin (lU) 
- Phytohemagglutinin-stimulated leukocyte 

conditioned medium (PHA-LCM) (5%) 

Culture 
14 d at 37°C, 7% CO2 

F(f!,ure 4. Culture conditions for CFU-GEMM. 

Density gradient 
centrifugation 

Cell suspension 
( 5x106/ml) 

- Bone marrow or peripheral blood cells 
- Agar (0,3%) 
- Dulbeeco's medium 
- Fetal calf serum (20%) 
- GCT conditioned medium (4%) 

Culture 
14 d at 37°C, 7% CO2 

Figure 5, Culture conditions for CFU-c' 



Density gradient 
centrifugation 

Cell suspension 
(5x106/ml) 

- Bone marrow or peripheral blood cells 
- Methylcellulose (0.9%) 
- Iscove's modified Dulbecco's medium 
- Fetal calf serum (20%) 
- Bovine serum albumin (10%) 
- Thioglycerol (1.1xlO -5 M) 
- Erythropoietin (1 U) 
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Culture 
14 d at 37°C, 7% CO2 

CFU-E 7 d 

BFU-E 14 d 

Figure 6. Culture conditions for red cell procursors. 

In Figures 4,5 and 6 the culture conditions are outlined for CFU-GEMM, 
CFU-C (CFU-GM) and CFU-E and BFU-E respectively. These clonal assays 
are most often used in clinical situations. The frequency distribution of these 
various colony types of nine healthy volunteers show a considerable variation 
as demonstrated in Figure 7. '''rr---E: ------'" I 
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Figure 7. Frequency distribution of CFU-GEMM, CFU-C, CFU-E and BFU-E in 
the bone marrow of nine healthy volunteers. 
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Essential in these cultures is the presence of hemopoietic growth factors or 
colony stimulating activity (CSA). In the originally developed culture system 
of Pike and Robinson [13] a double agar layer was used. The underlay con­
tained blood leukocytes (feeder cell layer) which produce the CSA, while in 
the overlay the cells to be cultured were present. CSA is also produced by 
other cell types, which has led to the commercial production of growth factor 
containing media, e.g. medium conditioned by the histiocytic cell GCT (giant 
cell tumor). This medium is used in our CFU-GM assay. In the CFU­
GEMM and the CFU-E assays it leukocyte conditioned medium is used, after 
the leukocyte suspension ahs been stimulated with phytohemagglutin (PHA). 
Because the use of these CSA containing conditioned media is far from stan­
dardized it is very important that considerable progress has been made in 
identifying and characterizing the diHerent colony stimulating factors 
(CSF's), glycoproteins in the 20,000-70,000 molecular weight range and 
active at very low concentrations. Recently several CSF's have been purified 
and eDNA's have been cloned Crable 2). This may lead to mass-production 
of recombinant hemopoietic growth factors with possible clinical use in the 
future [14]. 

Table 2. Cloned human hemopoietic growth factors. 

GM-CSF 
G-CSF 
M-CSF 
IL-3 
Erythropoietin 
EPA 
IL-2 

Responding cells 

Granulocytes, macrophages, eosinophils 
Granulocytes 
Macrophages 
Multilineage 
Erythroid cells 
Early erythroid cells 
T-lymphocytes 

Another system controlling the hemopoiesis is achieved by the stromal cells 
in the bone marrow, forming the hemopoietic microenvironment [15]. 
Though the investigations concerning the role of the microenvironment on 
the blood cell formation are preliminary, both cell-cell contact and local short 
range humoral factors are suggested to be of influence. Long-term bone 
marrow cultures or Dexter cultures [16] are an approach to study both the 
function of the microenvironmental cells and growth factors necessary for 
blood cell formation from stem and progenitor cells. These cultures are also 
propagated by Zanjani et al. [17] to provide a system capable of producing 
progenitor cells and mature granulocytes, opening the way for clinical use of 
these cell cultures. Other accessory cells in the bone marrow, i.e. T-lympho­
cytes and monocytes-macrophages have also been found to influence hemo­
poiesis. Both cell types are able to produce colony stimulating activity, thus 
promoting growth of hemopoietic progenitors. However, activated T-lympho­
cytes and monocytes can also exert an inhibitory effect on blood cell forma­
tion, originally demonstrated in diseased states, later on also found in experi­
ments concerning normal hemopoiesis. Therefore these accessory cells with 
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dual function may have important regulating actlvltles on the hemopoietic 
process. The effect of these cells probably depends on local short range influ­
ences, i.e. the presence of activators, diHerentiation state of the precursor cell 
and the level of "y'-interferon [18-20]. In vitro examination of the mechanisms 
by which these accessory cells affect blood cell formation in health and disease 
requires therefore standardized procedures. Variations in experimental condi­
tions may change the interpretation of the results. Such an example is de­
monstrated in Table 3, where diflerent monocyte fractions exerted diHerent 
eHects on BFU-E in peripheral blood. 

Table 3. Effect of different monocyte fractions on BFU-E. 

Cell populations 

Cell cultures 

- Density gradient centrifugation of 
peripheral blood cells: lymphocytes + 
monocytes 
- Elutriation: - lymphocyte/monocyte frac­

tion = intermediate fraction (I) 
- monocyte fraction: MONEL 

- Depletion of monocytes from the inter-
mediate fraction by adherence: MON ADH/r 

and lymphocyter 
- Separation of T- and non-T-cells from 
lymphocytesr (ESRBC rosetting/density gradient 
centrifugation): T[ and non-TCcells 

BFU-E colonies 

O.5xlOS NON-Tj 
0.5x105 NON-T[ + 0.25 MONADHII 
0.5xlO~ NOWf I + 0.25 ~ONEL 
O.5xlO) NON-Tj + 4.0x1O T j 
O.5x105 NON-T[ + 4.0x105 T j + 

O.25x1?5 MON ADHII 
O.5xlO) NON~rj + 4.0x1(P T j + 

0.25x105 MONEL 

108 
132 
210 
126 

164 

202 

Immune function tests and cell cultures in blood transfusion 

In particular situations it could be possible to test immunological disturbances 
in relation to blood transfusions. For the detection of antibodies against HLA, 
granulocytes and thrombocytes following transfusion of blood or blood 
products several serological techniques are available: immunofluorescence, 
complement-dependent cytotoxicity, cell mediated cytotoxicity. 
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Table 4. Enrichment of progenitor cells by elutriation of peri­
pheral blood mononuclear cells. 

Elutriation fractions 

Lymphocyte fraction lOx105 cells 
Lymphocyte/monocyte fraction 1x105 cells 
Monocyte fraction 1x105 cells 

Table 5. Elutriation of bone marrow cells: 

CFU-C BFU-E 
colonies 

3 
>200 

43 

6 
>200 

29 

isolation of stem cell fractions depleted of T-lymphocytes. 

Experiment 1 
% T3 
% Tll 
CFU-C 
CFU-GEMM 

Experiment 2 
% Tll 
CFU-C 
BFU-E 
CFU-E 

Experiment 3 
% Tll 
CFU-C 
BFU-E 

Before 
elutriation 

24 
32 

156 
10 

N.D. 
160 
374 
196 

13 
35 
11 

Fraction 1 Fraction 2 Fraction 3 

40 
50 
0 
0 

70 
10 
31 
0 

41 
o 
1 

30 
34 
40 
6 

30 
183 
594 

14 

22 
3 

27 

1 
2 

200 
15 

3 
296 
940 
572 

1 
141 
98 

As has recently been demonstrated in relation to AIDS, hemotherapy may 
cause alterations in lymphocyte subpopulations [2]. To measure lymphocyte 
sub populations now cytometry methods have been introduced which enable 
us collecting reliable results very easily. Cell separation methods using mono­
clonal antibodies - probably in combination with cell sorting - may be suit­
able to isolate lymphocyte subsets for immunotherapy. In these situations it 
may be necessary to apply in vitro lymphocyte function tests, e.g. a NK func­
tion test. 

Since blood transfusion and bone marrow transplantation are very close to 
each other it is not surprising that blood banks are involved in bone marrow 
transplantation programmes. To participate in these transplantation pro­
grammes new separation methods have to be present for collecting stem cell 
enriched fractions together with methods to deplete T-lymphocytes for allo­
geneic bone marrow transplantation and to remove malignant cells with 
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monoclonal antibodies + complement or immunotoxins as is needed in auto­
logous bone marrow transplantation. In this kind of programmes it is neces­
sary to have access to facilities performing hemopoietic cell cultures. In Table 
4 enrichment of progenitor cells from peripheral blood by elutriation (counter 
flow centrifugation) is demonstrated. The progenitor cells are found in a frac­
tion of lymphoid cells and monocytes with a relatively high percentage of 
blasts and blast-like cells. 

In Table 5 some results of bone marrow elutriation are shown. in these 
experiments immunophenotyping and cell culture techniques are combined 
to evaluate T-cell depletion and committed stem cell enrichment. These 
examples may illustrate that methods measuring immunological imbalances 
and cell culture techniques may have a place in modern blood banking even 
if the proposal of Zanjani et al. [17] to produce hemopoietic cells in culture 
for clinical use is not yet reality. 
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PLATELET ANTIBODY DETECTION 

AE.G. Kr. von dem Borne, W.H. Ouwehand, GM. van Dalen 

Introduction 

In the past 40 years a plethora of publications has appeared in the literature, 
which describe methods to detect platelet antibodies in sera or bound to cells 
of patients in various clinical conditions. These methods can be broadly sub­
divided by the principle on which they are based into methods that measure: 
a. The functional effect that antibodies may have on platelets, such as the 

induction of aggregation and release or just the opposite, i.e. the inhibi­
tion of these processes. 

b. The immunologic effect that antibodies may have on platelets such as 
agglutination, complement fixation, complement dependent cytotoxicity 
or 51Cr-release, cell mediated cytotoxicity and immunophagocytosis. 

c. The binding of immunoglobulins and/or complement to platelets, either 
directly or indirectly. 

In general, tests of the last category have proved to be the most reliable and 
senstive ones for antibodies of all immunoglobulin classes or subclasses, either 
complement fixing or non complement fixing. 

In 1980 the Expert Panel on Serology of the International Society of Blood 
Transfusion (ISBT) and the International Committee for the Standardization 
in Hematology of the International Society of Hematology (ISH) decided to 
set up it Working Party on Platelet Serology. The aim of this working party 
was to compare platelet antibody tests in laboratories all over the world and 
exchange test sera, in order to improve the state of the art. 

Till now three workshops have taken place, the last in 1986, leading to a 
meeting of members of the working party in Sydney, during the International 
Congress of the ISBT and the ISH May 1986. Also National Workshops have 
been organized in t\\"o countries (Canada and England) by the local Societies 
for Blood Transfusion. 

The conclusions of all these \\"orkshops are that the platelet immunofluor­
escence test (PIFT) [1] is the best test at present available and therefore should 
be used as a standard method. With this test alloantibodies in sera can be cor­
rectly detected, with sufficient sensitivity. Moreover with platelets from typed 
donors the antigenic specificity of the antibodies can be determined and with 
properly selected antisera platelet antigen typing can be performed, i.e. for 
the well defined platelet antigens Zwa and Zwb of the Zw(Pl A)-system and 
Baka of the Bak-system. The method can be applied on a micro-scale, but is 
somewhat time consuming (about 2Yz hours). Tests for alloantibodies should 
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always be done together with a Iymphocytotoxicity test and/or a lymphocyte 
immunofluorescence test, for the correct interpretation of the results (HLA­
and/or platelet specific antibodies). For large scale evaluation of patient's sera 
and for crossmatching with platelets of large series of donors, the plate­
let-enzyme-linked-immunosorbent-assay (platelet-ELISA), performed as 
solid phase assay [2,3] has found to be a reasonable alternative, provided that 
the test is correctly performed and carefully selected peroxidase-labeled anti­
globuiin sera are used. For further studies into the nature of platelet reactive 
antibodies the immunoblot or Western blot has been found to be an inter­
esting additional method [4]. 

These tests will be discussed in detail. A few laboratories also have had rea­
sonable results with tests such as the 1251 -antiglobulin or 1251 -Staphylococcus 
protein A test, but these tests will not be discussed at length. 

We also use the platelet agglutinin test [5], but mainly for antigen typing 
of platelets with agglutinating sera such as anti-Zwb, anti-Koa and anti-Kobo 
The reason for this is that still no suitable sera are available for typing of these 
antigens in the PIF. The test will be brief1y described. 

Platelet immunofluorescence test 

This method has already been described in 1960 by Silber et al., but was not 
generally introduced because of lack of specificity. We found that this problem 
could be largely solved by the use of Na2EDTA as anticoagulant and platelet 
anti-aggregant and by fixation of the platelets with a 1 % w/v paraformal­
dehyde solution (PFA) [1]. The role of platelet fixation is not yet entirely clear, 
but among others it prevents the aggregation of platelets during the test and 
induces platelet swelling and reduction of the amount of non­
immunologically bound immunoglobulins [6]. The test is performed on 
platelets, isolated by differential centrifugation from Na2EDTA anticoagu­
lated donor blood, washed (3 times) in phosphate buffered saline (PBS) to 
which Na2EDTA (9 mM) has been added. The platelets are fixed for 5 min 
in 1 % w/v PFA (obtained by dilution of a suitably prepared and stored 4% 
w/v stock solution in PBS), washed and suspended in EDTA-PBS 
(150-300x106/ml platelets). 100 {tl of the serum under investigation (neat or in 
dilutions), is incubated with 100 {tl of the platelet suspension, for 30 min at 
37°C. The platelets are than washed again (3 times) and incubated with a 
properly selected and diluted FITC-Iabeled antiglobulin serum for 30 min at 
room temperature in the dark. After 2 more washes they are than suspended 
in glycerol-PBS (3 part of glycerol, 1 part of PBS) and examined under a 
f1uorescence microscope. It is also possible to measure the f1uorescence 
strength in a laser f10w cytometer. 

As antiglobulin serum FITC-Iabeled-anti-human-total- Ig may be used. 
But also anti-IgG, anti-IgM, anti-IgA, anti-IgG-subclass and anti-light chain 
sera can be applied. The latter sera give the possibility to study the Ig-class 
and light chain type of the antibodies. 

Also anti-complement sera (anti-C4, anti-C3) may be used to study com­
plement fixation by platelet antibodies. But than the platelets should be washed 
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and suspended in PBS without EDTA (which is anticomplementary), or even 
in Ca + + and Mg + + containing Veronal buffered saline. Moreover after in­
cubation with the serum, the sensitized platelets should be incubated with 
normal AB scrum (as it complement source) for 30 min at 3PC. 

Platelet-enzyme-linked -immunosorbent-assay (Platelet-ELISA) 

Many reports have been published on modifications of the standard ELISA 
to detect platelet antibodies. Untill recently we have used this method in our 
laboratory only incidently, because we were not able to obtain satisfactory 
results (in terms of sensitivity and specificity). This was also the general expe­
rience during the various international workshops. 

However Sintnicolaas et al. [3] have modified the method of Horai et al. 
[2] in such a way that comparable results are obtained as in the PIFT. 

This ELISA method is now applied in our laboratory on a routine scale. 
The initial steps of platelet preparation and fixation are the same as in the 
PIFT. However, nonfixed platelets can be applied as well. For the ELISA 50 
,Ill of a freshly prepared platelet suspension (100xl0 6/ml) is pipetted into the 
well of a microtiter plate, which is than centrifuged for 5 min (300 g). The 
platelet pellet is washed in PBS containing Tween (0.05% v/v) after which 50 
,Ill of serum is added. After incubation for 30 min at 37°C, the platelets are 
again washed and than incubated with a suitably selected and diluted horse 
radish peroxidase labeled antiglobulin reagent (F(ab l )2 fragments of goat­
antihuman IgG, Cappel, Cooper Biomedical). After incubation for 30 min 
at 37°C, the platelets are again washed, 100 ,Ill of fresly prepared solution of 
substrate (ortho-phenylenediamine/H20 2) is added and after 10 min incuba­
tion at room temperature in the dark, the reaction is stopped with 4M 
H 2S04, The optical density is read in an automated micro-ELISA reader at 
492 nm. 

The selection of a peroxidase-labeled reagent of acceptable quality is of 
crucial importance. We compared reagents from eight different companies, 
and found only the Cappel conjugate to be satisfactory (in terms of sensitivity 
and specificity). Untill now we have not found any anti-Ig-, anti-IgM- or anti­
IgA conjugate that gave satisfactory results. This is a limitation of the ELISA, 
because only IgG- and not IgM -platelet antibodies are detected. IgM platelet 
antibodies may cause platelet destruction as well. 

Possibly an interesting new development in this respect is that monoclonal 
antibody conjugates can be constructed, directed against all possible Ig­
classes, subclasses and light chain types, for use in the ELISA. 

Lansdorp et al. [7] in our laboratory produced monoclonal rat anti-mouse 
IgGI antibodies, which could form stable tetrameric complexes with mouse 
IgGI monoclonal antibodies (Mab's). When added to a mixture of two 
different IgGI Mab's, stable tetramers containing only one as well as both 
mouse antibodies were formed, i.e. mono- and bispecific tetramers. In this 
way, for instance with mouse monoclonal IgGI anti-horseradish peroxidase 
and mouse IgGI anti-human IgG or IgM, stable bispecific tetramers are 
obtained, which upon addition of horseradish peroxidase can be used for 
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ELISA tests. In our hands these tetrametric constructions appeared to be 
superior anti -IgG and anti- IgM reagents in the platelet-ELISA. 

Platelet agglutination test [5] 

Platelets are prepared from EDTA anticoagulated blood by differential centri­
fugation, washed with EDTA-PBS three times and suspended in EDTA-PBS 
(concentration 500x106/ml). To the serum under investigation extra EDTA is 
added (1 volume of 55 mM Na2EDTA to 9 volumes of serum). 100 III of the 
serum, and 50 III of the platelet suspension are mixed in the well of a Kline 
plate, which is covered and rotated on a shaker for 30 min at 4°C. The reac­
tion is read microscopically. A microtiter modification of this method can also 
be used. 

Immunoblot (Wester blot) [4] 

This interesting, but complicated method is not useful for large scale routine 
investigations. However, it may play an important role in the unravelling of 
the specificity of platelet reactive antibodies and the analysis of the antigens 
involved in platelet antibody-reactions. Washed platelets are dissolved in a 
lysis buffer (containing tris, EDT A, the detergent Nonidet-P40 (NP40) and 
some enzyme inhibitors). The lysate, containing the platelet proteins, is 
cleared by centrifugation and boiled in a tris-glycerol-sodium dodecylsulphate 
(SDS) solution. The SDS-polyacrylamide gel-electrophoresis is carried out. 
Subsequently the platelet proteins, separated by electrophoresis, are electro­
phoretically transferred to nitrocellulose. After treatment of the nitrocellulose 
with a NP40 and gelatin containing solution, it is incubated with antiserum, 
diluted in PBS containing gelatin and Tween. After incubation, the nitro­
cellulose is washed with this solution and incubated with 125I-Iabeled anti­
human IgG or IgM, diluted in the same solution. After washing and blotting 
with filter paper, autoradiography (film and intensifying screen) takes place 
to visualize binding of the antibodies to one or more of the platelet proteins. 

Antigen specificity of platelet antibodies 

The above described methods not only can be used to detect platelet reactive 
antibodies, but also to determine their specificity. Platelets carry two types of 
antigens. These are the antigens of the HLA-ABC system, which they share 
with all nucleated cells, and antigens which are specific for platelets. Platelet­
specific antigens belong to four different antigen systems: Zw, Yuc(Pen), Bak 
and Ko. The antigens of the HLA-ABC system are antigenic determinants 
of membrane glycoproteins with a molecular weight of 44 kDa, bound to the 
12 kDa glycoprotein fJ2-microglobulin. The two known Zw antigens, Zwa 

and Zwb are allelic antigens of the platelet membrane glycoprotein IlIa, with 
a molecular weight of 95 kDa. The only known Bak antigen, Baka , is an 
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antigen of platelet glycoprotein lIb, with a molecular weight of 135 kDa. Pre­
liminary findings indicate that the two Yuc-antigens (Yucb and Yuca) are also 
on glycoprotein IlIa. The localization of the Ko-antigens, Koa and Kob, is 
not yet known. 

To show that platelet antibodies are directed against HLA-ABC antigens, 
two approaches are generally used. The first is to show that the antibodies 
react not only with the platelets, but also with the lymphocytes of an indi­
vidual. This is done by lymphocytotoxicity and lymphocyte immunofluor­
escence tests. 

The second is to show that the antibodies do not react anymore with plate­
lets that have been incubated at 37°C with a chloroquine solution ('strip­
ping'). By this treatment HLA-ABC glycoproteins, but not other glycopro­
teins, are eluted from the platelet membrane [8]. 

To further determine the specificity of the HLA-antibodies, studies with 
panels of lymphocytes and platelets from HLA-typed donors are necessary. 
The specificity of antibodies against platelet specific antigens is determined 
with a panel of platelets from donors, typed for these antigens. When these 
antibodies are present in the sera together with HLA-antibodies, chloroquine 
stripping is again of great help. Platelet specific antigens are not eluted by 
chloroquine. 

Also of help is immunoblotting, in which reactivity of antibodies with 
HLA- or platelet specific glycoproteins can be easily differentiated. 

Antibodies against platelet crypt antigens 

A special problem in platelet serology is the occurrence in sera of antibodies 
against hidden or cryptic antigens present on the protein complex, formed by 
glycoprotein lIb and IlIa [9,10]. Such antibodies have been found in the 
serum of many patients, and sometimes also of normal donors. Why such 
antibodies are present in the blood is not clear, but they could be directed 
against antigens expressed during activation of platelets or during platelet 
agmg. 

The antibodies cause false positive direct and indirect platelet antibody 
tests, because they react with platelets in the presence of EDTA and/or after 
paraformaldehyde fixation. They also may cause agglutination of platelets in 
EDTA anticoagulated blood, which leads to false low platelet counts or 
pseudothrombocytopenia. 

Antibodies against platelet cryptantigens are probably not affecting platelet 
survival of the patient's own platelets nor of transfused donor-platelets. 

Postive reactions due to this type of antibodies can be excluded by using 
platelets isolated from citrate anticoagulated blood, which are not fixed with 
PFA and are washed with and suspended in PBS without EDTA. This is not 
routinely done because platelets, isolated from citrate anticoagulated blood, 
are much less stable and are difficult to handle and to store. Aggregation and 
activation may occur, with as a result loss of platelets and aspecific positive 
test results. 
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Applications of platelet serology 

At present platelet serology is used nearly as widely as red cell serology. It is 
applied in the blood transfusion field, to study the causes of transfusion reac­
tions (such as fever and posttransfusion purpura) and of refractoriness to 
platelet transfusions. It is also used to diagnose diseases such as alloimmune 
thrombocytopenia of the newborn, autoimmune thrombocytopenia and drug 
induced immune thrombocytopenia. The possibility to detect alloimmuniza­
tion as a cause of refractoriness to platelet transfusions has attracted much 
interest in the last few years. This because it is possible to select platelets from 
donors which are compatible and when transfused give suitable platelet incre­
ments and good platelet survival. 

When alloimmunization occurs in patients on platelet transfusion therapy. 
this is often due to HLA-immunization, although also antibodies against 
platelet specific antigens may be produced [11,12]. Thus an approach to select 
compatible platelet-donors is by HLA-typing. 

The lymphocytes of the patient are typed for the antigens of the HLA-ABC 
system, HLA-typed donors which match with the patient's HLA-typing are 
traced via a computer file and their platelets tested in a crossmatch with 
serum of the patient. Platelets from compatible donors are than obtained by 
thrombocytapheresis. However, this is an expensive approach, which is only 
possible in specialized centers, with sufficient facilities for HLA-typing. It is 
more simple and less expensive to select compatible platelets by a crossmatch 
procedure directly. This can be done in every blood bank with sufficient 
amounts of platelet concentrates in stock. 

Summary 

Nowadays platelet serology is sufficiently advanced to be applied on a routine 
scale in blood bank laboratories. Platelet immunofluorescence appears to be 
the standard method, but for screening the solid-phase-platelet ELISA is a 
suitable alternative. 

Platelet agglutination and immunoblotting are tests for special investiga­
tions. 

Alloimmunization against platelet antigens is an important cause of refrac­
toriness for platelet transfusions. The antigens involved are often of the HLA­
ABC system, but may be also platelet specific. Selection on HLA-matching 
is used to find compatible donors in case of refractoriness, but selection by 
a direct platelet crossmatch is an interesting and less expensive alternative. 

References 

1. Von dem Borne AEG Kr, Verheugt FWA, Oosterhof F, von Riesz E, Brutel de 
la Riviere A, Engelfriet CP. A simple immunofluorescence test for the detection 
of platelet antibodies. Br J Haematol 1978;39:195-207. 



267 

2. Horai S, Claas FJ, van Rood JJ. Detection of platelet antibodies by enzyme­
linked immunosorbent assay (ELISA) on artificial monolayers of platelets. 
Immunology Letters 1981;3:67-72. 

3. Sintnicolaas K, van der Steuyt KJB, van Putten WLJ, Bolhuis RLH. A micro­
plate ELISA for the detection of platelet alloantibodies; comparison with a plate­
let immunofluorescence test. Br J Haemat 1987. 

4. Huisman JJ. Immunoblotting: an emerging technique in immunohematology. 
Vox Sang 1986;50:129-36. 

5. Van der Weerdt ChM, Veenhoven-von Riesz E, Nijenhuis LE, van Loghem lJ. 
The Zw blood group system in platelets. Vox Sang 1963;8:513-30. 

6. Vos JJE, Huisman JG, Winkel IN, Risseeuw-Bogaart NG, Engelfriet CP, von 
dem Borne AEG Kr. Quantification of platelet-bound alloantibodies by radio­
immunoassay. A study on some variables. Vox Sang 1987 (in press). 

7. Lansdorp PM, Aalberse RC, Bos R, Schutter WG, van Bruggen EFJ. Cyclic 
tetramolecular complexes of monoclonal antibodies: a new type of cross-linking 
reagent. Eur J Immunol 1986;16:672-83. 

8. Nordhagen R, Flaathen ST. Chloroquine removal of HLA-antigens from plate­
lets for the platelet immunofluorescence test. Vox Sang 1985;48:156-9. 

9. Pegers JG, Bruynes ECE, Engelfriet CP, von dem Borne AEG Kr. 
Pseudothrombocytopenia: an immunologic study on platelet antibodies depen­
dent on ethylene diamine tetra-acetate. Blood 1982;59:157-61. 

10. Von dem Borne AEG Kr, van der Lelie J, Vos JJE, et al. Antibodies against 
cryptantigens of platelets. Characterization and significance for the serologist. 
Karger, Basel: Curr Stud Hematol Blood Transf. Platelet Serology, research pro­
gress and clinical implications 1986;52:33-46. 

11. Brand A, van Leeuwen A, Eernisse JG, van Rood JJ. Platelet transfusion 
therapy. Optimal donor selection with a combination of lymphocytotoxicity and 
platelet fluorescence test. Blood 1978;51:781-8. 

12. Pegels JG, Bruynes ECG, Engelfriet CP, von dem Borne AEG Kr. Serological 
studies in patients on platelet- and granulocyte-substitution therapy. Br J 
Haematol 1982;52:59-68. 



269 

DECREASED FLUIDITY OF HUMAN PLATELET 
MEMBRANES AFTER INTERACTION WITH AN ANTI PLAt 
ANTIBODY 

P. Champeix, C. Kaplan, M. Roche, C. Motta 

Introduction 

Neonatal alloimmune thrombocytopenia (NAITP) is primarily due to a 
foeto-maternal incompatibility of a specific platelet alloantigen. When the 
PLAl antigen [1] is involved, its incidence has been recently evaluated to 
1/3000 births [2J. The PLAl antigen has been located on the platelet mem­
brane glycoprotein IlIa [3]. This glycoprotein is mainly involved in the plate­
let aggregation system. The Glanzmann thrombasthenia is due to a lack of 
this protein [4] and in this disease patients can have severe hemorrhages. In 
vitro it was shown that the platelets were unable to adhere after activation [5]. 
Von dem Borne et al. [6] have shown that the antibody anti-PLAl interacts 
in the normal platelet aggregation process. So it was of interest to study the 
effect of the interaction of such an antibody on the membrane platelet fluidity 
and order. For this purpose fluorescence polarization was used. The method 
allows a submacroscopic level of investigation in membrane fluidity studies 
which is directly correlated with physicological events [7]. 

Material and methods 

The serum containing the anti-PU'.J antibody was from a PLA.l-negative 
mother, who gave birth to a neonatal alloimmunized thrombocytopenic child. 
HLA antibodies or irregular blood cell agglutinins were not detectable and 
the antibody was IgG in nature. The serum was tested at different dilutions 
(from 112 to up to 11128) against normal blood platelets from healthy volun­
teers. (All were without any treatment for at least two weeks). The incubation 
was at room temperature for 30 min without agitation. The classical aggrega­
tion tests with ADP, collagen and ristocetin sulLlte were performed at 37°C 
on an aggregometer according to Born [8]. Part of the platelets (after the 
serum incubation) \vere treated in PBS containing the f1uorescence probes 
1,6-diphenyl-l,3,5-hexatriene (DPH) and trimethylammonium-DPH (TMA­
DPH) [9J. The DPH was deeply hidden in the platelet membranes, while the 
TMA-DPH, because of its surface location [10] reported surbce events. 
Fluorescence polarization was used to monitor the f1uidity of the membrane, 
by studying the probe movements [8]. 

The f1uorescence anisotropy r was calculated [8] and the degree of order 
estimated from these measurements [11]. The fluorescence anisotropy was 
directly related to the fluidity of the membrane in the neighbourhood of the 
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probe. As r increased, the fluidity decreased and reversely [8]. The S para­
meter describes the molecular order (as S increased toward 1, the molecular 
order increased and reversely). 

Results and discussion 

The binding of the anti-PLAI antibody to the membrane receptors was fol­
lowed by an increase of both rand S. Figure 1 shows the significant increase 
of rand S from the original platelets for a 1/2 dilution and below. As shown, 
this increase was reported both for DPH and TMA-DPH. For dilution factors 
from 2 to 64, a plateau was reached and then followed at 128 by a net decrease. 
These results suggest a rapid rigidification of the membrane upon the binding 
of the antibody. For more important dilution factors the phenomenon dis­
appears and the values obtained were similar to the original ones. 
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Figure 1. PLAI membrane lipid fluidity after interaction with an anti-PLAI anti­
body fluorescence anisotropy (r) and degree order (S) using two fluorescent probes 

DPH and TMA-DPH. 



27] 

As sensed by the two probes (with different membrane locations) the rigidi­
fication phenomenon observed affects the whole membrane bilayer and not 
only the outer hemileaf1et. This could be due to a membrane receptor confor­
mation change, resulting in increased phospholipid-protein interaction forces. 
This has been already observed for other antibodies binding on membrane 
platelets [12]. 

All these changes could result in modifications in the lateral and transverse 
diffusion of proteins and lead to modified aggregation properties of platelets. 
This preliminary work is under current development with other serum 
samples containing anti-PLAl antibodies in order to confirm these findings. 

Associated to membrane studies by f1uorescence polarization with different 
fluorescence probes, glycoprotein interactions with the bilayer have to be 
studied in order to understand the phenomenon observed. 

The method used ofTers a good sensitivity and could be proposed as a con­
venient means to detect anti-PU'd antibodies in the maternal serum which 
are commonly undetected by conventional techniques. 
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ROLE OF WHITE CELLS IN REAGENTS FOR AIDS 

F. Rey, F. Barre-Sinoussi, J.G Chermann 

It is now known that HIY-I is the agent of AIDS (Fig. 1) 

Particularly conditions for the culture in vitro of T-lymphocytes were at the 
origin of the isolation of LAY-I, from peripheral blood lymphocytes of a 
patient with a persistent lymphadenopathy. The T4-lymphotropism and the 
cytopathic effect of this retrovirus on the susceptible cells were rapidly observed 
in vitro and were related to the immune deficiency which characterizes 
patients with AIDS. 

For virus production, premature T-cell lines like H9 or CEM were infected 
successfully. Despite the apparent T4 lymphotropism of HIY-I and the role 
played by this molecule on the binding of the virus on the target cells, it has 
been possible to infect other white cells like B-lymphocytes, macrophages and 
bone marrow cells. HTLY- I -infected cells are also permissive to HIY-1. The 
effect of superinfection depends on the cell-strain. The radically cytopathic 
effects observed on MT4 leads to a rapid test for titration of neutralizing anti­
bodies which will be useful on the way to the vaccine. 

Infection of peripheral blood lymphocytes 

Long-term growth oj T-lymphocytes in vitro 

The white cells are classically separated from the other blood cells by centrifu­
gation on a Ficoll H ypaque density gradient. Since the discovery and the pu­
rification ofTCGF (T-cell growth factor) in 1976 [1] it is now possible to grow 
T-lymphocytes in vitro for 4 to 6 weeks. The white cells are usually cultured 
in RPM I 1640 containing 10% of foetal calf serum, at a concentration of 106 

cells/m!. The T-cells have to be stimulated by PHA (phytohemagglutinin) to 
be able to use TCGF and grow. After a decrease in the total number of cells, 
on day 3, which corresponds to the selection ofT-lymphocytes between all the 
white cells, a good cellular division can be observed up to day 20 (Fig. 2). 
Then, the cells grow more slowly and stop growing on day 30. They are then 
resistent to a PHA stimulation. 
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Figure 1. Morphology of the virus: electron microscopy. 
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Figure 2. Growth of cells and virus production. 

lrifection of normal T-lymphocyte in vitro by HIV-I 

(aJ conditions for culture medium 
To favour the attraction of virus on cells, a polycation like polybren is ad­

ded to the culture medium. Polybren will cover the cell membrane positively 
and virus is usually charged negatively. The role of endogenous interferon on 
virus production of infected cells has already been demonstrated [2]. When 
a sheep anti-interferon serum is added to the medium, the endogenous inter­
feron is neutralized and the virus production is enhanced (Fig. 3). Recently, 
the role of hormones, like hydrocortisone as enhancer of virus production has 
also been demonstrated [3]. 
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Figure 3. Role of anti-interferon serum on virus production. 

(b) Detection oj virus production 
Normal T-!ymphocytes can be infected either by free-virus or by cocultiva­

tion with irradiated infected cells (6000 rad). The virus production is measured 
by the enzymatic detection of a reverse transcriptase activity in 1 m! of ultra­
centrifuged supernatant. This enzyme is characteristic of retroviruses. Its 
detection is a very sensitive test [4]. Usually, virus production starts from day 
7 to 10 after infection and is transient. Chronic infection with HIV-I cannot 
be established since this virus is non-transforming but cytopathic for cells 
(Fig. 2). 
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Figure 4. Virus production depends on the dose of virus for infection. 

(c) Dose of virus for optimal virus production 
As shown in Figure 4, virus production depends on the dose of virus used 

for infection. When a high titered supernatant was used for infection, the 
virus production was lower than the one obtained with a diluted supernatant. 
However, there is a dose limit of virus under which no virus production will 
occur. The cytopathic effect of HIV-I on susceptible cells can explain this 
inverted correlation between infection and production. With a low amount of 
viral particles, the infection can spread on more cells. 

(d) Necessity of PHA stimulation for virus production 
Non-stimulated T-Iymphocytes can be infected by HIV-I but virus produc­

tion will start only after a PHA stimulation. Virus can only be produced in 
culture medium by growing cells. 
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The HIV-I susceptible cells 

The T-lymphocytes 

Different data have shown that in peripheral blood only the T4 + T-Iympho­
cytes were infected and produced HIV-I [5]. The T8 cells, separated from T4 
are resistent to HIV-I infection. Blocking experiments with anti-T4 mono­
clonal antibody have demonstrated that the T4 molecule is involved in the 
HIV-I receptor [6]. But T4 could not be the receptor since recently, non-T4 
cells were shown permissive for HIV-1. 

The HIV-I cell lines 

It is important to grow HIV-I in large quantities to prepare antigen for sero­
logic tests. Normal T-lymphocytes were not useful for that purpose since they 
do not produce virus continuously. It has been possible to infect transformed 
T-lymphocytes like H9 and CEM [7]. These cell lines are premature 
T-lymphocytes with T4 marker. They were isolated from patients with leuke­
mias. H9 and CEM produce HIV continuously but non-infected cells have 
to be mixed with the productive cells regularly to maintain a good virus pro­
duction (cocultivation). The percentage of infected cells varies from 30 to 50 
(by IF staining). 

The B-lymphocytes 

B-celllines can be obtained by a transformation of normal B-lymphocytes by 
EBV (Epstein-Barr-Virus). After transformation, B-cells are permissive to the 
HIV-I and can produce HIV-I continuously if non-infected cells are added 
regularly to the culture [8]. Moreover, B-lymphocytes isolated from an EBV­
positive AIDS patient grow indefinitely in vitro and produce HIV-1. These 
data show that non-T4 cells are also permissive to the AIDS virus. 

Macrophages 

Recently, Gallo's group has shown that macrophages are also permissive to 
HIV-I [9]. Normal macrophages were isolated from a donor and were infec­
ted in vitro by HIV-1. A low reverse transcriptase (RT) activity was detected 
in cell culture supernatant and it was possible to infect normal T-lymphocytes 
by cocultivation with the macrophages. Macrophages from AIDS patients 
spontaneously produced the virus. Thus, the role of macrophages as a reser­
voir for the AIDS virus has been postulated. 

Bone marrow cells 

It has been possible to infect bone marrow cells without T-markers after a de­
pletion by anti-T3 and anti-Tll monoclonal antibodies. These pre-T-lympho­
cytes are permissive and produced HIV-I (data not published). 
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Superinfection of HTLV-I-infected cell lines 

The HTLV-I cell lines 

HTLV-I (human T leukemia virus) was the first retrovirus isolated from 
patients with ATL (adult T leukemias). HTLV-I is T-Iymphotropic and trans­
forms the cells. Several HTLV-I cell lines have been established. Since they 
are T-cell lines, it was possible to superinfect them with HIV-I. The results 
of superinfection depend on the HTLV-I cell line strain. For example, the ClO 
cells produce low level of HTLV-I. After superinfection with HIV-I, high 
levels of RT activity are detected in the supernatant, corresponding probably 
to a mixture of HTLV-I and HIV-I. 

MT4 is another HTLV- I cell line; 8 days after superinfection with HIV- I, 
a radically cytopathic effect on MT4 can be observed, all the cells die while 
a high RT activity is detected in the supernatant [10]. 

Use of MT4 as target cells for the titration of HIV-I 

Since no monolayer cell line was, so far, discovered to be permissive to HIV- I, 
no plaque assay is possible for titration of HIV-I. The only way of titration 
was the infection of normal T-Iymphocytes with serial dilutions of a given 
infected sample, to determine the limit dilution with which a virus production 
is obtained. This is a time-consuming and expensive experiment. The ob­
servation of the radical cytopathic effect of HIV-I on MT4 leads to a test for 
titration of virus. For neutralization, a limit dilution of virus, still cytopathic 
is mixed with serial dilutions of tested sera. The residual virus is then titrated 
on MT4. Titers of 1150 up to 1/1000 were found in asymptomatic blood 
donors, and no correlation was shown with the antibody titer by ELISA. 

This test will be a useful tool for the screening of sera of vaccinated animals 
during the preparation of a vaccine against AIDS. 
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DISCUSSION 

GP Engelfriet and M. Korbling 

A.E.G. Kr. von dem Borne (Amsterdam): Dr. Chermann, my question concerns 
your doubt that the T4 molecule is actually involved in the infection, the 
entrance of the virus in the cell. During the monoclonal antibody workshop 
in Oxford recently data were presented in which the T4 molecule has now 
been cloned and it has been shown that you can take whatever cell you want, 
put the T4 protein in the cell, get expression of T4 and make it infectable by 
HIV virus. Is that true? 

JG. Chermann (Paris): It is true that when you use a specific monoclonal anti­
body on T4 you block the penetration of the virus, which means that the 
receptor is associated with the T4. The receptor is associated with the T4 
molecule, but it is not only the T4. If we deplete completely some T4 expres­
sing cells like bone marrow precursor, we can infect them easily. We 
demonstrated that the Drosophyla cells could bind the virus. That means 
when using antibody against Drosophyla cell surface, we are able to block the 
penetration of the virus in T4 cells. We are convinced that T4 cells are sus­
ceptible to the virus as a subpopulation. The T4 population has a lot of func­
tions and the T4 antigen is much more immunogenic than the receptors of 
the virus. The only way to discriminate between T4 susceptible cells is to use 
a fluorescent virus, which binds only a subpopulation ofT4. That means that 
the receptor could be a part of the T4, but not only the T4. 

G. Th. Smit Sibinga (Groningen): Mrs. Beelen, now that we have learned that the 
class II HLA antigens are of major importance for alloimmunization phe­
nomena, specifically regarding the transfusion of platelets contaminated with 
white cells, what are your ideas about typing donors then. Would you prefer 
putting main emphasis on the typing of the class II antigens or rather con­
tinue in doing an entire typing - the class I as well as the class II antigens. 
Could we not restrict ourselves to the class II? 

JM. Beelen (Groningen): The induction of alloreactivity is most efficient in the 
presence of incompatible class II antigens. However, alloimmunization can 
also occur when the incompatible class I or thrombocyte-specific antigens 
are presented in the context of compatible class II antigens. The problem 
of sensitization in platelet transfusion is made up of two aspects: The 
prevention of sensitization and the donor selection required for the sensitized 
patients. The incidence of sensitization can be successfully reduced by the use 
of leukocyte-poor platelet suspensions. For several reasons this approach to 
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prevent alloimmunization is more easy applicable than HLA-DR-matching. 
Antibodies against class I or against thrombocyte-specific antigens are the 
products of alloimmunization which are responsible for a poor platelet sur­
vival. Therefore, whenever we have not been able to prevent sensitization 
selection of donors compatible for class I antigens will be required. From this 
point of view class I -typing of Blood Bank donors is more relevant than class 
II-typing. 

C. Th. Smit Sibinga: Dr. von dem Borne, one of the things we have been talking 
about in previous symposia is that platelet crossmatching is indeed becoming 
more and more important. However, it takes some time. When we are in a 
certain type of emergency to a bleeding problem in an alloimmunized or even 
refractory patient, and try to find a matched donor, it takes even more time. 
What I understood from dr. Sintnicolaas is that the possibility has now come 
to a forefront to have platelets present from a number of donors already 
typed, which you store. Then rapidly an ELISA cross match is done with cells 
of a number of donors and donor is selected instead of the other way round; 
the usual way to have a donor come in, draw some blood, do a crossmatch, 
have the donor wait, find out that it does not match, call another donor and 
go again losing an enormous amount of time. Do you see the procedure of 
dr. Sintnicolaas now as the way we should go for crossmatching in these 
patients. 

A.E.G. Kr. von dem Borne: I think there are two strains of thoughts. The HLA 
typers of course, want files of donors, HLA typed and put into computers. 
They want the whole HLA selection procedure: Typing of the patient and ty­
ping of the donor, which is to my idea quite an expensive approach. The other 
approach, coming out of platelet serology as indicated by Sintnicolaas, is a 
workable approach. Also because now techniques for longer platelet storage 
have become available. One could envisage a platelet bank in which platelets 
with plasma of some a 100 or 200 donors are being stored, of which samples 
are sent to the platelet serology laboratory, which does the selection of 
negative donors in the way Sintnicolaas has shown us. It is very easy to store 
platelets in serology, you can simply put them in the wells, freeze them or 
even dry them and then get them out for serology testing and selection of the 
donor. 

K. Sintnicolaas (Rotterdam): I would like to add that the cross match as we pre­
sented it here, is done on a limited number of patients. There are patients 
who are clearly refractory in whom we cannot detect antibodies and they do 
respond to HLA-matched platelets. So at this moment I think it is too early 
to say we can replace HLA-matching fully by only crossmatching. 

A.E.G. Kr. von dem Borne: But that maybe a serological problem still. The fact 
that you find patients with a negative crossmatch and still no recovery could 
mean that, since you apply only anti-IgG, you have missed those of the IgM 
class or even of the IgA class. Moreover, you could include in your selection 
lymphocytes of the donors as well, for your matching procedure. So, I think 
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that it is still possible to approach most refractoriness problems in the way you 
suggested and not going into the HLA-typed donors. 

K. Sintnicolaas: I agree, but at this moment it is too early to say: We can now 
go exclusively that way. 

Sj Slichter (Seattle): The most practical approach to selecting compatible 
apheresis donors may be to combine both HLA selection with platelet 
crossmatching. It is conceivable that platelet samples could be frozen away on 
members of an HLA-typed volunteer donor apheresis panel. The initial selec­
tion would be based on running a computer generated match between the 
recipient and the panel members. Once the best HLA-matched donors were 
identified, the frozen platelet samples from these panel members could be 
pulled from the freezer and a platelet crossmatch test performed for the final 
selection. 
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