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Irradiation in the prevention of transfusion associated
graft-versus-host disease

Graft-versus-host disease is a common complication of
allogeneic bone marrow transplantation, consequent on
disparity in histocompatibility antigens between donor and
recipient.' The extent of disease varies, but in the acute
phase may involve skin, gut and liver, and signs include a
maculopapular, erythematous skin rash, fever, diarrhoea,
and jaundice. With liver involvement, laboratory investiga-
tion typically shows cholestasis, and, to a lesser extent,
raised transaminases. Although the precise pathway of
tissue damage remains unclear, engrafted donor T
lymphocytes are central to pathogenesis, and treatment is
by immune suppression, but the disorder remains a major
cause of transplant related morbidity and mortality.
A similar disease, transfusion associated graft-versus-

host disease (TA-GvHD), may follow transfusion of blood
products containing viable T cells, and although uncom-
mon, this disorder has been described both in immune
competent and immune suppressed individuals.24 The
incidence is unknown, and as similar features may occur in
at risk children due to other causes, it is possible that cases
pass undiagnosed. Clinical features are similar to graft-
versus-host disease after marrow transplantation, but
pancytopenia has been a distinctive feature ofTA-GvHD,
and there is a higher mortality, although some individuals
have recovered with supportive care and treatment with
steroids, cyclosporin, and antilymphocyte antibodies.5 6
TA-GvHD appears more likely if the donor is homozygous
for one of the recipient HLA haplotypes, and this is partic-
ularly likely to occur with directed donations from first or
second degree relatives, the provision of HIA matched
platelets, and transfusion within a population with a high
prevalence of shared HIA haplotypes.7'2

Despite animal studies the minimum dose of T cells
required to produce TA-GvHD in humans remains
unknown13 and is likely to depend on several factors includ-
ing HLA disparity between donor and recipient, and the
degree of immunosuppression. Cases have followed trans-
fusion with red cell, granulocytes and platelet packs, and
fresh plasma,14-17 but coagulation concentrates, albumin
solutions, and immunoglobulin preparations are all free of
risk. Despite residual lymphocytes, there are insufficient
data to indicate that fresh frozen plasma carries risk.

Children with TA-GvHD develop symptoms and signs up
to one month after transfusion, but diagnosis may be delayed
as individual clinical features are not specific, and similar
signs occur in immune compromised patients due to infec-
tion or drug toxicity. On clinical suspicion, biopsy of affected
tissue is recommended, and typical features in skin include T
cell infiltrates in the upper dermis and dermoepidermal
junction, vacuolar degeneration of epidermal basal cells, and
dyskeratosis.'8 A liver biopsy specimen may also show a lym-
phocytic infiltrate, with necrosis of small bile ducts and
cholestasis. Further evidence for the diagnosis may be
obtained by detection of donor lymphocytes within blood,
from karyotype, by HLA typing, or DNA techniques,1921
although circulating donor lymphocytes are not of them-
selves indicative of a disease process. Aberrant expression of
HILA-DR antigens on epidermal keratinocytes has been
described as a specific features of graft-versus-host disease.22

Children at risk
Cases of TA-GvHD have generally been described among

children with congenital abnormalities of cell mediated
immunity, or during treatment for malignancy. In
contrast, no cases have been reported after acquired T cell
deficiency, including infection with HIV. In cancer
treatment, the majority of cases have occurred during
treatment of leukaemia and lymphoma, although due to
small numbers it is not possible accurately to determine
relative risk.23 24 There is, however, an impression that
patients with Hodgkin's disease are at higher risk than
those with other malignancy, even in the absence of inten-
sive treatment, and abnormal cell mediated immunity is a
recognised feature in Hodgkin's disease before treat-
ment.25 Due to the intensive preparative regimens before
bone marrow transplantation, and the prolonged immune
suppression that follows an allograft, these children are
considered high risk for TA-GvHD. Uncertainty exists
regarding the period of risk after transplantation, and this
is likely to be affected by many factors including the type of
transplant, preparative regimen, time to full engraftment,
and on-going immune suppressive treatment.
Newborn infants, especially if preterm, have evidence of

reduced immune function, and are frequently transfused.
TA-GvHD in this population is rare, and has usually been
described in infants with congenital deficiency of cell
mediated immunity, or after exchange transfusion.2627
Among infants with immunodeficiency, the underlying
disorder was usually undetected before transfusion.
Further cases have resulted from standard transfusion of
blood or platelets, and extracorporeal circulation in child-
ren with no evidence of an immunological disorder.28 29
Prior transfusion in utero may increase the risk with subse-
quent blood products, possibly due to immune modulation
by lymphocytes transfused to the fetus. Directed donations
from a parent, for example maternal platelets for babies
with alloimmune thrombocytopenia, may also carry higher
risk (see above).

Preventative measures
Prevention ofTA-GvHD is currently dependent on irradi-
ation of cellular blood products before transfusion, in
order to abrogate T cell function. Other methods with
potential for prevention such as removal oflymphocytes by
leucocyte depletion filters, or inactivation by ultraviolet
light are currently either inadequate or unproved,30 31
although further development of leucocyte filters may ulti-
mately make filtration a feasible alternative. Although
abrogation ofT lymphocyte response in mixed lymphocyte
culture may be achieved by irradiation doses over 500 cGy,
TA-GvHD has followed transfusion of blood products
irradiated at up to 2000 cGy, and as the dose delivered
varies within an irradiation chamber, stipulated doses may
not have been administered to the whole transfusion pack
in these cases.32-34 Furthermore, doses of 1500-2000 cGy
are associated with a 90% reduction in mitogen respon-
siveness, and remaining active T cells may effect TA-
GvHD. Accordingly, the minimum dose should be at least
2500 cGy to all parts of the unit to be transfused. This
recommendation takes account of changes in the recovery
of transfused cells derived from irradiated packs, red cell,
granulocyte and platelet function, and alterations in
biochemistry.35-38 In particular, the increase in extra-
cellular potassium associated with irradiation is unlikely
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to be clinically significant, although red cell packs selected
for those at particular risk of hyperkalaemia, including
preterm infants, are recommended to be transfused within
24 hours of irradiation.

Which children should receive irradiated blood
products?
As TA-GvHD is rare, widespread irradiation of blood
products is not justified in the United Kingdom, but it is
possible to identify situations in which preventative
measures are indicated. Directed donations and HLA
matched platelets should always be irradiated, as these
products may carry increased risk, and as granulocyte
packs contain large numbers of lymphocytes, and are
usually transfused to patients who are immunocompro-
mised, preventative irradiation appears prudent.

Children undergoing bone marrow transplantation
require irradiated products immediately before and during
autologous stem cell harvest due to the risk of collecting
donor lymphocytes in the procedure, and from the begin-
ning of preparative treatment. It remains unclear at what
stage after transplantation this policy may be relaxed, but
at a pragmatic level, continuation until immune suppres-
sive treatment has been discontinued for those undergoing
an allograft, or for three months after an autograft, seems
prudent. The period of risk may be extended in children
with prolonged immunosuppression for any reason.

For children receiving standard cancer chemotherapy,
the incidence ofTA-GvHD is generally very low, but those
with Hodgkin's disease may be considered a higher risk
group, and should therefore receive irradiated blood pro-
ducts from diagnosis. As TA-GvHD has rarely occurred
during treatment for other malignancy, including
leukaemia, irradiation is not currently recommended, but
this situation remains under review.

Children with suspected as well as proved congenital
defects of cellular immunity should only receive irradiated
blood products, particularly as TA-GvHD has occurred in
children with Di George syndrome who have undergone
cardiac surgery before definitive diagnosis. Irradiated pro-
ducts are not presently indicated for children with
HIV/AIDS, or isolated defects ofhumoral immunity.
Red cell and platelet packs selected for intrauterine

transfusion should be irradiated, and as intrauterine
transfusion may be associated with increased risk with
subsequent transfusions in the newborn period, irradiation
of blood products should continue for this group. There
have been few cases after exchange transfusion alone, and
irradiation cannot be considered essential in this setting.
Current evidence does not indicate that preventative
measures are required for other infants.

D K H WEBB
Department ofPaediatric Haematology/Oncology,
Llandough Hospital,
Penarth,
South Glamorgan CF64 2XX

1 Gale RP, Bortin MM, Van Bekkum DW, et al. Risk factors for acute graft-
versus-host disease. BrJ Haematol 1987; 67: 397-406.

2 Anderson KC, Weinstein HC. Transfusion-associated graft-versus-host
disease. NEnglJMed 1990; 323: 315-21.

3 Brubaker DB. Transfusion associated graft-versus-host disease. Hum Pathol
1986; 17: 1085-8.

4 Linden JV, Pisciotto PT. Transfusion-associated graft-versus-host disease
and blood irradiation. Transfus Med Rev 1992; 6: 116-23.

5 Lowenthal RM, Challis DR, Griffiths AE, et al. Transfusion-associated
graft-versus-host disease: report of an occurence following the administra-
tion of irradiated blood. Transfusion 1993; 33: 524-9.

6 Yasukawa M, Shinozaki F, Hato T, et al. Successful treatment of transfu-
sion-associated graft-versus-host disease. Br J Haematol 1994; 86: 831-6.

7 McMilin KD, Johnson RL. HLA homozygosity and the risk of related-
donor transfusion associated graft-versus-host disease. Transfus Med Rev
1993; 7: 37-41.

8 Vogelsang GB. Transfusion-associated graft-versus-host disease in non
immunocompromised hosts. Transfusion 1990; 30: 101-3.

9 Otsuka S, Kunieda F, Misawa K, et al. The critical role of blood from HLA-
homozygous donors in fatal transfusion-associated graft-versus-host
disease in immunocompetant patients. Transfusion 1991; 31: 260-4.

10 Thaler M, Shamiss A, Orgad S, et al. The role of blood from HLA-
homozygous donors in fatal transfusion associated graft-versus-host
disease after open-heart surgery. NEngtJMed 1989; 321: 25-8.

11 Ohto H, Yasada H, Noguchi M, Abe R. Risk of transfusion associated graft-
versus-host disease as a result of directed donations from relatives
[Letter]. Transfusion 1992; 32: 691-3.

12 Krushall MS, Alper CA, Awdeh Z, et al. HLA-homozygous donors and
transfusion-associated graft-versus-host disease. N EnglJ Med 1990; 322:
1005-6.

13 Drobyski W, Thibodeau S, Trutt RL, et al. Third party mediated graft
rejection and graft versus host disease after T cell depleted bone marrow
transplantations, as demonstrated by hypervariable DNA probes and
HLA-DR polymorphism. Blood 1989; 74: 2285-94.

14 Ford JM, Cullen MH, Lucey JJ, Tobias JS, Lister TA. Fatal graft-versus-
host disease following transfusion of granulocytes from normal donors.
Lancet 1976; ii: 1167-9.

15 Cohen D, Weinstein H, Mihm M, Yankee R. Nonfatal graft-versus-host
disease occurring after transfusion with leukocytes and platelets obtained
from normal donors. Blood 1979; 53: 1053-7.

16 Rosen RC, Huestis DW, Corrigan nI. Acute leukemia and granulocyte
transfusion: fatal graft-versus-host reaction following transfusion of cells
obtained from normal donors. JPediatr 1978; 93: 268-70.

17 Woods WG, Lubin BH. Fatal graft-versus-host disease following a blood
transfusion in a child with neuroblastoma. Pediatrics 1981; 67: 217-21.

18 Sale GE, Lerner KG, Barker EA, et al. The skin biopsy in the diagnosis of
acute graft-versus-host disease in man. Am Jf Pathol 1977; 89: 621-35.

19 Blazer BR, Filipovich AH. Identification of transfused blood cells in child-
ren with severe combined immunodeficiency syndrome by analysis of
multiple cell lineages using restriction fragment length polymorphisms.
Bone Marrow Transplant 1990; 5: 327-33.

20 Dinsmore RE, Straus D, Pollack MS, et al. Fatal graft-versus-host disease
following blood transfusion in Hodgkin's disease documented by HLA
typing. Blood 1980; 55: 831-4.

21 Ito K, Yoshida H, Yanagibashi K. Change of HLA phenotype in post
operative erythroderma. Lancet 1988; i: 413-4.

22 Appleton AL, Sviland L, Pearson AD, et al. Diagnostic features of transfu-
sion associated graft-versus-host disease. J Clin Pathol 1994; 47: 541-6.

23 DeCoste SD, Boudreaux C, Dover JS. Transfusion associated graft-versus-
host disease in patients with malignancies. Arch Dermatol 1990; 126:
1324-9.

24 Webb DKH. Preventative policies in transfusion-associated graft-versus-
host disease in the treatment of cancer. Arch Dis Child 1994; 71: 532-3.

25 Tan CT, DeSousa M, Good RA. Distinguishing features of the immunol-
ogy of Hodgkin's disease in children. Cancer Treat Rev 1982; 66: 969-75.

26 Sanders MR, Graeber JE. Post transfusion graft-versus-host disease in
infancy. Y Pediatr 1990; 117: 159-63.

27 Parkman R, Mosier D, Umansky I, et al. Graft-versus-host disease after
intrauterine and exchange transfusions for hemolytic disease of the
newborn. N EnglyMed 1974; 290: 359-63.

28 Funkhouser AW, Vogelsang G, Zehnbauer B, et al. Graft-versus-host
disease after blood transfusions in a premature infant. Pediatrics 1991; 87:
247-9.

29 Hatley RM, Reynolds M, Paller AS, et al. Graft-versus-host disease follow-
ing ECMO. Y Pediatr Surg 199 1; 26: 317-9.

30 Akahosi M, Takanashi M, Masuda M, et al. A case of transfusion-associated
graft-versus-host disease not prevented by white cell-reduction filters.
Transfusion 1992; 32: 169-72.

31 Deeg HJ, Graham TC, Gerhard Miller L, et al. Prevention of transfusion-
induced graft-versus-host disease in dogs by ultraviolet irradiation. Blood
1989; 74: 2592-5.

32 Rosen NR, Weidner JG, Boldt HD, Rosen DS. Prevention of transfusion-
associated graft-versus-host-disease: selection of an adequate dose of
gamma radiation. Transfusion 1993; 33: 125-7.

33 Pelszynski MM, Moroff G, Luban Nb, Taylor BJ, Quinones RR. Effect of
gamma irradiation of red blood cell units on T-cell inactivation as assessed
by limiting dilution analysis: implications for preventing transfusion-
associated graft-versus-host disease. Blood 1994; 83: 1683-9.

34 Masterson ME, Febo R. Pretransfusion blood irradiation: clinical rationale
and dosimetric considerations. Med Phys 1992; 19: 649-57.

35 Button LN, DeWolfWC, Newburger PE, et al. The effects of irradiation on
blood components. Transfusion 1981; 21: 419-26.

36 Valerius NH, Johansen KS, Nielson OS. Effect of in vitro X-irradiation on
lymphocyte and granulocyte function. Scandinavian J7ournal of
Haematology 1981; 27: 9-18.

37 Read EJ, Kodis C, Carter CS, et al. Viability of platelets following storage in
the irradiated state. Transfusion 1988; 28: 446-50.

38 Rock G, Adams GA, Labow RS. The effects of irradiation on platelet
function. Transfusion 1988; 28: 451-5.

 on M
ay 15, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.73.5.388 on 1 N

ovem
ber 1995. D

ow
nloaded from

 

http://adc.bmj.com/

