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Sequential studies of cellular and humoral immunity were 
conducted in an infant with the Wiskott-Aldrich syn- 
drome prior to and after a splenectomy for uncontrollable 
hemorrhage. All measures of cellular immunity showed 
gradual improvement during the 8-month period after sur- 
gery. Serum isohemagglutinins, diphtheria and tetanus 
antibodies, and the percentage of immunoglobulin-bear- 
ing B cells did not change significantly from pre- 
splenectomy values. The serum IgE concentration de- 
clined from a high of 10,800 IU/ml at 1 month post- 
splenectomy to a low of 860 IU/ml at 5 months after 
surgery and the IgG concentration gradually decreased 
from a high of 1880 mg/dl presplenectomy to a low of 620 
rng/dl 8 months later. The platelet count ranged from 
64,000 to 206,000/mm 3 for the first 6 months after splenec- 
tomy. It decreased precipitously 6.5 months after the op- 
eration; at the same time there was a marked rise in plate- 
let-bound IgG antibody (PB-IgG). The PB-IgG declined 
rapidly following vincristine therapy and, after another 
rise, declined more gradually following steroid therapy. 

KEY WORDS: Wiskott-Aldrich syndrome; sptenectomy; immu- 
nologic studies; platelet-bound antibody; lgE. 

INTRODUCTION 

The Wiskott-Aldrich syndrome is an X-linked pri- 
mary immunodeficiency disorder characterized clin- 
ically by the triad of  eczema,  megokaryocytic  
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thrombocytopenic  purpura, and recurrent  infec- 
tions (1-3). Various immunologic abnormalities 
have been described, among the most  prominent of  
which are an inability to produce antibodies to poly- 
s a c c h a r i d e  a n t i g e n s  and d e c r e a s e d  n u m b e r  and  
function of  T cells (4-8). Other  features of  the dis- 
order include hypercatabolism of  immunoglobulins 
and albumin (9) and a tendency for paraprotein de- 
velopment (10). The condition causes significant 
morbidity and mortality, due not only to recurrent  
severe bacterial and viral infections but also to hem- 
orrhage from the gastrointestinal tract,  lungs, and 
oral cavity and/or into the brain, severe vasculitis 
(I1), and an increased incidence or reticuloendo- 
thelial malignancy (12). Thrombocytopenia  in this 
condit ion has been at tr ibuted both to decreased 
th rombocy tos i s  and to increased des t ruct ion  of  
platelets due to intracorpuscular defects (13, 14). 
Platelet-bound IgG antibodies have also been impli- 
cated as a cause for increased destruction of  plate- 
lets in some (15) but  not  all Wiskott-Aldrich patients 
(14). 

Splenectomy in treatment of  the thrombocyto-  
penia has for many years been considered to be 
contraindicated because of  the additional increased 
susceptibility to overwhelming sepsis of  splenecto- 
mized patients (2, 15, 16). Recently Lure et al. (15) 
presented evidence in a re t rospect ive study that 
splenectomy, when combined with prophylactic an- 
tibiotics administered regularly, may be acceptable 
in the management  of  hemorrhagic problems due to 
severe thrombocytopenia .  This paper  presents the 
results of  prospect ive and sequential immunologic 
studies in a patient  with the Wiskott-Aldrich syn- 
drome who required splenectomy for management 
of  serious hemorrhagic problems due to severe 
thrombocytopenia .  Also presented are serial mea- 

13 
0271-9142/81/01011-0013503.00/0 © t981 Plenum Publishing Corporation 



14 KNUTSEN, ROSSE, KINNEY, AND BUCKLEY 

surements  of  p la te le t -bound IgG ant ibody after  
splenectomy. 

METHODS 

Immunoglobulin and Antibody Studies 

Immunoglobulin and antibody determinations 
were measured as previously described (17). Brief- 
ly, serum concentrations of IgG, IgA, and IgM were 
measured by single radial diffusion using goat anti- 
sera and primary reference standards prepared in 
this laboratory. The patient's immunoglobulin val- 
ues were compared with previously published nor- 
mal data for this laboratory and the 95% confidence 
intervals from those data (17). Serum IgE concen- 
trations were determined by double antibody radio- 
immunoassay, using reagents and normative data 
developed in this laboratory (18). Isohemagglutinin 
titers were measured by a modification of a micro- 
titer technique (19). Diphtheria and tetanus anti- 
body titers were determined by tanned cell hemag- 
glutination (20). 

Lymphocyte Studies 

Rosette formation, membrane immunofluores- 
cence, and lymphocyte stimulation studies were 
carried out as previously described (21). Peripheral 
blood lymphocytes were obtained by Ficoll-Hy- 
paque density gradient centrifugation, and the ro- 
sette and immunofluorescence data were corrected 
for monocyte contamination of the suspension. 
Monocytes were detected by staining with myelop- 
eroxidase (22). 

Platelet-Bound IgG (PB-IgG) by Antiglobulin 
Consumption Test 

The platelet-bound IgG was determined by ap- 
propriate modification of the antiglobulin consump- 
tion test previously described (23). In brief, sheep 
red blood cells were coated with human IgG ob- 
tained from patients with multiple myeloma and 
purified by DEAE-Sephadex chromatography. This 
protein was attached with dilute glutaraldehyde by 
the method of Kaden et al. (24). An "optimal" dilu- 
tion of rabbit antibody specific for antigenic de- 
terminants on IgG--the dilution of antibody which, 
in the presence of fresh guinea pig serum as a 
source of complement, will lyse the majority of 

sheep cells coated with human IgG--was deter- 
mined. This amount of antibody was incubated with 
either platelets or purified IgG. The degree of reduc- 
tion (inhibition) of lysis of the IgG-coated sheep 
cells by guinea pig serum was determined. The re- 
duction engendered by a known number of platelets 
and the amount of IgG per platelet were then esti- 
mated. 

Human Investigation 

The investigational studies done in this patient 
were performed with the written informed consent 
of the parents and the approval of the Duke Univer- 
sity Committee on Human Investigations. 

CASE HISTORY 

JBH, a 19-month-old white male, was first admit- 
ted to Duke University Hospital when he was 9 
months of age for evaluation of thrombocytopenia 
and a history of recurrent drainage from the ears, 
repeated episodes of pneumonia, and a pruritic, ec- 
zematoid skin rash. At that time, his eczema was 
mild, with only scattered dry pruritic patches in the 
antecubital fossae, on the cheeks, in the nuchal re- 
gion, and on the legs. Pseudomonas was cultured in 
drainage from the ears. He was severely anemic 
(Hgb of 3 g/dl) with reticulocytosis (7.2%). The 
stool conta ined  occult  blood. The direct  anti- 
globulin (Coombs) test was positive with anti-IgG. 
The platelet count was 5000 cells/mm 8. His condi- 
tion improved following treatment with antibiotics 
and transfusions of irradiated packed red blood 
cells and platelets. The HLA type of the patient and 
all first-degree relatives was determined and no 
compatible potential donors of bone marrow were 
found. Infused platelets appeared to have a short- 
ened survival and the patient remained severely 
thrombocytopenic (platelet counts usually less than 
5000 ceil/ram3). Because of life-threatening hemor- 
rhages despite repeated platelet transfusions, sple- 
nectomy was performed 2.5 weeks after admission. 
The platelet count rose immediately and stabilized 
after 9 days pos t sp lenec tomy,  ranging be tween 
64,000 and 206,000/mm 3 over the next 6 months 
(Fig. 1). The direct antiglobulin (Coombs) test be- 
came negative without further therapy. Six and one- 
half months after splenectomy, he again developed 
severe thrombocytopenia. He did not have an ac- 
cessory spleen by liver-spleen scan. He received 
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Fig. 1. Peripheral blood platelet counts and platetet-bound IgG 
antibody values in a patient with the Wiskott-Atdrich syndrome 
before and during the first 10 months after splenectomy. 

intermittent platelet transfusions over the next 5 
weeks for treatment of oral, gastrointestinal, and 
renal bleeding. Because his platelet count failed to 
rise, he was then given four intravenous infusions of 
vincristine (1 mg/MZ). Following each of those in- 
fusions his platelet count increased modestly, rang- 
ing between 10,000 and 59,000/mm 3. He remained 
free of serious bleeding but continued to have some 
oozing of blood from his lower lip at a site of self- 
inflicted trauma. 

At 18.5 months  of age (9 months post- 
sp lenectomy)  the patient  deve loped  hemolyt ic  
anemia with a positive direct antiglobulin (Coombs) 
test. He had a recurrence of severe thrombocyto- 
penia; the platelet count was about 1000/ram 3, and 
he had severe oral and gastrointestinal bleeding. 

Therapy with adrenocortical steroids was initiated, 
with eventual resolution of his anemia and a gradual 
rise in his platelet count. The platelet count has re- 
mained in the 30,000/mm 3 range for several weeks 
and steroids are being tapered. He is maintained on 
chronic trimethoprim and sulfa therapy and has re- 
ceived monthly intravenous infusions of an investi- 
gational modified immune serum globulin since 8 
months postsplenectomy. 

R E S U L T S  

Immunologic" Studies 

Evaluation of the patient's cellular immunity pri- 
or to splenectomy revealed abnormally low per- 
centages of E and En rosetting blood lymphocytes 
(15 and 25%, respectively; Table I) and depressed 
proliferative responses to all three mitogens and to 
both antigens (Table II). Following splenectomy, 
the percentages of E and En rosetting cells gradu- 
ally increased toward normal, with the values at 8 
months postsplenectomy being 41 and 55%, respec- 
tively. The percentages of surface immunoglobulin- 
positive cells did not vary significantly and on most 
occasions were within the normal range. Lympho- 
cyte proliferative responses also increased over the 
first 8 months following splenectomy, with the lat- 
est relative response values being (PHA) 75, (Con 
A) 43, (PWM) 64, (Candida) 23, and (tetanus) 11% 
of those of the simultaneously evaluated normal 
control donor (Table II). 

Initial studies of humoral immunity revealed ele- 
vated serum IgG, IgA, and IgE concentrations, a 

Table I. Lymphocyte Membrane Receptor Studies in a Patient with the Wiskott-Aldrich Syndrome Before and After Splenectomy 

Surface Ig-bearing 
Rosettes (%) cells (%) 

Time E En HEA HEAC IgM IgD 

Presplenectomy 
- 2  weeks 15 24 . . . .  

Postsplenectomy 
+4 days 15 25 8 14 7 5 
+ 1 month 19 34 6 13 9 3 
+2.5 months 33 43 2 3 10 8 
+5 months 46.8 49.9 - -  - -  14.7 12 
+8 months 41 55 --  --  9.4 4.7 

Normal control 55.4 75.9 6.2 15.1 7.6 4.5 
subjects ~ -+9.0 -+5.4 -+3.9 +--5.9 +--3.0 -+3.6 

aThe means and standard deviations of rosette and immunofluorescence data derived from studies on the following numbers of normal 
subjects: E, 62; En, 17; HEA, 13; HEAC, 39; and IgM and IgD, 23 (24). Abbreviations: E, sheep erythrocyte rosettes; En, neuramini- 
dase-treated sheep erythrocyte rosettes; HEA, rabbit IgG-coated human erythrocyte rosettes; HEAC, rabbit IgM- and mouse C3b- 
coated human erythrocyte rosettes. 
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Table II. Responses to Mitogens and Antigens by Lymphocytes from a Patient with the Wiskott-Aldrich Syndrome Before and 
After Splenectomy 

cpm of ~H-thymidine incorporation 

Time PHA Con A PWM Candida Tetanus 

Presplenectomy 
- 2  weeks 14,900 16,900 1,200 0 0 

(16) ~ (22) (30) (0) (0) 
Postsplenectomy 

+4 days 63,000 24,900 5,400 1,700 6,000 
(62) (23) (10) (18) (47) 

+ 1 month 79,700 22,100 19,000 200 900 
(67) (19) (18) (--)  (--)  

+2.5 months 49,200 33,600 7,950 0 650 
(78) (51) (21) (0) (72) 

+8 months 45,000 26,700 32,400 4,500 1,700 
(75) (43) (64) (23) (11) 

~Values in parentheses indicate normalized responses, expressed as percentages, c',dculated according to the following formula using 
data from a simultaneously evaluated normal control: response = {[cpm (stimulated) - cpm (unstimulated) patient]/[cpm (stimulated) - 
cpm (unstimulated) normal control]} x 100. 

low IgM value, and no detectable antibodies to type 
A or B human red blood cells (patient's blood type: 
Group O, Rh positive) or to diphtheria or tetanus 
toxoids (Table III). Since splenectomy, his IgG, 
IgA, and IgE values have remained elevated. Sur- 
prisingly, however ,  his IgE concent ra t ion  de- 
creased from a high of 10,800 IU/ml at 1 month 
postsplenectomy to a low of 860 IU/ml at 5 months 
after splenectomy, and the markedly polyclonally 
elevated presplenectomy serum IgG concentration 
fell to 620 mg/dl 8 months later. His serum IgM con- 
centration rose to normal during the first 5 months 
after surgery but again became abnormally low (20 
mg/dl) at 8 months after splenectomy. For a few 
months after surgery he had low titers of isohe- 
magglutinins and very low titers of diphtheria and 
tetanus antibodies, but it is possible that these could 
have been passively acquired from the many trans- 
fusions he received. No paraproteins were detected 
in his serum. 

Platelet Antibody Studies 

Platelet-bound IgG antibody rose to a peak of 494 
x 10 -15 g/pit at 8 days postsplenectomy, then de- 
creased to 7.0 x 10 -15 g/pit at 14 days after splenec- 
tomy (normal, < 4.0 x 10 -15 g/pit). It then remained 
moderately elevated for several months until the pa- 
tient experienced a precipitous drop in his platelet 
count at 6.5 months postsplenectomy, at which time 
his platelet-bound IgG antibody rose to 74.7 x 10 -15 
g/plt. During the next 5 weeks it reached levels of 
238 and 290 x 10 -15 g/pit. Following the first dose of 
vincristine, platelet-bound IgG decreased dramati- 
cally to a nadir of 4.2 × 10 -15 g/plt but then rose 
again to 48.1 × 10 -15 g/plt between the third and 
fourth doses. It declined again following the fourth 
dose but rose again to 48 × 10 -15 g/plt, concomitant 
with the development of severe thrombocytopenia 
and immune hemolytic anemia at 9 months post- 
splenectomy. The platelet-bound IgG antibody de- 

Table III. Humoral Immune Profile of Patient with the Wiskott-Aldrich Syndrome Before and After Splenectomy 

Age 
Time (months) IgG a IgA a IgM a IgE b aA c~B aDiphtheria c~Tetanus 

Presplenectomy 9 1880 120 22 9,100 0 0 0 0 
Postsplenectomy 

4days c 9 1120 355 43 3,700 1:8 1:4 0 1:27 
1 month 10 1180 330 59 10,800 1:2 1:4 1:81 1:243 
3 months 12 1580 355 130 1,700 0 0 1:27 1:27 
5 months 14 1350 443 105 860 0 1:2 0 1:9 
8 months 17 620 443 20 . . . . .  

Normal range 7-9 268-717 27-73 12-124 >1:32 >1:16 >1:2,000 >1:10,000 
forage 10-18 363-971 27-169 28-113 >1:32 >1:16 >1:2,000 >1:10,000 

~mg/dl. 
bIU/ml. 
qn'adiated whole blood transfusions received shortly belbre these determinations. 
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creased slowly following the initiation of steroid 
therapy to 9.0 × 10 -1~ g/pit at the latest determina- 
tion, and in association with this, platelet counts 
gradually rose to the current level of  about 30,000/ 
m m  3 . 

DISCUSSION 

In addition to fear of increasing susceptibility of 
Wiskott-Aldrich patients to overwhelming sepsis 
by splenectomy, clinical immunologists have had 
serious reservations about the potential immuno- 
logic consequences of the removal of  a m~or  lym- 
phoid organ from patients with this partial com- 
bined immunodeficiency, particularly as the spleen 
is known to be a rich source of  suppressor cells (26). 
Splenectomy might thus increase the propensity of 
patients with the Wiskott-Aldrich syndrome to de- 
velop autoantibodies to platelets and red cells, to 
have serious vasculitis, and to produce excessive 
amounts of IgE antibodies, The studies presented 
here are the first in which cellular and humoral im- 
munologic parameters were evaluated prospective- 
ly and compared with those obtained at frequent in- 
tervals postsplenectomy in this condition. Surpris- 
ingly, rather than having an adverse effect, 
splenectomy was followed by improvement in sev- 
eral aspects of  the patient's immunity. Both the 
number and the function of his T cells gradually in- 
creased toward normal over the 8-month period fol- 
lowing surgery; most values were more than double 
those prior to splenectomy. Conceivably this could 
have been secondary to loss of excessive or even 
normal T-T suppressor cell activity that had been 
contributed by the spleen. This is difficult to eval- 
uate since studies of cellular immunity have shown 
great variability among patients with this condition 
(4-8, 14); less variability is seen within the same pa- 
tient, however. Similarly, the effect of intercurrent 
illness on in vitro studies of T-cell function mus t be 
considered in evaluating these data. However, the 
patient was having severe hemorrhagic problems 
and had an elevated sedimentation rate at the time 
of both his lowest and his highest in vitro cellular 
immune responses (blood for those studies was col- 
lected on each occasion immediately prior to trans- 
fusion with irradiated packed red cells); he was clin- 
ically well at the times of the other evaluations. Re- 
sults of humoral immunologic measurements did 
not change significantly except for the marked de- 
cline in his serum IgE concentration and a lesser 

decline in the IgG concentration. As with the cellu- 
lar immune changes, these changes could simply re- 
flect natural variability within this condition, al- 
though there are other possible explanations. The 
improvement noted in his T-cell function (whether 
or not a consequence of the splenectomy) could 
possibly account for the drop in his serum IgE con- 
centration, since IgE production is known to be reg- 
ulated by both antigen-specific and nonspecific sup- 
pressor T cells (26). Possibly relevant to this is the 
observation by Parkman et al. (27) that the atopic 
dermatitis of their patient with Wiskott-Aldrich 
syndrome improved dramatically with T-cell en- 
graftment following bone marrow transplantation 
from a matched sibling donor. The decline in his 
IgG concentration could possibly have been due to 
"feedback inhibition" by exogenous IgG antibodies 
administered in blood or in immune serum globulin. 

In the untreated patient with immune thrombo- 
cytopenia, there is a close relationship between the 
increase in PB-!gG and the diminution of the plate- 
let count (23). Thus, in the present patient, ex- 
acerbat ions  of  t h rombocy topen i a  were accom- 
partied by marked increases in PB-IgG, strongly 
suggesting that platelet-bound IgG antibody played 
a major role in the pathogenesis of the thrombocyto- 
penia developing several months postsplenectomy. 
While antiplatelet antibodies have been suspected 
of contributing to the severe thrombocytopenia in 
patients with the Wiskott-Aldrich syndrome, par- 
ticularly those refractory to platelet transfusions 
(15), there has been no previous attempt to corre- 
late the quantities of such antibodies to the degree 
of thrombocytopenia. 

Because vincristine has been found very effective 
in treating non-Wisko t t -Ald r i ch  pat ients  with 
chronic immune thrombocytopenic purpura (28) 
and because it is administered only over a 3- to 4- 
week period, we selected this form of immuno- 
suppression in place of adrenocortical steroids in 
the treatment of  the initial episode of immune 
thrombocytopenia. It appeared to reduce the level 
of PB-IgG with no apparent adverse effects. Adreno- 
corticosteroids were used for treatment of the sec- 
ond exacerbation because the patient had an associ- 
ated severe Coombs-positive hemolytic anemia. Al- 
though this treatment was beneficial, the effect 
occurred more slowly and was much less dramatic 
than that seen with vincristine. As noted by others, 
relapses in immune thrombocytopenia tend to occur 
frequently when the dose of steroids is gradually re- 
duced (29). In patients with immune thrombocyto- 
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Penia who are treated with prednisone, the relation- 
ship between platelet count and PB-IgG is not so 
close a s is seen with untreated patients (Rosse WF, 
unpublished data). In some patients, the measured 
PB-IgG is nearly normal whereas the platelet count 
may remain low, as occurred in this patient. The 
reason(s) for this is obscure. We speculate that the 
persisting thrombocytopenia in our patient, despite 
low antiplate!et antibody, may be due to hyper- 
plasia Of other elements of his reticuloendothelial 
system. 

The course of our patient following splenectomy 
was very similar to that of a patient reported by 
Lum et al. (15) who was only i4 months of ageat 
the time of splenectomy. Like our patient, the in- 
fant went on to develop severe immune thrombo- 
cytopenia at 10 months postsplenectomy. As point- 
ed out by those authors, a young age may be a con- 
tributing factor to the propensity for this 
complication after splenectomy, since most of the 
cases found in their review of the literature were 
under 3 years of age and several of those failed to 
increase their platelet counts to normal after sple- 
nectomy. 

CONCLUSIONS 

Removal of the spleen of an infant with Wiskott- 
Aldrich syndrome was followed by improvement in 
all measures of cellular immune function and a de- 
cline in serum !gE concentration. The platelet count 
returned to normal for 6.5 months post- 
splenectomy, following which an IgG antibody-me- 
diated immune thrombocytopenia develoPed. Vin- 
cristine and, to a lesser extent, adrenocorticoste- 
roid therapy were useful in controlling the latter. 
For Wiskott-Aldrich patients wi th  immune 
thrombocytopenic purpura who do not have an as- 
sociated Coombs,positive hemolytic anemia, vin- 
cristine would appear to be an effective and rela- 
tively safe form of therapy. 
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