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SUMMARY 

An excess of irregularl y di storted red cells with spiked forms (acanthocytes. spur cells) has bee n 
found in a substantial minority of patient s with seni le dementia of Alzheimer type ( 7 of 50 pati ent s. 
:1 of 21 men and 4 of 29 women). Of 100 control patients . 42 men and 58 women). 5 n men and 
2 women) showed comparable distortion. but. of these. one man may well ha ve incipi ent dement ia 
and the others had se riou s organic di seases which may be assoc iated with comparable erythrocytic 
changes . The cause of the distortion is not yet clear. but the presence of occasional giant 
erythrocytes in the absence of ge neral macrocytosis suggests a possible abnormality of ce ll 
membrane sy nthes is. Thi s distortion may be a useful marke r in patients wi th loss of memory. 
Whether it is a manifestation of a haemopoi etic clone or a constitutional anomaly associated with 
Alzheimer's disease remain s to be seen. 
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INTRODUCTION 

This investigation was prompted by the occasional finding of irregularly distorted, 
spiked erythrocytes in the blood films of patients with progressive dementia of Alz
heimer type (Goodall 1'1 (II .. 1991). In 3 such patients the abnormality of the erythrocytes 
was present for more than a decade and in one of these the blood changes were known 
to have antedated the dementia by several years. None of these patients showed retinal 
damage (Bassen and Kornzweig. 1950: Salt 1'1 01 .. 1960) or choreoathetosis (Estes 1'1 01 .. 

1967: Critchley 1'1 (II .. 1970). The following were excluded as possible causes of the red 
cell di stortion - hypothyroidism (Wardrop and Hutchison. 1969; Horton 1'101., 1976). 
hyposplenism. hypolipidaemia (Salt ('f (Ii .. 1960; Herbert 1'1 o/.. 1983). hyperlipidaemia 
(especially in alcoholic cirrhosis (Smith 1'1 01 .. 1964). microangiopathic haemol ytic 
anaemia (Brain 1'1 01 .. 1962). cardiac valve prosthes is. renal damage. Heinz body 
anaemia. McLeod blood type (Winer 1'1 01. , 1977: Symmons 1'101 .. 1979). pyruvate kinase 
deficiency (Oski 1'101 .. 1964). irrevers ibly sickled ce lls and mye lodysplasia (Goodall 1'1 

01., 199 1 ). We therefore decided to examine the blood of patients with established senile 
dementia of Alzheimer type (S.D.A.T.) to ascertain the frequenc y of irregularly di storted 
red cells in such patients. 
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Patients 
We examined 50 patients (21 men and 29 women) with long-established dementia of 

Alzheimer type. They are either completely hospitalised or attending a day hospital. 
Their ages range from 58 to 95 , with a mean of 81 years. 

Control Patients 
A total of 100 (42 men and 58 women) was examined, 2 for each demented patient and 

both of the same sex and comparable age (within ± 5 years of each patient) . Otherwise 
they were unselected. They were taken from the routine screening of the Department of 
Haematology and included hospital inpatients, outpatients and general practice patients. 
The majority had normal blood counts. Clinical details will be given only for control 
patients whose red cells were found to be abnormally shaped or whose history was of 
interest in relation to the current research. The blood from the control patients was 
assessed before any clinical information about them was available to the microscopist. 
That information was obtained from the files of the Department of Haematology, 
occasionally supplemented by contacting the doctors and other staff involved. 

METHODS 

Samples 
Sequestrinised and clotted venous blood was brought without delay to the laboratory 

and incubated 30 minutes to prevent precipitation of cryoproteins (especially cryo
fibrinogen) and cold agglutination; both may distort red cells . 

Counts 
Sequestrinised samples were counted in a Coulter STKS. 

Dr\" Films 
Three ordinary films and one buffy coat smear from each patient were stained with 

Romanowsky stain in an Ames Hematek. Films and buffy coats from the two patients 
with the most distorted red cells were stained with the periodic acid - Schiff technique 
and Perls/Prussian Blue reaction and reticulocyte preparations made. 

Wet Preparations 
50111 blood were added to 0.95ml. 2% Bovine Serum Albumin, diluted from 30% 

B.S.A. (Behring) in mammalian Ringer solution. The suspension was examined on 
slides, under coverslips ringed with soft paraffin . 

Clotted Samples 
The ABO and Rhesus blood groups were identified in microplates (Bowley et ({I., 

1984) and a Direct Coombs Test was done (Black and Kay , 1986). 

Immune Stainil1K for {3-Amyloid Protein 
Immune staining for ~-Amyloid protein used Anti ~-Amyloid (Alzheimer) Antibody 

(Boehringer Cat. No. 1381431) pretreated with formic acid (Roberts et al., 1990). This 
technique was validated on brain sections from Alzheimer necropsies. 
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Assessment of Distortion ()j' Erythrocytes 
Assessment of the shape of red cells is fraught with difficulties. Where a film is very 

thin, poikilocytosis tends to be eliminated, leaving red cells a uniform round appearance, 
and, where it is thick, superimposition makes recognition of poikilocytes impossible. 
Only the part of the film of intermediate thickness with slight overlap of erythrocytes can 
be used to assess shape. 

In the past we have used wet preparations for the quantitative assessment of ellipto
cytosis (Goodall et al., 1954) and of distortion of erythrocytes in the neonate (AI Hasso 
et (I/., 1973); for the latter a completely objective method was devised, but it was felt to 
be too elaborate and expensive for this study. 

As a compromise, three separate simple assessments were made (mainly under x 100 
oil lens): first , a count of distorted forms in at least 1,000 red cells in albumin-Ringer 
Suspension: second, a count of distorted forms in at least 2,000 red cells in intermediately 
spread fields in one of the three dry films (2 to 10 overlaps per "oil" field), usually that 
total was seen in 8 to 10 fields; and, rhire!, a subjective assessment based on scanning 50 
oil-immersion fields of similar spread in each of the three films (a total of approximately 
10,000 cells per film). The Ivet preparations were counted immediately after being 
processed: the count on the dry film usuall y took place soon after: but the subjective 
assessments II ere made at lariable times up to seleral months later. The counts were all 
made by one person I a retired haematologist), without knowledge of the precise source . 
The subjectile a,sessments II ere made at random, el'en for each of the three slides from 
anyone patient. 

For control blood, lIe used only the count on a dried film and the subjective 
assessment. 

RESULTS 

Qua/iwril'e AI,le,lSlIlellr 

The abnormal shapes of erythrocyte found in some patients with S.D.A.T. are shown 
in Figure I. Schistocytes are very scanty in contrast to their large numbers in micro
angiopathic haemolytic anaemia. There was no obvious excess of polychromasia in 
ordinary films and no distorted forms were polychromatophilic . Reticulocytes were less 
than I % in the two patients with the greatest numbers of distorted red cells. There was 
no jaundice . Platelets and leucocytes generally showed no abnormality, but 9 of the 50 
patients showed slight excess of monocytes and 27 slight lymphopenia (not uncommon 
in the elderly). Buffy coat smears appeared normal with one exception (Case 33 had no 
excess of distorted erythrocytes, but showed granulocytes with bizarre nuclei , possibly 
dysplastic) . No excess of granulocyte precursors, no siderocytes, no sideroblasts and no 
periodic acid-Schiff positive erythrocytes or erythroblasts were seen in any patient. The 
absence of erythroblasts, Howell-Jolly bodies and target cells is against hyposplenism
also eliminated by interference microscopy (AI Hasso er al., 1973) 

Quantiroril 'e Assessment 
Tabulated data on the patients are given in Appendix I. Counts on dried films are given 

in Appendix 2 (a and b) with scores of distorted cells corrected to a total of 2,000 
erythrocytes . 
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Figure I. Blood film . Romanowsky slain. magnification X 1.350. Irregular poikilocytosis with ob,·ious spikes 
(usually known as acanthocy tes . but beller described as spur cells). one tiny schistocyte and one giant 
crythrocyte. Woman agcd il2: Hh 12.1 G/d!. M.e. v. X 1.211: count on thi s film sho wed 15.9'/r of distorted red 
cells nX2 in 2.06H). 

The Percel1tuge o{frregulorir Distorted Errthrocrtes 

The percentage of irregularly distorted erythrocytes are shown in Table I . 

Subjective AssesslI1ellt of Distorted Forms ill S.D.A . T. Potiellts olld COlltrols (hosed Oil 

3 fi Il77s fi'om eoch) 

The criterion used for positivity in this assessment was that the slides were scored as 
positive if. as on routine haematological screening. the observer would have alerted the 
clinician to the distortion and the need to eliminate such possible causes as hypothy
roidism , renal diseases. mechanical damage to the erythrocytes or drug-induced haemo
lysis. 

Patiellts 
Films from seven cases scored positive (6 on all :1 films. one in :2 of the :1 films. the 

third being borderline: this woman had the smallest score among the positives on wet and 
dry counts - 2.2 and 2.4 9'r respectively). All seven had counts >27< on quantitative 
assessments. A further five patients showed smaller numbers of spiked erythrocytes: all 
had counts below :2 ck - regarded as equivocal. 

COlltrols 
Fi ve showed defi nite excess of di storted forms in all three fi Ims. (See Table 2). A II fi ve 

had counts of greater than 2ck distorted cells on the formal counts. Seven showed an 
equivocal appearance - their counts ranged from 0.8 to 1.97,. 



Table I. Nos. of cases showing different percentages of irregularly distorted erythrocytes. 

Clinical Type of Total 0.0 - I'()% 1.1 - 2.Wlc 2.1 - 5.0C;c 5. I - I(U)C;c > 10.OClc 

category Preparation 

S.D.A.T. MALE Dry Film 21 18 0 I 2 0 

S.D.A.T. FEMALE Dry Film 29 22 3 2 0 2 

S.D.A.T. TOTAL Dry Film 50 40 3 3 2 2 

S.D.A.T. TOTAL Wet Preparation 50 37 ." 6' 4* 2 I 

CONTROL MALE Dry Film 42 34 5 I I I 

CONTROL FEMALE Dry Film 58 46 10 2 0 0 

CONTROL TOTAL Dry Film 100 80 15 3 I I 

'" These slightly higher numbers were to some degree due to crenation in earlier cases before the preparat ions were ringed with soft vaseline, 
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Table 2. Positive control patients 

Sex % Distorted Other Blood Findings Clinical Features 

Red cells 

F 2.2 Numerous crenated red Myocardial Infarction. 

cells (not uncommon Thrombolytic Therapy. 

after thrombolytic 

therapy) 

M 2.7 Microangiopathic damage Rupture of Abdominal 

to red cells. Aortic Aneurysm. 

Schistocytes Postoperati ve. 

F 3.6 Numerous spiked forms - Cirrhosis of the li ver. 

may be "spur" cells Haematemesis. Bleeding 

piles. 

M 5.5 Microangiopathic damage Terminal carcinoma of 

to red cells. Bronchus. Hemiplegia. 

Schistocytes. Crenation Dehydration. 

"'M 19.2 Numerous spiked red Fracture of Neck of 

cells. A few giant Femur. 

erythrocytes. Perioperati ve 

Confusion. Long-term 

Significant Memory 

Impairment 

.,. T hi s pati e nt may ha ve earl y S.D.A.T.. althou gh at present he has a prohkm o nl y w ith me mory . 

Control patients with possihly relevant history 
In the 80 control patients with counts of distorted cells less than 19c there was one case 

each of S.D.A.T. , vascular dementia, late Down's Syndrome and Korsakoff s psychosis . 
One wo man , whose count was 1.8% has suspicious films on subjective as sessment; on 
follow-up she has been found to be attending a clinic for Memory Impairment (Dr. M. 
McMurdo) and may well have early S .D.AT 

To sum up the results of counts and microscopical assessment : there appear to be a 
minority of S.D.A .T. patients with significant distortion of the erythrocytes; distortion 
in control patients can be accounted for; there appears to be a group with borderline 
findings which will require more discriminating techniques for valid resolution. Distor
tion was not related to age; it was associated with marginally low hae moglobin leve l and 
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mean cell volume. All controls without serious disease and with normal blood counts had 
counts of distorted cells less than 2%. 

Direct Coomhs Tests 
Direct Coombs Tests were done to exclude coating of cells with immunoglobulins. All 

are negative. 

ABO und Rhesus Blood Groups 
ABO and Rhesus blood groups were checked in relation to the above. There is a slight 

excess of Group 0 in patients with distorted red cells (6 of7) and the control patient with 
a memory defect and 19.2% distorted cells is of the same group. Also 4 of the 5 equivocal 
cases are Gp. O. Many more will have to be examined for a valid assessment. There is 
no general evidence of McLeod blood type. 

Immune Staining .fc)r {3-Amyloid Protein 
Immune staining for ~-Amyloid protein on films from the four patients with most 

pronounced distortion gave a negative result. 

DISCUSSION 

The finding of unexplained irregular poikilocytosis with spiked forms in 7 of 50 
patients with established S.D.A.T. complements the random finding of such changes in 
routine haematological screening (Goodall el ct/., 1991) and suggests a possible relation
ship. At present we prefer the term irregular or spiked poikilocyte to the more specific 
acanthocyte (of abetalipoproteinaemia) or spur cell (of liver disease). The spikes of the 
acanthocyte are much sharper - more thorn-like. The distortion of the S.D.A.T. patients 
much more resembles that seen in occasional cases of myelodysplasia than of other 
groups. However, we do not wish to be drawn into a semantic argument about these 
bizarre shapes. 

SWlisticol EI'Ct/uolion (See Appendix 2, A, B u/ld C). 
The results of statistical analysis do not give a definite answer. They lend slight 

support for the possible relationship between distorted red cells and S.D.A.T. and the 
degree of skewness of the results on the patients points to the possibility that those with 
S.D.A.T. and distorted cells constitute a special group. 

Thus the presence of spiked red cells in the absence of other known causes must raise 
the possibility of S.D.A.T. Obviously, however. although such cells may give supporting 
evidence for the diagnosis of S.D.A.T., their absence is not of exclusive significance. 
However, the finding should not be lightly dismissed as a morphological curiosity, 
because it may have both practical and theoretical importance. Although there does not 
at present appear to be any immediate value in the identification of this red cell anomaly 
in known cases of S.D.A.T., its presence in undiagnosed patients with loss of memory 
might serve to define a group suitable for pre-emptive medication with various nutri
tional substances (Evans, 1986), including neurotransmitter precursors (McEntee and 
Crook, 1990; Crook et ul., 1991 J. This view is encouraged by the knowledge that one of 
the three cases already demonstrated (Goodall el ul., 1991) was known to have distorted 
red cells years before she became demented and our control patient in the present 
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investigation who was found to have numerous spiked erythrocytes, has significant 
impairment of memory. There is also a patient with smaller number of spiked forms 
attending a memory clinic. To sum up this aspect. morphological examination of the 
erythrocytes may have a modest role in the "longitudinal diagnosis of memory disorders" 
(Brayne and Calloway, 1988; O'Neill etal., 1992). 

We are aware that distorted red cells are found more frequently in the elderly than in 
young adults during haematological screening, but it is only by careful long-term follow
up that the significance of this can be assessed . 

Investigation of the molecular basis of the erythrocytic distortion may help the 
understanding of the molecular pathology of S.D.A.T. One idea, that the distortion may 
be due to coating with ~-amyloid protein or immune globulins (as with cryoglobulins) 
is not supported by immunological staining or the Direct Coombs Test. The type of 
distortion and dearth of schistocytes are against microangiopathic damage from ~

amyloid angiopathy (Hauw et 01., 1991). 
Myelodysplasia may lead to erythrocytic distortion similar to that in Alzheimer's 

disease. Thus, although there is no obvious sign of myelodysplasia, the demonstration of 
c10nality by genetic techniques will be needed to eliminate a latent myelodysplastic 
process. The S.D.A.T. and myelodysplastic cases both show occasional giant erythro
cytes. Such cells and the multinucleate erythroblasts from which they are derived have 
many causes (Goodall, 1970; Lewis and Verwilghen, 1972); a defect of cell membrane 
synthesis may underlie the morphological manifestation. 

A major field of research on Alzheimer's disease is the study of glucose metabolism 
of nerve cells in vitro and in vivo. Techniques are frequently invasive, involving the 
operative collection of nerve cells at brain biopsy (Bowen and Davison, 1986) or the 
monitoring of glucose, lactate, oxygen and carbon dioxide in blood from femoral artery 
and jugular bulb (Hoyer, 1991). The inter-relationships between the glycolytic enzymes 
in brain , blood and muscle are very complex (Paglia 1991), but even in the absence of 
haemolysis, an investigation of the glycolytic enzymes in the erythrocytes in Alzheimer 
patients might be an indirect way of assessing their glucose metabolism. 

There are no obvious differences in the clinical features between our patients with 
distorted red cells and those without. One of the patients previously reported (Goodall et 
a/., 1991) with acanthocytosis was younger than the others and his mother also had 
dementia and distorted red cells; in addition , he and the other male case previously 
investigated (Goodall et 01., 1991) had nutritional deficiencies; yet correction of these 
made no difference to the distortion of the red cells. The two groups (distorted and non
distorted) are of similar age. There is no preponderance of either sec; thus the McLeod 
blood type (Winer et 01., 1977; Symmons et 01. , 1979) is excluded. We have not enough 
data on which to compare with the rare Woronets trait (Beutler et 01., 1980). 

Also, in relation to the clinical features, none of the conditions outlined in the 
Introduction are present and there are no localising neurological signs. Thus the 
acanthocytosis of S.D.A.T. is an entity distinct from abetalipoproteinaemic and normo
lipoproteinaemic acanthocytosis with degenerative neuropathies. These constitute a rare 
but complex, heterogeneous group. The first patients studied had acanthocylOsis second
ary to a recessively inherited failure to absorb fats and consequent abetalipoprotein
aemia; they had retinopathy and ataxia but no dementia; their parents, typically con sang
uinous , had normal lipid levels (Salt et 01., 1960). A second, distinct alipoproteinaemic 
syndrome with acanthocytosis, but usually less severe neural defects, has been shown to 
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be due to homozygosity in families with dominant hypolipoproteinaemia (Illingworth et 
al., 1980). The difference in these two groups has been confirmed at the molecular, 
genetic level (Ross et al., 1988). It should also be remembered that some of the secondary 
effects of these genetic disorders can be reduced by supplements e.g .. of Vitamin E34. 

The normolipoproteinaemic patients with acanthocytosis and neural defects are even 
more complex. Broadly, they can be divided into three groups: those with typical choreo
athetosis syndrome (Estes et aI., 1967; Critchley et al., 1970; Aminoff, 1972; Serra et al., 
1986; Villegas, 1987) those related to anomalies of the Kell blood group (X-linked) 
(Winer et aI., 1977; Symmons et aI., 1979; Franke et aI., 1985; De Saint-Basile et aI., 
1988); and those with additional clinical and metabolic abnormalities (Spitz et al., 1985; 
Mukoyama et al., 1986). Inheritance may be recessive or dominant (Villegas et aI., 
1987). Chemical and physical changes have been found in the red cell membrane 
(Villegas et aI., 1987). There may be mental changes (Critchley et aI., 1970; Delecluse 
et al., 1991). These disparate familial cases of acanthocytosis do not offer any obvious 
explanation for the occurrence of distorted red cells in senile dementia. Similarly it is 
doubtful if the spiked red cells of hypothyroidism (Wardrop and Hutchison, 1969; Horton 
et aI., 1976) and anorexia nervosa (Mant and Faragher, 1972) give a clue. The great 
complexity of the biochemical changes underlying the red cell shape in these conditions 
made us decide not to pursue these matters until we were convinced that the morphologi
cal changes might be significant. Finally, however, the possible importance of 
apolipoprotein E in S.D.A.T. (Scott, 1993; Owen et aI., 1994) does appear to point to the 
need to determine the apolipoprotein E variants in relation to distortion of the red cells 
in this condition. 
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Appendix I . Table oJ data on S.D.A.T. patients 

Case Sex Date of Percent 
No. Birth Distorted Red 

Cells 
Wet Dry 
Prep. Film 

01 F 190205 1.0 0.1 

02 F 200417 1.6 <0.1 

03 F 0106 II <1.0 1.0 

04 F 2201 12 <1.0 0.3 

05 F 2302 10 10.0 15.9 

06 F 1506 16 10.2 1l.0 

07 F 120220 <1.0 0.5 

08 F 150608 <1.0 0.3 

09 F 220301 1.8 1.3 

10 F 290602 1.5 0.5 

Subjective ABO Rhesus 
Assessment Blood Blood 

3 Films Group Group 

Negative 0 Pos 

Negative 0 Neg 

Equivocal B Pos 

Negative Not Done Not Done 

Positive A Pos 

Positive 0 Pos 

Negative AB Pos 

Negative 0 Pos 

Equivocal 0 Pos 

Negative 0 Neg 

Direct Hb. 

Coombs Level 
Test G/dl 

Neg 12.2 

Neg 13.1 

Neg 13.8 

Neg 14.6 

Neg 12.1 

Neg 1l.2 

Neg 13.2 

Neg 12.2 

Neg 12.4 

Neg 13.8 

M.C.V. 
R. 

92.0 

85.7 

90.2 

88.5 

81.2 

76.3 

85 .6 

90.0 

89.9 

84.8 

VJ ..,. 

:I: 
0:> 

Cl o o 
" :> rr-
t'l ...., 
;.. r-



Appendix I. Table of data on S.D.A.T. patients (continued) 

Case Sex Date of Percent 

No. Birth Distorted Red 

Cells 
Wet Dry 

Prep. Film 

II F 200607 2.0 0.5 

12 F IO 1207 <1.0 0.4 

13 F 240609 <1.0 <1.0 

14 F 141097 2.2 2.4 

15 M 230321 0.8 <0.1 

16 M 12 II 10 6.8 6.3 

17 M 190306 0.1 <0.1 

18 M 080303 0.9 <0.1 

19 M 19 IO 14 5.0 4.3 

20 M 150308 0.4 0.3 

Subjective ABO Rhesus 

Assessment Blood Blood 

3 Films Group Group 

Negative 0 Du Type 

Negative 0 Pos 

Negative A Pos 

Pos. (weak) 0 Pos 

Negative 0 Pos 

Positive 0 Pos 

Negative 0 Neg 

Negative A Neg 

Positive 0 Pos 

Negative B Pos 

Direct Hb. 

Coombs Level 

Test Gldl 

Neg 13.7 

Neg 12.4 

Neg 9.6 

Neg 12.7 

Neg 14.3 

Neg 13.2 

Neg 15.2 

Neg 16.5 

Neg 13.2 

Neg 14.3 

M.C.V. 

R. 

85.9 

90.9 

76.4 

85.6 

88.5 

74.7 

92.3 

87.6 

92.2 

88.8 

:;0 
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t'!l r r 
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Appendix I . Table of data on S.D.A.T. patients (continued) 

Case Sex Date of Percent Subjective 

No. Birth Distorted Red Assessment 

Cells 3 Films 
Wet Dry 

Prep. Film 

21 M 101009 0.7 0.2 Negative 

22 M 030108 0.1 <0.1 Negative 

23 M 261231 1.0 0.2 Negative 

24 M 27 09 04 0 .0 0.2 Negative 

25 M 11 10 17 1.3 0.4 Negative 

26 M 080900 0.5 0.2 Negative 

27 F 050408 0.8 0.1 Negative 

28 F 0806 19 0.7 0.8 Equivocal 

29 F 170406 0.4 0.3 Negative 

30 F 050703 0.3 0.2 Negative 

ABO Rhesus Direct 

Blood Blood Coombs 

Group Group Test 

0 Pos Neg 

B Pos Neg 

0 Neg Neg 

A Pos Neg 

0 Pos Neg 

A Pos Neg 

0 Neg Neg 

0 Pos Neg 

B Pos Neg 

0 Pos Neg 

Hb. 

Level 

G/dl 

14.1 

I 1.8 

13.8 

14.6 

14.9 

11.3 

12.9 

12.6 

13.9 

12.8 

M.C.V. 

A. 

81.6 

92.1 

83.7 

89.8 

90.9 

79.6 

94.4 

90.2 

84.7 

88.1 
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Appendix I. Table of data on S.D.A.T. patients (continued) 

Case Sex Date of Percent Subjective 

No. Bilth Distorted Red Assessment 

Cells 3 Films 
Wet Dry 
Prep. Film 

31 M 120320 4.0 5.4 Positive 

32 M 0906 12 0.7 0.1 Negative 

33 M 0508 17 0.3 <0. 1 Negative 

34 F 240805 1.0 0.5 Negative 

35 F 24 1203 0.6 1.5 Equivocal 

36 F 260807 0.6 0.3 Negative 

37 F 05 1208 <1.0 0.2 Negative 

38 F 120509 <0.1 0.4 Negative 

39 F 260503 0.2 0.3 Negative 

40 F 04 1024 0.2 0.2 Negative 

ABO Rhesus Direct 

Blood Blood Coombs 

Group Group Test 

0 Pos Neg 

A Pos Neg 

0 Neg Neg 

A Pos Neg 

0 Neg Neg 

A Pos Neg 

0 Pos Neg 

B Neg Neg 

0 Pos Neg 

A Neg Neg 

Hb. 

Level 

G/dl 

13.8 

13.2 

14.6 

13.0 

13.8 

11.2 

12.6 

12.6 

12.3 

13 .1 
-- -

M.C.V. 

R. 

88.5 

87.4 

87.8 

87.8 

89.3 

97.3 

91.2 

95.8 

85.4 

93.7 I 
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Appendix I. Table of data on S.D.A.T. patients (continued) 

Case Sex Date of Percent 

No. Birth Distorted Red 

Cells 
Wet Dry 

Prep. Film 

41 F 22 05 14 3.7 4.3 

42 F 1408 13 <1.0 0.1 

43 F 0707 14 <1.0 1.1 

44 F 020604 <1.0 0.3 

45 M 02 11 07 0.2 0.3 

46 M 02 12 16 0.4 0.2 

47 M 060227 0.1 <0.1 

48 M 240599 0.0 0.2 

49 M 160134 0. 1 0.3 

50 M 03 04 18 0.0 <0.1 

Subjective ABO Rhesus 

Assessment Blood Blood 

3 Films Group Group 

Positive 0 Pos 

Negative 0 Pos 

Equivocal 0 Pos 

Negative 0 Pos 

Negative AB Pos 

Negative 0 Pos 

Negative 0 Pos 

Negative 0 Pos 

Negative 0 Pos 

Negative 0 Pos 

Direct Hb. 

Coombs Level 

Test G/dl 

Neg 12.6 

Neg 11.9 

Neg 11.2 

Neg 12.5 

Neg 12.9 

Neg 13.0 

Neg 15 .9 

Neg 17.5 

Neg 14.3 

Neg 15.6 

M.C.V. 

Fl. 

85.7 

86.4 

90.1 

100.8 

92.2 

97.2 

93.7 

93.9 

93.8 

90.3 
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Appendix 2A: Patients 

Numbers of irregularly distorted red cells per 2,000 erythrocytes in 
descending order 

317 26 6 

2 220 27 5 

3 126 28 5 

4 118 29 5 

5 86 30 4 

6 86 31 4 

7 48 32 4 

8 31 33 4 

9 25 34 4 

10 21 35 4 

II 21 36 4 

12 17 37 3 

13 II 38 3 

14 10 39 2 

15 10 40 2 

16 10 41 2 

17 9 42 

18 8 43 

19 8 44 

20 7 45 

21 6 46 

22 6 47 

23 6 48 

24 6 49 

25 6 50 

Note: All the raw counts were based on a total of over 2,000 erythrocytes. The figures 
were corrected to a total of 2,000 for comparative purposes. 
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Appendix 2B: Controls. 

Numbers of irregularly distorted cells per 2,000 erythrocytes in descending order. 

*1 383 26 18 51 7 76 2 

*2 110 27 16 52 7 77 2 

*3 72 28 16 53 7 78 2 

*4 54 29 16 54 7 79 1 

*5 45 30 15 55 7 80 1 

6 40 31 15 56 7 81 1 

7 38 32 14 57 6 82 I 

*8 35 33 14 58 6 83 1 

9 31 34 14 59 6 84 1 

10 28 35 14 60 6 85 I 

II 26 36 12 61 5 86 1 

12 26 37 12 62 4 87 I 

13 24 38 12 63 4 88 I 

14 24 39 12 64 4 89 I 

15 22 40 11 65 4 90 1 

16 22 41 10 66 4 91 0 

17 22 42 10 67 4 92 0 

18 22 43 10 68 4 93 0 

19 22 44 10 69 3 94 0 

20 21 45 9 70 2 95 0 

21 20 46 8 71 2 96 0 

22 20 47 8 72 2 97 0 

23 18 48 8 73 2 98 0 

24 18 49 8 74 2 99 0 

25 18 50 8 75 2 100 0 

Note: Figures based on the raw counts of over 2,000 cells per case - corrected for 
comparative purposes. 

* All cases marked thus have been eliminated from the statistical analysis, either because 
they almost certainly have early S.D.A.T., or have other organic diseases often 
associated with irregular distortion of erythrocytes (See Table 2). 
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Appendix 2C: Statistical presentation. 

Variable: CELLS SELECT 

Sample size 

Average 

Median 

Mode 

Variance 

Standard deviation 

Standard error 

Minimum 

Maximum 

Range 

Lower quartile 

Upper quartile 

Interquartile range 

Skewness 

Standardized skewness 

Kurtosis 

Standardized kurtosis 

Comparison ()f two samples 

94 

(STATUS=I) 
CONTROLS 

9.48936 

7 

1 

84.8762 

9.21283 

0.950231 

0 

40 

40 

2 

15 

13 

1.11196 

4.40126 

0.836503 

1.65549 

Sample I: CELLS SELECT (ST A TUS= I) 
Sample 2: CELLS SELECT (ST ATUS=2) 
Test based on: Pairs 
A verage rank of first group = 71.6702 based on 94 values. 
A verage rank of second group = 74.06 based on 50 values. 
Large sample test statistic Z = 0.326141 
Two-tailed probability of equalling or exceeding Z = 0.744314* 
Note: 144 total observations. 
* These calculations are comparible with [-test. 

Kolmogorov-Smirnov Two-Sample Test* 
Sample I : CELLS SELECT (STATUS=I) 
Sample 2: CELLS SELECT (ST A TUS=2) 
Estimated overall statistic DN = 0.234043 
Approximate significance level = 0.559932 
*These calculations are comparable with [-test. 

(STATUS=2) 
PATIENTS 

50 

25.78 

6 

1 

3396.58 

58.2802 

8.24207 

1 

317 

316 

3 

II 

8 

3.63821 

10.5026 

14.4504 

20.8573 

41 
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