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PREFACE

My nim in wniting & book on the hamoly tic anemias has been
to present an a volume of maderate size a comprehiensive and
up to date account which I hope will prove of value to hoth
physicians and pathologists  The book 1s larger than was con
templated  Its size could have been reduced by deseribing
onlv those blood disorders in which an increased rate of hamolyvsis
1s known to be a major factor in pathogenesis and exeluding
conditions such as Mediterranean anwemia n which inereased
hemolvsis 1s of much less importance  However this course
had to be abandoned beeause of the difficulty of drawing a hard
and fast distinetion between the two categories

The haxmoly tic anemias have a large and world wide hiterature
and to review afl that has been wrnitten on the subjeet would be
a superhuman task  VMost of the papers referred to in the present
text have been published in the last ten to fifteen years  N\ever
theless I have attempted to do Justice to the proncer workers of
earlier generations v referring to the papers m which ther
more important discoveries were deseribed

The plan of the book lias been to give m an introductory
chapter a brief survey of the hematology of increased haemoly sis
and the wavs m whieh the hemoly tic anemtas mav be myest
gated  Then follow five chapters on the congenital hxmolytic

and six chay on the acquired lm:mol)hc

associated with auto antibody fc
deal with the secondary haemoly tic anremias paroxy smnl nocturnal
hemoglobinuria and hemoly tic disease of the newborn  In the
last chapter are deseribed the laboratory miethods that T use in
the study of hremoly tic disorders  The text includes particularly
in Chapter 9 unpublished material taken from a thests submitted
in 19.2 to the University of London for the degrec of M D
(Pathology)

Although the book has been wnitten from the standpoint of a
pathologist and 1s thus mainly concerned with hamatological
and serologieal observations and with problems of pathogenesis
the clinieal side of the picture has not been neglected Moreover
the climeal and laboratory findings in thirty personally invests
gated patients suffering from different ty pes of hemoly tic anzmin
have been included and the findings in five other patients
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accounts of which have already been published given 1 more
detail or brought up to date I have been fortunate in the
wonderful collaboration that I have recennved from the Medical
Staff of the Postgraduate Medical School of London 1n the study
of these patients and I am grateful for permission to report clinreal
details of the patients under therr carc I am also indebted to
Drs P Ellman and § D V Weller for allowing me to report
the chinteal histonies of the patients referred to as Cases 5 and 7
respectively

It 1s a pleasure to record my 4ppreciation of the encouragerment
that T have recerved from Professor J H Dible and the help
which has been given by members of s staf Dr J C
White and Dr J G Schsyn m particular have lindly allowed
me to quote from work which has not yet been published Dr
White has also contributed a section meluded in Chapter 18 on

phy sico chemical methods useful in the investigation of abnormal
hemoglobins  and Professor ¥ J hung has alloned me to quote
extensively also m Chapter 18 from his book  Microanalysts in
Medica!l Biochemistry  1n deseribing methods for the estimation
of bilirubin and urobilinogen I am also greatly indcbted to
Drs J H C(rookston G A W Johnston D L Mollm L S
Sacker J G Selwyn and J € Whte for reading the ty pescript
or proofs of the book i whole or i part and for making many
valuable suggestions and to Drs D T Mollm P L Mollison
and Dorothy Parkin for permussion to quote unpublished data on
erythrocyte sursival  Dr Parhin and Miss Marte Cutbush hatve
also helped me greatly by genoty ping the blood of certain patients
Finally I should like to record m) sincere appreciition of the
generosity of many other friends amongst physicians and patho
logists who have given me permussion to mvestigate patients
under their care or who have sent me samples of blood

The photomicrographs were taken by Mr E 1 Willmott
FRPS and Mr C A P Graham Figs 1 9 10 11 12 14
15 27 38 42 43 50 62 66 90 and 91 werce taken by Mr Willmott
the remainder by Mr Graham The blach and wiute figures were
drawn by Miss Patricia Simms 1 am much indebted to ther
patience and shill

Figs 85 and 44 are reproduced by permussion of the Lditor of
the Quarterly Journal of Medicine  Yigs 16 56 60 and 61 by
permission of the Editor of the Journal of Clinical Pathology
Figs 14 and 84 by permussion of the Fditor of the Postgraduate
Vedical Journal  Fig 74 by permission of the Editor of Blood
Fig 93 by permussion of the Fditor of the Lancet  Fig 96 by
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peemnssion of the Iditor of the Brotah Medical Journal  and
Figs 97 and % by pernnssion of the Editor of Clinseal Serence
by 3% 15 reproduced through the courtesy of Dr M C Yerloop
and Fig 83 through the courtess of Iy Naneys Rychond on 1t
also gues me pleasure 1o tecord mn ndebtedness to Mes M
HMarvey for typing, and re typing the manusenpt

J v Dicn
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CITAPTER 1

GFNERAL FEATURLS OI' INCREASLED

H/AEMOLYSIS  BLOOD PICTURL AND

METHODS O INVISTIGATION OF
THE HEMOIYTIC ANAEMIAS

Tur essential feature of & hemolitic antmia 15 a reduction of
the Lfe span of the patient's ervthroestes  As will be shown
Inter this mav be duc to many differunt causes  This chapter s
concerned with the ways 1n which an tnereased rate of erythroevte
destruction an 21 6 may be reco,nized and sith the methods
which may be used to measure the intensity of mercased hemeo
Iysts  The processes whieh Lring about destruction of ervthro
evtes in health will also be briefly considered  Finally the sigmt
ficanee and importance of certain laboratory tests will be discussed
in connection with the dingnosis of hremolvtie disease

DLESTRUCTION OF ERYTHROCYTES IN HEALTH

It 1s now penerallhv accepted that in health approimately
1/1.0th of the total numbcr of eirculating ervthroey tes is destroy ed
and replaced daily  This figure 13 based upon estimates of the
average hife span of the normal erythroevte which have been
derived from several different types of experiment (Callender
Powell and Witts 1945 104~  Jope 1946  Shemun and Ritten
burg 1947) However the way in which cerythrocytes are de
stroyed and chiminated from the errculation in health 1s largely an
unsols ed problem

Various suggestions have been made as to how this 1s brought
about  Frythrophagneytosis by phagocytes mn the spleen and
clsewhere although undoubtedly an~tmportant mcchanism in
disease does not scem to be an adequate explanation by itself for
the normal physiologieal blood destruction (Rous 1923) It s
possible that towards the end of the normal hife span of about
100 to 180 days the erythrocytes break up into small fragments
which are subsequently remoy ed from the cireulation by reticulo
endothelial cells in the spleen and elsewhere  Evidence for the
presence of frag erythrocytes (sch tes) was furnished
by Rous and Robertson (1717} More recent evidence which

DiCIES Brx L anANIB 1 1




2 GENERAL FEATURES OF INCRDASED HEvOLYSIS

might be held to support this contention has been provided
Stewart Stewart Izzo and Young (1950) who makling use
‘corpuscles labelled with 55Fe showed that the mechameal fragli,
of the oldest cells mncreased before they were elmnated from t
crrculation
The changes 1n the erythrocyte or at its surface which cau‘
fragmentation or increased sensitinity to mechanical trauma a
quite obscure  Possibly the changes are connected with a wearm
out of enzyme systems which contrel metabolic actrvities essenty
{for the integnty of exther the cell as a whole or of 1ts membrar
{Granmck 1949 Ponder 1951) The expulsion of sodum 1or
agamnst a concentration gradient i the presence of glucose ma
be quoted as one such essential activity (Flynn and Maizels 1949
It 15 also known that certain constituents of the erythrocyt
stroma and membrane are 1n a state of dynamie exchange wit
constituents m the plasma This appears to be true of hot
cholesterol and phospholipids and London and Schwarz (195
suggested that death of the erythrocyte mught follow from tt
loss of the metabolic lability of some normally labile constitusy
or be due to the loss of the stability of constituents such as h
globin and stromal protemn which are normally metaboli
stable
It 1s possible too that influences outside the cell play a pa
1n bringing about the cumulative damage which limts the hife «
the normal erythrocyte It has been suggested for instanc
that stagnation of the blood stream particularly m the splee)
might be deleterious (Fahraeus 1939 Ham and Castle 194(
and b) and 1t 1s concersable that tissue lysms normally inhibite
by plasma may play a part under conditions of stasis (Ponde
1951) Normal plasma too 1s known to contamn potential aut:
agglutinins and lysins active at 87 C aganst erythrocyt
damaged by enzymes such as trypsin (Rosenthal and Schwart
1951 Hurley and Dacie 1953) or against defectiv e erythroeyt
like those of paroxysmal nocturnal hemoglobinuria It 1s co:
cervable that normal corpuscles although apparently insensitn
to these agglutimns and lysins in crude iz tifro tests are signs
cantly affected wn vtz where they are exposed to the action
these factors for much longer periods of time
Cataholism of Haemoglohin  There seem to be tno mo
channels for the disposal of hxmoglobm liberated by ervthroey!
destruction  If a cell or a fragment of a cell 15 taken up by a
ervthrophage in the spleen or clsewhere mn the body (extravascul:
Iysis) the ham of the h t




Harrrrn oams enn 3

rubin which 15 eventually ehminated from the airculation
} hinver and finnlly forms a major part of the utolnlinogen of
jees  The 1ron and pritein part of hemoglobin are retamed
| bods  This: probably the main method by which hemo-
b 15 dispased of iy henlth I Hn the other band s in eertam
hivtie antmis the erythrocste breaks up or 18 lysed in the
1 stream (intravnscular ls ) the hiberated hemoglobin s
/nm‘ of in Lwo wavs  part passes theough the renai glomeruls
| sf 1n sutlicient concentration appeirs 1n the urine and part
[roken down i tie plasma hberating hematin which when
ed with plisma slbumin forms th brown pigment methem.
/xmm (Emrfes 1031)  The pigment moety of methemalbumin
jrobably exercted by the liver as biirubin (Pass Schwartz and

tson 1043 London 19,0}

IDPNCE FOR AN INCREASED RATF OF HEEMOLYSIS

[As the bile pigments and freal urobilinogen are largely demved
1 the catabolsm of hemoglobin 1t 15 natural to expect
/ ascd production and climmation of these substances whenever
. rate of erythrocyte destruetion 1s increased
| Hyperbilirubinemia In hemolytic anemia the plisma
phrubin coficentration ususlly lies between I and 3 mg per
00 i Occasionally 1t 1s watlyn the normal range 1t 1s rarcly
bove 5 m,. per 100 ml  The direct van den Bergh reaction 13
hsually 7egatve 1n uncomplicated cases  The bilirubin coneen
ration hrwoser 1s an unrchiable measure of hemolvsis as
depends mt onlv on the amount of pigment produced but nliv;
lon the 1haeney of the liver 1n «xereting 1t Moreover the total
|amount produced depends not only on the rate of hamolysis but
| \so upon the_total pumber of erythtocytes present  For instance
| the same anount of bifirubm might be cxpeeted to be produced
per day by the destruction of % of & patients erythrocytes
when thic total count was » 000 000 per e mm as by the destruction
of 24°, of the ery threcvtes when the count was 1000 000 pes ¢ mm
| Other things being equal therefore the highest biliruban levels §
| mght be expeeted 1n pitients with the hughest crythroeyte counts §
In practice however this expeeted correlation s seldom found as
the patients with the ighest counts are usually those 1n whom
the rate of hemolysis 1s not great 1e they are patients in whom
compens ition for h emolssis is passtblc {sce p 16]
It 1s probable that 1 those patients m whom the plasma il

rubin level 15 normal despite evidence of increased hemolysis the
1-2
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normal levels are mamtained by the ability of the healthy hver
to excrete far more bilirubm than 1t 15 normally called upon to do
Excretion of Urobilinogen The quantitative estimation of
the fxeal excretion of ¢ urobtlinogen —the name given to the
facal pigments reducible to chromogens reacting with Ehrlich s
reagent (Gray 1958)—has been widely used as a measure of
hemolysis (see Watson 1938 Crosby and Akeroyd 1952) It
1s true that m hemolytic anzma the excretion of pigment 1
often far m excess of normal hut the inaccuracies and uncer
tainties of the estimation are such that 1t ean hardly be expected
to provide reliable evidence of a shght increase in hemolvsis  The
technieal difficulties of the collection of twenty four hour or four
day excretions of freces difficulties 1n obtamming representatnve
samples of the speamens and the use bf an arbitrary colour
standard 1n the actual estimation all combine to reduce the
rehiability of the estimations  There are also difficulties i nter
pretation oy er and abov e the purely technieal diffieulties Although
1t has been shown in dogs with artificial biliary fistul®e gis en acetyl
phenylhydrazine that 88%, on an average of the hzem hLberated
by the breahdown of haxmoglobin 15 recovered 1n the bile (Cruz
Hawkins and Whipple 1942) 1t 1s not certamn whether this 1s true
m man Moreover 1t 1s known that the amount of pigment that
can be estimated as fecal urobilinogen 1s considerbly lower than
the bilirubin excretion  Thus supgests that either the converston
of llirubin mto urobilinogen 1s not quantitative or else that the
urobilmogen 1s altcred 1n part into other substances which are
not readily estimated (Watson 1942  Crosby and Akeroyd
1952 Gray 1958) Furthermore reabsorption of a proportion
of the freal pigments certamnly takes place The fate of the
cabsorbed pigments 1s not hknown with certamty it 1s surmised
hat most of the pigment 1s re exereted i the bile unless there 15
wer disease when some appears in the urme as urobilinogen and
robilim
Another T d cause of discrep between
of hemoglobin catabolized and frocal urobihinogen excreted has
recently been discovered  Studies with the 3N 1sotope have
hown that a sigmficant proportion of the fxecal hem pigment 1s
J]:lcrl\cd from sources other than haxmoglobm {(London West
Shemin and Ruttenburg 1900  Gray Neuberger and Sneath
1950) In health this proportion may be as high as 10-20%
1n permicious anemia it may be as high as 40%, (London and West
1050) It 1s thought that the non hremoglobin derrved pigment
comes from at least two sources from hsem or porphyrins not
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utilized to form hemoglobin and from myoglobin (London West
Shemm and Rittenburg 19,0 Cray  Neuberger and Sncath
1940

In)\le\\ of the difliculties and uncertainties mentioned above
1t 1s hardly surprising that freeal urobilinogen estimations carried
out on normal subjects give widely divergent figures  For example
the normal range of the daily excretion by an adult 1s from 40 to
280 mg per day necording to Watson and Bilden (1941) and
Watson (1942} and from 22 to 121 mg per day according to
Maclagen (1946) while estimations carmed out by Sparkman
{1939) on single specimens of stool from 100 normal subjects gave
results varying from 76 § to 520 mg per 100 g of freces  Normal
Aalues for children are given by Mills and Mason (1952)
* There 1s o further practical point of interpretation which has
to be taken into account  The total daily urobilinogen excretion
of a cluld 1s normally much less than that of an adult because
the total amount of eirculating hemoglobmn 15 far less  The
urobthtnogen exeretion of an anemic man will be less than that
of a man without anxma for the same reason  The only satis
factory way to get round this difficulty 1s to relate the pigment
exeretion to the total circulating hemoglotin  expressing the
result as so many milhigrams of urchilinogen per 100 ¢ hxmo-
globin (sce Watson 1938) In health this amounts to 11-21)mg
per 100 g hemoglobin per dav (Miller Singer and Dnmm‘hek
1942) The theoretical ratio based on the known molecular werghts
of hamoglobm (68 000) and four molecules of urobilinogen (2 000)
end assuming that a 1/1°0th of the airculating hemoglosn 1s
broken down every d1y 1s 24 mg per 100 g hrmoglobm In
practice the total amount of hemoglobin 1n the body has to be
computed from an estimate or guess of the patient s blood 1 olume
and this 15 often an additionsl source of error  For all these reasons
the estimation of fecal urobilinogen may fail to give decisine
information m the investigation of those nuld examples of hemo
Jytic anamia 1 which an accurate estimation of the rate of
haymoglobin breakdown 1s most needed

Urobilinogen win Urine A darkeming of the urine particularly

on standing due to excess of urobilm 1s frequently found mn eases

f hemolyticanemia  The quantitatis e estimation of the pigment

annot however be used as a reliable index of erythrocy te destrue

1on  Urobilnuna 1s an indication that the Liver 1s unable to

e excrete urobilinogen reabsorbed from the bowel rather than a
sign of mereased hemolysis (Watson 1937 Barher 1038)

it 1 ia.—an 1 fnuria  In  normal
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normal levels are mamtrined by the abibty of the healthy Lver
to exerete far more bilirubin than it 1s normally called upon to do
Excretion of Urobibinogen The quantitative estimation of
the fxccal excretion of urobilinogen -~the name given to the
frecal pigments reducible to chromogens reacting with Ehrlich s
reagent (Gray 1953)—has been widely used as a measure of
hemolysis (see Watson 1938  Crosby and Akeroyd 1952) It
1s true that m hzmolytic anzmia the excretion of pigment 1s
often far m excess of normal but the maccuractes and uncer
tamties of the estimation are such that 1t ean hardly be expected
to provide reliable evidence of a shight increase in hemolysis  The
technical difficulties of the collection of twenty four hour or four
day excretions of feeces d mn ob p ¢
samples of the specimens and the use of an arbitrary colour
standard 1 the actual estimation all combme to reduce the
rehiability of the estimations  There are also difficulties in inter
pretation o1 er and abos e the purely technical dufficulties  Although
1t has been shown in dogs with artificial bihary fistule given acetyl
phenylhydrazine that 88% on an average of the hem hberated
by the breakdown of hzemoglobin 1s recovered 1n the bile (Cruz
Hawkhins and Whipple 1942) 1t1s not certain whether this 1s true
inman Moreover 1t 1s hknown that the amount of pigment that
can be estimated as freeal urobihinogen 1s considerably lower than
the bilirubin exeretion  This suggests that either the conversion
of bilirubin into urobilinogen 1s not quantitatiie or else that the
urobilinogen 1s altered mn part into other substances which are
not readily estimated (Vatson 1942 Crosby and Akeroyd
1952 Gray 1953} Furthermore reabsorption of a proportion
of the fxeal pigments certamly takes place The fate of the
eabsorbed pigments 1s not known with certamty 1t 1s surmused
hat most of the pigment 1s re exereted in the bile unless there 1s
rer disease when some appears in the urine as urobiltnogen and
robilin
Another unexpeeted cause of discref between
of I glob bolized and frecal urobil excreted has
recently been discovered  Studies with the ¥\ isotope have
hown that a sigmificant proportion of the frcal hem pigment 15
7 lderved from sources other than hemoglobm (London West
Shemin and Rittenburg 1950 Gray Neuberger and Sneath
1950) 1In health this proportion may be as high as 10-20%,
1n pernicions an‘enua it may be as high as 409, (London and West
1950) It 1s thought that the non hemoglobin derived pigmient
comes from ot least two sources  from ham or porphvrins not
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utilized to form hxmoglotnn and from myoglobm (London Vest
Shermin and Rattenburg 1900 Crav  Neuberger and Sneath
19,0

In)\lc“ of the difficultics and uncertamties mentioned above
1t 1s hardly surprising that feecal urobilinogen estimations carred
out on normal subjeets gy e widely ivergent figures  For example
the normnl range of the daily exeretion by an adult 1s from 40 to
280 mg per dav according to Watson and Bilden (1941) and
Watson (1932) and from 22 to 121 mg per day according to
Maclagen (1956) while estimations carnied out by Sparhman
{1939) on single specimens of stool from 100 normal subjects gase
results varying from 70 § to 520 mg per 100 g of fwees  Normal
values for children are given by Mills and Mason (18.2)

There 1s a further practienl point of interpretation which has
to be taken into account  The total daily urobilinogen exeretion
of a chuld s normally much less than that of an adult beetuse
the total amount of circulating hemoglobin 1s far less  The
urobiltnogen exeretion of an anemie man will be less than that
of & man without anxmia for the same reason  The only satis
factory way to get round this difliculty 1s to relate the pigment
exerction to the total crrenlating hemoglobin  expressing the
result as so many mlhgrams of urobilinogen per 100 g hemo
globin (see Watson 1938} In health this amounts to 11-2ymg
per 100 g hemogiobin per dvy (Miller Singer and Dameshek
1912} The theoretiealratio based on the hnown molecular werghts
of hzmoglobm (68 000) and four molecules of urobilinogen (2 600)
end assuming that a 1/1°0th of the airculating hemoglobin 1s
Yroken down every day 15 24 mg per 100 g hamoglobin  In
practice the total amount of haemoaglobm 1n the body has to be
computed from an estimate or guess of the patient s blood 1 olume
and this 18 often an addition1l source of error ¥ or all these reasons
the estimation of frcal urobilinogen may fail to gne decisive
information i the s estigation of those nuld examples of hemo
Iytic an@mia 1n which an accurate estimation of the rate of
hamoglobin breakdown 1s most needed

Urolnlinogen an Urine A darkening of the urine particularly
on standing due to excess of urobilin 1s frequently found in eases

f hemolyticanemia  The quantitatis e estimation of the pigment

annot howeser beused as a rehable mndex of erythrocyte destruc

ton  Urobilinuna 1s an inlication that the liner 15 unable to

¢ excrete urobilinogen reabsorbed from the bowel rather than a
slg‘n' of increased haemolysis (Watson 1037  Barher 1938)

1 nd— H. 1

MR8 o ja  In normal




6 GENERAL FEATURES oF INCREAsED HEMOLYSIS

plasma there 1s very httle free hzmoglobin probably less than
4 mg per 100 ml (Crosby and Dameshek 1951) In those types
of hazmolytic anemin 1 which hemolysis takes place predomi
nantly 1n the blood stream the plasma hemoglobin may rse to
100-200 mg per 100 ml or even more In such cases hzemo
globinuria develops and the loss of pigment it this way may
account for a substantial proportion of the total pigment excre

tion The mechanism of hemoglobinuria 1s constdered at length
m Ywles (1942) review It seems hkely that hamoglobin passes
through the glomerult even at low plasma concentrations only

o be reabsorbed by the renal tubules  If the plasma concentration
&vceeds 185 mg per 100 ml the concentration 1n the glomerular
iltrate exceeds the capacity of the renal tubules for reabsorption
and overt hemoglobinuna normally results YWhen hemoglobin
is absorbed by renal tubular cells “the molecules of hemoglobin
are apparently broken down nt: llularly as h derin
granules giving Perls s reaction for free ferric won appear In
cases of chronic haemoglobinzemia this leads to a strikmg degree of
siderosis of the kidneys (Fig 65 p 176) This loading of the
tubular cells with iron apparently impairs in tune the cells capacity
for absorbing more hzmoglobin for in chrome cases of hamo

globmurta pigment may be present m the urne with plasma
hemoglobin levels well below the normal renal threshold of
135 mg per 100 m! (Giligan Altschule and Katersky 1941)

The incidence and severity of hemoglobinzmia in the hemo
Ivtic anemias have recently been reviewed by Crosby and
Dameshek (1951) In addition to finding gh values in the well
known tvpes of hemoglobinuria they reported shightly rarmed
concentrations 1 several types of acquired hemolytic anemia
{wathout } glot ) but not n 1 spherocytosts in
overt sichle cell anzmia but not in sickle cell trait and 1n severe

1 anean anema (thal major) but not 1n the trait
(thalassemia minor) It must be emphasized that the presence
of excess haxmoglobm 1n the plasma 1s only a rehable sign of
hxemolysis 1f the observer ean be sure that the lysis has not been
caused during or after the withdrawal of the blood

Met Meth \|i was first obsery ed
by Fairley and Bromfield (1934) 1n the plasma of a patient suffering
from blackwater fever The plasma was brownish 1n colour and
spectroscopic examination showed an absorption band 1n the red
part of the spectrum (at 624mp) Subsequently Fairley (1941)
showed that methemalbumin could be detected 1n the plasma 1n
several types of haxmolytic anemia with hemoglobinuria when
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hrmolysis was taking place within the blood stream eg in
blackwater fever in paroxysmal nocturnal hremoglobinunia and
m CI Thelchu septicamus  In addition he found the pigment to
be present mn smaller amounts 1n the plasma of patients with
hemolytic anemia of unknown ongin without hemoglobinuria
and 1n three patients suffering from tvpical severe permcious
anema  On the other hand tests for the pigment were negatine
1n two patients with hereditary spherocytosis and only very
weakly positive 1n a third

Methamalbumin 1s distinet ch Hy and s preally
from methxmoglobun (absorption band at 630mu) It 1s a
hmmatm nlbumm compound nnd 1s formed as a result of the

berated into plasma  Methem
albumin 1f not detectable by the position of its charactenstic but
rather fmnt absorption band 1 the red can be demonstrated by
covermng the scrum or plasmn with ether and then adding a one-
tenth solume of Iphide  Ths results
mn the formation of a h'emochromogen with n rcln!n ely ntense
sharply defined o absarption band at 5.;8mp {Schumm s test)

Fairley s worh 15 now pted and the p of
methemalbumin demonstrated 1n scrum by spectroscopy or by a
positive Schumm s test 1s probably a reliable indication of sntra
vascular haemolysis  However the exact way mn which the pig
ment 15 formed 1n rivo from hemoglobin remains obscure  The
pigment morety of methemalbumin s probably eventually
transformed into bilhirubin and excreted by the liver (Pass
Schwartz and Watson 1945 London 1900)

Iemosiderinuria  The presence of brownish granules 1n the
urine giving Perlss reaction for free  ionie ferme wron s
charactenstic of the chrome hemoglobinurias  The 1ron s densed
from hamoglobin absorbed from the glomerular filtrate and subse
quently broken down within the renal tubular cells  As long ago
25 1211 Marchwafasa and Nazan a  granular form  of
hxmoglobin 1n the unne of a case of parotysmal nocturnal
hezmoglobimunia  Rous (1918) obsersed hzmosidenin 1n the urine
of a patient with acquired hemolvtic anermia and in the urine of
several patients suffering from permicious anzmia who had recerved

many _ Loter Marchufave (1928) referred to
paro: 1 k as Anemm emolitica con
d Perpetunl h 13 1n fact

areliable sign of chromie mtravascular hamolysis for the urine will
e found to contan mron granules even if there 1s no hemo
by atthetime H: derinis not howeser foundn the
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unne &t the first onset of a hemolvtse attack esenif accompanied
by t L 1 a8 the has to be absorbed by the
tubular cells of the hadney and re exereted a process which ocen
pies sexeral da)s at lc'zst {Yumle 1942)

The an fi of b dertqurra have been
re imvestigated by Crosby and Damcshe}. {1953} They found
hemosderin 10 thc urine of every patient whose plisma con
t ly 1 amounts of hwemo,lobin and
obsery cd n general a parallelism between the amount of unnary
hemosiderin and the degree to which the plasma hzmoaglobin level
was rassed  Only very small amounts were found 1 the urine of
patients whose plasma hemoglobn levels were less than 20 mg
per 100 ml  on the cther hand with plasma hemoglobm levels
greater than 46 mg  the amount of hamosiderin was s 1 rule
suffictent to guve a visible Prussian blue coloration to the urmnary
deposit when Perls s reaction was carried out

THE BLOOD PICTURL IN HEMOLYTIC ANEMIA

Evidence for Hmmolysis  Important esidence of mereased
blood destruction may be obtamed by examunation of the blood
stself  Certain (prehwemoly tic) abnormalites of the erythrocytes
are probably almost Wways associated with an mereased rate of
hremolysts  The most wuportant of these abnormnlities are
spherocytosts and schustocitosis {fragmentation)

Spherocytosts
Spherocytes are erythroey tes which are more nexrly spherosdal
and less distinetly dise hthe than are normnl cells It should be
emphasized that all grades of  spheroevtosis  are met with
ranmng from cells which retam ther hrconeavities but whose
thichness or breadth)s sereased to eells wlich are almost spherseal
As a rule the volume of a spheroeyte 1s normal (see Table 1 p 17)
hence any ncrease in thickness or breadth of the cell must be
associnted nith @ dumnution in diameter  Spherocvtes are thus
usualls correetly eallkkd  mucrospherocytes In stuned blood
fitmas they appear as small usually perfectly round cells staining
relatively intensehy wath Romanonsky dyes and vsually showmg
no central pallor {Fig 1)  Therr unusnal rotundity can alse be
di wet preyp tons of fresh blood  Lhe tnereased
dcnslt) of s!nmmg 15 due not only to ther shnpc but also to s
shightle won of }; {Table 1 and
see p G4}
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Spherocytes hive to be differentiated from spherecal forms
According to Ponder {1918) spherical forms were first observed
by Hamburger who m 189, noted that when mammalian crvthro
cytes were suspended 1n saline or sugar contaming medin they
appeared not as discs but as spheres  This change can be reversed
by the addition of plasma or serum to the suspension  Furchgott
(1910) showed that the sphering change was ficilitated by the
snerease 1n pll which oceurs when o thin luyer of & cell suspension
15 placed between two glass surfaces as m ordinary microscopy
and by the adsorption to glass of an anti sphering substance
rormally present in plasma  Furchgott and Ponder (1910) showed
that this substance was an albumm

This disc sphere transformation has by now been thoroughly
imestigated  The stages in the process are  dise crenated
disc  erenatedsphere  finely-crenated sphere  and  sphere
(Ponder 1948) This sequence of events 1s also brought about by o
wide ringe of hmemolytic agents ncluding saponin  brlhant
green and amboceptor-complement in sublytic concentrations
{Ponder 1948} In Iyhic concentrations the lysins eause the eells
to become prolytic spheres  and finally to fade from view as
hemolysis proceeds  The sequence of changes as it occurs in saline
suspensions of erythrocvtes hept between glass surfaces is rever
sible  As the cell becomes more and more nearly spherieal 1ts
surface membrane becomes puchered—h the d
appearance—and ey entually swhen the eell s spherteal presumably
thickened  When the process 1s reversed the thickenmg and
crenations disappear and the normal condition of the cell surface
15 restored

Spherocytes duffer from spherical forms i several mmportant
ways  the change to spt dieaty 18 not p ded by
the process 1s no reversible and complete sphering 1s rarely seen
In addition spherteal forms are not typically  fragile  to hypo
tonie srline (Ponder 1937 Gillespie 1943)  spherocytes are

The association between spherocytosts and ncreased fraglity
to hypotomic salinc (osmotic fragthity) 1s well known (Haden
193¢  Castle and Daland 1937 Guest 1948 Crosby 1952)
The more nearly spheroidal a ccll the less water 1t can absorh
Jrom hypotonic media without stretching its inextensible surface
membrane  Hence spherocytes will undergo lysis in media of a
lesser degree of hvpotomeity than do normal more discoidal cells
of the same solume Castle and Daland (1937) and Guest (1918)
have shown that spherocytes from cases of hereditary sphero
cytosis and normal corpuscles swell to a simular degree when placed
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elliptocy tosis m one famihy  In seven of Holst Larsen s patients
there was evidence of anemia  the elliptocy tie ery throey tes were
admreed with small rounded and srregularly shaped micre
spherocytes in the more anene pattents  Another example of
ths type of ebnormality was recorded by Dacie Molhsan
Richardson Selwyn and Shapiro (1953 Case 11)  In this patient
numerons very small srregularly shaped muerospherceytes were
conspicuous m films after splenectomy (Fig 40 p 98}
. The Acquired’ Spherocyte Spherocytes morphologieally
wentical with those of hereditary sphb tosis ie ted
microspherocytes are frequenth conspicuous wm the blood of
patients sulfering from acquired hemolviie anemias assoctated
with aute antibodv formation (Fig 1 p 12} Spherocytes of
apparently sumlar type may be readily produced experimentally
m ammals by the adounwstration of heterospeetfic hamolytie
ser {see Chapter 9} Ervthrocytes which have adsorbed anti A
may also become spherocytie  Tins chnge has been observed
following the transfusion to group A patients of group O plasma
contatung the smmune type of anti A (Ervin and Young
1950 Erun Chustian and Young 1950} and in hamolytic
anxoa of the newborn when the mother 1s group O and the chuld
group A (Grumbach and Gasser 1948  Crawford Cutbush and
Mollison 1953) In each case the spherocytosss appears to be
due to damage to the cell surfaces eaustng wreversible shrinbage

The osmiotic and mechaneal fragilitses of acquired Splicrody tes
sre mereased  whether or not they swell to the same extent as
hereditary spheroeytes in by potomie media 15 uncertain  On
weubation at 87 C 1 1ifro acquired spheroey tes undergo n varn
able and sometimes mncrensed rate of autohcmolysis (Dacse
1950  Selwyn and Dacie 9.1 see nlso p 174)

Spherocy tes of apparently sumilar character have been observed
n hmolytie anmmas due to drug sensitivity eg suiphonamide
hemolytic anena {Gifhpgan "and Rapnih 1981 Ross ~nd
Paegel 1946 see Chapter 15) A muid to moderate degree of
spherocytosis 15 not uncommon chronie myelowd Jeukzinm and
s closclerosts (see p 338)  The significanee of the change 15 not
vef understood

Irregularly Contracted Erythrocytes Shrunken and
distorted erythroeytes are not uncommonly seen m the blood
stream n certam types of hemolytie snxnua  Following the
wmgestion of haemohtic powons such as acetslpheny ihydeazime
conteacted corpuseles of wrreguiar outhne are 7 (Fig 2}
Symilarly distorted corpuscles have been olnerved by Brookfield
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cliptocy tosis 1 one famly  In seven of Holst Larsen s patients
there was evidence of anemny  the elliptocy tie ery throuyvies were
admyxed with small rounded and wrregularhy shaped mucro
spheroey tes 1 the more anenue patients  Another eximple of
this type of abnormality was tecorded by Dacie Mollison
Richardson Sehwyn and Shapiro (1953 Case 11) In this patient
pumerous very small wrregularly shaped microspherocytes were
conspicuous in films after splenectomy (Fig 40 p 98)

The ‘ Acquired * Spherocyte  Spheroeytes morphologically
sdentical with those of Fereditary spherocvtosrs te rounded
microspherocvtes  are frequently consprcuous n the bloed of
patients suffering from_acqured haemolytie ancemras assocrated
with auto antibody formation (Fig 1 p 12}  Spherocytes of
apparently simdar type may be readiy produced cxperimentalls
n animals by the ad ration of he i hemolytic
sera {see Chapter 9)  Erythrocytes which have adsorbed anti A
may also become spherocytic  This change has been observed
following the transfuston to group \ patients of group O plasm+
contaimng the mmune typ~ of anti A (Ervin end Young
1950 Ersin Chnstian and Young 1950) aend sn hemolytic
ancma of the newborn when the mother is group O and the child
group A {Grumbach and Gasser 1048 Crawford Cutbush and
Aolhson 1953) In cach case the spherocytosts appears to be
duc to damage to thie cell surfaces causing irres ersible shrinkage

The osiotic and mechanical fragilities of acquired Sphcrocytes
are merensed  whether or not they swell to the same extent as
hereditary spherocytes 1n hypotonte media 15 uncertain  On
ncubation at 37° C n tire acquired spherocy tes undergo a san
able and sometimes increased rate of autohamolysis (Dacre
1950 Selwyn nnd Dacie 1933 sec also p 174)

Spherocytes of apparentls smular character have been obsersod
i hxmolvtic anxsas due to drug sensitivity ey, sulphonamde
hemolytic anemia (Gilligan “and Rapnith 1931 Ross and
Pacge) 1936 sce Chapter 15) A muld to moderate degre of
spherocytosis 1s not uncommon chrenie my elosd Teuhmmia and
v elosclerous (see p 338)  The significance of THE chan,e 1s not
3e understood

Irregularly-Gontracted Erythrocytes  Shrunken angd
distorted erythroevtes are not uncommonhy scen in the blood
stream 1 certamn types of hemolytic anenma Followng the
wgestton of hzmolitie powsons such as acctphenylhydeazime
contracted corpuscies of rrregular outhne ure conspreuons g 2y
Sumlarhy dustorted corpuscles have been obsersed by Brookfield
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{11.R) in seute fead porsonmygr In Stats. Wasserman and Rosen
fiekd (19048) 1 humoh tie an i due Yo sulphaps ndine and by
Zuelzer and Apt (1949 i anenun due ta naphthak ac {(moth batf)
powsoning  The cell distorbion presumably resnits from the dirert
naction of the poon upon the ersthrocyte  An inerevse mosniots
favmhits mdicates that the eclt membrane ttself is damaged  This
type of crythrocyvte distortion although typieat of that produced
by some hemoly tie poisans may rarely be observed m humobytic
antaws of endopesions ongn ep in the hewmolytic sarimns

dwith methtmoglobin andlor sulphemoplobnn formntion
{kiz 3 sceabo p 401)

Anather somewhat different ty pe of contracted eorpuscle » not
mlrequenthy scen wn ancmin compheatig severe  fouie  Mates
such as uremn_or_careinematons {Big 4)  The abnormad el
appear 1o be undergomng treguiar erenation amd contraction and
snme of the crlls are often almost  trsnpulae 15 outime {(Fag o)
The largest numbers wre Jound m patients whose anama appears
to be at feast iy part hemolitic m ongin

These cunausly deformed celle appear hhely therefore to ik

lprch'tmo‘)t)c forms  reticulocytes are not affeeted  The esmotit

frighity of blood contaimng  tnanguiar  cells s wsually normat

or normal except for n very sawil tat of fragie cells (see p S70}

The eause of this type of ehnnpe 139 nbseure  presumably an
1 5 htc 1s respansibl

The corpuscles referred to i the preceding paragraph nte
possibly the same as the  utr eolls which Schwartz and Motto
{1819} obsenved m small numbers m yarions blood disorders and
w lerpee aumbers o sromn carcinoma of the stomck and
bleeding peptic uleer

-
Schistocytosis

The products of ervtlirorte fragmentation were referred to by
Fhrhich (1891) a5 sclustocstes  and by Rous and Jobertson
{1017} rs  schizoeytes  buch cell fragments are seldom seen m
preparations of normal human blood  When vinble i npprcunblcl‘
wambiers their presence 3 good evidenee of 8 homalytie process
(Fig €} Normally 1t seems kikely that any fragmnts formed are
sieved out of the errculanion by the spleen {see Robertsanm and
Rous 1017} MHeating, of blood 1 11tre aad severe burns i vizo
arc known o cause erythroeste fragmentation {Shen Yam and
Flemimg, 1953 Brown 1916 Ham Shen Flemung and Cnstle
1918} In human patients the fragments resulting from severe
buras disappear from the eireulation within a few hours
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Fig 4 1 hotomicrogriph of a bhod film of a patient suffening from
carciomatost and 1 onolvtic anemia (Case 2 ) My arre
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Occasionally 1n cases of hemoly trcanemis afew of the erythro
eytes apperr s ¥ part of therr substance had been mdented snd
pulled outwards by means of 8 pur of pieers {(Fig 7)) Dace and
co worhers (1053) observed these xltgc!_gcd eclls 1 quite large
numbers 1 a patient sulfering from shghtly aty pieal hereditary
spherocytosss  they were found mn smaller numbers m other
types of hmmolytic anerua Pr bly they too rep:
corpuscles i the process of fragmentation  Rous and Robertson
{1917} obserted simtlar eclls 1 normal bt bloed and larger
numbers in bleod from rabiat spleen

Erythrophagocytosis
Human erythroeytes which have undergone phagoeytosss by
monocy tes or nentrophils are rarely found 1 blood films  Neser
theless they hare been seen from time to tame 1 sneall numbers
in many ty pes of hemoly tie disorder such as that assomated with
chemieal poisoming  sephicieniia and protozoal anfections and
hemolytie discase of the newborn paroxysmal cold hemoglob
nuna and dhopathie scquired hemolytie anemun (Jordan
Prouty Hemle and Dingle 1952  Zmnkham and Dismond 1952)
{Fig 8) Zwkhwm and Djamond showed that the pumber of
phagoeytes contaning erythrocytes might be greatly meresed if
the patient s blood was sneubated n watro at 37 € for 20 to
120 minutes before films were made It scems possible that m
man at Jeast phagocytes contamung erythrocyes are rapudly
remoy edd from the carenlation perhaps particdarly by the spleen
yand lungs  In anupals such as the rat howesver erythrophago
cytosts m the peripheral blood 1s & marked Festure of experi
mentally nduced hemolytic anemis {Bessis and Treca 1947}
Bonmn and Schwartz (1954) have made a detuled study of the
obility of different types of antibodies to couse erythrophago
tosts m o It was found that only those antibodies which
sete etpable of causing 1 fysts m the § of comph ¢
cgularly caused erythrophagoeytosss  Monocytes appeared to
¢ more nctive as erythrophages than neutrophuls for the hiter
tnl‘y emveloped corpuscies which had been sensitized by Jugh
oncentrations of antibody

Heinz Bodles
Ttress 10 1882 noticed unusual rounded globules and granulesn
the erythroeytes 1 potassium chilorate possorung  Smtlr intrn
eorpusculsr bodics were later desembed 1 greater detmt by
Tanz (1890) m the blood of gumes pigs powsoned with pyrodin
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{nccty lptiens iy dmzme) Moz bodics’ are now hnows to
be protuced by the action on the blood of a wide range of aromatie
mitro and amno-compounds @+ well as by morgame pvidmng
agents such os potasssum chlomte ez bodees may be found
1 the absence of antuns but Yarge doses of all the drags that
eanse Henz body formatien will cauce anemuin - Beeent reviews
on Hetnz bexdies include those of Websater (1949} and Ruchell and
Thchardson (1950}

Henz bodies probably conust of dematured globin densed
from Gemoglobua stself * In the case of acetylphemibydewnne
1t 1s thought that hemoglotnn nets ns o entalest m the oudation
of the acetylphemIbvdrmzine and 13 tself broken down in the
process Methemoglobin 1s not usually formed under conditions
which fasoar Henz body formatson {Heaven and Winte 1534}

Morphologienlly Henz bodies are relractile rounded bodies
often with a shghtly srregular contour ranging 1 size from
minute pasticles to bodies up to_fuan-size (Eig ©)  Several
small bodies may be present in the sanve el Lhe largest oney
are usually present singly  They are easily visible i unstained
or wet  preparations of blood  they statn supravitally with a
sange of bame dyes including methsd silet used by Henz
Iumself and brsfhant eresyl blue  However they ate nat usually
d ble e I Ly staised prep or i brathant
eresyt bluc staned Alms fixed an methanat before counter
stmmng  They are generally only seen in fully npened corpuscles
and not i rebieulocytes (but see p 461} In eresyl Blue stained
preparntions they stan a distinctly hghter shade of blue than the
reticylar matenal of retsenioeytes

Jlemz bodies oceur 1 the blood in larger numbers sfter spienee
tomy {/adek and Burg 1930 Vichster 1949} It 13 possaible
that corpuseles contammg Iemz bodies e selectsyely retmned
by the spleen ot even that the spleen removes Hewmnz bodies from !
intact erythrosytes  Henz body anemia  wn man 53 considered
n Chapter 15 (p 890}

1

GCOMPENSATORY ERYTHROPOIESIS IN
HEMOLYTIC ANAEMIA

In hemelytic anamia the ontput of new erythroeytes from the
marrow Wsually wnerenses i step with the nercased rate of
neemolysss  In this way some measure of compensation for the
hoemolysis 15 generally achieved  In most nstances when the
hamolytic process s a chronicone o farrly steady balanee betsseen
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destruction and formation 13 estabhshcd at an erythrocyte level
below the normal O 1on 15 plete and
the patient manages to muntam a normal erythrocy te count and
hrmoglobin level  In severe hremolytic states adequate compen
sation may be impossible with the result that the patients rapidiy
become serously anemie

The 1mcrese m erythropotesss 1s brought about by hy perplasia
of the bone martow  The erythroulymyelowd ratio m the marran
nises from the normal average proportion of about Lin5totin 1
10 extreme mstances erythropaictic cells mav actually predominate
{Tig 10) The fat cells in the marrow tend to disappear so that}

the marrow may become sohdly ecllular (Fig 11}  Fhe volume
of active marrow mercases and red marrow develops in the long
bones and n sites 1n adults where 1t does not normally occur
Occasionally, centres of extrameduliar formation are found (see

70}

In children the possthihities of hyperplasia of the marrow are
more himited as nearly all the medullary eavities are normally

d by active h Y marrow  If the stimulus for
d ery 1s sufli Iv great hiperplisia may then

result in an actual mcrease in the size of the medullary eavities
In the skull this may lead to an obvious widening of the diploe \
Bxt llary foct are probably mote freq m chuldren for
the same reason

The hvperplasia of exvthropoietic marrow 1s reflected m certamn
definite changes m the peripheral blood picture  These changes

‘ are rrlwulocy‘o:t: macroc, jtaﬂs and ery*hroblastama

R mH lytic Ansemia  The pormal range
for the reticufocyte count 15 usually given as between ¢ 29, and
20% m adults  In hremolytic anemia the proportion 1s oﬂcn as
tugh as 20%, accaswonally the count 1s much gher and may
reach 70%, or even more {Fig 12) Althou h there 1s no sery
close correlation between reticulacvie counts and the degree of
anxmy  the highest counts arc generaliv found in the more
anemc patients m whom haemolysis 1s usually more mtense and
clforts at compensation consequently greater

Falure of Regeneratton O lly the erythrop
actity of the bone marrow may fail 1 the course of a chrome
haemolytic anerma with the result that the reticulocyte count
falls to very Jow levels A serious increase n anemia may result
Dramatic examples have been desembed by Owren (1918)
Dameshek and Bloom (1948) and Gasser (1950) i heredstary
spherocytosis {see Chapter 2) and by Singer Motulshy and Wile
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destruction and formation s estabhished at an erythrocyte lovel
below the normal  Occasionally compensation 18 complete and
the patient manages to mamntain s normal erythroey te count and
hremoglobin level  In severe haemolytie states adequate compen
sation myy beimpossible with the result that the patients rapdly
become striously anenue
The merease in erythropoiess \s braught about by hy perplsig
of the bone marrow  The erythroidimyclowd ratio in the marcov,
rises from the normal average proportion of about 1 5ip 101
1m cxtreme mstances ery thropoietic cells may actuatly predominate
{Fig 10) The fat cells in the marrow tend to disappear so that
the marrow may become solidiv cellular (Fig 11)  The \o!ume}
of wine marrow mereases and red marrow des elops in the long
banes and m sites 1 adults where 1t does not normally oceur
s centres of ext dullary formation ate found {sce

| ]

In chddren the possibihties of hyperplasia of the marraw ore
more hmited as neatly all the wmedullary eanaties are i
orcupred by active hamopoietic marrow I the stimulus for
nereastd erythroy 1s sufficiently great hyperplasia may then
result i an actual increasc m the size of the medullary cavities
In the shull this may lead to an obvious widemng, of the diploe ‘
‘Ext dullary foci are probably more freg; m children for
the same reason

The hyperplasia of erythroporetic marrow 15 reflected 1n certun
defimte changes in the peripheral blood picture These changes

\arcﬂh 1 2% and erythrob

Reticulocytosis in Hemolytic Anemia  The normal range
for the reticulocyte count 1s usually given as hetween 029 and
40% m adults  In hemolytic anzma the proportion is often as
high as 209, oceasionally the count 1s much higher and may
reach 70% or even more (Fig 12} Although there 1s no very
close correlation between reticulocyte counts and the degree of
anemto the highest counts are geperally found i the more
anemie patients in whom hremolysis ts usually more intense and
efforts at compensation consequently greater

Palure of Regeneration  Owcasionally the erythropoictic
actwvity of the bone marrew may fail m the conrse of a chronie
hemolytic anemua with the result that the retienlocy te eount
falls to very Jow levels A sertous increase 1n an®mit may result
Dramatic examples have been desunbed bv Owren (1918)
Domesheh and Bloom (1938} and Gasser (1950) m hercditary
spherocytosts (see Chapter 2) and by Smger Motulshy and Wile
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globin output of patients suffering from Mediterranean anenna and
perntcious anzma and found that this was far less than 06 g
per hilo per day

The same problem was considered by Finch and Coleman (19.3)
They stuched the degree of erythropoietic hyperplisia i the
marrow the rate of appearance of #Fc in the hemoglobin of the
peripheral bloed ind the morphology of the patients erythrocy tes
They concluded that three types of erythropoiests could be
differ d it ted d Js d and  dyserythro
polesis  In the compensated type the mass of erithropoictr
tissue was inere  ed but maturation took place normally ind the
erythroey tc mo phology was norma® exeept for the effects of the
haemolytic process In the decompensated type the mass of
erythropoietic tissue 1n the marrow vas mere tsed but the maturrg
tion of ery throblasts was accelerated and pothalocytes sideroevt
and abnormally large numbers of reticulocy tes were present o
the peripheral blood  In patients showing dvserythropoiests th
productson of crythrocy tes from the marrow fell far short of th
marrow s potential capacity

Macrocytosis  An increase in the average size of the e thro
¢y tes in the peripheral blood seems to be a regular accompamment
of mercased erythropoiesis whether this 1s a response to hemor
rhage (Lehmann 1949  Wintrobe 1951) or to hxmolysis
(Dameshek and Schwartz 1940} The cruse of the macrocytosis
1 uncertan  the cells are presumably dernved from unustally
large precursors macronormoblasts (Dacic and White 1919) The
macrocytoss 1s g Ny T d by an 1 proportion
of reticulocytes m the pertpheral blood but the mgh proportion
of reticulocytes present ¢annot be the whole explination for the
macrocytosis for the fully mpened corpuscles are also mostly
larger than normal  This increase 1n size 1s reflected 1n an increase
1 mean cell diameter as w 1l as 1 an increase tn mean cell yolume
(Fig 16) Observations on the mean cell volume of a scties of
patients with hemolytic anemia are given 1n Iable 1 Where
there 15 conspicuous spherocytosis the contrast between the
macrocytic reticutocytes and spherocytic fully ripened corpuscles
15 often most strking (F1g 13)

Erythroblastemia  Normoblasts are not nfrequently present
1n the pertpheral blood stream of patients with hzmalytic anemia
Usually however, there are less than 1 per 100 leucocytes In
general the higher the reticulocyte count and the more anemie
the pattent the more frequent are the normoblasts In young
children, however, erythroblastemia may be a well marked feature
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F16 1o }botomirogt iphs of normobla ts and erythrocytes stamned.
by Perlys reaction to how swerotic gronules (top twa rows}
and stamed by Jenncr Gtemsa stain to demonstrate 1 1) pen
hewmer bodus  (bottam rew)  (krom Douglas and Dacie 1943 )
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116 1 1 rvthroovte-diameter di inbution cune (PPnee-Jones
curve) male from a dricd perifferal tond film of & patient
»uff Ting from a congenital non-up 1 erocytic hrmolyﬂc anaemia
(Lase Lof Ducie etal 19.3) MCD 87 0=0Tpu Tie
th n outlines in licate the m  ximum an 1 minimum normal curves

m many types of hemolytie anemua particularly as this so
hrmolytic disease of the newborn In adults the presence of
Jarge numbers of normoblasts should cause the observer to
reconsider the diagmo 15 of a primary hamolytic anemia How ever
1tisnot to find bl nthe

blood of patients sulfering from acquired hemoly tic anemia of the!
auto antihody type iIn whom hxmolysis has persisted at a rapid!
rate following splenectomy (Fig 14)

Slderocytosis

Siderocytes are erythrocytes contaiming granules grving Perls s
Prussian blue reaction for 1omzed ferniciron  They were observed
by Gruneberg (1941a and b) n small numbers 1n normal rat
mouse and human embryos and 1n large numbers i mice with a
congenital anema (Gruneberg 1942) They were first recogmzed
1n adult human blood by Domach Gruneberg and Pearson (1943)
Tt 1s now realized that siderocytes may be found in the peripheral

blood m & wide range of blood disorders particularly after
splenegtomy (Douglas and Dacie 1953) Siderotic grnﬁgre?it/
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any rate those dumonstrated by the simple HCl potassium ferro
eyamde method are not indicative of 4 hemolytic process nor
doces their presence ndteate 1 dying cell {ef Case 1915) on the
contrary the granules appear 1n developing erythroblasts at the
same time as hxmoglobin 15 bemg formed (Gruneberg 1942
Dacie and Domiach 1947)  The siderotic granules stain also with
Romanowsky dves and when stamned mn thrs way have been
referred to by McFadzean and Davis (3947) as * Pappenheimer
bodies  (Pappenheimer Thompson Parker and Smuth 1915)
(Fig 15)

The inerdence and sigmficance of siderocytes have been recently
assessed by Douglas and Dicie (19.3) Their findings may be
summanzed as follows Iron contrning granules may be recog
nized 1n a large proportion of the normoblasts of normal bone
marrow & small number of normal marrow reticulocytes are
siderocytes but few 1f any siderocytes cun be found in the pert
pheral blood of normal subjects  The proportion of normoblasts
containing 1ron granules 1s increased and the granules may be
unusually large m diseases where there 15 a defect 1n hemoglobin
synthesis or erythrog In 1ron deft y on the other hand
1ron contatning granules are absent from the normoblasts The
T of 1ron g les m ¥ bl 15 thus a
normal phenomenon It appears that more 1ron 1s taken nto the
ery throblast durmg hemoglobin sy nthests than can be immediately
1ncorporated into hem and that this exeess iron may be utihzed
during the later stages of normoblast ripening and during the
carly reticulocyte stage  The exact nature of the stamable iron
needs elucidation

Sideroeytes are seldom seen 1 the peripheral blood 1n patients
with blood diseases except after splencctomy when they may
often be found m very large numbers It seems possible that n
the absence of the spleen the rate of maturation of siderotic
granules 15 delayed thus causing the siderocvtes to appear 1 the
peripheral blood Splenectomy does not appear to cause any
ncrease n the numbers of erythrobl: \g ron 1
1n the marrow nor could Douglas and Dacie demonstrate that the
spleen filtered off siderocvtes from the circulation s has been
claimed (McFadzean and Davis 1949 Pirrie 1952) Douglas
and Dacie found the highest siderocyte counts n the peripheral
blood of patients with high reticulocyte counts which had per
sisted after splenectomy or n patlents suffermg from defects 1n
hemoglobin sy nthesis who had undergone splenectomy (Fig 56
p 121)
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Crosby (1953) has suggested that the spleen n some way
removes the siderotic granules from erythrocytes without actually
destroymng the cells He transfused blood contaming many
siderocytes obtaned from a patient who had undergone splenec
tomy 1nto a recipient who had a normal spleen and found that the
siderotic granules disappeared within three hours although the
transfused cells were not destroyed Whether the spleen actually
removes the granules as suggested by Crosby or m some way
accelerates their metabohism within the cells remains to be secn

The meidence of siderocvtes m dufferent types of hezmolytic
anzmia before and after splenectomy 1s 1llustrated in Table 2

SPECIAL LABORATORY TESTS USEFUL IN
INVESTIGATING THE HZEMOLYTIC ANAEMIAS

The tests to be deseribed 1n this section are the osmotic and
mechanical fragiity tests and certam serological procedures
They will be discussed in general terms only with particular

fe to their n diag Further details will
be given later when the varous types of heemolvtic anemia are
described  Technical details are given m Chapter 18

Osmotic Fragility

The mtroduction of the fragility  test mto chinical laboratory
practice seems to have quickly followed the pioneer observations
of Chauffard (1907) on the decreised resistance to hy potonie salt
solution of the ervthrocytes in  lictére congenital de 1adulte
(hereditary spherocytosis) Althou h the correlation between a
reduction 1 the dameters of mammalian erythroeytes and
merease 1n osmotic fragility had been demonstrated by Vallery
Radot and Lhéritier m 1919 1t was not until Haden s (1934) paper
that mereased osmotic fragility was satisfactortly correlated with
spherocytosis  Other ory publ followed (Castle
and Daland 1987 Dacie and Vaughan 1938) and 1t 1s generally
held to day that erythrocyte shape 1s & major factor in determining
osmotic fragility

It 1s also quite clear that increased osmotic fragihity 1s not the
monopoly of any particular type of hamolytic anzma  Definite
ncreases 1n fragility are found 1n hereditary spherocytoss (almost
invariably) 1n 1dopathic acquired hzmolytic anemia (most
patients) 1n hemolytic disease of the newborn due to ant1 A (less
com}nonly 1n sensitization due to ant1 Rh) 1n hamolytic anema
due to chemieal poisoning and m severe burning ete 1e 1n Just
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those eases in which spheroeytosis 15 usually ebvious in blood
films  Yowever 1t should be added that sometimes deviations
from the normal arc shight and that n carcfully standardized
technique 1s required to detect them  Osmotic fragihty 1s normnly
n most eases of sccundnr) or symplomnhc hmmnl\ hc anehua,

snd 1n paroxysmal noct an
raama sickle-cell anenmn nnd 1n other u)hcd dxsordcrs there 15
charactenistically an o hremolysis with or

without a small proportion of unusunlly (mgl!c ells

A number of varants of the osmotic framhty test have been
introduced from time to time  Some of the varations are technieal
ones and are concerned with such things as the wav i which
h emolysis 19 measured and the propartion of blood added to saline
Other voriations hase snvolied the use of unusual hemolysidg
solutions  forsnstance Dhekstein and co workers (1919) employ L;il,
m nddition to simple hypotonie saline solutions of glycenne and
Yhourea 1n hiypotonte saline  The unportant thng is for the té
to be carned out in ps completely n standardized way as possible

Recording the Results of Osmotic Fragility Tests  Most
worhers have not been content to record merely the hnghest
conrentration of salme in which brmolysis 15 Just detectable
{ mtal  Iyss or minimum resstance) and the tughest concen
tration of saline 1n which hamolysis appears to be complete

tysis or It 5 ods 2

E)t least to record 1n addition the concentration of saline causing

0% Iysis (median corpuscular fragility (M CE ) Vauphan 1947

acie and Vaughan 1038) It s worth while 100 when a range
of hypotome solutions has been used to construct a  fragihity
curve by plotting on graph paper the percentage of hremolysis
1 each tube against the corresponding coneentration of salt
solution  In normal subjects an almost symmetneal eunve of
sirmard shape is obtaned (Fig 17} In discase howeser deuia
tiohs from the normal type of curve are found  the curves far
nstance may have long  tails  duc to the presence of a small
proportion of very fragilcCeells or intermediate forms may be
found The tatled type of curse 18 comtonly found 1n cases of

' hereditary spherocytosis before splenectomy (Darte 19143)

Two other sumple alternative methods of recording the results
quantitatively are avalable the det: may be plotted on
probability paper {Hunter 1030 Parpartetal 1047~ Crawford
Cutbush and Mollison 1903) or ncrement hemolysss curves
can be drawn {sec below) Doth methods emphasize any hetero
geneity m the osmotie fragility of the cell population should this
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be present  If the obseryed amounts of hemolysis are plotted on
the probalulity seale agamnst concentrations of saline an almost
stra hit ine enn be drawn though the points in the easc of normnal
Bblood there being shewness only where hamalysis 15 becoming
almost complete (Fig 18)  Tlus method enables the MCE to
De read off mithease  Indisease  tmiled  curvesresultanvarving
degrees of shewness at the other end of the probability plot as well
(Crawford ef al  1903) (Fi, 18) Increment hremolysic curves
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congental non-spt erocytic heemolytle anemia (Cases 1 and
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The rate of autohremolysis is convemently studied using
defibrinated blood (sec p 47%) However the essential differences
between the behnviour of normal and pathelogical erythrocytes
ate not alteredl in the presence of anticoagulants (Daeie 1911}

Spherocytosis 1s not the only cause of en accelerated spon
tancous lysis of blood kept under sterile conditions 1 vitre  In

14
Lysts
40

30

[o] 24 48
HOURS AT 37 C

Fic 20 Spontaneous hemolysis resulting from the incubation at
37 € of the stenle defibmnated blood of [nn nts suflerning
©

from (1) acquired hwmolytic anamiy of tic auto antibody
type (k) T Y and (N) paroxy noctumnal
Kamoglobtauna (from Dacte 104}

g with b 1c cf Is such as acetylphenythydra
zmne the séame phenomenon may be observed (sce p 38%) aud the
1s also true of paroxysmal nocturnal haxmoglobinunia  In thé
latter disease spontancous haemolysis in tatro 1s most characterist
and occurs rapidly major degrees of lysis often bemg sisible
within an hour or so It 15 best observed n clotted blood—
hamoglobin will be seen to diffuse from the clot into the surround
g serum—rather than in defibrinated blood or blood to which
anticoagulants have been added In defibrinated blood lysis 1s
largely nhibited by loss of earbon diowide and consequent Tise 1m
PH and anticoagulants if in sufficient concentration may
nhibnt the hemolytic reaction entircly (sce p 424)
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have been drawn by Momuighano and Bairati (1935) Suess et al
(1948) and by Bolton (1949) With this method the differences
m haemolysis between adjacent tubes are plotted agamst th
corresponding saline concentrations  definitely limodal curve:
may be obtained for instance during recovery from a hzmolytic
episode

Osmotic Fragility after Incubation Recently certamn
workers have estimated the osmotic fragility of the erythrocytes
after the blood has been incubated for twenty four hours at 87 C
(Young 1947 Emerson Shen Ham and Castle 1947 Varadi
1951 Dacieetal 1953 Selwyn and Dacie 1953) Under these
circumstances the erythrocytes from patients with heredxtaryl
spherocytosis generally undergo a greater increase in fragility tha
do normal cells By this procedure 1t may be possible to differ
entiate more clearly between patients with hereditary sphero
ey tosis of the mildest degree and normal subjects Dacte and his
co worhers (1952) found too that in certain non spherocytic!
congemtal hemolytic anemias fragihty mght ncrease by an
abnormal amount as the result of mcubation despite the fact that
the fragility test carried out before meubation gave a normal
result (Fig 18) The changes following incubation m other types
of heemolytic anema have been less thoroughly studied

The extent of the 1ncrease i osmotie fragility brought about |
by incubation 1n most cases runs parallel with the amount of |
spontaneous lysis which results from meubation (Selwyn and g
Dacte 1954)

Autohzmolysis

When normal defib ed blood 1s bated under sterile
conditions at 37 C little or no lysis takes place 1n the first forty
eight hours  thereafter autohzmolysis develops quite rapidly
The evact sequences of changes which precede lysis are not yet
fully known It 1s known however that if the glucose concen
tration 1s mamtamned the rate of hemolysis 1s usually sig
slowed (Selwyn and Dacie 1954) Dacie {1941) showed that 13

cases of hereditary spherocytosis the rate of autohazmolysis wa
sigmficantly increased and might take place at five to ten time:
the normal rate  He found too that there was a general correla
tion between the osmotic fragiity (of unincubated blood) and the
subsequent rate of Iysis on mncubation the most fragile bloods
undergomng the most rapid lysis  Blood frem patients with,
aequired hemolytic anemma and spherocytosis may simmlarly,
undergo relatively Tapid sutohemolysis (Dacte 1950a) (Fig 20) \
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The mechanteal fraghty test althongh st provides mlcmhn[.,
mformation scems hardly ikels to be used as a routine laboratory
method ‘Ihe actual techmque needs careful standardizatios
and the fact that several dilferent tapes of ervthroeyte abnor
mahty lead to an increased susceptibility to mechsnieal travma
reduces 1ts diagnostic value

SEROLOGICAL TESTS

In the acquired hrmolytic anwemias the demenstration of
abnormal antibodics on the surface of the patient s erythrocytes
or 1 his serum has proved to be of great diagnostic 1mportance
Only a bricf general account of the methods of demonstratig
the sutibodics will 5 undertaken at this stage  Further detarls
are grven in Chapters ¢ and 18

The Direct Antiglobulin Reaction (Coombs s Test)

Vhen auto antibodies are plwing a part in bringing about
envthroeyte destruction 1 tizo 1t 15 probable that the patients
washed erythrocytes will always be found to be agglutinated by
an antt human globulin serum  1¢  the direct antiglobulin
(Coombs) test will be postne  This test was introduced by
Coombs Mourant and Race (193.) as a method for detecting

incomplete _ h antibodies  The same principle had been
emplosed many years prey 1ously by Morescht (1008) who demon
strated that ery ¥ d with b pous sera could
be agglutinated bv antibodies formed against the heterologous
protein  This work however had been forgotten The test as
re mtroduced by Coombs Mourant and Race detects  incom
plete  antibodies which lack the property of causing direct
agglutmation e tatro  If cells which have adsorbed thes type of
antibody are washed 1n several changes of saline so as to free them
from surmundmg plasmx or serum then they will be found to
be 1 ded 1n an entt human
globulin serum (Cwmbs s scrum) Thla can be conventently made
by 1mmunizing & rabbit against human serum (sce Chapter 18)
The antiglobulin test has proved to be a very sensitive ane 1t 1s
capable of detecting incomplete antibodies of many different
tvpes including those of acquired hemoly tic anzermia

The sensitivity of the method however creates mtfalls in
interpretation It cwnnot be assumed for instance that a positive
direct antiglobulin test necessarily mdicates that the patient 1s
suffering front auto immune hxmolvtic anemia  Fxeluding false
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Thus an accelerated rate of spontaneous hemolysis may be
due to several causes amongst them spherocvtosts the effects of
certain chemicals and the erythrocyte abnormality of paroxysmal
nocturnal } glot The pt 1s clearly a non
specific one  If hrmolyss 1s accelerated the observer 1s entitled
to consider 1t as a valuable pointer to a hamolytic process but
nothing more The heat resistance test of Hegglin and Mazter (1944)
1s discussed on p 433 i connection with the diagnosis of par
oxysmal nocturnal hemoglobinuria

Lysolecithin Fragility

The measurement of the resistance of human erythrocytes to
solutions of lysolecithin was used by Singer (1937 1940) and by
Gripwall (1948) 1n the mvestigation of cases of hamolytic anxmia
Singer and Gripwall found that whereas the resistance to lysoleci

| thin was defimitely diminished mn cases of hereditary spherocytosis
|3t was normal m symptomatic types of hemolytic anema esen
~  though osmotic resistance was dimimished  The test has not been
widely applied The d hed of hereditary sphero
cytes was confirmed by Maier (1947) who however observed
reduced lysolecithin resistance in a patient with splemic vein
thrombosts 1 whom osmotic fragihity was almost normal Foy
and Kondi (1948) found that the resistance to lysolecithin of the
ervthrocytes of a patient suffering from blachwater fever was
dimuinished although the osmotic fragiity was normal Thi
sigmificance of these observations 1s not known If the test
really 1s capable of differentiating clearly between hereditary “
and acqured spherocytes 1t deserves to be more widely used!

Mechanical Fragility

Normal erythrocytes are susceptible to mechanical trauma
and may be readily lysed in vatro by shaking with glass beads
Increased susceptibility to lysis has been observed in certain
pathological states and 1if the test 15 performed quantitatsely 1t
can be used 1n the investigation of hzematological disorders (Shen
Castle and Flemmng 1944 Young Izzo and Platzer 1951
Dacie et al 1953)

Spherocytes  sickled cells and agglutinated corpuscles have
been shown to have an d ptibl to 1
trauma but poikilocy tes do not seem to be especially fragile unless
spherocytic  Goldbloom Fischer Remnhold and Hsia (1953)
have recently reported that the mechanieal fragility of newborn
1nfants 1s almost double that of older children or adults
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gne an optymum reaction With say ervthirocy tes senmitized with
antiD will react equally well with corpuseles sensitized with
other antibadies  Cold antibodics for instance react best i
high coneentrations of a potent antiglobulim serum and may fail
to react in serum diluted 11n 64 or 11n 128 concentrations which
nevertheless may canse maximum agglutination of corpuscles
sensitized with ant1 D For this renson 1t 15 always wise to earry,
out the antiglobulin test usmg a range of dilutions of the rablnt
ant: human globulin serum
Other points concerming the antiglobulin reaction such as the
elfccts of acidification and heat mnactivation of the patients sera
and of the tempernture at which sensitization 15 carned out and
the way 1 which the test helps i the differentiation of different
- types of antibody arc dealt with in Chapters 9 and 18

Detection of Antibodies in Patients Sera

Varnous methods arc available and an outhne only will be
attempted here  (Further details are given i Chapters 9 and 18 )

Spentancous aute agglutmation oceurring at room temperature
or at 37 C 1s a pomter to the presence of abnormal antibodies

Non speaific complete  (in salme agglutinating) antibodies
may be titrated using normal corpuscles of the same blood group
as the patient or normal group O corpuscles It 1s useful to earrv
out such titrations at various temperatures between 2 C and
37 C as most complete antibodics found i the sera of patients '
with hzmolytic anzmia excluding immune 1so antibodies are

cold  ones

Hamolytic antibodies can be detected in certain sera using mher’
normal corpuseles 1 patients sera acidified to between pIl 6 o
and 70 (except with antibodies of the Donath Landstemer typel
which react best in unacidified serum) or by the use of trypsmlzcd'\
normal (T.N} erythrocytes or paroxysmal nocturnal hemo-
globinuria (PN H) erythrocytes As the majority of hemolytic
antibodics are of the cold vanety sensitization should be carried
.outat 20 C aswellasat 87 C

Incomplete_antibodies can be detceted in at least three ways
by means of the indirect antiglobulin (Coombs) test the sensitiza
tions being earried out at the appropriate temperature and pIl
ifor the antibody under investigation by the use of trypsimzed
normal corpuscles or corpuscles acted upon by other proteolytic
enzymes such as papam  and by titration mn an albumin medium
rather than n saline  The fifSt tWo téchiniques are particularly
useful  Both should be carried out as the results obtamed are
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positine tests due to the use of inadequately absorbed ant
globulm ser {see p 496) powtive toots may ocenstonally be gnen
by the blood of patents sufferng from o varsety of discases ot
s ¢ven by that of o normal vubgect
One type of positise reaction 15 due to sensthization eccuring
wndre U for instasce clotted or dehbrnated normal blood 5
allowed tostand o refgeratorat 0 to2 C and the antiglobuln
test subsequently ecarrted out on corpuscles obtamed from the
chulled blood the reaction muy be positie due to adsorption of
sncomplete cold antibodies normalhy present in human s
(Dame 1950b)  Corpuscles obtamed from chilled ovslated or
‘rcpmmlzcd blood are less bikely to gue tins type of postne
caction 85 the presence of anticosgulants mhilnts adsorption of
the antibody  Sensstization by cold antibodies 15 not howeser
the only cause of unexpected positn » antyrlobulin reactions Is
same instances the reaction will be found to be positive evenif the
possibility of chilling 7 vatre has been eveluded by collecting the
patsent s blood directly into sihne warmed at 87 ¢ The cawt
of thistype of ' non speasfie  reaction has not as yct been deter
mined It must be 4 very varc event with blood from & strictlf
healthy pevson it 1s not however untommon sn dsseases such
as rheumatod arthntig dissemunateq tupus  ery themstosas
lenkemu royeloselerosts sarcord ang aplastic anemua conditions
m which ok ! of globulins are often found in the
serum  Nevertheless 1t does not seem to be passible to correlate
the merdence of positive resttions w wth the presence of abnoermal
amounts of any particular type of globutin Iy particular the
reaction 15 usuully negative m cases of hepatie eirrhosis and
multiple myeloms despite great mereases m gamma ploby olsns
The nonspeefic  reactons referred to n ‘ﬁe uln .
paragraph are uswally weak ones they are ma“ml;rec'“hmﬁ
concentratrons of a potent saticlobulin serum e tm "”
refatively mmsensitive to the addition to the antxglgbuf aebions 2 {
small amonnts of human 4 globulin a feature which d:“g serumho
them from the reactions of most of the  warm antnb;d‘“guls c;
1 cases of auto wamune acquired hemoly tie BT (!ems fguts\
Fabely megatsve seactions may be due to thres P ep 235}
the antiglobulin serum may be relatively Smpotent ’;ﬁf"“i
capable of detecting strongly sensitized corpuscles the o n DI: ¥
to be tested may have been {7 ty_wusheq fred
surroundisg plasma of surum and the anbiglobyly, ser from
have bren used at an appropriate ddutson may

dilation of an antiglobut R Wrang to
sappose that the dilution 18 1 Serm Which Syl
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quoted antt \ or anti M respectivelv—then the unagglutinated
cells will be very hrgdy those of the donor  If known diutions
of blood are made 1n the agglutating scrum and if the procedur
1s carnied out carcfully and in a stundard way then the actual
numbers of unagglutmated cells pce emm of blood may be
" estimated quite accurately
> Ashby 5 method was not widely applied until the Sccond
"World War  Then 1t was employed as a means of assessing the
relatine value of anticoagulant solutions in the preservation of
blood (Mollison and Toung 1940 1942) Dacieand Molhson (10473)
-~ modifiedd the techmque by introducmng the idea of centrifuging
the ersthrocvte suspensions 1n the agglutinating serum and thus
enhaneing g lutination  They apphied the method to the study '
~of s1x pitients with hereditary spheroestosts  in five of the
patients the transfused normal blood sursived for & normal lkength
of time 1e 100 to 120 days 1n the sixth patient ehmination
was complete n 60 davs—this patient who was Hh negatine
was subsequenthy found to have been given inadvertently h
positive blood  The blood of one of these patients was transfused
" to a normal reapient  As slreads referred to (p 11) 1 stokng
- contrast to the ncrmal survival of normal blood transfused to the
patients this patient s blood survived both before and after the
patient had und rione splenectomy for only a short time 1n the
normal recspient  Loutit and Mollison (1916) and Mollison (1937)
reported observation on patents suffering from various types of
acquired hamolvtic anema  they showed concluaively 1n com
plete contrast to the results obtained in hereditary spheroeytoss
that these latter patients might elimnate transfused normal
erythroey tes extreme'’s rapidly
The general accuracy of the results of these early transfuunn
experiments has been confirmed subsequently 1o many centres
of the world It has been found teo that in other hereditary
. hrmolytie anamias also due apparently to intninsie «orpuscular
defects normal corpuscles survise normally 1n the patients
, whilst the patients corpuscles are more or less rapudly eliminated
. when transfused to normal recipients  This has been shows to be
so for instance in sickle-cell anxma (see p 122) and 1n ellipto-
cvtic and other atypical  congenital hamolytic anrmias
(Crosty 14,0 Daae ot al 1903 Similar results hase been
obtained n paroxywnal norturnal hrmoglobinura (see p 422)

In all the disorders referred to m the preceding paragraph the
rate of elsmmation of the normal corpuscles frem the reriprent s
circulation has been slow and umiform about 1%, or a Lttle Leg

DACTE 8 HEW L. AXRMIAS z
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complementary some antibodies Lo, better detected by one
technique than by the other and tce tersa The results obtamned
by the albummn method usualiy parallel those obtamed by the
ndirect antiglobulin reaction

As will be referred to mn later chapters patients suffering from
acquired hsemolvtic anwmin not uncommenly develop immune
1so antibodies following transfusions  These have to be taken
1nto aceount i mvestigating the patient s serum for non spcclﬁc
antibodies Moreover recent work suggests that some of the

uto antibodies deseloped by patients have definite speaficities
((lsee Chapter 9) In the detection and accurate characterizatior
of a patient s antibodies 1t 15 desirable to have avadlable therefore
a large panel of normal bloods of known genoty pe with which tc
test tus serum or eluates made from s crythroeytes An impor
tant prelimmary step 1s to determme the patient s own genoty p¢
before he recerves any transfusions

Other Serological Tests

The most ymportant test relevant to the diagnos:s of hemolyty
anzemia that has not yet been mentioned is the acidified serun
test (Ham s test) used in the diagnosis of Pparoxysmal nocturna
hemeglobmuria (PNH)  The essence of this sumple test 1s te
see whether the patient s corpuscles undergo rapid hzmolysts 8
87 C m normal serum acidified to a pH between 65 and 70
VWhen carried out with certam essential controls a positive tes
appears to be spectfic for the PN H ery throcyte abnormality

THE ESTIMATION OF THE LIFE SPAN
ERYTHROCYTES AS A METHOD OF INVESTIG(A)’I;]N(
HAMOLYTIC ANZEMIAS

v Ashby s Method The diferential agglutination ’
introduced 5y Ashby (1919) as a means of studying the ‘{;\te:l:]om
survival of the erythrocvtes of one subject after transfusion int
another has proved a valuable tool 1n the nvestigation of th
heemolytic anerias  Brefly the method consists of the trans
fusion into the arculation of the recipient of er: rans
are compatible but which ari: nevertheless
different group For example group O corpuscles
transfused to a group Aor ABrecipient and group ON ::]g}ll,t lh
into a group OM or OMN retcll’plent If blood taken f:g)msi ;

it after B 15 then suspended m a pote,
lt:natmg serum active agamst the recipient s cells—in thexcx;:"g‘ill:

ythroeytes wine
of a serclogicall
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Lquoted anti A or anti M respeetindv—then the uma clutinated
eclls will be very Jargedy those of the donor  If known dilutions
10f blood nre made m the agglatinating scrum and 1f the procedure
15 erried out earefully and 1n o standard way  then the actual |
,numbers of unagplotinated cells per emm  of blood may be
jestimated quite accuratel
»_ Vshby s method was not widel apphed untsl the Second
sWorll War  Then 1t wos employed as n means of assessing the
refative value of anticongulant solutions in the presersation of
blood (Mellison and Young 1940 1942) Dacic and VMollison (1931)
modified the technique by introducing the idea of centnfuging
t the ey throcyte suspensions in the agglutinating serum and !hu;’
enhaneing agglutination  They apphied the method to the study
of six pitients with hereditary spherocytosts  1n five of the
Patients the transfused normal blood surived for a normal length
of time 1¢ 100 to 1°0 davs in the sixth patient climination
was complete i €0 doys—tlus patient who was Rh negatne
| was subscquently found to have been given madvertently Rh
positive blood  [he blood of one of these patients was transfused
1o a normal reciprent  As already referred to (p 11) mstrking
. tontrast to the normal surv1val of normal blood transfused to the
, patients this patient s blood sursived both before nnd after the
patient had undergone splenectomy for only a short time 1n the
normal recipient  Loutit and Vollison (1916) and Mollison (1917)
reported obsersations on patients suffering from various types of
scquired hemolytic anemia  they showed conclusively in com
Plcte contrast to the results ob d 1n heredstary sph tost:
that these latter patients might chiminatc transfused normal
erythrocytes extremely rapidiy
The general accuracy of the results of these early transfusion
per has been d sub Iy 1 manv centres
of the world It has betn found too that mn other hereditary
harmolvtic ancmins also due apparently to intrinsic corpuscular
defects mormal corpuscles survive normally i the patients
whilst the patients corpuseles arc more or less rapidly elimnnted
when transfused to normal recipients  This has been shown to be
so for mstance 1n sickle cell anzmia (see p 155) and 1n ellipto-
eytic and other atypieal congenital hemolytic anwmmias
(Crosby 1950 Dacie et al 1953)  Sumilar results have been
obtamed w paroxysmal nocturnal hemoglobinuria (see p 4.9
In ull the disorders referred to 1n the preceding paragraph the
rate of chmmation of the normal corpuscles from the recipient s
cireulation has been slow and umiform about 1% or a hittle less
pac we AXM L ANSNIR "
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[ the corpuscles disappearing every day  When the results are
plotted on graph paper the course of elimination 15 almost strarght,
1e  limear (kg 21) This is consistent with the ydea that the
hic span of normal erythrocytes 1s comprratively constant and
that elimmation from the cireulation 1n health 1s a function of age
alone  In the acquired heemolytic antmras not onks 1s the rate of
chmination greatly accelerated but the course of ¢limnation 1s

L

lo
SURVIVAL.
1004

804

T T T ——
o 20 40 &0 80 100 120 140
DAYS AFTER TRANSFUSION
Fia 21 Survival of normal corpuscles transtused to a patyent
sufferng from a 1 non spherocstic hemolytic ansommy
(Case 1 of Dacte ef al 1953) The riormal corpuscles wers
cliounated 1 a Imear fashion and survived well over 3 o days

aleo different  when plotted on graph paper the disappearance
of the corpuscles s at first rapid and then gradually slow, (Fig 23)
Ths curvilmear tvpe of ehmination was referred to as eXponen
\!ul by Brown Havward Powell and Witts (104g) ¢ has
eenerally been mterpreted as being due to a  random  forpy, of
Ecctruchon n winch the age of the corpuscles 15 unImportany
The difliculties of exact interpretation and the compleities Which
result when attempts are made to analse the form of eltmunatqn
curte mathematically are illustrated m the papers of Brown ¢ g
{1944) Callender Powell and Witts (1947) Dornhorst (151
Sheets Janney Hanulton and deCown (1921) Evans Amatyy,,
and Ebert (1922) and Eade and Brown {1923) “ ™
Recording Results of Transfusion Studies . €re ape
yarjous wavs m which the dats obtamed by means of a suryy
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study mny be expressed  the end point of elmination or the half
Ife {the time &t which 509 of the transfused erythroestes have
been ebmnated) may be recorded or the mean eell life caleulated
The end potnt of ehmination 1s difficult to determine with
accuracy unlessa very large transfusion has been gnen  However
&

%
SURVIVAL
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BAYS AFTER TRANSFUSION

Fic 22 Sunsvaleurses plotted on ordinary graph papee of normal
corpuscles tran fi to & patient {Case 13) suffering from
idiopathic acquired hrmolytic anzmia of the cold antibody
type  (A) Survival before plenectomy (Bj survival after
plenectoms

1t 13 poss ble to calculate the mean cell Lfe from a knowledge
of the area under the elimmation cun e if hxmolvsis is complete
1n 30 davs or less (Dornhorst 1901)  Apj Iying the calculation
tocunc

‘The total area = 277 quare graph paper umts
Tn tral herght = o0 umits
st
Teght -~ 23 umts

5. umts on graph paper = 11 days
mean cell life = 11 days

when the plot of the elimination results takes the form of a straight
Tine st 15 permissible to extend thus to cross the time axis (abscissa)
and to take this as representing the end pomt  Even so some !
naccuracy 1s inevitable as the termination of the elimmnation plot y
13 probably normally eurved due to vanation in the normal life
span of the cell population (Dornhorst 1951) A simple alterna
tive 15 to determune the half Iife of the transfused corpuscles by‘

-2



1 Laporatory Trsrs

f the corpuscles disappearmg every day  When the results are
plotted on graph paper the course of chmination 1s almast straight
1e  hnear (Fig 21} ‘'Ilus s consistent with the idea that the
hfe span of normal erythrocytes 1s comparatively constant and
that elimination from the eireulation in health 1s 2 function of age
alone  In the acquired hamoly tic anemias not only 15 the rate of

1 greatly lerated but the course of ehmination 1s

D
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DAYS AFTER TRANSFUSION
Fia o1 Sursival of normil corpuscles transfused to a patient
suftering from a { non spherocytic b anemia
(Case T of Dacie et al 1853) The normal corpuscles were
eliminated {n o fmear fashion and surviyed well over 120 days

also different  when plotted on graph paper the disappearance
of the corpuscles 1s at first rapd and then gradually slows (Fig 22)
This euryilimear ty pe of elimmation was referred to as  exponen
tial by Brown Hayward Powell and Witts (1943) It has
generally been interpreted as being due to a  random  form of
destruction 1 which the age of the corpuscles 15 unimportant
The difficuitses of exact mterp and the plexities which
result when attempts are made to analyse the form of ehimination
cun e mathematically are 1lustrated in the papers of Brown et af
(1934) Callender Powell and Witts (3947) Dornhorst (18413
Sheets Jannev Hamilton and deC owin (1951) Lvans Amatuzio
and Ebert (1952) and Badie and Brown (1953}

Recording Results of Transtusion Studies There arc
vanons wayvs 0 which the data obtamned by meuns of a survival
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corpuscles remaun undestroved (Dornhorst 1951) (kg 27)  Alter
natively when the rate of elimination 1s fast enough for the effect
ol ageing to be ummportant (¢ g the elimination 1s completed 1
Iess than 30 days) the mean cell ife can be estimated by dividing
the orca covered by the suriisal curve drawn on ordinary
anthmetical graph paper by the mmtial height of the curve
(Dornhorst 1951) (Fig 22} Inexy m which 11
defect puscles are d to normal reery the mean
cell life mav be obtamed by continuing as a straight hine the imtial!
steep part of the survial eurve  This line will cut the time avis “dx
approuimately the mean cell hfe (Mollison 1951  Crosby and
Akerovd 1952)
Vodifications of Ashby s Method A sedimentation dulferentsal
agglutination_test has-been-cvolved  Instead of counting the
k of 1 d cells after t i Stats (1920)
measured the height of the sedimented agglutinated cells after
the mixture of donor s and recipent s cells had been allowed to
stand 1n a sedimentation tube The proportion of sgglutinated
cells could be calculated from the height of the column of the
d d cells using & cal graph made for each agglu
tmating serum This method can be applied 1n exchange trans
fusions to determime approvmately the proportion of aggtutmable!
s cells A minor mod of the Ashby
method was mntroduced by Hurley and Wewsman (19,3} wh
deliberately used hemolytic ant1 A or antt Bsera  They claimed
that the counting of the unaffected donor cells was facilitated b}'
the removal of the recipients cells by lysis rather than by
agglutination

Methods Employing Isotopes

BN Shemimn and Rittenburg {(1840) using gl cine labelled with
¥\ demonstrated that the amino acid was used n the formation
of protoporphyrin from which hemoglobin was derived  Later
they were able to show that if glycine labelled with 15\ was
ngested 1t was possible to calculate the mean hife span of the
erythrocytes by analysis of the 1sotope-concentration/time curve
of hzmin (Shemin and Rittenburg 1947) A figure of 127 days
for the life span was obtamed 1n one normal subject London
Shemin West and Ruttenburg (1949) subsequently studied the 5%
concentration/time curves of hxmin n patients suffermg from
several different blood disorders In a patient with siehle-cell
anemia the half Iife of the erythrocytes was caleulated to be
twenty mine days and 1n a patient with pernicious anzmia the
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reading from the graph of elmmation the time at which 509
of the transfused corpuscles have disappeared It 1s probably
preferable however to caleulate the mean cell hfe f attempts are
made to correlate rates of cell destruction with for instance,
pigment excretion (Crosby and Akeroyd 1952) When normal
blood has been transfused to a subject with an abnormal hemo
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CAYS AFTER TRAN FUSION

Tic 23 Survivalof normal corpuscles transfused to Case 13 plotted
on semi loganthmic paper (A) Before splenectorny (13) after
splenectomy  [Same data as in Xig 22] Straight lines fave
been fitted io the data and perpendiculars dropy cd corresponding
twith the survival of 479 of the transfused corpus les The
\\p;rp;mllc\xlaﬁ cut the time avis at the menn cell hite (Domborst
1951

Mean cell e (A) = 11 » days {cf Fig 22)
(B} = 26 dayy

Jytic mechanism either of two simple methods can be used to
calculate the mean cell ife  In cases where the efimination oceurs
n o random fashion srrespectn e of the age of the donor cells the
mean celh Wit tnm be asteniawed by plotting the wamabers of
ervthroeytes surviving on a logarithmic scale agamst time on a
linear seale A strught Jine should fit the experimental observa

tions  the mean el hie can be obtamed by dropping a porpends

cular to the time axis from the pomnt where 87%, of the transfuscd
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1043 Neebeles Wenstemn and Leltoy 1003 Wemstein and
Leltoy  192)  The dhromum is thought not to impair the
viability of the edis exposed to 1t IHowcver slow clution takes
place and has to be allowed for in enleulating, cell sunvinal  This
method secms to be o promusing one—pattienlarly m studying
the ymmediate post transfusion survasal of exther freshly drawn or
stored blood ‘The method has the great adyantage over the Ashby
technique that o patient s corpuscles ean be studied 1n his own
vascular svstem and that the sk of transmitting virus hepatite
from one person to another 1s eliminated (F baugh Fmerson and
Toss 1903}

1C, Radio carbon has nlso been used 1n studies of erythrocyte
sunnal  Berlin Lawrenee and Lee (1001) administered glyeine
tagged with 1C to sex eral patients suffering from chrome feuherma
or policythamin  The *C concentration/time curve for hamn
closely resembled that obtained using %\ There was evidence
of an increased rate of humolysis n all but one of the patients
studied
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mean cell Lfe was estimated to be 85 days before treat
ment and 129 days after treatment These results are of great
mterest and have the advantage of being studtes of the patients
own corpuscles 1 thetr normal environment However the
method needs complex and expensive apparatus and materrals
and the data for erythrocyte survival 15 not likely to be more
accurate than can be obtained bv the emnently practical Ashby
method On the other hand the !N method has the advantage
f bemng capable of providing at the same time valuable informa
10n on bile pigment metabolism as well as on the hfe span of the
rythrocytes
Erythrocytes previously tagged with N m one subject have
been transfused to another recipient (Watson James ef al 1953)
This type of experiment also gives simultaneous information on
the disappearance of the tagged erythrocytes and the appearance
of tagged stercobilin in the feces In one experiment 15N was
first observed m the fwces of the recipient seventy days after the
ngestion of 15N contaming glyemne by the donor The concentra
tion of 13N 1n the stercobilin reached its peak on the 122nd day
5Fe One or other of two 1sotopes of iron %5Fe or 5*Fe has
been used mn determiming the survival of erythrocytes after
transfusion (Ross and Chapin 1943 Gibson ef @l 1947) The
first step n the method 15 to give to the donor a small amount of
radio wron usually 5°Fe with a relatively short half Iife (47
days) This radio ron 15 mncorporated m newly synthesized
hzmoglobm  The donor 1s bled and the recipient transfused when
a sufficient time has elapsed for the donor s peripheral blood to
ave acquired the required degree of 1sotope activity (the max:
um concentration is attained about twenty one days after the
dmimstration of the radio won) The decline in the radwo
activity of the recipients blood ean then be measured Thi
techmque suffers from the disadvantage that radro wron liberated
from destroyed transfused erythrocytes 1s more or less quantita
tively reutiized for the synthesis of fresh hemoglobin  The
method 1s thus useless 1n determining the end point of elimmation
lof the transfused corpuscles 1n cases where compensatory erythro
otests 15 active On the other hand 1t gives valuable results
when lysis takes place very rapdly eg m determining the
mmediate survival of stored blood (Gibson ef al 1947)
% 81Cr Sodium chromate tagged with $:Cr has been recent]y
used in the mvestigation of erythrocyte survival  The corpuscles
of onc person can be transfused after tagging to another recipient
or back into the donor humself (Ebaugh Emerson and Ross
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In other types ns for nstance 1 hereditary spherocytosis the
hemoglobin itself 15 normal and the abnormality seems to depend
on a subtle defect 1n ervthrocyte structure or metabolism  These
d 1 prob} are dered 1n more detail later when
cach tvpe of discase 1s dealt with separately
From the point of view of diagnosis the presence n a patient
suffermg from hemolytic anemia of an  intninsie  erythroevte
defect 15 indicated by the unimpaired survival sn the patient of
transfused normal corpuscles and less sp 11y by an i
tendency of the erythrocytes of the patient to undergo lysis or
behave abnormally 1 tfro under certain specified conditions (see
Chapter 1 pp 22-29)

HEREDITARY SPHEROCYTOSIS

Synonyms La microcythémie (Vonlar and Mass 1871)
hereditare  chromischen  Ihterus (Minkowshi  1900) L ictére
congemtal de ladulte (Chauffard 1907) hamolytischen Ikterus
(Gansslen 1922) honstitutionclle hamolytische Anamie (Sphero
cytenanamue hugelzellen anamie) (Naegell 1931) acholunce
jsundice (Campbell 1925-26) spherocytic 1cterus (Krumbhaar
1936) _famhal _bemolitic anmmia (Dacie 1038) hereditary
spheroey tosis (Commttee for Clanfication of Nomenclature 1920)

Of the synonyms referred to above kereditary spherocytosis
seems the most appropriate  The title refers to the inherited
nature of the disease as well as to a fundamental laboratory sign—
spherocytosis

History 'The first bution to the hit on
hereditary spherocytosis appears to be that of V anlair and Masws
who 11t 1871 gave a remarkably accurate description of the disease
under the title  Ia microcythémie  They recogmized that some
of the erythrocytes of their patient were small and spherical in
character and & little more deeply coloured and suggested that
these were corpuscles on therr way to destruction { globules
atrophiques } and that excess bile pigment was derived from
them The illustration from their paper 1s reproduced as Fig 24
Vanlair and Mastus s work has not recerved the recogmtion that
1t deserves

No other notable contribution was made for almost 20 years
Then m 1890 Viilson gave an eccount to the Chnical Society of
London of s1x members of a famuly 1n whom & condition mn which
an enlarged spleen accompamed by a sallow or subreteric com
plexion appears as an hereditary condiion  Next a further




CHAPTER ¢
THE CONGENITAL HEMOLYTIC ANAMIAS
I HEREDITARY SPHEROCYTOSIS

A FaminaL form of jaundice was recogmized by physicans
towards the end of the h century (Murel 1885
Wilson 1890 Vhilson and Stanley 1893) Vilson and Stanley s
aceount was particularly important and undoubtedly referred to
hereditary spt ytosis  the spl ly the dice of the
skin and conjunctivae the penodlc uttscks of deeper jaundice
assocrated with bihary colic the inherited nature of the disease
1ts chromeity and the fact that 1t was compatible with a long hfe—
all these features were well descnibed It was left to Le Gendre
(1897) and Hayem (1898) to show that this type of jaundice was
acholurie with bile in the plasma but not mn the urme In 1300
followed Minkowshis well known description of eight cases of
jaundice in three generations 1n this paper most of the salient
clinieal features of hereditary spherocytosis were well described

It 13 now realized that the disorder (hereditary spherocytosis)
so clearly described by Wilson and Stanley (1893) and by
Minkowski {1900) 1s but one of a serles of distinct types of con
gemtal hemolytic disease  In this and the following four chapters
deseriptions will be gnen of !‘ne major types  hereditary sphero

I non

el JIom‘ h Yy anema
k Iytic anemia Mediterranean anemia and sichle

cell ana—rma Other less clearly defined types eaist and these will
also be briefly considered

All types of congenital hemolytic anzmra depend upon an
inhented abnormality of the patients erythrocytes the different
diseases bemng distinguished by drfferences m the nature of the
erythrocyte abnormalities and m the modes of inhentance In
each tvpe the result of the sbnormalities 1s that the Iife span of
the patients corpuscles is shortened All grades of cellular defect
are found and this leads to marked differences in the seventy of
the anemia from which the patients suffer

The niture of the erythrocyte defects 1s 1n most instances
poorly understood It 1s known however that m sichle cell
anzmia the molecules of 1 lobm are ab 1 and that in
Mediterranean anemia there 1s a defect 1n hemoglobm synthesis

8




gw

H

£3

.

ih]

£3

E:
Y 3
=3 R
Pl .m.u
-~ 23
23 L
3 ®E
2 EE
27 2%
iy B2
cE £x
2% %
]

nm iy
eETE
g3 %
SEREL
z8ag3
PRI
mm«nu
2 1

¥

Fic 28 R
1pe
3rd se



50 HEREDITARY SPHEROCYTOSIS

and more detailed account was given bv Wilson and Stanley
(1893) and an-erma was recognized as an important feature of the
disease  Sigmificantly they concluded that no doubt can be
entertained that the splemie disease 1s aceountable for thus ~ One
of the patients died her spleen was exammed and found to be
firm and dark red on section and microscopie sections showed
1t to be engorged with bload cells  Death was considered to have
been due to active h-emolysts of spleme ongin

A detailed account of Wilsons papers 1s given by Campbell
{1925-26) who examned the only survior of Wilson s s1x patients
and confirmed the diagnosis of hereditarv spherocytosis

Wilson s descriptions were followed 1n 1900 by the better
known report of Minkowshi  Minkowskl s paper was soon followed
by those of Gilbert Castaigne and Lerebowllet (1800) mn France
and by that of Barlow and Shaw (1902) in England Barlow and
Shaw recognized that their cases were probably simlar to those
of Wilson Their report 15 nteresting n that they record the
presence of ulcers on the lower part of the Ieg in both their patients
In America hereditary spherocytosis was first described 1n detail
bv Tileston and Gnffin (1910) and by Thayer and Morrss (1911)

In the last fortv years the disease has been reported from many
parts of the world and 1t now has a veluminous hiterature  Reviews
and monographs mclude those of Tileston (1922) Gansslen
Zippetlen and Schuz (1925) Campbell (1925-26) Meulengracht
(1922 1938) Bamatter (1932) Cheney and Cheney (1934)
Vaughan (1936) Gripwall (1938) Dacie (1943) and Young Izzo
and Platzer (1951)

CIINICAL FEATURES

Inheritance According to Meulengracht (1921} Plate (1913)
was the first to suggest that heredxtary spherocytosis was 1therited
as a Mend Me ht himself investigated
seven families in Stockholm  He found that the healthy members
of the famulies did not transmut the disease and with one exception
that the disorder was always inherited through an affected parent
Meulengracht attributed the exception to mutation Subsequent
workers have confirmed the general truth of Meulengrachts
observations {Campbell and Vvarner 192526 Race 1942
Young I7z0 and Platzer 1951 Abrams and Battle 1952)

The most recent detmled study 15 that of Race {(1942) who examined
183 members of 20 different famihies 1n which the disease had occurred
He d that the followed the Mend:
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pattern nlthough there was o deficiency in the expected number of
affected miblings  Race altributed this {o two fictors  an unuwnlly
tagh i carnage tte and infint mortality of affecteil compared with
unnifected siblings and santion in penetrance leading to mild and
ensily mi sed forma of the disease  In t out of the 26 famulies studied
By Itnce both parents of an affected propoutus were apparently un
affected  in 3 of the families nll of 16 other relatives studied were
alo d that was n possble but
unlikely cxplination and that the alxervation gave  rome support for
an acquired form of Whe divease  Two of Race s patients (with both
parents unaffected) were studied by the author in 1074 In these at
fen t there seemed good evudence that the disease was congemital—
both proposit were amall children and the discase tn each wad typical
inevery way  Ifmutation s in fact improbable 1t seems that imitation
of peoctrance in o carmer  pirent is the more Tikely exphination
1t1s well hnown for instanee that the disease in an active f3rm may be
transmitted by a parent who shows only minimat signs of the discase
In the studies of both Race (101.) and Young et al (1051} there was no
deficieney in the expected numbers of affected chukiren of propositt
although the number of aflected siblings was below expectations

Tn one of Tace s familics (No_26) two probable heterazygotes who
were first cousna marmed  This woull be expected to lead to the
homozy gous state in one in four of their cluldren  Two miscarriages
ocenrred. and Race suggested that these may have been the hamozy
gotes and that the gene was lethal when homozygous  Howcver
Bernard Bowon and 1 stager {19,.) have recently reported studies
on o family of 13 chul Iren all of whom suffered from varying degrees
of sntmin jaundice an1 splenomegaly  The father was also uffected
but the mother and her reirtives were apparently normal  Bernrd
and tus colleagucs con idered that the most hkely explanation for all
13 clildren being affected was that their father was homozygous for
hereditary spherocytosis  Unfortunately this coul L not be proved ns

clear evidence of jaundice was only found on the maternal side of tus
famufy

Race and Incidence IHereditary spherocytosss 1s an abnor
mhity probibly not confined ta any particular race  However
it 1s certainly best Anown as a «hiscase affecting people of European
orgm It 1s rare m negroes but probably not as rare as was nt
one time thought  All the cases so far recorded 1n negroes seem
to have been discovered m Amenea (Scherer and Ceenl 1840
Coodman and Cates 1947  McCormack and Simon 1048
Tutterworth hracke and Riser 1940) The disease has been
teported by Salah (1936) i Egyptians and by Stransky and
Daws Lawas (1927) in the Pinlippimes  Its true incidence in races
aother than Turopean 1s not known In Brtmn it cannot be
considered o rare discase ‘The low mortality and the excellent
results of splencctomy (g ) sug, est that with » steady mutation
rate the intidence of the disorder 15 Likely to increase



Fic .o Several hilateral
chrome ulceration of the
legs 1 a patient with
hereditary spherocytosis
Female aged 59  (Re
proluced by courtesy of
Dr A Gilpin)

Fic 26 Severe chrome ulceration of the left leg of a patient with

hereditary_spherocyt Male aged 48  (Reproduced by

os1s
courtesy of Dr A Galymn )
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genctic Iinknge with sex blood groups ability to taste phenyl
thioearbanude ability to secrete the ABO antigens in salisa cye
colour or car lobe attachment {IR1ce 1942)

There arc a few reports of the oceurrence of endocrine abnor
malities 1n association with hereditary spherocytosis  Freymann
{1022) deseribed two brothers and o sister with tower shull
delicately formed bones and hypogemitalism and Curschmann
(19°3) two patients with signs of hypogenitalism and infantihsm
More recently Falconer (1936) referred to a girl with signs of
ovarian hypofunction and obesity and Debré and his colleagues
(1938) to an 1 tendency to bachward in physieal and
sexutl development  As mentioned on p 51 Bernard and co
workers (1902) desenibed a family of 13 affected children  1n nine
out of the 13 children there was clear evidence of physical and
mental retardation n four of them tlhis amounted to true
mfantiism  They all improyved remarkably after splenectomy

Symptoms and Physical Signs

Patients with hereditary spherocytosis usually present with
jaundice signs of anzmia and an enlarged spleen  They may gne
1 addition a history suggestive of gallstones  Occasionally they
complain of intractable leg ulcers  As mentioned above some
patients make no complaint the discase being discovered aca
dentally 1 others one or more of the mam clinical features may
be absent

Jaundice The jaundice 1s charactenstically acholuric the
direct van den Bergh reaction 15 almost always negative and the
urine contains urobilin but not bile  The degree of bihrubimemia
vanies  usually the plasma level hies between 1 and 4 mg per
100 ml  Oceasionally despite other signs of active haemolysts the
plasma bilirubin level 1s within the normal range 1€ 08 mg per
100 m! or less {(Ring 1901) n such cases the hver is presumably
particularly efficient in excreting the excess btlirubm formed
Jaundice 1s rarely noticeable in children 1n the first few years of
life (Debré et al 1938)  Usually 1t 1s not until an alfected cluld
has reached school age or adolescence that jaundice appears—the
early onset n the large famly of Bernard Botron and Estager
(1852) 15 exceptional

Plasma bilirubm levels greater than 4 mg per 100 ml are
mfrequent 1n some patients ugh bilirubin levels are due to
hemolysis occurring at a particularly rapid rate  1n others they
appear to be the result of the liver being relatively iefficient
excreting bilirubin - Bule 1s oceastonally found in the urme  This
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Ageand Sex The diseaseis not sex inked Being congemtal
1ts presence 1s most frequently diagnosed for the first time when
the patientis a child or young adult  ¥owever there are numerous
exeeptions to this and it 15 by no means uncommon for the
disorder to be unrecogmzed 1n early cluldhood Debré Lamy Sée
and Schrameck (1938) reporting on 20 cases found that, whereas
the disease was diagnosed m each case before the age of 14, 1n
only three patients had the diagnosis been made before the age
of four years [E~xceplionslly the diagnosis may be made for the
furst time 1n an elderly subject attending hospital for some unrelated
complaint or because one or more of his children have been found
to be alfected An extreme example of delayed diagnosis is
nstrated by one of the family pedigrees published by Race
(1912 farmly 9) The propositus of this fanuly was a man aged 77
who was found to have a palpable spleen and shight anzema when
attending hospital for bronchitis  Subsequently two of his chuldren
and o grandson were also found to be affected  they considered
themselves to be healthy although in fact they had the disease
1 a more severe form than hud the pmposxtus

On the other hand hered tosis has been
1 :nfants soon after birth (Ha“ksle} 1936 Conrad and Schmdt
1946 Macaulay 1951 Bernard et al 1952) Usually this has
been done when one of the parents or a pres ious sibling has been
known to be affected and the disease has been partieularly looked
for In general the more sesvere the disease the more likelv 15 1t
that the diagnosis will be mdde at an early age

Associated Abnor Gansslen Zipperien and Schuz
{1925) stressed the nssocmtlon between hereditary spherocytosis
and other cong thus referred to
the hamolytische Konstitution * He particularly stressed the
occurrence of tower shull brachycephaly eye abnormalities
polydactyly brachydactyly and infantibsm Hansen and Klem
(1934) added other abnormalities which they thought characteristic
such as arched palate broad base of nos¢ squint and dental
abnormalities  Other suthors such as Meulengracht (1938)
Grpwall (1948) Dehré and co workers (1838} have not seen
associated abnormehties with anything hike the frequency that
Gansslen and Hansen and hlemn reported them Of Race s
patients only three had gross ie
absence of a band m one patient cervical rbs m nnother and
mental deficieney 1n another Tt seems hikely therefore that in

most famslies the d of skeletal ab Lities 15 not hagher
than 1n the general population  Nor s there any evidence for

1 d
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cytosis develop gallstones (Chenev and Cheney 193¢ Dates and

Brown 19,2) They may be found even m children (Gairdner

1939) The stoncs are a potent source of trouble in later lifc and

not infrequently lead dircetly or indirectly to the death of the

patient Sometimes the presence of the hemolytie anzmua stself

15 first ciscovered m o surgieal ward the patient hnvmg been
of

admutted for surgeal treat of a pl
The gallstones are of the plgment variety and presumnbl) develop
as the result of the 1on of bilirubin i the bile

If their presence leads to cho]cc)smn or cholangmitis stones of
nuxed type contaiming bile pigment and cholesterol may form

Mixed stones are radio opaque  purc pigment stones are not

Leg Ulcers Intractable uleers of the leg not associated with
varicose vemns are a remarhable and quite frequent comphication
of hereditary spherocy tosis (Figs 2. and 26)  They were recorded
as early as 1902 by Barlow and Shaw 1n a mother and her son
As a rule the ulcers heal quickly after splencctomy (Vaughan
1936 Leger and Orr 1940) They arc usually found in the old or
muddle aged patient  Dedichen (1931-32)  howeser  reported
crural ulcers 1n three voung men (two of them brothers) aged 15
17 and 17 years respeetively  In each case the uleers healed after
splencctomy  Another example 1n o woman aged 20 was
desenibed by Taylor (1939) Ierc too the uleer healed after
splenectomy

The ulcers are penerally bilateral and nearly always start well
above the medial malleolus  In severe cases they may extend
almost completely round the leg and also upwards for a consider
able distance (Figs 2u and 26) They are quite mdolcnt and are

d with of the shin  The

presence of the ulcers 13 not diagnostic of hereditary spherocytosis
for they are not uncommon 1n sickle cell ancmua and may rarely
be met with in other chronic discases associated with splenomegaly
(Gendel 1948)

Blood Picture

Erythrocytes  As already referred to (p 10) the erythrocytes
in hereditary spherocytosis tend to be more spherordal and less
disc like than normal corpuscles The mean diameter of the cells
18 less than normal and their breadth (thickness) greater than
normal  the normal biconeavities are less marked It must be
cmphasized that the extent of the cellular abnormalty varies
from case to case and that there 1s in addition a considerable
variation 1n the degree of spherocytosis m the cell population of
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35 usually due to bihary obstruction resulting from pigment
gubtones  Less commonly 1t 15 found 1 severe hremoly tic enises
m the course of which hiver damage sometimes develops  In the
serses of patients desenibed by Young Izzo and Platzer (1051) the
pre operative bilirubun Fevels vanged from 06 to 57 mg per
100mi  the mean bilirubm level was 2 0 mg per 100 mi {see also
Table 8)

Anmmua  Anemuan hereditary spherocy tosss 15 very s arable
sn degree 1t 15 unusual for 1t to be extremely severe  not
uncommonly 3t 15 shight or even absent  In most patients the
haemoglobm level ltes between 75 g and M g per 100 ml Asa
rule the rates of hemols s15 and regenerstion are sufficiently stable
for each patient to mamntan a fanrly steady hemoglobsn level for
long perrods

Ainor Hamolytie Crises  It1s characteristic of the disease that
from tune to time the jaundice deepens and the anermia mcreases
the patient may then complam of abdommal pam and develop
pyrexia Vomiting 1s not uncommon and the spleen may increase
m size  In children unéxplamed pyrexis and tachyeardia with
abdommnl pawm nd vomting occurring at ntersals and not

d with pbvious joundice may be the pr

of the disease (Debré et o 1838}  After a few days or o week or
so the evacerbation usually passes off wnd the patient s hemo
globin will then mise to about its usual les el and the jaundice will
dimimsh  Minor cemses such as these often follow mntercurrent

on other there appears to he no abvious
cause  More scrious crrses occasionally develop  these cuses
which generally seem to be due to a sudden faidure i erythro
poesis are of specsal interest and wil be dealt with m a later
section {p 68}

Splenomegaly 'The spleen is probably mvanably enlarged
and 1t 35 1o find 1t uny t was g0 in 8¢ out of
the 20 patients of Young and co workers {1951} In affected
children a palpable spleen seems to be n partieniarly constant sign
{Debré et ol 1038} 1t may i fact be the only certain physicat
sign of the shnormahty m & child or sibling of a known patient
Usually the lower edge of the spleen 1s palpable somes here betseen
the left costal margin and the level of the umbihens  In consis
tency the spleen feels moderately firm  occasionally st is tender
on palpation  The spleen generally moves frecly on respiration
and st operation it s usually frec and not adherent  The Instology
of the splecn 1s considered on p 70

G Many p from }

1

Y sphera




0 JO°U® o3 ik
) 602,00, A0t
o 2 OOOquoA_ £t
)~ 000 €F i
o 00° ©oF i

O O :
O00.© 0Q s

& 20009 B
b Op 90 O i
® G0 Cadoat i,

{Tof ap 56



56 HrreDITARY SPREROCYTOSIS

any particular pattent It seems probable that as the erythrocytes
mature they become more and more spherocytic and that the
youngest cells (the reticulocytes) are the most dise Iike (lepto
eytic) Nevertheless 1t has been shown that the reticulocytes
hereditary spheroevtosts although thin dises, are less disc ike
and have smaller drameters than normal reticulocytes (Paultno

No
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DIAMETERS IN it
¥16 27  Erythrocylte-diameter distribution curves (Price Jones

curves) made from the dried films of the peripheral blood of
three patsents with hercditary spherocytosts e——o s a
curve of a mild example of the discase & eandw——=s
are curves of typical cases of hereditary spherocytosts  The thin
continious hines indicate the maxmum and mintmum normal
curves (Reproduced from Practical Hematology London
Churchall 10,0)
1919) The contrast mn size between the spherocytes and the less
densely stamming more flattened cells some of which are reticulo
cytes 15 shown in the stained blood film 1llustrated in Fig 28
The dimensions of the spherocytes of hereditary spherocytosis
have been repeatedly studied Figures for mean cell diameter
(MCD) mean cell thickness (M C T ) and mesn cell thickness
diameter ratio are to be found mn papers by Vaughan and Goddard
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(see text p O7)
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count 1s marhedly rased particularly 1f the patient 15 serously
anemic  Other things being equal normoblists are found

greater numbers i the blood of children than in the blood of
adults

Osmotic Fragility

Eser since the proncer observations of Chauffard (1907) great
interest has been tahen in the phenomenon of the increased
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¥i6 31 Tieresultsofo motie fragility testsin 17¢n ¢ of hereditary
spterocytost (before splet e tomy) (F1S ) ond n 11 cases of
Fereditary elliptoeyto 15 (H 1
The horizontal lines show the limits of the normal range
and tle double line the normnl ringe of the MCF Tie
ohseryations on each patient are refresented by an upright
rectangle  tlc short honzontal black bars show the M C 1

osmotie fragility of the erythrocytes of hereditary spherocytosis
Indeed at one time an increase i fragility  almost came to be
l d of hereditary sph tosis  As already
explained 1t 15 now recogmzed that this view was crroneous for
the increased fragility depends upon spherocytosts which ean be
due to several causes
As discussed on p 23 the results of fragility tests have been
generally reported esther by recording the concentrations of saline
which (a) cause just detectable lysis and (b) complete Iysis or
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(1934) Hawhsley and Bailey (1934) Heilmeyer (1936) Hawhsley
{1936) Vaughan (1937) Gripwall (19388) Mogensen (1938) and
Young Izzo and Platzer (1951) 1In 5 personally studied cases
the average mean cell diameter (measured on dry films) was § 4 p
(normal mean 7 2 u) and the mean cell thickness (calculated from
the MCD and MCV ) was 2 6  (normal mean 2 )  the average
thickness diameter ratio was 040 (normal mean 028) The
microcytosts (and also the mcreased anisocytosis) can be well
demonstrated 1f Price Jones curves are drawn (Fig 27) The
mean corpuscular volume 1s usually within the normal range
before splenectomy the mean value in 83 of the writers cases
was 83 5 ¢ 1 and the range 70 to 99 ¢ 2 after splenectomy m 21
cases the mean was 84 8 ¢ s and the range 62 to 98 ¢ u (Table 3)
Spherocytosis can be appreciated if wet preparations of
blood are exammed (Fig 24) Gripwall (1938) and Dameshek
(1939) have drawn attention to the unusual irregulanty of the
rouleaux which form in blood contaming spherocytes the abnormal
cells not fitting together as regularly and as tightly as do normal
corpuscles
e h lobin content of spl tes 1s normal  the hamo
globin concentration 1s shghtly above the normal range (Table 3)
{see later under Chemustry of Spherocytes) In stamed films
spherocytes appear as small relatively deeply staining cells Asa
rule there 1s no trace of central pallor (Fig 28) Their diameters
vary considerably  the contours are usually consprcuously
rounded Their size and staming are best appreciated when they
are compared m the same field of a blood film with the larger less
spherocy tic reticulocytes which stamn diffusely basophilic with the
Romanowsky dye
Reticulocytes In hereditary spheroeytosts reticulocytes are
normally present in far larger numbers than n health the count
usually bemng between 5% and 20% The reticulocyte counts
of the author s cases (before splenectomy) are shown m Table 3
Usually the reticulocyte counts remamn at high levels throughout
the patients lives unless splenectomy 1s carried out Ocea
sionally however for reasons which are at present obscure
erythropotesis in the marrow may become greatly reduced or even
pletel; pended The peripheral reticulocyte count then
falls to low levels and the patients may quichly go nto an
aplastic (or an®Emic ) crisis (see p 68)
Lrythrobl N blasts are not ly present in
the peripheral blood of patients with hereditary spherocytosis
Small numbers however may be found when the reticulocyte
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count 15 marhedls rased particularly 1 the patient 1s serously
anzmic  Other things being equal normoblasts are found in
greater numbers 1n the blood of children than in the blood of
adults

Osmotic Fragility
Eser since the pioneer observations of Chauffard (1907) great
interest has been taken i the phenomenon of the mncreased
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F1c 31 The result of osmotic frigihity testsin 17 cases of Fered tary
pleroeyto 1 (before splenectomy ) (HS ) and 10 11 cascs of
bereditary elliptocytos (H L )

"The honzontal lmes how the himits of the normal rany,
and the doutle line the normal ringe of the MCF  The
obrervations on cach patiert are refresented by an upnght
rectangle  the short honzontal black bars show the MCF

osmotie fragility of the erythroeytes of hereditary spheroeytosts
Indeed at one time an increase in  fragiity  almost came to be
considered drtagnostic of hereditary spherocytosis  As alrcady
explamed 1t 15 now recogmzed that this view was erroncous for
the increased fragility depends upon spherocytosis which can be
due to several causes

As discussed on p 23 the results of framlity tests have been
generally reported either by recording the concentrations of saline
which (a) cause just detectable lysis and (b) complete lysis or
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more pletely by ding the p ge of hemolysts
caused by each saline concentration used The results of &
quantitative test form a curve when plotted on graph paper It
15 conventional to plot the percentage Iysis as ordinate agamst the
corresponding concentration of hy potonic sahne as abseissa (Fig 17
p 24) All grades of increase 1 osmotic fragility are found m
hereditary spherocytosis and 1n & small proportion of cases the
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% NaCt
Fig 3. Types of osmotic fraplity curves mn hereditary sphero
cylosis {redrawn for Dacte 1943)
N Normal type rurve
T Tailed curve
D Diagonal curve
‘The shaded area represents the normal range

result falls just within the upper hrmut of the normal range  The
results of tests carried out on patients recently studied by the
author are shown in Fig 81

Dacie (1043) reporting on the curves obtamed with the blood from
24 patients suffering from hereditarv spherocvtosis® noted certain
differences in the form of the curs e in different patients  The commonest
typeof curne wasa  tadled one with eurves of this sort haxmolysis
was first detected with saline of concentrations between 0 769, and
0 58% and only gradually incrensed in amount with diminishing shine
concentration untifa point was reached at which 10t 209 of the erythro.

1 1t is probable 1n retrospect that anc and possibly two of these patients
swere suffenny from acquired hrmolytic anxmia
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cytes were lysed  Beyond tlus point the curve became abruptly
steeper and of approximately the same shape s the curve of & normal
person  The cell populations producing curves of this sort are cleatly
heterogeneous and include small proportions of unusually fragle cells
In 6 patients  diagonal  curves were recorded  here hrmoly sis was
first with saline varying between 0 800, and
0082, and increased fairly steadily as the coneentration of saline was
reduced  In 5 patients jn whom the inerease in fraplty was slight
the shape of the curve was normal or almost normal and there were
only very small tails of fragile cells  Further experience has confirmed

L)
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Leay
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60
—Ed Ay
40
Evay

03 04 ©05 06 ©O7 08
% NoCi
Tic 73 Osmotic fragility curves of t! ree patients with heredit ry

spl erocyto 19 all belonging to the same famuly The shaded
srea ref tesents the normal range

the general truth of these observations but it is clear that curves
intermediate in type between the extremes illustrated in Fig 32 occur
It scems Iikely that a patient retains his own charactenistie type of curve
for long peniods and that membess of the same family more often than
not have the same type of curve (Figs 33 and 34) There 1s however
o close correlation between esther the initial or the median fragihties
and the patients erythrocyte counts although 1t is true that in general
those patients with’ the greatest snereases 1n osmotic fragility ate the
most severely affected chnically

-

Osmouy!-‘ragnhly after Incubation for 24 Hours at 37 C
{ Incubafion Fragility ) Fmerson Shen and Castle (106)
Emerson Shen Ham and Castle (1947) Young (1947) Mater
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{1950) and Varad: {1951) observed that the increase wn osmotic
fragility resultmg from mecubation at 37 C was more marked 1n
hereditary spheroeytosis than i normal subjects Later Young
Izz0 and Platzer (1951) published details of their observations on
17 p before spl y and luded that the mcub
test was particularly useful in detecting the shghtest grades of
abnormahty In several instances the framlity of the blood
suspected to be ab 1was sig Iy greater after incub
than that of normal contrals whereas there had been no sigmificant
difference before mcubation  Curves illustrating the changes m a
typical case are shown in Fig 19 (p 25) While there 1s no doubt
as to the general usefulness of the ‘incubation fragility test 1t
seems doubtfu] whether 1t nal} always pernmt the differentiation
of the mildest examples of hereditary spherocytosis from normal
Dacie Molhson Richardson Selwyn and Shapiro (1953) recorded
the history of a man aged 81 a member of a family hnown to hase
hereditary spherocytosis of a shightly atypical type (see p 67)
who was neither an@mic nor jaundiced but whose spleen was
palpable  On incubation the fragility of his erythroeytes stal
remamed at about the upper range of the normal

The unusual merease m osmotic fragihty which results from
the mcubation of the blood of patients with hereditary sphero
eytosis 15 associated with an increased rate of spontaneous
bamolysis (Selwyn and Dacie 1954) (see below)

Spontaneous Lysis on Incubation at 37 C (Autohzmolysis)
Ham and Castle (19402 and b) reported that when blood from
a patient with hamolytic jaundice was mecubated at 37 C hamo
1ysis oceurred after 12 hours although blood from a normal subject
did not undergo hemolysis for 82 hours Dacte (1841} reported
abservationson 10 patients  Amountsoflysisyvarying fromtracesto
% Iysis were obsery ed after 24 hours incubation and up to 50%
ysis 1n 48 hours  Wath normal blood only traces of lysts wire to
be seen after 24 hours and not more than 5%, after 48 hours
mncubation It was also shown that in hereditary spherocytosis
spontaneous lysis was a property of defective erythrocytes for
Jyss took place at an accel d rate 1n saline susy of cells
1n the absence of plasma and as rapidly in normal plasma as i
autogenous plasma  lysis was somewhat slowed in plasma ar
serum which had been previously heated at w6 C for 30 minutes
A general correlation was noted between rates of Iysis and the
degree of mcreasc 1 osmotic fragility (before incubation) This
worh has since been confirmed by Carolt Etévd Paraf and




Mecmangean Frecm 63

Robwneau (1939} Young Irzo and Platzer (1951) and Young and
AMiller {1903)  Selwvn and Dace s (1924) ins estigation was under
taken to try to find out what was the underlsing cause of the
rapid Ivsis of spheroeytes on ancubation tn titro  Several interest
ing facts were established  The spheroes tes of hereditary sphero
cytosis swell and take in sodinm at the same rate as normal
corpuscles  they lose potassium at & normal or shightly accclerated
rate  These changes are markedly slowed in the presence of
glucpse as are the changes in normal corpuscles Lvsis 1s not
corrclated with swelling of the corpuscles as suggested by Ham
and Castle (19102 and b} but rather with the rapidits of inctease
m fragility on mcubation  Selwyn and Daecie (1921) concluded
tentatively that Iysis depended upon a defective cell membrane
which underment & degeneratine trresersible shrinkage more
rapidly than normal The nature of the membrane abnormality
and the processes mvolved i its degencration have yet to be
established (see also p 82)

Mechanical Fragility

Spherocytes were reported by Shen Castle and Flenung (1944)
Maser (1950) and Matthes (1950) to be unusually easily Jysed by
mechamical trauma  The most extensive data on this point s to
be found 1n Young ITzzo and Platzer s (1951) paper Young and
his colleagues studied 18 patents (before splenectomy) and showed
that the mechanical fragility of their corpuseles was on the average
4 to 5 times that of normal controls  after incubation the average
mechameal fragility of the patients corpuscles was about 3 times
that of the controls

Serology

Boorman Dodd and Loutit (1936) and Loutit and Mollison
{1946) reported that the direct antiglobulin (Coombs) test was
negative in patients with hereditary spherocytosis  The observa
tions of most later workers including those of the author have
confirmed this  Young Izzo and Platzer (1951} for example
reported negative results in 28 patients  Positive reactions have
however been reported by Singer and Yotulsky (19149) Wrght
Dodd and Bouroncle (1949) and VWright Dodd Bouroncle Doan
and Zollinger (1951) It 15 possible that some of these positive
reactions have been duc to the use of an unsuitable techmgue
However 1n 2 few patients 1n hzmolytic crises 1t seems probabte
that antibody development leading to autoscnsitization may
have been superimposed upon the origmal congemital disease
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(1950) and Varad: (1951) observed that the mncrease in osmotic
fragility resulting from mcubation at 37 C was more marked mn
hereditary spherocytosis than in normal subjects Later Young
Tzzo and Platzer (1951) published detatls of their observ ahons on
17 patients before sp} and Iuded that the

test was particularly useful 1n detecting the shghtest grades of
abnormahty In several mstances the fragity of the blood
suspected to be abnormal was significantly greater after incubation
than that of normal controls whereas there had been no significant
dufference before incubation  Curves illustrating the changes in a
typical case are shown i Fig 19 (p 25) While there 1s no doubt
as to the general usefulness of the mcubation fragihty * test 1t
seems doubtful whether 1t will always permit the differentiation
of the mildest examples of hereditary spherocytosis from normal
Dacie Mollison Richardson Selwyn and Shaprro (1953) recorded
the history of a man aged 81 a member of a family known to have
hereditary spherocytosts of a shightly atypieal type (see p 67)
who was neither anemic nor jaundiced but whose spleen was
palpable  On mcubstion the fragiity of his erythrocytes still
remained at about the upper range of the normal

The unusual mcrease 1n osmotic fragihty which results from
the mcubation of the blood of patients with hereditary sphero
cytosis 1s associated with an increased rate of spontaneous
heemolysis (Selwyn and Dacie 1954) {see below)

Spontaneous Lysis on Incubation at 37 C (Autohzmolysis)

Ham and Castle (19402 and b) reported that when blood from
o patient with hemolytic Jaundice was incubated at 87 C hamo
Iy s1s occurred after 12 hours although blood from a normal subject
did not underge hemolysis for 82 hours Dacie (1041) reported
observationson10patients Amountsoflysisyarymg fromtraces to
5%, lys1s were observed after 24 hours ncubation and up to 50%
lysis 1 48 hours  Wath normal blood only traces of lysis were to
be secn after 24 hours and not more than 5% after 48 hours
incubation It was also shown that n hereditary spherocytosis
spontaneous lysis was a property of defective erythrocytes for
Tysis took place at an lerated rate i saline susp of cells
1n the absence of plasma and as rapidly m normal plasma as in
autogenous plasma  lysis was somewhat slowed m plasma or
serum which had been previously heated at 56 C for 30 minutes
A general correlation was noted between rates of lvsis and the
degree of mcrease 1t osmotic fragihity (before incubation) This
work has since been confirmed by Caro Ltévé, Paral and
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Bile plgment Metabolism in Hercditary Spherocytosis

The usual range of plasmn biltrubin levels in hereditary sphero
cytosis has been referred to on p 53 Urobilmogen cxeretion 1n
the frees 1s charactenistieally increased and may be many times
the normal (Coldschmidt lepper and Pearce 1915 Watson
1937  Barker 1038 Crosby and Akeroyd 1952)

VW atson s (1937) data are the most extensive  Ten of hus patients
sulfered from hereditary spheroevtosis  their excretion of uro
bilinogen A aried from 136 to 2 470 mg per day  the average was
approximatelh 900 mg (about ¢ times normal}  Barker (103%)
studtedd 3 patients  thew duly excretion ranged from ,00 to
1087 mg  Watson made the pomt that the exerction of ura
bilinogen n the urine 15 hardly rased in uncomplicated cases
m his patents the total daily excretion ranged from 1 to 10 mg
compared with the normal exeretion of 0 6 mg  When urobilinuria
of marked degree occurred this was in Watsons view nearly
always duc to complieations such as infection severe anrenut
infarction the eficcts of anwesthesta or  hemolvtic erisis —all
of which affected the function of the Iiver  In one jaundiced
patient with marhed urobthnuria however none of these factors
was apparently operating and it appeared likely that liser function
was coneurrently disturbed at least in respect of its power of
exereting bile pigment

VARIANTS OF HLREDITARY SPHEROCYTOSIS

Mild Forms of the Disease Cansslen Zipperlen and Schuz
(192,) and Campbell and Warner (19°5-26} were among the first
writers to stress the evstence of very mild forms of the disease
As a result of studies involsing about 120 patients Gansslen and
co workers desertbed three mam types of the disease  a complete
Jorm a compensated form—85%, of the patients without anemia
5% with polycythama 40% without jaundice 309, without
splenomegaly 109, without inercased osmotic fragility and &
mald form which they referred to as the leichte hamolytische
honstitution  Xn this last group were placed healthy people
with perhaps shghtly d degrees of . of the
erythroeytes mimor fragility changes shght and inconstant
bilirubinemia but with no anzmia or splenomegaly Out of
68 members of a famly comprising 161 persons 1n three genera
tions Cansslen and his colleagues found ten completely healthy
subjects eleven with the complete disease thirty four with the
compensated disease and thirteen with the mild carmer form

D B8 MENOL ANEMI 8
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(Dameshek and Bloom Case 6 1948 Mendes de Leon 1952

Young and Miller 1953) Mendes de Leon {195.) 1 studies on
the cffect of incubition on normal corpuscles suspended
patients sera reported that in mine out of 12 patients (before
splenectomy) the ‘hemolytic actimity’ of the serum was
mcreased  After splenectomy the haemolytic activity was normal
The sigmficance of these observations needs elucidation

Frythrocyte Chemistry wn Hereditary Spherocytosis
The few chemical observations available point to differences
between hereditary spherocytes and normal corpuscles

Mauzels (1036) concluded that the potassium and water_coneentry
tions_of the erythrocytes were low 1n hereditary spherocytosss the
sodium concentrations were normal and the hemoglobin concentrations
tncreased  Hle powmnted out that the hamGglolin and water cofien
tration§ would have an inverse relationship and that the total eation

would be dep on the water concentration IHe
also pownted out that as a small proportion of the cell wateris  bound
by the hemoglobin the high haxmoglobin concentration i spherocytes
‘would result in a highef praportion of the cell water bemg Totnd
Muaizels studied three patients before and aiter splenéetomy e
hemoglobin concentration m the erythrocytes fell by about 107, after
operation and their water content increased shghtly the potassium
concentrations and cell volumes tose shightly

I'mckson Wilhams Hummel Lee and Macy (1037) studied the
ervthroevtes of three children with hereditary spheroeytous (two after
splenectomy)  1n one patient before splenectomy they found the cell
potissium concentrationtobehigh  in the other two cinldren exarmined
after splenectomy the concentrations were normal  These obscervations
are at vanance with those of Mazels {see also below)

Selwyn and Dacie s (1804) work was based on 10 patients and has
confirmed Maizels s observations  They found the hamoglobin con
centration to be igh mean 87 g range 8540 g per 100 mi cells
(normal range 82-36 g per 100 ml cells) the cell water to be low
range 6.-69% (normal range 69-72%)  the cell sodium to be normal
range 8-12 m Eq fhtre cells (normal range 8-1. m Eq jlitre cells)
and the cell potassium to be low range 75-85 m £5q flitre cells (normal
range 100-114 m [q flitre cells)  After splenectomy there was a shift
towards the normal ~ (The effect of incubation on the chemstry of
spherocytes has already been referred to (p 63) )

Enckson and co workers (1837) also studied the corpuscular hpids
1n certain cases of hemolytic anmua  In four patients with hereditary
spherorytons the total ipid per cell averaged 800 X 10~ mg and
three patients after splenectomy 830 > 10-1mg percell These higures
suggested & debute deficency in the hipid eontent of heredutazy sphero
eytes. Crosby (1952) quoting the work of Frickson and co workets
rorrelated this hmd deficiency_with the reduced surface area of the
<phetocytes  Lle suggested that in the maturation of the hereditary

pherocy e there was a disproportionately great Joss of surface area
bly of th is that

& iy ikl
nd pre e Tular surface
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Fio 31 Oumotic fragiity curves of four Trothers all .uuemuz
from hereditary nphemcytmu (Coses 1 to 4) Theshafed &
represents the normal rangs

Atypical Hereditary Spherocytosis It s hard to define
the himits of a congenital discase so variable in 1ts severity as
hereditary spherocytosts  However 1t seems lhely that real
munor vanantsor  mixed casesoceur Dacie and his colleagues
{1953 Case 7) published detals of a patient thought to be of this
type

Two brothers and therr sister all suffered from a mild inhented
haemolytic anxmia  The ervthrocyte osmotic fragility was at the upper
limits of the normal range 1 all three  {Their father who was also
affected was said to have bad erythrocytes of normal osmotic fragiity )
The elder brothers erythrocytes wetre slightly spherocytic and he
seemed to be suffering from mild well compensated hereditary sphero
cytosts (kig 29) The only really defimite abnormality In the younger
brother wag a palpable splcen  Their sister however was anemue with
118 4 hzmoglobin per 100 ml 8300000 erythrocytes per ¢ mm
and 16, seemed to be active
in 110 The osmotio fragslity of her erythrocytes however was found
to be normal an unexpected finding  Moreover many of her corpuscles
were slightly but definstely oval in contour instead of bemng the rounded
spherocytes that had been expected (Fig 80) It s possible that this
patient 'had inherited the trait for hereditary elliptocytosis from her
mother  unfortunately 1t was not possible to confirm or refute this
hypothesis  The patient underwent splenectomy  Sixteen months

—
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Subsequent wnters have tended to overlook the possibality of
the extremely nuld forms described by Gansslen although com
pensated cases have been well recognized  On the other hand
the disgnosisof leichte hamoly tische Konstitution  should not be
made unless repeated careful studies hay e been earned out particu
larly as shghtly increased amsocviosis 1s of frequent occurrence
and small fragiity changes are difficult to be certain about

There 1s some evidence which suggests that  mildness  of the
disease may be a farmly charactersstic  For instance farmbes
have been observed in which anema his been slhight and the
wereases v osmotic fragility have been sumilar and mimmal m
all of the affected members the framhty curves bang normal or
almost normal m shape (Wiedemann 1942 Discombe 1918
Young Izzo and Platzer 1951) It 1s not clear whether these
cases represent a shightly  atypical type of hereditary sphero
cytosis or whether the mildness of the disease 15 due to the influence
of the unaffected parent on the expressivity of the gene

The author his observed a family of this type in which four
boy s were affected with a mild form of the discase

Case Reports Mild Hereditary Spherocytosis win Four Brothers
(Cases 1 to 4)

The patients were boys aged 30 8 7 and 5 years respectively They
had all been noticed to be mtermittently midly jaundiced aithough
their general health had been good Therr father and paternal grand
mother had both undergone splenectomy for hxmolytic anema A
paternal aunt aged 16 s also hnown 1o have been mildly anemc and
jaundiced  The boys blood was first examined by Dr '3 ¢ Selwyn
in October 1950  “one of the boys was sigmficantly anxmie  thar
osmotic fragiliies were at the upper margmn of the normal range  the
serum bihrubin Ievels ranged from G 5 ta . 2 mg per 100 ml and ther
reticuloevte counts from 0 5 to 6 6%,

The boys were re examined 1n January 1052 ANl had coughs and
colds The eldest boy (Brian) was n Led  he had felt sich for the Inst
week and had vomited nccasionally  The two elder boys Bnan and
Michael were found to have a reticulocytopema (0 3%, and 0 29, reti
eulocytes respectnely) and to hnve faling ervtbrocyte counts  they
were 1n fact in & muld  aplastic ensis  (see p 08) The Dlood of the
younger tno boys (Dawnid and Franas) contaned o ra1 ed number of
teticulocytes and their condition caused no inwety  Bran and Michael
were admitted into hospital A reticulocytosis desveloped 1n g few days
and therr apmia thereupon 1mproved spontaneou iy The osmotie
fragihity of the blood of all four boy s was Just outside the normal ringe
the curves were of the nonmal uprght type with onlv very smaif
tails (Fig 33) Later all four boys underwent splenectomy with
excellent results The histology of their spleens was tvpical of hereds
tary spherocytosis {see p 70)
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of the bone-marrow particularly affecting erythropoiess  Owren
concluded that cnises in hereditary spherocytosis should be termed

aplastic  cnses ruther than  hemolytic  cnses

Dameshek and Bloom (1818) studied 7 patients 8 of them having
been reported previously by Dameshek (1041) in these patients the
emsis was wnterpreted s Leing due to the combination of o marhed
exacerbation of the harmoly tic mechamsm with an errest of maturation
of the dev dapmg er)1hrobl:sls mn lhc marrow Thc mnrmw lnhlbl!lon
was
penta was atked in ik of the potients all :uﬂenng 2 from major erises.
and there were lesser degrees of g topenia and to
penia  In one patient (Case 7) reticulocytes were reported to be sbsent
from the peripheral blood for at least o days Marked spherocvtosis
was a fenture of the enses in all Dameshek and Bloom s patients
Serial bone marrow studies were carned out on one patient {Case 7)
From thist appeared that at the height of the reticulocytopenia in the
penipheral blood there was a arrest affecting er
It 14 possible though that the appearances were those of early tecovery
of marrow function and that a puncture done earlier in the crisis would
have shown marrow hypoplasia  The exapgerated spherocytosis in
the 1 bleod ¢n be ex as the direet
cimnt hed as the cell pog n would bcmme
increasingly older and more spherocytic as time passed

Gasser (lﬂaﬂ 1001) descnibed the occurrence tn childeen of  aphs
tische Ery (akute Fry in the course
of vanous finesses meludng hereditary spheroc) tosts The sequence
ef uenis 15 well llluslmied 1n hs 18,0 pnper Iike Owren he noted

tes and e 1 the bone

marmw the marked 1 reticulocytopena in the peripheral blood and the
rapid onset ot anima  He also recorded an merease in osmatic fragility
and a fall 1n serum bilirubin as the anzmia progressed

The eause or causes of an aplastic ensts have not been estab
Iished The farmhal ineidence suggests strongly that nfections
may be precipitating factors  Whether the depression of the bone
marrow results from the direct action of svirus or touin or s brought
about indirectly by some as yet unknown mechanism 1s uncertain
1t certainly seems that compensatory ervthroporests in hereditary
spherocytosis 1s dchcz\tel) poised  Gasser s obsersations suggest
thata of erythrop 15 not n
children as & rcsul'. of infections and intoxieations however it 1s
only i hemolytic anxmma that the results sre serious

PATHOLOGY
Bone Marrow The bone marrow s chiractenstieally hy per
plastic  fat cells disappear partrally or completely from the
martow of the flat bones (Fig 11 p 17) and red marrow extends
mnto areas In the long bones normally fatty In children hyper
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later she reported that she had been very well since the operation  her
hf:lrmnggobm was 13 6 g per 100 ml and the reticulocyte count was less
than 29,

Aplastic (Ansemic) Crises 1n Hereditary Spherocytosis

The occurrence of crises ;n the course of hereditary sphero
cytosts has been known for many years (Tileston 1922  Dawson
1931 Dameshek and Bloom 1948) They were described as

crises de déglobulisation by Trench writers 1n the early years
of this century More recently 1t has been recognized that crises
may affect several members of the same family concurrently or
successtvely and that in some instances at least an obvious increase
m hemolysts with deepening Jaundice s not the cause of the
CTISIS

Examples of epidemic farmlhal enises were described by
Murrav Lyon (1935) Scott (1935) Dedichen (1937) Dameshek
(1941) Lyngar (1942) Horne Lederer Kirkpatrich and Leys
(1945) L1 Voth and Osgood (1950) Marson Meynell and Tabbush
(1950) Battle (1952) Ingham (1952) and Margolis (1958) It 1s
noteworthy that Murray Lyon Scott Dameshek and Lyngar all
remarked on the low retieuloevte counts of their patients at the
height of their crises when they were most anzmic  Scott (1935)
correctly concluded that erythropolesis was failing to keep pace
with destruction and Dameshek (1941) suggested that the crisis
rmght develop not only because of increased hemolysis but also
because of inlibition of the bone marrow due to unusual splentc
activity  Dameshek also remarhed on the leucopema that was
present at the time of the crises and suggested that this might be
due to a splenic influence also  Detailed studies on the genesis of
the crises have since been published by Owren (1948) Dameshek
and Bloom (1948) and Gasser (1950 1951)

Owren described the course of the crisis in 6 patients  four of them
were members of the same famil, all became 11l withm a few days
The other two patients belonged to different families In each case the
patient suddenly developed pyrevia  two patients had migors  one of
them expernenced abdomnal pamn with vormting  The pyrexia lasted
about 10 days the patients temperature returming to normal at about
the same time as the d n the blood
The patients jaundice was observed to decrease as they became more
anzmic whilst the size of their spleens remained unaltered 1In all his
patients Owren found a severe reticulocytopenua at the height of their
crnises—the counts varied from 0 to 03°, In addition there was
g topenia the total counts ranging from 760 to
2400 cells per cmm and thrombocytopenia with counts ranging
from 80 000 to 160000 per cmm Bone marrow studies showed that
the peripheral pancytop was a of an acute hypoplisia
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enipty sinuses seen in hustological preparations of spleens remoyed at
operation are presumably filled with bload m life The question is
whether or to what degree the extreme congestion of the pulp is an
artefact hnsely (1036) clumed as o result of direct inspection of the
spleens of nnasthietize | small ammals that all the blood was contained
10 hfe 1n the sinuses and that its  resence wn the pulp in fixed soctions
was due to oponal changes  hnnely s conclusions were disputed by
Mackenzic Whip ple and Wintersteiner (1050) using a simibir technique

Towever Cripwall (1038) in reporting a study on patients with here

ditary spherocy tosts claimed that seetions of small preecs of two spleens
removed at the time of operation and rapidly fixed showed the sinuses
to be well filled with blood and not compressed by an overloa led pulp
(sce abo p 83 under I athoenesis)

Other Organs The changes 1n other orans as revealed by
studies on fatal eases are less charactenistic  There 15 often a
moderate amount of hxmosiderosis of the hver but myeloid
metaplasi1 is seldom seen  The frequeney of pigment gallstones
has already been mentioned  There 1s & variable amount of ron
m the hadney (Turnbull 1936) The microscopieal appearinee
of sections of a crural uleer were deseribed by Tumbull (1936)
as a chronie inflammatory process

DIFFERENTIAL DIAGNOSIS

The most important diagnostie features of hereditary sphero
cytosis are as follows 1t 1s a congenital and hereditarv disease
the fundamental abnormality resides in the erythrocytes  sphero
evtosis and increased osmotic fragihity are charactenstic although
not diagnostic  normal erythrocytes sursive well after trans
fusion  the results of splencetomy are excellent (see later) o
disease presents a picture quite Like this and when all the signs are
present the diagnosis 18 easy Difficulty arises mn the muld or
atypical case  for instance when the discase appears not to be
congenttal  when the family history 1 negatne when the
osmotie fragtlity 1s normal and when the morphology of the
erythrocytes 1s unusual or when the patient 1s seen for the first
time m an aplastic erisis (see p 68)  Vost of these ponts have
already been dealt with  The fact that the patient 15 an elderly
subject should not be allowed to weigh too heavily against the

d of h y sph 'y examination of relatives
may reveal the disease in an unmistakable form (p 52) Nor
should the absence of a positrve family history be deemed too
1mportant in an obviously congenital case if the rest of the pieture
wtypical It may bethat the disease1s really presentina relative
but 1n such a mild form that its certain recogmition is impossible
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plasia of the marrow sometimes leads to widening of the diploc of
the skull and radiclogical appearances rather similar to those scen
m severe Cooley s ancma (Caffev 1987)  The marrow hyper
plasta 1s due to prol tion of the bl m severely
anxmic patients they may be the predormnant marrow cell
Morphologieally  erythropotesis 15 essentially normoblastic 1
type the developing cells being normal m size  Mitotic figures
are increased m number  Megaloblastie change 1s extremely rare
but has been observed  for example 1n an elderly patient suffering
from a concurrent folic 1cd deficieney possibly of dictary origin
(Matthews 1954) It seems quite clear that in the otherwise
healthy subject ervthropoiesis can be mamtamed at many times
the normal rate for many years without any deficiency of essential
hemoporetic factors developmg

Lixtramedullary crythropolests has been observed from time
to time  Paravertebral masscs were described by Dawson {1931}
Bamntter (1932) and Hartfall and Stewart (1923) masses in the
costovertebral angles by Cleawve (1936} and paravertebral sub
pleural nodules by Turnbull (1936)

Spleen The spleen 1s always enlarged but the enlirgement
1s rarely extreme The largest spleens are found n the most
severely affected patients  After excision the spleen of an adult
patient 1s usuilly found to weigh between 500and 2 000g  Infarcts
are not usually found and adhesions 1if present are rarely exten
sive The vessels at the spleme hilum are not conspicuously large
On section the spleen 1s charactenstically a dark plum colour
firm to the touch and looks as if 1t were deeply congested wath
blood  the vesscls and fibrous trabeeulz and Malpighin
bodies are not usually conspieuous  Microscopieally the appear
ances are charactenistic (ppinger 1920 Meulengracht 1922
Thompson 1932  Turnbull 1936  hlemperer 1938) The
Malpighian bodies are usually normal 1n size but are widely
scparated by a pulp filled with blood  Most of the bloofl corpuscles
are pached 1n the pulp cords  1n contrast the sinuses are often
emptv and mav be hined by conspicuous almost cubordal endothe
lial cells  There 1s usually no increase in collagen although there
may he a shght imerease m argyTophil fibres  Macrophages
contaiming erythrocytes are not easily found but there 1s usually

te amount of | derin present in phagocey tie cells or
as a difuse impregnation  Areas of myeloid metaplasia are not
commonly obsersed

The exact location n hife of the erythrocy tes in the splecn of hereditary
spherocytosis has been a subject of controversy The relatively
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for Sp It s 1ly agreed that
the spleen should be removed from any patient suffering from
typreal hereditary spherocy tosis who 15 continuously snrmic or
has a chinieal degree of Joundice or who gives a history of an
splastic ensis  The results of the operation are so good and the
mortality nowadays so low that the operation should be carned
out 1n all patients except n the completely compensated and
symptom free cases  The spleen has been removed successfully
1 mfancy {Conrad and Schmudt 1946) this should certainly be
done 1f ananua 1s so sev ere that repeated transfusions are essential
The operation should hewever be postponed to late childhood 1f
possible  After the age of ten the sooner the operation 1s carried
out the better for the longer hemolysis continues the grester 1s
the nsk of complications ansing as the result of gallstones
Whether the gallstones 1f present should be dealt with at the
time of splenectomy 1s a surgieal problem and must be Jeft to the
diserctton of the surgeon  The loss of the spleen does not seem
to affect the gencral health of the patient 1n any way and although
there are a few reports of tubcreulosis becoming manifest soon
after the operation (Bechman and Jaderholm 1931-32) 1t s
doubtful whether the removal of the spleen per se had anything
to do with the devclopment of the tuberculosis

Tailure of Splenectomy
Accounts hasve been publhished from time to time of patients
reputed to suffer from hereditary spherocytosis n whom splenec
tomy has been o faillure In retrospect it 1s often extremely duflfi
cult to know exactly from what the patients were suffeing  In
most cases the diag] was probably cong 1 non sph 1c
hemolytic anemia or acquired hremolytic anemia 1 only a very

few 1nstances was the patient probably suffering from hereditary
spherocy tosis

(a) Patients with Congenital Non spherocytic Hemolutic Anemias
It 1s now Luown that there are other congenutal and hereditary hzmo~
Iytic diseases which differ fund: from -y spherocy
in pathogenesis but which have been confused with it In the past
Probably the commonest type of atypical congemital haemolytic
anzmia for which splenectomy has been carried out 1s the non sphero
cytic type (see p 105) Dacie and colleagues (1053) deseribed for
wstance 4 patients all of whom had had their spleens removed without
benefit It 1s probable too that the patients who failed to respond
to splencetomy deseribed by Edwards (1901) and Lemaire Loeper and
Moschoutis {1952) belonged to this group

(%) Patienls suffering from Acquired Hemolytic Anwmiz  As has
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by present methods alternatively there 1s the less likely possi
bilitv of a new mutation

It 1s undoubtedly true that exceptionally the osmotie fragiity
may be elmost :f not quite normal  The author has seen examples
of this In these cases the diagnosis 1s admuttedly difficult for
there may well be confusion between two distinct diseases mild
hereditary spheroevtosts and congenttal non spherocytic hemoly tie
anema 1f too much importance 15 given to the results of the
fragility test alone In these cases 1t 1s irnportant to mvestigate
as many relatives of the patient as possible  Study of the effects
of incubation at 37 C on osmotic fragiity and autohzemolysis
may also help greatlv in differentiation (see p 26}

TREATMENT OF HEREDITARY SPHEROGYTOSIS

Splenectomy

The late results of splenectomy m hereditary spherocytoss are
almost umiformly excellent Gansslen (1922) reported that mne
out of 10 patients were chinteally cured—the one fallure was 2
patient who died of & postoperative portal vein thrombosts
Thompson (1936} reported umform and permanent relief 1n
18 patients and Cowan (1936) the same good results in 20 pattents
More recently Welch and Damesheh (1950} reported that complete
remmssions resulted m 88 patients Edwards (1951) obtained
excellent results n 24 out of 25 patients—the one faiure 1s
discussed later and Young Izzo and Plaizer (1)51) reported
complete remissions 1 16 patients  Twenty four patients studied
by the author have undergone splenectomy  all have done well

According to Dawson (1931) the first successful splenectomy m
hereditary spherocytosis was carried out unwittingly by Spencer Wells
n 1887 ~ His patient was a woman aged 27 who had had attacks of
jaundice since 9 years of age She had an abdommal tumour which
was thought to be a fibroid this however tumed out to be s very
large spleen Dawson reported that the osmotic fragility of her erythro
cytes was sull mereased when he examined her blood about 40 years
later Clinrcally she was then in good health Her son underwent

holecy and y ut the age of 14 Ius erythrocytes

also were reported by Dawson to be fragile  Splenectomy does not
seem 1o have been performed agam with benefit to the patient until
Micheh s {1911) suceess 1n an acquired case stmulated other operators
to carry out splenectomy m hemolytic antmias In Lngland at o
diseussion at the Royal Society of Medicue early in 1913 several
successful operations were referred to (VWynther 1912-13) Dy 10.2
Tleston was able to wnte  m the congenital type of hemolytic jaundice
a permanent cure may be predicted  as the result of splenectomy
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erythrocytes i suprasitally staincd prepirations of the spleen and
splenunculi—a highly unusul finding in hereditary spherocytosis

Don (1049) referred to a patient diagnosed as suflening from con
gemital hemolytic jaundice who underwent splenectomsy for a hemo-
Jytic ernas \ complete renuission followed which Insted for 4 years
Later hxmolytie snamia reappested  Laparotomy resealed three
small nceessory spleens weighing 1n all not more than 5 g Sections
showed man highly phagocy tic clasmatocy tes laden with ery throcytes
The patrient slowly imiproved following the removal of the spleens and
it was not until 7 months Iter that the reticulsevte count fell to
normal  In this account there is no mention of a postive fimily
history  In retrospeet 1t seems difficult to exclude the possibility that
this patient s disorder was nequired and not congenital

More recently Loch Seaman and Moore (19..) have published what
appears to be 3 gentane instance of relapse after splencetomy m true
hereditary spherocytosts  In therr patient a small piece of adherent
spleen was known to hiave been left belund ot the onginal splenectomy
The patient did well for ~ years then he relipsed  Radiography with
the aud of a paque shadow 2 em 1n
ciameter 1n the region of the spleen  This was thought to represent
hypertrophied spleme tissue derned from the fragment left behind
at the original operation

Another possible example of relapse after splenectomy was reported
by I'reund (193% Case 1) TIreund s patient was a boy aged 10 yenrs
who was said to hive been always jaundieed  Ilood tests showed
microcytosis and a very great increase in osmotic fragility  There was
no obvlous farmly history Fut the erythrocyte osmotic fra, ity of his
mother was reported to be slightly mcreased  Splencectomy was carried
out after n temporary remussion hemelveis agam became active
At post mortem the most conspicuous finding was the great engorge
ment of the Liver with blood

Blood Transfusion

It has quite often been stated that transfusion i hzmolvtic
jaundice 1s likely to result n severe reactions (e g Dawson 1931}
It 15 not clear whether this applies to hereditsry spherocy tosis
In the authors himited expenience 1t has not proved to be so
In some of the recorded examples of transfusion reactions it 1s
hkely that mmmune sso antibodies were present  other patients
may have been suffering from acquired hemolytic antmia  As
normal corpuscles survive well in the recipients after transfusion
there scems no reason why transfusion reactions should oceur with
undue frequency It 1s possible however that serious reactions
may develop in patients in severe crises  if so 1t must be admitted
that their cause 15 quite obscure Transfusion should however
never be withheld from a seriously anzmic patient on the ground
that a harmful reaction my,ht occur The transfusion 1s much
more likely to be life saving than otherwise (Dameshek 1941)
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alrcady been mentioned the blood picture 1 acquired hzmolytic
anzmia of the suts antibody type may be sery sumlar to that
hereditary spherocytosis  In partieulnr spherocytosts may be a well
marked feature of the acquired disease  It1s difficult tao to distinguish
with certanty between the twae groups by study of the histology of their
spleens (Dace 1013) The patients desembed by Citron (1922
Kaznelson (102%) Gnpwll (1938) Thompson (1639) and Dacie (1943
Case 8) respectively as not responding to splenectomy eppear in retro
spect 10 be aequnred eases

In Gripwall s case the family lustory was doubtful and his patient
failed to respond to blaod transfusion

Koznelson s patient was & woman aged 58 with 4 recent onset of
severe anemia and no farmly history  Splenectomy wds followed by
telapse s tn Gripwall s patient the enlargement and great congestion
of the Iiner at postmortem were strihing features

Thompson s patient was a young woman sufferng from jaundice
of bmef duration and considerible intensity Anzmia subsided
after splenectomy only to Teappear agam after a few days  The patient
died 3 months later seserely anemic and with a reticulocyte count of
009, At postmortem many accessory spleens measunng 1-8 em 1
diameter werc found m the left upper quadraat of the abdomen
There was no mention of any family listory of hemolytic anema
and although the presence of accessory spleens provided an explanation
for the relapse (if the patient was n fact suffering from hereditary
spherocytosis) the acute ouset and extreme seventy of the disease
the very transitory improvement following splenectomy and the fack
of n family lustory all pomnt to the dignosis of acquired hxmolytie
anzermia

West Watson and Young s case (1938) vwas associated with an ovanan
cyst 1ts removal resulted in P t.
had previously proied ineffective (see also p 348}

{¢) Patients poss:bly suffering from true Hereditary Spherocytons
Although some writers (e g McLaughlin 1842 Young 1947) mention
that the presence of accessory spleens may occasionally be a reason for
splenectomy failing to result in cimcal cure there are very few wholly
satisfactory reports of this in the hterature

McLaughlin (1942) mentioned a patient who relapsed 2 years after
splenectomy and died 5 years Jater At autopsy large hyperplastic
Jymph nodes 1~3 cm 1 diameter were found in the abdomen
McLaughlin remarked that this was by no means as frequent o cause
of recurrence as overloohed accessory spleens  The diagnosis of this
case 13 far from clear

Curtis and Movitz (1946) bave also reported a possible example
Their patient was a child aged 4 years who underwent splenectomy 1n
1033 for an acute hxmolytic episode  There was said to be a famnly
history of hemolvtic anzemia but no details were miven  The patient
was well for the 4} years following operation  Then anwemia and
reticulocy tosis returned  Laparotomy was carmed out and two small
aceessory spleenswere removed  Gradual recosery ensued and the child
was reported 0 be well two years later Agmin the exnct diagnosis 33
obscure  There was no mention of spherocytosis  on the other hand
highly phagocytic clasmatocytes were reported to be engorged with
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splenectomy on the asmotic fragility of fresh blood also recorded
mechameal fragihities and the osmotie fragility of incubated blood
after splencctomy  The results of both Yypes of tests remamned

1 After spl the h 1 frapility of fresh
and incubated blood was shghtly less than in patients before
splencetomy but the increase 1n osmotic fragility on mcubation
was shghtly greater in the splenectomized compared with the non
splenectomized patients
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3 Changes in the osmotic fragility of the perpheral blood
following plenectomy in & typical cuse of hereditary sphero-
cyloss (redrawn from Dacie” 1913) (1) Before anwsthetza
tion ( ) after induction of anrsthesa (3) blood from splenic
vemn (3)at completion of operation (5) 24 hours after operation
an1(6) five days after operation

Dacie {1933) studied osmotic fragiity changes in detail In seven
yatients he observed transient increases 1n fragility 21 hours nfter opera

tion 1 two out of three patients examined the proportion of markedly
fragile erythrocytes 1 the blood 7 resent in
small numbers and responsible for the tail of the fragility cutve was
found to have mereased by the tune the operation had been completed

and to mcrease still further dunng the next 24 hours (Fig 84) The
merease at the time of operation was thought to be due to mampulation
and compression of the spleen foreing very fragile corpuseles into the
general errculation  The further Increase m fraguity which developed
within the next 21 hours was attributed to a progressive mcrease m
the spheracytosis of these already marhedly fragile cells Before
splenectomy such very fragile cells would almost certamly have been
removed from the general circulation by the spleen  Quantitative




76 HEREDITARY SPHEROCYTOSIS

v The Effects of Splenectomy

It has already been mentioned that chinieal cure 15 the almost
imvariable 1f not the invariable result of splenectomy 1n hereditary
spherocytosis Nevertheless hzmatological signs of the disease
persist and very interesting changes take place at the time of
operation and during convalescence

Changes in Erythrocytes and Hwmmoglobin Detatled
studies of the changes in erythrocyte counts and hemoglobin levels
duning and diately after spl were made by Doan
Curtis and Wiseman (1985) and Sharpe McLaughlin and
Cunningham (1939)  Sharpe McLaughlin and Cunningham
carried out serial blood counts at short mtervals on eight patients
and found that on an average the erythrocyte counts rose by
about 500 000 cells per ¢ mm 1n the early stages of the operation
whilst the spleen was being handled prior to 1ts actual removal
The mcrease in erythroeyte count continued but not so sharply
for 1 to 2 hours after removal of the spleen and then gradually
subsided becomng close to the pre operatnve level at about
48 hours after operation Thereafter a gradual mse took place
the counts reaching 5 000 000 cells per ¢ mm 1n about a month
One patient had a transient polyeythemia the erythrocyte count
bemg 7 200 000 cells per c mm three months after splenectomy
Sharpe McLaughlin and Cunningham (1939) made the additional
point that the mses m erythrocyte counts at the time of operation
did not occur to anything hke the same extent in  atypical
haemolytic anemia  Presumably the relatively great mse m the
counts 1n typical hereditary spherocytosts 1s the consequence of
the extraordinary degree of congestion of the spleen in that
disease  Sharpe and his co workers also reported dramatic
temporary increases in.leucocy te counts maximal i four to eight
hours  the mses were much less marhed 1n therr atyptcal cases
It 1s generally agreed that the late results of splenectomy are
excellent and that the patients erythrocyte counts and hzmo
globin levels remamn within the normal range for the rest of ther
Irves The author s awn data are summarized n Table 8 {p 57}

Osmotic Fragility after Splenectomy The effect of
splenectomy on erythrocyte osmotic fragility has been repeatedly
studied Most authors have reported a moderate increase 1n
resistance after operation but rarely a return to normal The
early literature was reviewed by Meulengracht (1922) and some
more recent observations were bisted by Dacie (1943) Young
Jzzo and Platzer (1951) 1n addition to studying the effect of
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hfe Target cells observed 1n normal subjects and others after
splencctomy  howeser are not usually recognizable mn post
splenectomy films of the blood of patients wath hereditary sphero
evtosis—presumably this change 15 prevented by the persisting
tendency to spherocytosis  Siderocydes occur after sp]cncclomy m

varmble numbers 1n the peripheral blood (Table 2 p 21) One
patient was espccn\l) mlcrcslmg for Iarge numbers nf sld!:mC) tes
m the peripheral blood

shortl) nﬁcr sp\cncciom\ Withon  few weehs they bad practically
dlsuppcarcd {Douglas and Dacte 19.53) Another feature of post
films 15 an d tendeney to crenation  Thus
seems to be 1y found after spl irrespective of
the reason for the operition
Reticulocste Counts after Splenectomy It 1s generally
behieved that reticuloevte counts fall to normal after splenectomy
wn patients with hereditars spherocytosts  Young Izzo and
Platzer (1951) reported an average of 0 8.% reticulocytes witha
range from 0 2 to 2 1% 1n tuelse patients all examined a vear or
more after splenectomy  There are however a few records of
reticulocy te counts remamung shightly raised  Dacte (1943) found
that i siv of twelve patients examined between 3 months and
6 years after splenectom)y the counts ranged from 15 to 889,
The counts 1n 20 patients are recorded in Table 8 the mean
count was 1 49, and i three patients the count exceeded 2 59,
Counts exceeding 2 »% have also been reported by Gripwall (1938)
Thompson (1939} and Stnger Miller and Dameshek (1941} Itas
fair to say however that great care in counting 1s necessary after
splenectomy for 1t 1s difficult to dfferenttate with certamty cells
very small of reticulo il material
from sideracy tes contaming Pappenheimer bodies which also stain
with cresv1 blue
Bile Pigment Metabolism after Splenectomy The plasma
biirubin concentration falls sigmificantly within o few days of
splenectomy  Whether or not the level falls to within the normal
TAnge I every casc 1s not quite clear  Meulengracht {1938)
mentioned early reports of mild recurrences of jaundice after
operation and Smger Mifler and Dameshel (1941) gave values
between 09 and 11 mg 1n 4 patients More recently Edwards
(1951) reported levels between 08 and 17 mg per 100 ml 1n
twelve patients  On the other hand Young Izzo and Platzer
{1851} found strictlv normal values (0 1 to 0 8 mg per 100 ml ) in
twelve patients one or more years after splenectomy  The author s
own ob ervations on 10 patients after splenectomv ranged between
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curves at 24 hours after operation showed no appreciable alteration 1n
the pomtof 1mtial lysis (the saline concentration causing 19, lysts)
Bjy the third day after splenectomy a reduction in median fragiity was
evident and the point of imtial fragihity had shifted a hittle towards the
normal indicating a disappearance of the most fragile cells Dunng
the latter half of the first week the median osmotic fragibty of all the
patients moved back towards the pre operative level the tails of the
curves having by then largely disappeared By the tenth day the
shape of the curves was generally of the normal almost vertical type
with the median fragility at about the pre operative level The curves
remained at about this level thereafter

e regular loss of the tails of fragile cells after splenectomy suggests
that before operation the tails are produced by erythrocytes which
at one tume trapped 1n the spleen and made more spherocytic have
escaped againinto the peripheral circulation  Loss of the tails of fragility
curves after splenectomy was also reported by Vi augh and Lamontagne
(1940) 10 one case_and more recently by Young Izzo and Platzer (19a1)
Young Platzer Ervin and Jzzo (1951) also observed transient ncreases
m fragihty diatel, g spl y m one well studied
case

In patients whose fragihity curves lack tails and are more nearky

normal 1n shape little or no Teduction mt fragility may result from
splenectom) 1n Cases 2and 8 (p 78) for imnstance the imitial fragility
was even shghtly increased following remqval of the spleen The
MCF too may shghtly increase following splenectomy even m
patients 1n whom the mtal fragihity 1s markedly decreased In 7 recent
cases the mean MCF was 0461%, NaCl before splenectomy and
04709, NaCl after splenectomy The same observation has been made
by Young and Miller (1053)

ere are 1 fact probably two factors at woth acting in different
directions which affect osmotic fragihty after splenectomy—the
removal of the spleen which when an sifu makes the erythrocytes which
traverse 1t more fragile and the longer survival of the patient s erythro
eytes in s as the of As the
fragility of a spherocyte probably increases the lon_er 1t survives this
tends to counter balance the effect of the removal of the splecn

Morphology of the Erythrocytes after Splenectomy It 1s
generally agreed that the microcytosis and spherocytosis persist
after splenectomy although there 15 some return towards the
normal as the result of the loss of the most markedly sphberocytic
cells (Hawksley 1986 Vaughan 1937 Meulengracht 1038)
This like the loss of the tails of fragile cells 1 osmotic fragility
curves can be attributed to the absence from the circulation of
erythrocytes previously trapped n the spleen and made more
fragle thereby

As after splenectomy m normal subjects or in people suffering
from other diseases IHowell Jolly bodies begin to appear in the
penpheral circulation a day or so after splenectomy  thereafter
they may be found in small numbers for the rest of the patient s
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right in regard to acquired hemolytic anemia, but probably
wrong about the hereditary type

In the last ten years fresh evidence has been accurulated which
1s stronglv in favour of the hypothesis of an intninsic corpuscular
defect  Tlus evidence has been both direet and indirect  trans
fuston experiments provided direct evidence for the intrinsic
nature of the corpuscular defect by showing that the corpuseles
of the patient underwent rapid hremolysis in a normal recipient
and 1ndirect evidence by demonstrating that normal corpuscles
survived normally i patients suffering from hereditary sphero
cytosis  Dacie and Mollsons (1943) experiments morecver
showed conclusiely (4) that normal envthrocytes were not
destroyed by the enlarged spleen of hereditary spherocy tosis and
(b) that spherocy tes were destroy ed by normal spleens  Tlus work
sinee confirmed by other workers indrented that the enlargement
of the spleen was secondary rather than primary and that it was
acting as a destroycr of abnormal corpuscles

The Nature of the Corpuscular Defect The fact that
spherocytosss 1s a progressise process has already been remarhed
upon  As the corpuscle circulates 1t becomes more spheroidal
with a progressively decreasing surface area It 1s probable that
this process 1s nccelcmt(-d whcn blood 15 stagnant within the
spleen  The Iugh b of the spt
its shightly dimmished potassium content and its possibly low
surface lipoid content have also been mentioned (p 64)

The demonstration of increased eorpuscular osmotie fragihty
an vitro was never a satisfactory explanation for lysis tn ruo for
there never scemed any likelihood that the tonieity of the plasma
would be dimimshed m any organ of the hody sufficiently to eause
osmotic haxmolysis  The obsersations of Ilam and Castle
(19407 and b) and of Dacic (1941) on the rapid spontancous
hemolysis of spherocytes were partrcularly significant for they
provided the first satisfactory demonstration of an abnormal
tendency to I)SIS n tro v\Inch might be applicable to conditions
muwo The 10n of the
of spherocytes to mechamcql trauma was less sigmficant for m
the absence of the spleen spherocytes clearly withstand the wear
and tear of airculation very well ndeed as the chinical results of
splenectomy demonstrate

Selwyn and Dacie (1954) have shown that the cation changes
which occur when spherocytes are mcubated n 2atre 1 serum
are not grossly abnormal and do not seem to be correlated with
or responsible for the rapidlysis This appears more likely to be
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03 and 16 mg with a mean (0 74 mg ) towards the upper hmit
of the normal range (Table 3)

There are few relevant observahons on the feecal excretion of uro
after spl Pepper and Pearce (1915)
found that the output of plgment fell after splenectomy to about one
tenth of 1ts previous level becoming very close to the normal Eppinger
{1920) reported a decrease 1n excretion after splenectomy to one quarter
of the pre splenectomy level but the exeretion still remained above the
normal More recently Vwatson (1937) reported values within the
normal range 1n 4 patients after splenectomy In 1 patient a figure of
616 mg per day was observed 15 days after operation however the
output was normal (8o mg ) 2 months later Barher (1938) reported
normal figures 1n 8 patients after splenectomy and Sroger Miller and
Dameshek (1941) subnormal values for the hmmolytie index m
3 patients after splenectomy and a normal value m 1 patient

PATHOGENESIS OF HEREDITARY SPHEROCYTOSIS

From the very first most wniters have linked the presence of
excessive hemolysis with an abnormality of the patient s erythro
cytes Vanlarr and Masws (1871) for mnstance quite correctly
suggested that the microcytes they observed were semle erythro
cytes on the way to destruction { globules atrophiques ) and
compared the microcytosis with that caused by heating blood
Chauffard s (1907) discovery of the mcrease m osmotic fragility
(and Iis rediscovery of the microcytosis) led to the concept of

fragilité globulawre as the cause of the hemolysis i 220
Widal and hus associates (Widal and Philibert 1907) believed that
the abnormal corpuscular fragihty was the primary factor and
suffictent 1n 1tself to bring about hzmolysis by the npormal
hiemolytic processes of the body  Trosier (1910) complicated the
1ssue by attributing the erythrocyte fragility to the fixation on
the corpuscles of hemolysms  Banti (1913) elaborated this
concept still further and postulated that the spleen was an
mmportant source of haemolysin formation

The view that hemolysis depended upon a primary abnormality
of the erythrocytes has had many adherents (Naegelr 1931
Haden 1934 Thompson 1936 Vaughan 1936 Gnpwall 1938
ete) Meulengracht (1938) on the other hand after careful
weighing of the evidenice favoured a hyperactive condmon af
the spleen as the primary and fund 1 factor
and Schwartz s (1938) experiments with hemolytic 1mmune sera
resuscitated Trosier s :dea of erythrocyte damage due to hemo
Jysins  As will be discussed later Dameshek and Schwartz were
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which eventualls Jead to hemolysis may well take place 11 t1to
m blood stagnant 1n the spleen
The evidence for the stagnation of bleod within the «f leen 1 here
ditary spherocy tosis is adnnttedly eireumistantint Towever mspection
of n section of o spleen with its pulp cords typreally Lrossly engorged
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Inlirubin concentrations (13) of splene 1 ein blood and periy hers 1

blood in €a es of hereditars stk rocytosts Tle Lle 1c e
samples were t ken from the large t em draining t1e pleen o
soon &3 powible after surgical excijon  Open rectangles
represent | penpheral blood  samples  hatehed  rectangles
fepresent splenic vemn svmples  the ero s hatched sampl 18
obtaned from the spleme pulf  Sce al 0 Fig 31

with blood leads to the conclusion that there 13 so much blood present
that 1t would be impossible for 1t all to eseape quickly from the spleen
Iabynnth into the relstively small 1enous channels ~ Support for ths
view was obtained by the author when he found that 1t took far onger
10 wash the spleens from patients with hereditary spherocytosss free
from blood by saline perfusion through the splenic artery than in
comparable experiments carned out with control spleens  This scemed
likely to be due to the fact that the spleen of here Litary spherocytosis
contamed so much more blood imitiall; Dacie (1043) however found
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the consequence of a membrane defect which leads to a relatively
rapid arreveruble contraction of the surface of the cell The
rapidly progresstve increase m osmotic fragihity on mcubation
s the result of the unusual degree of cell mentbrane contrac
ton

It appears possible that the abnarmality of the spherocyte lies
in an acceleration due to some congemtal defect, of & normal

degencrative  process affecting the cell membrane of the
ervthrocyte which takes place particularly under conditions of
stasis  The pature of the membrane change and of the processes
myolved m its degeneration remawns cbscure Daete {1941)
observed that hvuis was slowed but not restored o normsal when
spherocytes were placed m serum mactivated at 56°C, and
scvernd withors (Gripwall 1938 Fahriews 1989) have attributed
lysis wn s2e6 as well as en L2870 10 the action of Jyselemthm formed
i stignant blood as the result of enzyme activity (Bergenhem
and Fahraeus 1985 DBergenhem 1939) This work hawneter
must he considered unproten

Recently Pranherd Altman and Young (1944) have reported
observations whieh suggest that the ervthrocyte carbohydrite
metrbolism may be ab 1 in hereditary spherocytoms They
found using & tracer technique employing radio phosphorus that
although the uptake of phosphorus wes norme! more morgine
phosphate was formed relative to 2 8 diphosphoglyeerie aexd and
& hosp! o rel hip winch was the reverse of

triphosp

the normnt finding
The Hemolycce Action of the Spleen  Direet evidence for
the hmemoly tie attiaty of the spleen 3s provided by obseryations
on the bilirubin content of splenmic vewn blood  Values considerably
hugher than in the peripheral blood hate been found {see Grpnall
1938 and kig 36) Simulatly the osmotic fragility of blood from
tlie spleme vens or more partieularly from the spleen pulp has
been found to be greater than that of blood tahen from the pen
pheral arenfation (MacAdam snd Stusfun 1822 Cempbell and
Varner 1920~26  Gonpwall 1938 Young Platzer krun and
Tzzo 1923 Wasmen Hurley Horms and Ham 1953, and
Fig 86) There ean be no doubt therefore that the osmotie
framlity of the erythrocytes 1s wmcreased m some way by thew
passage through ihe spleen  There 33 evidence wiach suggests
that the arculation of blood through the spleen s hereditary
spherocy tosis 15 slow {see below) Jtsecems fihely that the slowness
of the arewiation 15 of major pathogenctie unportance far the
changes which oceur m bload eubated at 37 C n talro and
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Whipple considered that wherens normal discoidal eells probably
could crrculate through the spleen without difliculty spherocytes
beeause of their shape nught find st diflicult to traverse the sht
like stomata leading from the pulp into the spleme sinuses  Thrs
hypothests 13 attractine but difficult to confirm or refute It
assumes that the cry throcy tes he mostly 1n the pulp during life

The tst pont to be considered s the way in which the spleen
brings about erythroevte destruction  As compared with spleens
removed from patients with acquired hemoly tic an-emma ervthro
phagocytosisis not conspicuous It seems hikely to the author and
toYoung Phatzer ¥ rvinand Izzo (1901) that lysis of the stagnant
blood takes place by the same mechamisms which produee lysts of
mcubated blood 1 titro  As alreidy mentioned this cannot be
satisfactonly explained by accumulation of osmotically active
metabolites which cause swellmg and eventually osmotic lysis
Degenerative changes particularly affecting the cell membrane
seem to be the morc lihely explanation It 1s uncertain whether
or not the degeneration can be expluned by an accumulation i
the stagnant blood of potentially hamolytic substances such as
Iysolecithin or other  tissuc lysins  {sce Ponder 1901) to which
hercdnar) sphcmc}(es are posslbl) pcculmrl;. sensitye Attempts
hin 1n spleen
blocd have been unsuccessl’ul {Singer 1911) 1t1s equally possible
but unproven that the lysis 1s due to ntnnsic abnormal or un
brdled metabolic activity within the cell membrane and that
hxmolysis 1n 1110 15 accelerated as 1t 15 i 1airo by o fall m the
glucose concentration in the stagnant blood (Sclwyn and Dacie
10214) Be the exact mechanism what it may 1t now seems clear
that hemolysis within the spleen 1s due to the spleens  recogm
tion  of the abnormal nature of the spherocytes with consequent
sequestration of the cells within the spleen and lysis there in
consequence of the cells peculiar sensitivity to the effects of
errculatory stagnation
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that large oval fowl cells could transverse the spleen (in small numbers)
as raprdly as1n the normal and concluded that there was no anatomieal
block in the circulation through the spleen It seemed likely never
theless that much of the pulp was o backwater outstde the man
current of the blood stream

If it s ded that and of blood
within the spleen 1s the rule m hereditary spherocytosis 1t remains
to be decided how the congestion 15 brought about and how
stegnation within the spleen leads to the destruction of the
erythrocytes It has to be borne 1 mind that splenic congestion
15 also very frequently found m other types of hemolytic anemmas
as well as i hereditary spherocvtosis Thus congestion with
blood may be the most strihing pathological change 1n acquired
hzmolytic anemia (Damesheh and Schwartz 1940) 1t 15 also
charactenstically found after the admmmstration of hemolytic
sera or powsons to laboratory ammals (Bantt 1913 Eppmnger
1920)

It seems likely that the congestion 1s due to the spleen s remark
able property of filtering off from the blood stream damaged or
abnormal corpuscles wurespective of whether the damage 1s due
to the effects of immune antibodies hzmolytic poisons or whether
the erythrocytes are mnherently abnormal as 1n hereditary sphero
cytosts  Recently 1t has been shown expenmentallv by dffe
rential agglutmation that the spherocytes of hereditary sphero
cytosis are more easily trapped in the spleen than are normal
corpuscles (Emerson Shen and Castle 1946 Emerson Shen
Ham and Castle 1947 Young 1947 Young Platzer Ervin
and Izzo 1951 Veismanetal 1958) Of particular significance
1s the observation of Young and his colleagues that spleens excised
from patients with thrombocytopeme purpura were also capable
of selectively trapping spherocytes when perfused wn vitro with a
mixture of spherocytes and normal cells  This 1s 1 accord with
Dacie and Mollison s (1943) observation of the rapid elimnation
from the of spt tes t d to normal subjects
and Schrumpf s (1951) contrasted observation of the relatts ely good
sursival of spherocytes transfused to a previously splenectomized
but otherwise normal recipient

The problem as to how the congestton in the splecn 15 brought
about has not been solved YVarous hypotheses hase however
been d hiemp (1938) d that the presence
of abnormal corpuscles reflexly mmtiated arterial vasodilatation
and Whipple (1941) postulated that the stagnation was due to
the abnormal shape of the puscles 1¢ the sph ytos::
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CHAPTER 3
THL CONGENITAL HEMOLYTIC ANAMIAS

II HEREDITARY ELLIPTOCYTOSIS AND
ELLIPTOCYTIC H/EMOLYTIC ANAMIA

HEREDITARY ELLIPTOCYTOSIS

THE presence of elliptical ery throey tes 1n man was first deseribed
by Dresbach 1n 1901 1n the blood of a mulatio  Since then the
condition has been observed 1n many races throughout the
world and 1t now has an extensive hiterature

Bishop (1914) observed elliptocvtes mn the blood of a brother
and sister belonging to the same famly and 1t 1s now known that
the abnormality s inhersted as a Mendelian dorunant (Wyandt
Bancroft and Winship 1941)  Recent work by Goodall Hendry
Lawler and Stephen (1953) has shown that the gene determining
the ellptocstosis 18 Joested on the same chromosome as that
carrving the genes for the Rh blood group svstem

Morphology of Flliptocyles  The degrec of elliptiaity of the ervthro
cytes vanes not only from subject to subject but within the cell
population of any partscular person (Figs 87 and 43) Usually up to
00°; of the eclls are affected some being marhed)y elongated others
merely oval  The pucleated precursors of elliptocytes are round and
reticulocytes are also round or at any rate conspicnously less elliptie
than adult corpuscles

Some writers have clissified elliptocytes on the basis of diameter
measurements (e g Cunther 1928 Lambrecht 1938  (uasch and
Raichs 1948 Zim and Leubner 1001) and the distinction between
the abnormnl trait and normal blood which may contain up to 10%, of
denimtely osnl cells Das heen carefally defined {Flcdenstedt 1047)
The mewm cell volume of elliptocytes has usually been reported as
normal The erythrocyte osmotie fragility 1s normal at least fn
patients without ancmia (Fig 31)  Hemoglobin concentration 1s also
normal and no abnormahty affecting the hemoglobm stsell has so
tar been demonstrated It is interesting to note however that the
ellptocytosss 1s not fully evident at hirth but increases to a maximum
bv about the end of the third month (Jlunter 1932-3  Helz and Menten
3104,

Fr?\ﬂnoc) te counts abotve the normal bave Leen obsenved oceasion
ally n hereditary elliptocvtosis  Stephens and Tatelbaum (1031-35)
reported for anstance that the counts of the affected members of a
fanuly averiged 6470 000 cells per e mm  although thesr hamoglobin
Ievels were within the nommal range

o
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Most authors hase looked upon hereditary eJliptocytosis as a
harmless trait and both Wyandt Bancroft and Winship (1941)
and Hedenstedt (198%) concluded that there was no direct
reltionslup between elliptoeytoss and anumia - The number of
patients now recorded sulfering from overt humolvtic anemun
and elhptocrtosis {scc p 96) sugpests however that this con
clusion 1s erroncous

Survival of Elliptocytes in vivo The hfe span of cllipto
cytes 1s obviousls of great interest 1n connection with the possible
connection between elliptocy tosis and hemols tic anTmn - Farly
reports based on the results of transfusing blood contaiming many
elliptocy tes to normal recipients and the subsequent reco mtion
of the elliptical eells in samples of the reeipients blood withdrawn
from time to time after the transfusion sug, ested that the survival
of the elliptocy tes nas considerably shorter than normal (Vischer
1938-39  Rirhegaard and Larsen 1912) Later Hedenstedt (1947)
reported that clliptic cells had an average half hfe of 131 dms
and that they disappeared from the recipient s circulation 1n an
exponential manner A meore recent paper by Berhn and
Hedenstedt (190.) however has cast doubt on the valdity of
attempting to deduce the chmmation of elliptocytes from the
arculation by actually counting the elliptic cells  According to
Hedenstedt s photomicrographic method the elliptocytes dis
appeared exponentially 1n the recipient s cirealation  after 15 to
20 davs one half of them could no Jonger be recogmzed 1n photo
graphs  Berhin s data based on counts made by the Ashby method
on the same blood showed howeser that the half hfe of the
elliptocytes was about 50 dys In order to reconale the two
apparently contradictory sets of observations Lerhn and
Hedenstedt came to the conclusion that the elliptoey tes were
gradually transformed into rounded corpuscles m the normal
environment  This iterpretation ss possible 1f unexpected 1t
certainly needs confirmation {see below)

Trimek (1948) transfused the blood of & healthv non anemuc
bloed donor 90% of whose corpuscles were elliptic 1n shape 1nto
a recipient recovering from s recent blood loss and found usin,,
the Ashby method that the survival of the donor s corpuscles was
normal 1e 100 to 110 days

More recently Motulsky Singer Crosby and Smth (19.4)
Tepeated the exp of Berlin and Hed using the blood
of three dufferent donors ~ Cell survival was studsed by the Ashby
method as well as by & visual method Contrary to the observa
tions of Berhn and Hedenstedt roughly smilar results were
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obtained by both techmiques In two eases the survival of the
elliptocytes was normal  that of the third donor was however
abnormal (elimination complete 1n 45 days) It is interesting to
note that m the third donor the existence of a shghtly rased
reticulocyte count and a serum bilirubin level at the upper it
of the normal range and an elevated hemolytic index suggested
that the donor herself was suffering from a mild well compensated
hemolytic process

R I Counts n y Fili There are only a
few studies avulable on the reticulocy te counts of healthy non aneiue
subjects with hereditary elliptocytosts Mason (1938) stated that the
number of reticulocytes was not increased VW yandt and fus co workers
(1941} carmed out counts on 14 cases 1n one patient with anzmia
{sec p 97) there were 139, reticulocytes 1n the non antmic subjects
the counts ranged from 1 .9, to 3 6%, Jurkegaard and I arsen (1942)
revicned the reports of reticulocyte counts in .1 cases I ifteen of the
patients were not an®mie n ten the reticulocyte counts were said to
be greater than normal

HEREDITARY ELLIPTOCYTIC HEMOLYTIC ANAEMIA

It 1s apparent from a study of the Literature on hereditary
elliptocytosis that the presence of the elliptocy tes does not usually
give rise to any symptoms or signs of inemia Exceptionally
however an undoubted and sometimes ses ere hremoly tie syndrome
develops  Between thesc two extremes there are patients m
whom a mimor degree of excess hemolysis probably oceurs
these the only obvious sign may be a shght but persistent rise in
therr reticulocyte counts The relatne frequency of major or
mumnor degrees of excesstve hemolysis 1s not yet known It scems
to vary between family and family (sce below) Penfold and
Lipscomb (1943) 1n reviewing 400 cases of elliptocytosis reported
n the hterature concluded that in 129 of them there were signs
of increased hemolysis

Case Reports of Elliptocytic Hamolylic Anemia

One of the first reported cases of overt hemolytic anemia assoctated
with elliptocytosis seems to be that of Hiymans yan den Bergh {1028)
The crythrocyte osmotie fraghty wos normal but except for this
and the presence of the elliptocytes the hematologieal findings and the
patient s symptoms and phystcal signs were said to be typieal of
congemital hemoly ic anenna

Grzegorzewshl (1933) described a fanmly m which the erythrocytes
of 14 persons were eliptic Six of them were mildly anxmic and
gave a history of being shghtly Jundiced from time to time  their
erythrocyte osmotic fragilities were reported to be increased
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AMason {1928; d two most ples of ly
antmia with ovalacy tous (elliptocy tosis)  The first patient waea white
boy of 13 years who had expenenced five attacks  of anxmia
n the preceding B years A large proportion (80°,) of s erythro
cytes were oval  their osmotic fragility was normal  His mother was
not anxmic Lut in her blood film there were many osal eells  His
father s blood wns normal but three chuldren of a paternal sunt had
died of an undingnosed severe anemia It scemed as if the patient s
father might have been carrying a latent trit for  anemia  which in

13 son comverted a harmless elliptocytic trait into overt hemolytic
anrmia  Mason s Case 4 was remarhable in that many of the ellipto
cytes were deformed and had tad hke processes  The patient s spleen
hind been removed 13 years previously  this possibly had something
to do with the morphological pecuharities (see Fig 28)

Lambrecht {1038) observed two instances of anmia with jaundice
nnd osmotie e hat cases of ellpte-
cytosis mght be scparated into active (hemolytic) compensated and
Iatent forms

Ciffin and Watking (1039} studied three patients i one family who
suffered from sheht to moderate anrmia 1 Iiptoeytes and microcytes
were present in their Llood films  Theis serum baltrubin concentrations
were increased (22 to 29 mg per 100 m! ) and the erythrocyte osmotic
fragilitics were also slightly Increased

Wyandt and co-workers (1911) reported the occurrence of one
undoubted casc of anzmia out of a total of 86 patients with elliptocytosis
whom they mvestigated The alfccted patient was a child whose blond
contuned bath elliptocytes and small spherocytic microcytes The
Dblond of both parents contained typieal elliptical erythrocytes  neither
was anemie  The more severe discase tn their cluld may have repre
sented therefore elliptoeytosts in the homozy ous state

Leitner (1043) studied seven members of the same fimily all with
elliptica! erythrocytes  Two of them suffered from moderate anxmia
With hyperbihrubinemia  reticulocytosis and a shght increase in
osmotic fragility

Penfold and 1 ipscomb (1913) deseribed elliptocytosis sssociated with
hereditary hmmorrhagie telangiectasia  Five of therr patients were
Jaundiced two had palpable spleens

Hlolst Larsen s (1047) observations were remarhable especially for the
waual le intensity of the erythrocyte abnormality in Jus patients
Unnustahable hemolytic anzemia was present 1n three branches of a
single famuly the elliptocytes bemng admixed with and seemingly
merging into small and shape Y
n the mcre anemic patients  As a seriously affected case developed in
three branches of the same family 1t 1s extremely unlikely that the
sevenity conld be explaned by the gene being present 1n the homozy gous
state m cach of the three branches

Lendval (1949} briefly desertbed the meidence of severe anemua 10

3 brothers and sisters The parents were cousins typieal ellipto

eytesi was transmutted from the maternal side  on the paternal side

14 brothers and sisters died probably of hemolytic anerua  This seems

to be yet another example of the cffect of the inhentance of traits for
congemtal anzmua from both sides of a fanuly resulting in severe
anemia m children of the next generation

pe SHENOL & EuIs
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Gasser {1051) reported one patient with hereditary elhptocytos:s {a
gul Bged 9 3 ears) m whotn he considered there was evidence for a mild
compensated hxmolytic process

Dacie and his co workers {1953) desenbed a remarkable tstancs of
severe hemolytic auenua m & chuld who belonged to a fammly known
to carry the elliptocytic trart  The child was admtted mto hospital
when only 10 days old sufferng from a rapidly ncreasing anemsa He
way transfused and exsted for the next 6 months on blood transfustons
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Fio 89 Changes i the erythracyte count and hemoglobin content
of the blood of D H (Case I1 of Dacte ef a  10.3) who under
went splenectomy when six months ofd for an unususl type of
eihptocytic hamofytie angmis

T =T - .=
S = Splenectomy X -~~~ x == erythrocyte count

Splenectomy was then carned out with smmeduate benefit  Thereafter
erythrocyte regeneration kept pace with hemolysis (Fig 88) TPost
aplepectomy blood films were yemarhable for the marhed vanation in
exythrocyte mze nnd for the presence of numerous extremely small

i fe of wrregular shape (Fig 40‘)

8 'y
!fr)’thr(;'cyte gsmatee and fragilitics nere

The blood of the child s father was normal hut that of Ins mother and
of a brother vontaised many oval or shightly elliptic eells {(Fig 41}
Nerther his mother nor brother was anemic The severe degree of the
anzmu of the affected cluld ys unexplamed  there was no obvious
Tustory of apxzmia ot the father s mde of the famsly

The writer has investigated vecently snother example of elliptocy tic
hemolytic anzmia through the courtesy of Dr Thihp Eliman
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Gasser (1051) reported one patient with hereditary ellsptocytoss (&
gul aged P years) in whom he considered there was evidence for a mild
compensated hemolytic process

Dacie and his co-warkers (1053) desenibed n remarkable snstance of
severe hemolytic anemua 11 & child whe belonged 10 a famiy hnown
to carry the elliptoeytic trmit  The child was adrutted into hospital
when only 10 days old sulfening from & rapidly wereastg anzma  He
was transfused and exusted for the next 8 months on blood transfusions
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Fio 80 Changes in the erythrocyte count and Lemoglobin content
of the blood ef B H {Case Y1 of Dacte ¢f @l 197) who under
went splenertnmy when syx months ofd for an unusual tvpe of
ethptocytic hemolytic anama

T = Tamnlsos »
5 == Splenectomy  x ~

o = hamoglobin
x == erythrocvie cvunt

Splencctomy was then carnied out with ymmediate benefit  Thereafter
erythrocvie regenerntion hept pace with hamolysws {Fig 30} Past
spienectomy blood fitms were semarkable for the marked vanation in
erythroeyte size and for the presence of numerous extremely small
spherorytic muerocytes and fragments of irregular shape (Tig 40}
Erythrocyte osmotic and 1 fraphities were Ledt: d
The blood of the child s father was normal but that of lus mother and
of a brother contamed many orval er shightly elliphie cells (Fiz 41)
Nexther his mother nor brather was anemic  The severe dagree of the
snenua of the affected cluld iy unexplained  there was no obvious
ustory of anzoua on the father s side of the family

e writer has inestigated recently another exsmple of etliptocy tic
hemelytie snxmis through the courtesy of Dr 1hilip Climan
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Cate Report  Congemital I thptocytic Hamolytic Anama

Case 5 The patient n woman aged 35 was admtted into hospital
n January 1952 suffertng from pneumonia  She made a good recovery
from this tllness but was found to Le scriously anemic and was in
consequence transfused  Tler spleen was palpable  From questioning
it seemed likely that she had suffered from a muld anzmis and slight
jaundice for many years previously but this had never been severe
enough to couse symptoms  As n young woman she had been an
athlete of some distinction

MHer blood has been examined on several occnsions since her pneu
monia  Nearly all her crythracytes are oval or moderately elliptic
(kig $2) The erythrocyte count has ranged between 3 $00 000 and
3 000 000 cellsper ¢ mm  and her hrmoglobin between 11 5 and 1290 g
per 100 m! The hrmoglobin concentration (33%, to 36°,) has been
normal and the M CV shightly increased (99 to 109 ¢ u)  Her reticulo
cyte count has varied between 119, and 179, and the plasma bilirubm
level from 11 to18 mg per 100 ml  The ery throcy te osmotic fragility
was normal

Her father and two chuldren but not her mother scem to be carriers
of an clliptical cell trait  the degree of their elliptocytosis 15 however
shght most of the erythrocytes being oval rather than elliptic in shape
Neither the patient s father nor her two sons were anzmic and their
reticulocyte counts bilirubin levels and osmotic fragilities were all
normal A photomicrograph of the blood film of the patient s father
1s illustrated in Tig 43

Pathogenesis As already mentioned some authors have
d that h y elliptocytosis should be looked upon as
a harmless trait analogous to the sickle cell trait or the mildest
forms of hereditary spherocytosis (Mason 1938  Rarkegaard
and Larsen 19042 Penfold and Lipscomb 1943 Guarsch and
Raichs 1948 Motulsky ez al 1954) If this 1s & correct concep
tion it remains to be explained how an apparently harmless trait
1n which excessive haxmolysts 1s usually absent or mintmal and
easily compensated for becomes converted occasionally into an
overt hemolytic anerma  The possibility that active hemolysis
only occurs when the trait 1s present in the homozygous form as
15 the case 1 Med anerma (thalassmia major) 1s not
borne out by the facts  Although both the parents of the anemic
patient deseribed by VWyandt and co workers (1941) were shown
to be bearers of the trait 1n most instances only one parent has
been found to be affected It seems snstead thut the expressivity
of the gene may be markedly modified m other ways than by the
gam of an additional gene for elliptocytosts and that varying
grades of increased hazmolyss are the result of this modification
In certain famlies several mstances of hemolytic anaemia
have occurred This suggests the possibility that there are at
—
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length of time  In Case 11 of Dacic and co workers (1943} the
survival of transfused blood was proved to be normal the child
being hiterally hept alive by transfusion  Transfusion can there
fore i all probabihty be confident], ded as a palliatine
measure 1n the severely anemic patient

Splenectomy  There are a few reports m the literature on the
effects of splenectomy 1n elliptocytic hemolytic anemia Most
of the patients seem to have benefited but unfortunately i most
instances onhy scanty details were given

Higmans van den Yergh (19 3) reported that he jaundice of us
patient receded  Mason (1039) recorded the blood count of a
patient (his Case 3) splenectonuzed 13 years previou ly as 4230 000
ervthrocytes per c mm and "2, hemoglobin

Giffin and Watkins (1939) desenibed good results in two cases after
T with t in anemis red: i jaundice and
less evidence of regeneration than before operation  Ilolst Larsen (1017)
mentioned the effect of splencctom) in two seserels affected patients
Although a substantial nise 1n haemoglobin and Joss of jiundice followed
the opcration the degree of elliptocytosis and spherocvtosis was
unaffected

Lendval (1919) reported improvement after splencetomy and stated
that whereas during a hxmol tic phase (before splencctomy) ery thro
cyte thichness was increased after splenectomy only normal elliptocytes
were present  \nother successful result was reported by larner and
his colleagues (1902) Vilson and Long (19.3) briefly reported the
presence of hemoly tic anwmia and ovalocytos:s in two elderly patients
(a brother and his sister) Splenectomy carned out on one of them
resulted 10 a cure of the anzmia and feucopenia  After operation an
ncreased number of ovalocytes and spherocytic microcvtes was found
in the crreulating blood stream

The patient described as Case 11 by Dacie and co-workers (1953)
derved stnking benefit from splencctomy  before operation the
childs lfe on ery y
formation more than hept pace with destruction (Fig 39)  Whether
patients whose erythrocytes have an increased osmotic fragihty do

better after splenectomy than those with normal fragility rematns to
be seen -

1 I 1

n wath other Traus
1t has already been mentioned that microspherocytoss and increased
osmotie fraplity may be observed in some patients suffenng from
elliptocytic hamolytic anzmia  In none of the case reports so far
recorded does there scem however to have been conclusie evidence
based on famly studies for the presence of the trait of hereditary
spherocytosis in addition to that of heredstary eliptocytosis  Evidence
for the association of elliptacytosis with the sickle cell trait (Polloch
and Dameshel. 1034  Fadem 1919) 15 ikewise inconclusive

A few nteresting examples are on record of other types of blood
disease occurming 1 association with the trait for hereditary etlpto
cytosis  the patient of Bang and Gearg (1547) for mstance may have
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least two types of hereditary eliptocytosis  a bemgn  typieal’
form not issocrated with hemolytic anemia and a rarer type
not nfrequently sssocrated with hemolytie anemia  Although
this 15 an attractive hypothesis there are at the time of wrsting
msuflicient data to warrant any clear cut differentiation

It 15 not possible to correlate the degree of erythrocyte abnor
mality and the incidence of heemolysis  On the one hand a severe
degree of elliptocytosis 1s not necessarily accompanted by anzmia
or syms of hemolysis on the other hand overt hzmolitic
anzma as in Case 5 may be associated with only a moderate
degree of elliptocytosis It seems probable however that some
evidence of hzemolysis will alnays be found i those cases i which
there 15 a tendency to form either elliptic or round spherocytic
microcytes It does not appear likely that the presence of sphero
cytes (and 1ncreased osmotre fragility) necessarily mdicates an
admrxture with the trait of hereditary spherocytosis 1t seems
more probable that spherocytosis and microcytosis are orie result.
of an 1ncreased expressnity of the gene for elliptocytosrs  This 1s
ell shown by Holst Larsen s (1947) patients by Case 11 of Dace
and co workers (1958) and by Wyandt and his colleagues (1941)
patient 1n whom there was reason to beheve that the elliptocytie
trait might be present in the homozygous state Howeiver an
mncreased rate of hemolysis 1s not necessanly assocrated with
spherocytosis and increased erythrocyte osmotic fragility The
osmotze fragihity was for instance normal i the patients deseribed
by Hyymans van den Bergh (1928) and by Mason (1938) and in
the patient {Case 5} referred to on p 99

There 1s some evidence that the erythrocytes in hereditary
elliptocy tosis differ from the normal not only in morphology but
n other ways also  Selwyn (1958) studied the cation changes
when blood was mncubated 1n vifro and the effect of glucose on
these changes and on spontaneous haxmolysis  The results were
normal except that glucose had less than its normal effect on
reducing the amount of autohaxemolysis  This was so mn three out
of four non anzmic carners of the trait as well as in two patients
with active hemolytic anzmia

Treatment of Hereditary Elliptoc)ytic Heemolytic
Anzmia
Blood Transfusion There 15 practically no mnformation on
the survival of normal ervthrocytes after transfusion to patients
sufferng from elliptocytic hxmoly trie anemia but what evidence
there 15 suggests that normal corpuscles sunvive for the normal
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Lasprecat h (1038) Die I'lliptocytose (Ovalocytose) und ihre
Llimsche Bedeutung  Fraebn Ved Renderhedh 55 “9,
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blood cells 1n a Jewi h family  sAmer J med Sa 188 822

SELwyN J G (19,3)  Unpublished observations

51rPuEns D J and TaTernavy A J (1934-35) Flbptical human
erythrocytes Observations of sze volume and hemo,lobin
content  J Lab c¢hin Med 20 175

Trivick RO (1018) Liliptocytosis Lancet 1 963

VisctiFR A\ (1938-89) Uber die Lebensdauer der Frythrocyten
Beobachtungen bei Transfusionen mit Ovalozytenblut” 2 A
Med 135 133

Vsoy H F and Losg M J {1953) Osalocytosis with hyper
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suffered from p: ySIn: 1h and that of Druez
(1952) from 2n acquired hemolytic anxmia of the auto immune type
Other examples of an auto immune hzmolytic process being super
imposed on a congental hemoly tic anemia are referred to on p 63
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rences in the type of anxmia in the two fanulies A notable feature
of the anmmm affecting the first family was the rapulits of autohamo-
Iysis an rifro 1n the seconl famuly the most notable feature was the
stnlung punctate basophilia of the erythrocytes

Croshy 5 (19,0 report dealt with s large American farmily of mized
English and French antecedents sn which a relatinely muld chrone
normocytic hrmolytic anzmia was found In seven (posably mn nine)
out of 46 members  Drachyphalangma was sl found but this was not
necessanly associated with anemia One patient was investigated
detal  Splenectomy was carmied out but without benefit to his anxxmia
Morpholomeally his erythrocytes were biconcayve discs  occasional cells
were oval or talled” & Zery few were spherocytes or target cells
The erythrocyte mechameal framhty was normal but autohzmolysis
on incubation was accelerated  The patient s corpuscles survived only
12 days when transfused to a normalrecipient  Aninteresting addrtional
abnormality was the presence of porphobilinogen in his urine on several
oceasions—he had however no defimte svmptoms or chmcal signs of
porphyma {see p 111)

haplan and Zuelzer (1050a) found a hemolytic anxmia in three out
of the 6 chuldren of a farmily of French Canadian extraction  Fach child
suffered from a moderately severe and shghtly macrosvtic anemia
There were no target cells or spherocytes but about half of the corpuscles
were shihtly or Ty o8 d fragilities
were normal  The erythrocytes of one of the patients were transfused
to a normal reaipient  therr survival was significantly shortened
Splenectomy was not camed out It 1s possible that the chiliren
inhented the disease from their mother as about 1,9, of her corpuscles
were slightly oval and she was mildly anzmic  Mowever the mother s
reticulocyte count was within the normal range  As the degree of
ovahity of the patients erythroevtes was far less than in typical hereds
tary elliptocytosss haplan and Zuelzer did not consider that there was
any relationship between the anzmia from which the patients were
suffering and hereditary elliptocytosis

haplan and Zuelzer (19,0b) 1n another publication reported observa
tions on two further chuldren of Itahan and American ongin who also
were affected with non spherocytic hemolytic anxmia  Their anrria
was normocytic in type and there were occasional microspherocytes
the osmotic resistance was however ncreased The patients’ cor
puscles were relatis ely rapidly eliminated from the aireulation of normal
recipients  Splenectomy resulted in shight improvement only  The elder
of the two children deeloped a transient acute hzmalytic episode with
marked 7 tosss and due to the
formation of auto-antibodies Dunng and shortly after this hzmolytic
episode the survival of transfused normal corpuscles was mmpaired
Later transfused normal corpuscles survved normally

Another patient suffering from an apparently congemtal hrmolytic
anzmia was described by Fenberg and Watson (18 1) The patient
was B Tegro  us eight brothers and siters and s two children
appeared 1o be unaffected  His anemia was normochromic and shghtly
macroeytic and & striking feature of tus blood flm was the large
nuimber of stippled cells otte fragility before and after
imncubatton at 37 C was normal and tests for sickling were repeatedly
negatine A splenic aspiration was carned out  smears showed fewer
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THE CONGENITAL HAEMOLYTIC ANEMIAS

1l CONGENITAL NON-SPHEROCYTIC
HAMOLYTIC ANAMIAS AND UNCLASSIFIED
TYPES

CONGENITAL NON SPHLRQGYTIC HAEMOLYTIC
ANAEMIA

Unprr tlus tjﬂe wilt be grouped together forms of congemtal
hemoly tic anemin which dsffer tundarmentally from hereditary
spherocytosis  Inthese atypical  eases the anwma is generally
macrocytic  there 1s often & moderate degree of ovalocytoss
and sometumes conspicuous punctate basophihia  Spherocytes are
not present and asmotie fragihity 15 charactenstically normal
Splenectomy s not followed by permanent chimeal cure  This type
of disease is rare but probably not as rare as the few reports in
the hterature svould suggest

Chimea! hustories and hrmatological findings of patients probably
suffering from congenntal non spheroeytic hemolytic anenua
have been recorded by Thompson (1939) Haden (1947) Crosby
{1950} Iwaplan and 7uclzer (19502 and b} Fenberg and Watson
(1951) Dacse Molhson Richardson Selwyn and Shapiro {1033}
Holhday (1803) and Tipten Gressman snd Richmond (1953)
As 1t 1s probable that not all these patients suffered from exaetly
the sune disorder the sahent features of the case reports referred
1o above will be constdered mdividually

Cuase Reports t the Ltteratere

Thompson {1039) referred briefiy to three famibies suffering from
congenstal hemofybe antma with wormal crythrocyte osmiotic
fraghties e mentioned that splencctomy had been carned out
several of the patients without urprovement

Iladen {1017) deseribed two famihies one Ameriean and the other
Iunganian affected with n mew  type of heredstary humolytie
jwndice  In the first £unily three members of two generations wese
“ffected  1n the second {imily four members of three generations In
both famikics the anemia was macrocytic m type osmotie fragdities
were normal and there was na spherocytosss  Splenectomy was camned
out on one pitient but ths did not alter the course of the disease
Eladen s that alth both farmibes were affected
by a non spherocytie hemolytic anemia there were smportant diffe

pY
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rences 1 the type of anxma in the two famiies A notable feature
of the anwmsa affecting the first farmly was the rapidity of autohaemo-
lysis 4n rifro 1n the second family the most notable feature was the
sinking punetate basophilis of the erythrocytes

Crosby s (12,0) report dealt with a large’ Amencan famly of mixed
Englsh and French antecedents in which a relatively mid chrome
normoeytic hemolytie anemia was found in scven (passibly in mine)
out of 36 members  Brachyphalanma was sl found but this was not
necessanly associated with anemr  One patient was mvestizated mn
detai]  Splenectomy was carned out but without benefit to lus anxmia
Morphologeally his erythrocytes were bicencase dises  ocrasional cells
were oval or taled & very few were spherocytes of target cells
The erythrocyte mechanical fraghity was normal but autohxmeolssis
on incubation was accelerated  The patient s corpuscles survived only
12 days when transfused to s normal recipient  An interesting additional
abnormality was the presence of porphobilinogen i his unne on several
oceasions—he had however no definite svmptoms or climical signs of
porphiyria (see p 111}

haplan nnd Zuelzer (19,03) found a hemolytic ancmia 1n three out
of the 6 children of a family of French Canadian extraction  Each child
suffered from & moderately sesere and shghtly macrocytic anemia
There were na target cells or spherocytes but about half of the corpuscles
were slghtly or moderately 0val  The osmotic and mechanical framlities
were normal  The erythrocytes of one of the patients were transfused
to a normal recipient  their survivel was simificantly shortened
Splenectomy was not carned out It 13 possible that the children
nhernited the diseasc from their mother as about 1.2, of her corpuscles
were shghtly oval and she was mildly anzmic  Howeser the mother s
reticulocyte count was within the normal range  As the degree of
ovality of the patients erythrocytes was far less than in typical heredi
tary eliptocytosss Raplan and Zuelzer did not conssder that there was
any relationship between the anamia from wiich the patients were
suffering and hereditary elfiptocytosts

aplan and Zuelzer {19,0b) in another publication reported observa
tions on two further chuldren of Italian and Amencan ongmn who also
were affected with non spberocytic hemolytic anemia  Their anermia
was normoevtic in type and there were occasional microspherocytes
the osmohic resstance wss however increased  The patients” cor
puscles were relati ely rapidly elimmated from the cireutation of normal

resulted 1n shight smp tonly Theelder

of the two children developed a transient acute hrmolytic episode with
marked and ly due to the
formation of auto-antibodies Dunng and shortly after this hamolytic
episode the survival of transfused normal corpuscles was imparred
Later transfused normal corpuscles survived normally

Another patient suffening from an apparently congemtal hrmolytic
anzmia was deseribed by Fewnberg and VWatson (1821)  The patient
was a negro s eight brothers and sisters and hus two children
appeared 10 be unaffected  His anzmia was normochromic and slightly
macroeytic and a stnking feature of his blood film was the large
number of stippled cells present  Osmotle framlity before and after
meubation at 37 € was normal and tests for sickling were repeated]:
negative A splenic aspiration was carried out  smears showed fewer
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stippled cells than in the peripheral blood Fewber;, and Watson
concluded that the spleen was either destroying the stippled cells or

sifting out  the inclustons from the stippled cells  This disorder
seems to be very sunilar to thit affecting the second of Haden s famibes

Holliday (19.3) described a family in which at least four members
suffered from # non spherocytic hemolytic anrria  Basophibe
stippling of the erythrocytes was conspicuous in three of the patients

T
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Fio 43 ILematological changes after a large blood transfusion given
1o a patient suffening from congenital non-spherocytic hemo-
1ytic anzmia (Ca e 1 of Dacie et ' 130%)

® represents the total erythrocyte count

© the count of donor erythrocytes and

® the recipient 8 erythrocy te count

A mm % represents the absolute yeticulocyte count

The serurn bilirubin concentration 13 reresented by the
upnight rectangles at the bottom of the figure

-~

One patient was studied 1n considerable detail mechameal fragity
was found to be shghtly increased and the patient s erythrocytes were
reported to undergo more rapid autohrmolysis both at 4 C and at
97 C when suspended 1 stenle sotome saime than did normal cor
puscles  In plasma however the rate of autohrmolysts was normal
Lapton and Rich d (1953) d hed the chinical and
hematologieal data n tw‘c: 5!5(:!’3 who prnbnbl)’r;un‘ewc} from ?t cmgr
1 non spherocytic hxmolytic anmmia e early results
g:mm }:were g lthough anemic the children
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stippled cells than in the pempheral blood Tewberg and Vatsen
conciuded that the spleen was either destroying the stippled cells or

sifting out  the inclustons from the stippled cells This disorder
seerns to be very sumilar to that affecting the second of Yaden s famihes

Holltday (1953) deseribed a family tm which at least four members
suffered from o non spherocytic hemolytic anemia  Basophibe
stippling of the erythrocytes was conspicuous i three of the patients
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Fic 44 Hematologieal changes after  large blood transfusion grven
10 a patient suffenng from congemtal non spherocytse hamo
Iytic anemia (Case 1 of Dcte ez ol 1903}

-  represents the total ery throcyte count

° © the count of donor erythrocytes and

. @ the reeipient 8 erythrocy te count

Xomm e x Tepresents the absolute reticulocyte couni

t
The serum biirubin concentration Is represented by the
upnght rectangles at the bottom of the figure

One patient was studied 1n considersble detail  mechameal {ragihty
was found to be slightly inereased and the patient s erythrocvtes were
reported to undergo more rapid autohemelysis both at 4 C and at
8~ € when suspended in stenle isotonre saime than drd nortmal cor
puscles Inplasma however the rate of autohemolysts swas harmal
Lipton G and (1953) the chmeal and
hamatologieal data in two sisters who probably suffered from a con
genutal non spheroeytic hxmolytic anzmis  The early results of
were ithough anzmc  the cluldren

P
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managed to compensate for haemolysis after operation without trans
fustons being necessary

Dacie and collengues (1009} described 4 patients with congemital
non spheroevtic lrmolytic anemma belongin, to different famihies
all had undergone splenectomy without ther anemia being alleviated

Cate } o woman aged 20 years had had her spleen remored sn early
childhood et erythrocytes (after splenectomy) were mostly macro-
¢ytes rounded in contour and nearly all contamed Tappenheimer
bodies (Eig 42) Osmotte fegihty was shightly dimimished Hamolysis
an rive was evidently 1 for her count
constantly exceeded 60°, The normal survival of transfused normal
corpuscles js shown in I'ig 44 A notable feature was that her blood
underwent spontaneous hemolysis i titre at more than 10 times the
normal rate (see p 111)

Case 2 was n hoy aged T years whose spleen had been removed
© months p y without ) the course of his
disease  His erythrocytes (after splenectomy ) were mostly rounded 1n
contour and slightly macrocytic (Fig 46) Osmotic fragility was
shghtly nereased

Case 3 a boy aged 17 had undergone splenectomy when 14 years
of age without the operation influcncing the course of his disease
Before splenectomy many of his erythrocytes were macrocytes some
were sliphtly oval n shape In addition occasional pear-shaped
poikilocytes nnd small corpuscles were present  After
splencctomy target cells were conspicuous (Fig 47)  Osmotic framlity
was normal before splenectomy and slightly dimiished afterwards

Case 4 & girl aged 13 years had had her spleen removed 6 years
P ly  Kiemol as st at o rapud rate ~ Her
erythrocytes (after splenectomy ) were mostly macrocytes with a round
contour Pap bodies (Fig 48) This
case seemed to be almost 1dentical with Case 1

Dacie and co-workers (10,3) also described a fifth patient (Case 5)
suffering from 8 congenital non spherocytic hrmolytic anemma  His
spleen had not been remoted at the time of their report  He was a
boy aged 15 years only moderately anzmic but always visibly jaun
diced with a plasma biltrubun level usually 1n the region of 4 to 5 mg
per 100 ml  Elis erythrocytes were slightly macrocytic with a definite
tendency to ovalocytosis (Fig 49) His mother appeared to have the
trmit n a very mild form (Fig 50)

Further détails of this patent can now be given  as chinically
obvious Jaundice was continuously present 1t was thought advisable to
carry out splenectomy even though the chances of any marked improve
ment seemed remote The spleen wad moderately enlarged 1t was
found to weigh 260 g when allowed to empty 1tself of blood (about
twice the normal weight for the patient s age)  Histological examina
tion showed less congestion with blood than i hereditary sphero-
eytosis (p 70) 'The Malpizhian bodses were normal 1n size ~ the pulp
cords were and de numbers of
erythrocytes The httoral cells of the simuses were conspicuous and
1ron containing pigment was present in moderate nmounta

No substantial benefit resulted from removal of the spleen  The
hamoglobin level ranged between 113 and 127 g per 100 m! during
the first year after operation and the reticulocyte count has vaned




T1c 4~ Fhotomicrograp b of a blood film of a pitient suffering from
A congenttal non spherocytic hemolytic anzmia (Case 8 of
Dacie efal 19 3) Splenectomy had been earried out four vears
prestously  Tirget cells are con picuous X =00

Fic 48 Photomicrograph of a blood film of a patient sufferng
rom a non sy ¥ ly eraia (Case 4
of Dacte ¢f al 1903) Splenectomv had been carried out eight
years previow Iy X 700
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between 47 and 7 4% as d with pre op h

levels and reticulocyte counts of 11 0 to 11 5 and 4 to 6% respectively
On the other hand the serum bilirubin level has been shghtly lower
avraging 27 mg per 100 ml between % and 12 months after operation
compared with a pre operative average figure of 4 4 mg per 100 m!

As will be discussed under Pathogenesis (p 109) there 1s reason
to belicve that at least two types of congemtal non spherocytic
hemolytic anemia exist and that of the patients deseribed by
Dncie nd colleagues (1953) Cases 1 and 4 belonged to one ty pe and
Case 5 to a sccond distinet type The exact position of Cases 2 and 3
1 relation to the other patients 1s uncertam  Since the above
mentioned paper was written a further patient has been studied
(Case 6 below) he appears to be suffering from exactly the same
type of disorder as Case 5 referred to above

The two types of disease can be distinguished by a major
dufference 1n behaviour on incubation of therr blood wn viro (see
P 110) In addition however there are possible morphological
differences  for nstance the erythrocytes of Case 5 of Dacie
and colleagues (1953) and of Case 6 were mostly shghtly oval
macrocytes (Figs 49 to 51) whereas those of Cases 1 and 4 were
{after splencctoms) conspicuously rounded macrocytes (Figs 45
and 48)

Case Report  Conenital Non spherocytic Hemolytic Anemia
Type X {Case 8)

The patient was a boy A M saged 14 years He was born 4 weeks
prematurely and was noted to be jaundiced at irth e was sad to
be pale until 3 months of age  At'the age of five he was noticed to be
Jjaundiced with darhening of the unine At the age of eleven jaundice
reappeared and he was then fol‘ll\d to be anemic s condition has

Physical Examination  When admrtted to Hammersmmth Hospital
for investigation he was found to be an alert boy of average build and
development for his age e was visibly jaundiced His spleen was
palpable 3 em below the left costal margin  his hiver and Jymph
nodes were normal 1 size  His unine contained urobilin but not hle

Laboratory Iindings  There were 3 300 000 erythrocytes per ¢ mm
withan MOV of 10, ¢ the reticulocyte count s aried between 8 0
and 11 59, there were 6 000 leucocytes per ¢ mm  with 669, neutro
phils and 210 000 platelets per cmm  Stained blood films showed a
tendency to macrocytosis with shght ytosis and oy alocytosis and
a4 moderate degree of polychromisia  There was no obvious sphero
cvtoss (Fig 51)

The serum bilirubin concentration was 18 fo 21 mg per 100 ml
fireal urobilinogen 550 mg per day  serum albumin 51 g per 100 ml
serum globulin1 8 g per 100 ml  The VWassermann and hahn reactions
were negative the antiglobulin (Coombs) test was negative and the cold
agglutimn titre <4  Osmotic framlity was normal inutial Jysis
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042%,N\aCl M CF 040% \aCl complete 1s5130 20°, nnd the inerease
on anculition at 37 € for 2% hours was normal  The rate of auto
lremalysis was normal but this was not diminjshed to the normal
extent by the addition of glucose

Fanuly History  No relative is known to have suffered from anxmia
or jaundice n particular an elder brother 13 apparently normal
‘The father s blood was examined and found to be normal  That of
the mother was_however defimitely abnormal _many of her erythro-
cytes were shghtly oval in shape the MCV was 108 cp  On
incubation her blood behaved in exactly the same way as her sons
lood ie the rate of sutohmolysis was normal but the effect of g lucose
on dimimishing attohxmolysis was less than normal

/ Pathoglenesis of Congenital Non spherocytic
Hxemolytic Anemia

Very little 1s known of the nature of the erythrocy te defects 1n
hemolytic anxinias of the tvpe now being considered or how the
defects shorten the life span of the corpuscles in vteo  Itas certan
thaugh that the mechanism of hemolysis differs from that of
hereditary spherocytosts in particular arapid rate of erythrocy te
destruction tn 1110 15 not dependent upon the presence of & spleen
as1s shonn by the fact that splenectomy has hittle or no therapeutic
value  Some light has been thrown on the problem by the recent
studies of Selwynand Dacie (1943) Three of the patients described
by Dacic and co workers (1953) and one further patient (Case 6)
have been remnvestigated  As already mentioned 1t was found
possible to separate the patients mnto two groups by means of
studies mn ratro  Type I comprised Case 5 of Dacie and co workers
{1953) and Case 6 (p 108) Fype II comprised Cases I and 4 of
Dacie and co workers

The erythrocvtes of both patients of Type I varied only
slightly 1nsize  some of the cells were macrocytes and many were
ovordinshape Onincubation the cell volume and cation changes
were sinular to those of normal corpuscles as was the increase in
osmotic framlity and autohzmolysis However a definite abnor
mahty was demonstrable for when glucose was added to the blood
the rate of autohzmolysis was diminished by less than the normal
amount  The rate of autchezmolysis of blood from the mothers of
both these patients was sumilarly abnormally high in the presence
of glucose

The erythrocytes of the patients of Type II behaved qute
differently from those of Type I The cells of both these cases
were rounded macrocytes few if any bemng oval During meuba
tion the potassium losses were much greater than normal and
the cation and volume changes were unafiected by the addition
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Fio .1 Photomcrograph of a blood film of a patient suffering
from a cong non spherocy Jytic anzmia (Case 6)
X "00

v~ Phatomicrograph of a blood film of a patient suffering from
Tie o of congenital hamolytie anamia (Case 10 of
~00

a macroevtic tvpe
Tacie et ol 1923) X "0
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of glucose  Autohzmolysis was markedly increased in both cases
and this was similarly unaffected by glucose Further experiments
indieated that the erythrocytes of these patients were unable to
utilize glucose at the normal rate—the obsersed utilization was
only 25% and 80% respectinely of the calculated amounts

These observations demonstrate that the erythrocytes of the
two groups of non spherocytic cases and the erythroeytes of
bereditary spherocytosis all behave differently on ncubation
an witro The essential nature of the corpuscular defects of all
three types remams to be determined In the Type I non
spherocytic type studies 1n vifro provide no real clue as the
behaviour of the cells 1s normal except for the dimmmshed effect
that glucose has on preventing autohwmolysis  Nevertheless 1t
15 obvious that the defect 1s one which seriously dimtmishes the
Iife span of the corpuscles sn rsze  In the Type II non sphero
cytic type studies 1 itro demonstrate a definite and stuking

‘ it The corp Ithough not 1ty spherocytic
become markedly so on incubation and undergo & strihing increase
an osmotic fraphity and at the same time hemolyse at & rate that
15 ten or more times the normal These changes seem to be

d with a bolic defect—a. fatlure to utihize glucose at

the normal rate The nature of the metabolic defect has not yet
been defined  the rapid onset of spherocytosis n pifro suggests
that an important consequence of the defect or of an additional
defect 15 & raprd 1T bl of the eell b:

Conemtal Non 4 ‘ "

h Porphyna
‘There are a small nurnber of recorded nstances of hzmolytie anema

wi porph e Marval and Pons 1934
Aldnich Hawkinson Grinstem and Watson 1951  Gray and Neuberger
1952)

Splenectomy was carried out 1n de Marval and Pons s patient  follow
ng operation hamolysis was greatly reduced and the photosensitivity
of the skin became less marked The patient of Aldnich and his asso
ciates was a Lttle girl aged 4 years Her spleen was also removed
Before the operation she was severely anzmic her erythrocyles were
shghtly macrocytic some were said to be small and spherocytic and

curious granulation was noted 1n the eirculating erythrocytes and
m the normoblasts m the marrow  Following splenectomy her anzmia
disappeared and so did the photosensitivity  The authors attnbuted
this to & reduction m the synthesis of porphynins associated with the

m eryth follown, of the

pracess  Splenectomy was alse earried out on Gray and Meubergers
patient m this nstance however neither the blood picture nor the
photosensitivity was favourably affected

Sato and Takahashi {(1576) descnibed the occurrence of fatal porphyn
nura n a child  Termnally the child developed a severe degree of
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chlorotic  anzma It seems possible that the anema was
due to 8 d with the
excesstve formation of porphynns) rather than due to hemolysis

BMscellaneous Types of Atyprcal Congemital Hemolytic Anemra

A Macrocytic Type Dacie and co worhers (1958) described an
unusual maerocytic type of congemtal hemolytic anzma 1n a young
man aged 19 years Until the age of 15 he had considered himself to
be quite well  Since then he had been continuously jaundiced and 2
number of small indolent ulcers had developed onr his shins and above
Iis ankles His erythrocytes were unusually macrocytie and vared
considerably 1n size and shape (Fig 52) Therr osmotic fragihty was
normal or shghtly dimmished No definite evidence of a farmlial
meidence could be established

Splenectomy was carried out but without improvement to his
anemia  His Jaundice however was shghtly lessened  After operation
his erythrocytes became even more macrocytic (MCD 93 u)
unusual feature m this boy s bone marrow was the presence of qune
large numbers of ery
erythmblasts and the unusual degree of macrocytosis and pothilocyto 15
m tl h T12 that the Iife span of hrs
rythrocytes was secondary to some unusual defect m erythropoiesis

The type of macrocytic anerma described above 1s believed to be
rare It 1s possible that the patients deseribed by Fancor (1939) and
Yecohio and Tropeano (1947) were suffering from a somewhat sumilar
disorder  Splenectomy was meffectise 1n Fancom s patient
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used 1n descriptions of the disease Tt 15 now realized that both
serious and bemgn forms of the disease sre comparatively
commonly found chuefly m people of Mediterranean oriin - On
the Continent the disorder has been extensiely studied 1n recent
years particularly in Italy andat has now o Jarge hterature (see
Chini and Valerr 1019 Astalds Tolentmo and Sacchett: 19.1)

Coolev Witwer ond Lee {1927} at first considered that they were
dealing with a famihial anzmm of hemolytic type Later thes
considered that the anemia was pnimanly due to a metabohe
disturbance and ltkened the defective erythropoiesis to attempts
to make bricks without straw  (Cooley and Lee 1932) As
already mentioned 1t 15 now realized that both mechanisms are
operative and that the hemolysis 1o dary to and probably
less important than defective hrmopoiesis  Nevertheless Italian
authors 1n particular have referred to patients in whom hemolysis
has seemed to be & dommant feature as suffering from ittert
emolitic1 con della globut In Italy this
type of anzemia has come to be known as haemolytic anxmua of the
Riett: Creppr Michelr type (see Marmont and Bianch; 1948
Chint and Valer: 1949)

Racial Incidence The great majonity of mstances of Med:
terranean anzrma hase been found in people of southern European
ongm or in their descendants overseas Thus the disease 1s not

n Italians Sard Sieahans and Greehs It has
also been observed i Cyprus and Malta and occasionally else
where in the Mediterranean hittoral It also apparently allects
although very much less commonly many different types of non
AMediterranean people (Silver 1950  Vyintrobe 1901  March
Schlyen and Schwartz 1952) Cases have for instance been
recorded i Clinese (Foster 1940 DeMarsh 1950} 1n Germans
(Heilmeyer Muller and Schubothe 1951 Pnbills 1901)
Indtans (Napier Shorten snd Das Gupta 1933 Dhayagude
1944) 1n Negroes (Schwartz and Mason 1949 Banks and
Scott 1953) and in people of pure Thai extraction (Minnuck et al
1954) It 1s however not guite clear whether or no the disease
m patients of non Mediterranean origin 15 exactly the same as
the type affecting people of Mediterranean stoch  Probably other
mther) sumlar syndromes of different pathogenesis exist (sce
p 129

Inheritance It 1s pow generally recognized that Ved:
terranean anamia exists 1n two main grades of seventy {Valentme
and Neel 1944) thalassmia major (Cooley s anzmra) a serious
disorder which 1s usually fatal mn chidhood and thalassermin




CHAPTER 5
THE CONGENITAL H/ZEMOLYTIC ANAMIAS

IV MEDITERRANEAN AN/EMIA AND ALLIED
DISORDERS PERNICIOUS ANAMIA

In this chapter will be deseribed certain eongenital anzmias
due primanly to defective hemoglobin synthesis Ths leads to
the formation of erythrocytes very low i hzmoglobin content
and usually very variable in size and shape The hfe span of the
most defectrve of these corpuscles 15 considerably reduced For
this reason in Mediterrancan anema the most frequently
encountered anemia of this group excessive hzmolysis may be
correctly regarded as playmng a part mn the causation of the
patient s anemia

In pernicious anzmia too although hzmoglobin svnthesis 15
not directly affected the situation 1s analogous The anema 1s
primarily due to dysh ¥ but the ab 1 erythrocytes
produced as the result of this also have s dimmished hfe span
In permelous anemia as well as in Mediterranean anema there
fore a secondary hamolytic element contributes to the severty
of the patient.s aneemra  The evidence for hzemolysis in perntelous
anemia will be briefly referred to at the end of this chapter

MEDITERRANEAN ANAMIA

Synonyms Cooley s anemia (Kato and Downey 1933)
erythroblistic anzmma (Cooley and Lee 1932) Mediterranean
drsease—thalasseemia (Whipple and Bradford 1936) target cell
anemia (Damesheh 1940) familial microcytic ansema (Strauss
Daland and Fox 1941) Riett: Greppr Michell anzmia (see
Marmont and Bianch1 1948) Mediterranean hemopathic syndrome
(Clim and Valen 1949) hereditary leptocytosis {Committee for
Classification of Nomenclature etc 1950)

History The first descriptions of Mediterranean anemia as
g distinct entity are those of Cooley and Lee (1925) and Cooley
Witwer and Lee (1927) who described a number of children
suffering from  splenomegaly with anemia and pecuhbar bone
changes  Later the eponym Cooley s anemia  was widely

11¢
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not infrequent  As the child grows widening of the crantal bore
diploe may lead to enlargement of the shull and often to a monge
Iod appearance  The spleen may become greatly enlarged

Radiologeal exanunation of the child s bones typreallv reveals
thinmng of the cortical compact bone and resorption of
trabecule  The outer table of the skull may become extramely
thin and the diploe greatly widened  Characteristie perpendicular
stne mav eppear between the mner and outer tables (Cooley
Witwer and Lee 1927 Baty Blackfin and Dwiamond 193,
Calley 1937 1951) Intractable uleers of the leg oceasionally occur
{Fstes karber and Stickney 1048 VMarch Schiven and Schwartz
190.} and gall stanes haye been recorded (Currin and Lieberman
19,1 Srmth and Morgenthau 1901)

Astaldi Tolentino and Sacchetti (19.1) referred to three grades
of thalassemia major (1) a severe form causing serious anenua
early 1n nfancy and often resulting m death mn the first vear
{2) a shightly less severe form of the disease usually first becoming
manifest 1 the second half of the first year the child often
surviving until school age  and (3) & milder form usualhy diag
nosed 1n the second year of life and compatible with survival
until adult kfe Bone lesions were particularly conspicuous in
patients belonging to the second and third groups  The hterature
deahng with the occurrence of thalissemia major in patients
surviving until adult hfe 1s reviewed by March Schlyen and
Schwartz (1952) who add two more cases of their own

Blood Picture Anxmia 1s generally severe the erythrocyte
count lying as a rule between 1000000 and 3 000 000 cells per
cemm The erythrocytes vary greatly in size and shape both
mcrocy tes and macrocytes being present and many are unusually
flattened (Raty Blackfan and Diamond 193° Bradford and Dye
1936) Small of cells are not infreq 1 d
In stamed films the apy are those of 1y severe
hemoglobim deficiency most of the corpuscles stamning very palely
(Fig 53) Some cells appear as rings of hamoglobin with httle or
no stamng in the muddle  other cells present as target cells
Normoblasts are almost 1nvariably present the greatest numbers
being found m the most scvere cases  Some of the normoblasts are
primitive n others the nucleus 1s pyknotic and the cytoplasm

npened A mod degree of polyct and
punctate basophilia 1s usually seen The reticulocyte count 1s
usually above normal and may reach 10 per cent or even more
Bradford and Dye (1936) recorded the mean corpuscular diameter
(MCD ) 8 patients as ranging from 58 to 74 p_ After splenee
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minor (target cell anzerma or target oval cell syndrome (Dameshek
1940 1943} ) = less serious and not fatal disorder  More recently
Astaldi Tolentino and Sacchett: (1951) have referred to a third
very mild form as thalassemia minima

It was realized by Angelini (1937) and Caminopetros (1938) that
when one member of « fanuly suffered from severe Mediterranean
anemia other members of the family commonly suffered from the
disease In 2 minor form  Both Angelim and Caminopetros stressed
that increased osmotic resistance was a valuable sign of the minor
(carrierj state  In two of the families studied by Camunopetros
both parents were found to be affected and Angelim reported
that almost all the available relatives of the 6 families he studied
were carriers of the trmt These important observations were
confirmed and elaborated by Wintrobe (1942) Smuth (1942) and
Dameshek (1948) m America and by other Italian workers (sce
Chint and Valenn 1949) and 1t 1s now realized that studies on the
blood of parents of chuldren affected with Cooley s anzma will
regularly reyeal mmor but definite hematological abnormahties
on both sides of the farmly

It 15 now generally considered that the severe major form of
the disease represents the homozy gous state of a partially dominant
autosomal gene and that the mmor and minima forms represent
the heterozygous condition (Valentine and Neel 1944 Smith
1948 Chini and Valer1 1948  Astald: Tolentino and Sacchetti
1951 JTudwin Lmmantam and Damesheh 1952 Branco ef al
1952) A possible but less widelv accepted alternative hypothesis
1s that the severe disease results from the stmultaneous presence
of two non allelomorphic genes each single gene by 1tself resulting
1n only the mmor jorm (Daland and Strauss 1948) Eudwin and
co workers (1952) fatled to demonstrate any linkage between the
gene for Mediterranean anzema and those for the ABO and Rh
blood groups and eve colour

CLINICAL AND HZMATOLOGICAL FEATURES
Thalassermia Major (Homozygous State) or GCooleys
Anzmia

The disease 15 usually diagnosed i the first y ears of life anzmia
often becoming mirked withn a few weeks of birth  Pallor 15
the predomumnant sign and this 1s 2ccompanted by swelling of the
abdomen due to splenomegaly and to a lesser extent to cnlarge
ment of theltver  Overt Jaundice1s unusual  Purpura and Iymph
node enlargement do not as a rule occur  Bouts of pyrexia are
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Data obtained from a child aged 8 years suffering from the
disease 1n 1ts typreal form and from the child s parents are given
m Table 4

The osmotic fragility of the erythrocytes 1s characteristically
abnormal (Fig 53) The resistance to hemolysis of the majonty
of the paticnts corpuscles 1s increased but there may be
addition a small pereentage of abnormally fragile cells (Baty
Blackfan and Diamond 1932} Hxmolysis 1s often incomplete
n 0 2% saline and sometimes even in 0 19 saline

The changes resulting from the incubation at 87 € of the blood
of a patient with severe Mediterrancan anzmia were studied by
Selwyn (1953) He found (a) that the rate of autohxmolysic was
at the upper himit of normal (08% at 24 hours and 83% at
48 hours) (b) that the cell volume dimimshed instead of mcreasing
s 1s normal (c) that the loss of potassium from the corpuscles was
greater than normz\l and (d) that the erythrocy tt: osmotic fragility
was marhedly di hed rather than as the result of
the 2¢ hours mncubation Thus there 1s some evidence that the
Mediterranean anemia erythrocyte behaves abnormally on incu
bation as well as being morphologteally abnerma?

Thalasszemia Minor and Minima (Heterozygous State)

The symptoms produced by the disease m the heterozygous
state are far less serious than in thalasseermia major (homozy
gous state) and most paticnts are capable of leading moderately
active lives (Wintrobe Matthews Pollack and Dobyns 1940
Strauss Daland and Fox 1941 Dameshek 1943) In the
muldest cases there may be no complamts attributable to the
disease  although hematological examination reveals defimte
abnormalities (thalasseerma mumima or the mucrocytemia  of
Silvestromt and Bianco 1946} In the less fortunate patients the
disease results 1n chronic anazmia of mild to moderate degree and
m these cases vague tiredness and dyspnoea on exertion are
common complaints (thalasserma mnor) In some patients
chromie jaundice of acholuric type 1s a feature {Riett1 Greppt
Micheh disease of Italan authors) The spleen 1s generally
palpable n the moderately severely affected patient and uleers of
the leg and gall stones have been obseryed (Marmont and Bianchy
1948) '\ ray studies may reveal some degree of osteoporosis and
certan physical stigmata such as broadenmg of the nose and
prommence of the cheek bones may also be present

Blood Picture Most patients have a mild to moderate
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tomy i two patients the M CD was greater than normal 80 to
83 pand 75to 77 p respectively

The leucocyte count 1s usually raised and may even evceed
25000 cells per cmm A small percentage of myelocvtes 1s
commonly found The platelet count 1s generally normal

TaBLE 4 The blood counts and other heematological data of a child
suffering from setere Mediterranean anemia (thalassemia
major) and of ks parents both of whom were carriers of the
Meduierranean anema travt (thalassema minor)

Exythro | Hemo- Retl | Formo | 8 ram | Fietal
Ptnt cytes | ‘giobi  [aey fswome| BT | “blasts | biirnbla | hem
millions | & per [Ten | g ¥ per | mg per | gl bl
100 mt © ms 100 mt
H M (aged 3) 41 60 | 51 | 28 84 | 8000 | 12 1-0
Tatherof H M 85 1 74 29 24 q - o
Mthe of H BL| 54 17 1| om 2 0 -

The plasma bilirubm level 1s usually shghtly rased The
serum 1ron level 1s high (Cartwright Huguley Ashenbrucker Fay
and Wintrobe 1948} and the 1ton bmding protein fully saturated
(Smuth Sisson Floyd and Stegal 1950)
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Fic .3 Osmotic fragility curves of the bloed of a child suffermg
from severe anema major)
x —~~x and of his parents both of whom were carriers of the
anzma trait minor) e » and
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The shaded area represents the normal range
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anerma with therr hemoglobm Ievels not usually reduced below
10 g per 100 ml However in the mmma  state the hemo
globm level 15 usually normal The erythroevte counts are less
reduced often they are within the normal range not infre
quently the counts may cxceed 6 000 000 cells per e mm (Table
4) The proportion of reticulocytes 1s generally aboie normal
but seldom exceeds 5% (Smith 1943 Valentine and Neel
1914) v
Frythrocyte Morphology  Defimte abnormalities 1n erythrocyte
morphology are probably always to be found 1f sought for even
In patients without anemia or where there 1s erythrocytosis The
erythrocytes vary more than normally 1 size The mean cell
volume 15 usually well below normal (Smmth 1943  Valentine
and Neel 1944 Hemle and Read 1948 Daland and Strauss
1948) The mean cell dlameter on the other hand is generally
within the normal range (Mooney 1952) the presence of some
macrocytes balancing the effect of numbers of mucrocytes
Characteristically the mean cell thickness 15 considerably reduced
(leptocytosis) (Dameshelh 1940  Vintrobe ef al 1910 Smuth
1913

Th)e ery throcy tes stam palely with Romanowsky dyes, thisis
mostly due to therr diminished thickness as the hxmoglobin
concentration as a rule 1s only shghtly reduced and may be
normal (Smith 1943 Valentine and Neel 1944 Daland and
Strauss 1948 Hanle and Read 1948) A ring, type of stamng
15 characteristic 1 some cases too target cells are present
(Fig 55) Often many of the erythrocy tes are moderately ovaln
shape (Dameshek 1940) Punctate basophilia 1s ofton con
spicuous (Smuth 1948 Tuett: 1950 Mooney 1952) ¥ On the
whole the changes are far less sey ere and the cell morphology more
unform than 1n the major form of the disease  On the other hand
the abnormalities are relatively severe n relation to the mildness
of the anrm that may be present  Normoblasts and mj elocytes
are not usually presunt m the peripheral blood

Osmotic I'ragility Ch 1y the to hypoton!
salime 1s markedly 1ncreased and this 1s found to be present
to some extent even wmn the absence of an®mmt (Smith 1943
Valentine and Neel 1944 Moonev 1952) The plasma bilirubin
lJevels are normal or shightly increased As mn the major form of
the disease the serum iron and copper levels are normal or above
normal and the iron binding capacity of the serum may be saturated
(Cartwright et al 1948 Smuth et al 1950)
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Pathology

Bone Marrow in Thalasseenua  The bone marrow 1s
vperplastie the degree of hyperplasta varvmg directhy with the
severity of the ananua  The hyperplasia 1s the result of active
ervthropoiesis and in severe cases the erythroid myelond rtio
may exceed unmity T rythropotess 1s normoblastic  There 15
tendency for the developimg normoblasts to be smaller than normal
(micronormoblastic development)  this 1s mostly due to diminu
tion 1n the amount of evtoplasm and 15 most marked 1n the
most ripened eells  Detailed measurements are given by Astald:
Tolentino and Sacchetti (1951)  In thilwssenua major the
percentage of basophilic normoblists s often unusually tigh
m thalassemia minor polychromatic and pyknotte normoblasts
predominate  Astaldi and Tolentino (1852} clumed that in the
most serious cases of thalassemua major there was some dely i
the of the ort} 1c normoblsts  Pyknotie
normoblasts the cytoplasm of which appears to be completely
ripened are n fact not infrequent  such cells are rare in normal
marrows

In severe cases hremoglobin may appear to be formed m &
patchy fashion n the c}(cp]nsm of the developing normoblasts
areas of beng d between
remnants of the pnnumc lnsupluhc c)tnphsm This gies
Tise to an appearance of rather coarse and irregular punctate
basophiha

In striking contrast to the finding 1n simple iron (]cﬁcmnc)\
siderotic granules are present in many of the marrow normoblists
(see p 21}

Other Organs Splcen  The spleen 1s usually markedly
enlarged  Sections show congestion extramedullary h cmopotesis
and a thiekened reticulum  Devintion from the normal 1s far less
marked m thalassemia muinor than mn the mayor discase The
amount of iron present depends upon the number of times 1f any
the patient has recerved blood transfusions In the absence of a
Iistory of transfusions only relihisely small amounts of 1ron are
present 1n the spleen

Luer  The iron content of the liver 1s moderately increased
TER 1 the absence of transfusions and the same 1s apparently
true of the iron content of the hidneys heart pancreas and lymph

nodes ete (Whipple and Bradford 1436 Astalds Tolentmo and
Sacchett: 1951)

t
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Diagnosis of Mediterranean Angermia

Thalassemua Major The disease 15 diagnosed from a
constderation of the clmical and hzmatological data and from
famly studies The rather vamable chmcal form of the major
disease has already been referred to (p 117) In the most severe
type affecting mfants with many prinutrve erythroblasts in the
peripheral  blood with eryth yel (dr
Gughelmo s disease) may arnise  However 1n the latter disorder
myeloblasts will probably be found m quite large numbers m the
peripheral blood—these are usually absent in Mediterranean
anemua  The erythrocytes too will not be consprcuously hypo
chromic  Jxnowledge of the famuly history and of the blood pieture
1n relatives will also help 1n arriving at the correct diagnosis

In the less severe forms occurring n childhood the chnical his
tory and blood picture are generally typieal and there should be
no real difficulty in diagnosis  The same applies to the few patients
who reach adult Lfe

Thalasseerma major can be distinguished from severe iron
deficiency anemia by the more severe changes 1n the erythrocytes
m the former disease and by study of the serum ron level or 1ron
content of the bone marrow—low 1n 1ron deficiency anemia high
1 thalassemia and by the fact that the patient suffering from
Mediterranean anemua fails to benefit from mtensv e 1ron therapy

Thalasszemia Minor and Mmima Here the separation from
ron deficiency anzmua 1s less easy On chnieal grounds the
facies of the patient His hustory the degree of enlargement of the
spleen and the possible shght jaundice all pont away from 1ron
deficiency as the cause of the anemua It may be difficult to
decide on the blood picture alone hypochromasia antsocytosts
and the presence of oval cells and elliptocytes target cells
and punctate basophihia all characterrstic features of thalasszrma
mmor may all be found n true iron deficiency anxmia to a
greater or lesser degree  The same applies to increased ervthrocyte
osmotic resistance  However 1t 1s probably true that the numbers
of target cells and cells showing punctate basophilia are less likely
to be as huigh and the d m osmotie T less hikely
to be as severe n simple iron deficiency anzrma as m Mediter
ranean anzmia Once agam knowledge of the serum rron level
and bone marrow content of wron the response to wron therapy
and the results of famuly studies are usually decisive m diagnosts

As already mentioned patients with the mildest forms of
Mediterranean anemia may have abnormally high erythrocyte
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counts This type of blood preture may be confused with other /
forms of polycythemm  In the Mediterranean anemua group the
hemoglobin Tevels will be found to be normal or subnormal the
crythrocy tes hypochromic and microcytic and the leucoey te and
platelet “counts normal  Sumlarly blood contaming many
consprenously oval or elliptical erythrocvtes may be eonfused
with that of hereditary elliptocytosis  In the latter disorder the
degree of elliptocytosis 1s usually more pronounced and regular
and the number of cells affected by the change as a rule much
greater than n thalassema  The cells in true elliptocs tosts are
normochronue not hypochromie and porkilocytosss 1s much less
than n M anzma

Treatment of Mediterranean Anzemia
“Nothing has yet been found that will produce a sustained
favourable effect on erythropoiesis Iron therapy either by
mouth or intravenously 1s useless—indeed the iron binding
globulin of the plasma 1s usually already saturated with iron
and the storage organs of the body also contamn an excess Al
the vitamin preparstions that have been tried also scem to be
useless It 15 possible but hardly proven that cobalt may be of
shght value Berh Burchenal and Castle (1949) reported rather
doubtful improvement 1n one patient and other instances of
possible benefit have been referred to by Werssbecker (1951)
Muratore (1951) and Heilmeyer Muller and Schubothe (1951)
Virdis (1952) on the other hand did not obseryve any improyement
in 6 children given 20 mg of cobaltous chloride orally for 10 to
20 days
Blood Transfusion This has no fundamental effect on the
course of the disease  However normal blood survives normally
n uncomphieated Mediterranean anemia and for tis reason great
temporary benefit can be expected to result from transfusion
(HMamilton Sheets and DeGowin 1950 Frontah and Stegagno
1951) The use of repeated transfusion will in time Jead to marked
hzmosiderosis but this in the author s opinion should not be used
as an argument against the use of periodic transfusion m cases
where without transfusion the degree of anamia leads to sertous
symptoms Frumm Waldman and Morns (1952) referred to a
child who died at the age of ten having recetved aver 76 litres of
blood since birth At post mortem there were all the signs of
exogenous hemochromatosis with early active portal eirrhosis of
the Lver Fortunately however affected children manage to
date ¢ 1 bly well to h lobin levels
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evenaslowas5g per 100ml  if this1sso thev had best be left
untransfused

Splenectomy The spleen has been removed on a number of
occastons  The general consensus of opimion seems to be that this
ordinarily makes httle difference to the course of the disease
It 1s ikely however that some benefit may follow splencctomy
n pattents in whom heemolvsis 1s marked (Govan 1946  Chmiand
Valer1 1949 Lichtman Watson Feldman Ginsbergand Robmson
1958 Gatto and Lo Jacono 1923 Minnick ez al 195¢)

Lichtman and co workers observed 1n children suffering from
thalasszmia major who had received repeated transfusions that
1t was quite coramon for the transfusions to be required at increas
mgly frequent mtervals if the patients hemoglobin levels were
to be mantained They studied by means of the Ashby method
the fate of the blood transfused to seven children and found a
shortened survival in each case 11 six of them the half bife of the
transtused cells was reduced to betneen five and mne days and
1n the seventh child 1t was 85 davs  This suggested a superadded
extracorpuscular mechamism of cell destruction However no
abnormal antibodies the presence of which might have explamed
these findings could be rdentified

Splenectomy was carried out m five of the patients in four
of them the volumes of blood required to be transfused after
splenectomy were reduced to 19 21 28 and 869, respectrvely of
the volumes necessarv before spl y It was ded
that a good case could be made out for removal of the spleen
when transfusion studies indicated an abnormal rate of ery throcyte
destruction  This seemed likely to oceur most commonly n
patients m wham the spleen was greatly enlarged

Marked erythroblasterma the presence of many siderocytes
an merease m ervthrocyte amso poikilocytosis and an increase
1n the number of target cells may be expected to follow splence
tomy Vhipple and Bradford (1936) found that the mean
ery throcy te diameter was mncreased and the ery throcyte thickness
decreased after the spleen had been remove

/ Pathogenesis of Mediterranean Anzmia
There 1s ittle doubt but that Mediterranean anzmia 1s caused
by a genetically determined defect of erythrocyvte formation
As a result abnormally thin mms shapen erythrocytes of low
hremoglobin content are produced which m severe cases at Jeast
probably survive for an unusually short time 1n the crculation
Bone marrow hy pertrophy follows as a consequence of chromie
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antmia and this n time often leads to the abnormaltics of the
shull and other bones which are so eharacterstic of the disease
In all except the mildest type of the diseasc hemoglobin formation
1s madequate despite the hy perplasia of the erythropoictic tissue
The exact nature of the defect of ervthrocyte formation has
not yet been determmned  Bone marrow studies show that as
the normoblasts grow they develop into unusually small eells
which are particularly deficient in eytoplism  The changes are
rennmiscent of these produced by simple 1ron deficiency  and there
scems little doubt that part at least of the fundamental defect of
Mediterranean anemta 15 a faiture of the proper and suffictent
synthesis of hemo,lobm 1n the presence of apparently fully
adequate amounts of wron It 3s possible that the abnormalitres
of ervthrocvte morphology are mercly the consequence of this
However certam foatures suggest that a defeet 1 humoglobin
synthesis may not be the whole extent of the abnormality of
ervthropotesis  For cxample the abnormahties 1 the erythro
cytes i thalassemin major are more severe than are seen 1n sumple
iron deficiency anenua  n severe cases too there may be an
actual defeet in the maturation of normoblsts (Hanulton and
Fowler 1951  Astaldi and Tolentino 195.) Ou the other
hand 1t roight be argued that the remarkable changes m erythro
cyte morphology and hehaviour are all the result of a deficiency
of hemoglobin synthesis and hence of erythroeyte cytoplasm
that 1s more sevcre than 1s ever scen in simple tron deficieney It
1s true too that i the mmor and minima yrieties the changes
1 the peripheral blood and in the bone marrow are stnular and
difficult to d from those prod by simple 1ron
defictency  Even so the degree of punctate basophiha and target
cell formation 1s usually greater than in stmple ron deficieney
From the morphological point of view there are therefore some
differences  between Meditaranean anerua and simple 1ron
deficieney which do not scem to be cntirely expluned on quantita
tive differences in the seventy of the impairment of h emoglobm
synthesis  There are morcover some other differences bitween
thalasserma and simple iron deficiency which are probably of
pathogenetic significance  For instance patients may be en
countered 1n whom jaundice of apparcntly hrmolytie type 15 a
matked feature These cases appear to be examples of thalassemia
Tanet m which ¥ 18 dly p but whether
or not the tendency to hemolysis and jaundice 15 the result of
other genctic miluences in addition to that produced by the gene

for Med anemia 1> unk at present
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An 1nereased tendency to erythrocyte fragmentation w vire
has been mentioned by several writers (Whipple and Bradford
1936) Marmont and Bianchi (1948) in describing three cases of
the Riettt Grepp1 Micheli type reported wn detatl some observations
on this ph The fi ation was particularly marked
m supravital preparations stamned with bnlhant cresyl blue
under these condittons  dumb bell  erythrocytes appearng as
two spheres of hemoglobn umted by a colourless membrane
seemed to represent a stage 1n the fragmentation process These
cells could also be found in films of peripheral blood allowed to
dry immediately after collection According to Marmont and
Bianchi 1n no other condition except Mediterranean anzmua 1s
evidence for erythrocyte fragmentation so marked It 1s mnterest
mg to note however that they add that in severe simple won
defi y anxma the of fragmentation may be almost

as great

If the erythrocytes disintegrate tn vio mn the peripheral
blood to a marked extent ;n Mediterranean anzmma the plasma
hzmoglobmn concentration would be expected to be abnormally
high  This has i fact been observed by Crosby and Dameshek
(1951) In three patients with severe Mediterranean anzma
the plasma hemoglobin levels vared from 12 to 60 mg per
100 ml compared with a level of 1 to 4 mp per 100 ml 1n normal
subjects 1n one moderately severe case the level was normal
before splenectomy but 25 mg per 100 ml after splenectomy
In 23 patients with the Mediterranean anxrmusg trait the level was
however within the normal range It 1s mteresting to note that
1n the four patients with raised plasma haxmoglobm levels hemo
siderin could be demonstrated in their urme These studies
thus confirm the view that there 1s a hemolytic element m
Mediterranesn anemia  1n addition they indicate that erythrocyte
disintegration takes place 1n part at least within the blood stream

The sensitivity of the erythrocytes of patients with Med

angemia to h 1 trauma tn vifro 15 normal or

even slightly decreased (Tolentino 1951) It appears therefore
hikely that fragmentation wn vro (and @n vefro) 1s an inherent
property of the defective erythrocytes

The survival of the erythrocytes of Mediterranean anzmia
after transfusion into normal recipients has been studied on
several occasions  The results indicate that whilst thalassemia
major erythrocytes may have a shortened Iife span those from
patients carrymng the Mediterranean anemia trait probably
survive normally
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haplan and Zuelzer {19.,0) transfused into normal recipients the
blood from three patients with severe or moderately severe Medi
terranesn anrmia and followed the survival of the transfused erythro-
cytes by the Ashby method Between .. and 509, of the transfused
cells from the recip in 20 to 30 dns
later however the slope of elimmation ran roughly parallel to the
expected rate of ehmination of normal corpuscles  Raplan and Zuelzer
also transtused the erythrocyles from three women carrying the Med:
terranean trmit into formal recipients  The patients were chmcally
well having erythrocyte counts of between 4 600 000 and 5 300 000 cells
per emm and hzmoglobin levels of between 10and 11 » g per 100 ml
The survival of their corpuscles in normal reciprents was norma!  The
fact that in the severely offected eases some of the cells appeared to be
relativelv rapidly destroyed while other cells were destroyed at aliout
the normal rate indicates a marked varmbility within the population
of erythrocytes in respect of the defect Jeading to rapid lysis  An
examination of & blood film of a severely affected patient certarmly shows
that there 53 also & preat anabity in morpholory  haplan and
Zuelzer thought that the most deformed eclls were probably eliminated
fist but concluded that poikilocytosis per s¢ was not necessarily
associated with rapid ehmination

Hanulton Sheets and DeGowin (19,0} have also reported on the
survival of Mediterranean anarma trait blood ‘The erythrocytes of a
subject with thalasszma minima sursised normally when transfused
to a normal recipient but the survisal of the corpuscles of a patient
with 2 more severe form of the trait was slightly impatred (ehnunation
complete within 85 days)

Frontal and Stegagno (1951) transfused the blood of two children
severely affected with Cooley s anemia mto recipients suffering from
mild anzmia not considered to be harmolyticn ongin - Usmg the Ashby
method they found that the elmination of the transfused cells was
complete 1n 12 and 1¢ days respectisely

. Tobi. 1

mn Anxmia

Another duff, between Med anxmia and simple
1ron deficiency anemia les n the fact that a relatively large
amount of the hemoglobin i thalasseria major 1 of the foctal
(F) type The first relevant observations were made by Vecchio
{1516) and Putignago and Fiore Donat: (1948) who showed that the
rate of alkali denaturation was slowed Therr observations have
now been amply contirmed and other pomts of sumilarity between
feetal hemoglobn and  Mediterranean anzmia alkal resistant
haemoglobin established (Liquor1 ™ 1951  Singer Chernoff and
Smger 1951 Rich 1952 and Chernoff 1953)

Tt seems Iikely that the alkali resistant haemoglobin 1n Mediterranean
anemia erythrocytes 1s m fact 1dentical with feetal (F) hzmoglobin
Liquont {1951} 1n addition to observing the increased resstance to
elkah denaturation slso found that the crystal form of the hemoglobin
of one patient resembled that of human feetal hemoylobin as deseribed
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by Jope and O Brien (1919} rather than that of human adult heme
wlotnn Jope (1649) da ditf i the form
and positian of the tryptophane noteh m the ultra violet sbsorption
spectrum of fetal hemoglobin as compared with the normal adult type
In thalassemi major exactly the same difference 15 diseermble (I \quon
1951 Beaven and Winte 10,8)
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C Sichle celt anemma (child aged 1 year) 2194 fetal hemo
globun present

B Cord bleod from normal fll term anfant 749 foctal hemo
globin preseat (1 rom Vyhite and Beaven 10.4)

Singer and us co worhers (30u1) studied 12 patients  the blood of
all the patients with wxcrc‘\‘!edxtcrmnnn anemre contamed I;r:'.ve
amounts of frctsl type hemoglobin as judged by ats re ystance to njkali
On the othc't’l%and 1 1ho & prtiots with Wsnui i) ivmatologieal signs
of the disease the rate of alhalt denaturation was pormal or onfy very
shahtly decrensed Rich (192} stuched 1 patients fiv @With thalass€ial
major and sr< with the trut Electrophoretie analysis of trat blood

ave a single pesh sndistingut hable from that of normal hxmeglobm
but with thalassaomia major Dlood two peaks condd be resolved ome
Fep iz the Trtal lobin nd the other normal hemogloin
The haemoglobin of two patients with the major 13pe of the disease
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who had not been transfused was found to be almost tn!iﬁ‘{y of the
feetal t;

Chernoft (193) showed that there was & very close relationship
Dbetween the amounts of fertal hemoglobin 1 sarious types of patho
logical erythrocytes as cstimated by alkaly denaturation and the
amounts as estimated by an_immunological method using a serum
prepared against feetal haemoglobin obtamed from cord blood

Beaven and White {1003) have used a method for studying the rate
of alkali denaturation which gnes accurate determinitions of the
amountof res: tant haemoplobin present I o mixture of normal and
abnormal hxmoglobin  Some results obtatned by this method are
Mustrated an Fig 57

The presence of feetal hemoglobin 1n the erythrocytes In severe
Mediterranean anmmia 13 of great interest but its presence cannot
per se be held to be responsiblein any way for the anemia  After all
about 70 to 80°, of the hrmoglobm of a healthy newborn mfant 15
composed of this type (Beaven Hoch and Iohday 1921) It fs
mteresting too to note that Singer and his co workers (1931) and
Chermofl (1053) have reporied the presence of alkah resistant hemo
globin 1n ncreased amounts not only in the ersThrocytes of sickle cell
anzima (sce p 154) but also in cases of hereditary spherocytosis and in
& vanety of other anemias mncluding untreated permicious anemiy
and leukeemia 1t should be added however that Beaven and White
(1923) using several methods of estimation found that_fretal harmo
globin was practically never present, after the first few months of hie
except in thatassemia major and gickle cell anemia

The rcason for the persistence of feetal hemoglobn 1n Meds
terrancan anemia 1n sickle cell anemia and possibly n certamn
other ancmias ss obscure  Rich (19.2) made the interesting

that the Med anemia gene does not n atself
cause the formation of an abnormal type of hemoglobin but
rather blocks the formation of the normal adult type and that it
15 the mterference with the synthesis of normal hemoglobin that
leads to the persistence of the foctal type

SYNDROMES PROBABLY ALLIED TO
MEDITERRANEAN ANZAMIA

A small number of families have been reported suffering from
types of congenital anemua similar to but probably not quite
dentical with Mediterranean anmerma  These are referred to
tentatively as the alyprcal  congenstal hypochromic anemas
Subjeets of varying nationalities have been affected As in
Mediterranean anemia the essential defect seems to be a failure
of the synthesis of hemoglobin  to what extent hemolysis 1s
mportant 15 unhnown

The first important contribution was that of Cooley (1945) who
under the title ~ A severe type of hereditary anemmia with elliptocytosts

DACIZ 8 BENMOL ANE S 5
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reported the ineidence of an unusual type of anemia m two brothers
They were members of a family 1n which for five generations back on
the mother s side 19 out of 29 males had suffered from severe anzmia
Sixteen of them had died ten in their first year Neither the boys
mother nor any other female relative was affected The boys
erythrocytes were markedly hypochromic and more than 50%, of the
cells were oval or elliptical 1n shape No target cells were present
Osmotic fragility studies showed an mcreased span of resistance  there
were a few fragile cells but on the whole resistance was increased One
boy underwent splenectomy but without definite tmprovement

Rundles and Falls (1946) described two further American families
possibly suffering from the same disorder The first famuly was of
German Scottish and Enghsh ongin 1 this farmly there were two
relatively severely affected males and five mildly affected females
The second family was of English Dutch and Swiss stock  two boys
were severely affected and there were six mildly affected females The
most obvious blood abnormalities 1n the mild {carrier condition) were
anisocytosis and the presence of some hypochromic elliptocytes and
potkilocytes In the severely anzmic males the intensity of the vartation
1n erythrocyte size and shape and stamng elosely sumulated that found
m Mediterranean anemia of a comparable degree of anemia  One of
the patients underwent splenectomy without benefit

The author 15 aware of an as yet unrecorded famuly of children m
London several of whom have suffered from a severe refractory hypo
chromic anemia probably sumilar to that deseribed by Cooley (1945)
and Rundles and Falls (1946) The children s mother has a mild
hvpochromie anzmia  the father s blood 15 apparently normal The
most_severely affected child s boy underwent splenectomy No
benefit resulted A post blood film 15 din Fig 56
The patient s hypochromic cells most of which contam a single large
siderotic granule contrast strihingly with the transfused normal
orthochromic corpuscles

The relationship between the (7) sex hnked anmma of Cooley
(1945) and Rundles and Falls (1946) and Mediterranean anema 1s
obseure It 1s not improbable that some of the patients of non
Mediterranean orgin thought to be suffering from Mediterranean
anemia may have been suffering from the sex lnked anzmia
At present the only way of differentiating between the two dis
orders seems to be by the mode of inheritance The blood pictures
do not seem to be sufficiently dissimular  both types are refractory
to all forms of medical treatment as well as to splenectomy It 1s
obvious that too few families of the sex linked type have yet been
studied for any firm conclusions to be drawn as to whether they
are cxamples of an entity distinct from Mediterranean anzmia

Other (7) Distinct Types of Conemtal Hypockromic Anamia
Stransky and Regala (1946) and Stransky (1951 1953) have described

& type of chrome famihal hemolytic an®mma occurring 1 Filipmos
Thi form of anzmia which the authors considered to be distinct from



CONGFNITAL ANETMIA OF STRANSRY AND REOGALA 1

anzmia Is by a to severe
normocytic or shightly microcytic hypochromic anemia with moderate
b} Y and normal osmotic
fraplity The discase has been diagnosed at all ages 1t has a rela
tively good progmosis and s compatible with a normal span of hfe
Jaundice 15 usually moderate and splenomegaly morked  Crises
associated with scvere anemia and jaundice are not infrequent  The
oldest patient reported by Stransky (1951) was a male of 6. years who
was known to hame hid jaundice and splenomegaly for 43 years
Splenectomy does not affect the course of the disease favourbly After
operstion it hias been observed that the erythrocytes become macroeytic
and that the normoblastmia ncreases in Intensity
The 1hentance of the diserse has not been completely worked out

possibly it Is itted na o

() Vxed Syndromes

The p of Iytic anemin developing as the 7
of the admixture of two distinet traits for congenital anaxmia has
nlready been mentioned (p 101} and will be referred to agmin n
connection with sickle cell anemia (p 143) According to Quattrin
(19,0) d types o h ytic Jaundice are
not uncommon 1n Italy due he beeves to intermarnages between
persons carrying the traits for hereditary spherocytosis ancmia of the

TRiett: Grepp Michel type and hereditary elliptocytosis respee
tively The two children deseribed by Debler (1939~40) as suffering
from an unnsual type of familal hxmolytic anemia charactenzed by
hypochromia and & markedly increased osmotic fragihty may have
suffered froma mixed syndrome Both children responded well to
splenectomy  Further information on this type of case and careful and
thorough family studies are badly needed

Pernicious Anmemia

Only a brief reference will be made to permcious snema
(P A) as the aspects of the disease other than the evidence for
wmereased hemolysis are beyond the scope of this book  Jaundice
1s a well known phenomenon 1n severely anemic patients and
where quantitative studies of the fecal excretion of urobilinogen
have been carried out values greatly exceeding the normal have
been found This has been taken as evidence that increased
hzemolysis must play a part in the pathogenests of the disease
However the demonstration by means of evperiments with
15N labelled glycne that a substantial proportion of the frecal
urcbilinogen 15 derved from sources other than from catabolized
hezmoglobin casts some doubt on the validity of this deduction
the more so as London and West (1950} showed n a case of
pernicious anxrma that as much as 40 per cent of the pigment
mught be denved from extracorpuscular sources However the
total urobilinogen excretion may be many times the normal

6—
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(Watson 1931 Barker 1938) and 1t seems difficult to explam
the magnitude of this increase except by postulating increased
hamolysis either affecting adult corpuscles m the blood stream
or the nucleated precursors m the bone marrow

The evidence from transfusion experiments seems to be decisive
and indicates that the life span of the P A erythrocyte 15 mode
rately mmpared (Loutit 1946 Singer King and Robin 1948)
Loutit transfused the corpuscles of two untreated patients into
normal recipients 509, of the cells disappeared by the 10th
and 12th days after transfusion respectively Singer King and
Robin (1948) transfused to normal recipients the blood of three
moderately anzmic patients with hemoglobin levels between 51
and 56% The survival of these cells was moderately impred
elimmation was complete 1n 27 to 75 days correspondmg with
509, survival times of 18 to 80 days approvimately  The blood of
a fourth patient who was m complete remussion following, Iver
therapy was also transfused this blood had a normal survival

Further interesting obsersvations have been recentlv reported
by Hamlton DeGowin Sheets Janney and Fllis (1954) who
found that when normal erythrocytes were transfused to several
patients suffering from pernicious anzmia who had not recently
received treatment the corpuscles underwent a slow random
destruction which was superimposed on the normal linear rate
of decay The random destruction was abolished and a normal
survival observed if the patient had received adequate therapy
with vitamm B, before the transfusion was given but not if the
vitamm Bj, was admimstered afterwards The mechamsm or
site of the extracorpuscular hmmolvtic mechamsm was not
determined
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MecCarty 1930) The sichlecell trmt was referred to as
sicklemua by Cooley and Lee{19°6)

Racial Characteristies The sickle cell phenomenon and
sickle cell anrma are almost entirely confined to the blood of
negroces  Mason (1938) however acecpted as authentic reports of
sickling in several white famihes  without anv reasomsble
suspicion of admixture with negro blood  Wantrobe (1951) histed
13 instances mostly in Greeks Italians and Steihans but added
that  ancestral negro blood can be suspected  Margolies (19.1)
who referred to 30 cases and Plachta and Speer (1952) simularly

luded that 1 ad with negro blood was the
most likely explanation Tlecently however the sichle-cell trmst
has been found to occcur relatively frequently 1o certain localities
m Greece {Chorems ¢f al 1921) and also in eertain primitive hill
tribes (v eddords) in India (Lehmann and Cutbush 1952) Whether
the gene responsible for the sickle cell trait has ansen indepen
dently 1n the three ethne groups or spread to each group from a
common ancestor has not yet been settled {\eel 1953) Lehmann
(1953) suggested that the sickle cell trait unlike the rhesus gene
combmation c¢De 1s not an essentially negroid feature  he con
sidered that the trait probably entered the African contment
from the north east A recent observation of great mtcrest{

15 the apparent association of the mclling trat with ress
tance to wnfection by the parasite of subtertian malaria {Allison,
1954)

Inheritance 'The possibihity that the stckle cell phenomenon
mght be mhented was first hinted at by Emmel (1917) who
observed that the blood of the father of a patient suffering from
sickle cell anemia sickled 11 wmtro  Later it was reahzed that
sickling occurred mn two distinet conditions  1n a pecuhar type of
anzmia—sichle-cell anzmia and as a symptomless trait—the
sickle cell trait (Cooley and Lee 1926 Diggs Ahmann and Bibb
193381  Sherman 1940) ‘The distinction between the two
forms of disease and other more recent subdivisions were considered
by Neel (195%) The presence or absence of the sickling pheno
menon appears to be determined by a single gene A child who
receives this gene from one parent and a normal gene from the
other develops the sichle cell frait (heterozygous state) but does
not become anemic  On the other hand a child who recéives
genes for sichling from both parents develops sickle cell anema
{homozygous state) So far no satisfactory evidence has yet been
produced for any linkage between the genes responsible for the
sickling phy and these Tesp for the blood groups




CHAPTER 6
THE CONGENITAL HAMOLYTIC ANAMIAS

V SICKLE CELL DISEASE AND ALLIED
SYNDROMES

History In 1910 Herrick published an article entitled

Peculiar elongated and sickle shaped red blood corpuscles mn a
case of severe anemua  1n which are described many of the more
characteristic heematological and clinical findings of what 15 now
referred to as sickle cell anemia  Although sickle cells were well
illustrated by Herrich the development of sickling tn witro was
not described until 1915 when Emmel studymg the blood of &
patient whose chimcal history was reported by Cook and Meyer
(1915) noticed that long sharp projections formed from the
erythrocytes when sealed preparations of blood were allowed to
stand undisturbed at room temg ¢ for several deys In 1017
Emmel published a full description of his observations on the
development of sickled forms he also reported that identical
changes took place when the blood of the patient s father was
similarly cultured nmire Mason (1822) imntroduced the term
sichle cell anaemia and suggested that the disease might be
confined to the negro race Huck (1923) showed that the sickling
phenomenon was unquestionably inherited and suggested that the
mode of mheritance was that of a Mendelian domnant

Subsequent. discoveries of great sigmficance nclude those of
Hahn and Gillespie (1927) who showed that sickling developed
as the result of a fall in the partial pressure of oxygen and the
more recent work of &uh{% Itano Smger and Wells (1949) who
“dcmonstrated that the sickling phenomenon was associated with
‘gle presence of an abnormal form of hemoglobin  The work of

auling and his collaborators has been the starting pomt of much
recent work of major importance In particular two further types'
of abnormal hzmoglobin 1n_addition to _sichle cell_hemoglobin
have béen discovered (see later)

Sickle cell disease has by now a very large hiterature  Margolies
(1951) m a comprehensive review listed 344 references He
gves a good account of the early history of the disease

Synonyms  Sickle cell anemra (Mason 1922) drepanoeytic
anemia (Hahn 1928) mentscocytic anemia (Graham and

138
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cg weakness fatigability and dyspneea  As a rule their iliness
runs a fairly stable course  From time to time however exacerba
tions take place and at these times 1t 15 usual for the patients to
complam of aclung nains 1n the jomnts or elsewhere 1n the himbs
and sometimes of abdommal pan and nausea These crises are
often associated with pyrexia

Physical exammation reveals pallor of the mucous membranes
and typieally s greemsh yellow colour of the conjunctive  The
spleen 1s usually palpable mn children but this 15 by no means
msariable 1t 1s not usually palpable in the adult (see p 143)
The liver 1s frequently palpable partrcularly in children (Margolies
1951 Creen Conley and Berthrong 1943) According to Green
and co workers there 15 often clinieal evidence of hepatic dysfunc
tion  Gallstones are found 1 about one third of the patrents
(Weens 1045 Green et al 1953) Cardiac enlargement chiefly
of the right side of the heart 1s common and 1s often more severe
than 1s usually found in chrome anemia (Klinefelter 1912)
Another remarhkable but quite common sign 1s the presence of
chronic ulceration of the leg sumilar to that found in hereditary
spherocytosts  the uleers are usually bilateral and lie superficial
to or just above the lorexternalmalleoll  Not q 1
neurological complications develop  these are probably the result
of multiple thromboses

Radiological examination reveals as a rule many interesting

b Exelud

g evid of cardiac which

18 almost mvanable the main changes are found m the bones
lly areas of cal in the spleen can be seen
(Caffey 1937 Ehrenpreis and Sek 1952) or

abnormalities in the pattern of bony trabeculz and thickeming of
the diploc of the skull are charactenistic findings (Caffey 1937)
Detailed descriptions of these and other clinieal features are given
by Grover (1947) Margolics (1051) and by Vwintrobe {1951)

Sickle cell anermia has been most commonly reported from the
United States of America In Africa despite the fact that the
mcidence of the trait 1s high in some areas sichle cell anerma has
been rarely diagnosed It 1s however not unknown (Foy and
Kondi 192 Edwington 1903} It has also recently been recorded
i Macedoma (Veras Démétriadés and Mamos 1953) and m
Upper Assam (Dunlop and Mozumder 1952)

The Blood Picture in Sickle cell Anzmia

Erythrocytes  Ansemia 1s moderate or severe the erythrocyte
count 1s usually between 2 000 000 and 3 500 000 cells per ¢ mm
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or other easily recogmized inhented characters (Neel Schull and
Shapiro 1952)

Oceastonally sickle cell anemia may be found in a child although
the erythrocytes of only one of his parents sickle in witro  Neel
(1952) suggested that the most likely explanation was that the
normal parents had contributed other genes which 1n combmation
with a single sichle cell gene produced overt sickle cell anema
Three combinations capable of domng this are now known (Itano
1933a) (1) the non sickling parent contributes the gene for
Mediterranean anemia (thalasseemia) in which case sickle cell
anemia develops mn a child heterozygous for the sickle_cell and
thal _traits (mucrodrep: ytic disease)  (2) the non
sickling parent contributes a” gene for hiemoglobin C1 (III)
(Itano and Nee! 1950 Kaplan Zuelzer and Neel 1951) m
which case sichle cell anerma usually of a muld type occurs in a
child heterozygous for both the sickle cell and hxmoglobmn C
traits  and (8) the non sickling parent contributes a gene for
hemoglobin D * (Itano 1951) Other abnormal genes acting m a
sumilar wav perhaps await discovery The chmical significance
and Iaboratory findings associated with the presence of the sickle
cell gene alone or in combination with the genes for_thaldsszmia L ¥
or'ﬁim\ogﬁlﬁns_g or D 1s dealt with below

CLINICAL FEATURES

{1) Sickle cell Trait (Sicklemin) heterozygous state one gene
Jor sichle cell hamoglobin (hemoglobin S)* and one gene for
normal hamoglobin (hemoglobin A)!

The presence of o single sickle cell gene in combmation with a
gene for normal hentoglobin dees not lead to anamma or any other
symptoms and stamed blood films appear normal It has been
found too that the erythrocytes of healthy carriers of the sickle
cell trait survive for a normal length of time when transfused to
healthy recipients (Singer Robin King and Jefferson 1948
Callender Nichel Moore and Powell 1949)

(2) Sickle cell Anzmua (homo.ygous state tio genes for sickle

cell hamoglobin)
The disease 1s usually diagnosed for the first time mn elldhood
The patients plawn of the usual symp of chrome anzma

1 The 1 15 that by the Study Section
of the Division of Research Grants of the National Inatitutes of Health of the
‘United States (Blood 8 386 1933)
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In fatal cases the usual signs of the cffect of chronie anTnua
are found mn addition to hrmosiderosts the degree of the latter
depending largely on the number 1f any of blood! transfusions the
patient had had  Oceasionally 1schrenue mfarcts are found
(himmelstie] 1948) and in patients with marked cor pulmonale
ocelusion of the smaller arteries of the lungs may be observed
(Yater and Hansmann 1936) The lesions in the nervous system
also appear to be due to mtravascular accumulations of sickled
cells or to thromboses

The heer 1s frequently the site of major pathological changes
Green Conley and Berthrong (19.8) reported on 21 autopsies
unequuvocal exrthosis was found m four patients and 1n many of
the others there were netive or healed areas of necrosis  The
neeroses were thought to be due to yvascular obstruction brought
about by impneted masses of sickled cells or by Lupfler cclls
swollen with phagocy tosed erythrocy tes

The spleen 15 enlarged in the early stages of the discase  the
pulp will then be found to be engorged with sichled ery throcy tes
Later infarctions and general shrinkage and fibrosis of the organ
take place and in the last stages of the disease it may be much
smaller than in health and weigh only a few grams (sec Margolies
1951)

Aplastic  Crises iIn Sickle cell Anzmia
In 1950 Singer Motulsky and Wile described two children
suffering from sickle cell anemia mn whom there was an abrupt
mcrease 1 the severity of their anmmia This was found to be
with \! P and y n of
erythropowesis 1 the bone marrow In both mstances the crisis
seems to have been preeipitated by infections The course of
events appears to have been the same as in the aplastie erisis of
hereditary spherocivtosis (see p 68)  More recently Chernoff
and Josephson (1951) reported four more nstances of aplastie
crisis 1n sickle cell anemia 1 three patients the imitating cause
seemed 1o be an upper respiratory tract mfection and 1n one
patient infection with Salm cholere suis

Sickle cell Thalassmmia Disease or Microdrepanocytic
Disease (one gene for_sichle cell hemoglobin and one gene for
thalassemaa)

This form of sickle cell anema was described by Silvestrons
and Bianco (1946 1952) as  la malattia micro drepanocitica

Subsequently several American families of Italian Sicilian or



142 SICRLE CELL DISDASE

but 1t may fall as Iow 2s 1 000 000 per ¢ mm The mean corpuscular
volume s generally normal  occastonally in the most anemie cases
1t 1s above normal The hzmoglobin concentration 1s also usually
normal (Diggs and Bibb 1839) In stamned smears amsocytosis 15
moderate 1n extent  As a rule a few conspicuously elongated cells
with sharp or rounded ends are present some may be oat shaped
or sickle shaped Sometimes target cclls are present Polyehro
masia 15 often marked the cells staimng diffusely basophihe bemng
usually round m contour Normoblasts are not infrequently
present m small numbers The erythroeyte osmotic fragility 1s
usually moderately d hed Moderate bers of siderocytes
may be found 1n peripheral blood films even before splenectomy
{Kaplan Zuelzer and Neel 1953}

Leucocytes 'The leucocyte count may be raised to 20 000 cells
per emm or more when hemolysis 1s most active The leuco
cytosis 1s cluefly due to an mncrease mn the polymorphonuclear
neutrophils  a few myelocytes may also be present

Platelets  The platelet count 1s usually normal

Plasma Bilirubin The plasma bibirubin level 15 usually
moderately mcreased as a rule to between 1 and 2 mg per 100 ml

Plasma Proteins  According to Femchel Watson and Eirch
(1950) abnormalities 1n the plasma protein pattern are frequently
found Thirteen out of 15 patients with sickle cell anema had
decreased concentrations of albumin twelie had elevated y
globulin concentrations and three raised concentrations of
B globulin  The plasma fibrimogen level was high m exght out of
ten of these patients Femchel and co workers suggested that
these changes might be non speeific reactions secondary to tissue
breakdown and that this occurred particularly m the liver as the
result of vascular obstruction due to sichling (see Pathogenesis
p 154)

Pathology

Bone marrow  As 1 other chrome hemolytic anemias the
erythroporetic tissue 15 hyperplastic and the crythrord myeloid
ratio may be reversed Fat cells tend to disappear  The normo
blasts 1 the marrow are morphologically normal  However
sickled adult erythrocytes may be visible in smears and may
often be present m greater numbers than m the peripherl blood
The actual volume of red marrow 1s considerably ncreased and
this leads to widenmng of the marrow cavities of the bones and
changes such as thickening of the diploe of the shull which are
vistble radiologreally
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Greck origin were found to be suffermg from the same syndrome
(Powell Rodarte and Neel 1950 Banks Scott and Stmmons
1952 Viasserman Phelps and Hertzog 1952  Sturgeon Itano
and Valentine 1953 Neel Itano and Lawrence 1953) Accord
ing to Stlvestrom and Bianco (1952) microgdrepanocytic discase
can be distinguished from true sichle cell disease by hematologteal
characteristics as well as by genetical studies

Clinieally the disease 1s usually a fatal one although many
patients reach adult Iife As in true sichle cell anznua the
patient presents with chronic anemia moderate jaundice
hepato splenomegaly chromie uleerations of the leg recurrent
bouts of fever osteo articular pamns and sometimes with erises
of severe abd ! paun  H: ] {ly microdrepanocytic
disease 1s characterized by a severe hy pochromic anemia marhedly
decreased erythrocyte fragility microcytosis and striking aniso
potkilocytosts with many oval cells and target cells  Sichle cells
are not as a rule visible 1n freshly made blood films but sichling
can be induced n ritro  The optical properties of the sickled
corpuscles are the same as those m the sichle cell trart (Ascenzt
and Silvestrom 1953)

Sickle cell Hemoglobin—Hzemoglobin C Disease (one gene
Jor sickle cell hamoglolnn and one gene for hemoglobin C)

The exstence of an unusual type of hzmoglobm (hemoglobin C)
1 the blood of certain American negroes was reported by Itano
and Neel (1850) The climecal syndrome associated with 1its
presence was first descrtbed by Kaplan Zuelzer and Neel (1951)
and more recently studies hay e been reported by Smuth and Conley
(1953) Neel Kaplan and Zuelzer (1953) and Kaplan Zuelzer and
Neel (1928)

The combination of a gene for sickle cell (S) hemoglobm witha
gene for hrmoglobin C results i a hxmolvtic syndrome with
splenomegaly resembling sichle cell anmmia  The disease 1s
however milder and follows a relatrely more benign course thin
typical sickle cell anwmia  The splenomegaly persists until adult
hife (Smuth and Conley 1953) Although sickle cells can seldom
be found 1n dried blood films wet  preparations of blood sichle
m the same sort of way as in the sichle cell trait and mcro
drepanocytic disease  In stamed films the most abnormal feature
1s the presence of many target cells (Fig 58) according to haplan
Zuelzer and Neel (1953) from 40 to 80%, of the ery throcytes may
be of this type  The anzmia 1s hypochromic or normochromie and
usually shghtly mcroeytie and there 1s relatively little amiso



Haxoaronns C |ER)

poikilocytosis  The reticulocyte count s only shghtls or mod
crately tmised and normoblasts are rare m films of peripheral blood
The erythrocy te osmotie fragility 15 dimimished to about the same
estent asin true sichle ccllantmn - Small numbers of sider iy tes
may be present  The plasmn bilirubin level 1s normat or shihtly
increased  and  the freeal urobilnogen exerction moderatdly
mereased (haplan Zuelzer and Neel 1003)

Hxemoglobin C Tralt The presence of a single gene for
hemoglolin € combined with s gene for normal humoglotsn
results n l-defined _hrmatologieal aby lities but no
anemun Southand Conley (10.3) ma studs of 500 negro pitients
found the inerdence of the hemoglohin C trait to be 29, compared
with that of the sichle cell trmt which was 8 $04

According to Kaplan Zuclzer and Neel (190) and Smuth and
Conley (1903) the chief hematological featre of the hame,lobuin C
trait 15 the presence of unusual numbers of target eclls in the
blood without sigmificant degrees of microcytosis hypochromasia
or amso poikilocytosis  Ocensionally the film may be indistin
gushable from normal (Smth and Conley 19,3} No siehling
occurs an tifro  In 1% subjects carrying the hamoglobin C trut
the numnbers of target cells varied from 3 to 839, (haplan Zuclzer
and Neel 1903) n four out of seven subjects the erythrocyte
osmotic was d sigmficantly  therr plasma
bilicubin Ievels were normal  Transfusion studies indieated that
the Life span of erythrocytes earrying the hemoglolin C trait was
probably normal or almost normal (haplan Zuelzer and Neel
1953)

The nature and dist
are considered on p 152

Homozygous Hwemoglobin C  Recently several patients
have been deseribed whose hemoglobin has been shown by
physico chemical studies to consist entirely or almost entirely of
hamoplobin C

As 15 referred to 1 a previous paragraph Smith and Conley
(1923) found that the mncdence of the hamoglobin C trait 1n
American negroes was approumately 2% It was to be expeeted
therefore that sooner or later subjects mnhenting the trait from
both parents would be discovered  Several examples of hemo
globin € 1 the homozygous state have 1 fact recently been
reported (Spact Alvay and Ward 1953 Levin Schneider Cudd
and Johmson 1958 Ranney Larson and McCarmack 1953)
“The patients so far described have had few symptoms but seem
nevertheless to be subject to a mild hemolytic process they

—
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have been muldly anzenie and have had normal or shghtly raised
reticulocyte counts Their erythroeytes were normochromte and
normoceytie and dul not sickle but many target cells were to be
seen 1n peripheral blood films  Bone marrow aspiration revealed
a mod degree of blastic hyperplasia

Sichle cell Hzmoglobin—Hwemoglobin D Disease (one gene
Jor sackle cell hemaglobin and one gene Jor hamoglobin D)
Another type of abnormal hemoglobin (hemoglobm D) was
found by Itano (1901) i several members of a famly n which
sickle cell anxzmma had occurred  The distingushing charae
terstics and nature of this variety of hemoglobin are considered
onp 153
The chimeal syndrome and hematological findings of this ty pe
of sickle cell disease await defimtion A probable example of this
apparently rare combination 1s nevertheless described below

Case Report  Sichle cell Hemoglobin—Heamoglobin D Disease

Case7? ‘The patient (R M) was & white gul aged 9 years  She had
been admrtted into hospital on two previous oceasions two years
previously with an unexplamed pyrexia She was known to be mode
rately anemic but the true nature of her anemia was not suspected at
that time  She was referred by Dr § D 'V Weller to the author for
further mvestigation

Physical Examination  ‘The patient was seen to be rather small for
her age and to be pale and very shghtly jaundiced The lymph nodes
m the neck and axille were shightly enlarged but nerther the Iiver nor
the spleen was palpable There were no other sigmficant physical
signs
Neither her colour nor the physical features of the patient
suggested a negro ancestry However this was in fact probable
Her father was born in Jamatca as he belteved of Insh Trench English
and Scottish ancestors  Although Caucasian i complexion some of his
facial features were shghtly negroild The patient s mother was born
in England She had Caucasian features some of her remote ancestors
were of Austrian and Spamsh ongin  The patient had two brothers
the elder had shghtly negroid features like the father the features
of the younger were Caucasian

Labaratory Findings The patient was moderately anerme  the
erythrocyte count was 2 000 000 cells per cmm hemoglobin8 4 ¢ per
100ml MCYV 100cs MCHC 82% and retrculocytes 9 0% There
were 11 000 leucocytes per ¢ mm and 830 000 platelets per cmm A
stamned penpheral blood film p a b pp
(Fig 59) therewasa marhed degree of amsocytosis both macrocytes
and mucrocytes bemng present and a conspicuous feature was the
relatively large number of cat and sickle shaped forms The erythro
cvtes stamed with a vanable intensity but most of them were bypo
chromie & small number were target cells  Polychromasia was
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cell anamia than 1t 1s in the sickle ¢ll fraat {Diggs Ahmann and
Bibb 1933-8¢  Neel 1951) The changes certainly occur more
rapidly 1n the anemea than in the trait

Althongh sickling occurs at burth it takes place less readily mn
the blood of newborn infants than in later life (Watson Stahman
and Bilello 1948  Scott Crawford and Jenkins 1048) For
instance Watson and co worhers shoned m 2 series of newborn
negro infants that from 0 5 to 20 5%, of thair ery throcy tes sichled
compared with 84 to 100% sichling 1n the blood of the infants
mothers  One infant s blood was studeed at frequent mtersals
1t was found that the proportion of cells that would sickle increased
from 6% at birth to 809 at four months It seems possible that
the large amount of fatal hxmoglobmn present at burth proteets
the cells 1 some way from the effects of a reduced oxygen
tension

There are differences too in the ease with which ervthrocytes
of dufferent ages sichle  Vatson (1948) found that whereas most
reticulocytes sickled as readily as adult corpuscles the most
ammature ones sickled more slonly whilst mature normoblasts
sickled more slowly still Vwatson also noticed that the sichled
cells scen 1n stained smears of sir dried films of peripheral blood
were almost m3anably adult non reticulated corpuscles

Hahn and Gillespie {1927) seem to have been the first to have
demonstrated that sickling 1n vitro depended on a reduction 1n the
partial pressure of oxygen  Subsequently a number of techmques
were evolved for bringing about de oxygenation of the blood more
quickls than 1t occurs mn sealed preparations  Sodwm brsulphite
and vitamin C (Daland and Castle 1948) buffered 1sotonic
sodium dithiomite at pH 6 8 (Itano and Pauling 1949 Wilhams
and Machey 1949) and cultures of Bacillus subtilis (Singer and
Robm 1948) have been added to blood to bring this about {see
also Chapter 18)

Sickle cell (S) Hemoglobin and other Absormal
Hzmoglobins (Hemoglobins G and D)

As referred to earlier recent studies have demonstrated that
an abnormal form of haemoglobin 1s present 1n the erythrocytes in
sickle cell anmmia and n the sichle cell trait (Pauling Ttano
Singer and Wells 1949 Pauling ef al 1950) This discovery
mitiated 1nvestigations which have gone a long way to explan
the phenomenon of sickling Pauling and his co workers found
that the electrophoretic mobilities of normal and sickle cell
h lot differed ficant] n addition they provided
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conspieuous and a very fuw normoblasts eould be found 'The osmotic
fragility of the erythrocytes was g derabl.
although there was a small percentage of fragile cells undergoing lysis
1n 0 55% NaCl (Fig 17) 'The plasma bilirubin was 2 1 mg per 100 ml
serum albumin 4 3 g per100ml and serum globulin 81 g per 100 m!

The patient s blood underwent rapid sickling when sealed prepara
tions were incubated or when reducing agents were added

Famaly Studies Blood samples of all the other members of the
family who were available were examied The father s blood sichled
readily en 1afro though not so rapidly as the blood of the patient The
blood of the patient s mother and that of two brothers did not undergo
sichkling  None of the patients relatives who were examuned was
anemic nor did examination of stamned blood films reveal any definite
abnormalities However the osmotic resistance of the father s erythro
eytes was shghtly dummished and the mother s reticulocyte count was
shghtly above the normal level The haematological data on the famly
are summanzed m Table 5

Electrophoretic and solubility studtes have been carned out on the
hzmoglobms of the members of this famuly by Dr J € White Brefly
his results are as follows  the patient s hemoglobin has the electro
phoretic mobility of sickle cell hiemoglobin—it 15 probably a mixture of
5 hemoglobin and hemoglobin D the fathers hemoglobin 1s 8
mixture of S haemoglobin and normal hemoglobin  the mothers
haemoglobin 1s a mixture of normal haemoglobin and hemo,Jobin D
The hzemoglobin of one of the patient s brothers 1s normal that of a
second brother 1s a mixture of normal hemoglobm and hzmoglobm D
(T'g 61(2))

The Sickling Phenomenon

Siekhing of erythrocytes is now known to be due to the presence
within them of an ab: 1 type of h lobin (h bin )
As will be discussed later this type of hmoglobin 15 far less
soluble than normal hemoglobin ~particularly mn the reduced
state and 1t scems that the alteration m the shape of the erythro
cytes 1s the direct consequence of changes leading to crystallization
of the abnormal hemoglobin within the cells under conditions of
reduced oxygen tension and dimmnished pH

Sickling was first demonstrated by allowing a flmd preparation
of blood to remain sealed beneath a coverslip Under these
circumstances gradual deoxygenation takes place and the erythro
cytes undergo a progressive distortion 1n a matter of minutes or
hours Eventually 1 sickle cell anemia all the cells become
changed to crescentic forms some with associated spines or
filaments Details of the sequence of changes were well descrsbed
by Ponder (1945) In other cases the cells become less obviously
sichle shaped and may assume instead a holly leaf appearance with
multiple spines There 15 reason to believe that the formation of
marhedly distorted filamentous sichled forms 15 greater in sichle
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still not quite clear  Pauling and fus co workers (1919) suggested
that under conditions of reduced oxygen tension the molecules of
sichle cell hemoglobin underwent a partial alignment within the
cells and that elongation of the cells 1 one avws and distortion
followed from this  Harris (1950) suggested that inkage of indist
dual molccules Jed to the formation of long tactoids

Perutz and Mitchison {1950) made some obserations of great
importance  They showed that reduced sickle ecll hemoglobin
was far less soluble than normal hemoglobin  VWherens the
solubility of reduced normal hemoglobin was about onc half of
that of normal oxyhemoglobin the solubihty of reduced sickle
cell hemoglobin was no more than one hundredth of that of
sickle cell oxyhemoglobin  They suggested that the sichle cell
shape and birefingence of the distorted cells resulted from
erystallization of the hremoglobin within the cell membranes

Further studies of the differences between normal and sickle cell
hemoglobin have been carried out by Perutz Liquori and Eirich
(19.1) Using a slightly different techmque they found that the
solubility of reduced stekle cell hemoglobin was about one tenth
of that of reduced normal hemoglobin ~ As a result of other exper:
ments they concluded that the solubility of reduced sichle cell
hemoglobin was only one seventh of that required to heep the
hxmoglobin m solution in the cell  Perutz Laguors and Einch
(1951) also found that whereas at least two crystal forms were
common to both normal and sickle cell haxmoglobin sickle eell
oxyhzmoglobin might crystallize in a third form not produced by
normal hemoglobin

The differences 1 solubility between sickle eell haemoglobin
and normal adult hemoglobin provide one method for the distine
tion between the sickle cell trait and sickle cell anema as the
observed solubility seems to be a direct reflection of the proportion
of sickle cell hemoglobin present (Fig 60) Itano (1953) found
that the solubibity of the b 1l m the different
types of sickle cell disease could be ranged m the following order
sickle cell  trait—sickle cell k lok d kle cell
thalassemia—sickle cell anzmta  the solubility 1n sickle cell trait
was the highest and that mn sickle cell anzmia the Jowest

Singer and Singer (1953) 1n studies in which they measured the

of sickle cell h lobit which would

undergo gelling when deoxygenated observed that the gelhing
pomnt  was modified by the presence of other types of hzmo
globn  In sickle cell trait for mstance the presence of normal
adult hemoglobin duninished the minumal amount of § hemo
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evidence that the difference lay 1n the glcl‘)/m part of the molecule
and not 1 the hem

Schroeder Kay and Wells (1950) analysed quantitatively normal
adult hemoglobin and sickle cell hemoglobin with particular reference
to the content of amino acids  Very small differences were found but
1t was thought that they might be sufficient to affect the cothng of the
polypeptide chamns and to modfy mndiectly the electrophoretic
behaviour of the hemoglobin

Pauhng and co workers (1950) and Wells and Ytano (1951)
reported that in the carmer of the sichle cell trait (with one gene
for sickle cell (S) hemoglobmn) the proportion of S hemoglobin
varied from 25 to 45% 1n patients with sickle cell anemia {(with
two genes for S haemoglobin) on the other hand the proportion
{of 2bnormal hemoglobin was as high as 80 to 100%, (Pauling et al
1949 Wells and Itano 1951) Neel Wells and Itano (1951)
further showed that in some families carrying the sickle cell gene

ficantly smaller of al 1 h lobin were
developed thann others Neel (1952) explamed thrs by suggesting
that other genes (not necessarily those for abnermal hemoglobins)
rught influence sigmficantly the amount of abnormal hemoglobin
formed as the result of the presence of the gene for S hemoglobin

The chimical augmentation of the effect of a smgle gene for
S hemoglobm which results from the simultaneous presence of a
gene for h: globin C (or D} or thal. 15 associated with
the formation of an increased proportion of sickle cell hemoglobin
{(Neel Itano and Lawrence, 1953) In two children suffering from
sickle cell thalassermia disease the proportion of S hemoglobmn
for instance was found to lie between 61 and 849%, a concentration
higher than 1n sickle cell trait but lower than m most mstances of
true sickle cell anznmua

The presence of a gene for a second abnormal type of hemo
globin or the gene for thal 15 the usual expl: for the
finding of overt sichle cell anema mn a child ‘when the blood
of only gne of his parents sickles  An example of this association
has been recorded on p 146 However the presence of unusually
small amounts of sichle cell hemoglobin may be the explanation
n rare mstances Singer and Fisher (1953a) have reported a
possible case in which the blood of the mother of twe affected
children was found to contain as hittle as 5% of sickle cell hemo
globin  this was just detectable by electrophoresis but was
nsufficient to cause sichling in the an zitro test

The exact way m which sickle cell hemoglobin i the reduced
state causes such a remarkable distortion of the erythrocytes 1s
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indsstingnshable from hremoglobm § v electrophoresss  has
apparently a norma) solubility

Representatine electrophoretic patterns with different hemo
globin combinations are ilustrated 1 Fig 61 The techmgue of
filter paper electrophoresis as applicd to the differentiation of the
hemoglobins 15 deseribed by Smith and Conley {19,3) and Larson
and Ranney {(1953) (see also p 504)

Foctal (F) Hamoglobin in Sichle cell Inseate  Thanco (1938) and
Swnger and™Mils assorrates (Singer Chernoff nnd Singer 1941 “inger
and Chernoff 1852 Singer and Fisher 1042 1003b) [tano (10. }
and Chernoff {103} have demonstrated the presence of an alkalt
resistant ( ¥ or fatal type) hemoglobin in the e?mmwytn of
many patients with sickle cell anemia  This abnormal Tuemogloln ss
wn afl probibihity dentical with normal feetal () hemaglotan (Itano
19,83c Chernoff 1053) In camners of the sickle cell trat I hemo-.
gloin can be detecte1 in minute amounts (Chernoff 195%) or may be
absent. altogether (Beaven and Yhite 39,9}

Singer and Fisher (195%) reported the tesults of an analysis of 87
patients who gave nnquestionable chrueal and hematologieal exidence
of sickle cell an®emia  the erythracytes of three patients contawmed no



SICELT CELL DISEASE

[
@
i)

100
|

|

'84 43 475

w2
z 4 ==

T
p

[

SOLUBILITY IN g/l ON LOGARITHMIC SCALE

34 38 42 46 50 54
IONIC STRENGTH #%

¥ 60 ity of reduced n pH 67
buffer  Regression lines fitted to expenmental values for
hemoglobm dertved from normal adult blood () from sichle
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‘The range of values for each group at different 1onue strengths
15 shown by the vertical bars The figures mdicate the number
of observations 1 each group  (From Yhite and Beaven 1953}

globin required for gelling and type C hsemoglobm reduced this
still further Singer and Singer made the point that sichling 1s
caused not only by the presence of § hemoglobin but also by tts
nteraction with other hemoglobmns %/

The Drifferentiation of HemoglobingS Cand D The three types
of abnormal hemoglobin can be readily dufferentiated by physico
chemical means (Itano 1953a) Hexemoglobin § differs from normal
(A) hemoglobin 1n electrophoretic behaviour and 1n 1ts dimimshed
solubiity  hemoglobin € differs electrophoretically from both
) lobm A and & lok but has a normal or above
normal solubility (Itano 1953b)  hamoglebin D although
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Rolin Ring and Jefferson 1948 Callender Nichel Moore and
Powcell 1049  Singer and Fisher 1952) The pubhshed curves of
erythrocyte chmination 1ndieate marhed differences in the
survval of the transfused cells A proportion of the eells disappear
rapidly from the circulation  other eells are eliminated far more
slowly Asalready referred to Singer and Fisher (19.2) corrclated
this difference in survival time with the relative amounts of § and
F hemoglobins present and found that the cells containing the
greatest amount of F hemoglobin sur ived the longest

It remains ta be considered how and why the lfe span of the
erythrocytes m sickle cell anvmia 15 duminished i rree It s
possible that the oxygen tension in the blood becomes sufficiently
low 1n areas where the cireulation 1s slowed for massive sichling
to take place and that this results i actual impaction of the cells
with subsequent vascular occlusion and ultimate lysis of the
sichled cells  This no doubt takes place sometimes and may well
be resp for the 1 th \; d which
patients may expenience during the course of ther disease and
for the ultimate shrinkage and fibrosis of the spleen which so
frequently occurs  Singer (1951) 1n s review considered that this
mechamsm could not explam all the phenomena of the disease
satisfactorily let alone the continung hemolysts which may
persist for long periods without there being any clinieal evidence of
thromboses  He also pomnted out that in the experiments of
Reinhard Moore Dubach and Wade (1943) in the course of
which patients with sickle cell anemia breathed oxygen at high
concentrations for long periods sickling 1 1126 was probably
reduced n extent without the rate of hamolysis bemng obviously
slowed

Shen Fleming and Castle (1919) showed that two types of
sickled cell might develop 11 mitro  one type which would revert
to the normal shape mn the presence of oxygen and another type
which appeared to have become 1rreversibly sichled  Presumably
the sickled cells seen m smears of the peripheral blood of patients
are of the second irreversibly sickled tvpe Vvatson (1948) and
Shen Fleming and Castle (1949) made the additional pomnt that
the cells which underwent ureversible sicking were nearly all
adult erythrocytes not reticulocytes  they concluded that
ureversibility was a late stage in the development of the sickling
phenomenon It 15 highly probable that erythrocytes when
wrreversibly sickled last only a short time 1n the circulation of the
patient It 1s known for instance that sickled cells are unusually
sensitive to the effects of mechanical trauma in vatro (Shen Castle




154 SICKLE CELL DISEASE

F hamoglobin by the method used 1n the others the proportion ranged
from 210 24%, They concluded as the result of transfusion expenments
that the erythrocyte population of patients with sickle cell anzmia was
probably composed of three fractions (1) cells contamng S (sichle cell)
hzmoglobin but hittle or no F {fcetal) hzmoglobin  (2) cells containg
both § and F hzmoglobms and (3) cells contaming F hemoglobin with
httle or mo S h glob; The il s

had the shortest survival when transfused to normal recipients and the
greatest sensitivity to mechameal trauma 1n vatro and the cells contain
1ng the most F hemoglobin the longest survival 1 tiwo and the greatest
resistance to trauma 1 tatro

These studies are of great interest even if therr meaning 1s not
clear at the moment It 1s obvious that the demonstration of a propor
tion of an alkali resistant hzmoglobin 1 the ervthrocytes of a sufferer
from sichle cell anwmia does not mean that he necessanly carries the
trait for Mediterranean anzmma that is to say he has microdrepanocytic
disease (see p 143)

Tt has been claimed that small amounts of feetal hemoglobin may
be detected 1n the blood of patients suffering from a wide vanety of
both congenital and acquired blood diseases and that minute amounts
may be present in the blood of normal healthy adults (Smger Chernoff
and Singer 1951 Chernoff 1948} The amounts present are however
usually considerably less than in sickle cell anema and st should be
added perhaps that Beaven and Yite (1953) using several methods
were unable to detect F hzemoglobin 1n normal adult blood  There 13 no
doubt however of the presence of F hemoglobm 1n sichle-cell anzmia
and in thalasseermia but the cause or causes of 1ts persistence m excessive
amounts 1n adult erythracytes are at the moment obseure

Attempts have been made to differentiate between sichle cell hemo-
globin and normal hemoglobin by immunologcal means  One of the
first attempts was carned out by Cardozo (1937) rabbits were

d ‘with blood sichle cells and the rabbit sera
subsequently absorbed with normal blood No speeific agglutinins for
sickle-cells howeser could be demonstrated

Veechio and Barbagallo (1950) immumzed rabbits with different
types of hemoglobin  Using the precipitin reaction they failed to
any between normal and S hzmo
globin  howeser they did find a difference between normal and F
hemoglobn  as had been previously demonstrated by Darrow
Nowakavsky and Austin {1940) Chernofl's (1953) zesults were essen
tially the same as those of Vecchio and Barbagallo Goodman and
Campbell (1953) on the other hand using ant1 sera prepared in chuckens
have reported that clear differences 1n the speaifieity of normal and S
hzmoglobin can be demonstrated if cross reaction tests are carned out
quantitativcdy under optunum conditions They suggested that the
two different haemoglobnns share many common antigentc determinants
but that a small number are unique for each type

Pathogenesis of Sichle cell Anerma
It has been clearly established that the erythrocytes of patients
with sickle cell anzmua hase a diminushed hife span s tive (Singer
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Robin Rang and Telferson 1938 Callender Nickel Moore and
Powell 1919 Singer and Fisher 19.2) 'The published curves of
erythrocyte climunation indicate marhed dufferences 1 the
survivel of the transfused eells A proportion of the cells disappear
eapidly from the circulation  other cells are eliminated far more
slowly Asalready referred to Singer and Fisher (1952) corvelated
this difference 1n survival time wath the relatin e amounts of S and
F hemoglobins present and found that the eclls contming the
greatest amount of F hemoplobin survived the longest
It remauns to be consulered how and why the life-span of the
ervthroevtes in sickle cell ancma 15 dimimished tn ezo Ttas
possible that the oxygn tension in the blood becomes sufficientiy
low in arens where the eirculation 1s slowed for massive sickling
to take place and that this results 1n actual smpaction of the cells
with subsequent vascular occlusion and ultmate lvsis of the
sichled eells  This no doubt takes place sometimes and may well
be resy ble for the 1 th \ which
patients may cxperience during the course of their disease and
for the ultimate shrinkage and fibrosis of the splcen winch so
frequently occurs  Singer (3951) na review considered that this
mechanism could not explam all the plienomena of the disease
satisfactorily let alone the continuing hremolysis which may
persist for long penods without there being any clinical evidence of
thromboses  He also ponted out that i the expeniments of
Runhard Moore Dubach and Wade (1933) 1n the course of
which patients with sichle ccll anemua breathed oxygen at high
concentrations for long periods swchling 1n tizo was probably
reduced in extent without the rate of hemalysis being obviously
slowed
Shen Fleming and Castle {1049) showed that two types of
sickled cell might develop tn vitro  one type which would revert
to the normal shape in the presence of oxygen and another type
which appeared to have become irreversibly sickled  Presumnbly
the sickled cclls seen 1n smears of the peripheral blood of patients
are of the second wrreversibly sickled tvpe Watson (1948) and
Shen Fleming, and Castle {(1949) made the additional point that
the cells which underwent wrreversible sichling were nearly all
adult erythrocytes not reticulocytes  they concluded that
irreversibility was a late stage in the development of the sickling
phenomenon It 15 ighly probable that erythrocytes when
wreversibly sickled last only & short time in the cireulation of the
patient It 1s known for mstance that sickled cells are unusually
sensitive to the elfects of mechanical trauma tn titro (Shen Castle
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T hremoglobin by the method used  1n the others the proportion ranged
from 2t021°, They concluded ns the result of transfusion experiments
that the erythrory te population of patients with sichle cell anema was
prob posed of t] ce g S (mickle cell)
hemoglobin but hittle or no I (foctal) hiemoglobin  (2) cells containing
both S and F 1 lobins and (3) cells F1 dobin with
lttle or no S b I The z S

had the shortest survival when transfused to normal recipients and the
greatest sensitrvity to mechanical trauma i vifro and the cells contan

mg the most T’ bemoglobin the longest survival 11 vivo and the greatest
resistance to trauma 1n titro

These studies are of great interest even 1if therr meaming 13 not
clear at the moment It 1s obvious that the demonstration of a propor
tion of an alkah resistant hemoglobin n the erythrocytes of a sufferer
from sichle cell anemia does not mean that he necessanly carnes the
trait for Mediterranean anzemuia that is to say he has microdrepanocytic
disease (scc p 143)

It has been claimed that small amounts of feetal hemoglobin may
be detected 1 the blood of patients suffering from a wide vanety of
both congenital and acquired blood diseases and that minute amounts
may be present in the blood of normal healthy adults (Singer Chernoff
and Swinger 1951  Chernoff 1953) The amounts present are however
usually considerably less than m sichle cell anema and 1t should be
added perhaps that Beaven and White (1953) using several methods
‘were unable to detect I' hemoglobin in normal adult blood  There 1s no
doubt however of the presence of F hemoglobin m sickle cell anzmia
and 1n thalassemia but the cause or causes of 1ts persistence 1n excessine
amounts 1n adult erythrocytes are at the moment obscure

Attempts have been made to differentiate between sichle cell hemo
globin and normal hemoglobin by immunological means  One of the
first attempts was carmed out by Cardozo (1037)  rabbits were

d with blood sichle cells and the rabbit sera
subsequently absorbed with normal blood No specific agglutinms for
sickle cells however could be demonstrated

Vecclio and Barbagallo (1850) immumized rabbits with different
types of hemoglobin ~ Usmg the preeipitin reaction they failed to

an,

1y between normal and § hzmo
globin  however they did find a difference between normal and F
haxmoglobin  as had been previously demonstrated by Darrow
Nowakovsky and Austin (1940) Chernoff s (1953) results were essen
tally the same as those of Vecchio and Barbagallo Goodman and
Campbell (1953} on the other hand using ant: sera prepared in chickens
have reported that clear differences in the specificity of normal and S
hemoglobin can be demonstrated 1f ¢ro s reaction tests are carried out

vely under d hey that the
two different hzmoglobins share many common antigemie determinants
but that a small number are untque for each type

Pathogenesis of Sickle cell Anzemia
Tt has been clearly established that the crythrocytes of patients
with sickle cell anemia have a dimmished life span tn vivo (Singer
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antmie pitients a transfusion may he & hfc saving procedure
However when the hemoglobin 1s mamtamed at a level of 7w g
per 106 ml or more 1t would scem unwis¢ to undertake perrodic
transfusion unless there s some speaial additional indieation such
as pregnancy

Splenectomy has been undertahen sporadically but the results
hueg lly been disapp mg A ding to Margolies (19.1)
the operntion was first carried out by Hahn and Cillespre (1927)
and by Stewart (1927) Shotton Crochett and Leavell (19.1)
ressewed the results of splenectomy n 24 cases  The symptoms of
filteen patients became less severe and there was some mnprove
ment i their erythrocyte counts of the others four patients
waproved slightly and four were not benefited  The best results
scem to hate been obtaned m patients who had the largest
spleens 1¢ when the operation was undertahen at a relatively
enrly stage of the disease  Dicherstein and hoop (quoted by
Margolies 1901) for instance carned out splencctomy in 16
children ranging from 14 months to six years of age and followed
their progress for one to four years after operation  Two patients
were not improved but the other fourteen did relatively well
their hemoglobins were maintained at shghtly higher levels than
before operation and none had had a major erists sinee splenectomy

1CTH Sass(19.2) reported dramatic svmptomatic improve

ment when a patient suffering from sichle cell anemia was given
ACTH IHowever no sigmficant changes took place m the
blood eount and it 1s doubtful whether A C T II or cortisone has
any real place in the palliative treatment of the discase

Prognosis The outlook for a patient suffering from sickle cell
anemia s grave and many sufferers die in the first decade Others
reach adult hfe only to die of complications such as heart failure
or of fe P, 15 a severe hazard and
the maternal and feetal mortalities are relatively high (Beacham
and Beacham 1950 Margolies 1951) As already referred to
the outlook for patients suffering from vanants of stchle cell
disease such as sickle cell thalassemua and sickle cell hemo
globin—hemoglobin  disease 1s more favourable than n true
sichle cell anzemia
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and Flemuing 1011) and 1t 15 Itkely that this 1s an important
mechanism causing destruction wn zito

There 15 also evtdence that chemical changes tahe place rapidly
when corpuscles become sichled  Tosteson Shea and Darling
(1952) showed that in the de oxygenated state sichled cells quickly
lost major amounts of y and gamned sul 131
of sodium ~ Stekle trmt cells on the other hand behaved almost
normally  These changes are probably due to the alteration 1n
the physical state of the hremoglobin and to the assumption of
the sickled form It seems hikely too that the marked cation
changes are a reflection of actual damage to the cell membrane
If this 1s so this york then provides evidence for an additional
and perhaps all important mechanism of cell destruction

The erises of hxmolysis which occur from time to time and
winch are associated with abdominal pain and other symptoms
remain unexplained  as a rule there appears to be no concomitant
depression of crythropotests In this respect the pathogeness
of these minor cnises differs from the more serious aplastic erises
which occasionally deselop

There seems to be no evidence that auto antibody formation
commonly plays a significant part 1n the causation of hemolysis
m sickle cell anemia  The work of Schneider and Levin (1950)
who claimed to find abnormal agglutimins in 13 patients with sickle
cell anerma does not seem to have been confirmed

Treatment of Sickle cell Anemia

Although nothmng can be done to remedy the fundamental
defect of hemoglobm and erythrocvte formation m sickle cell
anerma palltative measures need some consideration A good
account 1s given by Margohes (1901) Oxygen therapy the
possible use of vasodilator drugs 1n the treatment of abdominal
crises  transfuston  splenectomy and ACTH will be brefly
mentioned

Oxygen therapy seems to be contraindicated Remhard Moore
Dubach and Wade (1944) concluded that prolonged ad ration
of oxygen did not mhibit hemolysis and did not relieve pam
Moreover 1t mhibited )2 tory erythrop to some extent
with the result that the patients became more anemic

1asodilator drugs such as Priscoline have been used i the
treatment of abdominal pam on the hypothesis that the pain was
due to vascular spasm Smith Rosenblatt and Bedo (1953)
reported good results m seven children

Blood fransfusions are of temporary value and m severely
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Iner It wasin France too that the first observations were made
that suggested that hamolytic anemia might be caused by the
development of auto antibodies From 1908 onwards Widal
Abramt and Brulé (190823 and b 1909) 1n a series of papers gave
the first accurate deseriptions of  lictére hémolytique acquis
Significantly  they stressed that autohamapglutination was
charactenstic of the cases they studied Other important obsersa
tions were made in France at about the same trme  Chauffard
and Troister (1908) and Chauffard and Vincent (1909) deseribed
as suffering from  1ctére hémolysimque and  hémoglobinunie
hemolysimque  patients 1o whom intense hremolsvsis was taking
place sn rio and whose sera appeared to contain abnormal
haxmolssins

“These pioneer studies were to some extent forgotten m the
succeeding decades and 3t is onls in comparatiely recent years
that ther mmportance has been recognized and new adivances
made In 1938 Dameshek and Schwartz (1938a) again reported
|the presence of abnormal hxmolysins 1n patients sufferng from
‘acute (acquired) hemolytic anemia  They also showed clearly
both m man and in ammals that spherocytosis and imereased
osmotic fragihty might develop dunng the course of acquired
hemolytic anema {Dameshek and Schwartz 1938b) Later they
published a comprehensive review n which was summanzed
almost all that was known about acquired bamolytic anzmia up
to that time (Dameshek and Schwartz 1940)

In 1945 there app a most publ Coombs
Vourant and Race showed that erythrocytes sensitized by 1
complete  forms of Rh 150 antibodies were agglutinated by anti
human globulin sera prepared by immumzing rabbits agamst
human serum protems This discovery provided a new tool tn
smmunological research It was soon apphed to the i estigation
of cases of hemolytie anerma  In 1946 Boorman Dodd and
Loutit and Loutit and Mollison reported that the direct antr
globulin reaction (Coombss test) was positive m a number of
patients suffening from rdiopathie acquired haxmolytic anzmia
whilst the test was negative mn patien s suffering from congemtal
and other types of hemolytic anemia  These observations have
snce been confirmed 1n many parts of the world In 1947 Morton
and Pickles reported that enzymes such as trypsin mncreased the
susceptibility of human ery throcytes to certamn types of anttbodies
The trypsinized cell technique has also proved to be extremely
uscful  Both methods have helped enormously 1n the under
standing of the pathogenesis of acquired hxmolytic anemia by




CHAPTER 7

'\/ ACQUIRED HZEMOLYTIC ANAEMIA
I IDIOPATHIC AUTO ANTIBODY TYPE

Tne term acquared hamolytic anamin 1s deseniptrve of a number
of disorders of probably different wtiology and pathogenests In
many nstances the excessts e hemolysis seems to be due at least
m part to the action of antibodies directed agamst the patients
own erythrocytes In other cases however the pathogenesis 1s
Iess obvious and in some patients 1t 1s quite unknown In this
chapter and 1n succeeding chapters the vavious types of acquired
heemoly tic ancmia will be dealt with in succession

An nccount will first be given of those types i which there 1s
defimte evidence of the formation of auto antibodies—the

auto immune  type In the majority of cases the mtiology of
the disorder 1s unknown The most frequent form of the disease
15 therefore provisionally designated  rdiopathic mn other
patients the hemolytic process 1s the sequel to some recogmzed
disease such as virus pneumoma or 1s associated with some
additional pathological process such as chrome Iy mphatic leukemia
or disserunated Iupus erythematosus These secondary or

symptomatic  cases are probably less rare than was at one time
thought
The auto immune types of kemolytic anemia may be classified
as follons —
{a) Idiopathic acquired heemolytic anemia
(6) M<molytic anema followmg virus pnenmonia and certam
other infections (sec Chapter 8)

{c) Parovysmal cold hemoglobinuria (see Chapter 10}

{d) Hemoltre anema associated with chronie lvmphatic
1 ! d d lupus erythe

matosus ete (see Chapter 13)

IDIOPATHIC ACQUIRED HAMOLYTIC ANEMIA

History Hayem (I1898) 1s generally credited with grving the
first recogmzable deseription of acqumed hemolvtic anema
under the title  Ictére mfectieux chromque splénomegalique
and of diflerentiatin,, anema with jaundice from disease of the

164
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Race and Inheritance  As far asis known 1diopathie acquired
hemoly tie ancmia 18 not confined to any particular racc or races
However nearly all the published ease reports deal with patients
of Furopean onigin It has gencrally been thought that there 1s
ino evidence for a genctic bauis for the disease  Hassmever
Nielson Rent Hansen and haeler (1902) however have published
an aecount of a family 1n which both & mother and her daughter
developed a hzmolvtic antmia of an auto immune type This
observation 1s clearly exceptional but 1t 15 difficult to dismiss it
as mere comeidence  On the other hand one of the authors
patients had an unaffected sister who was probably an dentical
twin (see p 197)

P

I 3757
INREENN NI
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AGE IN YEARS
Fia 6> Age distribution of 47 patients suffermg from ncquired
Yzmolytic anerma of t} ¢ auto immune 1ype
[J = warm antibody type
[fil = secondary warm antibady type
= cold antibody type
secondary cold antibody type
W = cold antibody type after virus pneumonia

Age 2nd Sex. Persons of all ages are affected as well as both
sexes Sachs Workman and Jahn (1952) reviewing 147 cases of
idiopathic and secondary scquired hemolytic anemia from the
Iiterature as well as 19 cases of therr own found that two thirds
of the patients were females In the authors series too more
females than males have been affected 25 out of 87 patients
suffering from the dwpathic type of the disease beng females a
proportion of females which differs sigmficantly from one half
There 15 no obvious association with pregnancy or parity

The disease 1s not congenital although 1t may occur n quite
young infants The youngest patient the author has personally
mvestigated was aged 5 months  the oldest was aged 78 at the
time of onset of the disease The distribution 1n five year periods
of the age of onset of the patients studied by the author 13 illus
trated :n Fig 62 One vamant of the disease (see p 175) 1n which
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lete antibodies m cases

d rating the of P
where other techmques had failed to do so

Synonyms L ictére hémolytique acquis {Widal Abram and
Brulé 1909) quired hxmolytic sp} galic 1cterus of the
Hayem Widal type (Micheli 1911) acquired acholurte jaundice
(Eason 1918) acute hemolytic anmmia (Lederer 1925
Dameshek and Schwartz 1940)  immunohemolytic anzmia
(Exans ef ol 1951) autormmune hemolytie disease (Young
Miller and Chnstian 1951)

Some continental workers (e g Marcolongo 1958) have referred
to dufferent forms of 1diopathic  acqured hzmolytic anzmia
by the eponyms  Hayem Widal *  Djyke Young Loutit
and Lederer Brll whilst the term  Lederer s Anxmia  has
been widely used 1n British and Amenican literature  While not
disputing that wide differences exist among patients in respect
of their clinical listories and 1n the results of laboratory tests the
present author feels that 1t 1s unwise to attempt to separate a
disease of such varying expresston as acqurred hemolytic anema
nto many subgroups unless the subdrvistons can be made on the
basis of real differences m pathogenesis Some differentiation on
these lines 15 posstble and the chmical syndrome of acquired
hemolytic anema due to  warm_-_auto antibodies may for
mstance be differentiated in most cases from that due to * cqld
auto antibodtes Even so the chimeal pictures are less distmct
than are the serological findings

One syndrome deserves separate consideration  this 1s the
acute h=molytic anzemia of unknown origin to which Lederer s
name has been attached Probably the eponym should be
dropped altogether However the climrcal syndrome of acute
hemolytic anemia of short duration described by Lederer 1s to
some extent distinctive Even so 1t 1s probably brought about
by more than one mechamsm and merges imperceptibly both
climeally and pathologically mto rdiopatine acqured hamolytie
anemia of a less dramatic type  Nevertheless because of its rather
distinetive chnical course and historical associations Lederer s
anzmua will recerve separate consideration

General Features of Idiopathic Acquired Haemolytic
Angemia
Recent reviews include those of Dameshek and Schwartz
(1940) Dreyfus Dausset and Vidal (1951) Young Miller and
Christian  (1951) Baumgartner  (1952) Marcolongo  (1953)
Heilmeyer (19538) and Y oung and Miller (19532}
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antecedent lness  Lxceptionally signs and symptoms of
thrombocytopenic purpura may have preceded or he associated
with those of remoly tic anemia (see p 178)

Young and Miller (19.3b) emphasized how 1 some patients
repeated attacks of hrmolysis might be followed by spontancous
remissions  One patient for instance suffered from six episodes
of acute hemolytic anwmia within four yesrs of the imitwal attach
for which splenectomy had been performed

Physlcal Signs  Anema  The degree of anemia vanes from
muld to extremely severe  On the whole patients swith idiopatiue
acquired hrmolytic anemia tend to be more anemie and are
generally more senously ill than are patients suffering from
hereditary spherocytosts  The mummum hemoglobm concentra
tions and ery throcyte counts and other hxmatological data n a
small series of patients ntensively studied by the author are
recorded n Table ¢

Jaundice  Usually the patient 1s visibly jaundiced to a moderate
degree  The hvperbiirubinemia 13 due as a rule solely to an
exeess of pigment which gives a positive indirect van den Bergh
Teaction  the yaundice 15 thas tvpieally acholune i nature  In
seriously 11l patients however the direct reaction may be positive
and bile pigment may also appear m the urine  Tlus 1s probably
due to actual liner damage focal arcas of necrosis being not
uncommonly found wn fatal cases (see p 180)

Splenomegaly  The spleen 1s probably always considerably
enlarged varying according to Dameshek and Schwartr (1940}
from one and & half to fise times its normal size  Usually 1t 1s
readily palpable however it may not be felt at the onsct of an
acute attach It s unusual for an enlarged spleen to reach the
umbilicus  Sometimes the spleenis tender on palpation  especially
1s this true 1n acufe hemolytic episodes

Other Physical Signs  The hter 15 often shghtly enlarged
particularly m the most anemic patients The other organs of
the bodv appear to be essentially normal on phy sical examination
except for the effects that anermia may have on them  Enlarge
ment of lymph nodes does not usually occur nor 1 purpura
commonly found

rime A mod: exeess of urobil 13 1y found
and oceasionally bile pigments also  In some cases actual hemao
globinuna may oceur  In serously anemie patients there mav be
shght albuminuria and a few casts may be found in the urmary
deposit Hamosidern 15 also frequently found 1n small amounts
{Croshy and Dameshek 1951)
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cold antibodies are present i very high concentrations seems fo
be most commonly found 1n elderly subjects (Iernman Dacie
Keele and Fullerton 1951)

Incidence  Acquired hremolytic anmia of the auto antibody
type 1s an uncommon but not a rare disease Sacks Vorhman
and Jahn (1952) collected 147 cases published n the literature
between 1940 and 1951 and added 19 patients of therr own 1
85 patients the anema was  sccondary  to some underlying
discase  The author has mnvestigated 49 patients with acquired
hamolytic anenma ma seven year period  However only fourteen
of these patients were m patients in Hammersmuith Hospital a
general hospital of about 600 beds  Some of the remaimng patients
studied by the author have been attending other London hospitals
other patients have been m hospitals m various parts of the
country and serological studies were carried out on samples of
their blood sent by post Ten of the patients have suffered from
secondary acquired haxmolytic anemma 1 seven instances this
followed virus pneumonia  Thus the disease was apparently

wdiopathie  1n 89 patients  1n 80 cases the auto antibodies were
of the warm type or were predomunantly of the warm type mi~
mine patients the antibodies were of the cold type

Clinical and Heematological Features
1 Warm Antibody Type

Symptoms of the Disease Idiopathic acquired hremolytic
anzmia 18 a most vanable disorder and almost every grade of
severity may be met with In some patients the illness may be
2 chrome one extending over years and the only symptoms
complamed of may be those common to chrome mild anerma of
any cause eg undue tiredness and mild dyspnroea on evertion
In more severely affected patients the severitv of the anemma
often leads to serious dyspneea and Imcapacity — Sometimes
chronie jaundice may be the patient s chief complaint but this
15 a very vamable symptom In the most severely affected
patients the onset may be very sudden instead of bemng msidious
the chief features of the disease beng rapidly increasing anzmta
and g} often p d by pyreva and
a shock like prostration In these cases too hmmoglobinuna
may be noticed and the title  acute heemolyfic anzmia 15 more
than justified Occasionally the onset of the anzmia may seem
to have followed an mnfection of some hind but in most cases 1t
appeats Sp ly without app cause or bl
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average count was 20%, {13 patients) the range being 19, to 67%
{Table 2 p 21}

Sometimes auto agglutination may be obvious even in well
made films prepared from freshly drawn blood When present
this phenomenon 1s suggesti ¢ of the presence of auto antibodies
Tt 15 most commonly scen when cold antibodies of high thermal
amplitude are present (see Fig 66) 1t may however beobserved
occasionally with patients whose blood contatns warm aute
agglutinns  Auto agglutination has to be distinguished {from
rouleaux formation This as a rule presents no difficulty as the
distribution and shape of the agglutinated masses of eells 1n true
agalutination 1s quite distinct from that 1n rouleaux formation

Frythrophagoeytosis usually by monocytes may oceasionally
be seen in fresh preparations of pertipheral blood (Fig 64) Recent
reports describing this phenomenon melude those of Hargraves
Merrell and Pearman (1941) Landolt (1916) and Gasser and
Hollander (1921) A good account of the ineidence of erythro
phagoeytosis 1 hemolytic disorders generally 15 given by
Baumgartner (1948)  All the patients whose blood ptetures were
described by the authors mentioned above were acutely 11l in
intense hamolytic episodes  VMore recently Zinkham and
Diamond (1952) deseribed erythrophagocytosis in the blood of
two infants one suffering from an acute and the other a chronic
idiopathie acquired hemolytic anmmia  Erythrophages were
found n small numbers 1n fresh smears of peripheral blood  they
were present however 1n much larger numbers in smears made
of the bully coat of blood centrifuged after incubation for one half
to two hours at 37 C (see also p 14)

Reticulocytes  As 1n other types of chronic hemolytic anzmia
ap ly rarsed ! countisa finding
sometimes the count may exceed 50% As mentioned above
the d cells are g 1 ly macroeytic as
compared with fully ripened cells Naturally at the onset of a
haemolytic episode 1 a previously healthy subject the reticulocyte
count may be within the normalrange ~ Aplastic cnses during
the course of an 1diopathic acquired hemolytic anzmia are rare
buthave been described (Davis Kennedy Baihse and Brown 1952)

Leucacytes The total leucocyte count varies within wide Limits
mdiopathic acquired haemolytic an®mia  Often 1n chronic cases
the count (particularly the neutrophil count) 1s low (Table 6)
the cause of this 1s not known with certanty In acute hemoly tie
epiodes however it 1s qmte common for the lencocyte count to
be raised to 30 000 cells per c mm  or even higher chiefly due to
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Faces  An mereased fweal excretion of urobihinogen 1s the rule
and as n congenital hxmolytic anemia the daily total pigment
excretion may evceed 1 000 mg

The Blood Picture

Liythrocytes  The anemia 1s more often than not macroeytic
rather than normocytic as judged by mean corpuscular volume
measurements (Table 6) The macrocytosis1s  regeneratne 1
nature the macrocytes bemng dernved from normoblasts (maero
normoblasts) rather than from megaloblasts (see Dacte and White
1949)  Cell diameter measurements nevertheless may also
reveal microcytosis  this 15 due to the presence of microsphero
cvtes These acqured-spherocvtes are more or less con
spieuous m most cases when there 1s active hemolysis In
hyperacute cases spherocy tosis may be extremely marked (Fig 14)
Occasionally no spherocytes can be found particularly 1s this so
1n patients in remission (see Young and Miller 1953a) The mean
corpuscular heemoglobin concentration 1s normal or may be raised
m patients m whom there 15 a marked degree of spherocytosts
{cf hereditary spherocytosis Table 1 p 17)

There 15 usually 2 considerable degree of amisocytosts  If there
1s marked sp} tosis the diff mn cell d of the
cell population are often strihing the mucrospherocytes bemng
as small as 54 and the flattened macrocy tes as large as 10u  The
latter often stain diffusely basophilic for the largest cells are

1ly tes The mecelld and stamning
15 illustrated 1n Figs 1and 13 (pp 12and18) Purctate basophilia
may be present but is not usually a marked feature Poikilo
cytosis 1s not as_a rule conspicuous the spherocytes m partreulir
having a notably rounded contour

Normoblasts are often present in peripheral blood smears but
they are only present in large numbers 1 cases where hemolysis
15 extremely rapid Probably they always imcrease n number
after splenectomy 1f the operation does not reduce the rate of
hemolysis (Fig 14 p 18) The normoblasts are usually poly
chromatic forms

Siderocytes are present m small numbers mn the peripheral
blood of some cases of acquired hemolytic anemia (before
splenectomy) Douglas and Dacie (1953) studied 19 pattents
the largest numbers of siderocvtes were found 1n patients
whom hxmolysis was most mtense the average count was
23% with a range from O to 219, After splenectomy the
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an merease in neutropluls and for metamyclocy tes and my elocy tes
to be present mn the circulation

Platelets  The platelet count 1s normal or low 1 diopathic
sequired hemalytic anvnua  m some cases thrombocy topema
may bemarked and be aecompanted by climeal purpura (scep 178}

Osmotic Fragility
There 1s usually & moderate increase 1 osmotic fragility corre
sponding with the degrec of spheracy tosis seen 1n peripheral blood
films It scems probable that osmotic fragility 1s nearly always
but not quite mvariably increased in patients in whom hemolysis
1s active  In patients in complete remission on the other hand
the fragility 1s hikely to be normal or at the most only very slightly
mcreased A grestly mereased osmotie fraplity 15 aleays asso
ciated with a serious degree of hemolysis (e g cases 11 and 12)
% < 5
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Ti6 3  Re ults of osmotic fraglity tests in eleven patients with
acqui ed hxmolytic anwmia of the warm antibody type (W)
and_eyen patients with acqus ed heemolytie anemia of the cold
antibody type (C) The horizontal 1nes ind cate the mormal
rang and the d uble 1nes the normal range of the M CI'
S denotes after splenectomy (cf Fig 81)
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by the normal amount by glucose (Sclwyn and Dacie 1954) and
acquired spherocytes

Clinical and Heematological Features
2 Cold Antibody Type

As plready mentioned 1n a munority of patients suffering from
1diopathic acquired hemoly tie anenua the aute antibodies are of
the cold type In some nstances the presence of the cold anti
bodies m lugh concentrations prod & rather c} 1e
clinical syndrome characterized by Rayniuds phenomena o
chrome often relatively nuld haomoly tic anerua and episodes of
hemoglobinuria  However not all patients with haxmolytic
anxcmra of the cold antibody tvpe present these distinetss ¢ clinical
features In two patients unestigated by the author the clinieal
course was indistingwishable from chronic acquired hamoly tic
anenua of the warm anttbody type 1n a third the disorder
presented itself as an acute hemoly Lic episode with hemoglobtnuria
which responded di 1ly tospl The chimeal history
and pathologieal findings of one of these patients are described on
p 200 (Case18) Innone of these patients were the cold antibodies
present 1n such igh concentrations as in the patients exhibiting
Raynaud s phenomena (Table 8 p 203)

The chief chnical and hematologieal features of the type with
Rayneud s phenomena were reviewed by Fertiman and ¢o worhers
{1951) who also described three personally studied cases Other
reports i the literature include those of Roth (193,) Salén (1935)
Ernstene and Gardner (19385) VMcCoombs and McFlroy (1937)
Bemans and Feasley (1941) Stats and Bullowa (1943) Winttle
Lyell and Gatraan (1947) Hedmeyer Iaha and Schubothe (1947}
Malley and Hichey (1949) van Loghem Mendes de Leon Frenhel
Tietz and van der Hart (1953) Nelson and Marsball (1953) and
Heilmey er (1953)

Age and Sex The disease seems particularly to affect rela
tively elderly subjects the ages of the patients so far desenbed
having ranged from 40 to 78 years (see Fig 62) Both sexes have
been affected

Sy mptoms of the Disease CLnosns and Raynaud s pheno
mena are 1call by to cold The
patients fingers toes bands feet and sometimes nose and eaxs
become at first white and then purplish blue 1 colour Occa
swonally too actual gangrene of a digit has been observed {Ferr:
manetal 1951) These Raynaud s phenomena are brought about
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Observations on & series of patients recently inyestigated by the
author are summanzed in Fig 63 The complex relationship
betneen antibody action and increas. m osmotic fragihty 1s
considered 1n & later section (p 302)

Osmotic Fragility after 24 Hours' Incubation at 37 C

Increases n osmotic fragiity often but not invariably greater
than normal are produced by incubating the blood of patients with
acquired hemoly tic anwma for 24 hours at 87 € Selwyn (1953)
stucied 5 cases i three of them the ncrease n osmotic fragihity
exceeded that of mcubated normal blood It seems unbhely
however that study of the changes in fragihty produced by
ncubatmng blood from patients with acquired hzmoly tic anzmsa
will have the practical application m diagnosis that it has in
hereditary spherocytosis (see p 63) Young and Miller (1953a)
also found that the mcreases 1 osmotic fragility were less regular
then in hereditary spherocytosis

Autohzmolysis (Incubation at 37 C for 24 to 48 Hours)

The rate of autohemolysis of blood from patients suffering, from
acqured hxmolytic anemia s usnally significantly mcreased
TDacie 1950a) Occastonally lysis occurs extremely rapidly so
much so that in two of the author s cases (Cases 11 and 12) visibly
mereasmg lysis was obvious within an hour or so of collection
and m one patient 1t proved impossible to obtam unhwemolysed
serum or plasma It 1s undoubtedly sigmficant that m both these
patients there was an exireme degree of spherocytosis It 1
1 fact probable that the lysis was due not so much to an immune
Jbody reaction mvolving pl as to the d. tion of
markedly spherocy tic cells (see p 803) Young Trzzo and Platzer
(1951) also referred to the very rapid lysis of the erythrocytes of
two patients m hamolytic crises  they contrasted this with the
rates of hvsis only just above the normal obsersed mn the same
patients during quiescent phases of their disease

Selwyn (1953) studied the effect on hemolysis of mamtamning 8
Iugh concentration of glucose throughout the incubation pertod
#An four out of five patrents glucose bad less than 1ts normal eflect
1 dimumshing hemolysts and 1n one severely 1ll patient with
marked spherocytosis and a rapid rate of autohzmolysis the

pre<ence of glucose had absolutely no effect in diminishing hemo
Iysis In this respect therefore there are differences betwgele
gental sph tes the 1 lysis of which 1s
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jhy auto agglutmation of the paticnts ery throey tes taking place
peripheral blood vessels as the result of cluthing {(Marshall Shepherd
and Thompson 1953)

Most patients experience hemoglobmuna m partioularls cold
weather  The frequeney of hemoglobsnuna howeser vanes from
pitient to patient In some such os the patient described as
Cose 2 by Ferrmman and <o worhers (1951} no bemoglobinuna
was ex er obsers ed despite the fact that Raynaud s phenomena were
intense i cold weather i others such as the patient deseribed
by Bonmin (1954) bhaxmoglobmuna was a very strlong symptom
It 1s possible that the dilk n the 4! of } zlob
nuria can be correlated with dilferences m the hemoly tie potency
of the antibodies (see p 809) It 15 interesting to note that m
pattents not developing chimeal h globinuna  mtravascular
hemolysis nevertheless probably takes place to some extent as
shown by the intense renal siderosis which may be found (Fig 60}

The patients are wsually visbly jaundiced but only m s
minonty has the spleen been palpahie

The disense 15 usually & very chrome one and 15 relatiely
berugn  QOne of the patients desersbed by Ferruman and co workers
{1951) vas known to have been affected since 1938  The anemia
1sas arule not very severe  In only two out of the twels e patients
mentioncd by Fermman and eo workers (1051) was the hemo
globin concentration reported as falhing below 7 4 g per 100 mi
Asxie from the Raynaud s phenomena 1t appears likely that the
wtensity of hemolysis and the degree of anems are directly
related to temperature most patients bemg more snemuc In
winter time  The elingeal history of a ltherto unreported example
of this type of hamolytic Anemia s given on p 208 (Case 14 )

Bicod Examination Intense auto hemaggiutination 1n ttire
1s & charactenistic feature of the disease  Usually the blood of the
patient und ss ehumy diately after withdrawal
unless 1ts temperature 1s mamtaed strictly at 8~ € It 15 this
feature which bas often called attention to the disease 1 the first
place  Assomsted with the clumping there 1s a tendency for

T d cell serum susy to undergo h-emnolysis as
stressed by Stats and Wasserman (1918 and unless care 15 taken
it 1s dificult to obtam wnhwmolysed plasma or serum I
however the blood is delivered by means of a needle and a short
piece of rubber tubing into a contamner previously warmed to
57°C unhemolvsed plisma or serum may be regularly obtaned
Sumiarly good blood films msy be made i shdes previously
warmed at 37 C are used Films made on shdes not warmed
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above room temperature usually present the characteristie
appearance shown in Fig 60

I xcept for the dency to h lutination blood films
show as a rule no very striking features though there may be
slight macrocytosis  Polychromasia will be present in accordance
with the reticulocyte count  Spherocytosis 1s usually not con
spicuous and in most of the reported cases the osmotic fragility
has been reported as normal  that of Case 14 was however
Jefinitel b slightly d {see also Fig 03) The
Iiematological dita on Case 14 are summarized 1n Table 6 (p 172)

Other Findings Urine Hwemoglobinuna deseloping ocea
sionally as the result of exposure to cold has already been referred
to H-emosiderin if looked for would probably be more con
stantly observed judged bv the degree of siderosts of the kidneys
found at postmortem (Fig 65)

Wasscrmann and Rahn Reactions  These have been umformly
reported as negatine

The scrological findings 1n the cold antibody type of 1diopathic
acquired hrmoly tiec anemra are deseribed on p 194

Pathology 1s considered onp 179 and Treatmentonp 314

Clinical and Hxmatological Features
3 Lederer s Anzemia

In 192, Lederer described three patients who had suffered
from acute hxmolytic episodes of sudden onset and of short
duratron  In each case recovery scemed to take place following
a blood transfusion  Boll (1026) reported what might well have
been a smular tvpe of case  Subsequently Lederer (1930)
described three additional patients Later the use of the term

Lederer s anerma  became widespread 1n medical literature

Lederer s cases comprised three adults and three children 1n each
patient the onset of the disease was sudden and within three to srx
daye they became jaundiced and profounily apzmic The sudden
haemolytic erises were associated with fever headache +omiting and
prostration  Two of the patients had marked hxmoglobinuna and one
became sennt comatose ALl of Lederer s patients had hugh leucocytoses
of between 33 000 to 81 000 cells per cmm  Myelocytes were present
1n the peripheral blood and also many normoblasts Osmotic fraglity
(when estimated) was found to be normal or almost normal

ederer s patients were transfused at the heght of their anemia
and all recovered and became quite normal subsequently  Lederer
considered that recovery was mitited by transfusion and that this
was a hfe saving procedure but admitted (Lederer 1930) that less
se3 ere cases might recoyer spontaneousl:

Since Lederer s papers many other cases have been described m
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The thesis that the ancma th \i T and leucoy
might have o pathogenests in common was further developed by
Lvans and co worhers (19,1)  Out of 18 patients with acquired
hezmolytic anwmia  ten had normal platelet (and leucocyte)
counts four patients had thrombocytopema but no purpura and
four had thrombocytopenia and the chmeal signs of purpura {one
patient had tuberculosis of the spleen)  Inaddition 1t wasreported
that in six out of eleven patients with thrombocytopenia but
without heemolytic anemia the direct antiglobuhin test was never
theless positive Two of the patients of Fvans and eo workers
suffering from hzmoly tic anzemia and purpura were women both of
whom were pregnant 1n these patients and 1n a male patient the
hemolytic anema and purpura scem to have developed simul
taneously Another (fatal) mstance of simultaneous heemolytic
anxmia and thrombocytopenic purpura was desenbed by Gasser
and Hollander (1951) 1n an infant

Acquired hemolytic anzmia has also supervened 1n patients
who had previously been known to suffer from or had even

d D for 1 D purpura  Yaugh
(1932) described an example of this sort 1n a woman aged 89 who
died of a fulminating hemolytic anemia  Four years previously
she had undergone splenectomy for chronic purpura The patient
described by the present author as Case 12 (p 202) and Case 10
of Dacie and de Gruchy (1951) are further examples of acquired
hzmolytic anxcmia developing 1 patients previously splenecto
mzed for thrombocytopenic purpura At least two additional
patients (Cases 13 and 14) are known to have had low platelet
and neutrophil counts neither however developed spontaneous
purpura  Other patients known to have leucopema and thrombo
cytopema were described by Young and Miller (1953b)

P of I Acquired H: Iytic A i

Bone marrow  As m other chronic hemolytic anzmias hyper
trophy of the bone marrow takes place to a varying extent This
1s roughly proportional to the intensity of the hmolytic process
Thus red marrow spreads into the shafts of the long bones where
1n adults ittle hemopotests normally takes place The fat spaces
normally present may almost if not entirely disappear This
hypertrophy 1s due to hyperpl of erythrop
cells with the result that the erythroid myeloid ratio may even
exceed umty Bone marrow biopsy shows that erythropoesis 1s

b} or bl n type
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which an acute hemolytic process ran a self rmited course and m
some blood transfusion has seemed to imtiate recovery Most of the
patients have been ciuldren (Patterson and Stewart Smith 1936
Grordano and Blum 1937 Greenwald 1938 Baxter and Everhart
1938 Betke Richarz Schubothe and Vivell 1953 etc) However 1t
18 now clear that although recovery is usually rapid this may take
place more slowly and that lack of a dramatic Tesponse to transfusion
does not necessanily mean that complete recovery will not take place
(Fisher 1947)

It 1s dufficult to make any absolute distinction between Lederer s
hemolytic anema and acute subacute and nulder cases of
sdiopathic acquired haxmolytic anemia  Possibly if the term
Lederer s anemia 1s to be retained at all 1t should be only used
to describe cases of acute onset and short duration gomng on to
complete recovery Dameshek and Schwartz (1940) m ther
review meluded Lederer s ansemia as a form of acute hemoly tic
anemia  They pointed out that cases probably identical with
those of Lederer had been described previously and gave as
early examples those of Chauffard and Vineent (1909) and Nobel
and Stemebach (1914)

Recent work on the serology of Lederers anema (see
p 190) hasdemonstrated nsome patientsat least anauto immune
mechamsm for the anmmia 1dentical with that usually found in
the more chrome cases of idiopathie acquired hemoly tic anenma
In some patients however no abnormal antibodies can be demon
strated by the techmques now available This type of case 1s
referred to again m Chapter 14 p 857 The atiology of acute
hemolytic anema 1s discussed 1n Chapter 12

Relationship between Acquired Hmmolytic Anzmua

Thrombocytopema and Thrombocytopenic Purpura
Particularly since the publications of Evans and Duane (1949)
and Tvans Takahashi Duane Payne and L (1951) especial
interest has been taken m the relattonship between thrombo
cytopenta and acquired hemolytic anemia of the auto antibody
type Evans and Duane (1949) reported that five out of eleven
patients suffering from acquired haxmolytic anemia had per
sistently low platelet counts and that one of the patients actually
suffered from climeal manifestations of purpura  In two of the
patients there was a symptomless leucopenia It was suggested
that the thrombocytopenia and leucopema rmght depend upon
the formation of auto antthodies capable of destroymg platelets
and leucoeytes 1n addition to those acting upon the patients

erythrocytes
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necrosis 13 not fully understood  One possible factor is autohemaggly
Aimation Jeading to eireulatory stasis and consequent anowa

Radneys In fatnl cases s 1 wminble degree of tubular damage may be
seen  Usually there 18 o modernte amount of sideross  thisma) bea
very stnhing feature in patients in whom the plasma hemoglobin
concentration 15 constantly ra1 ed with or without hemoglobmunn
(Fig 65) Most of the hxmosiderin 13 in the loops of Henle and the
second convoluted and collecting tubules  In patients who have died
with } pigment casts may be consprruous
n the collecting tubules

Tymph Nodes Thesc are not usually sy miflcantly enlarged and their
basic histologieal structure is normal  However an unusual intensity
of erythrophagocytosts by free phagoeytic cells 1n the lymph smuses
may be observed

Other Organs o speaific changes nre encountered  The usual
eftects of anmia will be present in uddition to a varnable degree of
mderosis the latter depending to a great extent on the hustory of the
patient 1n respect of blood transfusion

BLOOD TRANSFUSION STUDIES IN
ACQUIRED HZEMOLYTIC ANZEMIA

The first accurate studies in erythrocyte survival after trans
fuston of normal blood to cases of liemolytic an®ma seem to have
been carried out by Dacie and Mollison {1043} using the Ashby
method  In thns paper the pownt was made that the wnimpmired
survival of normal erythrocytes in patients suffering from heredh
tary spherocytosis was in strong contrast to that observed (by
Mollison) 1n a series of patients with acquired hazmoly bie antmia
of vaned type in which the destruction of normal corpuscles was
rapil and usually complete within 20 days of the transfusion
In this latter series were five patients suffering from acquired
hazmolytic anema of the 1dwpathic type DBrown Hayward
Powell and Witts (1944) studied two patients with acquired
hemolytic anemia  The average life span of the normal erythro
cytes after transfusion to these patients was calculated to be 78
and 131 days respectively It was found that 1f the number of
surviving normal corpuscles was plotted agamnst time the course
of elmination formed a curve being at first rapid and then
progressively less rapid in contrast to the almost straight lne
type of elimimation found 1n normal subjects (see Fag 22 p 3u)
It was suggested that the curved form of the graph of elimination
indieated that an  exponential  heemolyhe mechamsm was at
work  which resulted in the destruction of the erythrocytes
indiscrimimnately irrespective of their age
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In some cases evidence of erythrophagocytosis by fixed phago
cytic cells may be scen 1 sections of bone marrow Erythro
phagocytosis 1s not however commonly seen 1n films of material
aspirated by marrow puncture  this is probably because the
fixed phagocytic cells if aspirated at all remam embedded 1n
fragments of marrow tissue The amount of ron detectable by
Perls s reaction 1s as a rule small no doubt as a consequence of the
rapid re utihzation of 1on 1n the synthesis of fresh hemoglobin

Spleen  Early reports of the histology of the spleen 1 acute
hemolytre anemia are summanzed by Dameshek and Sehwartz
(1940)  The organ has usually been reported to be between twice
and five times enlarged  The histological picture 1s not as umform
as 1t 1s 1n patients with hereditary spherocytosis However there
15 usually considerable congestion with blood and sometimes this
approaches in degree that seen in hereditary spherocytosts
Dameshek and Schwartz (1940) mentioned the presence m one of
therr cases of numerous thromboses of veins and capillartes which
resulted im muliiple infarctions  Sometimes macroscopte infarets
oceur

Irrespective of the degree of congestion there 1s by perplasia
of the reticulum cells of the spleen pulp 1n most wnstances too
erythrophagocytosis is eastly seen  Some of the erythrophages are
distended with up to s1x or even more ingested erythrocytes 1n
other cells abundant brownish iwon contaimng pigment (hemo
siderin) 15 evidence of past phagocytic activity  In these respects

—Tt lum cell hyperpl and eryth ytosis—the histo

logieal appearances of the spleens differ from those of typical
hereditary spherocytosis i which nerther retrculum cell hyper
plasia nor evidence of phagocytosis 1s well marhed Another
commonly observed feature 1s the presence of small tslands of
mjyeloid {mostly erythroid) metaplasia Again this change 1s not
commonly seen in hereditary spherocy tosts

Luwer In fatal eases the kver has usually been described as enlarged
The enlargement 15 mostly due to congestion with blood There may
1n addition be areas of focal necrosis as well as hyperplasia of hupffer
cells  Sometimes small wislands of erythropoiesss can be detected
Siderosis 15 often a striking feature the iron contammng gramules bemng
present both in Kuptfer cells and n Inver parenchyma cells  The
ntensity of siderosis depends to a great extent on the number of times
the patient has been transfused during hfe

Occasionally an acute hzmolytic process 1s accompamed by signs of
serious Iver damage (Parrar Burnett and Steigman 1910)  the
patient may then become quite deeply jaundiced and have hile n the
urine  In these patients a serious degree of Liver cell necrosis probably
oceurs It should be added that the sequence of events leading to
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from the patient s eclls 1n tizo and transference to the reciprent s
erythrocytes as well as to the fact that the patient s corpuscles
are no longer exposed to forther sensitization when errculating in
a normal environment

Owren (1819) slso studied the survival of the sensitized corpuscles
of n patient suffenng from jdiopatine acquired hremolvtic ancemin when
transfused ta a narmal recipient a9 well as that of normal erythroeytes
transfused to the patient The normal erythrocytes were quickly
destroyed half being eliminated in six to seven da)s  Asn Selwyn
and Hachett s expeniments the ehmination of the patient s corpuscles
took place in two phases  first a rapad fall withun three days to about
359, of the immedimte post transfusion count amd then a much slower
elrmnation which was still incomplete 80 days sfter the transfusion
Owren found that the transfused (patient s) corpuscles gave positive
antiglobulin tests dunng the first three davs nfter transtuston at the
time when the corpuscles were being rapidly ehmmated

The studies referred to abosve clearly demonstrate that normal
erythrocytes are destroyed unusually rapidly after transfusion to
patients suffering from acquired hemolytic anetmia  they gne
also an approximate 1dea of the rapidity with which the patient s
own corpuscles are probably bang destroyed  Survival curses of
normal corpuscles transfused to one of the authors patients
{Casc 18) are illustrated in Fig 22 (p 80) In this patient chineal
cure {ollowed splenectomy and there was a corresponding improve
ment 1 the survival of normal corpuscles after transfusion

‘/SEROLOGY OF IDIOPATHIC ACQUIRED
HAMOIYTIC ANZEMIA

Tn this section will be reviewed some of the more wnportant
general aspeets of the auto antibodies of idiopathue acquired
hxemolytic anemia A more detmiled consideration of the nature
of the antibodies thar properties and their behaviour 1n tiro 1s
gwen n Chapter 9

The most important single fact about the abnormal antibodies
developed by patients with acquired hemolytic anema 15 that
they sre auto antrbodies 1¢ they are capable of bemp adsorbed
by and of causing damage to the patient s own erythrocytes In
additrion the antibodies 1n most 1f not 1 all instances act on
normal corpuscles al o 1e they sct as 150 antthodies as well as
auto antibodies  Until recently it was generally held that the
antibodies were always  mon spearfic  and acted on erythrocytes
quite independently of ther blood group or type Now 1t s
known that in some cases the suto antibodses bave a defimte
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Mollison s early observations mentioned by Dacie and Molhson
{1843) were later reported m full by Loutit and Molhson {1946) and
Molhson {1947} In Loutit and Mollson s paper eight examples of
1diopathic acquired hemolytic anema were referred to  1n seven of
them the el of d corpuscles was very rapid 1t was
reltinely slow but stul abnormal in one patient In some of the
patients the graph of ehmnation was curved and roughly exponential
n form In one patient the rate of eimination was much slower after

pl than before spl y Blood was withdrawn from four
patients whose corpuscles gave positive direct antiglobulin (Coombs)
tests and transfused to normal rectments Three of the patients who
acted as donots were m clinieal remission {two after splenectomy) the
fourth patient had made a spontaneous and apparently complete
recovery at the time the blood was withdrawn The survival of the
erythrocytes of two of the patients was less than expected one week
after transfusion (849%, and 799, respectively) the subsequent rate of
elunmation however seemed to be strictly normal The erythrocytes
of the other two patients were elmn ted at the normal rate thronghout

Mollison (1047} described cbservations made on five cases of dio
pathie acquired hemolytic anema  Onee again normal ervthroevtes
were shown to be rapidly destroyed after transfusion to the patients
In each case &l of half the fused cells took place m st
days orJess 10 one patient 450 of the transfused blood was ehmirated
within the first mne hours of transfusion  Qther sumilar pbservations
are given by Molison (1951) In a patient recently studied who died
of a hyperacute hemolytic anerma (Case 12 p 205) Dr Mollson
found that normal corpuscles were destroyed almost as fast as they
were transfused to the patient

Selwyn and Hackett (1949) carried out some nteresting expert
ments They found that not only was there a markedly incrcased
rate of eltnmination of normal corpuscles transfused to three
patients suffermg from 1diopathie acquired hemoly tic anemia but
the normal corpuscles also became d (as shown by their
reaction with antiglobulin serum) 1n the recipients circulation
before they were eliminated They also carred out the reverse
procedure of transfusing the blood of patients into normalrect
pients  In two experiments they found that the patients blood
was elminated at an increased rate for the first 10 to 15 davs
after transfusion  thereafter ehrmnation took place at the
normal rate  The transfused cells remained sensitized until thewr
elrmmation It appeared however that antibody was also
transferred from the patients to the recipients erythrocytes as
the majority of the recipients corpuscles became sensitized after
the transfusion as judged by therr ggglutinahon by antiglobulin
serum

1t seerns likely that the relatively good survival of & patient s
corpuscles 1n & normal reciprent 1s due to elution of the antibody
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anemin 15 not the cause but may be the result of the anerma
However they ndded that the presence of the hrmaggluhimn and
heemolysis tn riro might be associated pathogenetically in the
acute hemolytic anxmia followmg virus pneumonta which was
Just becomung recogmized at about the time their Teview was
published  The majonty of the reports concerned with auto
hzmagglutination undoubtedly refer to cold agglutinins—some of
these have already been referred to {p 175) I:ke Stats and
Vasserman (1943} many of the authors were m doubt as to the
sigmficance of their obsersations Some of their observations
were however mnoteworthy

Salen (193.) carried out extensie studies on the reactions i titro
of & very high titre cold antibody and Rosenthal and Corten (1937)
and Ressner and Rallstemn (1942} stressed the high thermal activity
of the cold agglutimins present m the sera of their patients  Johnsson
(104J) referred to o patient suffering from an anmmua of unknown onigin
whose serum agglutinated samples of 80 Lloods of all groups to o titre
a2t 2 C of 37 000 and at 3" C of 2000 'The patient s own corpuscles
were also agglutinated but were far less sensitive the titre at 37 €
beinz 8  The nature of this remarkable agglutimn was not exactly
established

Lutnshi and Goldbloom (1946) desenibed on the other hand auto
antibodies which were netive 81 87 C and not potentiated by reduction
1n temperature and referred T3 several other previously reparted cases
1n winehr agglutination had taken place at 37 C Y oung and Lawrence
(1916) reported the presence of a non specific cold agglutiun which was
still weahly active at 37 C in a patient of blood group 4, n addition
the patient s serum " which was p d to
have developed as the result of previous transfusions huhns and
Wagley (1949) also described the presence of two distinct antibodes
1 the sexum of an acutely ill patient  One antibody was a cold aggtu
tun actve agawst cells of all groups with a titreof 2048 at 2 C but
not active at all at 87 C  the other was & warm antibody which
agglutimated the patient s own erythrocytes as well as 63 , of o panel
of normal erythrocytes apparently irrespective of their blood groups as
far as they were known The antibody of W emer and co worhers (1953)
and that of Case 12 also caused agglutmation at 37 C (see p 20%)

Warm Ila‘ﬁalysms

Reports of hemolysins i the sera of patients with acquired
hzmolytic anemia have always exeited interest Such reports
are rare_however and some have been the cause of controversy
The whole question was well reviewed by Dameshek and Schwartz
{1940) and more recently by Dausset (1952) The early observa
tions of Chauffard and Tromsier (1908) and Chauffard and Yincent
(1909) bave already been referred to The latter paper 1s the more



184 AcqUmep HBwoLYTIc AN EMIA

speefieity usually within the Rh system (see Chapter 9 p 233 for
further details)

The antibodies may be divided on the basts of therr laboratory
behaviour mto twe mamm groups ‘warm  anttbodies and
*“ cold ” antibodies (Dameshek 1951 Dacie and de Gruchy 1951
Bouroncle Dodd and Wright 1951  Young Muller and Christian
1951 Wemer Samwick Mommson and Loewe 1952 Baum
gartner 1952 Dace 1953) Warm antibodies are antibodies
the activity of which 1s maximal at about 37 C  cold antibodies
on the other hand are antibodies the activity of which 1s marhedly
potentrated by cold usually they are only shghtly active or
completely mactiveat 37 C  Both types of antibody react i vitro
1s if they were incomplete antibodies (see p 29) Cold
antibodies also act as  complete’ agglutinating antibodies and
under certain errcumstances bring about hemolysis 1e act as
h®Emolysins  warm antibodies only occasionally act as aggluti
nating antibodies and rarely cause hemolysis The types of
antibodies capable of causing hzmolysis ean also be shown to
sensitize erythrocytes to phagocytosis (see p 14) The question
whether the different phenomena of antibody achon depend on
different components of antibody ot are due to the same component
acting under different experimental conditions 1s dealt with m
Chapter 9/

Literatnre on Serology

As described earlier m this chapter (p 165) the first observa
tions which suggested that hemolytic anema mght be caused
by the formation of auto antibodies were made 1n France m the
first decade of the present century However 1t 1s only withmn
the last ten years that real progress has been made and the
abnormal antibodies studied 1n detall A complete review of all
the recent work 1s out of the question however an attempt will
be made to refer to those publications which seem to have con
tributed most to knowledge

Abnormal Cold and Vvarm Agg_lutmms

The early hterature on acquired hemolytic anemia 1 which
Tef 15 made to h lutination or to the p of
cold agglutimns at pathologieal titres was reviened by Dameshek
and Schwartz (1940) and by Stats and Wasserman (1943} 1It1s
interesting to note though that as late as 1043 Stats and
Yvasserman luded that the lated evid favours
the view that cold hemagglutiation 1n these cases of hemolytic
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Cold Hamolysins

Antibodtes capable of causing the hemolysis of normal ery thro
cytes n titro under eertamn conditions are regularly found m the
sera of patients suffering from acquired hemolytic anemia of
the cold antibody type sssociated with Raypaud s phenomena
The mawn charactentsties of this type of cold hemolisin were
described by Dacie (1950b) FPrior to this publication only
mconclusise reports were avallable such as those of Wyselie
gorodzewa (1976) Lrnstene and Gardner (1935) and Salén (1935)
and the very existence of cold hemoly sins {other than the Donath
Landstemer antibody ) was doubted (Stats and Wasserman 1943}

Dacie (19,0b) showed that sern containing cold antibodies at titres
greater than about 1000 at 2 C regularly caused lysis of normal
v ytes if the serum corpuscle susp was suitably scidified
the optimum pH for Iy sis was found to be between 6 vand 70 Hemo-
lysts readily took place at room temperature (0 C) but notat 37 C
The Jysins were and serum was required for
the fivation of antibody as well as for lysis It was also shown that
PN H erythrocytes were extremely sensitive o lysis by the antibodies
Further examples of antibodies of this type were deseribed by Dacie
and de Gruchy (1951) and L'ermman and co worhers (101) and by
Matthes and Schubothe {19.1) Marcolongo (1953} van Loghem and
o workers (1953) and Schubothe {1953) A more detailed description

of the behaviour of the antibodics 15 gen in Chapter 9 (p 2.0)

Incﬂnplete Antibodies

Antiglobulin Reachions  Boorman Dodd and Loutit (1946)
and Loutit and Mollison (1946) were the first workers to demon
strate by means of the antiglobulin test the presence of abnormal
ncomplete antibodies 1n patients with acquired hzmolytie
an®mia  Their observations were soon confirmed by other workers
throughout the world Denys and van den Brouche (1947) for
nstance reported positive direct tests in two patients one of
whom was an infant and mentioned positive results in four
others They also demonstrated the presence of free antibody
1n therr patients sera and made imteresting obsersations on the
varying sensitivity of normal cells to the antibodies (see p 23)
Sturgeon (1947) reported positive drect and indurect tests with the
erythrocytes and serum of three patients He showed that the
antibody could be eluted off washed erythrocytes by incubating
saltne suspensions of the cells at 37 C orat 56 C

Gardner s (1049) obsersations were also of importance He found
that at a pH of 65 to 67 normal corpuscles or the patient s own
corpuscles were agglutinated by the sera of thirteen out of 15 patients



186 Acquirzp HEMOLYTIC AN EMIA

convineing  The patient was acutely1ll and had hemoglobinuna
During the acute phase of lus illness an autolysin_and 1solysin
were demonstrated 1n hus serum  The lysur §asTost active at
37 C 1t was no longer found m the patients serum on his
recovery

Dausset (1952) listed eleven additional reports dealing with hzmo
lysins and hamolytic anxmra which were published n France within a
few years of Chauffard s papers None of the Iatter descriptions appears
however to be as convincing as that of Chauffard and Vincent and
nothing decisively new was discovered It was not n fact until 1938
that the role of hemolysms 1n acute hemolytic anemia with hemo

was d D: k and Schwartz (1938a)
Therr report dealt with three patients  1n the first patient 1sohzmolysis
but not h was d 1n the second only auto
hemolysis  the antibody of the third patient however hemolysed
the patient s corpuscles 1n viro as well as normal corpuscles Lake
Chauffard Dameshel. and Schwartz showed that the antibodies were
ble and needed for lysis although they would
fix antibody 1n the absence of t] 1 of X
Dameshek and Schwartz also reported that the lysins they studied were
active both at 18 € and at 37 C and were 1nactivated by the addition
of normal haman serum  Another example of an abnormal lysin was
reported by Farrar Burnet and Stergman (1940) The activity of this
lysin was also said te be inhubited bv norma! serum

Effect of pH In 1944 David and Mot described the presence
of an abnormal hemolysin in the serum of an mnfant acutely 1ll
with hemolytic anemia  Normal erythrocytes as well as those
of the patient werelysed tnvztro and 1t was noted that the amount
of lysis was mereased by the addition to the serum of a one
twentieth volume of N/8 hydrochloric acid

Dacie (1949) described m detail the presence of a hemolysin m
the serum of a girl acutely i1l with an acquired bemolytie anzrma
and showed that the lysm s activity was markedly influenced by
pH 1t was barely active n unacidified serum but strongly active
at pH 68 to 70 Further details of this antibody are given m
Chapter 9 Gardner and Harris (1950) also recorded briefly the
demonstration 1n three patients of hemoly sins active at an acid pH

Dacie and de Gruchy (1951) reported five additional examples
of haemoly sins apparently of the warm vanety which they detected
1n the sera of patients suffermg from 1diopathic acquired hemolytic
anemta These lysins however did not convineingly cause the
Iysis of normal corpuscles even at an acid pH = normal corpuscles
when trypsmzed or paroxysmal nocturnal hemoglobmuria
(PN H ) erythrocytes however were hemolysed to quite high

titres
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nated in dilutions of autogenous serum §n albumin in 17 out of 18 cascs
the titres ranzng from - to 226 The majonty of the antibodies were
warm ones  Lower titres were obtained ysing normal corpuscles  The
fact that the patients erythrocytes had already adsorbed antibody
7 tire aa shown by positrve antiglobulin tests probably explams why
the patients own corpuseles were agglutinated to higher titres than
were the norma) corpuscles (sce p 23 )

Use of En yme treated Irythrocyles  Trypsimzed erythrocytes
(Morton and Xickles 1817 1951) have also been used to demon
strate the incomplete antiboties of acquired hemolytic anemia
{Wheeler Luhby and Scholl 1920 Dacic and de Gruchy 1951
Wright Dodd I le Doan and Zoll 1951 B 1
Dodd and Wright 1951  Foster and Hutt 1953 cte)

Dausset and Vidal (1951) reported observations on eight patients
suffering from sdiopathue acquired hrmolytic anemin A vanety of
techniques was used including the direct and indirect antiglobulin
methods auto agglutination in plasma albumin_and antibody titratron
using normal corpuscles in plasma alburmn and trypsinized corpuscles
in saline dilutions of the patient s serum It was concluded that the
strongest direct (corpuscular) reactions were assotiated with the most
actine hamolysts tn Tivo and that the use of trypsimized corpuscles was
the most delicate method of detecting antibodies {n patients sera

Tosenthal Dameshel and Burkhart {1821) used try psimzed corpuscles
at three temperatures 37 C 22 C and3 C and compared the results
with those obtained by titrating the antibodies using normal erythro-
cytes mn saline and in albumin at the three different temperatures
Whulst the results using the trypsinized corpuscles and those obtained
with normal erythrocytes in albumn were of the same order Rosenthal
and lus colleagues thought that the trypsimzed cells were less strongly
agolutinated at 37 C than were the normal (not trypsimzed) cells 1in
albummn 8t 22 C the mtensity of sgglutination was about the same
by the two methods but at 8 C the trypsimzed cells were much more
stronply sgglutimated than were the normal cells in atburmn

Indurdual Differences in_Antibody Action Dacie and de Gruchy
(19,1) using both the ant1, lobulin method and trypsimzed corpuscles
published detailed findings on a relatively large number of patients
Shey stressed the subtle diffe in the of the
of different patients and how more than one type of antibody might be
present at the same time  Their results are included in the personal
observations referred to later in this chapter (p 100) Rosenthal
hommnos and Dameshek (1953) also desenibed o patient in whose serum
several different antibodies appeared to be present

Serology of Acute Hemolytic Anemia (Lederer Type)

Until recently very little had been done to mvestigate cases of
Lederer s anzmta from the serological point of view  Now 1t 15
known that evidence of auto immunization may often be found
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When the pH was raised to 8 0 agglutnation was abolished but not
sensitization to antiglobulin serum  In only three instances did senstt
2ation result when normal cells nere exposed solely to the patrents
unacrdified sera

Evans and Duane (1940) described eleven patients with acquired
hzmolytic anzmta (one associated with chronie lymphatic leuhemia)
whose erythroeytes gave positive antiglobulm tests Using dilutions
of antiglobulin serum a furly consistent correlation was found between
the intensity of the reaction and the activity of the disease They
reported however that in one patient an increase in the degree of
sensitization as judged by the antiglobulin reaction was not associated
with an d: of the h lytic anemia

Kidd (1949) nvestigated six patients with acquired hzmolytic
anzma whose erythrocytes gave strongly positive direct antiglobulin
tests He showed that potent eluates of the antibodies could be
prepared by elution from erythrocyte stromata at a low pH

Young Miller and Chrishan (1851) discussed 1n detail the use of the
antiglobulin reaction in the diagnosts of hemolytic anzmma of the
auto immune type and drew to th 1 m
carrying out the test quantitatively The relationship between the
laboratory tests for sensitization and the climeal course of the disease
was tllustrated by two ease histories

Pro.ones en the Antiglobulin Test Van Loghem Stallman and Hart
{1951) bed the of a cold developed by a patient
suffering from acquired hamolytic anemia assocrated with crrrhosis of
the hver Van Loghem and Ius colleagues observed that when the
patient s sensitized erythrocytes were suspended in concentrated
highly potent antiglobulin serum agglutmation was maximal ey
contrasted this with the inhibition of agglutination (prozone) which
developed when the same antigobulin serum was used in the same

o the erythrocytes of three

pn&xents with 1diopathie acquired hemolytic anzmia ( type Loutit )
an

P ant1 D P

Neutrah~ation of Antiglobulin Serum by y Globulin  Dacie (1951)
concluded that whereas the warm antibodies of acquired haemolylic
anmmia were p ly v glob the cold dies mi hit not be
y globulins It was found that the agglutmation of sensitized erythro
evtes could be affected n different ways when human + globulin Was
used to neutralize or partially neutralize the antibodtes mn the rabbib
serum used 1 the antiglobulin test Vhilst the agglutmation of
erythrocytes sensitized with the warm antibodies of acquired hemolytic
anemia was abolished by the addition of small amounts of 4 globuln
to the antiglobuhn serum much larger amounts of y globulin were
needed to mhibit the agglutination of erythroeytes sensitized by cold
antibodies  Crawford and Molhson (19.1) extended ths work and
showed by absorption experiments that the warm and cold anubodies
of acquired hzmolytic anzrma reacted with different components of
the antiglobulin serum  Datie (1953) summanzed the differences
hetween cold and warm b with to the
antiglobulin reaction (see also p 235)
Totration 1 Albwmin  Dameshek (1951) reported the results of
uantitative antibody titrations using a serum albumin techmque

?Neber and Damesheh 1947) The patients corpuscles were agglutt
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present n every ease wrespective of the presence of non speaific
cold antibedies

Ainor degrees of macroscopie agglutination developed when
the undiluted oxalted or hepanimzed whole blood of many of
the patients wns mcubated at 37 C  heroscopically the

agglutination  1n most eases scemed to be at least in part due
to marked rouleaux devefopment—in some of the patients a
pathologically Tmised serum globuhin concentration was demon
strated  In only one patient was the presence of an antibody
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capable of ag,lutinating saline suspensions of normal corpuscles
at 37 { unequivocally demonstrated Tlus patient (Case 12)
was 1n an extremely acute hamolytic plia e at the time the serum
wasorzxtnmed The antibody had an unusual specifiaity {see
p 2

Direct Antiglobulin (Coombs) Test This was positive i cach
case In scveral instances strongly positive reactions persisted
n patients 1n whom good clmical remussions had been brought
about by splenectomy (e g Case9) The strengths of the reactions
in different concentrations of antiglobulin serum and the effect
on the reactions of the addition of ¥ globulin to the antiglobulin
serum are considered on p 73, In most mstances the antibody
appeared to be o y ¢lobubn
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when sought for carefully Indications that this mght be so can
also be found in the older Literature

In Chauffard and Vincent s (1009) case an abnormal hemolysm was
p present and Ww1s noted 1t a few nstances
eg by Patterson and Stewart Smith (1936) by Giordano and Blum
8937 )Case 2—probably 2 cold antibody) and by Greenwald (1838

ase 2]

More recently Hargraves Herrell and Pearman (1941) reported that
erythrophagocytosis was a strikung feature of the pemipheral blood
films of a patient in 4 severe hemolytic episode  The same phenomenon
was observed by Landolt (1946) and Gasser and Hollander (1951) 1
fatal cases M ph o was P m both Landolts
and Gasser and Hollanders patients—a phenomenon not ustally
reported 1n  typical Lederer s anemia  Yvarm auto antibodies were
definitely present in Gasser and Hollander s case

Millichap (19.2) described five further examples of acute hemolytic
anema 1n children  Tour patients recovered qurchly (all were trans
fused) the fifth chuld died haemolysis persisting for three weeks and
splenectomy bringing no benefit  Of the four patients who recorered
quickly the direct antiglobulin test was reported as positive in two
the blood of both these patients undernent auto agglutmation and their
sera contamned non speafic antibodies acting upon normal corpuscles
of the same blood group

Another recent series 15 that of Rose and Nabarro (1953) Ther
report dealt with four children all admitted to hosptal in Leeds
within a comparatively short time One patient recovered quickly
after one transfusion had been given the other three recovered more
slowly transfusion producing no more than temporary benefit
Splenectomy carried out on two of them was not beneficaal ~ All three
however responded to and ACTH therapy one patient
this had to be Lkept up for 30 weeks  The direct antiglobuln tests were
positive 1n the latter three cases and non speafic warm antibodies were
detected 1n the patients sera

Personal Observations

Ihe author has carried out serological studies m 30 patients
suffering from diopathic acquired hemoly tic anzma of the warm
antibody type and in nine patients with anzmm of the cold
antibody type Some of the data obtained has already becn
published (Dacte and de Gruchy 1951 Ferriman ef al 1951
Dacie 1953) The whole sertes will now be briefly reviewed
Summarized data are given 1n Tables 7 and 8

VS arm Antibodies (80 patients Table 7)
Cold Agglutiman Tutre (at 2 C) This was within the normal
range {1c 64 or less) except 1n ten patients i whom the titres
ranged between 128 and 512 (Fig 67} Warm antibodies were



InpirecT ANTioLORULIN TEST 193

Indurect Antiglobulin Test  Normal erythrocy tes were sensitized
1n the patient s serum ot 37 € and then tested for adsorbed
antibody ns deseribed on p 487  Anhibodies were detected by
this method in the serum of 14 out of 21 patients in whom
there was chmical and hrematological evidence of active hremolysis
The test was howerer positive in only one out of seven patients
n ormn induced by splcnectomy
The exact test for the comparison of two proportions indicates a
sigmficant difference (at the 5%, level) between the two propor
tions It secms thercfore that the presence of free antibody 1n
the serum can be correlated with the ewstence of an actne
hemolytic process  In most instances the degree of sensitization
was slightly mereased by acidification of the serum to pH 6 o to 6 8
as claimed by Gardner (1949) the effect being sbout the same as
with ant1 D (Dacie 1953) Tt was interestin to note too thatn
three patients antibodies were present which sensitized cells to
antiglobulin serum but did not agylutinate trypsiized cells
(see p 210)

Agglutination and Hamolysis of Trypsini.ed Narmal Erythrocytes
Trypsimzed corpuscles were agglutinated at 37 € hy the serum of
18 out of 23 patients in whom there was es1dence for active hemo
lysis and by the serum of five aut of seven patients i remission

The correlation between the presence of sntibody in the serum
and actne hxmolysis mentioned n the preceding paragraph
apphies to antibodies demonstrated by the indirect antiglobulm
method and not to antibodies detected by means of trypsimized
cells  This was clearly shown 1n a patient who recovered from an
acute hemoly tic episode and 1n whom the direct and indirect ant
globulin testshad become negative e wasleft nevertheless with
anapparently non speaific antibody i hus serum which agglutinated
trypsimized cotpuseles to a titre of 1024 The negative direet
antiglobulin test dentonstrated that the patients unmodified
erythroeytes were not capable of adsorbing the antibody

The sera of seven out of the 80 patients were found to be
capable of bringing about lysis of trypsinized normal erythrocvtes
at 37 C The unacidified sera from four of these patients also
heemols sed \ 1 lob >

y paroxy b {PNH)
erythrocytes  There was however no striet parallelism between
the hemolytic titres obtamed with the two different types of
abnormal cells  The sigmficance and nature of the e hxmolytic
antibody components is obscure  only one of the sera hemolysed
normal (not trypsmized) corpuscles {see p 249

The reactions of Cases 9 11 and 12 are contrasted 1n Table 8
DACESHE LA B8

7
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The sera of twa patients (Case 18 and one other} which hemo
1ysed trypsinized normal erythrocytes at 87° C to quite high titres
also hemolysed PN H erythrocytes at 37 C  The hemolytic
components 1n these sern bchaved as warm antibodies and
appeared to be distinet from the cold antibodies also present
n the sera at d Iy high ions  They also
appeared to be different from the hamolytic antibodies present
n the sera of the other cases of the cold antibody group the
actinty of which was marhedly augmented by fall in temperature
The contrasted reactions of Cases 18 and 14 are illustrated 1n
Table 8 (p 203)

Other Serological Findings

Specific Immune 130 antibodies  Abnormal 150 antibodies are
not uncommonly found in the sera of patients who have recenved
transfusions  Ant1 E was identified 1n the sera of five patients of
the author s sertes and anti E and ant: ¢ m a further patient

Hyperglobulinemia  'The total plasma globulin concentration
1s not infrequently raised 1n acquired hzmoly tic anemia (hracke
and Hoffman 1943 Fisher 1947) and abnormal electrophoretic
patterns and precipitation tests may be observed (e g Case 18
see also Young and Miller 1953b)

Serum Complement Gardner and Harnis {1950) Dacte and de
Gruchy (1951) and van Loghem and co workers (1952} have
reported low levels of serum complement m scveral patients
suffering from acquired hemoly tic anzmia  Defintely abnormal
levels have been found in four patients of the present series
(Cases 13 and 14 and two others) It 1s perhaps sigmficant that
all four patients belonged to the cold antibody group

False ponitne  Reactions for Syphihis  Positne Wassermann
and kahn tests have been reported from time to time in patients
with acquired hzzmoly tic an@mia which seem unlikely to be due
to syphilis (Rosenthal and Corten 1937 hracke and Hoffman
1943 Lubmnski and Goldbloom 1946 Rubinstein 1948
hrache and Riser 1949 Rosenthal homninos and Dameshek
1958) In one patient although the kahn and VWassermann
reactions carried out on the patients serum were negative an
eluate made from the patients erythrocytes reacted with the
hahn antigen (Gatman and Hamlton 1949) Both tests were
positive 1n two patients of the present series In Case 13 the
strength of the reactions gradually diminished and 8 years after
splenectomy they were no longer positive (see p 207)

7—
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Cold Anhibodies (9 Patients)

Durect dntiglobulin (Coombs) Test ‘The tests were positive in
each case the reactions on the whole being less strong than those
produced by warm antibodies Agglutination took place best
when the strongest concentrations of antiglobulm serum were
used (see p 238)

Cold Agglutien Ture The cold agglutinin fitres using normal
corpuscles ranged between 512 and 500000 at 2 C (Fig 67}
at higher temperatures the itensity of the agglutination and the
titre of the serum was markedly reduced complete reversal of
agglutination taking place 1n each case at temperatures between
28 and 82 L (Fig 76 p 249)

Indirect Antiglobulin Test Normal erythrocytes suspended at
20 C 1 the patient s acidified (pH 6 5) serum were strongly
sensttized 1n each case 1 unacrdified serum the reaction was
usually less intense At temperatures above 20 C the degree of
sensitization was less marked but in five out of nine cases the
reactions were still weakly positive with cells sensitized at 87 C
1 acidified serum

Hemolysis of Normal Erythrocytes The sera contamning cold
antibodres mn very high concentrations rapidly hsemolysed normal
corpuscles at 20 € if the pH of the serum cell suspension was
adjusted to between 6 5 and 7 0 (see also p 250) In five patients
the upper thermal ot for heemolysis was approximately 30 C
1n the sixth patient (Case 14) a trace of Iysts occurred at 87 €

The three sera contaming cold antibodies at only moderately
Iigh titres (512-1 024) produced at the most only & trace of ysis
of normal corpuscles

Agglutination and Heemolysis of Tryy d Normal Erythrocyles
and PN H Erythrocyles Trypsinzed erythrocytes were agglu
tinated at 2 to 26 C to very high titres by the sera of these
patients  however in most nstances agglutmation did not
persist at 37 C At temperatures below 37 C lysis occurred 1
association with agglutmation when the titrations were carned
out 1n normal human serum  in five patients some 1y s1s developed
at 87 C

PNH corpuscles were agglutinated by these sera to about
the same titres as were normal erythrocvtes when the sera were
diluted 1n wnacidified normal serum instead of mn saline the
P.NH corpuscles were hmmolysed to about the same titres
as they were agglutmated In src cases lvsis took place at

37 C
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of the warm antihody type Recovery was spontancous and the
patient has now been well for more than five years The direct anti
globulin reaction howeser has remamed weakly positise

Case Report  Idwpathic lequired Hamolytic lnav:ua
(Warm antibody Type) d R Tl 'p

Case© The patient (§ 1) was a housewife who was admitted to
hospital in October 1047 with a history that two years previowshy she
had had an attack of pamnless jaundice associated with malaie “dark
unne weakness and anerma  The jaundice gradually faded but per
sisted for several months In March 1987 Jaundice reappeared two

weeks after an sttack of influenza and never completely disappeared
thereafter

10 20 30 40 SC 60 TO 8O 9C 100 MO
DAYS
¥Fic 68 Survivalof transtused normal erythrocytes in three patients
°

suffering from idiopathic acqu red hemolytic anzmia (Cases 8
and 10) 92 = before splenectomy  Ob = afte  plenectomy

The patient was one of two sisters who were probably 1dentical twins
thesr physical features were similar they had identically formed ear
Iobes ~ sumilar palm punts 1dentical thresholds for tasting phenyl
thiocarbamide and identical ABO Rh MM S P Lutheran Leris and
Duffy blood groups  The patient s twin sister was in good health and
showed no signs of acquired hemolytic anzmta

Physical Exanunation ‘The patient was found to be an alert ntell
gent woman pale and w1 1blv jaundiced A palpable spleen 5 cm
below the costal margin was the only abnormal physical sign  Her
unne contained an excess of urobihn the feces were normal n colour
She remamed under observation until October _8th 194~ when
splenectomy was performed

Laboratory Findings Her ocyte connt aseraged 2 700 000 cells
pere.mm with 103z hemoglobin per 100 m! and 1.9 reticulocytes
the MCV was 103 cpx Evamnation of stained blood films revealed
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Case Report  Idiopathie Acqurred Hemolytic dnemia
(Varm antsbody Type) ~Spontaneous Recovery

Case 8 The patient (L M) was a housewife aged 60 She was
admitted to hospital complaining of tinghng of the fingers for one year
and also tinntus deafness and giddiness For the last three months
she had felt weak and had suffered from dyspneea on exertion

LPhysecal Examination  She was found to be anzrme but not obviously
Jaundiced  Otherwise the findings were essentially negatise m
particular the spleen was not palpable and no neurological signs were
found which mught have accounted for her <ymptoms Her umne
contained an excess of urobiln but was otherwise normal

She was observed 1 hospital for three weeks during which time her

d was virtually d

Laboratory Findings Her erythrocyte count averaged 2 300000
eells per cmm  and hemoglobin 91 g per 100 mI The MCV was
106 ¢ p. reticulocytes 8 39, plasma bilirubin 09 mg per 100 m! and
the leucocyte count 8000 cells per emm with 40% neutropluls
Lxamnation of blood films showed shight macrocytosis anrsocytoss
and poik tosts some pol. and a ymld degree of micro
spherocytosts  The erythrocyte osmotic fragility was slightly 1nereased
with a mall tail of fragile cells The bone marrow was hvperplashe
the erythrord myeloid ratio bemg 1 08

Serolozy ‘The patient s blood group was A cde/ede The direct anti
globulin test was positive  The Vassermann and Kahn tests were
negative In September 1947 420 ml of her blood were removed by
venesection and the patient was then transfused with two bottles of
group O Rk negative blood followed by two bottles of group A Rh
negative blood  The survival of the group O blood was followed by
the Ashby method using an ant: A serum  The rate of destruction was
moderately mcreased the mean cell Ife being approxumately 43 davs
509 of the ad been el d 27 davs after

Th ff ehmination p at the normal rate
and 109 of the transfused cells were still errculating 104 days after
transfusion (Fig 68}

Further Progress 'The nse in hemoglobin and erythrocyte count
duced by th was by the patient By the
end of 1947 her blood count was virtually normal gnd the bilirubm
Tevel had fallen to 0 5 mg per 100m! The direct antiglobulin test how
ever was shill positive
This patient has been examined subsequently at mntervals for more
than 5 years She has Lept well and her blood count has been within
the normal range throughout the whole period _the erythrocyte count
has vanied between 4100 000 and 5 000 000 cells per cmm and the
hazmoglobin between 125 g and 157 g per 100 ml _The reticulocyte
count has ranged between 06 and 3 49, (average of 26 observattons
20°,) and the hiirubin concentration has hept between 0 2 mg and
07 mg per100m! The antiglobuhin test has been weably positive for
the whole five years of follow up (see p 235) The results of fests for
abnormal antibodies 1n the patients serum have been consistently

negative
Summary A case of chronic 1dtopathue acquired hemolytic anzma
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at 37 ¢ (Toble 8) The antibody formed by the patient appears to
be a non specific one

Summary A case of chronic :diopathic acquired hxmoly tic anemia
of the warm antibody type There was a marhed improyement in her
clinieal condition following spienectomy but Iaboratory tests suggested
that excessine hrmolysis was still contimmng although at & reduced
rate The direct antiglobulin reaction remained positive for more than
finve years after splenectomy and ats strength has been virtually
unchanged The indirect antiglobulin reaction became negative after
splenectomy _although antibody 1 her serum could stdl be detected
by the use of trypsimized corptricles

Case Report  foquired Hamolytic Inawa (Warm antibody Type)
oA Chronic Case Responding Well fo Cortisone

Case 10 The patient (F h ) was a marned woman aged 50 years
She complained of jaundice and malaise which had been gradually
ncreasing over o period of five months At the onset of the jaundice
her unne was said to be dark and her stools pale The patient felt
better after admisston 1nto hospital but her jaundice persisted and she
becamme progressis ely more anemie  The 5£00ls were noted to be normal
mcolour In Apnl 1953 she was transferred to Hammersmith Hospital
through the courtesy of Dr N F Coghill

Physical FExamination  She was seen to be a pale and obviously
jaundiced woman The Liver could be felt 5 ¢cm below the nght costal
margin 1t was firm and smooth to palpation and not tender The
spleen was palpable 7 em below the left costal marmn  Her unne
contalned excess urob n but no bite

Laboratory Findings Her erythrocyte count on admission was
1900 000 cells per cmm  with 75 g of hemoglobin per 100 m!  The
MCV averaped 109 ¢ and the mean corpuscular hemoglobin con
centration 36 5%, 'The total leucocyte count averaged 5 000 per ¢ mm
and the reticulocyte count vaned between 17°% and 21%, There were
200 00¢ platelets per emm The serum biliruban concentration was
58mg per100m! Lrythrocyte osmotic fragility was shightly increased
lysts commenced 1n 0 55¢ \aCl M CF hemg 0479, NaCl

Examination of stained blood films showed a moderate amount of
amsoeytosis and polychromasia with a tendency to microspherocytosis
In addition a number of pear shaped poikilocytes were present Bone-
martow biopsy revesled active erythropoiesis

‘The serum protein concentration was 84 g per 100 ml wmith32 g
albumin and 52 g globulin per 100 m!  Electrophoresis revealed a
high concentration of y globuln  The thymol turbidity was 2. units
callowdal gold 5 umits and alkahne phosphatase 23 umits

Serology  Her blood group was A cdecde MN The direct ants
globulin Teaction was positne the reaction behaving as 1f the antibody
were ay globulin  Eluates were prepared from the patient s corpuscles
and 1t was found that the antibody was of the warm type and that it
was non speafic  Non speaific antibodies were alwo present in her
serum 1 fow VP d normal were
agglutmated at 37 C but the indirect antiglobulin reaction was
negative  The cold agglutimn titre was 4

Liver Bwpsy Liver biopsy was carmed out twice On the first
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slight anisocytosis and poikiloeytosis with constderable polychromasia

the erythrocytes were orthochromic and shghtly macrocytic No
spheracytes were seen  There were ™ 000 leucocytes per cmm  with
5% neutrophils and 180 000 platelets per c mm The plasma bilirubin
was 290 mg per 100 ml Erythrocyte osmotic fragility was normal
Tll'“; blone marrow was hyperplastic with an erythroid myeloid ratio
o

Effect of Blood Transfusion  She was given a transfusion of packed
normal group O corpuscles VWhen about 200 ml had been given the
patient felt cold and famnt and the transfusion was stopped she was
however none the worse subsequently The elunmation of the trans
fused cells was followed by the Ashby method using an antt A serum
Therr survival was found to be markedly imparred the mean cell Lfe
of the transfused cells being appromately 5 days (F1g 68)

Serology (Table 8) The patient s blood group was A Cde/cDE The
direct antiglobulin test was strongly positive The reaction was
mhibited 1 strong concentrations of antiglobulin serum and also by
the addition to the sntiglobulin serum of very small concentrations of
y globulin  The indirect antiglobulin reaction was positive using normat
group O corpuscles sensitized 1n the patient s serum at 37 C  the
reaction was shightly enhanced by acidification of the patient s serum
The serum also agglutinated at 37 C but did not haxemolyse trypsinzed
normal erythrocytes P N H erythrocytes were not hamolysed The
cold agglutinin titre was within the normal range and her blood did
not undergo auto aggh at room temperature The W
and hahn reactions were negitive

Splenectomy  The patient made a good clinteal recosery from
splenectomy  Her jaundice disappeared and one month later her
erythroeyte count had nisen to 4 300 000 cells per cmm  her hamo
globm was 13 g per 100 m! and the reticulocvte count had fallen to
829% The bilirubmn concentration was 05 mg per 100 ml The
antiglobulin test was still stronglv positive The survival of normal
corpuscles transfused at the tume of the splenectomy was far better
than that of the normal blood transfused hefore splenectomy (mean
cell kfe 26 days as compared with the pre operative higure of 5 days)
(Figr 68)

The spleen weighed 300 g pieally 1t was not ark ‘1
Sections showed normal bodres and an
of the pulp due to cell 1 The amount

el

of hload present was not abnormally great ~‘Lhere was a moderate
amount of iron contumng pigment  but httle evidence of erythro
phagocytosis

Subseguent Progress The patient has been examined at mtervals for
more than five years sice sp e has d well
throughout this period Nevertheless she has tended to be shghtly
anzmic and the plasma ilirubin concentration 3nd reticulocyte count
have been slightly above the normal range The average figures for the
years 1950 to 1)5. mclusive were as follows  erythrocytes 4 000 000 per
cmm hemoglobin 129 g per 100 ml  reticulocytes 8 8%, and plasma
bilirubin 0 8 mg per 100 ml

The direct antiglobulin test has remained strangly positive throughout
the period The mdirect antiglobulm fest has become negattve
however her serum still ay tryp: normsl ery Y
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serum or In the tensity of the sensitization of her own corpuscles as
judged by the dircet antigiobubin test

Summary A case ol chrome acquired harmolytir anzmm of the
warm antibody type The pos inhity of an underlying pathological
process such us o yeticulosss or foss which was by the
first Liner biopsy has nesther been proved nor disproved A partial
chinteat and hamstologieal femussidn foliowed treatment with cortisone

Case Report diopathie Aequired Hamolutic Ancema
{Warm antbody Type} o Subacute Case Ultumately I rovang Fotal

Case 11 The patient {J L) wes ¢ man aged 35 ife was ndmitted
to fhospital giving o history of dyspnoa for the last three months and
inereasing palpitations and lasstude e slso complained of 8 cough
which had troubled him for sbout a month  He hnd suffered from
pertussis o § preumotua when a small ehifd chorea when aged 18 nnd
also frora achafasia of the cwsophagus for which hir had undergone sexeral
operations the most reeent being a cardioplasty i 1046

Fhysieut Framinaton e was found to be snrmic and shightly
jaundiced  Iis spleen was palpable 8 om below the costt) margin
In addition there were sians of mitral stenosis and aortieneompetence
His urine contasned urvbiin but no bile pigment

ere was no history of anrrua or jsundice 10 other members of
the Tumidy

Ladaratsry Findings  On admission on November *3td 1018 his
erythrocyte count was @ $00 000 cefly per e mm haemoplobin 10 52 per
100 ml MO T 07 ¢ p seticuloeytes 160, leucoeytes 17 000 per & mm
with 78% neutroptuls and pla ma tairubin? I my per100m!  Staned
films showed well marked phetocytosss and  poly ch
(Fig 1 p 12) occasional normoblasts were also present  Leythra
cyle osmotic fragility was markedly metessed lyss commenaing
m §¥59, saline  The total serum protein concentration was 63 ¢ prr
100 mi with albumin 40 2 and globulin 23 ¢ per100m!  His blood
group was A Rh positive  The W assermann and hehn reactions were
negative

The blawd counts and blood fiims of o sister and brother were pormal

Further Progress Wil under observation in hospital he rapsdly
became more anerme By December Bth 1938 hts erythracyte count
had fallentol 00 000 cellsperc mm and the hemogiobin concentration
£0 86 ¢ per 100 ml  The plasma bilirubin had nsen 1o 3. mg per
100 mt "~ ie was transfused with the parked cells from 2 pints of myoup O
Fh positnre blood snd the fate of the normal corpuscles was followed
by the 4shby method using an anti A serum  Fhe survival of the
transfused cells was mathedly unpmred over 509, of the transfused
blood having been ehminated by the 213 day after transfu son It was
shown foo usmg the of that the
normal erythrouytes were transformed into spherocytes after trans
usgn

The priwent became more yaundiced after the transfu on and s
xpleen way found to have enlarged and 10 have become tender on
palpation  On December 9th 10th ond 11th he was given further
transfusions of T punt of pached rells but with Intle or a6 chncal or
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oceasion the of an it distributed Tound cell
and some collagen formation suggested an inflammatory process One
epithelial cell focus with Langhans type giant cells was found A
second biopsy however revealed only normal Jiver tissue

Tutther Progress  On Apnl 20th 19,3 the patient was given a
transfusion of two pints of group AN Rh negative blood and the fate
of this blood was followed by the Ashby method using an ants M serum
Tts survival was markedly impamed (Fig 68) the mean cell ife beng
approximately 8 days
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Fio 69 Hamatalogical changes dunng the sdmm tration of corti
sone to a patient suffermg from idiopathic acquired hemolytic
an®mia of the warm antibady type (Case 16) T = trwnsfusion

On May 8th 1953 the patient was given cortisone orally at the rate
of 200 mg per day  This was stopped after eight days heeause of
symptoms of mental disorentation  Treatment with smaller doses
(50 mg dailv) was recommenced after a pausc of three days  The effect
on her blood was strihing and almost immediate  There was a rise in
haemoglobin and n fall In serum hihrubin concentration and 1w the
reticulocvte count

Treatment with cortisone has now becn hept up for 10 months
with one short intermission the aim being to m untain a hemoglobin
concentration of 10 g per 100 m! with the smallest possible dose of
cortisone A daily dose of 50 mg was found to be msuflicient to heep
her hremoglobin and erythroevte count 1 equlibrum but 100 mg 8
day proved to be more than enough for this purpose (see Fag 69) The
patient has Jed an almost normal hfe whilst on treatment but has
remmned shightly jaundiced  However despite the cinical and haemato
Jogieal improrement the treatment with cortisone did not seem to

prbodure an) substantial difference in the antibody concentration an her
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h benefit  On D 13th he was much worse His
urme was deep red due to heemoglobinunia and the plasma bilirubin
concentration had nsen to 5 0 mg, per 100 m!  Further transfusion was
of no benefit  hus urine became  black ? with hemoglobin and he
died Jater that day

As his disease d h tosts d kedly m
mtensity and the erythrocyte osmotic fragility became still more
abnormal Seven per cent of his corpuscles were siderocytes The
Jeucocyte count rose terminally to 28 000 cells per ¢ mm

The patients whole blood whether defibrinated or heparmized
underwent a relatively rapid spontaneous lysis at 37 C  On Decem
ber 6th definite lysis was ap after 8 hours and this
was mntense (219} after 24 hours at 37 C  On December 9th lysis
commenced after about 3 hours incubation His bone marrow was
markedly hyperplastic  Erythroy was bl on De
cember 7th the erythroid myeloid ratio was 3 1

Serology (Table 8) The direct antiglobulin test was strongly posttive
Serum obtained on December 6th 1948 was found to contain an anti
body which agglutinated at 8~ C trypsinized normal erythrocvtes m
saline and normal erythrocytes mn albumin to titres of 32 and 18 respec
tively  Neither normal corpuscles when trypsimzed nor P.NH
erythrocytes underwent hemolysts A cold agglutinin was present
which agglutinated normal corpuscles to a titre of 256 at 2 C and
4at18 C 'The warm antibody 1n the patient s serum behaved asif1t
were an antibody of y globulin type The indirert antiglobulin reaction
was positive when sensitizations were carvied out at 37 C  the reaction
beng enhanced by aaidifying the serum corpuscle suspenswon to
pH65t070 The reaction wasnotinhib Y P ly tnactivating
the serum at 56 C for 30 minutes The antthody appeared to be &
non speaific one

Postmortem Examination The spleen werghed 850 g microscop!
cally 1t was grossly congested with blood 1n some places infarction had
occurred There was m addition a generahized reticulum cell hyper
plasia  The liwer showed centrilobular congestion small areas of
neerosis and some foet of extramedullary hemopoiesis In the hudneys
there were signs of early siderosis of the convoluted tubules and some
cast formation without however evidence of pigment nephrosis

Other findimgs imeluded marked dilatation of the tesophagus old
rheumatic and lipoid p of the lungs probably
due to mhalation of iqud paraffin used in passing cesophageal bouges

Summary A case of 1diopathie acquired hemolytic anzmia of the
warm antibody type which termmated 1 an acute hemolytic episode
causing the death of the patient Blood transfusion was of no benefit

Case Report  Idwpathie Aequared Hemolytic Anema Supertening
on Thrombocytopenic Purpura  Death as the Resull of a
Hyperacute Hoemolytic Eprsode

Case 12 'The patient (R E ) was a woman aged 43 years In 1930

14 years before her final iliness she noticed purpura for the first time

In 1942 she agan complamed of purpura brwsing of her legs and of

several episodes of severe nose bleeding She was found to have
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As 1t was not posstble to find any blood which was compatible tn ritro
with the patient s serum the blood chosen for the transfusion was that
which nppeared to be least wncompatible  Thus blood was found
however by Dr P L Molhison using the Ashby method to be destroyed
o5 fast as 1t was transfused  The patient died two days after admission
1nto hospital (In retrospect the patient shoul have been transfused
with ¢DI /cDE blood which was in fact compatible tn ritro  Unfortu
nately the most unusual and unexpected specificity of the patient s
antibody was not discoyered unti] after her death )

Summary A case of I.xul hypemculc aoq\nred hzmolytxc anremia
i a patient § pente purpura,
The auto antibody formed was most unusual \n its specifleity It was
found to be » mixture of two Rh antibodies anti-¢ and ant1C  no
abnormal strctly non speaific antibodies were Identified

Case Report  Idwpathic Atqumd Heamolytic Amrmm
{Cold antibody Type) S Following Sy

Case 13 The patient (L R ) was a housemfe aged 54 She was
admutted nto hospital i iugust 1620 on account of a vartety of
meludimg diarthcea  mught sweats and

mugramous attacks nccompanied by vomuting from all of which she
had suffered for years In addition she had noticed for the previous
year or so that she became shightly yellow from tume to ime snd also
that she had a swelhng in the left side of her abdomen

Phynical Examnation 'This revealed patlor of the mucous membranes
and a just perceptible tinge of jaundice considerable enlargement of
the spleen which reached a level shghtly below the umbilicus and slight.
enlarg ment of the liver 'The superficial lymph nodes were not enlarged
to palpation and there was no purpura of the skin or mucous mem
branes The unne contamned an excess of urobihn but was otherwise
normal  The feces were normal 1n colour

She remained under observation for about 4 months duning wiuch
time there was little change i her clinical state or laboratory findings
At the end of this time splenectomy was carried out

Laboratory Findin,s (before splenectomy) The erythroeyte count
averaed 2500 000 cells per cmm hzmoglobtn 103 g per 100 ml
MCV 113 cu reticulocytes 59, leucocyte count 3 100 cells per c.mm
with 50 , neutrophils platelet count 42 000 per cmm  and Wlrubin

13 myg per 100 ml

Her blood at room
diately after withdrawal but this was reversed on incubation at 31 C
Stamed stmears showed a tendency to macrocytosis with slight amso
eytosis and p d degree of p
No abnormal leucocytes were scen Platelots mere vioble but asce
present mn reduced numbers The erythrocyte osmotic framlity was
withm the normal range The patint s blood group was O M Rh
positrie

The Wassermann and hahn reactions were strongly positise  The
total serum protein concentration was 6 9 g per 100 ml  with albummn
35g andglobuln8 42 per100ml  The thymol turbidity was 13 umits
and alkaiine phosphatase 120 umts the colloidal gold test was
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thromb Splenect
topema was carried out and following this

her platelet count rose to above the normal level She remamed well
for two years but in 1949 and again 1n 1950 purpura and thrombo
cytopema resppeared She was treated by transfuston In 1920 she
became jrundiced and haemolytic anema was diagnosed  the erythro
cyte osmotie fragility was markedly increased and the direct antt
globulin test was positive Later her blood eount became normal once
more In 1951 she developed polyneuntis She recovered from this
after 4 weeks In 1952 there was a further short episode of purpura
and thrombocytopenia  Two days before admission mto Hammersmith
Hospatal m January 1953 she became acutely 1ll with pallor jaundice
lassitude and hemoglobinurna

Physical Examination  She was found to be jaundiced and very
pale There was no purpura or other syns of a bleeding diathesis
Her liver was palpable 5 em below the right costal margm The
superficial lymph nodes were not significantly enlarged Her unne
was dark reddish brown 1 colour due to the presence of methemoglobn
and hematin

Laboratory Findings The patient s erythrocyte count on admission
was 1400 000 cells per cmm  with 63 g hzmoglobm per 100 mi
The MCV was 106 ¢y and the MCHC 42°,  There were 20%
reticulocytes  The leucocvte count was 32 000 cells per ¢ mm with
700, neutrophils and occasional myelocvtes The platelet count was
220 000 per eam  The bleeding time clot retraction and coagulation
time were all normal Examnation of stained blood films showed auto
agglutation and an extreme degree of spherocytosis (Fig 64) all the
erythrocytes except the reticuloevtes bemg affected Thirty pormo
blasts per 100 leucocytes were present A few examples of erythro
phagocytosis by monocytes were found

Blood withdrawn from the patrent was visibly agglutinated The
auto agglutination did not disperse at 87 C ~ There was obvious
h: the 1 raptdly became much more intense
n tatro 50 much so that when her blood was allowed to clot at 37 C
free haemoglobin could Le seen to diffuse out from the clot as it was
retracting 1e autohmmolysis was taking place within half an hour of
the collection of the sample This rapid autohemolysis took place
whether or not the blood was oxalated heparnized or defibrinated
Osmotic fraghty was markedly mcreased 49, hemolysis even taling
place 1n 0859, salne the MCF was 0759 NaCl Spectroscopic
examination of her serum showed the presence of a great deal o

bi as well as h b

Serology (Table 8) The patent > blood group was B Cdejede  The
direct antrglobulin test was very stropgly positive A warm suto
agglutimn was present in the patients serum 1 high tire (1 024)
This was found subsequently to be capable of agglutinating normal and
+ry pstnuzed corpuscles of all groups except those of the Rh genatype
¢Dk/cDE Further investigation showed that the antibody was 2 mr¢ture
of ant1 € and ant1 C both capable of causing agglutination m sahne
dilutions (see p 233) No abnormal warm non specific antibodies were
present The cold agglutmmn titre using cDE/cDEL corpuscles was
within the normal range

Further Pro_ress ‘The patient was treated with ACTH grven
sntrasencusly 1n the form of a saline drip and also by blood transfusion
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1 after op and the W nand hahn reactions
also were at fizst strongly positine  when performed howeser two
years after splenectomy the 1) assermann reaction was negative although
1he hahn test was still postise  Three yenrs after splenectomy both
tests were negatine

Spleen 'The spleen weighed 1,375 g The surface was smooth the
cut surface was a umform deep red with visible Malpighian corpuscles
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Fic 0 Hzmatological changes resulting from splenectomy 1n a
patient suffering from idiopathic acquired hemolytic anzmia of
the cold antibody type (Case 1d) T = tmnsfusion S =

splenectomy
eryth

warm hzmolysin pitre using PN IT
warm hmolysin yitre using trypst

hrocytes 1= quantitative habn tests (] =

quantitative Weassermann reaction

Histological sections showed a large amount of blood within the
spleen pulp and elsom dilated snuses There was a moderate degree of
hyperplasia of reticulum cells and some evidence of erythrophagocy
tosis by macrophages  Blood from the spleme vein contamned 8 mg
bilirubin per 160 m!

Summary A case of chrome acquired hazmolytic anema of the
eold auto antibody type 1In addition to the cold antibody & warm
component of antibody acting upon trypsimzed and P N H ‘corpuscles
was constantly present There was evidence of & consderable dis
turbance of protem formation and the serum gave  false positive
‘Wassermann and Kahn reactions
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negative  Paper stiip electrophoresis showed a ramsed y globulin
content (23%) and a shightly low content of £ globulin

Effect of Blood Transfusion The survival of transfused normat
erythrocytes of group O N was studied by the Ashby method using
ant; M globulin (Lederle) The transfused erythrocytes were eltminated
at an accelerated rate the mean cell life before splenectomy being
115 days (Figs 22 and 23 pp 85 and 36)

Serology (Table 8) The cold agglutimin titre of her serum was
consistently 1n the region of 1024at 2 C 16at 20 € and4at25 C
At temperatures of 30 C or above normal erythrocytes were not
agglutinated However her serum agglutinated at 87 C and in the
presence of fresh human serum hemolysed trypsimzed normal ervthro
:};tes PN¥ erythrocytes were also hemolysed at 37 C to a high

atre

The direct antiglobulin (Coombs) test was consistently positive
agglutination was most intense n the strongest concentrations of
antiglobulin serum and the reaction was relatively msensitive to the
addition of y globulin to the antiglobuln serum ~ The indirect antt
globuhn test was positive using normal group O corpuscleswhen sensitt
zations were carried out at 37 (  but enly if the serum was acubfied

was 1 1f the patient s serum had been
previously inactivated at 56 € The reactions were much stronger 1f
the sensitizations were carried out at room temperature

The reactions outhned above are charactenstic of a non specific cold
antibody capable of at p extend
g up to 87 C In addition 1t seemed that the patients serum
contamned a separate warm antibody component capable of causing
the hemolysis of trypsimzed and PN H erythrocytes at 87 C (see
alsop 248) The serum complement concentration was greatly reduced
(10 to 82 nmts compared with o normal range of 70 to 150 umts)

Splenectomy  Splenectomy was carried out on November 24th 1920
The patient s progress 18 m Fig 70 She was
transfused at the time of operation the survival of the transfused blood
bemng followed by the Ashby method It was found that the ate of
elmination of the transfused corpuscles was substantially less than
before operation (Figs 22 and 23) Climcally the patient was greatly
improved and her jaundice disappeared

The patients progress has been followed for three years snce
splenectomy  Her blood has been examined eight times during the last
two years The results suggest that hemolysis has continued but at
& reduced rate The erythrocyte count has ayveraged 300 000 cells
per emm and hemoglobin 131 g per 100 mi  Her total leucocyte
count has averaged 6 00 per com  with 139, to 879, neutrophils and
the platelet count 170 000 peremm The reticulocyte count has ranged
between 1 1 and 3 8% with an average of 2 79, and the plasma bilirubin
has averaged 08 mg per 100 ml  Her serum globulin has remamed
shghtly raised and the thymol turbidity test has been constantly
abnormal

Effect of Splenectomy on Serology No substantial changes in the
concentration of antibodies resulted from splenectomy (Fig 70) In

1 he col and warm titres  have
e d almost unaltered the direct test has
been consistently positive The serum complement level rematned
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at 97 C perfectls clear unhrmolysed serum could be obtained  Blood
countimg was easily accomphished if warmed Llood was diluted
@iluting fluid previously warmed at 37 C ond o warmed counting
chamber used

The direct antiglobultn test was positise _even af precautions were
taken to avoid cooling the blood after withdrawal The reaction was
of the rold nntsbody tvpe (sce p 268} Cold agglutining were present
m her serum in very high concentrations  Titration with normal
group O corpuscles gave the following tesults 2 C. titre 512000
13 C 82000 17 C 8000 20 C 512 25 C 82 30 ¢ 4 At
20 C normal corpuseles were readity heemolysed by her actdified serum
(PHL 65) o trace of Ivais developed 1n unacidified serum at this tem
perature At 3~ € no lysis of normal corpuscles took place in un
acidified serum but there was a trace n acidified serum PN
erythrocytes were rapidly hemolysed to a titre of 16000 at 20 C
at37 C & trace of Iyss was produced by a 110 4 difution of the patient s
serum  Trypsinzed normal erythrocytes were very strongly agglut
nated in the cold  nt 15 € they were hzmolysed to a titre of 1 02¢
1o lysis took place at 37 €

The indireet, antiglobulin test was strongly positie when sensitiza
tions were carried out at room temperature partictlarly if the serum
was acidified  at 37 € the tests were much less strongly positine
Indirect antiglobulin tests were consistently negatie 1f the patient s
serum had teen previously inactinated by heating at 56 C for
80 minutes  The at ove results are tvpical of an antibody of cold type
present 1n high concentrations and with a high thermal amphtude

The jatients serum was
(15 umts normil range "0 to 150 umts) Complement fication tests
were carried out with the patient s serum and Influenza A and B
Q fexer and Pnitacous antigens and agglutination tests carned out
using Streptococcus M G The results of all these tests were within the
normal range

Climical Pro,ress The patient was successfully transfused on nine
oceasicns between May and July 1951 without serious reactions  The
Denefit derved from transfusion was however only transitory Two
of the transfusions consisted of group O Rh positive blood the survival
of which was followed by the Ashby method usmg an antt A serum
the mean cell ife was estimated to be spproximately & days and 11 days
respectnely

The patient s chmeal state remamned unaltered between July 1951
and Apnil 1953 Fhe hamatolopical findings likewise showed relatively
Iittle alteration  the erythroeyte count vaned between 2 500 000 and
3300000 cells per cmm  with between 4 , and 169, rencnlocytes
the leucocyte count vaned between 1800 and 8000 cells per ¢ mm
withan average of 3 700 cells peremm_ the serum bilirubin avers;
20 mg per 100 ml The serologieal findings were al o substantsally

the direct test was ositive and

the cold agglutimn titre usin,, normal group O corpuscles remaned
within the range 128 000 to 512000 at 2 C

At the bemnning of Apnil 1943 1t was decided to give cortisone s trial
at an wmtial dosage of 200 mg daily by mouth The response to this

? Data quoted through the courtesy of Dr I L. Mollison
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Splenectomy was followed by a good clmical response although
antibody formation seemed hardly to be affected by the operation
and shght anena persisted

Case Report  Idwpathic Acguired Hemol; Ancemea (Cold
body Type with R s Ph ) Improtement on

Cortisone

Case 14 'The patient (L S) was an elderly woman She was first
admtted to hospital m October 1950 when aged 7o years complaining
that for the last three months she had suffered from weahness and
lassitude  There was no evidence of any relevant antecedent 1llness
She also complamned that her hands became cold blue and numb
m cold weather Hamolytic anmia associated with cold agglutimn
formation was diagnosed and she was treated by means of blood
transfusions recerving 16 pmts in all  These transfusions resulted 1n
only transient benefit In May 1951 she was transferred to Hammer
smith Hospital through the courtesy of Dr L I M Castleden for
further investigation

On examunation tn May 1951 she was found to be an elderlv and
rather wasted woman She was pale and definitely jaundiced Her
spleen was enlarged its lower edge being palpable 5 em below the left
costal margin  Her hands were usually purphsh in hue and very cold
they became a normal colour when placed i warm water  The tip of
her nose and ear lobes also became markedly cyanosed when exposed
to cold X ray examnation of her chest showed a mottled opacity 18
the upper zone of the left lung Her cardiovascular system was normal
for her age Her urme contamed an excess of urohiin but no bile
She was afebrile

The patient was under observation 1n hospital for approumately two
months during whieh time she recerved a course of chloramphenicol and

for her lung which was assumed to be of inflam

matory ongin without however slterng its radiographic appearance
sigmficantly

Loboratory I'indings On admussion her erythrocyte count averaged
2000 000 cells per c mm heemoglobn ™ 6g per100ml MCYV 109cp
reticulocytes 149, total leucocytes 5 500 per ¢ mm with 50% neutro
phils platelets 125 000 per ¢ mm and plasma bibrubin 25 mg per
100 mt E of stained heral blood films showed &
moderate degree of amisocytosis with shght poihilocytosis and 4
marked degree of | O pherocytes could be
seen as well as an occasional normoblast Erythrocyte osmotic
fragility was shghtly mcreased lysis commenced in 0 525% NaCl
the M C F bemg0 465 % NaCl The total plasma protein concentration
was 73 g per 100 mI with 38 ¢ albumin and 35 g globulin per
100ml  Llectrophores:s showed raised @, and § globuln concentrations
the » globubn copcentration was normal The Wassermann and haha
reactions were negative

Serology (Table 8) The patients blood group was A Rh positive
On withdrawal from the body her blood underwent rapid mass1s e auto
agglutmation At temperatures above 30 C however this did not
occur and if blood was del d mto P warmed
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was quite dramatic and rapid (E1g 71} Wathin a week the erythroo

c%‘\‘\‘x‘;\ m{se by ﬂx‘v,\é}re than 700 000 cclls per ¢ mm and the p?ctked {t‘ﬁ

RS e from to 879 the patient

trom 2 500 to 7 00?] cells peo\‘ © mm prttent s legcocyte count aho rose
The later effect of corhisone therapy 1s also Mustrated 1n g 11

‘The mmprovement in the patient s clitical condition and blood count

was sustamed on a daily dosage of 100 g to 125 mg  if the dose of

his 2
200 CORTISONE
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MONTHS
Fic 71 Hgmatologieal changes during the admmmstration of
cortisone to u panent suffermg from 1chapathic acquired hemo
Iytic anzmia of the ¢old antibady type (Case 15)

cortisone was reduced to less than 100 my per day the blood count fell
only to be regularly restored on increasing the dose once more  The
treatment with cottisone howesver did not seem to alter significantly
the patient s cold agglutinin titre or the intensity of the direct anty
globuln test

Summary A ease of chrome hemolytic anzmia of the cold antibody
type wi s ph 3 'The patients chnical
state and laboratory Anditgs have remswned relatively unchanged for
more than two and a half years  bustained benefit followed treatment
with cortisone
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CHAPTER 8

ACQUIRED HEMOLYTIC ANAMIA
(AUTO ANTIBODY TYPE)

11 HAEMOLYTIC ANZEMIA FOLLOWING OR
ASSOCIATED WITH VIRUS INFECTIONS

ACUTE HAEMOLYTIC ANAMIA FOLLOWING
VIRUS PNEUMONIA

History The frequent dey elopment of cold antibodies 1n lugh

concentrations by patients suffering from virus (primary aty pical)
was first conel 1y d d by Peterson Ham

‘and Finland (1943) Turner (1943) Horstmann and Tatlock (1943)
and Turner Nisnewitz Jackson and Bernev (1943) Isolated
stances of an unusual degree of autohemagglutination in patients
suffering from respiratory infections however had been noticed
before this Both Clough and Richter (1918) and Wheeler
Gallagher and Stuart (1939) carried out detailed studies on therr
patients sera but the possible connection between the abnormal
agglutmins and the preceding infectton was not appreciated
Clough and Tichter finding cold agglutinins 1n the blood of a
daughter of their patient 1n fact erroneously concluded that the
abnormality might have been inherited

Tn 1943 Peterson Iam and Finland and Horstmann and
Tatlock referred briefly to mstinees of acute hemolytic anzema
amongst the patients of their series and two other possible
examples were reported by Dameshek {1043) Further mstances
were described by Finland Peterson Allen Samper and Barnes
(1915) by Ginsberg (1916) and by Colmers and Snaveley (1047)
and more recently by Besterman and Brigden (1949) Neely
Bana Smith and Stone (1951) Segenthaler (1952) and Aaron
(1952) etc  Other possible examples can be found in the older
literature eg the second patient deseribed by Giordano and
Blum (1937) as sufferng from an acute hemolytic anzma of the
Lederer type

The syndrome 15 undoubtedly less rare than the small number
of published case reports suggests Dacie and dé Gruchy (1951)
for mstance described the serologieal findings in four hitherto

unpublished examples of the condition and two further cases are
deseribed on pp 27122

W
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the cold agslutimin titre 1n the patient (Casc 15) whose history 1s
desenbed on p 221 1 Wustrated m Py 72

The antibodics are potentiallv hemolytic (Dacie 1949 Dacie
and de Gruchy 1051) and normal erythrocytes were hrmofysed
quite Tapidly at room temperature (1,-.0° C) i the acidified
serum of all of the seven patients the author has studied  Trypsi
nized normal erythrocytes and more especially P ™\ I¥ corpuscles
were hemolysed at 15-20 C i high serum dilutions  Similarly
the indircet antiglobulin yeaction carmed out with normal
corpuscles sensitized 1 patients sera at [o-20 ( was strongly
positne particularly if the sern were aadified {Table 9)

Tantt 9 Serologieal Data on Two Pattents suffertng from Acute
Hemol, g Varus P

Ancma foll
| Haemal) of
teect | Ca Tadirect | Temoly t | Hamoly +
Cas X6 vafi vsl tint | gl bl u‘m oFN "’LV",{E:;"
Aol | &t reart erytheoc: rocy
Lt P R R K Al i et
37°C |20 € |37°C [20°C {37 C |20 € |87 € {*rr 0
. + 8000 | £ |[+4| ~ 44 16 POIBL — | 61
16 + 4000 ++l++ ~{++] w626l 4

44 denotes @ strong reaction + denotes & moderately strong reaction and
< 8 weak reaction

— denotes no hxmolysisand  noabservation ‘The figures nd eate the cold
Agglutunn and hemotysin titres respectively

The direct antiglobulin test was positive at the time of the hemo
Iytic episodes 1n all the eases the author has studied even if the
blaod was collected directly mto saline previously warmed to
37 C Thus sup,ests that the antibodies have a high thermal
amphifude winch 15 confirmed by the fact that tests for antibodies
1n the patients sera are often positine 1f sensitine methods are
used when the sensitizations are carmed out strictly at 87 C
For mstance n three out of seven cases the idirect antiglobulin
test was positive using normal erythrocytes sensitized 1n aerdified
serum at 37 C whilst fise out of six (unacidified) sera caused
lyss of PN H corpuscles at 87 C  Normal erythrocytes were
not lysed at 87 C but some lysis was produced at 80 ¢ by the
acidified serum of five out of s1x patients mvestigated  The serum

of one patient haxmolysed trypsimzed normal erythrocytes at
87 C (see below)
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Clinical Features

‘When hzmolysis occurs after virus pneumonta 1t does so usually
towards the end of the second week or during the third week of
the patient s sllness  The onset of hemolysis 1s usually sudden
The patient who may have already recovered from his respiratory
nfection becomes 1ll once more with increasing pallor and jaundice
and prostration  There may even be hemoglobinuria (Dameshek
1943  Horstmann and Tatloch 1943 Neely ef al 1951) The
spleen often, but not invariably becomes palpable

In rare mstances gangrene of the extremities has developed m
the course of the illness Carey Wilson and Tamerm (1948}
reported that the feet of thar patient a woman aged 81 became
gangrenous and Ronner Jessen (1950) mentioned that gangrene
of the finger tips developed 1n an elderly man aged 75  In these
patients the gangrene was bly due to thromt followmg
mtense ntravascular autohemagglutination

Laboratory Observations

Autohemagglutination 2n witro at room temperature 1s an
mvarieble and stnihing finding  Anemia 1s often severe and
rapidly increases erythrocyte counts as Jow as 1000 000 cells per
emm having been recorded The total leucocyte count may be
markedly rased (Damesheh 1943 Horstmann and Tatlock
1943 Aaron 19852) counts exceeding 40 000 cells per cmm
bemg not uncommon Most of the cells are neutrophils but
myelocytes may be present m small numbers ~ Peripheral blood
films show 1n addition to autohzmagglutination a varable degree
of polychromasia depending upon the stage of the disease and
as a rule moderate to marked spherocytosis Erythrocy te osmotic
fragility 1s usually inereased to a moderate degree

The serum bilirubin concentration 1s usually rased to between
1and 8 mg per 100 ml The plasma hemoglobn level 1s almost
invanably above normal and Schumm s test 15 positive m most
cases Aaron (1952) reported a temporary rise n serum globuhn
concentration to 5 6 g per 100 ml 1n one case

Serology In all the cases so far recorded the abnormeal
antibodies have been of the cold yariety The cold agglutinn
titres at the time of onset of hemolysis have been reported as
bemng within the range 512 ta 82 000 at 2-¢ ( andatis interesting
to note that the highest concentration of antibodies {titre 32 000)
was found m the serum of the patient whose feet became gan
grenous (Carey Wilson and Tamenn 1948) The rise and fall 1n



Casr Rerorr 221

Treatment

The patients should be kept warm i bed  This 15 particularly
important as chilling 15 likely to cause an increase i hamoly s1s
Thus 15 llustrated by the case Teport of Colmers and Snaveley
(1047) whose ptient was sponged with iced aleohol 1n an attempt
to treat her Inperpirexia  On the following morning she was
monbund

Transfusion should be reserved for the most severcly antme
patients It 1s probably advisable to warm the transfused blood
to bods perature before ad 1on  (The selection and
cross matelung of blood for transfusion i cases of acquired
hemols tic anema 1s considered 1n Chapter 12')

There scems no renson to contemplate splenectomy mn acute
hemelytic anemm following “irus pneumonia as the episodes
of hemolysis are normally of short duration  The same applies
to treatment wath cortisone or ACTH  However if hemolvsis
1s unusually severe or if the diagnosis 15 1n doubt these drugs
should be uscd {see p 3.3)

Case Report  fcute Hamolytic dnamia probably following Virus
Pneumonia  Spontaneous Recorery

Case15 The patient 1 (\ \ )} wasamanaged 35  He was admitted
10 hospital i July 1918 with a history that he had felt unwell for the
previous two days  He complained of sore throat aching m the back
and Iimbs and headache On admission he was found 1o be shightly
delirous and during the afterncon he had 8 nger his temperature
reached 100k \othing abnormal was found on phy sical examination
except for indications of consolidation at the base of the nght lung
Later he coughed up scme  rusty  mucopurulent sputum s urine
contated g trace of alt umin but was otherwice normal A radiograph
of his cheat tevcaled consolidation affecting the might middle lobe

Laloratory Invesigations  On adnussion there were no stoking
al normalities in the blood picture  the hamoglolin concentration was
145 g per 100 ml and there were 8 000 lJeucocytes per cmm  with
810, neutroj luls M1 cerebro spinal flid contained 63 mg protein
per 100 ml  but was otherwise Tormal A blood culture was sterile
Sputum culture yielded a modcrate growth mamly of Strept rirdans
The cold agelutimn titre was 4

Furlther 1 rogress 1 neumonia was diagnosed and between July 8th
and 18th he was mven 34 g of sulphamethizine  Although there was
no dramatic respanse to this treatment the pyrexia slowly subsided and
the patient felt better  On July 15th a course of intramuscular perscilin

1 A mo e detailed ¢l nical history of this patient was gmven by Besterman
‘arnd ):Hgden (1919)  the serolog cal fnding were referred to briefly by Dacie
949,
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Although the reactions of the antibodies the author has myestigated
have i general been similar there have been mteresting minor vana
tions  For instance although the imcomplete antibody of Case 16
behaved hike 1 cold antibody 1n requiring fresh serum for sensitization
1t nevertheless sensitized normal corpuscles as intensely at 37 C asit
did at 2 C or 20 C The serum of Case 15 of Dacie and de Gruchy
(1951) was also unusual At the time of this patient s haxmalytic crisis
her serum contammed a factor which quickly hemolysed trypsmized
normal erythrocytes the optimum temperature for this factor was
approximately 37 C the hazmoly tic titre being lower when sensitization
was carried out at 20 C The warm _hemolvtic factor disappeared
from the patients serum dunng convalescence The other sera the
author has mvestigated behaved m exactly the opposite and more
u:u;’l \Z:ay Iysis of trypsimized corpuscles taking plare at 20 € but not
a

The ) and the of the response to the
stimulus of virus pneumonia are further shown by certan patients
developing heterophile antibodies against sheep or fowl erythro
cytes (Aaron 1952 [Eyquem Cateigne Hannoun and Fanconnier
1958) and by some sera giving positive Wassermann and kahn reactions
(Florman and Wess 1945 Kreis 1947  Aaron 1952)

Prognosis

The prognosis m hemolytic anemia following virus pneumonia
1s generally good for hemolysis 1s essentinlly short lived Although
some deaths have been recorded (Horstmann and Tatlock 1943
Finland et al 1945) most patients seem to recover completely
Sacks VWorkman and Jahn (1952) stated that 83 out of 35 patients
recovered completely

Pathogenesis

The pathogenesis of hemolytic anemia associated with auto
antibody formation 1s dealt with in Chapter 11 Theres however
_one pomnt that should be made at this stage 1f was not clear at
first whether or not sulphonamide drugs played a part 1 bnnging
about the hemolytic episodes which followed virus pneumonia
In most of the recorded cases one or other vartety of these drugs
had m fact been given before the onset of hemolysis  However
acute hemolytic anemia has undoubtedly developed tn patients
to whom no sulphonamide drugs had been given at any time
(eg Gimsberg 1946) It 1s thus reasonable to suppose that
although drugs of the sulphonamide type can cause hemolytic
episodes (see Chapter 15) 1t 15 unlikely that they often play an
important role in the causation of the hemolytic anemta which
follows virus pneumonia
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A high titre cold antibody was present in the patient s serum which
sapidly haxmolysed normal ery throcytes at pH 6 5107 0 up toa tempera
ture of at least 830 C

The patient eventually made a complete chinieal and hrmatological
recovery

Case Report  Acule Hemolytic Anama following ¥ trus Pneumonia
Spentaneous Recotery

Case 16 The patient (M T ) was n man aged 41 Yle was admitted
into hospital with a history that three wecks previously he had developed
an mfluenza Like iliness e had suffered from malaive weakness snd
fever and later deseloped an unproductive cough  Three davs hefore
admission he suddenly became mueh weaker and serously breathless
When admutted inte hospital on June $th 18, he was found to be
extremely 11l and dyspnaie on the shightest exertion  He was marhedly
pele and shghtly jaundiced

Physwcal Faxammnaton  His cardiovascular system was normal
except for some flame shaped hemorrhages 1n the retinx_and slight
cedema of the left leg  Crepitations and rhonclhn were to be heard i
his might Jung, A radiograph of his chest revealed a small area of
collapse at the nght base  The liver was Just palpable but the spleen
could not be felt The unine contained a trace of albumin and an
excess of urobitn _There were no other abnormal physical signs  His
temperature was 101 F

Laboratory Imestigations On admussion  there were 2 200 000
erythrocytes per emm_ with7 1 g haemoglobin per 100 ml  and 7 5%,
reticulocytes the MCV was 96 cp There were 1. 000 letcocytes
per emm  with 80% neutrophils and 660000 platelets per ¢ mm
Stamned films showed moderate amusocvtosis shght poihilocytosts and
some and sp v There were 6 lasts per
100 leucocytes The erythrocyte osmotic fragility was definitely
increased  lysis commenced 1n 0 600, saline the M C F being 0 455%,
NaCl ~ The serum bihirubm concentration was 80 mg per 100 m!
and the total serum protems 69 g per 100 m! with 32 g albumm
and 37 g globulin per 100 m!

Serology  The direct antiglobulin test was positive the reaction
being of the cold antibody type (sce p 236) His blood rapidly under
went auto after this was
Teversed on warmmg at 37 C  Flus serum contmned a cold agglutmn
with & relatively high thermal amplitude _normal group O corpuscles
were agglutinated to titres 0f 4000at 2 € 1284t23 C and4at35 C
There was however no agglutination at 37 C “ormal corpuscles
were hzmolysed 1n the patient s serum acidified to between pH 6 5 and
70 at 20 C and at 30 C but not at 37 C Trypsiuzed normal

were h lysed but not at37 C toatitreof4

PNH erythrocytes were hemolysed by the patients serum to a
titre of 16 a1 87 C and256at20 € The mdirect antiglobulin reaction
was strongly positive when sensitization was carned out at 87 (
and ot 20 C  the Teaction however appeared to be no stronger
at 20 C than at 37 C and the intensity of sensituzation was only
slightly increased by scidification  Sensitization was abolished com
Pletely if the serum had been previously heated at 56 C for 80 minutes
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200 000 umits 3 hourly was started This too had no striking effect
hus temperature however reached normal by Julv 21st

On July 19th that 15 14 days after the onset of hus 1llness the patient
was noticed to have become very pale and shghtly joundied He
complained of haying been sweiting profusels His Jiver was just
palpable and tender but the spleen could not be felt The urine
contamed a trace of bile The hzmoglobin concentration was found
tohavefallento 8 1 g per 100 ml and the patient s blood was observed
to undergo rapid auto agglutimation after withdrawal

Hb
o

TITRE
8000
2009 \V\ ¢
128 /\.__.
[

2
MONTHS

Fie 72 The nise and fallin the cold agglutmn titre and the accom
panying changes m hzmoglobin concentration mn a patient whoe
developed an acute hwemolytic snemia following virus pieumonia
(Case 15) CA = cold agglutinin titre at 2 C

b4
N

4

Serology The direct antiglobulin reaction was positive  The cold
agglutimn titre at 2 C was found to be 8 000 this titre was malrx,\
tained for a few days then slowly subsided reaching a level of 128
three months later (Fig 72) His serum when acidified to pH 8 5t0 70
rapidly ha molysed normal erythrocytes (Table 9)  the thermal range
of the antibody was so high that at first the antibody was thought to
be of the warm type However 1t was later shown that although hus
serum h®molysed notmal corpuseles rapidly at room temperature axéd
Jess readily at temperatures up t0 30 C no lysis was caused at 37

The chnical and hematological recovery from this hemolytic episode
was rapid and by August 6th 1948 18 days aiter the onset of hleno
Jysis tests for hemolysts 1 1270 Were Regative using normal corpuscles
The cold agglutinin titre had by then fallen to 1 000

Summary A case of acute hemolytic anema occurnng, dunng
convalescence from a respiratory illness probably virus pneumonia
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Summary A case of acute hemolytic anamia following a respiratory
nfection probably virus pneumorit  Cold antibodies were present in
unusuilly tngh concentration and were active 1 Litro up to 37 €
Spantaneous recosery took place and the abnormal antibodies eventu
ally disappeared

v
ACUTE HAEMOLITIC ANZEMIA (AUTO ANTIBODY
TYPE) ASSOCIATED WITH INFECTIOUS MONO
NUCLEOSIS

A small number of instances have been reported of an acute
hemolytic episode occurnng durimg the course of an illness

Dameshek (1943) described a possible case and further probable
examples have smce been reported by Riva (1946) Petrides (1948)
Ellis Wollenman and Stetson {1918) Wilson Ward and Gray
(1939} Appelman and Morrison {1919) Small and Hadley (1950)
Sawitshy TPapps and Wiener (1920) Huntington {1921) Berté
{1951) Mermann (1902) and Hall and Archer (1903)

Clinical Features The chinieal features of this syndrome
seem to be less uniform than 1n hzmolytic snemia following virus
preumonta  For one thing the hamolytic episodes i most of the
recorded examples have developed at about the same time as the
signs of infectious mononucleosts and have not followed & clearly
defined preceding 1llness as 1n the case of hamolytic anemua
following virus pneumoma

The clinical symptoms and signs of infectious mononucleosis
have been ind in most lthough sore throat and
enlargement of lymph nodes and the spleen have usually been
found at some stage 1n the 1llness  Most of the patients were at
fiest acutely 11l with hugh fever and then became weak anzmc
and jaundiced The patients of Ells Wollenman and Stetson
{1948) and Appelman and Mornson (1949) may have had hemo
globinuria 10 most reports the urine has been said to contam
urobilin but not bile

Laboratory Observations

Anzria s usually 4 ly severe and spherocy and
mecreased fragility have been reported mn most cases In the
majonty of patients the hemolytic episode has been short Ived
and recovery has been associated with a marked reticulocytosis
The maximum leucocyte counts vaned according to the case
teports cited abote from 8800 to 34000 cells per emm  the
percentage of lymphocytes ranging between 33% and 80% A

D CIES AW L AYANIS
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The antibody therefore ppeared to ke n cold ove 1t was unusual
mn that is thermal range was remarhably ugh 1n relation to s enly
moderate activity at 2 C  The effect of tempertture on the different
actinities of the antibody was not umform  the agelutination of nortaat
or trypsinized snormal corpuscles was markedly potentinted by a falfin
temperature but the degree of sensitization of normal corpuscles when
tested for by means of antiglobulin serum seemed to be about the sime
whether the sensitizations were carred out at 37 C orat20 C Ths
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Fio 73 The changes mn cold antibody concentratsons i the serum of
a patient Tecovenng from an acule hemolytic anemma following
Airus preumont {Lase 16)

diserepancy 15 unexplamed A possible explanation is that two drstinct
fmkhg,ns :3' nnhb«mxg were myoived [ serum appiutinated Strep>
cocens MG to a titre of BO od
Subsequent Cowrse The patient made o steady and umnter‘mpl{
recovery  Ue was treated with Terrympan 500 mg ¢ houry for
9 days ‘The sequence of changes 1n s blood state and the corve
sponding serologreal changes are shown x Fig 78 Withn 10 days of
adrmssion there was g shght dumunution 1n the ttre of eold ag Jutimns
at 2 € and a substaphal fall in tetre at €1 € Sumlwly the nbxhtty
of Wus serum 1o hemolyse P N 1 erythroeytes at 57 £ »3arapudhy In! A
3t appesred therefore asif the loss of the antibody s alality ta set :h
a velatiely high temperature was the factor wlich was assoct ied wil
sieal recove
b The pzmentrz«s seen again 6 weeks after sdmission ¥his cold apgle
tinin titre was then 256 Three months sfter admission the titre was
64 chmcally the patient had quite recorvered
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to a titre of 1028 Cold agplutimns against human group O corpuscles
were nlso present thexr titreat £ € being 2.6 Agglutination also took
place at room temperature and this did not completely disperse at
37 € “ormal human erythrocytes suspended in fresh patient s serum
and clhylled ot 4 C lysis when ly incubated at
37 C_(positive Donath Landstemer test) This test was still positive
7 weeks later ot B time when the patient had practically recovered
1t was negative when repeated 2 years later The Wassermann and
Thahn tests were negative

‘The patient was cntically ill for 2 weeks duning which time he was
transfused with 7 litres of blood Eventually he made a complete
recovery

1t 15 not possible from a study of the reports quoted sbove to
obtain a clear picture of the naturc of the antibodies responsible
for the patients hxmolytic anemia  Cold agglutinins at high
titres do not appear to be regularly formed andit may well bethat
the actual type of antibody differs from patrent to patient

It has to be admitted that inf u; i was not
proted to be the matmg agent of the hemolytic episodes m any
of the cases referred to above Mowever in some of the cases at
least 1t 15 dufficult to suggest a satisfactory alternative cause or an
alternative diagnosis to infertious mononucleosis  Voreover the
nfectis e agent of nfections mononucleoss certamnly has the power
to sumulate antibody production  Although this 1s charactenstt
cally heteroplule other serum changes which result in positine
" and hahn occur as they do
following virus pneumonia  Whether the development of auto
antibodies 1s due to infection with a vanant of the  normal  virus
or due to an unusual antibody response on the part of the patient
remains to be seen

HAMOLYTIC ANZMIA FOLLOWING OTHER VIRUS
INFLCTIONS

Influenza A  Laroche Milliez Dreyfus Dausset and Leprat
{1901) described a patient who developed an acute haxmolytic
episode 1n the course of 1nfl 1 S 1 tests
wndicated influenza type A wmfection The onset of the patient s
anxmia was related to the formation of high titre cold antibodies
and 1t seems difficult to exclude the possiility of a concurrent
snfection with the virus of virus pneumomnia

Newcastle Disease Moolten and Clark {19.2a and b) and
Moolten and ¢o workers (1923) have clumed to have 1solated the
virus of Newcastle disease (ND V) from the blood stream of

.
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large proportion of the lymphocytes were sard to be typical of
fectious mononucleosis

Serology Heterophile agglutinins at raised titres have been
found 1n the sera ofall the patients at some time i therr illness
often dimmishing mn titre with the patients recovers In the
reports of Small and Hadley (1950) Berté (1951) Huntington
(1951) and Hall and Archer (1953) 1t 1s spectfically stated that the
anti sheep cell agglutinins were nof absorbed by gumea pig
Lidney 1e the antibodies behaved as does the antibody of
nfectious mononucleosis

Investigations for the presence of ant: human erythrocyte
antibodies have been less regularly and thoroughly carned out
Dameshek (1943) reported that an auto agglutinn was present m
the serum of hus patient which was most actrs e at room and ice bov
temperature Appelman and M (1949) on the other hand
stated that tests for cold agglutinins and the Donath Landstemer
test were negative  Sawitshy Papps and Wiener (1950) reported
that both the direct and mdirect antiglobuln tests were positive
Berte (1951) stated that autohemolysins were present active at
room temperature but gave no details tests for cold agglutinins
were negative  Mermann (1952) on the other hand obseried 2
rise 1n the cold agglutinm titre of lus patient s serum from 128 to '
2048 Hall and Archer (1958) reported the presence of auto
hemagglutination and mentioned that the direct antiglobulin fest
Wwas positive

The observations of Ellis Wollenman and Stetson (1948} appear
to be umgque The history of therr patient suggested virus
Pneumoma but the blood picture was mn favour of a diagnosis of
infectious mononucleosis  the antibody apparently resembled
the Donath Landstemner antibedy (see p 276)

Therir patient was a man aged 21 years who was admitted nto hosprtal
with a history of having passed bloody wurmne for the previous
3 days and of having become weak and breathless on exertion Two
Weeks previously he had had an upper resprratory tract infection
associated with headache and anorexia for which he had no treatment

On examination he was found to be pale and slightly icterc  The
Jiver and spleen were just palpable and were tender An enlarged
1ymph node was palpated mn the left auncular region but el ewhere hus
Iymph nodes did not seem enlarged His temperature was 994 F

The day following admission an acute hemolytic episode developed
hemoglobinuria was intense and the patients hzmoglobm concen
tration fell from 122 g per 100 ml to 59 g per 100 ml 1n 5 hours
The fotal leucocyte count Tose to 24 800 cells per ¢ mm 649 of the cells
being lymphocytes corresponding m type to those seen in mfectious
mononucleosis . Agglutinins agamst sheep erythrocytes were present
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certamn patients suffering from acquired heemolvtic anzrma The
possible role of this virus n the eausation of hzmolytic anema is
considered in Chapter 11 (p 295)

Coxsackie Virus A Bethe Richarz Schubothe and Vnell
(1948) reported 1solating the Coxsachie A virus from the fices of
a boy aged three years who was suffermg from an acute hzmolytic
anzmia  They were also able to show that the patient s serum
contamed ant1 viral neutralizing antibodies 1 high concentrations
during his convalescence The possible role of this virus m the
causation of acquired hemolytic anzmia 1s also considered m
Chapter 11

Measles Virus An example of acute hemolytie anemia
associated with the formation of a cold antibody of the Donath
Landstemer type which appeared to follow an attack of measles
1 referred to in Chapter 10 (p 288}
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CHAPTER ¢

{/ACQUIRED HAMOLYTIC ANZEMIA
{AUTO ANTIBODY TYPE)

111 THE SPECIFICITY AND RECACTIONS IN ¥ITRO
OF THE AUTO ANTIBODIES

In this chapter further details will be gisen of the specificity of
the antibodies of sequired hemolytic anemia and of thetr reactions
tnitro The nature of the antibodies will also be briefly discussed
The reactions of the warm and cold yarteties of antibody will be
dealt with separately

WARM ANTIBODIES

Species Specificity The hmted data available suggest that
warm antibodies are speaific for the human species although they
may react to some extent with the erythrocytes of chimpanzees
and Rhesus monkeys

Sturgeon (1947) obtained an antibody from the erythrocytes of o
patient suffering from acqured hemolytic anema by heat-clution
and found that the antibody reacted with human erythrocyies o
up O (Rh positive and Rh negative) group A A group Band group AB
but not with Rhesus monkey cells or sheep cells
Tudd (1949) tested eluates made from erythrocyte stromata obtained
from four patients with acquired hemolytic anema  Human erythro
cytes of groups A B O Rh posttive and O Rh negatrye became strongly
sensiized to an anti human globulin serum when treated with the
elustes but mouse guies piz rabbit rat fowl sheep and horse
corpuscles were not affected  Rhesus monkey erythrocytes were weakly
sensitized by two of the eluates Similar observations were made by
homunos and Rosenthal (1903) i a larger series of cases  they failed
however to ot of monkey
corpuscles
‘Wiener Gordon and Gallop (1953) tested the serum of one patient
against the erythrocytes of vamous species ustng cells which had been
acted upon by the enzyme fin  Chimpanzee and Rhesus monkey
erythrocytes were agglutinated to shightly lower titres than were human
corpuscles  spider monkey cow horse and sheep erythrocytes were
agglutimated to far Jower tittes YViener and co workers pomted out
that mn this respect the behaviour of the antibody of their patient
paralleled that ol Rh antibodres

a1
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globulin tests were In fact positive in both Dameshek s and Davidsohn
and Oyamada 8 cases

The author believes that Dameshek s interpretation is more Itkely to
be the correct one at least in most instances To prove Davidsohn
and Oyamada s contention that strictly auto specific antibodies existed
it would scem to be necessary to elute the antibodies from the
patients corpuscles and then to test the eluates for the speaificity of the
nntibodses they contamed 'This was not carried out  Davidsohn and
Oyemada s P scems open to for anather reason
if"the antibody really was suto-specific in any particular case then
normal corpuscles should survive for the normal Iength of time after
transfusion to the patient This if 1t occurs at a1} must be a very rare
event in acquired hrmolytic anzmia  Indeed one of Davidsohn and
0Oyamada s own patients (Case 19) whose antibody was considered to
be stnctly suto specfic had been given 100 blood transfusions i
five months

As has just been mentioned evidence has been recently forth
coming which indrcates that specific auto antibodses may mn fact
be formed by patients suffering from acquired haxmoly tic anzema
However the antibodies have not been strictly auto specific  the
ones so far identified have been mostly directed agamst Rh ant
gens particularly the antigen e  The first example of thus type
of specificity was probably observed by Dr Ruth Sanger 1n an
unpublished fatal case of acquired hemolytic anzmia  In 1053
Yyeuner and co workers described a further patient in whose serum
ant1 ¢ was demonstrated The corpuscles of this patient gave a
positive direct antiglobulin reaction and eluates made from the
corpuscles were shown to contain an antibody reacting only with
e positive corpuscles  As the patients probable genotype was
CDe/CDe there seemed no doubt that the ant1 e was acting as an
auto antibody and was presumably responsible for the patient s
hzmolytic anemm  Hollander (1903) has also reported the finding
of a specific auto antibody 1n a patient of probable Rh genotype
CDefede suffering from acqured hemolytic anemia The patient s
serum contamned antie whilst antic and 2 non speeific
component were 1dentified 1n an eluate made from his corpuscles

Dacie and Cutbush (1954) have published the resulis of a
detailed 1nvestigation mto the specifiaity of the warm antibodies
developed by ten patients suffering from 1diopathic acquired
hemolytic anemia  Several interesting facts emerged One
patient out of the ten failed to develop non specific  antibodies
Instead she formed hoth antie and ant1C  as her probable
genotype was hknown to be CDejede these antibodtes also could be
justifiably described as specific auto antibodies The patient
died of a fulminating hemolytic anxmia  her history 15 described
on p 202 (Case 12) All the other nme patients formed non
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Speaificity 1n Relation to Human Erythrocytes An
essential feature of the antibodies of acquired hemolytic antma
1s their ability to act upon the patient s own corpuscles 1€ they
act as auto antibodies About this there 1s no dispute The
antibodies 1n most 1nstances at least also act as 1so antibodtes
and react with most 1f not all human erythrocytes to some
extent Until recently the antibodies have been generally con
sidered to be non specific  that 1s to say they were thought
to react with an antigen of undetermned nature present on the
surface of all human corpuscles which was quite mdependent of
the presence or absence of other blood group antigens Tt 1s now
known that this 1s not necessanly true and that auto antibodies
of defimte specificity usually within the Rh system may be
formed by some patients m addition to umdentifiable ¢ non
specific  components (see below) That there might be differences
1n the sensitivity of different samples of normal corpuscles to the
antibodies has been known for some time but the sigmficance of
this m relation to a possible specifieity of the antibodies had not
been fully appreciated

Denys and van den Broucke (1947) described how blood from 32
subjects was tested for compatibiity with therr patients serum by
means of the indirect antiglobulin test  Twent) six of the samples gave
weak reactions whilst two samples were not sensitized The reactions
with a more active serum derved from a second patient were sumlar
However the exact of the mn p to known
blood group factors could not be determined moreover 1t appeared
that all the samples of blood which reacted feebly or failed to react
were from females

Tauhns and Vs agley (1949) found an umdentifiable antibody mn their
patient s serum which agglutiated the patient s erythroeytes as well
a5 63% of a panel of normal erythrocytes apparently irrespective of
therr blood groups as far as they were then known

More recently 1t has been suggested that antibodres reacting onJy
‘with the patient s own corp may be formed D
and Oyamada (1953) reported that when the sera of patients suffering
from acquired hemolytic anwerma were tested for warm agglutiins
using 20% bovine albumin as a diluent three consistent reaction patterns
were observed (1) which antibodies in the patients sera agglutmated
normal corpuscles to approximately the same titre as the patients
ownt corpuscles  (2) m which the patients corpuscles were agglutmated
to sigmificantly higher titres than were the normal corpuscles an
{3) 1 which the patients corpuscles were agglutmated but non‘r‘m‘i
corpuscles not to-specifi Dx €]
(1951) had previously made sumilar observations but concluded tenta
tively that the stronger reactions with the patients corpuscles were due
to the cells being already  coated with antibody and that the presence
of gerum and albumn led to ther agglutination The direct antt
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equally complex and tends to vary from patient to patient The
differences between the reactions of the antibodies of different
patients are no doubt reflections of the ndividual  character of
each patient s antibody response

In the following sections further details will be given of the
antiglobulin reaction 1n acquired hrmolytic anemia and of the
agglutination and hamolysis of enzyme treated corpuscles by
patients sera

Antiglobulin Reaction

Dacie (1951) showed that there was a strikang difference between
the Tobul of corpuscls d by ant1 D and
cold antibodies respectively It was found that whereas the
agglutination of cells sensitized by ant1 I was readily inhibited 1f
very small amounts of human y globulin were added to the ant1
globulin serum (y-globulin type of reaction} very much more
y globulin was required to bt the agglutmation of cells sensi
tized by cold antibodies (cold antibody type of reaction) It was
concluded that whereas Rh antibodies were probably y globulins
and teacted with an anti~globulin in the antiglobulin serum as
previously suggested by Coombs and Mourant {1947) the cold
antibodies might not be y globuhns (see Jater) Similar obsersa
tions were made by Renton (1952) It was also shown (Dacie
1951 1953) that the reaction with the auto antibodies of the
majority of patients with acquired heemolytic anzrua of the warm
antibody type was stmilar to 1f not identical with that of cells sensi
tized by ant1 D both m respect of the effect of y globulin and 1n
the occurrence of an wnhibitory zone when a highly potent ant1
globulin serum was used (see van Loghem ef al 1950 Hubimont
and Massart Guiot 1950 Hubmont 1951)  Twenty four
patients have been mvestigated up to the time of wniting  the
reactions were of the y-globulin type 1n sixteen 1n four of the
remaining patients the reactions seemed identical wath those of
cold antibodies (see p 236) and in the other four patients the
reactions were ntermediate between the y globulin and cold
antibody types The reaction of one patient of the last group
(Case 8) was notable for 1ts inconstancy  Typical reactions are
Mlustrated i Tables 10 and 11

VWhen 1t was possible to compare direct reactions with the indirect
Teactions obtamed by sensiizing normal corpuscles 1n the patients
sera_both reactions generally beliaved identically 1n respect of the
effects of y globulin and 1n the mtensity of the reactron m different
concentrations of antiglobulin serum  There was one exception  the
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specific antibodies  in addition however three of them formed
antl e, and one patient ant1 e and ant1 D {at different times) As
the probable Rh genotype of the latter four pattents was i each
mstance CDefede 1t was clear that these antibodies too were
capable of acting as auto antibodies Indeed 1n two cases antre
was successfully recovered from the eluates made from the patients
corpuscles

The non specific  antibodies were equally interestng In
three cases using erythrocytes of genotype -D-/-D- (Race
Sanger and Selwyn 1951} 1t was possible to show that the non
specific  antibody consisted of two components (1) non
specific  antibody inthe strict sense 1e an antibody reacting
with and adsorbed by ery throcytes of all groups and tvpes tested
mcluding the -D-{ D~ corpuscles and (2) an umdentified com
ponent reacting with and adsorbed by all corpuscles tested except
-D-/-D-ones the ~D—/-D~ corpuscles presumably being deficzent
1n some antigen common to other types of corpuscles in addition
to being deficient 1n Ce and E¢

More recently van Loghem and van der Hart (1954) have
published the results of studies carried out on ten patients with
aequired haemolytie anema the antibodies bemng of the warm
typensicof them  Speaific auto antibodies were 1dentified 1n five
cases the speaificities bemng ant1 D antt ¢ antr ¢ + e (two cases)
and ant1 Jk* respectively

In view of the undoubted presence of specific Rh antibodies m
some cases (as referred to above) 1t 15 mteresting to note that
Wiener and Gordon (1953) and Viener Gordon and Gallop (19-3)
have suggested that the auto antibodies m typieal Acquu'ed
heemolytic anamia might be directed agamst the nucleus of the
Rh Hr substance  This hypothesis was based on finding that
erythrocytes maximally sensitized with anti D and the auto
antibodies of acquired hemolytic anzmia reacted to the same
titre with antiglobulin sera and also on the observed reactions
with erythrocytes of vanous species already mentioned on p 231
Dacie (1951 1953) also pointed out that erythrocytes sensitized by
ant1 D and the auto antibodies of acquired hzmolytic anxmia
respectively often reacted identically in the antiglobulin test

In witro Reactions of the Warm Antibodies of Acquired
Hzmolytic Anemra

In the previous section enough has been said to ndicate how

complex and vanable 1s the specifioity of the warm type of

anttbody  the behaviour of the antibodics in vitro appears to be
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indirect reaction given by the patient s serum was of the y-globulin ty pe
but the direct renction was of the intermedite tvpe Whether en
mtermediate reaction means the adsorption of more than one type of
antibody protein has not been determined nor has the specificrty or
nature been established of the warm antibodies which appear to
react wath antiglobulin serum 1n & manner simular to that of cold
antibodies

1t 35 probably that all the aut dies shown to have
a relationship or be identical with Rh antibodies behaved in the anti
globulin reaction like ant: D (Dacie and Cutbush 1003) However too
much weight should not be given to a strict correlation between the
speailierty of an antibody and the reactions fn antiglobulin serum of
cells sensitized by the antibody The author tested four samples of the
specific 1so-antibody anti Fys  although three of the antibodies
reacted as if they were y globulins the reaction of the fourth (that of
Mr Duffy lumseif) was of the cold antibody tvpe

Effect of Inactication by Heat Yleating a patient s serum at 56 C
for 30 minutes has the same effect on the warm antibodies of acquired
hrmolytic anzmia as it has on sera contaning ant1 D sensitization
15 not abolished although 1t may be shghtly dimmished in intensity
‘This 1s 1 strong contrast to the complete mhibition of sensitization
which results from the action of heat on sera contaiung cold antibodies
{secp 259)

Agglutination of Trypsim ed Enythrocytes

The warm antibodies of acquired hamolytic anerma secem to be
almost 1nvanably capable of agglutmating at 37 C normal
erythrocytes treated with enzymes such as trypsm  Agglutination
takes place readily 1n saline dilutions of the patients sera 1n
some cases however as in the agglutination of trvpsimzed
corpuscles by ant1 D (Hoyt and Zwicher 1952) the agglutination
titre may be increased two or four fold if the titrations are carried
out 1n normal serum rather than n salme  Aeidification of the
serum to pH 6 5 to 7 0 may raise the titre still ligher (Table 12)
Inhibstion of agglutination (zoming) m serum contaimng high
coneentrations of antibody may occur but 1s rarely seen  Aggluts
nation 1s wreversible and attans its maximum intensity after
about two hours ncubation (cf p 245)
Methods using trypsimzed corpuscles should be looked upon as
being 1 v to the lobulin method and not a subst:
tute for 1t for in some patients antibodies may be demonstrable
using trypstmzed cells which are not detectable bv the use of ant1
globuhn serum  As already referred to the serum of one of the
author s patients (To ) who had recovered from an acute hemolytic
episode an ly non specific dy which
agglutinated trypsimzed corpuscles of all groups to a high titre
(206) but falled to sensitize normal corpuseles to antiglobulin
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scrum  The reactions of this serum which also contamned two
mmmune 1so antibodies antie and ant1 E  are ilustrated m
Table 13

The case mentioned above 15 clearly exceptional but Dacie
and Cutbush (1954) n mvestigating ten patrents found that the
antibodies of four of them (non specific antibodies and ant ¢}
reacted preferentially with trypsimzed corpuscles and that antie
and ant1 D obtaned from eluates of a further patient s corpuscles
could only be demonstrated using try psimized corpuscles

Dausset (1952b} has made some rather similar obsersations He
referred to four patients suffering from acquired haxmolytic ancmia
and errrhosis of the Iver i whom reactions using trypstized cells were
positrve although the direct and indirect antiglobulin tests were nega
tive  The patients own erythrocytes when trypsimzed underwent
marked agglutmation in autogenous plasma to which a one fourth
volume of 209 albumin had been added Normal corpuscles when
trypsimized were also agglutmated by the patients plasma particularly
1n the presence of bovine albumin Dausset beheved that his patients
had formed doubly 1 which he d
haye two non reactive 1alences

Foster and Hutt (1953) have recently made some 1nterestmg observa
tions on a possibly non specifie antibody 1n the serum of a patient
suffering from Hodghin s disease and hemolytic anemia Normal
group O corpuscles were agglutinated at 37 € n both salne and
albumin dilutions of the patient s serum to approximately the same
titres However when trypsimzed corpuscles were used it was found
that although strong agglutination followed the use of crystallme
trypsin no agglutmation took place when comparable amounts of crude
trypsm or chymotrypsin were used wnstead of the erystallme varety
Tius was thought to be due to the antigen sites bemng destroyed by the
chymotrypsin  The exact specificity of the antibody was unfortunately
not determined

Less commonly the warm antthodies of acquired hemolytic
anemia although sensitizing normal corpuscles to antiglobulin
serum fall to agglutmate trypsmized corpuscles This was
obseryed 1 three out of the 80 patients mnvestigated by the author
using normal corpuscles acted upon by crystallme trypsmn as
deseribed by Dacte and de Gruchy (1951)

The reactions of one of these patients may be quoted as an
example Normal corpuscles sensitized in her serum or n an
eluate made from her corpuscles were agglutinated quite strongly
by an antiglobulin serum but the same corpuscles when trypst
mzed were only very weakly agplutinated by the patient s serum
and not agglutinated at 2l by the eluate made from the patient s
corpuscles The antibody 1 this case appeared to be a non specific
one
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trypsimized corpuseles but do not sensitize cells to the antiglobualin
test sce p 23TWF Kt seerus thercfore probable that thus type of
hrmolysin s additional to and se parate from the actual antibodies
wlich are responsible for erythrocyte destruction 1 tito

Tt was especially interesting to find this type of warm haemoly sin
n four patients sufferng from hemolytie anenua of the wold
antibody type—in one patient the homalytic anemu was secon
dary to virus pneumonia 1n the other three patients it was of the
whapathse type

The scrum of one of these latter patients (Case 13) has been stud: d
the most the Iyt factor being present in approximately the same
concentration n wany saroples of serum examined over o three year
petiod The factar appents to be  non speafie  ‘The optimum pil
for lyss i3 between pil 6 4 and 7 0 but the range of pIf within winch
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Yiarm Heamolysins

As already mentioned (p 185) warm hemolysins have but
ravely been reported in the sera of patients suffering from acquired
hemolytic ancemia It should be added that the mere demon
stration of rapid autohmmolysis i ritro 15 no proof that the
hamolyss 1s brought about by complement and antibody Rapid
autohzmolysis may be due for instance to the rapid lysis of
spherocytes A distmgwishing feature 1s that the lysis of sphero
cytes will take place even 1f complement 1s nactivated as for
mstance when anticoagulants such as heparn are added to the
blood (e g Cases 11 and 12) Nor can the presence of a warm
hemolysin as oppased to the cold varety of more frequent
occurrence be considered to be proved unless the tests iz titre
have been carried out with sera and erythrocyte suspensions
which have been carefully warmed to 87 C before mrung a
pomt of technique which has seldom been mentioned

However it can hardly be doubted that warm hamolysins do
exist The author has studied one patient whose serum contamed
an antibody capable of hemolysing normal corpuscles at an acid
PH (Dacie 1949a) 1n addition to several other patients whose sera
contamed hemolytic factors demonstrable by means of trvpsimized
corpuscles andjor PNH erythrocytes but not by normal
corpuscles (Table 7 p 192)

The hzmolysin 1n the serum of the patient reported by Dacie (10493)
was thermostable although barely active 1n unacidified serum it
caused defimte and rapid lysis of the patient s corpuscles or of normal
corpuscles 1n the presence of complement if the serum was swtably
acidified The effect of pH 13 shown mn Fig 74  the optimum pH for
haemolysis was about pH 67 with inhbition above pH 8 0 and below
PH 62 Actually the inhibition at pH 6 2 and below appeared to be
due to ihibition of complement as the Iysin itself seemed to be adsorbed
1ncreasingly well as the serum was made more acid (Fig 74) This
patient s serum even if dified b lysed tryp: normal
erythracytes to a titre of 256 and PN H erythrocytes to a titre of 64
at37 C

The sera of six other patients eaused mmor or major degrees of

15 of try 43 three (unacidified)
sera also caused the hemolysis of PN H corpuscles but none of them
hemolysed normal corpuscles even if acidified to pH 6 5 to 7 0

The sigmficance nature and speafiaity of the factors which
hemolyse trypsimized or PN H erythrocytes but which do not
cause the lysis of normal unmodified corpuscles are unhnown
They are pr bly of httle patk tic 1mportance (they

appear to be similar n this respect to antibodues which agglutinate



REVERSIBLE AGGLUTINIA 245

two hemoly tic fictors were present i different proportions it scems
at least as hkely that a subtle difference in the  fit  of the hxmolysin
m relation to the receptor surfaces of the different hinds of erythrocytes
1 the exphmation

The hemolytic factors deseribed 1n the p ding h
probably differ sigmificantly from at least tno other factors
capable of hemolysing trypsimzed normal corpuscles or P\ I
erythrocytes at 37°C  One type of lysin 1s the cold antibody the
thermal range of which just reaches 87 C (see p 223)  the other
type was referred to by Dacie and de Gruchy (1921) as occurring
1n the serum of a patient (not suffering from hemolytic anxmia)
who was m climeal and hematological remussion after recening
treatment for permictous angmua with vitamin B,  This lytie
factor was recently described in more detail by Hurley and Dacie
(1953) At 87 C 1t hemolysed trypsimzed normal corpuscles
but not PN H 1t was thermolabile bemng apparently
destroyed by heating at 56 C for & minutes and it was active
only between a narrow pH range (pH 6 6 to 8 5)

This hemolytie factor appears to be similar 10 properties to the
bl which and {1931) demon
strated to be present 1n many normal sera but with the difference that
the serum of the patrent studied by Hurley and Dacie contamed a far
greater concentration of the factor than usual It can be distingushed
from the hemolysins found 1 ihe sera of patients with acqured
hemolytic anzmia by 1ts thermolability 1ts more restricted pH range
its specificty for trypsimzed erythrocytes (it should be sdded
however that several sera from patients with acqured hemolytic
ancemia lysed trypsinized but not PN H erythrocytes) by the aggiuty
nation 1t causes bewng reversible and by 1ts not bewng associated with
hrmolytic anzmia
Antilytic Effect of Normal Serum  Dameshek and Schwartz (1638)
and Farrar Burnett and Steygman (1940) reported that normal serum
was capable of neutralizing the hzmolysing present in the sera of the
patients they studied The sigmificance of these observations 18
uncertain The author has not observed any major degree of inhubition
by normal serum of the lysis of trypsimzed corpuscles by warm haxmo-
Iystns  the sera have m fact been titrated using fresh normal human
serum as diluent that of Case 13 bemng notewortby 1n not causing any
1ysis unless diluted with normal serum owing to its very low content of
complement In one patient (Case 21 p 310) howeier substantally
lese Iysis but not inhibiion sesulted when the patients serum was
diluted with an equal +olume of normal serum mstead of with salne
Inhbition of Ag lutination by Normal Serum  There are indications
that normal human serum may wnhibit other manifestations of antibody
action 1n certan cases Denys and van den Broucke (1947) reported
that the of normal to serum by
the serum of the patient they wnvestigated was shghtly dimunished
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113 actine 18 comparatively wide (Fi, 75) The lytic factor 1
t}r\ennostab!e and withstands heating foi 8& mmzxtps at 5sytc and lysI:
af bath trypsinized and P N H erythrocytes can be shown to be aceons
panied by utilization of complement

Other patients in whom warm haemoly active agamst trypsumnzed
corpuscles have been 1dentified have been deseribed by Dausset {19073}
nm{) Rosenthal Komminos and Damesheh (1953) ‘The patient referred
:.g y Dau set {(1052a) was an elderly man suffering from careinoma of

¢ prostate and hemolytic anenua  n his serum were 1dentified an
mcomplete warm antibody a cold ag lutimn at o titre of 512 and &
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erythrocvtes by o Warm hemolysin in the serum of a patient
suffenng from an 1diopathic acquued hemolytic anema

(Case 13}

L

hemolytie factor active ngamst trypsitized corpuscles ‘The patient
of Rosenthal and co workers (1953) was n woman nged 83 yesrs
Several different antibody components were found in her serum
ncluding & hemolysin active agmnst trypsimzed corpuscles bat not
agamst normal corpuscles and  hipoid antigen  antibodies giving &
positive hahn test

Subtle thifferences between the hamolytic factors in the sera of
Aiffcrent patents were descbed by Dame and de Gruchy (1951}
They showed for instance that when two scra were titrated side by
side one serum lysed PNTT erythrocytes to o higher titre than
trypsmized pormal corpuscles whilst with the other scrum exactly the
opposite happened It is not thought that this necessanlty means that
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agamst human serv known to contain cold agzlutining active agunst
human erythrocytes at patholomcally rised titres (1.8 to - 018) In
most eases the obseryed titres agunst the animal corpuseles scemed to
be ndependent of the presence or absence of cold antibodies active
agamnst human cells However agglutination of monkey erythrocytes
occurred more regulirly and m lugher titres in sern containing anti
human cold m rased reversal at 37 C
was ususlly A showed that whereas
absorption with rabbit corpuscles resuited in a significant fall 1 the
titres against human and gumea pig corpuscles as well as agamst auto-
Togous cells absorption with human or guinea pig corpuscles had hittle
effect on the cold agghitimin titres for heterologous cells
These observations were extended by Millet and Fincler (1046) who
found that 1t was imposstble to absorb cold agglutinmns from human
serum by menns of rabbnl gunez g or ox cells  They showed
however that this speaficity depended upon surface antigens for if
erythrocyte stromata were tsed instend of intact corpuscles species
specificity disappeared
Viener Gordon and Gallop (1903) studied three patients whose sera
d n raised All three patients
had an acquired hemolvtic anemia  1n two of them this was secondary
p or The wete found ta
react strongly with Rhesus monkey spider monhey pig and rabbit
erythroeytes but only weakly or not at all with chimpanzee cow horse
or sheep cells

Specificity of Reactions with Human Erythrocytes There
15 probably still much to be learnt about the reactions with
dufferent types of human corpuseles It ts already clear though
that 1t 15 an over simplification to refer to the antibodies as

non spectfic  without any qualification  For one thing there 1s
an as yet mncompletely defined relationship with the ABO group
system 1n respect of the agglutinability of corpuscles by some
vaneties of cold antibodies Morcover there are certain well
known antihodies of definte specifiaty such as «, and @, and
ant1 P which act as cold antibodies and which may be confused
with cold antibodies of less defimte specifiaty (Dockeray and
Sachs 1941)

There are indications n the literature that group O erythrocytes
are often more strongly agglutinated than corpuseles of groups
AB AorB This was so with the serum mvestigated by Boxwell
and Brgger (1931) and with seven out of nine sera investigated by
Finland and co workers (194,) On the other hand Turner and
Jackson (1943) and Young (1946) found no sigmficant differences

Stratton's (1943) observations were more remarhable He
nvestigated five sera four of them from patients with infections
or malignant disease and one from a patient suffering from
acquired hzmolytic anemia with Raynaud s phenomena  The
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by the addition of normal serura  YWhether this 1s a constant pheno
menon has yet to be established More remarkable were the observa
tions made by Hem and Blessing (1952) on a patient suffering from
chrome lymphatic leukemta compheated by haemolytie anemia This
patient s serum contamned an apparently non specific agglutinating factor
active m saline dilutions to a titre of more than 32000 at 0 C and
256at42 C However 1t was mhibited particularly at higher tempera
tures by the presence of fresh normal human serum with the result that
no auto agglutination took place at 87 C although the erythrocytes
underwent spontaneous agglutingtion mm saline 'The factor 1 normal
serum inhibiting agglutination was 1dentified as an albumin  The
nature of the most unusual agglutinating factor 1s unhnown 1ts
actiity was lirgely dependent upon the presemce of thermolabile
fractions of complement The patient s serum 1tself was deficient in
both y globulin and complement

COLD ANTIBODIES

Species Specificity  Several studies have been carned ont
on the reactions of the erythrocytes of different spectes to the
cold antibodies present i the serum of patients recovering from
VITUS P or suff from acquired hxmolytic anema of
the cold antibody type No clear picture emerges It appears
that although the cold antibodies are mamly specific for the
human species there may be a certain amount of cross reaction
especially with monkey rabbit and guinea pig erythrocytes

Clough and Richter (1918) studied 2 patient who almost certwinly had
suffered from virus pneumonia and found that the patrent s serum con
tamed cold agglutinins agamst Tabbit guinca pig hen sheep cat and
pig cells as well as aganst human corpuscles  absorption with either
rabbut or human erythrocytes removed the agglutimins acting on both
types of cell

Turner and Jackson (1948) carried out & more extensive study on
the sera of seven patients  Heterospectfic cold agglutimns active agatnst
rabbit mouse guinea pig horse and sheep corpuscles were present
each serum but equally powerful hetero antibodies were found i
normal sera not contaimny high titre cold agglutinms active aganst
human erythrocytes luates mto warm saline obtamned from hum1in
corpuscles sensitized 1n the patients sera m the cold were next tested
for specifieity  rabbit and human cells were found to be agglutinated
to about the same titre and guinea pag and pig erythrocytes to low
titres  On the other hand absorption experiments showed that the
ant1 human agglutinins could be removed without affecting to any

p degree the £ the heterol erythrocytes
except possibly that of guinea prg corpuscles

I‘x?rﬁll)er stuﬂles wereg:arnedp éut by Finlind Peterson and Barnes
(1945) Like Lurner and Jackson they found that Theterospectic
agglutinins existed 1 many normal human sera and that of the species
they studied rabbit corpuscles were agglutinated to the highest titres
Firland 1 eterson and Barnes also tested o panel of ammal corpuscles
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than were the group O and B corpuscles  the group A, corpuscles
behased in an it way in y were
however shght and not at all comparable with the differences reported
by Crawford Culbush and Molhson (19.3) in respect of the incomplete
cold antibodies found 1n normal sera 1Y positive and IY negative human
salna resp 1y were added to the el u evidence
was obtained that the antibodies were inlubited Ly H substance at the
concentrations nonmally present i salive

Cold Agglutimns

Tiire and Thermal Range Cold agglutimins may ewst m
patients sera In relatively enormous concentrations beiny,
detectable m rare instances as for instance in Case 14 n sera
diluted 1 m 61000 or even morc using normal corpuscles and
carrying out the titrations at 2 C It 15 charactenistic of cold
antibodies that the agglutmm titre 1s sharply reduced with nise
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agglutinating antibodies m three of the sera behaved exactly as
if they had ants O (H) specifieity  the antibodies m the other two
sera seemed to be non specific  Amongst the latter was the
serum of the patient with acquired hemolytic anzmia which
agglutinated A, cells and O cells to rdentical titres

Bird (1951a) mvestigated a patient with acquired hemolytic anemia
whose serum contamed an apparently non specific cold agglutinin
He found that if this serum was absorbed with the patients own
{group AB) corpuscles 1t then ceased to agglutinate O A'and B celis as
well as autologous cells However when the serum was absorbed with
group O celfs 5o that 1t was no longer active agamst O cells agelutining
perststed wiuch still reacted with A B and the patient s cells Bird s
expenments 1n fact suggested that ths particular serum was a mrxture
of ant: O snt1 A ant1 B and ant: patient s cell components A simtlar
combination of components was stated to be present n seven other
group AB sera studied 1n the same way

Later Bird (1951b) reported that when four group B sera con
taming cold agglutimins were absorbed with group O cells the subse
quent titres agamnst A and B cells actually imcreased as did ther
thermal amplitude Whether this means that ant1 0 agglutiuns
may 1n some way block activity against A and B cells remams to be
seen If this were so 1t would provide a possible explanation for the
lower titres reported mn some cases agamst A and B cells (e g Stratton
1918) DMore tecent work (Bird 1953) indicates however that absorp
tion with group O corpuscles usually Temoves all the supposed compo
nents of a cold Brrd d that cold auto agg
possess multiple combining sites which may render 1t mmpossible to
separate the various components (if in fact they exist)

Crawford Cutbush and Molison {1953) have alko shown that
dufferences between corpuscles 1n sensitivaty to apparently non specific
cold antibodies may depend on ABO group differences Viorking
with the normally oceurring mncomplete cold antibody (Dacie 1920b)
they were able to show that the antibody had anti H speaifiuty the
sensitivity of normal corpuscles to the antibody bewng m proportion to
their H content 1€ O cells were strongly sensitized A, cells shghtly less
strongly B cells moderately strongly and A; cells weally ~A,B cells
were not sensttized

The author has studied the cold antibodies m the sera of ten
patients with acquired hemolytic anzmia of the cold antibody
type with particular reference to thew reactions with corpuscles
of different ABO groups However no definite evidence of spect
fieity was obtained with any of the sera

Group O corpuscles were sensitized 1n the patients sera mn the cold
and then washed several times 1n 1ce cold saline  Saline eluates were
then made ot 37 C The ability of the antibodies contaed mn these
eluates to cause agglutimation and sensitization to antiglobulin serum
was tested usimg corpuscles of groups O A, A;and B respectively On
the whole group A, corpuscles appeared to be shghtly jess sensitine
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than were the group O and D corpuscles the group A, corpuscles
behaved in on intermedite way  The dilfferences i sensitivity were
howeser slight and not at all comparable with the differences reported
by Crawford Cutbush and Mollison (1923) 1n respect of the ncomplete
cold antibodhes found in normalsern I posstive and B negative human
salina respectively wereadded to the eluates but noconvineing evidence
was obtained that the antibodies were mhilnted by I substance at the
concentrations normally present jn saliva

Cold Agglutinins
Tatre and Thermal Range Cold agglutimins may ewsst n
patients  sera in relativelv cnormous concentrations  bemny,
detectable m rare mstances as for instance 1n Case 14 m sers
diluted 1 m 64000 or even more using normal corpuscles and
carrving out the titrations at 2 C It 1s charactenstic of cold
antibodies that the agglutimn titre 15 sharply reduced wmith nise
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n temperiture  usually the greatest reduction n the actiitv
of antibodics present in pathological concentrations tahes place as
the temperature 15 rased from 20 to 25 C (Fig 76) Almost
always agglutmation (of normal corpuscles) 1s abolished at a
temperature of 80 to 32 C  Exceptionallv antibodies are
encountered with a relatrvely low titre at 2 € but at the same
time with a lugh thermal range  In the author » experience antt
bodies of this tvpe are rare in acquired hemolvtic anzma {see Case
21)

Effect of pH  Varation in pH between the range 8 5-6 0 makes hittle
difference to the agghutinin titre whe n a serum contamng cold antibodies
1s titrated using normal corpuscles  Inmost sera however the ntensity
of agglntmation n strong concentrations of serum 1s reduced by aadifi
cation to pH 6 5

Agglutmation of Trypstnr-ed Normal {T N ) Enythrocytes and P NH
Corpuscles  As already mentioned TN erythrocyles are very sus
ceptible to agglutination by cold antibodies ~The apparent g, lutiun
titre of a serum 1s raised fourfold or more by their use and the thermal
range of the antibody extended upwards P NH corpuscles are not
agglitinated more strongly than are normal corpuscles but as will be
demonstrated subsequently they very readily undergo hxemolyss i
sera contammng cold antibodies

Cold Hemolysins

The Lffect of pH  Using Normal Erythrocytes Tt 1s usually pos
sible to d rate that a serum cold agglutimns at &
titre of 1 000 or overat2 C 15 capable of causmg the lyss of normal
corpuscles Nevertheless even wath very high titre sera hitle or
no hemolysis of normal corpuscles may be demonstrable tn tifro
if the sample of serum 1s collected and mamipulated without
regard for loss of carbon dioxide Under these circumstances the
pH of the serum will rise to about pIT 80 However 1f the pH s
readjusted to the physiologieal level (pH 7 3-7 4) by the addition
of acid some haxmolysis can often be demonstrated  The optimum
reaction for hemolysis 15 usually m the region of pH 65 to 68
haemolysis 1s inhibited at the acid side of pH 6 0 (Dacie 1950a)

(g 77 (A))

The adsorption of a typical aed hemolysin
with dunsmishing pH At any rate as far as pH 58 (Fig "7 (1))
upacidified serum no adsorption appears to take place However this 3
actually more apparent than real for hmmolytic antibody can be
demonstrated in eluates made from corpuscles sensitized 1t the cold
n unacidified serum (see p 255) .

The expeniment illustrated 1 Fig 77 shows that the smount o
hemolvsin bed from serum app Ty with

1ncreases_steadily
In
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aadity  “Nevertheless if o pil hremohss  curve  Is constructed
(ig 77 {A)) 1t is usunlly obsern ed that hittle or no hrmolyms takes
phice Lelow pIE 6 Ths is apparently duc to inhilation of the hiemolytic
Bction of ferum romplement below pil 8 sy I3 demonstsated
F C]

"’:l‘l::t-(ﬂgds of pIf on hrmolysis as described abov e and as illustrated
1n Fig %7 arc not entirely constant  slthoush acidification generaily
merenses hemolysis and 1 usually essentiol for the hamolysis of
Rormal 3 m g hias fess effeet or
even results n some nlubition of hemolysis ke been encountered
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Fic "7 The effect of pil on the ham lysi of normal trythrocyles
by & Bigh itre cold antibody
A = eftett on observed hxmolysis
B = effect on the adsorption of the hxmolyun
€ = effect on the scti 1 of buman serum complement

Tor instance whilst the hxmolytic antibodies 1n the sera of all sexen
patients sufferin;, from heemolytic anemin after virus pneumoma were
of the typieal acid  type the antibodies 1 two out of the mix sery
obtained from the patients sullering from 1diopathie acquired hemolviie
anzmia with Rayvaud s phenomena were atypical In one pati ny
(Case 1 of Ternpuan ef of 1951) although the amount of hemalysis of
normal corpuscles was increased by acdification a moderate amount
was regufarly caused by unacidified serum  The other serum was more
unustal still for st hemolysed normal corpuscies By 50 € rnote
actively at pIT§ 0 than ot pEl 6 u (Tablo 14) A sirmilar case to this was
publshed by Bonmn (1944)
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in tomperature  usually the greatest reduction m the actnity
of antihodies present 1n pathological concentrations takes place as
the temperature 1s rased from 20 to 25 C (Fig 76) Almost
always agglutination (of normal corpuscles) 1s eholshed at a
temperature of 30 to 82 C  Exceptionally anttbodies are
encountered with a relatively low titre at 2 C  but at the same
time with a ligh thermal range Inthe author s experience anti
bodies of this type are rare m acquired hemoly tic anemia (see Case
21)

Effect of pH  Variation in pH between the range 8 5-6 0 makes little
dufference to the agglutimn titre when a serum contaimng cold antibodtes
15 titrated using normal corpuscles  Inmost sera however the intensity
of 100 1n strong of serum 15 reduced by aaidifi
cation to pH 6 5

Agglutination of Trypsinwed Normal (T N ) Erythroeytes and PN H
Corpuscles  As already mentioned TN erythrocytes are very sus
ceptible to agglutmation by cold antibodies ~The apparent agglutiun
titre of a serum 1s raised fourfold or more by their use and the thermal
range of the antibody extended upwirds P NI corpuscles are not
agglutimated more strongly than are normal corpuscles but as will be
demonstrated subsequently they very readily undergo heemolysis 1
sera contaiming cold antibodies

Cold Hamolysins

The Effect of pH Using Normal Erythrocytes 1t 15 usually pos
sible to demonstrate that a serum contamng cold agglutimns at &
titre of 1 000 or overat2 C 1s capable of causing, thelysis of normal
corpuscles  Nevertheless even with very ugh titre sera Little or
no hemolysis of normal corpuscles may be demonstrable wn tiiro
if the sample of serum 1s collected and mampulated without
regard for loss of carbon dioxade  Under these ctreumstances the
PH of the serum will nise to about pH 80 However if the pH1s
readjusted to the physiological level (pH 7 3-7 4) by the addition
ofacid some haemolysis can often be demonstrated The optimum
reaction for hemolysts 1s usually 1n the regton of pH 65 to 68
hxemolysis 1s mhibited at the acid side of pH 60 (Dacie 19.0a)
(Fig 77(A))

The adsorption of o typical acid hemolysin  increases steadily
with dimmishing pH at anv rate as far as pil 58 (Tig 77(B)) I»
unacidified serum no adsorption appears to take place However this1s
actuslly more appirent than real for hemolytic antibody can he
demonstrated 10 eluates made from corpuseles sensitized 1 the cold
n unacidified serum (sce p 255)

The experiment Mlustrated 1 Fig 77 shows that the amount of
hemolysin absorbed from serum spparently 1ncreases With increasing



243

Sexsrrovrry oF T NH - LRYTHROCYTES

ssA] Jo 502280p 29553 T pue ++ + + 4 #1s(] 239dwod Jsowe s30uap ++++

° ++ +++ +++ ++t ++ c9
° Ed ++ + 44 Aot ++ 08 HAJ

o [ [ [ ° F 50
[ 0 0 0 [ 0 08 IPusoN

110 000 00111 006 01/T 000 1/1 oatft out
e i msm
ey MW G T

1d fo paffs ayi puv (1561 18 99 uvwisriayg fo g 950 Jo wnass ay3) fipoq

yup pioa gy 4ty v fig sishjowny of safisonghee [ N J puv puou fo Apnpsuss 2wpps 3y gL ATAV



REACTIONS OF AUTO ANTIBODILS IV VITRO

252

sts{[oway a3ruyap 3nq pavrew 889] T PUT - 15 {[owr1] payiLw sajoudp + +

0 [ so0ay + ++ [ 0 €0
0 F + F+ ++ 0 o 08 oy
[1] ] somay + ++ ++ 0 cg9
0 0 o 0 [ 0 0 08 wg
Tonueg $0LUT 08 Wi Uy srwt o sut
nd )

wmnz98 8 9u 1yed jo suop) 1K

2y Fpoquun pios ayz fo viupuv sujowny paanbov wosf Furiaffns

of pup wg spuayod ovy fo viss sy Ag sufi;

yifiaa pousiou fo

4 o1 we fd fo paffe 4y wnavy,



203

Seasrrvrmy ofF PN H - ERYTHROCYTES

$1x€] Jo sa0aSap 228 F pue ++ b+ 4 spesg 29pdiod 1sow[e 8j0uIp ++++

o e et ot 4t ++ T
° £ A et T4t +4 08 AT
° 0 0 0 o F $0
0 [ ° 0 0 o 08 TouoN
e it | waont 00 11t oor/t ot
né JUTEnY

ety fiwdd WD U

1 fo waffs s puv (1501 (U 30 upuMDL Jo g a0 Jo tunse o)) fipog
Jo fipupsws awops ML S1 FTAVY,

yup proa iy v fig sishousany o3 sfoonphiad Jp N d PRV ouou



REACTIONS OF AUTO ANTIBODIES IV 1ITRO

stsfjowa.f 931uap Jnq payrew ssaf F pue 4 S1S{QowIRY poravu $330U9p +

] 0 013 + ++ [ ] eg

0 F + F+ ++ o [ 08 Oy

o 0 soeny -+ ++ ++ 0 €D

0 0 [ 4 0 0 0 08 wg

10 wog vorm 9T T wu EIERY Pt Wt
ne o5
WaA 6 9u2)3 d Jo suolIniiQ
adfiz fipoguun poo ayz fo vuwun syfijoutoy pannbop woyf Furazffns
‘oJu puv wg spuaynd oy fo vass ayp i safooupfiee ruiou fo sishjowdy sy ue frd Jopaffaoyy 31 atavy



Ansonrrion o CoLp ANTIBODIFS 255

Iante 16 The effect of heating sera contaimng high titre cold
antibodies on the ability of the sera to cause the hamolysis of
normal and PN H erythrocytes respectively

I Hamolysis after 1 hourat 17 €
I After washing an saline the corpuscles left unhamolysed at
the end of I and then re suspending 1n fresh normal serum
and incubating at 87 C for 1 hour
The sera were acidified (pH G 5) when fested with the normal
corpuseles but unacydified (pli 8 0) when tested seath the PN 1

corpuscles
Erythrocy tes
Cos 8 rm ol ry¥m
t u n

1a Ileated o ++ L] ++
Not heated ++ 4

Ma Heated o trace 0 +
Not heated 0 ++ +

st Heated o o o +
ot heated o trace +

Da Heated 0 0 ° +
Not heated ++ ++

1 Heated o + o ++4
Not heated ++ e

44 denotes marked hemolysis and -+ a definite but lesser degree of
hrmolysis
denote no observation

PNH corpuscles suceced 1n domng so even from unacidified
nactivated sern  However 1t can be shown by making eluates
mto warm saline from normal corpuscles exposed to patients
mactivated sera that potentially hemolytic antibodies are 1n fact
adsorbed 1n the cold irrespectnn e of whether the serum 1s fresh or
mnactivated or unacidified or acidified to pH 6 5 (Table 17) 1t
seems that heating affeets the apparent adsorption of the anti
bodtes by destroying the th labal of )!

and that 1t 1s the destruction of complement that leads to a
partial or complete fmlure of firm umon between the normal
erythroeyte surface and antibody with the result that antibody
1s rapidly eluted from the cells when the temperature 1s rased
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Using Trypsinized Normal (T'N) Corpuscles and PNH
Erythrocytes  As with normal corpuscles actdification tvpcally
1ncreases both the amount of hzemoly sis obsery ed and the apparent
titre of the serum  However whereas hamolysis 1s generally not
ciscernible at all when normal corpuscles are suspended m un
aadified patients sera haemolysis readily takes place m unacidified
sera when TN or PN H corpuscles are substituted  The effect
of pH 1s illustrated 1n Table 15 The very greatly mereased
sensitivity of PN H corpuscles to hemolvsis by this type of
antibody as compared with normal erythroevtes 1s also well
shown

The Effect of Heating and the Need for Complement  The cold
antibodies causing hemolysis are thermostable 1€ they are not
destroved by heating, at temperatures of 50 C to 58 C for as
long as 80 minutes However as has been ob erved with hemo
lysins of the Donath Landstemer type (see p 276) the presence
of fresh unheated serum 1s more or less essential for the firm
adsorption of the heemolytic antibody when corpuscles are senst
tized 1 the cold The serum components necessary for antibody
adsorption and hamolysis appear to be components of serum
complement (see later)

It 13 easy to demonstrate that complement 15 Temoved {rom serum
when normal_corp are hemolysed by cold at the

prop: and In one exp the ) t
titre was sigmificantly reduced when the hxmolysis test was camed
out at room temperature (17 C) and the serum acidified to pH 65
There was also probably minor fixation of complement 1n unacl
serum at 17 C but no fixation 1n acidified or unacidified serum at
87 Cor2 C

‘The Telative mmportance of the presence of complement dunng

at room P (1~ c) nyvestigated using five
different sera  The results are recorded in Table 16 In every instance
except one (Case Pa ) more hemolysts was produced when the test cells
were chilled 1n the presence of fresh serum than when the serum ha
been previously mnactivated by heating at 56 € Moreover n ot least
two mstances no hemoly sis resulted when normal corpuscles after being
sensitized at 17°C 1n mactivated serum_ were ly incubated
at 87 C m fresh normal serum  Nevertheless the differences between
sera after mactivation appearcd to be quantitatu e rather than qualita
tive for when trypsinized normal (T N ) corpuscles or more especially
PNH erythrocvtes were used the mmical effect on lysis of beng
sensitized 0 heated serum was always overcome to a greater or lesser
extent

The results recorded 1n Table 16 suggest at first sight that
normal corpuscles may farl to adsorb hamolytte antibodies from
aqdified mactivated sera (eg 1n Cases Sl and Da) whereas
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Tantr 16 The effect of heatng sera containing lagh titre cold
antibodtes on the ability of the sera to cause the hamolysis of
normal and PN I eriythracytes respectirely

1 Hamolysis after 1 hour at 17 C
II After washing sn salne the corpuscles left unheamolysed at
the end of I and then re suspending wn fresh normal serum
and incubating at 37 € for 1 hour
The sera were acidified (pIL 6 5) when fested wilh the normal
corpuscles but unacidified (pH 8 0) when tisted sesth the I N I

corpuscles
E ythroeytes
Case Beruan Normal ‘ PYH
1 n 1 i

Ta Tleated o ++ 0 ++
Mot heated ++ s

Ma leated 0 trace [ +
Mot heated 0 ++ +

st Heated [ o o +
Not heated 0 trace +

Da eated 0 o 0 +
Not heated ++ s

14 I ated o + 0 4
Not heated ++ ++

4+ denotes marked hemolysis and + a defimite but lesser d gree of
hemolyss

denotes no observation

PNII corpuscles succeed m doing »0 even from unacidified
nactivated sera  However 1t can be shown by makmg eluates
into warm saline from normal corpuscles exposed to patients
1nactivated sera that potentially hemolytic antibodies are 1n fact
adsorbed 1n the cold urrespective of whether the serum 1s fresh or
Inactivated or unacidified or sesdified to pH 6 5 (Table 17) It
seems that heating affects the apparent adsorption of the anti

bodies by destreying the th L p of 1!

and that it 1s the destruction of complement that leads to a
partial or complete farlure of firm union between the normal
erythrocyte surface and antibody with the result that antibody
1s rapudly eluted from the cells when the temperature 1s raised




PE4CTIONS OF AUTO ANTIRODIES 1\ FITRO

HOHBI} UIS 00Ty 9y3 10} 531 K901 H N I PUR BONBIT) WIGnNEFn oy of pasn sias sapLo0nAs fuuLION

sts{owrmy 0 uorEUNIZE 93tuydP I0q YEI S20UID T
sisKjouraz1 10 UoreInITE s3j0u0p 4

0 o ES + + H WIS paway s Juanged
0 0 T ES + v ur pazysuds  sapsndio)
° ° = + + " umass ysasf & quatjud
° ° a0v13 + + v w peztjsuwas  sapsndio)
fonuon AW ERE 3 Wi 8wt
(m) &t Afomag s e jo samog

5

I jo wopuna

{v}u pvupoEay

(16T [® 30 uvwrseoq fo g asny)
puv ysaifur 9 gy

£

poquuD proz aupg Yy

wnazs » fo sapduins pa upows way we
ypfies wouf paipdaud spng auns v fo juopos Aipoquup oy 21 WAV,



RoLE oF COMPLEMENT FRACTIONS 207

The degree of fatlure of firm fixation of antibody scems to vary
from one scrum to another and as has already been mentioned
PNH enthrocytes and to a lesser extent trypsmized normal
corpuscles can adsorb antibody effectively even from heated sera

Using complement fractions 3 of human serum and 1.\ 11 corpuscles
1t could be shown that 1 and C - and C § (and presumably C 1) were
all required for the fixation of the antibody snd hemolysis €1 was
found to be more jmpartant than € - 1 1he cold phase and €2 and C 4
to be essential for haemolysis in the warm phase  C 4 did not seem to
be essential In the col L phase nor C 1 1n the warm phase  The role of
€3 was not determined 1 NI erythrocytes were abo found to
ad-orb a certain amount of antibody 1t = m the comy lete alwence of
complement frctions (the neces ity or otherwise of € 3 was not deter
muned) for hxmolysis took flace on warming provided that the cells
w re then suspended in whole unacidified fresh normal serum

Iluman scrum has generally been empl yy ed os a sotrce of complement.
mn of the type above Guinea pig serum will
serve but 1t 1s less satifsctory than human serum when PN L
corpuscles are u ed because i1t contains heterolysins to which these cells
are extremely sensitive

The Fffect of Temp on the tdsorption of Hamolyic Cold
Antibodies  Using Normal Corpuscles The upper thermal hmit
at which a haxmolytic effect can be demonstrated corresponds
quite closely with the highest temp at which 1on
takes place  As already mentioned 1t has been possible in all the
cases studied to demonstrte hemolvsis at 20 ¢ and m most
cises even at 30 C

It has been repeatedly observed however that Ittle or no
hemolysis may follow chilling suspensions at 0 to 2 C before
they are warmed at 37 C whereas duphcate suspensions not
cooled below 15 € mav undergo marked hxmolysis It seems
possible that this 15 due to the more intense agglutation at 2 C
preventing the adsorption of 1 and the
firm fixation of the antibody on to the cells

The sunplest and most practical way of demonstrating the
hzmolytie activity of the antibodies 1s undoubtedlv to set up
suspenstons n acidified (and unacidified) serum at room tempera
ture (15 t020 C) This temperature is suitable for the adsorption
of the antibocies and not cold enough to inlubit the lytie activity
of complement Schubothe (1953) treating the antibody as a

monophasie lysin showed that s patient s serum caused maxa
Compl ment fract ons of human serum were g nerously supplied by Dr

R R A C1 and C ™ were prepared by ammonium sulphate pre

eipitation followed by dialysts and C 4 by ammonia mactivation as des nibed

by Coombs Blomfield and Fulton Roberts (19 0}

» oI E BNOL 4 EXUS
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IrcoMPLETE COLD ANTIRODIES 259

mum lysis at 23 € at this temperature Jysis commenced
within 10 seconds of adding the cell suspension to the serum

Incomplete Cold Antibodies

Dacie (1950b) reported that an mcomplete type of antibody
could be demonstrated to be present by means of the antiglobulin
test i man) f not m all normal sera  As already mentioned
these bodies have anti ¥ sy {Crawford Cutbush and
Mollison 1903) Dacie referred to the fact that the antibodies
could only be detected 1n fresh serum and that the presence of
anticoagulants aswellasheat mactivation prevented sensitization
He also reported that the incomplete antibodies once adsorbed in
the cold remained adherent to the erythrocytes even if they were
repeatedly washed 1n saline at 37 € despite the fact that cold
agglutinins were readily eluted by this procedure Antibodies
with generally similar but not 1dentical properttes are present at
Iugh concentrations n sera contaming high titre cold agglutinins

The Effect of Temperature on Elution of Incomplete Cold Anty
bodies It can be shown that meomplete antibodies of both the
normal and pathological types are not readily eluted unless the
temperature of the saline in which the corpuscles are suspended 13
raised above 48 ( Moreover repeated washing at 87 € removes
no more antibody than does washing in saline at 15 C

The actual agglutination by antiglobulin sera of corpuscles
which have adsorbed incornplete cold antibodies takes place at
least as well at 37 ( as at lower temperatures

The Fffect of inticoagulants The effect of anticongulants n
nhibiting the adsorption of mcomplete cold antibodies 15 1llus
trated m Table 18

The Lffect of Healing at 56 C  If a normal serum 1s heated at
56 C for as little as 5 minutes 1t loses 1ts power of coating
corpuscles with incomplete cold antibodies  This 1s also true of

pathological sera in which cold antibodies are present in greatly
raised concentratrons

The effect of heating 1 not satisfactonly explained on the hypothesis
that are th It 13 possible to restore

at least partially the activity of a heated serum by the addition to 1t
of & fresh serum from which the naturally occurring mcomplete cold
antibodies have been absorbed (Table 20) = However complete restora

tion of Activity has never been observed as the result of adding a fresh
serum 10 a heated serum It 15 therefore possible that heating at
56 € does mn fact result i partial destruction of the antibody or

alternatively that heating causes some inubition of adsorption m a
more subtle way

[
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The apparent titre of an incomplete cold antibody 15 raised
significantly by titrating the serum m a fresh normal serum
contaming hittle or no ncomplete cold antibody instead of 1n
saline This 1s lustrated in Table 19 The results indicate that
the presence of some component of components of fresh serum s
necessary for the effectis ¢ adsorption of complete cold antibodies
The failure of the serum of Case Ro to bring about sensitization
when titrated 1n saline 1s particularly interesting and appears to
be correlated with 1ts very low complement content (10 umts
normal range 70-150 units)

Erythrocytes strongly d by plete cold bod
as Judged by the anbiglobulin reaction do not undergo agglutina
tion when suspended m albumin contaming media  Nor does the
adsorption of mcomplete antibodies prevent agglutination or
hemolysts if the cells are subsequently exposed to high titre cold
antibodies

The Role of Complement E<penments with complement
fractions have confirmed that the factor in normal serum required
for the cffectine adsorption of mcomplete cold antibodies 1s
wentical with serum il Both the th labile fractions
€1 and C2 and the stable fraction C 4 (and C 3) are required
{Table 20) The role of complement 15 similar to but not identical
with 1ts function 1 the adsorption of cold hemolysins for whereas
with incomplete antibodies the presence of complement seems
essential with cold hzmolysins the need 1s not absolute and may
be overcome (see p 255}

1t again seems possible that complement acts by securing firm
irreversible fixation of the meomplete antibody on to the erythro
cyte surfaces thercby preventing its elution when the cells are
warmed subsequently It 1s interesting to find that with high
titre eold antibodies mncomplete antibody may be reaculv recovered
n warm salime eluates of sensitized cells suggesting that more
antibody 15 adsorbed than can be firmly bound It can in fact be
recovered as reachly tn warm saline eluates of corpuscles sensitized
n heat inactivated serum as 1t can from eluates prepared from
corpuseles sensitized 1n fresh serum  This indicates that comple
ment plays no part 1n the adsorption of reversibly bound antibody

The Effect of plf  H 10n concentration has a marked effect on
the adsorption of incomplete cold antibodies  With normal serum
maximal adsorption seems to take place in unacidified serum (at
ahout pIL1 8 0) there 1 mhibition at a pH greater than 8 and at
@ pii less than 6 (Table 21) Yowever with sera contamming cold

antibodies at pathological concentr itions the maximum adsorption
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warm antibody in contrast to the naturally occurming 1so ant
bodies such as ant1 A and ant1 B which although acting at 87 C
are considerably more sctive at lower temperatures  In ammals
too the same distinction seems to hald  m rabbits repeatedly
1noculated with sheep or horse erythroces tes the thermal optimum
for the agglutinins they produce rises as immumty develops and
cventually passes 37 C (Millet and Hubinont 1916) Neverthe
less 1n man at least cold antibodies develop 1n the course of what
appears to be an 1mmune response to wfection {eg after virus
pneumonia) Esven so 1415 the rise in their thermal range toward
body temperature which 1s the eause of their pathogemaity
The mechamsm of the effect of temperature 1s obscure 1t 13
possible to concerve that the antibodres consist erther of a mixture
of molecules with different capacities for being adsorbed according
to temperature or of a single type of molecule with groupings the
activity of which 1s modified by temperature Fillitr Wurmser
and Jacquot Armand (1947) believed the latter hypothesis to be
correct  Vbiemer (1901} suggested that cold antibodies were
normally heterogenetic in origm and that in consequence the
antibodies were less perfectly adapted to the human antigens
he concluded that such tmperfect antigen antibodv comiplexes
mught well dissociate as the temperature was raised
Tvarm auto antibodies do not seem to be formed in health
‘\co\d auto antibodies undoubtedly are (Kettel 1929  Stats and
Vasserman 1943 Dacte 1950b) The origmn of these naturally
occurring antibodies 1s uncertain and it 1s an attractive hypothesis
to suppose that the antibodies present in disease at abnormally
high concentrations are stmilar to those present in health at much
lower concentrations However as has been already discussed a
distinction between the two types of ncomplete antibody can be
made if the effect of pIL 1s studied and also probably on the basis
of thewr specifiity Moreover as Crawford and Mollison (1951)
haveshown thetwotypesofantibody react with distinetly different
components of ant1 human globulin sera

Chemustry of Auto anhbodies wn Acquired Hemolytic Anaemia

Antibodies 1 general are now regarded as specally modified
serum globulins with molecular weights of the same order as that
of the greater part of the normal serum globulins  In human
serum they usually have electrophoretic mobilities correspond
ing with that of the y globulms or of protems lying between the
gglobulin end y globahn (Marrack and Hoch 1949)

As already referred to 1t seems Iikely that the warm antibodies
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1n most cases seems to take place at approximately pH 6 5 to 70,
the optimum bemng similar to that for hzmolysis by cold antibodies
(Fig 77) The increased sensitization resulting from acidifieation
1 not entrrely consistent but 1s generally more marked than
the case of warm antibodies (Table 21)

Antial 1

Pro.ones in Strong Ce o]
previously van Loghem Stallman and Hart (1951) reported that
mhibition of agglutination was not obseryed when strong concentrations
of potent antiglobulin sera were used to agglutiate corpuscles which
had been sensitized by the incomplete cold antibody present m the
serum of the patient they studied The author s own obsersations lead
him to believe that some inhibition of agglutination may be obseryed
1f eak suspensions of corpuscles coated with meomplete cold antibodes
are sus n lugh of a potent antiglobubn serum
It1s clear however that mhibition 15 much less obsous than with the
warm antibodies of acquired hxmolytic anemia 1t 1s usually not seen
atall 1§ 10 to 20°, suspenstons of cells are employ ed for the test (Table 11
p 238
The effect produced by the addition of y globulin fo the antiglobuln
serum on the reaction between an antiglobulin serum and corpuscles
sensitized by cold antibodies has also been referred to previously The
reaction of erythrocytes sensitized with cold antibodues 15 Telatively
msensitive to inhibitton by y globulin (Table 10 p 236) I resumably
the antitbody on the cell surfaces does not react with an anti-y globulin
component In the rabbit serum as the warm type of antibody neatly
always seems to do

The Nature of the Auto antibodies of Acquired Hemolytic
Anzmia

The term antibody has been used many times i the
preceding pages This has been for convemience and because
there seems to be no simple alternative rather than because the
author belteves that the globulins causing 1zation of the
erythroey tes of patients suffering from acquired hemolytic anemit
are necessanily specific antibodies 1n the sense that they have been

loped as p to antigens on the patients
erythrocytes This may be so but 1t has not been proved m most
nstances In some cases at least 1t 15 possible that the protemns
which damage erythrocytes are but part of an outpourng of
lobulin preduced by an ab 1 antibody forming tissue (sce
under Ltiology Chapter 11)

The Tffect of Temperature ‘The distinction between cold and
warm antibodies has been made many tumes mn the preceding
pages It has been generally considered that warm antibodtes are

ymmune  antibodies  For imnstance anti Rh (Ievine hatan
and Burnham 1940) and 1mmune anti A are specific types of
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puseles to hemolysis ean be overcome to some extent if the serum
1s suitably actdified and by the observation that abnormal
corpuscles such as paroxysmal nocturnal hemoglobinuna (P 1 )
erythrocytes and trypsimzed corpuscles hxmolyse much more
easily and quichly It 1s probably especially si nificant that with
cold anfibodies the hemolysin titre using PN H  erythrocytes
often approvimates closely to the agglutinm titre , the same 1s
true of PN IE erythrocytes and ant1 A 150 antibodies which also
cause agglutination of normal corpuscles readily but hemolysis
much less easily (Dacie 1949b)

I pl bod: The separability of plete cold
antibodies from cold agglutimns and hzmolysins rests on the
demonstration that in the presence of complement a certam
amount of antibody 15 not eluted when sensitized corpuscles are
repeatedly washed mn saline at 837 C A smooth suspension of
cold antibody sensitized cells can be readily obtained  Such cells
areagglutinated by antiglobulinsera  ¥Whether or not the antibody
left adsorbed on the cells evists i the serum as a scparate
entity or whether 1t represents a mosety of the cold antibody
molecule stuck on the surface of the erythrocytes through the
agency of complement remains to be determined

‘The abnormal warm antibodtes found 1 patients with acquired
hzmolytic anzmia extst almost always m incomplete forms  An
agglutinin acting in saline at 37 C 1s rarely observed and hemo
Iytie activity 1s duiffieult to d Tryp d !
however arc readily agglutinated and mn a minonty of cases
a hemolytic component can be revealed by the use of PN H or
trypsimzed erythrocytes There 1s certsinly no exact parallelism
between the antibody titres as estimated by the agglutmation of
trypsinized erythrocytes and the hamolysin titres as estimated
with PN H or trypsimzed corpuscles Most of the antibodies 1n
fact fail to cause haemolysis under what appear to be favourable
conditions  others such as that n the serum of Case

13 con
stantly cause more hamolysis of tryp puscles than
agglutination It seems probable therefore that the antibody
whic! 1 i d

tryp eells 1s distinct from the
P which causes h ly d, has already been
produced (p 241} for the existence m some sera of antibodies
capable of causing agglutination of trypsimized corpuscles but
not of sensitizing normal corpuscles to antiglobint serum

The whole question af the behaviour wn itro and of the specs
fieity and nature of the abnormal antsbodtes formed in patients
suffering from acquired hemolytic angnmua 15 without doubt an

N\
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of acquired hemolytic anmma are usually but not mvariably
y globulins as judged by thewr reaction with antiglobulin serum
neutralized or partially neutrahized with human y globulin and as
shown by electrophoretic studies carred out on ‘eluted antibodies
(Young and Miller 1958) Incomplete cold antibodies on the
other hand behave i the antiglobulin reaction as)f they were not
 globulins or at any rate not normal y globuhns Further evidence
on this point 1s required  Stats Perlman Bullowa and Goodhind
(1943) concluded from an electrophoretic study that the high titre
cold agglutmmn in the serum of their patient was in fact & y globuln

and a similar conclusion was reached by Spaet and Kmsell (1953)

Gordon (1953) who carried out a more elaborate immuno chemical
study considered however that the cold agglutinin he studied
was not 1dentical with normal serum y globulin

The Unuary Nature of Non specific Antibodies

Another unsettled problem s concerned with the different effects
that antibodies can be shown to exert on erythrocytes w wiro
Earlv concepts of the nature of antibodies postulated that agglu
timns  hemolysms and opsonins ete  were separate substances
(see Browmmng 1931 Zmsser Enders and Fothergill 1939)
Later the view that the different manifestations of antibody
reaction rught be explained by a single immune substance acting
under different environmental conditions gamned ground (Dean
1917) A good deal of evidence 1s now avatable in support of the
latter concept (Marrack 1938 7msser Enders and Fotherpill
1939) 'The behaviour tn wvitro of the antibodies of aequired
hzmolytic anemma 15 partly n accord with this conception

It seems most Likely that agglutinin hemolysim’ 15 one

,antibody and that ncomplete antibody 15 a distinct and
frequently encountered varlant If cold antibodies are titrated
using normal corpuscles the agglutimn and hemolysm titres will
be found to be strikingly different  For example normal corpuscles
may be agglutinated at 2 C by an antibody diluted 11n 2 000 yet
undergo only a trace of hamolysis i the antibody diluted 110 4
under apparently optimal conditions  This difference s apparently
due to the natural nsensttivity of human ery throcytes to comple
ment heemolysin Iysis compared with ther sensitity to agglu
tination 1t 1s less easily explamed on the hypothesis that sn
agglutinin 1s present n high concentration and s hemolysmn Jow
concentration It 1s possible that 1t 1s the surface structure of the
normal human erythrocyte which 1s the barrier to heamolysis
Ths 1s supported by the fact that the insensitivity of normal cor
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extraordmarily complicated one Many patients seem to form
more than one component of anttbody at the same time and it 1s
hardly an evaggeration to say that the antibody reactions of no
two patients are exactly the same 1f a variety of methods of
investigation are employed
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tion to the setiological relationship between syplulis and paroxysmal
hamoglobinuna

The disease was the subject of a monograph by Chyvosteh m
1894 and by the end of the mineteenth century its chinseal features
were fairly well known although nothing was known of 1ts patho
genesis

In 1004 Donath and Landstemner published thewr classical
paper They studied three patients and showed that the hxmo
Iysis was in all probability due to an autohemolysin which unmited
with the patients erythrocytes at low temperatures and that
labile serum factors (alexin or complement) caused lysis of the

d cells 1f the was sub ly raised This
work represents the greatcst single step forward that lms been
made m the of paroxysmal cold

Similar and apparently mdcpcndcnt observations were made by
Eason (1906)

Donath and Landstemers and Easons observations were
quickly confirmed n their essentials by workers i many parts
of the world and the diagnostic cold swarm procedure for the
demonstration of the hemolysin 1s still widely referred to as the
Donath Landsteiner test The antibody 1s conveniently referred
to as the D-L antibody The technique of the Donath Land
steiner test 1s descnbed n Clmptet 18 {p 493)

hasalargel Reviews
(m ‘English) mclud: those of Macalister (1908-9) Mackenzie {1929)
and Becker (1948) Nevertheless the disease 15 a rare one
Becker (1949) for instance stated that onIy one pahent had been
recognized as suffering from paroxy cold h
out of a total of 130 000 patients admitted to the Umiversity of
Chicago Chinie 1n 20 years  In Brtain the disease 1s undoubtedly
rare and the virtual ehmmation of congenital syphilis has no
doubt contributed to 1ts rarity  Of the cases now diagnosed an
mereasing proportion are hikely to be unassociated with syphilis

Clinical Features

A typical attack of paroxysmal cold hemoglobinuna consists
of conshitutional symptoms as well as of the passage of hamoglobin
m the urine  However each feature can oceur without the other
The attachs are precipitated by cold the necessary degree of
chiling varymng from patient to patient sometimes a brief
exposure to 2 minor degree of cold 1s all that 15 necessary Usually
there 1s a pause of & few minutes up to several hours before the



CHAPTER 10

ACQUIRED HEAMOLYTIC ANZEMIA
(AUTO-ANTIBODY TYPE)
IV PAROXYSMAL COLD HZMOGLOBINURIA,
SYPHILITIC AND NON-SYPHILITIG

Tne passage of urine contamning hemoglobmn 1 solutton (hemo
globinuria) as the result of exposure to cold 1s the essential chnteal
feature of paroxysmal cold hemoglobinura (PCH) In recent
years 1t has become widely accepted that this symptom may
develop as the result of at least two apparently distinct disease
P (Stats and W 1943 Becher 1948 Fermman
Dacie Keele and Fullerton 1951 van Loghem Mendes de Leon
Frenhel Tietz and van der Hart 1952) The more famihar

typical form of paroxysmal cold hemoglobmnurta 1s that usually
attributed to syphilis  the less famihiar type oceurs m associaton
with Raynaud s phenomena and chrome hemolytie anzmia of
the cold antibody type as already deseribed i Chapter 7 (p 175}

Typical parovysmal cold h lok will be di d m
the following pages and some evidence will be presented which
suggests that whereas syphilis 1s often an setiological factor this
1s not always the case It seems that Ithe acquired hemolytic
anemia paroxysmal cold hemoglobmnuria cannot be loohed upon
as a single clear eut disease

History Dressler (1854) has been generally credited with the
differentiation from hematuria of a case of mtermittent chroma
turia His ten vear old patient may have been a congenttal
syphititic  In England the disease had been imperfectlv described
earher by Ellotson (1832) whose patient had heart disease and
cold fits and passed bloody nrne wheneverthe east wind blew
1t was remarkably accurately described by Harley (1865) Dickin
son (1865) and Hassall (1865) All three physicians reshzed that
exposure to cold precipitated their patients attachs and that the
urine contained blood pigment but no blood corpuscles Dichinson
considered that the disorder was due to an alteration m the blood
and likened the urine to that i arstne possoning | Gotze (1884)
and Murri (1885) seem to have been the first to have called atten
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steep fulls 1n hemoglobin and erythrocy te count can oceur follow
g a paroxysm  Donath and Landstemer (19.5) for mstance
reported that 1n one patient the hxmoglobimn fell from 85% ta 55%,
as the resuit of a single paroxysm  On recovery from the hemo
Iytic episode the usual signs of blood regeneration such as a raised
reticulocy te count and polychromasia are found

At the height of a paroxysm the patients plasma typcally
becomes visibly red the hemoglobin concentration reaching
100 to 200 mg per 100 m! or even lgher In mnor paroxysms
without hemoglobinuria a rise in the plasma hemoglobin concen
tration can be demonstrated by the benzidine method  Following
a paroxism methemalbumm s found 1 the plasma for a short
whule

Leucoperma  Interesting leucocyte changes occur during a
paroxysm  Uchida (1921) found that the lowest counts were
reached in five to twenty mnutes after cxposure to cold the
percentage fall being as much as 729, mn his most severe case  The
leucopenic phase lasted from ten minutes to two hours it was
followed by a leucocytosts The greatest fall in leucoeyte count
observed by Bjorn Hansen (1936) was from 10 000 to 2 100 cells
per e mm 20 munutes after the commencement of cooling  Bjorn
Hansen {1936) Totterman (1940) and Jordan Prouty Hemnle and
Dingle (1952) have shown that the total monocyte and eosmophil
counts also fall as does the lymphocyte count to a lesser extent

Erythrophagocytosis  Ehrhich (1891) seems to have been the
first to have noticed erythrophagocytosis i paroxysmal cold
hemoglobinunia  This was seen m blood films made from the
finger of o patient which had been chilled whilst the ceeulation
through 1t was obstructed (Ehrlich test) The phenomenon has
been repeatedly observed subsequently (Eason 1907 Meyer and
Emmerich 1909  Uchida 1921 etc) Eason reported that
neutrophils as well as monocytes acted as erythrophages and that
wn witro some erythrophagocytosis might be observed using
tnactivated serum

Recently further studies +n 1120 and in viiro have been carried
out by Jordan Prouty Heinle and Dingle {1952) They concluded
that complement was required for the phagocytosss by neutiophils
and monocytes of erythrocytes sensitized by the D L antibody
and that the erythrophages were probably removed from the
crrculation by being trapped m organ capillaries thus at least in
part accounting for the neutropenia  Bonmin and Schwartz {1954)
also found that complement was necessary i the cold phase of
sensitization 1f phagocytosis was to oceur subsequently
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patient expertences symptoms  First pains n the back and legs
develop or there may be abd 1 eramps or headach
The patient may then experience a rigor during which his
temperature may rise as high as 104 F  The pyrexia mav last
up to several hours Usually the first spectmen of urme passed
after the start of the mgor contamns hemoglobin and perhaps
methemoglobin also 1t may be dark red m colour or almost
black  As a rule the hemoglobm disappears within a few hours
exceptionally 1t may persist for a day or more If paroxiysms
oceur frequently significant amounts of heemosiderin are present
1n the urine even 1n the absence of overt hemoglobinura
Duriny, the attack and for a short time afterwards the patients
spleen may be palpable and on the following day he may be
shightly jaundiced
Abortr e aitacls  Hemoglobinura may occur mn some patients
without other symptoms 1 other patients the constitutional
symptoms may occur m the absence of overt hzmoglobinuna
— Kaznelson (1921) described such attacks as paroxvsmal
Kalteikterus Probably however if plasma hemoglobm
concentrations were estimated 1 such patients haemo
globmemta  would always be demonstrable as was found by
Machenzie {1929) when he attempted to induce attachs by immers
g his patients hands and feetinice water Transitory albumimuna
15 also usually found in association with abortrs e attachs
Vasomotor Phenomena  Many suthors have reported the
association of vasomotor phenomena with attacks of hemo
globinuriz  Leaving aside those patients who develop Ray nauds
phenomena ss a result of ntra vasal auto agglutination and whose
antibody differs markedly from the D-L hemolvsin (p 250) 1t
seems clear that vascular disturbances may develop m typieal
paroxysmal cold hemoglobmuria  Both urtreanal wheals and
cyanosis have been deseribed  Harns Lewis and Vaughan ( 1929)
suggested that cold urticarta  mught be due to an antibody 8
dermolysin  which injured the cells of the shin on exposure to
cold They found that the serum of one particular patient when
mjected mtradermally into a non sensitive subject caused the
formation of a pruritic erythematous wheal when the site was
chilled and then warmed

Hzmatology
Many of the patients suffering from paroxysmal cold hamo
globinuria become chromecally anemie durng cold weather 1f
they have frequent attacks and m seriously affected patients
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due to qualitati e differences 1n the antibodies of different patients
and to vanations in the potency (titre} of the antibodies as well as
to differences in techmique

The wniter has studied the role of complement in the cold phase
using scrum from two patients In both Case 17 (p 287) and
Case 18 (p 288) no lysis developed unless fresh serum was present
1 the cold phase However 1t was possible to demonstrate 1n
Case 17 that hzmolytic antibody was adsorbed 1n the cold phase
1n the absence of thermolabile constituents of complement even
though no hemoalysis occurred subsequently (Tahle 22

‘The patients scrum was nactisated and normal erythroeytes
sensitized 1n 1t for 30 runutesat O C to2 C (Stage1) The corpuscles
were washed twice 1 a large volume of ice cold saline  'The button of
corpuseles was then placed in the water bath at 837 C ang fre<h nortal
serumadded Nolysis developed after 30 minutes (Stage II)
The suspension of cells was then rapidly centrifuged the serum
separated and fresh normal corpuscles added to the serum  The
suspension of fresh cells was then chilled at 0 C for 30 munutes
(Stage 111} and finally rewarmed {Stage 1V) _Lysis rapidly developed
This expertment suggests that anbibody 15 adsorbed 1n the eold phase
m the absence of 1l of Il but that 1t
13 50 rapidly eluted at 87 € under these circumstances that hxmolysis
18 prevented {see also p 240)
TaBLE 22 A demonstration that the Donath Landsteiner antibody

s adsorbed at O C tn the absence of thermolabile components of
complement (for explanation see text aboie)

Fpofusty Trocedur Hamoly 1
1 Sens t zation 8t 0 €

11 Incubation at 37 C (elution of antibody)
hite Sensitt ation of fresh erythrocytes

eluateato C

™ Incubat on at 37 €

| E.

Role of Complement an the Warm Phase All authors are agreed
that lysis takes place in the warm phase of the Donath Landstemner
reaction through the agency of complement It has been claimed
that sometimes suflictent complement can be ad,orbed 1 the cold
phase to bring about lysis when the corpuscles are subsequently
warmed (Widal Abrami and Brissaud 1913 Fmnile Weil and
Sticfel 19.7)

Most workers eg Sicbens Zinkham and Wagley (1948) have not
substantiated this clam  Tlowever Jordan and to worhers (1952)
stated that there is & reciprocal relationship between the amounts of
complement required in the two phases They also claimed that

+o oo
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v Serology

Cold warm Hzemolysts The feature of the greatest mterest
in paroxysmal cold hemoglobinuria 1s the Donath Landstener
hemolysin As already mentioned the essential facts about the
behaviour i vatrp of thrs remarkable antbody were first described
by Donath and Landstemner mn 1904 Donath and Iandstemer
showed that lysis took plaee when the erythrocy tes of the patient
or those from a normal subject were chilled mn the serum or plasma
of the patient and then subsequently warmed at 37 C They also
showed that previous heat inactnation of the patients serum
prevented the onset of lysis  The hzemoly tic reaction thus appeared
to be of the amboceptor complement type and two phases of the

cold warm reaction a cold sensitizing phase and a subsequent
warm lytic phase were clearly differentiated  Subsequent studies
have centred around several pomts of controversy 1 particular
the necessity for complement to be present n the cold phase the
thermolability of the lysm the effect that evposure to carbon
droxide or acidification of the serum has on lysis and the highest
temperature at which the lysm may be bound

Role of Complement in the Cold Phase Hoover and Stone (1908}
reported observations w hich suggested that the unton of hemolysn
and erythrocy tes took place m the cold only if complement was
present This view was supported by the evperiments of Moss
{1911) Cooke (1912) and of Denme and Robertson (1915) and by
the work of others This 1 was disputed by Machenzie
(1929) who nevertheless admitted that more hemolysis occurred
1f complement was present durmng both phases of the reaction

More recently the problem has been re mnvestigated  Siebens
Zmkham and Wagley (1948) concluded that at least one component
of complement was necessary 1n the cold phase for fixation of the
antibody and Jordan Pillemer and Dingle (1951) claimed that it

|fwas the C 4 component of complement which was required for

fixation of antibody 1n the cold Van Loghem Mendes de Leon
Frenkel Tietz and Hart (1952) 1n therr Case 1 found that although
hemolysis was mavimal 1f fresh human complement was present
1n the cold phase a certain amount of hemolysis followed sensitizd
tion 1n heat mactivated serum

The author agrees with the suggestions of Machenzie (1929) that
complement 1s not necessarily essential for the fixation of th&f
antibody 1n the cold phase  More antibody 15 bound 1f compl
1s present but 1n some cases at least a variable amount of antibody
1s bound even 1if the heat labile fractions of complement are
destroyed  The discrepancies m the literature scem Tikely to be
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DL hemolysin 1ts behaviour m respect of temperature and
acidification was more lihe that of the hemolytic high titre cold
antibodies already described (see p 200)  Subsequent investiga
tions using sera from presumed cases of paroxysmal cold hemo
globinunia have mostly fatled to confirm Hiymans van den Bergh s
obsersations (Mackenze 1929) Hannema and Rytma (1922)
however stated that they obtained mnercased lysis in the presence
of carbon dioxide and Wagley Zinhham and Sebens (1947) and
Siebens Zinhham and VWagley (1948) observed 1n one of two cases
that lysisat 27 € oceusred only 1n the presence of carbon dioide

%
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90 e,

A \TB
80 o
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o—Ldmg,

pH
Fic "8 The effect of pH on the hemoly 15 of normal es throcytes
h

by three sera (A B and C) contamng hzmolysins of the Doy
Landsteiner type

Carbon diowide probably affects hemolysis by decreasing pH  Th
author has studied the effect of pH i three cages two begxg clnldm:
and one an adult using hydrochlortc acid as aeidifying agent . In each
case hxmolysis was almost masimal 1n unacidified serum (pH 8 0)
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hzmolysis occurred m the absence of C1 and C8 and that C";
was alone essential durmg the warm phase The author found
using the very sensitive ! nocturnal h glob
(PN H) erythrocytes and high titre cold antibodies that sufficcent
complement might be fixed or adsorbed to the corpuscles 1n the cold
phase to produce lysis on subsequent warming  There seems no reason
therefore why this may not happen when cells are sensitized 1n hughly
potent Donath Landsteiner antibodies

Thermolability of the D-L Antibody Yorke and Macfie (1921)
Machenzie (1929) and Siebens Zinhham and Viagley (1948)
observed that heating at 56 € to mactvate complement appeared
1n some cases to destroy the hemolysmn also  Machenrie reported
that heating at 45 C for 80 minutes destroyed the hamolysm i
the serum of one of his patients and that in another the hzmolysm
was destroyed at a temperature of 475 C  Yorke and Macfie
(1921) stated that the thermolability of one serum appeared to
fluctuate from time to time  Stebens Zinkhim and Wagley (1948)
found that whlst one serum thev studied was more sensitive than
complement to mnactivation by heating, another serum was less
sensitive  Jordan Pillemer and Dingle (1951) investigated two
sera from this pomnt of view They found that some hzmolytic
activity was still demonstrable after the sera had been heated at
62 C for 30 minutes if sulfi pl was subseguently
added The hmolytic actnity of the sera studied by the author
(Cases 17 and 18) was not affected by heating at 56 C for
80 mnutes

These observations lead to the conclusion that although the
hemolysins 1n the sera of patrents with paroxysmal cold hemo
globimuria vary m therr thermolabiity most antibodies are
probably unaffected by a temperature as high as 56 C for
80 mimnutes  Of the thermolabnle ones 1t 1s probably true that
some hzmolytic activity can usually be demonstrated after
exposure to quite high temperatures 1f large amounts of comple
ment are added subsequently

Role of Carbon Dioxide and pH Hymans van den Bergh
(1909a and b) reported that if the whole blood or erythrocytes
of a patient suffering from paroxysmal cold hamoglohnuria
were suspended 1n his serum they underwent hwemolysis at
16° C 1f exposed to carbon diosde  On the other hand no hemo
lysis developed at 16 C without carbon dioxide orat 37 C with
or without carbon dioxide This seems to be the first description
ofan acd lysin  m the hiterature  Although 1n the account of
Hiymans van den Bergh there 1s no mention of agglutination there
seems to be httle doubt that the antibody was not & typeal
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with the serum from Case 17 mavimum lysis did not oceur unless
the cold phase was prolonged for at least 80 minutes (Fig 79)

/  Temperature of the Cold Phase The hghest temperature at
which ‘sensitization takes place probably varies from patient to
patient It 1s likely that the height of the sensittizing temperature
1s correlated with the seventy and frequency of elimeal attacks
In the biterature union of Iysin with erythrocytes has been recorded
at temperatures as high as 20 C (Grafe 1911) but thisis excep
tional  Usually 10 to 15 C 1s the maximum Mackenzie (1929)
recorded 10 to 12 C in the three cases he studied  In oitro
1rrespectin e of the highest sensibizing temperature matimum lysis
15 obtsined by 1mmersing the ccll serum suspensions . water
contaiming crushed 1ce

Elution of Intibody at 87 C  Although lysis usually occurs
rapidly 8t 87 C even within a minute or so with nghly sensitized
corpuscles 1t can be shown that antibody 1s eluted off the corpuscles
relatively rapidly at this temperature even though the sensitization
has been carried out 1n the presence of complement

Duplicate suspensions of normal erythrocytes were sensitized
1n the serum of Case 17 at 2 C for 30 minutes  The cells in one tube
were then rapidly washed twice in saline chilled at 0 to » C whilst
the cells n the second tube were washed twice in saline warmed at 37 C
Normal serum was added to each cell deposit and both tubes were then
ncubated at @7 C  The cells that had been washed i the cold saline
underwent about four times as much lysis as the cells washed n the
warm saline The amount of hemolysis at 37 C 1s thus the resultant
of two processes working wn opposite directions—elution of antibody
and Jysis by complement = The apparent elution of incomplete antibody
15 ive (Jordan Pillemer and Dingle 195°) 1s referred to on p 282

Other Properties of the Donath Landsteiner Antibody

Agglutination The possibility that the D L anttbody causes
agglutination as well as lysis has recenved little attention If
sensitization s carried out i the cold using fresh serum contatmng

httle or no aggl 18 usually visible at the end
of the cold sensitizing period although the fact that the corpuscles
will hemolyse rapudly on warming shows that they hase adsorbed
antibody If on the other hand the erythrocytes are suspended
1 hest nactivated serum agglutination mn the cold phase tends
to be more intense Nevertheless when such ser1 ate titrated in
saline the agglutmation titres rarely exceed normal (Stats and
Vvasserman 1943  Becker 1948) the titres of 160 and 320
respectively recorded by Siebens 7inkham and Wagley (1948)
bewng exceptionally high  The cold agglutimin titres (st 2 C) of
Cases 17 and 18 of the author were 16 and 32 respectively
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only shghtly more lysis developmg with two sera at the optunum pHaof
"0 ta 7§ (g ¥8) Adsorption of the antibody was miubited at &
PY greater thwn 87 and below 62  These observations and the fact
that in the great majority of cases descnibed in the hterature postive
Donath Landstesner reactions have been obseryed withont the acidifica
t1on of serum o1 exposure to cnthon divaide are evidence of & significant,
difference between the rarely met with Donath Landstemer antibody
and the strongly agalutinating cold antibodies found m eases of acquired
hxmolytic anemia (of Fig 77 p 251) Nesertheless 3t 1s posstble that
mtermediate types of antibody may be developed as the reports of
Hymans san den Bergh (1909) and of Wagley Zmkham and Siebens
(1047} aleeady referred to suggest—the sera of therr patients onmng
hemolysts at 1™ € and 27 € respectively when exposed to carben
diovide  although the antibodies were not appacently capable of
bringing about strong aggiutination  On the other hand nlthough
agglutinating high titre cold antibodies usually cause hemolses only
when the serum s smtably sadified exceptions do oceur in which
acidification tends to inhibit rather than increase hzmolysis {see
Table 14 p 252)

9
LYSIS
100
80
e
40

20

10 20 30 40 50 60 70
MINUTES AT 0-2"C

Fi16 70 The eflect of the durataon of sensitization in the cald on
hamolysis by & Donath Landstemer hemolysm (Case 17)

Tume Necessary for Sensiiization an the Cold Phase Y orhe and
Macfie {1921} observed that mevimom sensihization as judged
bv subsequent hwmolysis took place if erythroeytes were sus
pended m their patient s serum for relatisely short periods  they
found for spstance that more lysis followed chillmg for five to
seven minutes than for 30 minutes The author and van Loghem
and co workers {1952} could not confirm these observations
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1900 1953) the sensitization of normal corpuscles 1n patients
sera was shown to be dependent on the presence of thermolabile
constituents of serum  In both Case 17 and Case 18 there was
some evidence that the indirect antiglobukin method was & more
sensitive index of sensitization and was positive at a higher
temperature than was the hwmolytic test (Table 24 p 289)

R:aclmn.\‘ mlh Trypslmzed I\omuzl (T'N) Erythrocytes and
e (PN H)} Erythrocytes
The serum of Case 17 hemolysed TN erythrocytes slightly more
readily than fresh normal untreated corpuscles (hemolytic titre
% 2) and PNII erythrocytes rather more actively (hemolytic
titre X 2 to X 4 that with normal corpuscles) The results with
the serum of Case 18 were stmular TN and PN corpuscles
were each about twice as sensitive as normal corpuscles

These dilferences 1n sensttivity between normal and abnormal
erythrocytes arc far less than those obscrved with the strongly
agglutinating cold antibodies which only weakly hamolyse normal
corpuscles (see p 253)

of the Antibod: 1t has g 1y been assumed that
the Donath Landstemer hemolysin 1s a non specific antibody
However n at least one patient 1t has been claimed that the
antibody was strietly auto specific (van Loghem et al  1952) The
serum of Case 18 was tested with erythrocytes of Groups 0 A,
A, B and AB respectively The sensitnity of the cells to
hzmolysis was about the same  1f anything the most sensitive
cells seemed to be those of groups A, and A,

Serum Complement It has been known for a long hme that the
serum may be low 1n
paroxysmal cold h 13 (Meyer and Ei h 1009)
and that following repeated attachs of hemolysis ecomplement
may not be demonstrable The serum may even be anti comple
mentary (Mackenzie 19°9) These possibilities have to be taken
1nto account m the investigation of supposed cases of the malady
(see p 493) There seems to be no information as to which
components of complement are deficient

Correlation of Antibody Tutres wath Clinieal Signs of Hemolysis
Few detailed studies of antibody titres and of the thermal
range of the antibody n relation to the clinical course of the
disease have been published Kumagar and Namba (1927)
however published some interesting data  according to these
workers a hzmolytic titre greater than 8 was associated with

attaicks of h at a titre of 4 hemo
globinunia could be induced by artificial chilling,  at a titre of
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It seerns likely however, that the D L antibody causes agglutme
tion as well as hemolysis {in addition to causing sensibization to
antiglobulin serum) 1t would perhaps be surprising 1f 1t did not
In two patients (one of them Case 17) studied bv the author
agglutination of normal corpuscles was noted to persist for as long
as 2 hours at 837 ( 1n partially hemalysed cell serum suspensions
that had been chilled before being warmed In Case 18 too the
ability of the patient s serum to agglutinate corpuscles at 18 C
and to sensitize them to antiglobuln serum d hed m a
parallel manner as the patient recovered (Table 24)

Sensitization to Antiglobulin Serum  Fisher (1950)
Jordan Pillemer and Dingle (1951) Peterson and Valford (1952}
and van Loghem and co worhers (1852) have all reported that
ervthrocytes sensitized with the D L antibody n mfro give positive
antiglobulin reactions

Jordan Pillemer and Dingle (1951) also reported that the erythirocytes
of their patients gave strongly positive direct antiglobuln reactions at
the time of hemolytic attacks produced by chilhng The reaction
however became negative shortly after the attacks Their observations
sug,est that the antibody they were studyng sensitized corpuscles to
antiglobulin serum at a relatively high temperature wn vivo and that
the sensitization was slowly reversible at body temperature Both
Jordan Pillemer and Dingle (1951) and van Loghem and co workers
(1952) showed that as with other types of cold antibodies the antt
globulin reaction was not inhibited 1 high concentrations of anti
globulin serum

The indirect antiglobulin reaction was studied mn some detail by
Jordan Pillemer and Dmgle (1951) In two patients the antibody
titres as measured by h: lysis and by agglutination using a constant
amount of antiglobulin serum were 1dentical  Jordan and hus co workers
concluded that the hzmolytic antibody and the sensitizing anhibody
were DI blv the same sub: 3 1on of the serum
of one case they obtained evidence which they took to indicate that
the antibody was a y globulm

The author has made obseryations on the antiglobulin reactions
i three patients The direct test was repeatedly negative 10
Case 17 who was always symptom free when tested but was
positiv e at the height of the hamolytic episode i Case 18 (Fig 81)
and 1n one other patient 1n an active phase  In each case manimum
(drect or indirect) reactions were obtamned m strong concentrations
of antiglobulin serum and 1n each case too agglutination perststed
after the addition of relatively large amounts of normal human
y globulin to the antiglobulin serum (Tables 10 and 11) It was
concluded thercfore that the sensitrzing antibodies were probably
not normal p globulins  As with other cold antibodies (Dacie



SERUM COMPLFMENT 283

1950 1953) the sensitization of normal corpuscles n patients
sera was shown to be dependent on the presence of thermolabile
constituents of serum  In both Case 17 and Case 18 there was
some evidence that the indirect antiglobulin method was a more
sensitive index of sensitization and was positne at a higher
temperature than was the hxmolytic test (Table 28 p 289)

Reactions with Trypsinied Normal (T N} Frythrocytes and
Parozysmal MNocturnal Hemoylobinuria (PN H') Lrythrocytes
The serum of Case 17 hamolysed TN erythrocytes shightly more
readily than fresh normal untreated corpuscles (hamolytie titre
% 2) and I NH erythrocytes rather more actively (hemolytic
titre X 2 to X 4 that with normal corpuscles) The results with
the serum of Case 18 were simular TN and PN H corpuscles
were each about twice as sensitive as normal corpuscles

These dilferences in sensitivity between normal and abnormal
erythrocytes are far less than those observed with the strongly
agglutinating cold antibodies which only weakly hzmolyse normal
corpuscles (see p 253)

Specificrty of the Antibodies It has generally been assumed that
the Donath Landstemer hrmolysin 1s a non speaific antibody
However 1n at least one patient it has been claimed that the
antibody was strictly auto speeific (van Loghem etal 195?) The
serum of Case 18 was tested with erythrocytes of Groups O A,
A; B and AB respectively The sensitivity of the cells to
hemolysis was about the same 1f anything the most sensitive
cells seemed to be those of groups A; and A,

Serum Complement It has been known for a long time that the
serum ) may be ab low m
paroxysmal cold hemoglobinuna {(Meyer and Emmernich 1909)
and that following repeated attacks of hemolysis complement
may not be demonstrable The serum mny even be anti comple
mentary (Machenzie 19°9) These possibilities have to be tahen
1nto account 1n the mvestigation of supposed cases of the malady
(see p 193) ‘There seems to be no imformation as to which
components of complement are deficient

Correlafion of dntibody Titres uath Climical Signs of Hermolyses
Few detmled studies of antibody titres and of the thermal
range of the antibody 1n relation to the chnical course of the
disease have been published humags: and Namba (1927)

however published some data g to these
workers a hzmolytic titre greater than 8 was nssocrated with
attacks of h at a titre of 4 hzmo

globinuria could be induced by artificral chulling  at a titre of
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2 to 4 albummuna could be induced by chillng but with antt
bodies weaker than this no changes of any kind could be produced

The child described as Case 18 has been followed 1n some detail
In this (non syphilitic) case spontanecus cure was closely corre
lated with diminution in the antibody concentration and in the
temperature at which 1t would produce sensitization (Fig 80 and
Table 24)

17 Summary

The man features of the Donath Landstewner antibody are as
follows The antibody 15 remarkable in that fixation on to erythro
cytes takes place onlv 1n the cold usually at temperatures below
15 C Hamolysis 1s brought about in the warm phase by the
action of complement  Complement 15 also more or less essential
for the effective fixation of the antibody in the cold phase
however 1t may act in this phase not so much by bringing about
the adsorption of the antibody as by preventing the antibody
from bemg rapidly eluted on subsequent warmmng The DL
antibody 15 remarhable amongst ant: erythracyte antibodies 1
that 1t so readily causes lysis of normal human erythrocytes
nstead of only or pred ly causing aggl 1on  Although
1ysis 15 the most obvious effect the D L antibody causes agglu
tination as well as strong sensitization to antiglobulin serum  The
optimum pH for heemolysis 1s 1n the region of pH 70 to 80

Technique of the Donath Landsteiner Reaction This 13
described 1n detail in Chapter 18 (p 493)

Ztiology

Relation to Syphiis  As already mentioned syphils was
suspected to be an important atiological factor m the mincteenth
century by some of the earlier writers on paroxysmal cold hemo
globinuria (Gotze 1884  Murri 188») Murn for mstance
reviewed 86 cases and thought that there was evidence for
syphibs mn fifteen of them The frequency of the disease 1n
congenital syphihitic children and the occasional presence of
Iestons of acquired syphilis 1n adult patients all seemed to bear
this out The mmprovement in diagnosis resulting from the
d of the WV reaction (W R ) lihewase appeared

to furmish further support for this contention

Donath and Landsteiner (1025} 1n a review of 99 patients considered
that there was evidence of syphilis in 95 n 81 patients the W Rt was
positne whilst in 24 of them there was chmieal evidence of syphilis
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Moreorver it secns probable that in the past at least the sers of an
appreciable proportion of patients with late syphilis contaned the D L
hzmolysin evenf the patients had not suffercd from chnieal paroxy smal
cold hemoglobinuna  umagm and Namba (1927) for instance found
hot o cold sutchemolysin was present in the sera of seven out of v
such patients and that Thrlich s finger test (Thrhich 1891) was also
positne  Mackenze (1029) concluded (1) that paroxysmal cold hemo
globimunia was  usually and perhaps always a mamfestation of
syphiis and (°) that o small percentage of patients with late syphilis
have the latent form of paroxysmal hemoglobinuria e also made the
pont that paroyysmal cold hemoglobimuna appeared only in the
quiescent stage of late syphilis

Bocker (1948) also concluded that syphilis was the cause of paroxy smal
cold hxmoglobinunia e reviewed 37 reports in the hiterature published
since 1030 and added o casc of lus own  Ten of the patients were
chuldren  the parents of eight of the children were investigoted and
chinieal or serologreal evidence of syphilis established 1n each ease  In
none of the 3~ patients was there clmical evidence of active syphilis at
the time of the deyelapment of the hexmoglobmuna although some gave
a hustory of fection years previously O the other hand 1n cleven of
the ptients cited positive serological reactions were the only signs of
the syphihs their personal histones and chmeal exanination being
negatine  In eight of the patients anti syphilitic therapy was associated
with amehoration or disappenrance of the hemoglobmuria  Whether
or not this was the of the cannot be d
for very little scems to be known of the course of the disease n
patients not recerving anti syphulitic treatment

Mackenzie (1979) stated that chimical attacks may Jast for many
years However this s clearly not always so Browning and Watson
{1912-13) for instance reported the case of a boy who suffered trom an
attack of brief duration but had no further attacks during the two
years he was under observation At the end of this tume the  Fason
phenomenon (D L test) was stll positine As the course of the
disease 1s uncertamn 1t seems unsafe to accept an apparently favourable
response to ant1 syphilitic therapy as evidence for a syphilitic wtiology
for paroxy smal cold hemoglobinuria,

Burmerster 8 (1921) conclusions differed from those of Mackenzie
and of Decker  Of 207 cases reported 1n the iterature he considered
that there were indications of syphihs in only 79 (33%,) although the
Wassermann reaction was positive m 95° of the cases in which 1t was
carred out  Lontrary to other observers (see Mackenzie 1029)
Burmesster found that when he absorbed the hzmolysin with erythro
cytesin the cold the W reacting sub: ‘was also absorbed
and that when the h; 1 was from the
corpuscles by warming the eluate gave a positive Wassermann reaction
Burmeister concluded that some cases of paroxysmal cold hzmo
globinuria occurred in the absence of &yphilis even though the Vasser
mann veact1on was positive

The role of syphibs 1n paroxysmal cold hamoglobinuria 1s made
more questionsble by the hnowledge that postive VWassermann
and Kahn reactions are not uncommon 1n acquired hemolytic
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anwmia of the auto antibody type (see p 195) 1n these cases the
positrve reactions seem to be the result of the presence of abnormal
serum constituents quite apart from the anti erythrocyte anti
bodies the stimulus for formation being generally unknown but
almost certamly quite unconnected with syphilis It seems
probable as was suggested by Burmerster m 1921 that some of
the recorded cases of paroxysmal cold hemoglobinuna i which
positive serological reactions were the only signs of syphilis really
belonged to the non syphilitic group as indeed do those patients
i whom the serologieal reactions and climieal and famly studies
are entirely negative (Sweetnam Murphy and Woodcoeh 1957
and Case 17) Kaiser and Bradford (1929) and Gasser (19>1) have
n fact described patients 1n whom the Wassermann and Donath
Landstemer reactions were both positive at the height of the
attacks only to become negative on the patients recovery

It scems more logical therefore to consider paroxysmal cold
haemoglobinuria as a syndrome of yarying mtiology the connecting
Iink between the different types being the formation of a cold
antibody of more or less uniform charactenstics At least three
chinical types may be distingwished (Table 23) the non syphlitic
types bemg probably closely allied wtiologieally to acquired
hezmolytic anemia of the auto mmune type but differmg in the
peculiar type of antibody which 15 formed

TabLe 28 A Tentatite Classification of the Paroxysmal Cold
Hemoglobinurias
Paroxysmalcold (1) Syphilitie chn:;l:e

hamoglobwur (a) Acute transient type

s Idiopathic _or

{2) Non syphiliic .
rpes % secondary (Case 18}

(b) Chrome _Idiopathic tvpe
(Case 17)

/ Treatment of Paroxysmal Cold Hemoglobinuria

It seems logical to treat patients 1n whom there 15 defimte
evidence of syphilis with ant1 syphilitic drugs bearing i mind
that positive serologieal tests alone without any other evidence of
syphilis may be unrehable guides to the stiology of the disease

In nonsyphilitic cases no speaific treatment 1s av ailable
however 1t would be worth while giving cortisone or ACTH &
trial in patients i whom attacks of hamolysis are frequent and
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serious  In all patients exposure to cold and damp should be
avorded as far as 1s possible

Case Report  Paroxysmal Cold Heemoglob not d with
Syphihs
Case 17 'The patient (D O ) was a young man aged 18 years In
December 1619 whilst undergoing military traming in very cold condt
tions he passed a specimen of unne which was dark red m colour
he had been out on an exereise at mght and had become very cold s
the result of lying on wet grass ‘The hxmoglobinuna lasted for about
half the following day  He had never had this symptom before nor
did it tecur e had always enjoyed excelient heaith and this sigle
eprsode of was not d with any 1
symptoms  He was first mvestigated by the writer in January 1950
and has been seen subsequently at intervals for three and a half years
e has felt perfectly fit dunng the whole time and has not had any
further attacks of hrmoglobinuna e has recenved no treatment
Physical Framnation  He was found to be a well butlt healthy
in

loolang young man E revealed no 1
punl(iular there were no signs suggestive of congemtal or acquired

halis
o boratory Investigations Ths bood count was normal and the blood
Wassermann and khahn reactions negatne  Ihs CST was also
normal  the CST \vassermann and colloidal gold reactions were also
negative  His parents and a younger sister were alive and well  their
Wassermann and hahn reactions were negative

Serolagy  Ylus blood has been examined on nine occasions between
January 1050 and June 10,3  On each occasion the direct antiglobulin
reaction was negatine  On each occasion however blood allowed to
clot at 2 C for 80 minutes and then subsequently warmed at 37 C
underwent spontancous hxmolysis  Dlood allowed to clot at room
temperature (15 to 20 C) and at 37 C did not hxmolyse The
Donath Landsteiner resction using unacidified patients serum and
normal corpuscles was consistently positive although the antibody
titre using normal corpuscles has decrensed from 16 in March 1020 to
2 m June 1833 The upper thermal hmit for sensitization did not
exceed 10 C  although sensiization to antiglobulin serum took place
at 15 C The cold agglutination titre at 2 € has not been greater
than 16

Complement was required for sensitization 1n the cold phase while
the antibody itself withstood heating at 56 C for 30 minutes The
patient 8 serum complement concentrition was within the normal
range ‘The effect of time on sensitization in the cold phase the effect
of il the indirect antiglobulin reaction and elution of the antibody 1
the warm phase and the reactions with trypsinized normal corpuseles
and PN erythrocytes have been referred to on pp 279 to 283

Sy A case of 1d h of unknown
ongn apparently not due to syphilis A cold hxmolysin of the D L
type was present ats activity 17 tatro slowly dechned but the antibody

was still present three and a half years after the imitial and only attack
of hemoglobinuria
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Case Report  deute P Coldd ¥ ) Follmgwng
Measles  Spontancous Recovery
LCase18  The patient {D F ) was a hitle sl aged 8 years  une days
before admussion mto hosptal she develaped an apparently typucal
attack of measles The discase took & normal course untl the doy
before adnussion when she had a nigor Mo abnormal physical stzns
were found at Yhis time except those of a shght upper respuratory tret
he g day she passed dark red brown
vrme and was brought mnto hospital in consequence  She had not been
given any sulphonamide drugs during her diness
Physieal Exemmation  On sdmission on Jaguasy §th 19..3 she was
found to be a rather i tockmg chuld  The remams of ¢ mensles rash
conld he seen on her body Mo ather abnormal phisical sims were
chated however and nether her spleen nor Iner was paipable Her
temperature was 100 ¥ Her unne was narmal except for traces of
urobihn
The follonng day she was noticed to be shghtly Jaundieed  Xlese
were no other abnarmal signs and her urne was agawn nommal eveeyt
for evcess of urolibn  ©On the second day afier admussion she wat
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shghtly enlarged but her spleen could not be felt  Thereater she made
an umnterrupted recovery and no further attacks of hamoglobinuna
have occurred

Laboratory Findings  On adnmssion her hamoglotan was found to
be 81 g per 100 mi the MCV was 100 ¢ and the total leucocyte
count 12 000 cells per e mm with 649, neutrophils  Stained peripheral
blood films showed consuderable anisocytosts polychromosia and
spherocytosis (Fig 81) and also very occasional normoblasts Osmotic
fraglity was increased  mstial lysis 060%, NaCl complete Iysis
020°% Nall withan MCE of 046 , \a(l The serum bilirubim was
12 mg per 100 ml  The plasma protems sere normal  albumin
46 g per 100 ml globulin 27 g per 100 ml  On admission the
Vtassermann reiction was doubtful and the hahn test negative
8 days later the results of both tests were negatine  The Vwassermann
and hahn reactions of both the ¢hild s parents were negative

The changes 1n_hamatological findings dunng her recovery are
illustrated 1 Iig 80

Serolo,y The chuld was group AB Rh positive The dircct anti
globulin test was positive on admsion  the reaction became gradually
Tess strong and within 2 month 1t was negative  When venous blood
was obtamed from the child soon after adnussion 1t was immediately
obvious that a hemolysin of high thermal sctivity and potency was

TABLE 24 Serial observations on the reactions 1 vitro between an
antibody of the Donath Landstetner type and normal erythrocytes
during the recovery of Case 18 from an acute but transient
epsode of paroxysmal cold k lob The
reachions were carried out on any corpuscles remawing un
heemolysed after washing them wn sereral changes of saline
uarmed {0 37 C
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present for only 1f blood was collected mtio a warmed syringe was )t
possible to obtan serum or plasma free from hemolysis

In 1iiro normal corpuscles were hemolysed by the patient s serum
when sensifizations were carried out at temperatures up to 2o C The
decline 1n antibody actiity which paralleled chimeal recovery 1s
shown in Table 23 and Fig 80  Complement was required for fisation
of the antibody n the cold phase but the antibody itself withstood
heating at 56 C for 30 mmutes The effect of pH 15 illustrated m
Fig 78(A) Tbe cold agglutinn titre was never greater than 32 The
mdirect antiglobulin reaction which seemed to be a more sensitive nay
of demonstrating antibody action than was hemolysis and the anti
body s capacity to cause agglutmation are referred to on p 28 (see
also Table 24) and the reactions with trypsimzed normal erythrocytes
and PN H corpuscles on p 283

Summary A case of transient acute paroxysmal cold hemoglobmuna
developing possibly as a sequel to measles A potent cold hemolysin
of the D L type was present This was active 1 wafro at a relatiely
high temperature at Jeast up to 25 € Its dwappearance comerded
with the complete recovery of the patient
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CHAPTER 11

ACQUIRED HZEMOLYTIC AN/EMIA
(AUTO ANTIBODY TYPE)

V ATIOLOGY AND PATHOGENESIS

Ztiology

TuE cause or causes of the development of abnormal aute
antibodies 1 acquired heemolytie anxima are not clearly under
stood It1s possible that there are two main mechamsms (1) an
alteration 1n the patients erythrocytes which has the effect of
making them seem foreign to his own antibody forming
mechamsm and thus antigenie and (2} the deselopment of ant1
erythrocyte antibodies i the course of the formatron of abnormal
plasma protemns by the patient the primary abnormality bemg
an unusual resction on the part of hus antibody forming tissues
rather than a change localized n hus ery throey tes

titered Erythrocyte Antigemianty m Acquired Hemolyhie Inamia
Tt certamnly scems reasonable that & chemical such as a sulpho

nanmude drug mught so alter the surface of the erythrocy tes as to
render them antigentc or that a combmation of the drug and a
component of the erythrocy te surface might function as an antigen
in the same sort of way that many chemicals are known to combme
with protemns and to mmpart to them greater or lesser degrees
of foreignness (see Vwright 1953) ¢ Similarly 1t 1s concenvable
that much the same sort of alteration to the erythroeyte
surfaces might result from damage by viral or bactenal enzymes
or other products of their metabolism and that antibodies might
be formed in response to the presence of these altered cells

However there seems to be as yet no unequivocal evidence n
favour of this ty pe of hypothesis 1n relation to hemoly ic anama
m man Some arguments can be advanced agamnst it For
mstance 1f the antibodies are formed as the result of an antigenic
alteration 1n the patient s own erythrocytes 1t 1s difficult to see
why normal erythrocytes should be acted upon so readily 2n 11tro

and why normal erythrocytes should be destroyed so rapudly
@n w10 when transfused to patients It 15 also hard to understand
why 1n some cases antibodies such as ant1 e which act on normal

8
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surface antigens should be produced Agan 1f 1t 15 argued that
the ‘non speafic  type of antibody 15 developed as the result of
the exposure of deep antigens 1t 1s difficult to see why normal
corpuscles should be agglutinated or sensitized by such antibodies
It should perhaps be added however that Stats and Wasserman
(1952) considered that the 1dea that antibodies developed agamnst
damaged or altered corpuscles should have marked effects on
normal cclls was not unreasonable In relation to this pomnt 1t
will be recalled that Davidsohn and Oyamada {1953) clamed
that the antibodies certamn patients developed were 1n fact strictly
wto specific  As already mentioned on p 283 ths has not been
the present authors experience Viere this so 1t should be
possible to transfuse such patients satisfactorly with normal
erythrocytes a state of affairs wineh chmeal experience suggests
is rare to say the kast in acquired hemoly tic anemia

Dodd and co workers (1953) reported obseryations which might be
taken as indicating that the erythrocytes from pattents with acquired
hemolytic anzrma have abnormal surfaces  Rabbits were immuntzed
with normal human ervthrocytes and trypsimzed human ervthrocytes
respectively It was then found that both types of rabbit sera absorbed
with normal human corpuscles still reacted with the trypsmzed
corpuscles suggesting that as the result of trypsimzation some pre
s1ously hidden antigen had been revealed Especially interesting
was the finding that the erythrocytes of fifteen out of mineteen patients
with acquired hemolytic anzma were also agglutinated by the rabbit
sera previously absorbed with normal corpuscles  Whether this means
that the cells which reacted positively had modified surface antigens
or whether agglutination was merely 2 sign of damage to the cells
surfaces wWhich might have arsen from adsorption of antibodues 1s not
clear 3t1 interesting to note that positive Tesults were also obtawned
1n three out of thirteen patients with hereditary spherocytosis

There 15 some evidence m animals that mampulation or modif
cation of their crythrocytes w titro will exceptionally make them
auto antigeme

Viagley and Castle (1949) found that ene out of four dogs myccted
with various antigens d Yy ytes and strepto
coceal toxin or staphylococeal culture filtrate or with Freund antigen
(erythrocytes Janoln tubercle bacilli and pig serum) respeetnely
developed a transient positive direct antiglobulin reaction  The do,,
did not however show any signs of hemolysts

L and Evans (19,.) observing that a patient developed a poem\l‘-'
drrect anty, lobulin test after an t 1 I h moculated
twelve rabbits intrapenitoneally for four weeks with their own blood
Four of the animals developed positive direct antilobulin tests but
none became anzmic  Erythrocyte stroma exposed to a streptococent
filtrate was injected mte nnother sertes of experimental animals Lut
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none of the rabbits showed any signs of autosensitization Lt and

Tvans (1052) suggested that the blood injccted ntrapentoneally being

exposed to tissue enzymes and unsaturated fatty acids in lymph mipht
yhave fa d been rendered

thereby They referred to the climeal impression that in the back

ground of patients suffering from ncquired haemolytic anemin there

was an unusua) 1ncidence of mnfection trauma and medication

The Role of Viruses

The effects of virus action on erythrocytes have been recently
reviewed by Briody {195.) V¥hether or not viruses play a direet
part m the genesis of hemolytic anamia by ther effect on the
surfaces of ery throcy tes has yet to be proved  Voolten and Clarkh
(19521 and b) and Moolten and co workers (19.3) described the
ssolation of the virus of Neweastle discase (NDV ) from the
blood of patients suffering from acquired hemelytic anemia
NDYV primanly affects birds but 1t has been detected 1 man
and other species of 1 Autol tion was a
marked feature in Moolten and Clark s (1952a) first case and was
attributed by them to adsorption of virus on the erythrocyte
surfaces and not to the presence of abnormal auto agglutinins
Subsequently NDV  the virus of herpes sumplex and other
unmdentified viruses were 1solated from other patients suffering
from various types of hamelytie anama (Moolten and Clark
195°b  Moolten etal 1953) Up till now tlus work does not seem
to have been confirmed i fact what evidence there 1s seems to
be agamst the hypothests that NDV 1s a common atwologieal
factor Morgan (19.2) searched for viruses in the blood of six
patients and the spleens of three patients with acquired hemolytie
anemia but none was isolated Eyquem and Dausset (1952)
studied the sera of 129 patients suffering from various tvpes of
anzmia Seven sera mhibited the ag_lutimation of erythrocytes
bV NDYV  three of them contained a powerful mnhibitor but only
one of these was from a patient with acquired hemolytic anzrma
the other two were from pattents suffering from hereditary sphero
cytoss and paroxysmal nocturnal hemoglobinuna respectively

Betke Richarz Schubothe and Vnell {1958) have recently
described a cluld who developed an acute hemolytic anemia of
the auto immune type with a positive antiglobulin test 1 whom
mfection with Coysackie virus A was demonstrated The virus
was 1solated from the feces at the tume of the mnfection and

neutralizimg antibodies were demonstrated 1 the patient s serum
during convalescence
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surface antigens should be produced  Agamn 1f 1t 15 argued that
the ‘non speaific  type of antibody 15 developed as the result of
the exposure of deep antigens 1t 1s difficult to see why normal
corpuscles should be agglutinated or sensitized by such antibodies
It should perhaps be added however that Stats and Wasserman
(1952) considered that the 1dea that antibodies dev eloped against
damaged or altered corpuscles should have marked effects on
normal cells was not unreasonable In relation to this pont 1t
will be recalled that Davidsohn and Ovamada (1953) clamed
that the antibodies certain patients developed were m fact strictly
auto specific  As already mentioned on p 233 this has not been
the present authors experience Were this so 1t should be
possible to transfuse such patients satisfactomly with normal
erythroeytes a state of affairs which climical experrenee suggests
wsTare to sayv the least 1n acquired hemolytic anema

Dodd and co workers (1953) reported obseryations which might be
taken as indicating that the erythroevtes from patients with acquired
hemolytic anemia have abnormal surfaces Rabbits were immunized
with normal human erythrocytes and tryp d n erythrocyt
respectively It was then found that both types of rabbut sera absorbed
with normal human corpuscles sull reacted with the trypsimzed
corpuscles  suggesting that as the result of trypsimization some pre
‘iously hidden antigen had been revealed ~Especially interesting
was the finding that the erythrocytes of fifteen out of nineteen patients
with acquired hzmolyhtic anemia were abo agglutinated by the rabbit
sera previously absorbed with normal corpuscles  Whether this means
that the cells which reacted positively had modified surface antigens
or whether agglutmation was merely & sizn of damage to the cells
surfaces which might have arisen from adsorption of anttbodies 1s not
clear 1t 1s interesting to note that positive results were also obtame
m three out of thirteen patients with hereditary spherocytosis

There 1s some evidence m animals that manpulation or modifi
cation of ther erythrocytes en vitro will exceptionally make them
auto anfigenie

Wagley and Castle (1949) found that one out of four dogs njected
with various antigens of )| ery ytes and strepto
coceal toxm or staphylococeal culture filtrate ar with Freund antigen
(erythrocytes lanolm tubercle bacilll and pig serum) respectivelv
developed 2 tranment positive direct antiglobulin reaction The dog
&id not however show any signs of hemolysts

Liu and Evans (19.2) observing that a patient developed n po:
direct antiglobulin test after an nt; 1
twelive rabbits ntrapentoneally for four weeks with therr own bleod
Four of the ammals developed positive direct antrglobuln tests but
none became anemic  Erythracyte stroma exposed fo a streptococeal
filtrate was njected mto another series of experimental ammals but

sitive
lated
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In the type of hemolytic an®ma which appears to be related
to infection a pecuhar proneness of the patient to develop antt
bodies 15 probably an essential factor in the genesis of the antibody
response  There seems no doubt that certain people form 1s0

d with extraordmary ease foll z &
{Callender and Race 1946 Malone and Cowan 19,0 Collins
Sanger Allen and Race 1950 Valler and Race 19021) and 1t
seems Iikely that other things beng equal these are the people
who develop hemolytic anzmz of the auto antibody type—
certainly some sufferers from scquired haxmoly tic anxmia readily
form 150 antibodies 1f transfused (p 190)

Rantz (1923) has recently made an observation which also seems
to suggest that certam people possess an unusunl immunolomcal
hyperactyity  1le found that normal sera contain a factor which 1

with human erythrocy tes treated
with various bacterial products In patients suffening from collagen
disease or from acquired hxmolylic anemm this serum factor was
present m unusually ligh concentrations

Possible Genetical Factors Whether or not susceptibility to
acquired hemolytic anemia and abnormal antibody formation 1s
genetically determuined 1s uncertam  4s previously mentioned on
p 167 theres at least one report in the hterature of the develop
ment of hemolytic anxma of auto antibody type m a mother
and 1n her daughter 1n two other relatives of this famly there
was pronounced thrombogytopema and it 1s possible that 1n these
cases the tendency to develop anttbodies was mhented On
the other hand as described on p 197 one of the authors
patients {Case 9) had an identical twin sister who seven years after
the onset of her sister s illness had not yet shown any signs of
developing hemoly tic anzemia

It has been clmmed that there 13 a relationship between the ABO
blood groups and the abality to secrete blood group antigens 1n saliva
and susceptibihty to acquired hemolytic anemia  Hunt and Lucia
(1953) found that of 27 patients sufferng from acquired harmolytic
anzmia 78 were group O 7 ,, group A and 15% group B and con
cluded from this that. group O subjects were more susceptible The
author s data do not support this contention  of 28 patients suffering
from acquired hemolytic anema of the warm anttbody type nine
were group O fourteen group A four group B and one group AB a
distribution which does not differ sigmificantly from that of the popul+
tion as & whole m Britan  In seven of the group 4 patients the sub
group was known three were group A and four group A  The
Lewn groups were known 1o four cases  three patients were of the
genotypes Le /Leb or Leb/Le® and one was Lewrs negative (Le(a b ) )
None of them was a non secretor (LesfLet)
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Betke and co workers 1n discussing the possible connection between
the virus infection and hxmolysis concluded that the haxmolysis
mght have resulted ather from the virus causing some slteration of
the erythrocyte surfice renderng 1t antigente or to  non speeific
stimulition of the antibody forming tissues of the body They con
sidered that 1t was unlihely that the auto agglutination was caused by
the mere presence of the virus adsorbed on the erythrocvte surface
for this syonld not provide an explanation for the positive antiglobulin
test They also considercd that 1t was unlikely that antiviral anti
bodies were bound to the cell by virus adsorbed on the cell surface for
although the positn e antiglobulin test could be explamed 1n this way
the antiural antibodies did not 1n fact appear in the child s serum
until after the hemolytic episode had subsided

1bnormal Protewn Formation wn dequired Hemolytic Anema

The alternative hypothesis that the antibodies acting on the
patient s erythrocytes are but part of an abnormal formation of
plasma protein deserves serious consideration  Certamly 1t 1
possible to present some arguments n 1ts favour For mstance
the auto antibodies of aequired hzmolytic anema are often
accompanied by mereases i the total amounts of serum globulin
and alterations in the electrophoretic patterns of the serum
protemns as well as by serum components which grve positie
Wassermann and Kahn reactions (see p 195} In so immuniza
tion agamst human blood group antigens on the other hand the
antibodics developed =re strictly specific for the antigen concerned
The assoetation with thrombocytopema (possibly due to anti
bodies active agamst platelets) and the not nfrequent incidence
of hemolytic anema m association with disseminated lupus
erythematosus may also be guoted as 1llustrations of the broad
nature of the mmunological responses of patients who develop
acquired hemoly hie anzmia

Abnormal protem (including erythrocy te antibody protein) can
probably amse as the result of several different stimull In
susceptible subjects certain infective agents may act as hetero
genetic stimult for example the viruses of virus pneumonia and
fectious mononucleosts hemolytic anemia being a not un
common complication of the former Infection with syphilis too
very occasionally results m the development of hxmolytic ant1
bodhes {sce paroxysmal cold hemoglobmuna Chapter 10) Ttis
reasonable to suppose that infection with other as yet unhnown
possibly viral agents may be the cause of some of the cases of
acquired hemolytic anemia at present considered to be wdio

athic 1 omgm as m the patient described by Bethe and
co workers (1953) mentioned above
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anzmia 1t 1s unfortunately less easy to visualize what exactly 1s
taking place 5 tizo on the basis of the reactions of the antibodies
tnuro 'That the patient s erythrocy tes have adsorbed abnormal
protein on their surfaces 1s rcadily demonstrated by for
instance the antiglobulin reaction  The problem yet to be solved
15 how the sensitization shortens the cells cxpectation of ife The
subject has been recently well reviewed by Vasastjerna (1923}
The work of Swisher O Brien and Young (1953) on experimental
hemolytic anxrma 1n dogs has also been of particular importance
1 emphasizing the different way s in which antibodies of different
serological behaviour n 1atro bring about heemoly sis 1 tito

Mechanism of Erythrocyte Destruction in Acquired
Hemolytic Anzmia of the Warm antibody Type

In only a small proportion of pattents suffering from acquired
hemolytic anemia of the warm antibody type can the auto
antibodies be shown to have the property of causing hamolysis
wmntiro andin the few patients in which lysis can be demonstrated
1t can only be done as a rule by using enzyme treated andfor
PNH erythrocytes It 1s certain nevertheless that rapd
hremoly sis 7 t1t0 can take place even though 1t 1s quite tmpossible
(by present methods) to demonstrate that the auto antibodics
have any hemolytic power at all 1 2afre  Two of the patients the
author has studied (e g Cases 11 and 12) have in fact died as the
result of fulminating heemoly tic episodes although all laboratory
tests for hemolysins were negative  In these patients asin many
non fata) cases 3t seems that blood destruction i prio must be
brought about by other means than by direct lysis through the
agency of antibody and complement  Three additional phenomena
of antibody action are probably of particular importance mn this
respect these ph are h I
and erythrophagocytosis

Autohzemagglutination It s Lknown that erythrocytes
which have adsorbed antibody protemn on therr surfaces tend to
undergo auto agglutination when left undisturbed n therr own
plasma i witro at 87 C  There 13 some evidence too that thus
also oceurs  tizo both in man and m animals 1 which exper:
mental hemolytic ansmia has been produced (Bessis and Freixa
1947  Vvasastlerna 1948 1958 Wasastjerna Dameshek and
homninos 1924) Tt1s possible that this type of anto agglutina
tion due to the beng d by ant1
bodies may be of particular importance 1n internal organs such
as the spleen through which the ewrculation 1s slow (Wagley Shen

P 2
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The association of acquired hamolytic anemia of the auto
antibody type with other diseasc processes 1s undoubtedly sgnifi
cant from the pomnt of view of the ctwlogy of the disease As
alveady referred to hemoly tic anemia of the auto antibody type
15 not uncommon 1n assoctation with chrone Ivmphatic leukemia
and 1 cases of reticulosts and retreulosarcoma  In such patients
there 1s an abnormal prohiferation of cells the normal counter
parts of which are probably concerned m the formation of anti
bodies It may be that the same stimulus that causes the cellular
proliferation causes the development of antibodies or alterna
tively that the antibodies are simply products derved from the
rapidly growing cells  Aubert and Brendemoen (1949) and
Wiener Gordon and Gallop (1953) for instance recorded the
extraction of gh titre cold agglutinins from lymphosarcoma
tissue It 15 interesting in this conneetion to note that plasma eell
prol 1on 15 m myelomat 15 not typreally associated with
the formation of antibodies active against ery throcytes

Any discussion on <Etiology 1s of necessity mecomplete and
difficult to summarize However although the development of
the abnormal antibodies of aequired hemoly tic anema 1s 1n the
man 1ll understood certain associations appear significant The
disorder probably affects people with an unusual propensity for
developing antibodies  there may be an overlap with the rollagen
diseases  heterogenetic stimuli such as the virus of virus poet
momia are certamly important  and neoplastic hyperplasia of the
cells probably normally responsible for antibody formation some
times seems to lead to auto antibody formation The attractive
hypothesis that viruses may have a direct effect on the patients
erythrocytes rendering them antigenic is as yet unproven

PATHOGENESIS OF ACQUIRED HAMOLYTIC
ANZEMIA

Tt can hardly be doubted that the auto antibodies of acquired
hemolytic ansemia are an 1mportant cause of the excessive rate
of blood destruction in o However it 15 not clear whether they
are the sole cause of the hamolysis nor are the exact mechamsms
by wluch the antibodtes bring about hemolysis fully understood
In certan mstances such as m paroxysmal cold hemoglobinuna
the abnormal antibody can be shown to cause dramatic and clear
cut hemolysts wm ritro and 1t seems reasonable to suppose that
what happens wn vio 1s bemg reproduced by the laboratory
experrment  However 1n most cases of acquired hemolytic
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given (Banti 1913  Dameshek and Schwartz 1938 Tigertt
Duncanand Hight 1940 Bessisand Freixa 1947 Baumgartner
1947 Vasastjerna 1948  Young Ervin and Ywle 1949

Lehmann Rothe and N\itsch 1922} Spherocytosts and increased
fragility of the recipient s corpuscles also result from the trans
fusion of group O plasma contamning immune antt A to human
group A subjects {(Ebert and Emerson 1946 Ervin and Young
1950 Eran Chnstian and Young 1950) It 1s however a
remarhable fact that spherocvtosis and inereased osmotic fragility
are not reacily produced by the action of immune sera on erythro
evtes i titro (Bantt 1513 Vwasastjerna 1948 Castle Ham
and Shen 1950)

Mutr and Vle\ee (1911-12) Bantt (1913} Wasastjerna (1948
1923) and others have all remarhed on another notable discrepaney
between the effects of antisera on erythrocvtes tn rifro and in tivo
namely that a given dose of immune serum regularly destrovs
many more corpuscles 1n vt 0 than it seems to be capable of
hremolysing intitro  Banti (1913} Dameshek and Schwartz (1938)
and Viasastjerna (1948) also observed that the effects of an
wjection of immune serum were not maximal shortly after the
tume of the mjection but developed progressnely  Wasastjerna
for wnstance reported that the erythrocyte counts of gumea pigs
did not reach their lowest levels until three to four days after
tracardiac injection of the antibody  Dameshek and Schwartz
(1938) and Wasastjerna (1948) found that spherocstosis also
increased progressnely and that this change preceded the fall in
erythrocyte count

Recently observations have been made which at first sight seemed
to offer some explanation for the potentiation tn riro of the effects of
anti-erythrocyte sera and their prolonged action  Muratore Cervellera
and Gardai (19.3) inoculated guinea pigs with small doses of hzmolytie
sera obtamned from rabbits immunized with guinea pig erythrocytes
Nothing happened for three days then a rapid hemolytic anrma
supervened  Erythrocyte osmotic frambity became mathedly wncreased
and auto-agglutination was noticeable At the time of the hemolytic
cnisis_mncomplete auto-antibodies were present The direct ant:
globulin test (using the serum of & rabbit immunized with guinea pig
serum protem) became positive m four out of six antmals and the
wndirect test positine in all six ammals  Muratore and co-workers
concluded that the delayed hrmolytic anzmma was due to the develop-
ment of which the effect of
the small amount of immune serum injected

It 13 possible that 1n the expenment of Muratore Cervellera and
Garda: the rabbit serum acted as a heterogenetic stunulus for  auto-
immunization  That this may be the correct explanation has been
shown by some very Interesting expenments carried out by Samadle
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Cardner and Castle 1948) 1In the spleen particularly auto
agglutination might be expected to result 1n an almost complete
arrcst of the circulation which would provide an opportunity for
the ervthrocytes to be stil further sensiized and to undergo
firmer euto agglutmation because of the close proxumity of the
corpuseles  to  potentially antibody forming lympho reticular
tissue  Wagley and lus eo workers (1948) in support of this con
ception reported that erythrocy tes obtained from spleens remosved
at operation from three patients with acquired hemolytic anema
were more strongly agglutinated by antiglobulin sera than were
corpuscles obtamned from the peripheral errculation

The ¢y pe of ag,lutination referred to 1n the preceding paragraph
1s that brought about by incomplete antibodies i those rarer
cases 1 which powerful mn saline agglutinating auto antibodies
are formed agmlutination 1s probably an all important factor m
briging about ersy throcy te destruction tn ruzo {€e g Case 12}

The 1mportance of auto agglutination and stagnation of blood
as a cause of corpuscular destruction and of increased fragility
has been further emphasized by Castle Ham and Shen (1950) In
an important paper Castle and his colleagues presented arguments
n favour of the concept that auto agglutimation by causmng
stagnation or arrest of the circulation and subsequent tissue
1schemia leads to the release of substances from the autolysung
tissues which have 2 local damagmmg effect on the umpacted
erythrocytes They were able to show m support of therr hypo
thesis that ery throcy tes incubated with autolysing tissues dese
loped 1nereased osmotic and mechanical fragihty and that the
presence of weakly agglutinated corpuscles caused a marked
retardation m the bload flow through organs expermentally
perfused It 1s interesting to recall m connection with this concept
the frequeney of lyer necrosis in fatal eases of acquired hemolytic
anema m man (see p 180)

Spherocytosts  As mentioned m Chapter 1 spherocytosis
results from an mreversible contraction of the erythrocyte surface
which may be brought about esther by an mhented defect of
unknown nature as i hercditary spherocytosis or by various
types of acquired mjury  In acqured hemolytic anema of the
auto antibody type a varying degree of spherocytosis and increase
1n osmotae fragility are almost invariably found in patients mn actise
phases of the disease (see Ty, 63 p 173) 1n ammals 1n which
hzmoly tic anzemia 1s produced exp My by the of
ant1 erythrocy te immune sera marked degrees of spherocy tosts are
vanable if 2 sufficent dose of the hemolytic serum has been
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increase m envthrocste fragiity as the result of mncubation in
wifro A rapud rate of k lysis 1s 1n fact 1y found
1n auto immune hemolytic anemia (Selsyn and Dacie 1904 and
Fig 20 p 27) InCases11and 12(pp 201-200) autohxmolysis was
extremely Tapid despite the fact that there was no evidence that

# the antibodies had any direct hemolstic potency  The hypothesis
that antibodies sdsorbed to ervthrocvtes cause spherocytosis
slowlh and mdircctly by allecting the metaboltsm of the cell sur
faces rather than by direct damage also provides an explanation
for the failure of antibodies to cause any rapid development of
spheroey tosis 1 titro

Selwyn (19,3) studied five patients 10 three of them the merea e
in the ervthrocyte osmotic frazikty as the result of mcubation for
21 hours exceeded that of normal blood anl in four out of the five
patients glucose had less than 1ts normal effect m diminishing haemo-
lyst  Inone seriously il patient the presence of ghucose had absolutely
10 effect i dimimishing the rapid rate of autohemolysis _These studies
therefore provide some evidence of an altered erythrocyte meta

bolim but whether this 1s due directly to damage caused by adsorbed
antibody or to damage brought about indirectly as the result of the
effects of as by Castle Ilam and
Shen (1940) remams to be determmned

Spherocvtosis when once produced 1n acquired haxmolytic
anzmia 15 probably urreversible and spherocy tes almost certamnly
have a shortened life span  Some probably undergo rapid lvsis
within the spleen  others probably break up in the peripheral
eirculation perhaps because of therr increased sensthivity to
mechamcal trauma

Chnieally  the presence of a moderate or marked degree of
spheroevtoss 1s usually associated with a serious rate of hemolvsis
‘The extremely marked spherocy tosis of the erythrocvtes of Case 17
the patient whose serum contamed an auto agglutinm actne at
3~ C and who died in a hvperacute hemolytic erisis may be
quoted as an nstance of this associahion

It has already been mentioned that spherocytosis mav be
inconspieuous and osmotic framhity normal in patients whose
ervthroevies nevertheless react strongly with antiglobulin serum
(eg Case9) Why this should be awaits elucidation

Erythrophagocytosis Phagocytosis seems to be one mecha
mism by which ervthrocytes sensitized by certamn antibodies (or
damaged by other means) are disposed of As has alreads been
mentioned on p 171 erythrophagocytosis has occastonally been
observed 1 the penpheral blood of patients suffermg from
acqured hxmolvtic anemia  In sections of patients spleens
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and Yuchardson (1953) They showed that the corpuscles of guinea
pigs injected with rabbit ant: guinea pig erythrocvte sera became
corted not only with rabbit serum protemn but abo with gumea pig
serum proten  In gunea pigs previously mmmumnized agamnst rabbit
serum the guinea pi,, ervthroeytes quickly became heasily coated with
homologous protein and 1t 1s interesting to note that no hemolytic
anxma then developed The auto sensitization  observed by
Muratore and co workers and by Samaille and Richardson seems
therefore to be due to the reaction between anti erythrocyte antibody
of the rabbit serum and guinea pig ant1 rabbit serum globulin taking
place on the surface of the gumnea pig s corpuscles Some doubt seems
to be cast upon Muratore and co workers interpretatron of ther
observations as the result of the work of Samaille and Richardson for
the latter s expenments suggested that the nuto sensrtization  was
protectrve rather than harmful

One other protective mechanism descrves mention  Cruz and
Junqueira (19.2) have shown that the resistance of reticulocytes to
hemolytic scra en tiiro 15 from two to four times greater than that of
non reticulated erythrocytes Cruz and Junquerra suggested that this
helped to explain the extremely high reticulocyte counts seen m acute
heemolytic episodes

The observations that have been made on the expermmental
hzmolytic anemas produced by the mjection of ant: erythrocyte
sera mto animals are of great significance 1n relation to the patho
genesis of human acquired hamolytic anems and have conclu
sively proved that spherocytosis can result from antibody action
However Dameshek and Schwartzs (1938) origmal view that
spherocytosts was brought about directly as the result of the
action of hremoly sin upon the surfaces of the ery throcy tes has had
to be modified = As mentioned on p 300 Castle Ham and Shen
{1950) Tuded that sph developed when ag d
erythrocytes were cxposed to mjurious products derived from
degenerating tissues and that the tissue degeneration might be
caused by 1schema resulting from autohzmagglutmnation  This
hypothesis provided an explanation for the development of
spherocytosis 2n zize by antibodies which did not scem capable
of producing this change m wtro 1t also accounted for the
pronounced hemolysis n vizo caused by anbibodes which were
only weakly or not at all hzmolytic i vitro

There 15 however another way m which spherocy tosts might
be produced It 1s concervable that antibodies adsorbed by
erythrocytes might so interfere with the metabolism at the
surface of the corpuscles as to cause irreversible degeneration
of the cell membranes This would be expected to result n time
m spherocytosis and erythrocy te destruction ¢n 130 and also m
a rapid rate of autohxmolysis and perhaps an unusually great
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organ  there s often a le degree of d and
1n many cases phagocytes containing mgested erythrocytes can
be 1dentified without much difficulty The bilirubin content of
blood from the spleen or splenic vein may also be considerably
higher than that of venous blood obtamed from a penipheral vem
(sce p 207 Case 13)

The role of the spleen 1 experimental hemolytic anema has
recerved attention ever suce expertments were started at the
begmning of the century and the marked congestion with blood
and the abundant evidence of erythrophagocytosis and siderosts
within the spleen following the admimstration of a hxmolytic
wmmune scrum or chemical have been remarked upon by many
workers (Levadith 1902 Dudgeon Panton and Ross 1909
Banti1 1913 Baumgartner 1947 Bessis and Freixa 1947 etc)

The effect of the previous remosal of an ammal s spleen on 1ts
subsequent sensitrvaty to an 1mmune serum or hamotoxte ehemical
has heen the subject of a number of studtes

Banti (1913) found that the hemalytic effect of an anti erythro
eyte serum and of toluylendiamine was less marked 1n dogs and in
rabbits after their spleens had been removed These observations were
confirmed by Pearce hrumbhaar and Frazier (1918) in dogs and also
by Wasastjerna (1951) in gumea pigs  Piovella and Formaggio (1950)
found that dogs were slightly more resistant after splenectomy and
Piovella (1953) observed that dogs whose spleens had been caused to
contract by the admimstration of acapnine a quinine dernative were
simlarly less sensitive to anti erythroeyte serum  On the other hand
Tischendorf and Franke (19.0-1) concluded that splenectomy had no
sigmficant nfluence on the course of expenimental hamolytic anzma
n rats

The studies outlined above provide on the whole reasonably
good evidence for the 1 by previous y of
the hzmolytic effects of ymmune sera in some species  Presumably
the benefit 15 due to the removal of an organ in which auto

| hemaggluttnation may cause local arrest of the erculation and
swhich 15 1n addition an mmportant site of erythrophagocytosis
However 1t 1s clear from the experimental reports that the effects
of splenectomy are quantitative  with a given dose of immune
serum the resulting h tob ) Tok angmia
spherocytons and ncrease n osmotie fragility are likely to be
shghtly to moderately reduced but not abolished

In human cases of acquired hemolytic an®mra as opposed to
the expenimental disease 1 ammals there 15 the additional posst

\ bihty that the spleen 1s an important site of auto antibody forma
tion and that this may somettmes be the explanation of a sudden
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removed at operation evidence of the phagocytosis of erythrocytes
by macrophages 1s usually easy to find In expenmental hemo
Iytic anema due to the mjection of immune ant1 ery throcyte sera
erythrophagocytosis 15 often P mn mternal organs
particularly in the spleen and to some extent also in the peripheral
blood (Levadit: 1902 Dudgeon Panton and Ross 1909
Baumgartner 1947 Bessis and Frexa 1947  Wasastjerna
1951 1953) It should be added that there seems no reacon to
believe that excessive phagocytosis of normal undamaged cor
puscles 1s of any mmportance mn the pathogenesis of 1dropathic
acquired hemolytte anema

That certam types of auto antibody are capable of sensitizing
normal human erythrocytes to phagocytosis i rifro has been
shown by Bonmmn and Schwartz (1954) working in the authors
laboratory In experiments using both warm and cold antibodies
from ff from acquired hemolytic anemia they
showed that only antibodies capable of causmng the fixation of
complement and hence hemolvsis caused the phagocytosis of
erythrocytes by neutropll polymorphonuclears andjor by
monocytes

These laboratory studies do not tally exactly with the observa
tions that have been made on erythrophagocytosis 1n 2o For
nstance erythrophegocytosis by monocytes has been observed
1n peripheral blood films made from patients whose auto antibodies
have been found to be mcapable of causing rapid haemolyss
vitro e g Case12(Fig 64 p 176) whose antibody had the ant Rh
speaficity ant1 Cand antie  No doubt though conditions mn life
are more favourable for vital phenomena such as phagocytosis
than are the highly artificial test tube conditions of the laboratory
Moreover 1t has been claimed that Rh antibodies do mn fact slowly
cause hemolysis of normal corpuscles n 1itro (Hill Haberman
and Jones 1948 Ballowitz and Ballowitz 1954) but 1t remamns
to be seen whether the observed hemolysis 15 due to the combmed
action of complement and antibody or due to the aceeleration by
the adsorbed antibodies of the autolysis which normally takes
Pplace when blood 1s incubated for 24 to 48 hours

Role of the Spleen
It 1s common hnowledge that the spleen 1s probably always
enlarged 1n human acquired hzemoly trc anemia and that splence
tomy often has a favourable influence on the course of the disease
(see Chapter 12) Sections of human spleens usually provide
defimte evidence of the occurrence of hzmolysis within the
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hzmolytic ancrma or for that matter the reasons for success
some cases are far from clear

Mechanism of Erythrocyte Destruction wr 1120 in Acquired
Hm=molytic Anzmia of the cold antibody type

As shown n Chapter 7 the concentration of cold antibodies in
the sera of patients suffering from ncquired hemolytic ancmia
may be very high indeed whilst the temperature at which the
antibodies arc active mn riro may extend almost 1f not quite
to 37 C /It seems reasonable to regard the temperature up to
which the antibodies are active as of more importance to the
patient than the titre of the antibodies at & low temperature

As described on p 184 woold antibodies are capable of causing
both agglutination and lysis of normal corpuscles 1 wilro as well
as sensitization to antiglobulin sera , Normnl corpuscles are
however much less sensitive to lysis than to agglutination even
1f the pH for lysts 15 adjusted to the optimum (usually pH 6 5-7 0)
However 1n some cases hemolysis may be observed to take place
wm wtro at a relatively high temperature (30 C) and at the
physiological pH of blood That at least part of the hemolysis
takes place 1n some cases 1 the blood stream 1s shown by the
occasional episodes of hemoglobinuria and the more constant
presence of minor degrees of h 1 and of h d
in the urinary deposit (Crosby and Dameshek 1951) /Tt has been
claimed (Stats 1945) that 1t 1s the sensibvity of agglutinated
corpuscles to mechameal trauma that 1s responsible for their
breakdown 1n the blood stream when the temperature of the blood
falls below 87 C That autoagglutination of the patents
corpuscles may take place under natural conditions 1s shown
by the frequent of R ds n patients
whose sera contamn ligh titre cold antibodies (see p 175) It
must be borne in mind however that antibody complement lysis
can be demonstrated to take place 1n vitro up to about the same
temperature at which normal corpuscles are agglutinated

Ham Gardner Wagley and Shen (1948) concluded that mechamical
trauma caused lysis only when the corpuscles were already sensitized
by mcomplete antibodies They studied two patients whose sera
cold at the same (titre 5000)
One patient who was suffering from acqured hemolytic anemia was
anzmic  her erythroeytes gave a positive direct antiglobulin test
the other patient. convaleseing from virus pneumonia was not anemue
and her erythrocytes were not agglutinated by antiglobulin serum
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cessttion of hemolysts following splenectomy  Unfortunately
there 1s Iittle reliable information on this point

Evans and Duane (1949) studied two patients and found that
2 diminution m the rate of hemolysis after splenectomy was
associated in cach case with a strihing reduction i the agglutina
bility of the patients erythrocytes by antiglobulin serum

Several of the author s patients have also been studied m some
detail before and after splenectomy In the patient described as
Case 9 the concentration of antibodies adsorbed to her corpuscles
remained virtually unchanged as judged by the strength of the
direct antiglobultn reaction over a period of six and a half years
after splenectomy She nevertheless experienced a sustained
chinteal remussion and there seemed little doubt that the rate of
hxemolysis had been substantially reduced by removal of her
spleen {(Fig 68 p 197) The mdirect antiglobuln reaction
however became negative suggesting that there had in fact been
some diminution in the rate of antibody production

The patient described as Case 18 has also been studied at
frequent 1intervals sinee splenectomy  Considerable chmical
benefit resulted and there seemed no doubt that the rate of
hemolysis was dminished (Fig 22 p 85) However the mten
sity of the sensitization of her erythrocytes and the antibody
titres 1n her serum remained apparently unaltered (Fig 70 p 207)
In this patient at least 1t seemed that the spleen was acting more
as a hemolytic organ than as a site of formation of auto anti
bodies

It s dly dufficult to und d how and why highly
sensihized corpuscles {as judged by the antiglobulin reaction)
survive so well m patients m clinical remission as for example 1n
Case 9 after splenectomy Whether the removal of a phagocytic
organ and a it red m the ts of antibody
formed provide a complete explanation for these patients remus
sions 1s uncertamn

If splenectomy 1s sometimes successful in bringing about
clinical cure of patients m whom antibody formation persists
why does this not always happen? It appears likely to the
author that 1 most cases where splenect: fails overwhel
amounts of antibody potent in causing erythrocyte destruction
are being produced with the result that cell survival wn vito IS
grossly shortened  Under these cwcumstances a moderate
mmprovement 1n the survival of the patient s corpuscles 1s of hittle
practical value to him However 1t has to be admitted that
the reasons for failure of splenectomy 1n idiopathic acquired
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titres were mgmificantly less—neither patient suffered from
heemols tie anzenita

TapLC 25 | 7 bet een the 1 and h 1
tilres of the scra of fite patienis who had probably suffered from
wirus pnewmonia 1 ahents 1a We and 81 deeloped acute
hamolytic anamia  patients Ra and Ba did not become

anemic
Amglt! tho f Hwmoly 1 of
Pt al rythrocytes PN ryth ocytes
(Tt 17 C) (Titre £1 €)
i
Ra 226 | 64
Ba 512 32
Pa 51, 206
Ma 512 256
sl 512 256

A patient suffering from hemolytic anemua following virus
pneumonia {Case 16) provided an opportumty for studying the
reactions of his antibody an 1270 1n relation to the progress of his
chnucal recovery (Fig 73) Four samples of serum were compared
for ther abity to hamolyse PN H erythrocytes at 37 € —a
measure of antibody action at the upper Limit of 1ts thermal range
—and for their ability to agglutinate normal erythrocytes at 2 C
Chimeal recovery was assocated with loss of activity at 3~ € but
only a small change in the agglutinin titre at 2 €

Stgnificance of Complement Changes

A factor of at least theoretical importance in relation to hemo
Iys1s by the antibodies of acquired hemolytic anema 15 the level
of serum complement Expertmentally 1t has been shown that
the rapidity of hemolysis m 2o of d by
hzmolysins 15 dependent upon the amount of complerent present.
(Christian Stesart Yule Erun and Young 1951) A reduction
mn the level of serum complement has been reparted m certamn
cases of acquired hzmolytic anzmia (see p 195) The results of
complement titration carried out on the sera of some of the
petients considered 1 Chapter 7 showed that four of them had
subnormal levels However there did not seem to he any
correlation between the results of complement titration and the
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Chilling the patients arms for 20 minutes resulted in hazmoglobmema
1n the first patient but not 1n the secons

Stats s (1015) observations were also agamnst the hypothesis that the
ntensity of hemoly sis 21 v can be correlated with the cold agglutinm
titre (at 0 to 2 C) For example one patient with a hemagglutinm
titre of 10 000 had experenced an attack of acute hemolytic anema
three others however with hemagglutimin titres of between 5 120 and
12 800 had neither hiemolytic anemia nor hzmoglobmuria

Of the patients m the authors series those suffermng from
hemolytic anema following yirus pneumonia (e g Cases 15 and
16) developed acute anema with antibody concentrations
considerably lower than those of some of the patients with the
1diopathic disease 1 whom the rate of erythrocyte destruction
appeared to be considerably less £Tt seems hhely that qualitatne
differences 1n the antibodies such as the ability to agglutmate or
sensitize the patients erythrocytes at relatively high fempera
tures and to fix complement and bring about hzmolysis at the
physiological pH of blood are important Of the patients with
very high titre cold antibodies who suffered from Raynauds
phenomena m cold weather 1t was the patient whose anttbody
caused marhed lysis of normal corpuscles mn unacidified patient
serum n wifro (see p 251) who suffered from frequent attacks of
hazmoglobmurta  On the other hand attacks of chnical hemo
globinuria were 1nfrequent or absent mn the patients whose serum
had to be acidified n order to & ate 1ts hemoly tic property
wmritro (e g Case 14)

It1s interesting to note that n some patients whose sera contai
cold antibodies hzmolysis does not seem to be affected to any
great extent by the seasonal vanations of temperatures m London
(eg Case 14) In these patients it 15 presumably the fact that
antibody activity extends up to 87 C (at least as judged by
sensinzation to sntiglobulin serum) that 15 the cause of the
continuation of heemolysis i warm weather and when the patient
1s kept warm mn bed

Other evidence which suggests a correlation between clmical
hemolysis and the hemolytic power of the patients sera o
1s summanized 1n Table 25 Here are compared the ag,lutimn
and hemolysin concentrations m five sera obtamned from patients
who probably had suffered from virus pneumoma_titrated with
normal and PN H erythrocytes respectively The agglubmn
titres were about the same m each instance The haxmolysin
titres using the PN H corpuscles vared 1 patients Pa Ma
and S| they were close to the agglutimn titres—they all suffered
from hemolytic anemia 1 patients Ra and Ba the hzmolysin
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and Heck (1918) reported three failures five patients improved
and ten cxcellent results Robson {1949) reported that five out
of seven chronic cases and two acute cases were benefited by
splenectomy  and Dreyfus Dausset and Vidal (1051} had good
results 1n two out of five cases

Unfortunately 1t does not vet seem possible to predict which
panients will Tespond farourably to remosal of their spleens and
which will not either on chnmeal hematological or serological
grounds  Of sixteen patients the suthor has investigated
who have undergone splenectom) mne have enjoyed sustamned
renssions lasting between six months and seven years of the
remumng seven five died of their disease despite splenectomy and
two went into remissions as the result of ACT H therapy given
after splenectomy had failed The auto antibodies were of the
warm varnety m six of the patients favourably affected {eg
Case 9) and of the cold type in three patients (¢ { Case 13) The
extent of the mncrease 1n erythrocyte osmotic framhty did not}
seem to have any prognostie significance for the fragthities of the
patients fasourably aflected varied from within the normal range
to a marked increase  The role of the spleen n acquired hemolytic
anxrma and the possible ways i which splenectomy may bring
about a reduction mn the rate of hemolysis have already been
discussed (p 804}

Blood Transfusion

Transfusion as a means of therapy for acquired haxmolytic
anema was undoubtedly populanzed by the publication of
Lederer (19%2) who described three patients sulfering from acute
hemolytic an-ema in whom recovery seemed to be mbated by
transfusion  In a later report Lederer (1930) reviewed twelve
cases and considered that eleven of them had responded to trans
fusion It appears extremely doubtful m retrospect whether
transfusion played a decisive part i the recovery of these patients
except 1 as much as 1t helped to tide them over therr anemic
enses  The recoveries appear as likely to have been spontaneous
as due directly to the transfusions  Whether or not normal plasma
or serum contawmns any or sufficient anta lytic substances to have
a speaific mhibitory effect on hamolysis remains doubtful (see
p 245} Certamly transfusion 1s seldom followed by dramatic
or sustained benefit in the majority of cases of acquired hzemoly tic
anerma seen to day Dameshek and Rosenthal (1951) reviewmg
their own experience steted that 1n only eight out of 70 cases of
acquired hemolytic anemia of mixed patho,enesis were trans



CHAPTER 12

ACQUIRED HAEMOLYTIC ANZEMIA
(AUTO ANTIBODY TYPE)

VI TREATMENT

Thr treatment of patints suffering from acquired hamolytic
anemia of thehuto antibady type 1s still largely empirical Unbl
quite recently there were only two well established but by no
means always successtul hines of treatment namely splenectomy
and blood transfusion Now with the advent of adrenocortico
tropre hormone and cortisone a third and sometimes very potent
form of therapy 1s avatlable These three mamn methods of
treatment will be dealt with m historical order beginmng with
splencctomy and ending with A CTH and cortisone  Finally
some other types of therapy designed to depress antibody forma
tion will be briefty mentioned

Splenectomy

The beneficial effect of spl m acquired hzmolytic
anemua seems to have been reported for the first time by Michel
m 1911  Other favourable followed (e g Antonell
1913 Nobel and Stemebich 1914) and by 1940 Dameshek and
Schwartz were able to collect together reports of 23 patients
suffering from the acute form of the disease (including four pattents
of their own) twenty of whom had responded favourably t0
splenectomy ~ Later Dameshel. (1943) reported good results i
ten out of 18 personally studied patients

Many subacute and chromc cases also benefit greatly from
splenectomy ~However not mfrequently the operation fails
either h Iy pp tly bated or after an
imtial favourable response lasting days weehs or even months
the patient relapses again and becomes as seriously 1ll as he was
before splenectomy  According to Welch and Dameshek (1950)
who reviewed 34 cases of 1diopatine aequired hemolytic anemi2
pl y 13 followed by a complete r 1n approximately
50% of patients Rather simlar results based on smaller series
of patients have been published by others For example Stichney
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and Heck (1948) reported three fmlures five patients improved
and ten excellent results Robson (1919) reported that five out
of seven chronic cases and two acute cases were benefited by
splenectomy  and Dreyfus Dausset and Vidal (19.1) had good
results in two out of five cases

Unfortunately 1t does not yet scem possible to prediet which
patients wall respond fasourably to removal of their spleens and
which will not either on climieal hamatologieal or serological
grounds  Of siteen patients the author has investigated
who have undergone splenectomy nine have enjoyed sustamned
remussions lasting between six months and seven years  of the
remaining seven fise died of their disease despite splenectomy and
two went 1nto remusstons as the result of A CT 1L therapy gnen
after splenectomy had falled The auto antibodies were of the
warm variety n six of the patients fasourably affected (eg
Case 9) and of the eold type in three patients (e g Case 18} The
entent of the increase m erythrocyte osmotic fraplity did noty
seem to have any prognostic significance for the fragilities of the
patients favourably aflected vamed from withm the normal range
to a marhed increase  The role of the spleen in acquired hemolytie
anemia and the possible ways in which splenectomy may bring
about a reduction in the rate of hamolysis have already been
discussed (p 804k

Blood Transfusion

Transfusion as a means of therapy for acquired hemolytic
anxma was undoubted] pul by the publ of
Lederer (1925) who described three pattents suffering from acute
hamolytic anxmia in whom recovery seemed to be mnitiated by
transfusion  In a later report Lederer (1930) reviewed twelve
cases and considered that eleven of them had responded to trans
fusion It appears extremely doubtful in retrospect whether
transfusion played a decisive part in the recovery of these patients
except m as much as 1t helped to tide them over their anemic
crises  'The recovertes appear as likely to have been spontaneous
as due directly to the transfusions Whether or not normal plasma
or serum contains any or suflicient ants lytic substances to have
a specific mhibitory effect on hemolysis remains doubtful (see
p “45) Certamly transfusion 1s seldom followed by dramatic
or sustawned benefit mn the majonty of cases of acquired hmoly tic
anxmma seen to day  Dameshek and Rosenthal (1951) reviening
their own expernience stated that only eight out of 70 cases of
acquired hemolytic anemia of mixed pathogenesis were trans




CHAPTER 12

ACQUIRED HAMOLYTIC ANZEMIA
(AUTO ANTIBODY TYPE)

VI TREATMENT

THE treatment of pattents suffering from acquired haemolytie
anxmua of thehuto antibody type 15 still largely empirical Until
quite recently there were only two well established but by mo
means always successful hines of treatment namely splenectomt
and blood transfusion Now with the advent of adrenocortico
tropic hormone and cortisone a third and sometimes verv potent
form of therapy 1s available  These three mam methods of
treatment will be dealt with n historical order beginnmg vith
splenectomy and ending with ACTH and cortisone Finally
some other types of therapy designed to depress antibody forms
tion will be briefly menttoned

Splenectomy

The beneficial effect of splenectomy mn acquired hemolyte
anerma seems to have been reported for the first time by Michel
0 1911 Other favourable accounts soon followed (e g Antonell
1913 Nobel and Stemebach 1914) and by 1940 Dameshek and
Schwartz were able to collect together reports of 23 patients
suffering from the acute form of the discase (including four patients
of therr own) twenty of whom had responded fayourably 0
pl Later D. hek (1048) reported good esults 1
ten out of 18 personally studied patients

Many subacute and chromic cases also benefit greathh f“l’sm
splenectomy  However not infrequently the operation fal /
aither hamolysis contmues apparently unabated or <t ‘s
mit1d favourable response lasting days tweehs or even mont !
the patient relapses again and becomes as sertously 1l as he “$
before splenectomy  According to Welch and Damesheh (19 s
who reviewed 84 cases of 1diopathic acquired hamolytic ﬂ“ﬂ:\d’
splenectomy 1s followed by a complete remussion n approié e
509% of patients Rather simlar results based on smaller 51:””
of patients haye been published by others For example Stackn

a1




Broop TRANSFLSION 317

fused plasma rather than to hemolysis This type of plasma
reachion  described by Dameshek and Neber (1950) and Dameshek
and Tosenthal (1951) can be avoided by the transfusion of
erythrocytes washed in saline  According to Crosby and Stefanint
(190°) the plasma reaction 1s due to an umdentified heat labile
\‘nctor At the time of the reaction the leucocyte and platelet
counts and the fibrinogen concentration are lowered Croshy
and § 2 d that the p of the reaction mught
be caused by vascular obstruetion due to small emboh
Cross matching of Blood for Transfusion This is a source
of difficulty and znwiety as the serum of most patients will be
found to contam non specrfic abnormal antibodres if their disease
wsactive Itishhkely therefore that apart from exceptional cases
normal blood samples will appear to be more or less incompatible
1f compatibility tests are carried out by sensitive methods such as
the indirect antiglobulin test (see p 486) The best that can be
done 15 to select from sp of blood of homals ABO
group and Rh type those samples which appear to be least incom
patible when the cross matching test 1s carried out at 87 C
The patient s blood should be genotyped before he recerves his
first transfusion and the speeificity of his auto antibodies deter
mined 1if possible This knowledge may enable the serologist to
select compatible blood and it will also indicate what types of
150 antibodies & patient receiving many transfusions s likely to
develop
If blood known to be more or less incompatrble has to be admin1
stered to a patient 1t should be given slowly The rate should
certamnly not exceed 100 m! of packed corpuscles per hour If
the patient 1s reg il of 1t 15 worthwhile
seeing whether a trnnsfus\on of saline washed corpuscles 1s better
tolerated

Treatment with ACT H and Cortisone
The results so far obtamned by treatment with ACTH and
cortisone have been and
Many patients with acquired h:emolytm anzmia of the auto
antibody type derive benefit but 1t must be admtted that the
results are rather unpredictable and that 1t 1s far from clear how
the beneficial effect of treatment 1s brought about

Laterature on 4 C T H and Cortisone Therapy

The first publxshed Teports date from 1950 Dameshek (1050)
reported  starthng ' improvement as the result of treating with
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fustons followed by plete and m onlv two of the
remutting cases was the disorder of the auto antibody type

In the great majority of patients suffering from acquired hzemo
lytic an®mea transfusion therefore cannot be expected to be more
than palliative  and 1ts value s seriously hmited by the fact that
the survival of the normal blood in the patient 1s Iikely to be no
better than that of Ins own erythrocytes (see however the account
of Case 12 whose antibody had a definite speaifieity) The almost
nvartable result 1s that except m mild cases transfusion can be
of only transient benefit and the mmprovement if any i the
patient s general condition 1s usually only 2 matter of days at the
most A very seriously 1ll patient may actually appear worse
after transfusion for the benefit due to 2 mise m hemoglobin will
be transient and the transfusion by providmg him with more
cells to destroy will mevitably result mn an mereased rate of
bilirubin formation with consequent merease m jaundice  In other
patients 1n whom hemolysis 15 taking place m the blood stream
transfusion may merely result in an increase m hemoglobmuna
as i Case 11

Nevertheless desptte the hrmted value of transfusion i serious
cases 1t 15 impossible to let the patient die of anemua untransfused
In patients who are severely anemic ACTH or cortisone
therapy (see p 323) should certamly be started at the same time
as transfusion  In less seriously 1ll patrents transfusion may be
useful as a preparation for splenectomy and in obscure cases &
determimnation of the survival of the normal blood may help in
diagnosts  Exsangumation transfusion has been attempted on
several occasions but the benefit 15 usually only transient (see
Milhez et ol 1951)

It has been commonly held that reactions oceur frequentlv
when transfusions are given to patients with acquired hemolstic
anzma This 1s probably true aithough in most patients shght
fever and an intensification of the patients jaundice are the only
accompamiments There are several reasons for the frequency of
reactions not only may non specific or speaific auto antibodies
be present 1n the patient s plasma but he may have developed
immune 1so antibodies as a consequence of past transtusions—the
relative frequency of anti E has already been mentoned (p 195}
Occasionally patients are met with who appesr to be regularly
ntolerant of transfusions and who devclop pyrexia and rigors
and may complam of backache after relatrvely small amounts of
apparently compatible blood have been transfused In certam
patients this syndrome appears to be due to sensitivaty to trans



ACTH axp CorrisovNe 319

sort of favourable response to treatment in only three was the
result really good 1n these three cases the improvement was
maimtamed for more than six months after stopping treatment
In some of the patients who responded partially the antiglobulin
reaction became weaher  an others who responded the test still
remamed positive  The Iater hustory of some of these patients
has recently been recorded (MR C Hematology Panel 1J23)
Of the three patients who responded well one relapsed and died
the other two remained well  Of the five patients who respanded
parhally one recovered after splenectomy but three died  one
patient was not traced

The results of Meyers Maller Linman and Bethell (19.2) were
more developed m s1% out of
seven patients apparently suffering from the wdiopathie type of
the disease  Daily doses of 100 to 160 mg of ACTH or up to
300m,, of cortisone were given One patient remained 1n complete
rermussion for 15 months after discontimuing the hormone therapy
two relapsed partially and four patients relapsed completely and
needed further treatment  Meyers and co workers concluded that
the best results seemed to be obtained in patients who responded
to mod amounts of the | after relatively short pertods
of treatment

The results of treatment of four more idiopathic cases were
reported by Davis hennedy Baikie and Brown (192°) Two of
the patients responded favourably two denved lttle or no
benefit

Morerecently Dameshek (1952) 1n commenting on the relatively
poor results of the British MR C trial attributed this to a too
small scale of dosage  Vith dailv doses up to 300 mg of A CT IT
or cortisone Dameshek found that hemolysts could nearly always
be controlled he stated that fourteen out of 22 patients expen
enced 1 1 and clinical although
the direct antlglabulm tests more often than not remamed posittie
Rosenthal Spaet Goldenberg and Dameshek (192°) used com
pound F When given F
o be less effective than ACTH or conxsone 1 four pahentq
when grien orally pound F n
one patient but in another 1t seemed to be Iess effective than
cortisone

Rose and Nabarro (1903) studied three children severely ill
with acute hemolytic anemia  Repeated transfusions did not
affect the rate of hemolysts  all three however responded to
relatively large dosesof A CT H orcortisone  One child recoyered
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A CTH two patients who were suffering from acquired hemoly ie
anemia associated with generalized lymphosarcoma  the serum
bilirubin concentration and the antibody content m their sera
dimimshed therr blood counts rose and the Iymphosarcoma
regressed Dameshel also reported that two other patients with
the wdiopathic disease who had not responded to splenectomy
mmproved on ACTM therapy Gardner (1950) described
improvement n three patients 1n one a girl aged five years the
erythrocyte osmotic and mechanieal fragilities returned to normal
and there was a fall in the Coombs titre

Detalls of five patients were given by Dameshek Rosenthal and
Schwartz (1951)  In each case the direct antiglobulin test was positine
and all had eirculating antibodies  Three of the patients were suffern
{rom hemolvtic anemia with lymp
or lymphatic leukerma whilst m two patrents the disease was of the
wdiopathic type  All received intensive A C'TH therapy dosa €
vaned from 30 mg to 86 mg gnven mtramuscularly at 6 or 8 hour
wtervals  Four of the five patients underwent almost complete remis
sions and their antibody titres were markedly dimmished Two of the
patients relapsed following cessation of therapy but re admmstration
of ACTH resulted 1n further remussions  In a footnote the authors
referred to three other patients suffering from the idiopathic type of
the disease all of whom d to with

TH

H

Gardner McElfresh Harns and Dramond (1951) reported detailed
studies n three patients suffering from the 1diopathic disease  twowere
children one was an adult The direct Coombs titre and the
erythrocyte mechameal fragihty declined markedly mn each case anld
m two patients the erythrocyte osmotic fragiity became normd
Daily treatment with 100 mg of A CT H resulted in the disappearance
from the adult patient s serum of an agglutimn and hemolysin actre
agamst normal corpuscles at pH 64 At the same ttme there was &
mn the of serum y glot 4

Wintrobe Cartwright Palmer Kuhns and Samuels (1951) reporte
the results of treating three patients with ACTH the m:n“mum'v
dosage bemng 100 mg t0 200 mg daily In one 1diopathic case a strtha
remisston lasting more than mine months followed the daily admint
stration of 200 mg of ACTH  the direct Coombs titre howeer
mcreased  The other patients suffertng from chrome lymp]m’!lt‘
leukzermua and from d lupus eryth Tespective Yt
responded moderately well 1n the latter patient the antiglobuln tes

became negative

The results of the trials sponsored i Britamn by the Medical
Research Council were only moderately encouraging (M RC
Hwematology Panel 1952) The usual minimum course of treati
mentwaslg of ACTI orl5g of cortisone grven over a peno
of ten days  Although eight out of eleven paticnts showed some
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proved meflective and de Gruchy (1944) referred to four patients
who responded to A CTH  but not to cortisone

Mode of Action of A CTH and Cortisone The exact wav
in which ACTII andfor cortisonc bring about benefit m
acquired hemolytic apvmia 1s still not clear  In some of the
patients who respond there scems to be a reduction in the concen
tration of abnormal antibodies in the serum or i the strength of
the direct antiglobulin test {eg Samt and Gardner 1902)
exceptionally  auto anuibodies cehse to  be demonstrable
(Dameshek 1952  Mallarmé 195°) In other patients the direct
antiglobulin test remains strongly positive despite clinical improve
ment (Clearlan 1952) [his w1s also true of two of the patients
studied by the author (Cases 10 and 14) 1n nether of whom could
a significant change be demonstrated 1n the reactions of their
corpuscles 1n the direct antiglobulm test or in the concentrations
of antibodies 1n their ser1 compared with serial observations made
before the hormones were grnven  Collateral evidence obtamed m
man which sugpests that therc mav nesertheless be depression of
antibody formation in at least some cases 15 provided by the
obsersation that the concentration of serum y globulin may be
reduced following the admumstration of ACTH ({Vaughan
Bavles and Favour 1920 Gardner et ol 1951 Samt and
Gardner 102" and Hansen 19.7)

Other possible methods of the action of ACTH andfor
cortisone mclude an effect on the marrow resulting 1n accelerated
erythropotesis (Hudson Herdan and Yoffey 1901) mterference
with the reaction between the erythrocytes and antibodies as the
result of an effect of cortisone on cell permeability (Thorn et al
1950) and inhibation of erythrophagocytosis

Despite the inconstancy of the effects of treatment on the
antibodies 1n human cases of acquired hemolytic anzmua there s
some experimental evidence which indieates that the prolonged

of phic hormones to animals leads
to a red m the 10n of circulating bod

Tor instance Bjorneboe It chel and Stoerk (1951) demonstrated 1n
rabbits a reduction n the concentration of antipneumococeal anti
bodies and de Vries (1950) a1 o 1n rabbits 4 reduction of the concen
tration of antibodies aganst eg,, albumen as a result of the admim
steation of ACTH  Sumilarly { ermuth Oyama and Ottinger (1951)
showed that compound L (cortisone) given €o rabbits sensifized with
egg albumen markedly whibited the development of anaphylactic
hypersensitivity of the Arthus type The effect seemed to be due o 8
reduction in the rate of formation of antibody rather than to arcelera
tion of antibody destruction for no effect on the rate of di app arance

Dor s EEM L axEMMa 1
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after five weeks of ACTH therapy the other two relapsed
when the drug was withdrawn but remitted when A CTH was
re admimstered  One child recovered after three courses of
ACTH and cortisone hzmolysis mn the other persisted longer
but was still being controlled by a daily dose of 7o mg of cortisone
80 weeks after the start of hisillness The sera of all three children
contaned abnormal auto antibodies  Aber Chandler and
Hartfall (1954) reported that the last patient was still beno
maintamed 1n good health on 75 mg of cortisone a day 60 weehs
after commencement of treatment

The British M R C Hrematology Panel have recently published
a second (1958) report  Ten further patients have been treated
m seven the hemolytic anema was 1diopathic  1n three 1t was
of the secondary type In seven patients the antiglobulin test
was positive  Five patients underwent complete remssions and
three partial remussions  Two patients failed to respond (both
had negative direet antiglobulin fests) ther resistance could
not be ascribed to under dosage Throughout the serses the daily
dosage of the drugs ranged from 80 to 200 mg of A CTH and
100 to 300 mg of corttsone

Other fasourable reports based on the study of single cases neclude
those of Davidson Duthie Girdwood and Sinclarr (1921} Etes
Bassen Litwins and Sussman (1951) Unger (1901) Meyer (191
Crary and Bech (1952) Saint and Gardner (1952) Gunz and Aiken (19 )
and Artchison (1953)

Best Lumarzi and Poncher (1901) reported improvement 1 ﬂ\'g
cases Clearhin (1952) m one out of two patients Hansen (1952) ﬂog
results in three out of four patients and Sachs VWorkman and Jahn
(1902) remissions n two patients and partral remissions m six others

Three patients of the author s series have been treated mtcnd
snely with ACTH andjor cortisone All three responde
partially to the drug one patient (Case 21) suffermng from #
secondary hemoly tic anzema of the cold antibody tvpe appe:
to go mnto an almost complete remusston for a time  Of the 1du:1
pathic cases who partially remtted one patient (Case 10) had
antibodtes of the warm type the other (Case 14) high titre col
antibodies

Mast worhers have assumed that A CTH and cortisone have
the same effect m comparable doses Although this 15 probably
true 1n the great maj of the posstbihty of corhSDgE
bemg effectrve when ACTH fails and 1ce tersa should be
borne m mund  Autchison (1958) has published an account of ;
patient who reacted favourably to cortisone after A CTH ha
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liowever some features m common including the meonstant effcet
on antibody formation and the probability that any favourable
effect they have on hxmolhsis 15 brought about by sevcral
mechamisms

Practical Implicattons for Treatment

The outlook 1n acquired hamolsytic anemia has undoubtediy
been altered by the advent of A CTH and cortisone and there
15 now hittle doubt that the hormones should be the first choiee of
treatment for any patint who 1s semously anaxmic  The patient
must first of all be under the care of a physician who has had
experience of the drugs general metabolie effects for they may
have to be gnen for long penods of time 1n large doses  eg 1n
adults up to 300 mg per day of cortisone orally or up to 00 mg
of ACTH or the equinalent as ACTH gel m divided intra
muscular doses If and when the patient responds the dosage
should be cut down to the mimmum which keeps the patient 1n
reasonabl so as to the drugs and to avoud
unpleasant side effects  The aim should be to mantatn a hemo
globin coneentration of at least 11 g per 100 mt  There scems
no pomt 1 giving very large doses 1n an attempt to obtain a
normal hxmoglobin concentration for the hormones are probably
m 1o sense a cure for the patient s disease  The best that can be
hoped for 15 to control the seventy of the hemolssis until spon
tancous recovery takes place  This may necessitate continuing
therapy for many months or possibly for yeirs {Aber Chandler
and Hartfall 1933)

Splenectomy should be serously considered 10 any patient to
whom A C TH or cortisone h1s to be given n larpe doses for long
periods m order to obtan a favourable effect s lrcady men
tioned the consequences of the operation are unpredictable
and m only about 50% of patients may good results be anticipated
Nevertheless it seems reasonable to reccommend splenectomy m
all patients suffering from acquired hamolytic an@mia of the
idiopathee type unless they be very young or elderly if thesw
anzmia has persisted at a sertous level for months and 1f this
shows no sigms of abating or allowing a reduction in the dosage
of ACTH or cortisone A favourable response to ACTH or
cortisone cannot unfortunately be taken as an indication that
splenectomy 1s hikely to be successful ~ Sufficient rcports to the
contrary are now available {eg Rose and Nabarro 1953) In
severely 1ll patients who do not. respond at all to the hormones
splenectomy should be carried out 1f the patients can be made

H—
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of antibody could be demonstrated m passively sensitized rablats  The
hiter obsersation certunly fits m with the cliteal observation that
A CTH or cortisone 1ven to the human subject mn the treatment of
aequired hemolytie anema has no immediate effect on the concentra
tion of ereulating antibodies (Dameshek Roscnthtl and Schwartz
1951)  Chmed cxpenience also agrees with experimental work m
sndicating that there is no release of antibody mto the erculation m
assocrrtfon with the lymphoperua which develops as an immedite
effect of A C TH administration (Essen ef af 194~  Fischel Le Vav
and Rabat 1949 de Vries 1800)

There docs not scem however to be amv evidence that the hormones
can suppress the formation of anti ervthrocyte antibodres 1 expen
mental ammals injected with the erythrocytcs of other species 1o
ribbits for instance cortisone and A C T H appeared to haie m
mfluence on the formation of antibodies agam t guinea pg or do
ervihroeytes (Cleathin 102 Fcklebe and Sander 1J12)

The possibthity thit cortisone or A ¢ TH mu,ht interfere with or
mlulnt the rcaction between antsgen and antibody was tested expen
mentully by C(lewhin (19,2) who found that the admnistration of
cortisone to guine pr.s made no difference to the rite of hamolysis
caused by the mection mto the ammals of an ant erythrocyte serum
1 cklebe and Sander (195.) on the other hand found that mn dogs giten
ants do,, crythrocyte serum the deree of auto agglutination and the
amount of antibody which m1 ht be eluted off the dogs crythrocytes
were reduced It should be added that nesther Fyquem (1901)
Tischendorf Leklebe and Thofern (1951 22) nor Teldman and
Rachmilewitz (19.4) were able to demonstrate m cats and dogs and rats
ginen ontierythrocyte sera that the course of the expenmental
hemolvtic anemta was 1 any way benefited by the concurrent
admnistration of A ¢ T H or cortisone

The evidence cited above on the effects of A CTH and cortt
sone on the deyelopment of hzmoly tie anemia 1s thus inconclusive
1t seems hikely that in some patients at least the prolon ed admint
stration of A C T H or cortisone leads to an actual dimmution 1t
the amount of circulating antibody formed but whether this 15
the whole explanation for the action of the hormones 1s a matter
for conjecture  Probably 1t 1s not for remissions seem to oceur
without any demonstrible alterition 1n antibody concentrations
The fact that the patients may neertheless respond favourably
to trentment suggests that the hormones protect the corpuscles
from the harmful effects of the antibodies in other ways That
ACTH and cortisone may act m cases of hemolyti anemi2
quite ndcpendently of their possible action on antibody formatton
15 1llustrated by the report of Feldman and Rachmilew:tz {1922}
who found that the hormones protected rats from the hemolytie
effects of acetylphenylhydrazine

The results of A € T H and cortisone therapy 1n man arc a httle
Tess unpredict ible than are the results of splenectomy  They have



BIBLIOGRATRY 325

Axtoveurs ( (1913)  Intorno agl itter emohtier  Fifetta della
splenectomma su &1 una particulare forma di ittera emobitico
acquisato con anemin a tipo pernicioso  J1 1 ohelinico (Se Med )
20 9 170 103

Brst W R Livarzt L R and Powenrn Y1 G (1921)  Acqueed
hemolytic ancmia treated with corticotropn  J  Amer med
Ass 147 827

Dronwcsor M Fiscmrr E T and Stoerx H € (1001)  The
effect of cortisone and adrenocorticotraphic hormone on the concen
tration of circulating sntibody  J exp Med 93 87

coraraiy I 1 (18s2)  Effect of adrencearticotropie hormone on
chimicnl and etpenmental hrmolytic anema  Lancet + 183

Cramy I T and Beck T A (195%)  Idiopathc acquired hemolytic
anemia treated by ACTI and cortisone  Ann wntern Ved
36 1106

Crossy W I and Stera~ini M (19.2)  Pathogenesis of the
plasma. transfusion reaction with espeeial reference to the blood
coagulation system  J Lab clin Med 40 874

Davesnex Vv (1043) The management of acute hemolytic anerma
and the hemolytic criss Climes 2 118

Dumsnex W (1950)  In discussion on  ACTH n leukamma

ood

5 791
Duresuex W (1921)  Acquired hemolytic anemia  Phy sopatho
logy with reference to and therapy
Proc 3rd Int Congress Int Soc Hematology Cambridne Hememann
o0

Dawzsnex W (195.)  Hzmatological apphications of ACTH and
cortisone Brit med J u 812

Davesnex W and Neper J (19.0)  Tramfusion reactions to
plasma constituent of whole blood  ther pathogenesis and
treatment by washed red blood cell trnsfusions  Blood
1°9

Dasesnex 1V and RosentHar M C (1001} The treatment of
acquired hemolytic anerma  With a note on the relationshup of
penartenitis nodosa to hemolytic anemia WUed Chin N Amer
35 14.3

Davesnch W Rosentmar M C and Semwarrz L T (19.1)  The
treatment of acguired hemolytic anemia with adrenocortico
trophic hormone (ACTH)  Méw Engl J Med 244 117

Dasesuck VW and ScawarTz S O (1940)  Acute hemolytic
anerma {acquired hemolytic icterus meute type)  Hediane 19
a3

Davipson L S P Durme J J R Gizowoon R H and Sincra
RJG(191) Chmealtralsof A CTH 1 hamolytic anzmia
Brit med J 1 657

Davis L J Renveny A € Bamaz A G and Browx A (19, )

Heemolytic an@mis of vanous types treated with ACTH and
cortisone  Glas, med J 33 263

pEGeeemy G C (1953)  The diagnosis and management of acquired
hemolytic an@mia  Australauian Ann Med 3 106

pr VRIZS J A (1950)  The effect of adrenocorticotrophic hormone
on cireulating antibody levels  J Immunol 65 1



324 TREATMENT

fit enough for the operation when 1t seems clear that transfusion
therapy 1s of limtted value and 1if the pattent s general condition
1s detertorating  There seems to be some justification for carrying
out splenectomy when hormone therapy fails as 1t 1s probably
wrong to suppose that splencctomy and A CTH and cortisone
act m exactly the same way and through the same mechanisms
The operation has 1n fact been followed by a satisfactory response
m a few patients known to have failed to respond to the hormones
(MR C Hematology Panel 1953)
Other Methods of Treatment

Matrogen Mustard  Dameshek (1951) reported the effects of
intravenous nitrogen mustard grven to four patients m an
attempt to reduce by dimaging their lympho reticular tissue the
amount of antibody formed In one patient the treatment was
followed by a fall i antibody titres and although thrombo
cytopenia and leucopenia caused anxiety the patient went on to
a complete recovery and remamed well for at least two years
subsequently The other three patients were not benefited
Meyers and co workers (1952) treated one patient n a sumilar way
but the only result was myeloid depression Other cytotowc
agents which have been employed nclude urethane and radie
active gold (Dameshek 1951) Usually no benefit has resulted

Thorotrast and } radiation  Evans and Duane (1947) described
the result of the admmstration of thorotrast to one patient and
the effects of X radiation directed to the medhastimum and
abdomen of two patients The patient who recetved thorotrast
had relapsed following splenectomy  She appeared to expenence
2 partral remission With a transitory arrest m the progress of her
anemn followmg the admimstration of the thorotrast  a longer
remmssion followed . radiation In the second patient X radiation
was without effect on the hemols tic process

The above mentioned experiences with cytotoxic chemcals
radio actrve materials and \ radiation do not suggest that these
dangerous weapons are likely to be much used in the treatment of
acquired hemolytic anemma  Their value 1s unproven and they
are certanly much less effective and far more dangerous than
ACTH and cortisone
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Chimeally hemelytic antmia may present 1n several ways mn
associabion with lymphadenoma  Usually o progresstve anxmua
develops m an blished case of lymphad the patient
becomes shghtly jiundiced and examination of his blood reveals
the signs of a chrome hzmoly tic anemia  Fxacerbations in the
anema commonty parallel periods of ncreased actty of the
disease as shown by pyrexia and by swelling of the lymph nodes
and spleen (Fig 82) Less commonly haemoly tic anemia dornt
mates the picture and only late in the course of the disease at
splencetomy or perhaps at autopsy s lymph node enlargement
and 1y due to lymphad d d  Moller and
Paschlus s patient two of Davidson's cases and Singers {1936)
patient were of the Jatter type  Oceasionally anemua of hemo
lytic tvpe together with periodic fever are the presenting
symptoms as m the hitherto unpublished ease deserbed below

Blood Picture and Serology As a rule no very distmetnne
or diagnostic appearances arc to be seen mn peripheral blood
films Some spherocytosis 15 usual but this is not mnvariable
Ansocytosts  poibilocytosis and  polychromasia are wsually
moderate  Normoblasts may often be found in small numbers

The dicect antiglobuln test s only positive (see
p 8H
Case Reporl Anemia A ted with L

Case 19 The patient (B R ) was a man aged 51 years complainng
of fever pam 1n is back and loss of appetite and weight for four
months  On admussion into hospital on June 16th 1949 he was found
to be pale thin and tl looking  His spleen was palpable 2 em below
the left costal margin and there were two doubtfully enlarged axillary
Iymph nodes No other abnormal physical signs were found His
urine was normal

e remamed under observation in hospital with only a short break
untit his death on October 16th 1949 Dunng the whole time he had
an urregular and somewhat fluctuating fever Tanging from 99 F to
101 F which was £ of
Repeated blood cultures and tests for agglubimns against organisms of
the Brucelle and the Salmonella groups were negative Finally on
October th 1949 biopsy of an axllary lymph node revealed the
presence of lymphadenoma

The patients condition deteriorated progressively He became
shghtly and of runtus
an1fus anemia became more profound _ X ray therapy directed to his
spleen and was 2 on § 15th  No real
benefit resulted although the spleen became shightly smaller

Laboratory Invesh,ofions At Ins first admssion the hzmoglobin
concentration was 109 g per 100 ml and the total leucocyte count




CHAPTER 138

HEMOLYTIC ANZAMIA IN ASSQCIATION WITH
LYMPHADENOMA LEUKAMIA AND RETICULO
SARCOMA AND CARCINOMATOSIS

AN 1ncreased rate of erythrocyte destruction quite commonly
oceurs n diseases not primanly affecting erythropolesis or the
ervthrocytes The intensity of the haemolysis varies from a

silent  degree only detectable by careful studies of erythrocy te
survival to hemolysis of such intensity that it dommates the
clinical picture  In the literature the terms secondary (Watson
1939) or symp (Singer and D: hek 1941) have been used
to describe the hemolytic anemia from which these patients
suffer Most of the recorded examples of overt hemolvtic anemit
of this type have been obseryed 1n association with 1ymphadenoma
retreulosarcoma  leuherma  (particularly chrome Iymphatic
leukerma) myeloscl and The hterature has
been reviewed recently by Paraf and Dausset (1952) The above
mentioned types of secondary heemoly tic anzema will be discussed
briefly i this chapter leaving other secondary types such as the
hamolytic anwcmias associated with uremia Iner disease and
d d lupus eryth etc to be dealt with m

Chapter 14

HAMOLYTIC ANZEAMIA IN LYMPHADENOMA

The association of hemolytic anzrma and lymphadenoma was
first reported apparently by Holler and Paschkis (1927) who
found that the spleen removed from a patient suffering from
hzmolytic anemia of unknown origin was wfiltrated with Iymph
adenomatous tissue  Davidson (1932) described three further
examples and another patient was reported by Smger (1936)
who referred to eleven other case reports collected from the hitert
ture Watson (1939) mentioned three examples and Singer and
D hek {1941) d bed an add; 1 case Other cases hnve
been reported more recently by Davis (1944) Gruelund (1917}
Trmick {1949) Brown and Meynell (1949) Brown (1950) Sulzer
(1952) Walleox (1952) Foster and Hutt (1953) and Hennemann

(1953)

38



Tic 32 Ph tom or graph ofasecton ofthe pleenof Case 19 The
nadules of fyn plad nomy are urounded by & cuft of son
eontawung pigment 3 ) reackian % 17 and ¥ o8

irf p3o



330 Sroowpar Y H everitie AN raaas
15 000 cells per ¢ mm, with 819 trophut
X R o I N % meutrophuls Iy blood group was

‘hen rendmitted on August 24th 19 19, he was transfused with two
Pints of compatible normal group A blood  On the following day his
L\lmug(ubm Wis 90 ¢ per 500 ml  mne days Inter 1t had fallen to
54 aloss of approamatcdy 05 g per day  From ths yomt hus
aneme beeam pro,fessisely more severe and he was transfused s1¢
more tunes before Ins death on October 16th 1045

F
04 TEMPERATURE
02

98 984 F

T T—p—T——

WEEKS

Fie 8> The rehitionship between anzmw and pyre<uia in a patient
sufferng from Jymphadenoma and hremolytic ancimia  The
maximum daily femperature of the patient is recorded

On September 2nd 1919 he was teansfused with the packed erythro
cvtes from four pints of group O Rh positive blood  The survinal of
tus blood w s folloned by the \shby method uang an anti A serum
Approximately 50° of the trinsfused eells had been ehmnated within
eight days of the transfusion  practieally all were elunmated m
21 dovs (Fig 86 p 341)

s reticulocy te count. vatied between 52, and 149, and the total
leneoevte count fluctuated betneen 9 000 nd 26 000 cells per cmim
TheM €% wasat the upper mar,in of normal and stamned films showed

1derible amsocytons p polych and punctate

Insophlia  Spherocy tes were not seen  Small numbers of myelocytes
were constantly present and also ocrasionn] normoblasts  There were
18,000 platelets per cmm  The osmotie fragility and the rite of
autohzemalvsts 1 tiro were normal

The divect anfiglobulin test was negative  the cold agglutimn
titre was 4 No abnormal warm antiboties could be demonstrated m
his serum by the indircet antiglobulin method  The highest recorded
biirubin level was 20 mg per 100 ml  The plasmn protein cone(n
trations were normal

Postmortem Examination  ‘The lymph nodes were enlar ed {firoughout
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the body the al Tonunal an 1 the racie nodes bewn,, Jrger than tho e at
the periphiery Nene was grester thn o e an < imeter  they wore
fiom an i crete and humepene uson ceti i 1he leen way hiye
and weidied H0 1 onosectiin at showed numerous malb wiiti b
nodulcs . gestive «f fymyhaden ma its Erowm b colur sug ested
marked hemondero 15 The bene marrecw was esten ively infilteated
by Bymphadinm tous tissue throuh ut the sheletn  Red marrow
extended throu heat the stiaft « £ the femar

i tol el sectins of the entirgc §lymy I nodes and the desosits in
the spleen showed the characterstic dhnges of lymphadenoma A
most remarkatle of penrance was founl an the pleen where cich
hphidencmatons nodule was surroun led by o nn. of intricellalar
and extracellular hemo 1ienn at the point «f contict between the
Rinpha lenomatous ti sue and the |leen pulp {F1. 83} 7Mhe lner was
free fremoanfiltration The bone martcw was lonaier extensisels
mnfiltrated

Summary A fata) case of 1y mj hadenoma with massive invoh ement.
of the spleen and Lane marrow and to a le ser extent of the lymyh
noles Chmieally the pitient presente ! hir t with pyrexiy of unkncwn
orin and Diter as a severe anama of hemolytie 4y pe

1 namvan with other I
Ah mia ] rebably 1n past hrmolytie 1n origin 13 & fetnure of istio
evtic medullary retienlous and suilar obseure disrders (Scott nd.
Robb Snuth 1939)  More recently ¥ wrqubiar and Clureaux (115.)
described the oceurrence of fatal  hemophageey tie reticulosts 10 two
sibngs  Macrophn es contaimng erythrocvies were conspicuous
1heir spieens lymph nod s and bine marrow

HAMOLYTIC ANAMIA IN LEUKZEMIA AND
RFTICUI OSARCOMA

The possible rolr of hemolvsis as a factor 1 the pathogeness
of anoua 1 leukenua was discussed by Hirschid as long a0
as 1006 Latcr Brll (19.4) hhma (1034-85) and Jaffé (1n3s)
deseribed patients in whom they thought hemoty sis was oceurning
Barker (1938) deternuned the urobilinogen exeretion in the urine
and frees of nine patients with lenhtma and found that n two
of them suffermg from myeloid Jeukhemua the amount of fecal
mgment was defimtely rased their reticulocyte counts were
76% and 6.9 Tespeetinely  More recenth Collms 1nd Rose
(1048) concluded that htmolysts was an ummportant factor 1n
the ancmiy of leukwnua  they cousidered that blood loss by
hremorrhage and 1terference with erythropolesis were more
mportant

The yecent use of quantitatrie methods for the study of the
Iife span of ery throcy tes after transfusion his prayided conclusy e
evidence of the impawred survival of transfused normal ery thro
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Fic 84 Photonucrograph of 1 blood film of & patient suﬂermg from
carcinomatosts and hemofvtic anzmia (Case 24) X T
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was the serum hilirubm concentration defimtely above the normal
range

Drown Flhiott and Young (1921) demonstrated that the survival of
transfused normal erythrocytes was impured (mean cell Lfe 18 to 40
days) 1n three out of four pitients with Jymphatic leuhemta and Sheets
and co-workers (191} found that ehmination was complete 1n a3 Little
55 6 days 1n one patient with chrome lymphatic leukxmia

Ross™ Crockett and I merson (1951) studied the fate of normal
erythrocytes transfused to ten patients suffering from leukxmia or
malignant lymphomata as well as the patients freal urobihnogen
excretions The norml corpuseles were eliminited at two to three
times the normal rate in each case but only in one patient were there
signs of oyert hamolytic anema

Berlin Lawrence and Lec (1001) using 1¢C tagaed glycine reported a
normal erythrocyte hfe spn 1 o patient with chrome lymphatic
leukeemia in remission and a minor degree of impawred survisal (71 and
~6 days) in two patients with chronic myelnd leuhmrmia

Schwartz and Critchlow (1932) 1n a review of erythremic myelosis
{d1 Gughelmo s disease) coneluded that mereased erythrocyte destrue
tion probably played o part i the causation of the anwma

H=molysis in Myelosclerosis An increased rate of blood
destruction 1s probably alwavs present to a greater or less extent n
myelosclerosis and 1n some patients this may be so marked as to
defeat palhative at by blood t In
some patients auto antibody formation scems to play a part in
bringing about the blood destruction (Rosenfield Vogel and
Rosenthal 1951 Hennemann hunz and Gillert 1953)

Hzmolysis 1n Polycythemua Recent studies suggest that
alatent hamely tic element may be detected 1n polycy themea vera
Lawrence Berhn and Iuff {1903) studied the appearance and
disappearance of tag,ed haemn in the blood stream of five patients
to whom 14C Iabelled glycine had been admumstered 1in each
mstance 1t seemed that short Ined erythrocytes were produced
as well as some which survived for a normal length of time  In
polycy thaema deseloping in with my elosel there
may be chimeal evidence of mereased hemolysis as in the patient
reported by Rau Pulvertaft and Humble (1946)

L ory Findings 1a Leut and My os1s
d by Increased l-' 1y si
The blood picture in those patients who develop latent or overt
hemolytic anema 15 often dommnated by the underlying condrtion
from which the patient 1s sufferng  Nevertheless signs suggestive
of erythrocyte regeneration and hemolytic anwmia may often be
observed  These include high reticulocyte counts normeo
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cytes in some cases of chronie leuhzeria  Moreover 1t 1s now well
recopmzed that overt hemoh tic anxmta may not uncommonly
develop 1n the course of chrome leukeema especially the lymphatic
type and sometimes accompany or even precede reticulosarcoma

Haden (1939] described a patient suffering from 2 hemolytic anemea
not benefited by splenectomy who six monthslater developed an obvious
chronee lymphatic levthemia and Singer and Dameshel (1941) referred
to two further patients with lymphatie leukzmia and another who
sulfered from Iy mphosarcoma who also des eloped a hamaly tic anzmia

Davis (1944) described a patient with acute leukermia (possibly
ervthromyelosis) m whom there appeared to be good evidence of
hamolysis and Aubert and Brendemoen (1949) reported a pateent m
whom a hemolytic anem was associated with an abdomunal tumour
which at autopsy was found to be a lymphoblastomn  Marchal and
Duhamel (1920} referred to five cases of leukema with hemolytic
anxmia three being myelord and two lymphatic 1 type

Jonsson Hansen Pruss and Rundles (1050) described the history of
a patient who suffered from myelod leukemia and 1n whom excessrve
hemolysis was greatly reduced by splenectomy and Stats (1950)
referred to several patients with acute leuhema 1n whom transfused
normal blood appeared to be destroyed at several times the normal rate

Hagen and Vatson (1951) referred to six patients with chronic
Iymphatic leghemia and patients suffering from myeloid leuhema and
reticulo endotheliosis respectively all of whom had developed an
accompanying hemolytic anemte Four of these patients all with
chronic lymphatic leuheerma were substantially benefited by splenec
tomy Damesheh Rosenthal and Schwartz (19a1) desenbed three
more patients with ly or lymphatsc leukzma and hxmo
Iytic anemia

The work of Berhn (1951) suggests that a latent hemolyic
syndrome 1s present i many cases of chrome leuhemia He
studied fifteen patients with myelord leuhema and nine patients
with the lymphatic type Transfusing his patients with normal
blood and estimating the survival of the normal corpuscles by the
Ashby method he found s rapid elimnation of the normal cells
1 twelve out of fifteen patients with myeloid leukmma and 1t
five out of nme [ with lympl leukzmia In seven of
the patients (of both groups) the rate of eltmmnation was marhedly
tncreased 509 of the transfused cells being elmnated within ten
days or less  Most of these patients had raised reticulocy te counts
the highest observed figures ranging from 24 to 94% in the
patients of the myelod group and from 08 to 1229 n the
patients of the lymphatic group  Ery throcyte osmotic fragihity
was definitely mereased 1n two patients with myeloid leukerma
and 1 one patient with lymphatic leukemia  Berhn (1951) made
the additional pomt that n only three out of 24 cases of leuhema
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they clobulin type 1sobscure  they appeir to bu similir to those
seen occastonally m other chrome diseases such as urerma
rheumatord arthritis sarcowd ete in which abnormalitics i the
plisma protens are commonly found

Pathogenesis of the Increased Haemolysis in
Lymphadenoma Leukzenua and Reticulosarcoma etc
As already mentioned in many of the eases of leuk umny

lymphadenoms or reticulosarcoma m which there are syns of
excesstve hremoly sis in addition to the primary disease satisfactory
evidence of the formation of auto antibodies 1s not forthcommng
In these cases some other explination for the hemaoly sis must be
sought Unfortunately little 1s known of the processes mnolved
some possible mechanisms are considercd below  (The way
which auto antibodies may bring about hemolyss i wito has
already been discussed on p 299 )

Possible Hamolytie Tffect of Metabolites  Therc 15 climeal
evtdence that the severity of a patients anemiv often vares
with the fluctuations m the mtensity of the  primary  discase
process stself  In lymphadenomn for mstince the patients
usually become more anvmic during the febrile phases of a evche
pyrexia (Fig 82) 1In ewses of lymphadenomt too hemolytic
anTmia seems generally associated with missne nfiltrations of
the spleen and bone marrow It 15 a possible hvpothcsts that
metabohtes mjurious to the patients erythroeytes are generated
by growmg lymphadenomatous (or reticulosircomatous) tissue
and that these metabolities bring about 1ysis 1 plices where the
erythrocytes are brought into mtimate contact with the patho
logrcal tissue as may happen when the spleen and bone marrow
are mfiltrated

Lvidence for this hy pothesis may be found i some eascs 1f the

of h: rin i the hol 1 tissue 1s studied
In Case 19 for instance each nodule of by mphidenomatous tissue
1 the spleen was surrounded by a striking cuff of iron contanang
mgment (Fig 83) In this paticnt it scems certan that the
hemosiderin was being derrved from crythrocytes destroyed 1
close prouinuty to lymphadenomatous nodules A very simlar
appeamnce 15 tlustrated i Davidson s (1932) paper (lus Case )
Another of erythrocy te destruc
tion which may be important 1s ery throphagoey tosis but whether
the hyperplastic pathological cells are capable of phagoeyto mg
normal eells unsensitized by auto antibodies remains uncertain
Be that as 1t may erythrophagocytosis 1y often a very strkin,,
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blastenia spherocy tosis—wInch 1s more or less obvious 1n most
cases of myelosclerosis and rather less obvious m chronie myeloid
leukarma—and 1 moderate or marked degree of polychromasta
and punctate basophiia  The erythrocyte osmotic fragility 1
often increased to some extent and reflects the degree of sphero
cvtosts  The plasma bilhirubin concentration may be above the
norm:2l range but this ts by no means tnvarable

logy 1 Hamol, Anacmia A ted with Lymphad
Leul @mia and Reticulosarcoma ete

It 1s only recently that reports have begun to appear on
serological studies in cases of secondary hemolvtic anemia  In
some cases evidence of auto immumzation has been found with
the patients ervthrocyvtes gning positie antiglobulin tests
(Trmick 1949 Jordan and Dingle 1949 Rosenfield Vogel
and Rosenthal 1901 Willcox 1952 Craig Waterhouse and
Young 1952) nsome cases too abnormal antibodies have been
demonstrated 1n the patients sera (Dameshch Rosenthal and
Schwartz 1901 Sulzer 1952  Paraf and Dausset 1952
Hennemann Twunz and Gillert 1953) Two hitherto unpublished
cases i which there was evidence of auto immumzation ere
deseribed on pp 836 and 337 respectively It is mteresting to
note that the type of antibody developed was different 1n the two
cases 1n Case 20 1t was of the warm type whilst in Case 211t
was of the cold type The antibodies could not be distinguished
by wn ritro tests from the auto antibodies of 1diopathic  cases

The frequency with which signs of auto immunization may be
dctected 1 patients suffermg from leukamia reticulosis or
reticulosarcoma associated with hemolytic anemia 15 probabl}
greater than the rather scanty reports i the hterature suggest
Tt seems certan however that auto wntibodies will not be found
1n all patients m whom there 15 good cvidence of excessive humo
Iists  For example in Case 19 a patient who died of lymph
adenoma and hemolytic anemia the dircet antiglobulin test was
negative and 1t was also negative in & personally studied patient
sufermg from myelodd leuhzerua (with  pseude Pelger  leuco
<y tes) in whom there was probably an excesstvc rate of hremolysis
(Darte Dacie and Mcborley 1954) On the other hand weakly
positive direct antiglobulin reactions may be obseryed i certain
cases of leuhemia and 1 myelosclerosts and lymphadenoma
without there bemng necessarily overt hamolysis in o

The sigmficance of these reactions wluch do not appear to be of
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to the North Middlesex Ho pital under the care of De D C Ierrtman
where he was treated with X r1y therapy and blood transfusions The
Intter became of lcss and less value and in 1000 the direct antiglobulin
renetion w1s found to be pcsitnve and difficulty was alsa expenenced in
finding compatible blaod with which to transfuse i He was adnntted
to Hammersmith Hosg1tal in March 10a., for further s estigation

¥ hysieal T xamanation O admis 10n he was seen to be a pale but
widl noursshied elderly man  He was slghtly juundiced  Lxanunation
of his cardiovasculvr  respiratory nnd nemous systems revcaled
nothmg remarkatle  His liner was pilpable » em  below the costal
mrgin an 1 the spleen was also palpible to the same extent  I'nlwrged
1ymph nedes varymmg in size from 1 to 3 em in dinmeter were present
1n the cervicil axillary sup ratrochle ir and ingun \l regons

Laboratory Invesh ations 'The ery throcyte count avera,ed 1 3>0 000
cells per cmm with 6. g hamo lobm per 100m) the MLV was
140 cp and the reticulocyte count 31°, ‘The total leucocyte count
averaged 9 500 cellspere mm 61 bein,, small lymphocytes Txamina
tion of stuned penipheral blaod fitms howed consideralie ansecytosts
polychromasia and spherocyto 15 111 serum bilirutin_concentr itton
way 15 m,, per 100 ml  Sternal juncture yielded a ccllular marrow
~19 "of the nuclented cells bemg mature lymphocvtes

Serolo,y (Table °¢) The ptient 5 Hlood group was B (Delede  The
direct antiglobulin test was positine the antit ody Lehasing assf it were
a y globulin  Ihis scrum erntained free antitody al o of y globmlin
type which appeared to be capable of sensitioin, erythrocytes of all
blood groups  Absorption ex|enments showed however that tha
antihody consisted of three crmjonents antiI (an wmmune isc
antibody) and two auto antibodies {anti ¢ and & non speeific one) (D 1cie
and Cutbush 19 + Case 3) The Wassermann and hahn tests were
negative

Further Iro,ress  He was transfused with group O Rh negatine
blood 1ts survival being fillowed by the Ashby method This showed
that 50 4 of the transfused ery ytes had been by ahout
7 @ays after the transfusion (I1g 86 p 341) Three daysafter the start
of thus survival study he was given a coursc of ACTH 5 mg Leing
adminnstered mtramuscualarly four times a day for cleven days ‘The
strength of the direct antiglobulin test the rite of elnnation of the
transtused erythrocytes ond the total of erculating lymphocytes
were not significantly affected

Stmmary A case of chronic lymphatic leukzmia assoctated with
acquired hamolytic anzmia of the warm antib dy type  No response
to ACTII therapy (Tlowever the dosc of 11 g in'eleven days may

1)

have been too small

Case Report  fcquired Hamolync inama (Auto anfibody Type)
Assocuated wnth Retieulosarcoma

Cuse 1 The patient (L IT ) was a woman aged ~0 years who had
been 1n good health until the summer of 19 1 when she gradually
developed increasing weakness nd dyspnees  In December 1951 she
was admitted to Addenbrooke s Hospttal Cambrdge under the care
of Dr A P Dick  Acquired hemalytic anemia was diagnosed and she
was trented with A CTTT  She responded excellently but in I cbruary
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feature 1n the viemity of reticulosarcomatous tissue when 1t
nvades lymph nodes (e g Case 21}

Effect of Splenomegaly Tt seems probable that the merc size
of a pathological spleen 15 a factor of potential mportance
bringing about mnereased blood destruction  Berlin (1901} for
instance found 1n eases of chrome leuk-emia that the survival tme
of transfused normal blood was short 1n most patients with marked
splenomegaly but relatively normal m patients with no enlarge
ment or only moderate enlargement of the spleen It ts probable
that 1f for any reason the spleen functions as a hzmoly tic organ
then the more splenic tissue there 1s the greater will be the blood
destruction

Erythrocyte dbnormalities  In myelosclerosis and to a lesser
extent 1n leuk emia anisocytosts and pothiloey tosts may be marked
features 1 peripheral blood films =~ The cause of the marhed
variation i cell size and shape 1s obscure nevertheless 1t 1s
probably a type of abnormality which 1s associated with a
dimmished erythrocy te life span  An appreciable degree of sphere
cytosis may be seen m some cases and 15 also probably associated
with a reduced erythroeyte survival  Yhether or not the sphero
(ytosis 1s the result of the splenomegily perhaps due to an
abnormal degree of vasculir stasis in the pathological spleen er
whether 1t 1s 2 manifestation of an acquired mtrmsc ery throcyte
defect determimed by the patients underlying disease remains
uncertam  Spherocytosis of course may be due to the effects of
auto antibodies as m cases of acquired heemolytic anemua of the
wdhopathic auto antibody type However this cannot be the
whole explanation for 1t may sometimes be conspicuous mn €ases
in which auto antibodies cannot be demonstrated as m the
patient reported by Darte Dacte and McSorley (1924}

Source of Auto antibodies  As has been referred to on p 298 1t
seems likely that pathological Iympho reticular tissue may atself
be a source of aute antibodies m some patients Aubert and
Brendemoen (1949) for instance demonstrated cold agglutmns
in warm saline washings of tumour tissue and a simlar obsersa
tion has been made more recently by Viiener Gordon and Gallop
(1953)

Case Report  Acquired Hemolyhe Anema (Auto antibody Type}
4 with Chromc L Leukgmia

Case 20 The patnt (A F ) was a man aged 71 years who gave 8
istory of anzmia and general weakness which first became noticeable
m 1942 He never recovered completely and in 1949 he was discove!
to be suffening from chronte lymphatic leukemia  He was then admitted




Hadoryrie Aswuia ™ RETICULOMTLOMA B

1002 she relapsed  From March to May 1032 she recencd further
ACTH  her anemes amin remitted and she continted trestment
av an out patient  She was admutted to Fhwmmerumth Hospitad
July a2

T1ywed Frammaton  She was Dund to be & pile pereeptith
jaundiced but well nourshed eldesly woman  Her eardinascular
respiratory and neryous sy stems were ormal forher age  Ter Iner was
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ment following transfusion was howeser not sustamed  her conditron
stendrly detertorated nnd she died on Deccmber 30th
] The mam features were os
fcllows  marhed auto agplutination of the hlood thrush breast
myocardum  wedema of the Jungs with antemortem thrombi in
branches of the pulmonary artenes . gro 3 enlargement of the spleen
(1650 ¢) the pulp of which was stippled with small white nodules
generalized enhirement of cenvical thoranie and abdominal hmph
nodes (up to 3 em i dimeter) and a patehy mfiltration of the verte
ral sternal and femoral marrs w with white nodul s

% case 21 CASED CASE 20
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Fic 86 The urvval of normal erythrocytes after tramsfu ion to
patients suffering from hemolvilc an®mia and lymphad noma
{Case 19) chromic lymphat ¢ leukxemia (Case 0) and reticulo
sarcoma {Ca ¢ ©1) respectively

Iistology  Scctions of lymph nodes and spleen suggested that the
‘tissue was a ansing frcm the lymph follicles
Erythrophagocylosts was conspicu us in the bone marrow and 1n the
Tymph sinuses of the neoplastic lymph nodes
Summary A exse of acquired haemolytie anrmia (cold auto-antibody
type) as ociated with wr espread reticulosarcoma and corti

sonc therapy resulted i temporary clmicsl i hmmzto!ag'mal
remtssions

Treatment of Hemolytic An®rmia Associated with
Lymphadenoma Leuh®ma and Reticulosarcoma etc
In addition to supportn e measures such as blood transfustons
and measures directed agamst the primary disease such as \ ray
or mitrogen mustard therapy A C'T H andfor cortisone have been

administered and splenectomy carried out in attempts to arrest
the hamoly tic process
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palpable 5 cm below the costal margin and her spleen reached the
umbilieus A few shghtly enlarged lymph nodes were palpated in the
groms and left axillh - Her shin way free from purpura but 2 small
hemorrhage was noted n the rght ocular fundus  Her urine contaned
an excess of urobilinogen but no bile

Laboratory Findings On admusston her ervibroevte count was
1600 000 cells per emm  with 66 ,, hemoglobin per 100 ml  the
AMCV was 155 ¢ p and the total leucocyte count 5 000 per e mm with
4% neutrophils  the platelet count was 215 000 perc mm  Examma
tion of a stained blood film rey ealed macracytosis and a moderate degree
of anisocytosis  polychromasrs was conspicuous and there was slight
pl Y normobt: were present The ervthrocyte
osmotre frapiity was moderately merea ed  hemoly sis commenced m
060% NaCl the \ICT bemng 0455% NaCl The serum bilrubin
concentration was 3 3 mg per 100 ml

Serology (Table 2G) The patrent s blood group was OM Hh posttine
The direct antiglobulin test was positive the reaction bemng of the cold
antibody type The cold agglutimn titre using normal group-0
corpuscles was 5121t = C 40t 22 ( and 4at 2o C Trypsauzed
normal corpuscles were ag, lutmited to a titreof 1024 at20 C  they
were lysed to a titre of 32 At 37 C the hamolysin titre wis 8 Her
serum cused marked Iy <s of normal corpuscles at 20 € but only when
sodified to pH 6, t0 70 a small amount of Iysis took place at 37 C
The mdrrect antiglobulin test was stron_ly positrie at 20 C but onby
1f the cells were sensitized i acidified serum (pH 6 5) There was al 0
definite but wenker semsitization at 47 € using ncrdified serum
Sensitrzation both at .0 € and at 87 ( was abolished by previously
heatin,, the serum at 56 C for 30 minutes These reactions were those
of a cold antibody the actriity of which extended up to 37 €

Further Progress The patient was treated with cortisone 200 mg 8
das by mouth  Jater the dose was reduced to 100 mg A good chnteal
and hxmatological remusston resulted (see Frg 82) The cold agglutimn
titre fell to withn the normal range and the direct antiglobulin test
although still positive became weaker The daily dose of eortisone was
then further reduced to 50 mg The patient however soon relapsed
onlv to umprove once more when the dose was double

In November 19,2 a mass of enlarged lymph nodes was found to have
developed 1 the left supraclavicular region  The small nodes 1 the
ans and her spleen had not however ncreased 1n size

axille and gro f
Biopsy of a supraclavieular node revealed the prescnce of reticulo
sarcoma A sternal puncture was also done at this ttme  The l;n;xrovtv

it did 0ol

sas hyperplastic and  predommantly  erythropowetic,
contain any neoplastw cells

In view of the malignant nodes 1n her nech cortisone therapy wis
suspended and \ ray therapy in small doses was directed to the enlarge}«:l
cervical lymph nodes  The patient was transfused on December 111!
1052 with the packed cells from two piats of group OM Rh positine
dlood and also with the cells from one pint of group O\ Rh poslh;;
plood The sursinal of the latter was followed by the Ashby ‘meth d
using an antt M 2gglutmating serum  about 50° of the transfuse:
ervthrocytes had been elminated by the 5th day (Fig 86) Improve-
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Singer and Dameshel, (1011) reported 1mproyement for five months
n a patient suffering from lymphadenoma and hxmolytic anemia
Stats Rosenthal and Wasserman (1057) referred to two patients 1
one there was no improvement  1n the other the operation was followed
by remuwsion of her anemia until her denth seven months Iater

Exans and Doan (10.1) referred to seven patients with gant follicle
lymphoma who underwent splencctomy Al three of the authors
cases were relieved of theirr hemolytic antnia and remuned well for
seven years one year and stx months n:spectl\ely

Berlin (1901) Teviewed the
Early reports were not encouraging for nm\ough the nmmcdmtc opera.
tine mortality was not unduly high most patients scemed to derve Little
Lenefit  However ! errita nnd Fieschi (109) concluded that in patients
with severe hrmolytic anrmia and thrombocytopema without
myeloblastic proliferation in the bane marrow there was a special
indication for splenectomy

Other authors such as Gasser (1946) have considered splenectomy to
be inadwisable on the grounds that the operation removed an organ
thought to exert a humoral hibitory effect on the bone marrow
Tiowerver Jonsson Hansen Prussand Rundles (1900) descnbcd a paucnt
with chronie myeloid leuk n whom
suceessful During the preceding 11 months this pnnent "had 40 trans
fuwions _after splenectomy the hemolysis subsided and she recersed
no transfusions durmg the following 80 months

Hagen and Watson (1921) reported on the results of splenectomy
epht patients with leukaemia and more or less pronounced hxmolytic
anemia  Seven of the eight patients were benefited as the result
of the operation and four patients with chrome lymphatic leukzmia
improved dramatically

Berlins {1951) observations were based on a study of seven
patients six with myeloid leuherma and one with chrome lym
phatic leuhaermia  In most cases erythroey te survival studies were
carried out before and after splenectomy Two of the patients
underwent satisfactory remissions and remamned mn good health
for almost two years after the operation In the others the results
were less satisfactory  1n each case there was an improvement or
restoration to normal of the suri 1val of normal transfused ery thro
cytes but the patients general condition deteriorated for one
reason or another Berlin concluded (1) that splenectomy should
only be undertaken in cases where there was clear evidence of
hyperhremolysis and (2) that the operation should be performed
as early as possible in the course of the disease  He also considered
that the leukemia should be brought mto renussion if possible by
chemotherapy or X radiatton before the operation was attempted
Berlin reviewed the evidence as to whether or not splenectomy
increased the chances of a fatal myeloblastic ensis and decided
that tins was meoneclusive
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Results with A C T H and Cortisone Dameshel. Rosenthal
and Schwartz (1951) described the effects of ACTH therapy m
three cases Two patients with lvmphosarcoma were greath
benefited  m both there was a spontaneous nse m hxmoglobin
and a fall in serum bilrubin and m the titre of abnormal agglu
tmms  the malignant process regressed However the direct
antiglobulin reaction remained positne and relapse followed
cessation of therapy A third patient suffering from chrome
Iymphatic leukemia reacted less favourably

Davis and co worhers (1952) treated a patient suffermg from
retieulosarcoma and haemolytic ancmia with 200 mg of cortisone
s day for 27 days Mmnor increases 1n the retienlocy te count and
m the total erythrocy te count followed but the anemia mereased
n severity as soon as the cortisone was withdrawn  The direct
antiglobulin reaction was negitive throughout

Of the two cases of this type studied by the author one(Case 20}
an elderly man with chronte lymphatic leuk-ema and hemolytic
anemia of the auto antibody type was not benefited by 100 my
of ACTH a day, the other (Case 21) an elderly woman with
reticulosarcoma and hzemolytie anema derived considerable
benefit

Effect of Radiotherapy There seems to be hitle reliable
formation on the effects of radiotherapy on hamolvsis m the
tvpes of hemolytic anemia now under discussion

Klima (1934-5) deseribed a patient with chrome lymphatic leakemia
whose anemrt was greatly alleviated as the result of X ray therapy
the patient s jaundice diminished and the reticuloeyte count fell from
85 to 6 49, i

‘The patient suffering from lymphadenoma and hxmolylic ana! 4
with spherocytosis described as Case 5 by Stats Rosenthal m"je
WWasserman (1947) also benefited from % ray therapv _the lymph node
enlargement. and the hxmolytic anemia both subsided ~ Stats and b
colleagues referred to other published accounts m which the e ﬂ“
of radiotherapy seemed less conclusive and also mentioned the po> n
bility that \ radiation mav have precipitated hemolytie epuodes it
some cases (see also Snger and Damesheh 1941 and Marchal -
Duhamel 1950) Nevertheless despite the possibihity of exacerbation:
1t hemalysis 1t seems to the author reasonable to treat the Pﬂmﬂ
disease by every ayalable means and not to be deterred just becat
the patient has a hemolytic anzma

Effect of Splenectomy Splenectomy has been carried out lE
2 number of patients suffering from reticuloses or leuk-emta \Vl)!l
hemolytic anemia  The results have been vanable —usuifi)
there has been some temporary jmprovement —occasionally 8
dramatic remusston has ensued
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singer and Dameshek (1911} reported improvement for five months
i n patient suffenng from lymphadenom and hemolytic anamia
Stats Rosenthal and Wasserman (1057) referred to two patients 1
one there was no improsement  in the other the operation was followed
by remssion of her anemia until her deth seven months later

Fans and Doan (1051) referred to seven patients with gant follicle
Iymphoma who underwent splenectomy  All three of the authors
cases were reheved of their hiemolytic anemia and rematned well for
scven vears one year and six months respectively

Berlm (19 1) reviewed the on y
Larly reports were not encouragmg for although the immedsate opera
trve mortahity was not unduly high most patients scemed to denve little
henefit  Howeser 1errata and }ieschi (1939) concluded that in pattents
with severe hamolytic snzmia and thrombocytopema  without
mjcloblastic proliferation 1n the bone marrow there was a special
indication for splenectamy

Other authors such as Casser (1948) have considered splenectomy to
Le nadvisable on the grounds that the operation removed an organ
thought to exert a humoral mlubitory effect on the bone marrow
Ylowever Jons on Hansen Prussand Rundles (10.0) described o patient
with chronte myelod leukamia i whom splencctomy was rematkably
successful Dunng the preeeding 11 months this patient had 49 trans
fusions  after splenectomy the haemolysis subsided and she recerved
no transfusions dunng the following 30 months

Hagen and Vatson (101) reported on the results of splenectomy n
eizht patients with leukermia and more or less pronounced hemolytic
anemia  Seven of the eight patients were benefited as the result
of the operation and four patrents with chrome lymphatic leuhema
improved dramatieally

Berlins (1951) observations were based on a study of seven
patients six with myelod leukemia and one with chrome lym
phatic lexhamia  In most cases erythrocyte survival studues were
carnied out before and after splenectorny  Two of the patients
underwent satisfactory remissions and remained 1n good health
for almost two vears after the operation In the others the results
were less satisfactory  1n each case there was an improvement or
restoration to normal of the survival of normal transfused ery thro
cytes but the patients general condition deteriorated for one
reason or another Berhn concluded (1) that splenectomy should
only be undertaken m cases where there was clear evidence of
hyperhamolysis and (2) that the operation should be performed
a5 early as possible 1n the course of the disease  He also considered
that the leuhama should be brought into remussion if possible by
chemotherapy or X radiation before the operation was attempted
Berhn reviewed the evidence as to whether or not splenectomy
inereased the chances of a fatal myeloblastic cnisis and decided
that this was inconclusive
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Fisher Welch and Dameshek (1952) have also summanzed the
Iiterature on the results of splenectomy n cases af leukzm and leuko
sucoma In addition they reported the results of the operation 1n
eighteun personally studied patients who suffered from hemolvtie
anema pancytopenia or thrombocytopema in addiion to thew
primary disease  Eight of the eighteen patients derned sustuned
benefit from splenectomy Three of the patients with hemolvtic anzma
and chronic Iymphatic leukzemia were considered to haye been improved
m health for one month threec months and 50 months respectrely
ifter splenectomy  one patient with monocy tic leuhmta was mmprosed
for three months 1nd one patient with gant follicle lympltoma for 47
months  Two patients with myeloid leuh®mm and lymphadenoma
respectrvely derrved no benefit

HAMOLYTIC ANZAMIA IN ASSOCIATION WITH
CARGINOMATOSIS

Anama 1s a common complication of cancer However
according to Shen and Homburger (1951) this 1s rarely due to
hemolysis for 1 only three out of a total of 116 aneme cases
muestigated by them was there clear evidence of hmmalyfic
anemia The entema for the diagnosis of hemolytic anem
used by Shen and Homburger were either a positive Coombs test
or an merease 1n the osmotic or mechanica) fragility of the red celis
together with retrculocy tosts hyperbilirut and an d
output of blood pigments It seems reasonable to suppose that
if the criterion for diagnosis had been the finding of an mpurment
1n the survival of transfused normal erythrocytes the percent1g®
of patients m whom there was evidence of heemolysis would have
been considerably ncreased

Overt Hemolytic An®mmia

There are 1n the hiterature a number of deseriptions of sever?
anemuz of apparently hxmolytic type associated with widely
dissermnated caremoma  Usually the bone marrow has beent
extensrvcly infiltrated Ty pical case hustorics have been published
by Waugh (1036) Caroh and Lavergne (1937) Lucey (1939)
Holmes and McCall (1940) Davis {1944) Stats Rosenthal and
A rman (1947) and H (1953) A dmng to Paraf and
Dausset (1952) the stomach 1s the commonest site of the primary
tumour In some instances a rather rapid onset of severe anemia
perhaps with pyrexia was the first sign of the patient s allness
in other patients the anemin was the first sign that the discasc
had become dissemmated followimg previous exaision of the
primary tumour Hemolytie anzmia m carcinomatosis Is pro
bably not ncarly so uncommon as the literature suggests Two
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unpublished enses are briefly reported on pp 346-318 (Cases 22
and 23)

Laboratory Findings Antmia may be severe the hemo
plobm concentration falling to 4 g per 100 ml or less and the
ery throcy te count to 1 000 000 cells per ¢ mm orless The reticulo
evte count usually ranges between 5 and 20% but may be much
bigher  The M CV hes between 90 and 170 e p as a rule  The
total leucocy te count varies usually 1t 3s rmised and may even
exceed 30 000 cells per emm  The majority of the leucoeytes are
neutropluls  almost alwavs 1 to10%, myelocytesare present and

ly o very few loblasts There 1s usunlly a moderate
degree of thrombocytopemia  occasionally this may be severe
and lead to a hxmorrhagie diathesis (andscn 1949) The
erythrocytes ch 1cally vary bly 1n size and
shape and there 1s usually a modcrntc to marked degree of poly
chromasia or punctate basopliha  Normoblasts are almost
snvariably present Rounded spherocytes may be seen m some
cases 1n others a vamable number of rrregularly contracted and
distorted corpuscles may be found (Fig 8G) Erythrocyte osmotic
feagility 1s often increased (Waugh 1986 Caroli and Lavergne
1987 Lucev 1939 Stats Rosenthal and Vasserman 1947)
The plasma bilirubin 10n 15 usually d 1y raised
but seldom exceeds 2 mg per 100 ml unless tumour metastases
are present 1n the liver or obstructing the bile ducts  The direet
antiglobulin test and tests for abnormal antibodies n the serum
are usually negitive  Jordan and Dingle (1949) however reported
a positive direct antiglobulm reaction in one case using low
dilutions of the antiglobulin serum

Latent Hemolytie Anemia

lemolysis 1s probably a factor in the causation of the anemia
of patients with cancer far more frequently and to a far greater
extent than was at one time supposed particularly when the bone
murow has been mvaded by metastases Shects Hamilton
DeGowin and Janney (1924) found fornstance that normal blood
transfused to five patients suffering from carcinoma of the cervix
breast and rectum and multiple myeloma respectively was
ehmmated unusually rapidly m a random manner Sheets and
<o workers also observed n three other patients suffering from
earcainoma of the cervix in whom the cell survival was imtially
normal that an d rate of ly PP d to follow
within seven to ten days of commcncmg treatment with \
radiation or radwm It was calculated that m most patients
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Fisher Welch and Damesheh (1952) have also summarized the
Iiterature on the results of splenectomy 1n cases of leukzmia and Jeuko
sucoma In addition they reported the results of the operation in
eighteen personally studied patients who suffered from hxmolytic
anemit  pancytopemn or thrombocytopenra in addition to ther
primary disease  Eight of the eighteen patients derned sustmned
benefit from splenectomy Three of the patients with hemolytie anzmn
and chronic lvmphatic letthzmra were considered to hat e been tmproyed
m health for one month three months and 50 months respectiely
after splenectomy  one pattent with monocytic leukemia was mprosed
for three months and one patient with giant follicle lymphoma for 4?
months  Two patients with myelaid leuhema and lymphadenoma
respectively denved no benefit

HAMOLYTIC ANZAMIA IN ASSOGIATION WITH
CARCINOMATOSIS

Anemin 15 2 common compheation of cancer However
according to Shen and Homburger (1951) this 1s rarely due to
hemolysts for 1 only three out of a total of 116 anzmue cases
mvestigated by them was there clear evidence of hemolytic
anerma The criteria for the diagnosis of hemolviie anemt
used by Shen and Homburger were either a posttis.e Coombs test
or an mcrease in the osmotic or mechanical fragthty of the red cells
together with reticulocytosis hyperbilirubmemsa and an mereased
output of blood pigments It seems reasonable to suppose that
if the criterion for diagnosis had been the finding of an impairment
m the survival of transfused normal erythrocytes the percentage
of patients m whom there was evidence of hemolysis would have
been considerably mncreased

Overt Hemolytic Anzmia

There are in the hterature a number of descriphons of severc
anemia of apparently hemolytic type associated with widely
issemmnated carcmoma Usually the bone marrow has been
extensively infiltrated  Typical case histortes have been published
by Vaugh (1986) Carolt and Lavergne (1937) Lucey {1939)
Holmes and McCall (1940) Davis (1944) Stats Rosenthal and
Wasserman (1947) and Hogeman (1903)  According to Paraf and
Dausset (1952) the stomach 1s the commonest site of the pnimart
tumour In some mnstances a rather rapid onset of severe anTmid
perhaps with pyreuia was the first sign of the patients 1liness
1n other patients the anemia was the first sign that the diseasc
had become d d followmng exaision of the
primary tumour Hemolytic anemia 1 carcinomatosts 15 pro
bably not nearly so uncommon as the hterature suggests Two




In CARCINOMATOSIS M7

the epigastnium and that Inter she had had actual epigastric pam and
dilficulty i swallowing  In June 1047 she had been admitted to
hospital for imvestigation without anything positne bemng found  n
diagnosss of antiety neurosss was made  Vwhen seadmitted ten weeks
Jater she was obviously extremely 1ll Anorexia was marked and
cpigastric patn severe

I hysteal Ezapunation  The patient was pale and jaundiced A
Targe hard mass palpable i the night upper abdomnal quadrant was
thought to be an enlarged Iner  Xler unne contatned o trace of bile
ptment and excess urobihn

Her general condition gradually deteriorated and she died 13 days
after admission

Laboratory Obsmnlwm In June 1947 her blood count was normal

n 1~th he was 117 g per
100ml by Septembcr 23¢d 1t had fallen to 89 g per 100 ml and
the total erythrocyte count had fillen from 3 »00 000 to 2 £00 000 cells
pet emm The reticulocyte count ranged between 11 and 159, the
MCYV was103cp  There were 19 000 leucocytes per cmm 8.9 of
which were neutrophils The plasma bilirubin concentration was
29 mg per 100 m! the prompt van den Rergh reaction bemng negative

Stainerl blood films were remarkable chielly for the large number of
cells which were distorted contracted and irregulirly crenated some
nc them beng ulmnst trangulyr inshape (ng 4 v 1'1) Poly chromasia
ytes were

prrsent The dircet antiglobulin reaction wxw m-gnh\c

Postmortem Lrxamination The man fuatures were as follows  the
stomach contaned @ fungating carcmoma at the cardia 3 em in
diameter The liver weighed 6 250 g and was heavily infiltrated with

many of them bemng necrotic
The abdomnal lymph nodes were al o mfiltrated The spleen weighed
100 1t was dark red 1n colour but not obviously invaded by growth
The bone marrow was h 1c and many
were present in the vertebra and femora.

Instolo,y  Sections showed the tumour to be an adenocarcinoma
The spleen was congested with blool and there was considerable
stdera 15 and also some foer of extrimedullary hemopotesis  The bone
marrow was heawly infiltrated with tumour cells erythropoetic
112r10w predominate 1 m arens free from growth

Summary A case of carcinoma of the stomach with widespread
mecta tases particularly n the liver and Lone marrow  The rapidly
progressing anemia the high reticulocyte count and the distortion of

the erythrocytes all that hemolysis played an part
1n the genesis of the anemia

Case Report 1 rebable Heemolytic Anemia 1ssociated with
reinomatosts {(Carewnonia of Stomachy

Case 3 The patient (F K ) a woman aged 40 years was admitted
to hospitnl with a history that for the last ten months she had suffered
from epigastricpam and vormting of enity and
ehe hal become breathless and weah A daghosts of noperable earct
nom3 of the stomach was made The patients general condition
steadily deteriorated an1 she died five days after admission
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erythrocy te delivery was accelerated 1n an effort to compensite
for the anzmia despite the Presence of tumour cells 1n the bone
marrow
Leuco erythroblastic ancemia

The description that has heen given of the blood prcture i hemolvtic
ankmia associated with carcmomatosts 15 similar to the  Jeuco
erythroblastic anemia  of Vaughan (1936)  Accordim,, to ‘Vayghan
the salient feature of this anwmm 15 the presence of normoblasts and
immature granulocytes in the peripheral blood of a Ppatient not suffenrg
from leukemin  Vaughan assocrated this picture with mahgnant

malignant tissue among the bone marrow cells Howcyer 15 het
patients with carcinomatosis had reticulocyte counts ranging from
38 to 719 1t 1s possible that hamolysts may also have been 8 factor
1n the causation of the anemia

Pathogenesis The cause of the increased hamolysis m
carcmomatosts 1s unknown It does not seem likely that it 1s
often due to the formation of ant: erythrocyte antibodies A
possible explanation 1s that 1t 1s brought about by a close eontact
between the ery throcy tes and thar precursors and actis ely growing
and possibly necrosing tumour tissue It seems sigmficant that
the severest grades of anemia appear to be found in patents
whose marrows are widely infiltrated with new growth It s
possible that the abnormalities of erythrocy te morphology €g
the contraction and distortion (Figs 4 and 84) and the sphero
cytosis are due to a direct effect on the ervthrocyte surfaces of
toxie products derived from the tumour tissue  The same mecha
nism may operate 1n haemolytic anemia associated with lymph

de and reticulosarcoma It may be sigmficant that
products of normal tissue as well as of tumours particularly
when autolysing have been shown to be Ivtic to normal ery thro
cytes wn 2itro (Cross 1948 1949  Ponder 1951) It 15 possile
too that the heemoly sis that Sheets and co workers {1004) obsersed
after therr patients had recerved X radtation may also be explame
by the hberation of toxie products from the wradated tumour
tissue for 1t 1s doubtful whether rrradiation itself exerts any
direct hemoly tie effect (Davis Dole Tzzo and Young 1950)

Case Report  Probable Hemolytic Ancemia Assocrated with
< (C of A

Case 22 The patient (M B ) was a married woman aged 48 )e;r:!
She was admitted to hospital 1n September 194~ grying a hustory t at
for the previous five months she had felt a numbing  sensation
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the epigastrium and that later she had hin 1 actunl cpignstric pain and
difficulty 1 swallowing,  In June 1047 she had been admitted to
ho pital for investigation without anything positine beng found  n
dragnosis of an<iety neurosts was made  VWhen readmitted ten wechs
later she was obviously extremely ill  Anorexia was marked and
epignstnic patn sex ere

Ihysical Pramination  The patient was pale anl jaundiced A
Inrge hard mass palpable in the night upper abdomnnl quadrant was
thought to be an enlarged Iner  Her unne contatned a trace of hile
Mmgment and excess urebilin

1ier general condition gradunlly detersorated and she died 13 days
after admission

Laboratory Obseniations  In June 194™ her blood count was normal
On September 17th her hemcglobin concentration was 11~ g per
100 ml by September 23rd it had fallen to 89 g per 100 ml and
the total erythrocyte count had f\llen from 3 400 000 to 2 €00 000 cells
per e mm The retreulocyte count ranged between 11 and 159, the
NMCV was103 ey There were 10 000 leucoeytes per e mm 8.9, of
which were neutrophils  The plasma bilirubin coneentration was
29 mg pxr 100 ml the promy t van den Bergh reaction being negatine

Stained 11ood films svere remarkable cluefly for the large number of
cells which were distorted contracted and irregularly crenated some
of them being almost triangular inshape (Lig 4 p 13)  Polychromasia
was conspicuous and occisional morme blasts and myeloevies were
present The direct antiglobulin renction was negative

Y ostmiortem Examination  The main features were as follows  the
stomach contained n fungating earanema ot the eardiv 8 em n
diumeter  The Iner weighed 6 .0 g and was heavily mfiltrated with

d many of them bemg necrotic

The abdomimal lymph nodes were alvo infiltrated  The spleen weighed
160 1t was dark red m colour but not obviously myaded by growth
The bone marrow was h; and many
were present in the vertebrie and femora

Ilistoloy  Sections showed the tumour to be an adenocarcinoma
The spleen was congested with blood and there was considerable
siderosis and also some foc: of extramedullary ha mopotests 1he bone
marrow was heavily mfiltrated with tumour eclly  erythropoictic
marrow predommted m areas free from growth

Summary A case of carcnom of the stomach with widespread
metastases particularly 1n the liser ani hone martow The rapdly
progressing angmua the high reticulocyte count and the distortion of
he erythrocytes all sug that haemolysis played an imp part
n the genest of the anamia

Case R port Probable Hemohtic inema Aswocrated wath
arernomatosis (Carctnoma of Stomack)

Case 23 The patient (E I\ ) a woman aged 40 years was admitted
i) hospital with a history that for the Jast ten months she had suffered
punand orting of | sevenity and that recently
she had become 1 rewthless and weik A diagnosis of noperable cared
hama of the stomach wns made The patient 5 _general condition

steadily detenorated and she died five days after admis 1on
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Laboratory Obsertations  There were 1400 000 erythrocytes per
emm and 87 g hmemoglobm per 100 ml with 109 reticulocytes
10 000 leucocytes per e mm and 48 000 platelets perc mm TheM ('}
was 86 cu  The plasma birubin concentration was 09 mg per
100 ml The ervthrocyte osmotic fragility was shghtlv increased
Iysis commenced 1n 0 55°, NaCl the M C F bemg 0 42% NaCl

Stained films of her peripheral blood showed marked amsocytosis
and polychromasia A striling finding was the presence of many
contracted nicrocytes many of them having iregularly crenated
contours some bemng almost trangular (Fiz 84) An occaswonal
myeloblast and 49, myclocytes were present as well as numerous
normoblasts (3 600 per ¢ mm )

A sternal bone marrow biopsy showed carcinoma cells m the aspirated
maternal

Postmoriem Examinatwn The mawmn abnormal findings nere as
follows There was a large mfiltrating carcinoma occupymng the distal
one third of the stomach and an extragastric secondary tumour i
the lesser omentum  The para aortic mediastinal and supraclaviculat
nodes contaned secondary growth The liver and other abdommnal
viscera appeared free from metastases ‘The spleen nerghed 210g 1t
was congested but lihewise appeared to be free from new growth The
bone marrow of the vertebre and sternum was diffasely 1nvaded by
caremomn,

Histology  Sections showed the tumour to be a rapidly growing
mucin secreting adenocarcinoma  The spleen was congested and
diffusely infiltrated by small groups of malgnant cells Erythro
phagocvtosis was conspicuous and the splenic macrophages were loaded

with hentosidern
A ewse of of the stomach with multiple

Y
secondaries 1n lymph nodes and in the bone marrow  This was accom
panied by a severe anzemia of leuco erythroblastic type with evidence
of erythrocyte regeneration Many contracted and distorted erythro
cytes were present 1n the peripheral blood

Hzemolytic Anzmia Associated with Ovarian Tumours

There are = few reports of a remarkable type of hrmolytic
anzmia developing m association with ovarian tumours Mot
of the tumours have been dermoids or teratomas

West Watson and Young (1938) described the history of 8
woman aged 44 who developed a severe hemoly tic anemia with
marked spherocytosts ~ Splenectomy was performed but the
hemolvtic process contnued unabated Four months later
Iaparotomy undertaken to exclude the presence of splenuncult
revealed an ovarian teratoma It was removed and the patient
made an uninterrupted recovery

Singer and Dameshek (1011) recorded an almost exactly simlar €as¢
Their patient was 8 woman aged 47 years who compluned Oflncreﬁslﬂ,’.l'

pallor of about five months duration Ixamnation of her bloo
showed a severe hemolytic anemia with marked microspherocytoss
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Splenectomy resulted in some improvement but this was not sustamed
and the patient necded repeited transfusions I uentually seven
months after splenectomy o further laparotomy was undertahen A
dermond cyst of the ovaty was founl and removed The hamolvhic
process then subsided and within four months the blood picture was
normal

Jones and Tillman (1045) publt hed another example  Therr patient
was n 15 year old woman whe had previously suffered from dermato
myoats ~ Increasing weahness and Jaundice led to the diagnosis of
hemolytic anemia with spherocyto 15 Chmeal examination however
showed the presence of a pelvic tumour  This was exersed and proved
to he an oxaran pseudo ruanous cystadenocarcrooma  Tollowing 1ts
removal the hremok tie process subsided  Splencetomy was not carried
out  Another possible case was recorded by Lindeboom (1900) His
patient however died soon after the remosal of a dermod eyst of the
ovary

A Turther example of this syndrome was reported by Allbone and
Colhns {1851} The patient was 4 Lttle girl aged four vears and mne
months who had been pale for threce months anl more tecently
Jaundiced  Blood exammnation revealed a severe hrmolytic anTmia
with marked sp ¥ T hystcal showed an atdo-
minal tumour which on l1parotomy proved to be a evstie teratoma of
the ovary The clnld 5 blood picture repidly returned to normal after
the operation  Her splcen was not removed

Watson s (1939) report 15 concerned with the occurrence of hzmoly tic
anmnua m a patient who had an ovarian cyst mnte which hemorrhage
had occurred In this case howeiver the anxmta was not affected by
ovanotomsy  Slow improvement lending to ultimate recovery followed
splenectomy carmied out later It 1, probable therefore that w this
instance the ovariin cyst wa not related pathogenetically to the
nRem

Pathogenesis Nothing 1s known as to how and why hemoly tic
anamia develops i certain cases of ovanan tumour Tt 1y probably
sigmficant that i most of the published cases the tumour was a
teratoma or dermoid cyst It seems most lihely that the anemia
35 due to auto smmumzation and that this s n some way hmhed
with the presence of the teratoma or dermord It should be added
however that the direct antiglobulin test was negative i the one
case 1n which 1t was carried out (Allibone and Collins 19.1)
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CHAPTER 14

HAEMOLYTIC ANZMIAS OF
DOUBTFUL PATHOGENESIS

In this chapter brief deseriptions will be gnen of a numher
of types of hemolytic anemia of obscure wetiology and patho
genesis  In some cases an allergic mechamsm may operate as
for example m favism and blackwater fever 1 others the
haemolysis appears to be secondary to serious metabolic defeets
as 1n urema and lier disease  Another type of hzmolvtic
anemua 1s that which 1s supermmposed upon 2 collagen disease
such as d ed lupus ervitk t while n stll other
patients there seems to be no explanation for the hrmolysis  The
chapter ends with a brief consideration of hemoly tic anemia due
to primary hyperspl and march h ot

HAMOLYTIC ANZEMIAS PROBABLY OF ALLERGIC
ORIGIN

Favism

Favism 15 the name given to a remarkable type of hrmohtie
anzmia developing apparently as the result of sensitiviby to the
broad bean Viga fova It 1s found mamly m Sardima Sieily and
Calabria although occasional examples of the diseise have been
reported from other areas mostly however mn patients of Itahan
ancestry In America it has been recorded by VMacrae and Ullery
(1933) Hutton (1937) Josephs (1945) Lecks (1947) Jacobs
(1950) and others Even in Britam 1t has been diagnosed occa
swonally (Diggle 1953) Josephss and Jacobss patients were
Creek or partly Greek children Favism 1s probably not up
common m Palestme (Rot 1941) and ding to Lnsads
{1941) the disorder was formerly widely distributed throughout
the Mediterranean basin  Favism has 4 large mamly Italan
Iiterature Luisada listing over 100 papers published up to 1941
The disease has been reviewed recently by Marcolongo { 1903}

Clinical Features (Luisada 1941  Robmson 1941) The
sahent feature of the disease 1s the sudden deselopment of an
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acute episode of hremolysis followed by jaundice and often accom
panied by hemoglobinunia  Children scem to be most frequently
affected and as a rule the attacks last from two to six days  The
attack can result either from the inhalation of pollen derived from
the flowers of the beans or from mgestion of fresh or partially
cooked beans  VWhen due to inhalation the attack may commence
within a matter of minutes  after mgestion there 15 usually a
time lag of from five to 24 hours Dizzimess nausea vommting
and pyrexin ususlly herald an attack  The episodes vary greatly
n mtensity  heemolysis may be fulmmnating or at the other end
of the scale the attack may give rise to only the mildest con

stitutional symptoms The spleen usually becomes palpable
patients suffering from moderate to severe degrees of hemolysis

Hmematology Anzmmia may be extremely severe with the
erythrocyte count falling below 1000000 cells per emm  No
noteworthy morphological changes m the erythroey tes have been
noticed during the hamolitic phase During recovery poly

h and blasttmia are T the degree of
the reticulocytosis bemng proportional to the severity of the
anema  Osmotie {ragihity 15 sad to be normal or only shghtly
mereased and spherocytosts does not seem to occur (Lursada
1941 TRobmson 1941) The total leucocyte count 1s raised and
counts up to 40 000 per ¢ mm hayve been observed the majority
of the cells being neutrophils  Robinson (1941) referred to eosino
philia of the bone marrow and peripheral blood  he also men
tioned three patients i whom there was a deficiency of normo
blasts n the marrow at the height of the hzmolytic enisis (see
alsop 171)

Serology Recent mvestigations carrted out by Mareolongo
and his associates on more than 190 cases (Marcolongo 1953)
mdicate that mcomplete warm antibodies may often be demon
strable 1n the patients sera and adsorbed to thetr erythrocytes at
the time of the hamolytic attacks Thus the direct and mdirect
antiglobuln tests were found to be positive m more than 80%, of
cases and antibedy could alsa be demonstrated by means of the
bovine albumin plasma albumm and trypsimzed cell techmques
The tests were observed to be positive in the early hours of an
attack and they usually remained positive throughout the whole
of the hemoly tie episode  Marcolongo (1953) also made the pomt.
that antibody was less easily demonstrable and more transient in
children and 1n attachs which were chineally mild

Pathogenesis There ate certam predisposing factors  First
there 15 apparently a racial predisposition for most cases have

11—
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oceurred 1n people of Sardimian extraction , secondly the disease
frequently occurs 1n more thin one member of » famuls {Hutton
1987  Lwisada 1941) thirdly there appears to be a personsl
predisposttion  for some patients suffer from repeated attacks
The ingestion of extremely small amounts of fava beans wilt
precipitate an attack mn a sensitive person—even one bean may
be sufficient (Luisadr 1941) and for Macrac and Ullery s (1933)
patient walking through fields of blossommng beans resulted m
attacks of on several 5 Al the above
feitures pomnt to a constitutional and allergie orgn for the
humoly tic attacks and skin testing with extracts of bean flowers
pods and beans gives some support for this hypothesis (T msade
1941) although negative results have been reported also (Lecks
1947  Jicobs 1950) Inrabbits too there s evidence that bewn
extracts may cause shoeh and hemoglobinura  the allergic
basts of the reacttons 1s however not so obyvious as m mum
(Iwisada 1941)

Many beans are now known to contan hma,ghitimn  (Renhonen
1948 "Boyd and Reguera 1919) and several have been used expen
mentally to cause hemolytic wnemia eg the Jack bewn Canatala
(Ham and Castle 1910) The effect of fava bean extracts on erythro
cytes wn viltro has recently been studied by Creger and Gifford (192%)
They found that sahne extracts of Jia fara a.glutinated human
erythrocytes irrespective of therr blood groups and al o rebbit erythro
cytes  Agglutination was strougly potentiated by the presence of
acacia but not by albumm  serum nhibited agglutmation Fava
bean sensitized cells were not heemoly sed 11 1atro by the addition of fresh
human serum The exact of these absery ations
1n relation to clmical attacks of hxmolysis 1 man awaits elucidation
Netertheless 1t 15 noteworthy that these tests have revenled definite
interactions wn 2atro between human erythrocytes and bean extracts

Fawvism 15 remarkable amongst the acute herolytic mnzmits
because the exciting cause1shnown  It1s mteresting to reflect that
1n many of the published case reports of favism the origmal clmweal
diagnogis was  acute hemolytic anema {? Lederers type)
and that this was only revised often retrospectivels when a clear
istory of the ingestion of beans was forthcoming  Robinson (1041)
suggested that many of the cases formerly diagnosed in Palestine
as  blackwater fever which had a peak inadence 1n the spring
time Wwere In reality examples of favism

Treatment Blood transfuston 1s the trcatment of choice 0
an acute sttack and should be grven if the patient becomes
seriously anemic  Once the patient has becn tided over the
acute crisis, recoy ery can be confidently predicted as the Tremoly tie
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episodes are essentially short Ined  Anti hustamine drugs and
ACTH may also be of value (Marcolongo 1923)  The most
mmportant pomnt once the cause of the hemolvsis has been estab
Ished 15 to advise the patient agamst eating any more of the
offending beans  The possibilits of artificsal desensitization was
considered by Twisads (1011)

Ba hdad Spring  tnema

Another clinteal type of acute hamolytic anemua rather stmilar to
favism and also probably allergic i ongzin was pamed  Baghdad Spring
Anzmia by R Lederer (1040—$1) Fourteen cases were studied
between March anl May 1940 All of the patients were bovs mest
being Jews  one of them died  The attacks were ushered in by
at domunal pains and vomiting  then anemus and jaundice quichly
leveloped  The spleen was palpable n three mstances The unne
e ntained excess urobilin  Four of the patients had albummuria and
10 one severe case there was haemoglobnuna  Some of the children
ave histories of previous attacks at the same fime 1n presious years

Lederer considered that the hxmolysis was due to contact with
flowers or young fruits but the exact allergen was not 1dentified Some
of the cases may 1n fact hase heen cxamples of fav1 m

Laboratory Obsertations  The erythrocyte counts of most of the
chuldren fell sharply to about 1000 600 celis per ¢mm  The leucocy te
count was mnereased usually to between 18 000 and 30 000 per ¢ mm
most of the cells hen,, neutrophuls  a few myclocytes were present 1n
most nstances  The ervthroevte osmotie fragility was normal

feute Hemolytie Anamua (7) of dllergec Origin Famdial feute
Hemolytie Anema

Bernard (19502 and b) described under the title  hemolvse
aigue familiale  three famulies 1n which more than one member
suffered from acute hrxmolytic anenua at different times  1n the
first farmly two brothers were affected 1n the second a mother
and her son and n the third family three small bovs  All the
serologieal i estigations yielded negative results  The erythro
cyte osmotic fragilities were also normal  Bernard coneluded that
although a d of favism to be 1mprobable the
episodes were likely to be due to an mmhented sensitivity to some
unknowa allergen

Fors (19.0) reported a rather similar occurrence A child of two
months suffered from a transient acute hemolytic episode  on inquiry
mnto tte family history 1t transpred that the father had suffered from
favism and an older sister had died of an acute hxmolytic anemia with
hzmoglobinuna of unknown ormn  Ingestion or exposure to beans
appeared to have ncthing to do with the onset of the mnfant s anrmia

As already referred to 1 Chapter " {p 177} sporadic instances
of aeute hemoly tic anxmia of short duration and unknown origin
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arc not uncommon particularly 1 children In some of these
cases of ¢ Lederer s an-ema  the cause of the hemolysts appears
to be the development of auto antibodies 1n others particularly
when the anemia 1s of short duration auto wntibodies are not
readily demonstrable In these cases as in the fammlial cases
referred to m the previous paragraphs a sensitivity mechansm
appears to be the most lthelv cause of the hemolysis

Blachwater Fever

Blackwater fever has been d as a serious
of malaria since the end of the mnetcenth eentury but references
to its occurrence can be found 1 medical writings long before this
(Blachie 1944) Geographically blachwater fever has occurred
chiefly 1 tropical and subtropical regions of Afriea mn India
Ceylon and the Far East n central America and i Macedonia
Racially nearly all the viettms have been Duropeans The disease
15 far less frequently met with at the present time than formerly
Doubtless this 1s the result of successful efforts at the eradication
of malarta The majority of cases have occurred 1n the course of
wfection with P faleeparum  m many instances the actual attack
seems to have been precipitated by the taking of qumme or other
plasmodicidal drags

Chnreally an attack 15 usually ushered m by a ngor assoctated with
high pyrexta  Prostration and vomiting are common accompanuments
The urine varies in colour from port wine almost to blnck and in severe
cases oliguria or even anuria may occur _On the day following the start
of the attack the patient 1s usually jaundiced The clinreal features are
thus of an acute int lar h 3} a d with general
prostration and pyrexia

Hewematology The ervthrocyte count may fall to low levels
within a few hours counts as low as 1 000 000 per ¢ mm have
been recorded (Blachie 1944) Staned peripheral blood films
may reveal the presence of malaria parasites but often they are
absent The morphology of the surviving erythrocytes is nlut
strikingly abnormal There may be shght spherocytosss at the
height of the paroxysm (Farley and Murgatroyd 1930 Foy
and Kondi 1943-44) During recovery a reticulocytosis develops
dependent upon the severity of the anemia witha con—espondmg
degree of polychromasia and punctate basophilia m the fixed an
stamed blood film Normoblasts and myelocytes may be present
m the peripheral blood 1n small numbers at the hei ht of the
heemolysis and during the early recovery phase "

Oxyhamoglobin and methemalbumuin are characterstieally

plication
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found 1n the plasma (Failey 1941) as well as a rawed bihirubin
concentration the latter persisting well into the recovery phase
Frythrocyte osmotic fragility 1s usually normal but the sensitivity
to lysis by lysolecithin may be increised (Foy and hondi 194344
oy 1948)

The urine charactenstically contans iamable amounts of
ol lobin mett lob bil albumin and casts

Serology The direct antiglobultn test was negatine m the
few cases i which the reaction was carried out (Foy 1948) S
larly attempts to demonstrate abnormal antibodies 1n the serum
seem to have been unsuccessful (see also under I athogenes:s)

Patholofy 1In fatal cases the spleen 1s always found to be
enlirged and engorged with blood  The httoral eclls and reticulum
cells of the pulp arc hy perplastic and promunent and there1s usually
evidence of erythrophagoeytosis  Malarial pgment may also be
present  The lier appears congested with blood and engorged
with bile pigment  Arcas of necrosts may be visible  Malarial
pigment may be seen m hupfler cells  The hidneys show a
varable degree of lower nephron nephrosis with pigment cast
formatton

4Frlogy and Pathogenenis

The cause of blackwater fever still remams 2 baflling problem
As 1 rule 1t oceurs during the course of malignant terttan malaria
affecting a relatively non immune (1e Furopean) population
often 1t appears to be precipitated by the tahing of quinme or
atebrin (Faicley and Murgatroyd 190 Foy and hondi 1937)
There 15 no evidence that special  humolytic  stramns of the
parasites are involved (Foy hond: and Moumjidis 1941-42)

Morphological and serological studies have fatled as yet to
demonstrate the mechamsm of hemolysis  In man at least the
dama,ed corpuscles do not seem to pass through a markedly
spherocytic phase prior to ther destruction However
monkeys heavily mfected with P Anowless Shen Fleming and
Castle (1946) have shown that the osmotic and mechanical

Tites of the 4 corpuscles are substantially mereased
In blackwater fever in man where the degree of parasitization of
the erythrocytes 1s often neghgible 1t appears highly improbable
that the parasites are directly responsible for the hxmolysis It
1> known moreover that normal as well as the patient s erythro
eytes undergo rapid hamolysis 1n the patient s circulation during
the actusl paroxysm and that the patient s cells are destroyed
rapidly n a normal recipient (Foy hond: and Moumpidis 194142
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Foy Kondi Rebelo and Soerro 1944-45  Molhson 1947) The
possibility that the patient s blood 15 deficzent 1 an antihemols tic
factor which 1s normally present (Maegraith Martm and Findlay
1943) awaits confirmation

It has been suggested (Gear 1945-46) that hzmolysis 15 deter
mined by the development of auto anttbodies as the result of the
patient s ervthrocytes developing antigeme properties due to some
alteration produced by the malarial infection andjor the antr
malarial drug  This suggestion analogous to that postulated to
explain the occastonal incrdence of hemoly tic anemua due to drugs
such as the sulphonarmdes (see p 396) 1s attractive but purely
hypothetical for the antibodies if they exist have not yet been
demonstrated  Nevertheless 1t seems possible that the hemo
Iytic mechanism may be simular to that in the trapsient hemo
lytie anemias due to drug idiosyncrasies or unknown eauses
m all of which the conventional tests for antibodres scem to be
negative It 1s possible that blackw ater fever and the other types
of haemoly tic ansemia that hax e just been mentioned are sensitivity
reactions the union between alleigen and antibody taking place
with disastrous results at the surface of the erythrocy tes

HAEMOLYTIC ANAMIA ASSOCIATED WITH DISEASES
OF THE LIVER

The significance of coneurrent Inver disease mn acquired hremo
Iytic nnemia 1s often difficult to assess In some instances it
seems probable that the liver disease develops as 2 consequence
of the hemolytic process  For example 1t 1s possible that hver
ccll dimage may be due to the seventy of the patient s anTmiz
or to autohzmagglutination i the liver sinuses In other cises
the liver dmage may be secondary to the formation of pigment
gallstones or even may follow serum hepatitis caused by a previous
blood transfusion

The actual diagnosis of liver disease may be difficult unless
Tnopsy 1s carned out  The so called chermeal tests of hver function
cannot be relied on n the presence of hemolytic ancmnt for
changes n the serum globulins are frequently encountered in
hemolytie anemia quite irrespectrve of the presence or absence
of hrver disease

There 1s however no doubt that increascd blood destruetion
may be supermmposcd upon pre existing liver disease  Even <o
this may be missed unless Jooked for carefully Minor degrees of
excessi e hremolysis are probably not uncommon  Fellinger and
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hlima (1933-84) concluded that blood destruction was the most
ymportant cause of the anzmia which frequently accompanes
chronte errthosis of the liser  More recently Chaplin and Mollison
(193) found by menns ol transfusion studies that the rate of
erythrocy te destruction was from tno to five times the normal i
five patients suffermg from cirrhosts  The hzmoglobin concen
trations of their patients (before transfusion) ranged from 9 2 to
11 2 g per 100 ml and therr reticulocy te counts from 2 0 to 5 89,
There are moreover n the literature s small number of case
reports of patients with Iner disease 1n whom hemolytic anemia
was easily recogmzed and sometimes even came to dominate the
chnical picture

Thijmans van den Bergh and hanerhing {1935} deserbed a patient
who died of a hemolytic antma associated with intravascular hemo
fys;s At postmortem advanced crrthosts of the hiver was the most
important finding  Vatson (1937) referred to se en patients with
elinical evidence pointing to cicthos:s of the liver and increased blood
de truction the fecal urobilinogen excretions varied from 319 to
1757 mg per day and n three cases the reticulocyte counts were
reported as 7 12 and 1s ; Tespectively vatson (1939) referred to
these cases again and described another patient The eght patients
were encountered 1n a group of 59 patients thirty eight of whom were
bebeved to have eirhosis of the Iner and iwenty one catarrhal
Jaundice

Davidson and Tullerton (1938) teparted the finding of extensme
portal errrhosis 1n 2 patient who died of a severe acquired hxmolytic
anemia Vit (1948) referred to several caces reported i the German
Iiterature 1 which a change from chronic hepatitis to hemolytic
anemia had been observed and Coleman (1948) deseribed two patients
with severe anerma apy arently hemolytic m tvpe 1n whom cirrhosis
of the Iiver was found at postmortem Other patients were described
by Hahn and Luttgens (1949) and by Cattan and co workers (1052)
More recently ¥yman and Southworth (1921) deseribed two pattents
with eirthosis proved by bropsy and hemolytic anenua and referred
to an earlier patient m whom the findings were similar

Other patients with hzmolytic anemia and evidence of liver cell
damage but not of chrome Iver disease were reported by Lovibond
(1)35)—at autopsv the patient s hver showed the changes of acute
yellow atrophy by Farrar Burnett and Steizman (1940)—at biopsy
at the time of splenectomy for an acute haemolytic cnisis the Iver cells
showed granular and fatty degenmeration by Swmger and Dameshek
(1 141)—Irver bropsy showed moderate fibrosis and by Stacey (1946)—
at autopsy the patients Lner cells were reported as showing much
cloudy swelling and fatty Hyman and (1921)
al 0 referred to five addrtional patients 11 whom liver biopsy showed
various combinations of diffuse swellmg of the liner cells focal necros:
ccntral congestion and 1n most cases hzmosiderosts

Pathogenesis It 1s interesting to note that when acute
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lver cell damage has been reported m patients whose hzmolytic
anxmua domnated the chimcal picture this was either found at
autopsy n patients who had died of their disease or was seen
1 liver biopsies tahen when the patient was seriously 1l It s
probable that this type of damage 1s due to the effects of anema
and/or autohzemagglutimation

The nature of the apparent association between chronie Iner
disease and 1ncreased hemolysis 1s uncertam  Possibly 1n some
cases 1t 1s the result of the eirculation of hemotoxie substances of
endogenous origin due to impairment of the hver s detoxicating
function In other cases 1t 1s possible that qualitatr ely abnormal
globulins capable of sensitizing erythrocytes are formed con
currently with the development or accumulation m the blood of
ncreased f globul Autoh lutmation was
conspicuous in the patient described by Hahn and Luttgens
(1949) and 1t 15 mteresting to note that a positne direct antt
globulin test was reported by Hyman and Southworth (1851} 1n
four out of five patients It should be added however that
Chaplin and Mollison (1958) found that the antiglobulin reaction
was negative i the midly an®nuce cases they studied

The pattent whose clinical history 1s described below was
particularly interesting because anamua developed acutely
apparently as a consequence of hver necrosis In thuis mmstance
there appeared to be some morphological evidence of toxic
changes affecting the patient s erythrocytes

Case Report  Acute Luiter Necrosts Assocated wath Anema probably of
Hemolyhe Type

Casr 24 'The patient (H D) was a marrned woman aged 81 years
who was admitted to hospital in coma_four days after bemng delivered
of stillborn twins  One month p 1y she had
but her biood pressure was normal and there did not seem to be any
clear signs of toxerma  On ad although
she made some Tesponse to painful stimuli  She was markedly Jaundiced
and the normal hver dullness appeared to be absent Her unne con
taned bile pigments A diagnosis of hepatic coma was made and the
dssease was attributed to acute viral hepatitis

She was treated mmtially by means of a protein free wtra gastrie
drip contamng dextrose  Her coma dimimshed two days after adms
sion and the Jaundice disappeared after 14 days  Her serum bitirulnn
reached a peak figure of 11 5 mg per 100 ml and her blood urea 90 mg
per 100 ml after which the concentrationg rapidly subsided Albu
mmnuna and biluria persisted for 12 days  She ulfimately made n
complete recovery and a liver biopsy catried out two months after the
start of her illness showed no signs of permanent hiver damage

Laboratory Intestigations  On the day of admission (June 28th 19 )
her erythrocyte count was 3 100 000 cells per ¢ mm hemoglobin 8 9 ¢
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per100ml MOV 0. cp and reticubeytes 4% The total Jeucocyte
count wax 3% 000 cells per ¢ tnm with 6% neutro luls and 49, myelo
eytes  Speetroscopic ex iminatim of her plismn for oxyhemogiobin
and methTmalbumin was negative  The direet antighbulin test was
negative

Stuned blood filme showed marked ami ocyto 15 and a moderate
number of poly chromatic mnerocytes  Some target cells could also be
seen In addiion small numbers of srregularly contracted eorpuscles
were prescnt some being almost tnangulir m shape (Fig 87)  About
9,00 normoblasts per ¢ Inm were present  An o motic fragity test
carried out on July Oth showed ncreased re istance as well as a small
tad of fragle cells  1mutial Iy sis 0 0P NaCl complete hysis 0 .09, NaCl
MCI1 037% NaUl
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TIic 88 Hem tologieal ob ervations on a patient recoverng from
acute_hepatic necro 3 which was prob bly a socited with
molytic anm 4 (Case o4)

A bone marrow puncture on July 8th showed a markedly hyper
cellylar marrow ~Lrythrof oiesis was normoblastic about 0% of all
the nucleate 1 cells being normoblasts in different stages of development
Leucopotesss was active but normal

The hmatological changes durmg the patient s illness and recovery
are shown m Fig 88 Her erythrocyte count and hemoglobmn conoers
tration dil not chan,e substantially during the first 3 weeks of he:
Jltne s despite a reticulocyte count, of 8 to 216, .

Continumg hemolyss of moderate degree
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serum Ialirutin and serum aron and m
excretion the anemia was largely hexmolytic i nature

Muwirhewd Jones Stirman and Lesch (1903) carried out sumlar
studies 1n dogs but managed to heep the ammal alne after the
nephrect: mies for up to 14 dys or more by means of pentoneal dualy sis
A [ rogressive anemia was observed which could not be accounted for
by blood loss  Pigment studies again suggested that the anemia was
Jargel hrmolytic in nature although there was not always a close
cotrelition between the pigment excretion and the degree of apparent
erythrocyte destruction

There were important pathological changes 1n the spleen lver and
iymph nodes 15 Was and also ery
cytosis the latter being particularly noticeable within the lymph
sinuses of the Iymph nodes

Reticulocyte Counts wn the {nema of Uremua

The true meidence of reticuloey tosis in sev ere anzmuas associated
with uremia 1n man 1s unknown Judging from the literature
(eg Lowmger 1938 Callen and Limarzi 1920) raised counts
are rarely found—Callen and Limarzi reported for instance an
average count of 0 7%, i 44 patients with azotemia However
counts above the normal range have generally been observed
patients 1n whom an increased rate of hemolysis has been demon
strated (Emerson 1948 Logeelal 1920 Chaplm and Mollison
1953)

The authors own observations suggest that m the termmal
stages of acutely progressive urenna marhedly raised reticulocyte
counts are not unusual It seems probable that in these patients
some degree of increased hemolysis will always be found 1f ery thro
cyte survival studies are carried out  In Table 27 are illustrated
the relevant hematological data obtamed from five recent cases

Erythrocyte Morphology

The general opimon 1n the hterature is that no noteworthy
changes are to be found (Parsons and Fhola Strolberg 1933
Callen and Limarz) 1950) Except for Schwartz and Motto (1919}
who described s burr cells  certamn deformed poihilocytes 1n
cases of urxmia and carcmomn (see p 13) there seems to be no
mention of possibly sigmificant morphologieal changes In the
author s series of severe antmuas in urermie patients contracted
and deformed ervthrocvtes have been frequently seen A charac
tertstre tvpe 1s an almost triangular cell but all stages m the
process of contraction and distortion can as a rule be made out 1f
films are carefully studied 'These changes can be seen m

wet  preparations of whole blood but 1t seems hikely that the
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dimimshed  The contracted and distorted erythrocytes scen in blood
films at the start of her 1llness persisted for about 2 weehs  Moderate
numbers of siderocytes were also present for abont the same lkngth of
time  IHer leucocyte count varred between 18 000 and 38 000 per ¢ mm
for 9 days and myelocytes and normoblasts persisted 1 peripheral
blood films for the first three weeks of her illness

Summary Acute hepatic neeross {? due to viral hepatitis) with a
leuco erythroblastic anemra probably hemolytic in type There was
no evidence of auto mmumzation” Recovery was slow but was
eventually complete

HAEMOLYTIC ANZEMIA IN UREMIA

Anemia 1s 2 frequent accompanmment of renal disease m man
Its exact cause 15 uncertain but 1t 15 clear that aits seventy 15
correlated with the severrty of renal imparment The ancma
1s P d by leucop or thromboeytopennn and
bone marrow studies have shown that in the majonty of cases
the marrow 15 hyperplastic rather than hypoplastic with active
leucocyte and thrombocyte production and with normal or
ncreased ervthropaletic activity (Callen and Limarzi 1920}

Until recently the gencral consensus of opinion seems to hate
been that 2 defect i erythroporesis was the most hikely cause of
the anzmia (Parsons and Ehola Strolberg 1933  Nordenson
1938 Lowinger 1938 Callen and Limarzi 1950) However
rccent studies suggest that in some cases at least increased
hemolysis plays a sigmficant role (merson 1948 I merson and
Burrows 1949 Loge Lange and Moore 1950 Hensley 1902
Chaplin and Mollison 1953)

Emerson (1948) described a patient who suffered from ncuie‘
glomerulo nephritis  During the acute phase of his diseise tmnsiuke:i
normal erythrocytes were ehminated at about three times the expecte!
rate Tmerson and Burrows (1949) described studies carried out 03
four patients suffering from chrome uremin  Euvidence was obtame
that hemolysis was taking place at about one and a half to three tumes
the normal rate m

Chaplin an 1 Mollison {1953) studied six patients sufferin,, from rapidly
progressive uremia whose blood ureas ranged from 120 to 510 mg l"e
100 ml  The survnal of transfused normal erythrocytes was probably
dimimished in allof thern 1 the three patients for whom suffictent data
were availible the mean ccll hfe was calculited to be 16 3~ and w0 dags
respectively  On the other hand mn thrce patients sufferin,. from
stationary chronte Tenal falure the transfused normal esytheoevts
survived normally 4

Expenimentsl studies have also shown that renal wsufliciency Tea ol
to hxmolytic anerma  Murhead Jones and Crollman (1942) Ty q
out bilateral nephrectomy n rablits The ammals became nnem
dunin,, the three days that they survived and as judged by mises 10
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degree of contraction and distortion 1s exaggerated while the
film dries  While small numbers of distorted cells have been
seen m films from most of the uremic cases 1n some patients with
severe progressive uremia these cells have been present 1n large
numbers (Fig 90) Tn these patients markedly raised reticulocyte
counts m assoctabon with statwonary or falling hemoglobin
concentrations suggested that blood destruction was taking place
relatively rapidly In two patients small ncreases i osmotic
fragihity have been observed

Dacie and co-workers (1053 Case 11) reported that large numbers
of tnangular cells were present 1n the penpheral blood of a young
@il thought to be suffering from & congenital hemolytic anzmia
Chromie nephritis gving nise to fatal urarmia was probably a factor
their development Splenectomy had been carried out and this too
may have been  factor which led to the presence of such large numbers
of these remarkable cells (Fig 5 p 14)

Pathogenesis of the Increased Hemolysis in Urzmia

The cause of the increased blood destruction which may be a
feature of some cases of urmrua is unknown  Presumshly a

toxic  factor of endogenous origm 1s responsible  The exact
cause of the uramia seems immateral but for blood destruction
to be ramd rapidly progressive renal failure seems to be essential
It 15 mmteresting to note that even where an increased rate of blood
destruction has been established beyond guestion the serum
bilirubin concentration may be withim the normal range

Themorphological abnormalities of the ery throcytes in the hamo
Iyt an®emia of uremia are consistent with the hypothesis that the
hamolysis 1s brought about by a toxie factor The distortion 1s
only obvious 1n mature non reticulated erythrocytes and develops
presumably during the cells circulation the time relationship
being analogous to that for the development of spherocytosis It
15 probably not a that similarly d d corpuscles
are seen 1n the peripheral blood of patients suffermg from hamo
Iy tic anzmia 1n careinomatosis and 1n liver disease (Figs 4 and 87)
where 1njurious smetabolites also seem likely to be important
factors 1n the pathogenesis of the erythrocyte destruction

There 15 little reason to suppose that auto immunization 1s an
important factor i the causation of the hemolytic anema of
urznua 1n most mstances  Serologieal tests have been negative
1n most of the patients in whom the tests have been carned ont

Loge Lange and Moore (1920) and Chapln and Mollson (19 3)
reported negatne direct antiglobulin tests in the cases of uremia
and bemolytic anema they studied Hensley (1952) reported the
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antiglobulin test to be positive m one patient—this patient may
have been suffering from acqurred haemolvtic anema complicated by
nephnitis ~ Of the authors cases n which hemolysis was probably
occurring the direct antiglobulin test was weakly posttive in one
patient only (Case 26)

Case Report Malgnant Hypertension with Anunia and probable
Heamolytic Anema superiemung on Pre eclamptic Toxema

Case 251 The patient (M T ) was a marned woman aged 32 jears
Her 1llness started three years previously when she developed hvper
tension during her first pregnancy Two months before her death she
was admitted into hospital 26 weehs pregnant with marked albu
mmura and cedema and a blood pressure of 180/110  Casaresn section
was p but er steadily deteriorated A
fortmght before her death she became anunc and her blood urea rose
terminally to more than 400 mg per 100 ml

Laboratory Intestigations Repeated observations were made during
the list three weeks of her Ife dunng which time the blood picture

d wely unchanged The erythrocyte count aned

between 1700 000 and 2 400 000 cells per ¢ mm and the hemoglobin
between6 2and 75 g per 100ml  the MCV averaged 104cy The
reticulocyte count ranged between 15 and 239, the average of eight
observations bemng 199, The total leucocyte count vamed between
7 000 and 18 000 cells per c mm  with an average of 84°, neutrophils
A single platelet count of 86 000 was recorded The serum bilerubin
concentration varied between 0 5 and 0~ mg per 100 ml Schumms
test was found to be weakly positive on one occasion The direct anti
globulin test was negative The erythrocyte osmotic fragility was
normal mtial lysis 05% NaCl MCF 0439 complete lvsis 030%
NaCl
Stained blood films showed a moderate degree of amisocytosis and
polychromasta  occasional distorted and contracted corpuscles and

few tnangular forms were present (Fig_ 89)
the chmcal dia,nosis of milig

Sections of the spleen showed a congested pulp

P e
nant hypertension
wath much 1ron cont pigment m
cytosis was however difficult to make out
Iiver also contamed iron

¢s  T'rythrophag
‘The Kupffer cells of the

Case Report Uramua due to ? Gouly Nephrosis and probable
Heamolytic Ane@mia
Cuse 26 The patient (I D) was a man aged €5 yewrs He wis
admitted to hospital complammg of general maluse and somiting
having been well until about one month previously He appeared to
have had no significant 1llnesses n the past but there was 2 clewr
history of oceasional attacks of gout extending back over the presious
ten years
On admssion he was found to be drowsy and disorientated and to
have unnary retention A clinteal dragnosss of urzmia wns made His

1 A detailed account of this ease 13 grven by Counthan and Dontxch (J
Obstet Gynee Bnt Emp (1953) In pre s)
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blood presaure was 195 100 and the blood urea 100 mg per 100 ml
The utine contaned o moderate amount of albumin

s con lition steadits detenorated and he died 16 davs after adim
siin the blond urea at one time exeeedin,, 300 mgz per 100 m!

boratory Intestigations The ervthrocyte count rinzed from

2,500 000 to 2 000 000 cell per ¢ mm and the hemoglot in from 81 to
95p per1ooml  the MCV aserged 10- ¢ & The reticulocste count
ranged between 5 and 90, and the total leucacyte count between $ 000
and 2 000 cells per cmm  with 90%, neutrophuls A singl platel t
enunt of #00 000 per ¢ mm Wwas recorded

“The direct antizfobulin test was positive using strong concentrations
of antighbulm serum  the Teaction was not of the ~plobulin type
The cold agzlutimin titre was 2uf at 2 € butlessthangat 22 £ No
abnormal warm antibodies could be demonstrated  The serum protem
concentration was ~ = g per 100 ml with 3~ g albumin and 40 ¢
globulin  Ervthroey te osmotic frglity was normal exeept £r a small
tal of framle cells mbial Ivsis 042° Natl MCF 0419 \aCl
comylete lvsiz 0 200 NaCl The serum bilirubin concentration averzed
08 mg per 100 ml

Stane 1 films of his penipheral blood showed a moderate degree of
anisocytosis and polvchromasia a definite tendency to ovalocytosis
and shght spherneytosis and a very few srregularhy contracted cor
puscles  Bone marrow puncture resealed marrow of normal cellulanty
:lnh a myclos leryttroid ratio of 10 1 Erythroposesis as normo

lastie

A postmortem exammation confirmed the tentatne cimeal diagnosis
of gouty nephrosi  with terrminal heart fulure and  uremic  cdema
ofthelungs Sections of the spleen showed hvperplasia of re ticulum cells
some erythropbagocytos: and a great deal of hemosidenn mostly 1o
macropfages  'lhe bone marrow was moderately hvperplastic and
ervthropoesis was conspicuous

Summary \ea cofurermadueto gouty nephrous v ith probable
hamolytic” anzmia  The direct antiglobulin reaction was weakly
positive

Case Report _ Heemol ftic Anama ssociated wath
{ali nant Hypertension

Case 27 The ratent (3 G) was a man aged 3a years He was
admuitted to 1 ospital giving » history that for the Iast three weels hie
had heen trouble { with weahness anorexia abdominal pain bleeding
from the nose cough and blurred vision  Previous to this he had been
well and there was no hustory of renal disease

He was a pole breathle s man who appeared to be severely uremic
His blood pressure was 218/132 and he bad advanced bypertensive
retmatis  His gen ral conlition gradually deteriorated and he dicd
eight days atter admision

Laboratory Iniestatons The erythrocyte count was almost
constant atahout 1 00 000 cells per e mm and the hemoglobin rnged
between 50055 ¢ per100m)  The reticulocyte count vaned betn een
19 and $1°, and the total leucocvte count between 9 600 and 12 000
cellspere mm  with 68 1091% neutrophly There were 100 600 platelets
per e mm



Fio 90 1 hotomacrograp b of a blood film of a patsent suﬂcrmg !wm
mahignant hypertension and haemobyhic anemia (Case 27} X
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logeal disturbances often leading to coma  The first report of
this syndrome seems to be that of VMoscheowitz (1925} who
described the chinienl history of a gurl aged sixteen who died of
#n  acute febrile pletochromic ancmy Microscoprcal examina
tion of her tissues at postmortem revealed numcrous hyaline
thrombotic masses occluding the small vessels in many of the
internal organs  Four apparently siular cases were desertbed by
Bachr hlemperer and Schufnin (1936) who suggested that the
thrombi were formed by platelets By 1947 Singer Bornsten
and Wile were able to trace records of twelse patients includin,
one of thexr own and suggested the title  thrombotic thrombo
cytopeme purpura  as an appropriate one for the syndrome
Smee then further cases have been reported and the syndrome has
become well recopmized  Recent reviews include those of Rackow
Steingold and YWood (1952) and Symmers (1952) who referred to
83 cases The hzmatological features of the syndrome will be
briefly reviewed

Hzmatological Findings A charactersstic feature m
almost all the patients with the syndrome has been the rapid
development of a severe hamolvtic anerma  The erythrocej tes
have usually been stated to be normocytic and spherocy tosis has
sometimes been noted The reticulocyte count has been raised
almost mvanably and counts as lugh as 51°, have been recorded
(Murhead Crass and Fill 1948) The ervthrocyte osmotic
frapility has been reported to be normal or tncreased The
leucocy te count 1s usually raised and counts as high as 50 000 cells
per cmm  the majonty bemng neutrophils Lave been reported
Small numbers of my elocytes and normoblasts are usually present
The platelet count 1s charactersstically reduced

Serological studies have seldom been attempted and i the few
cases in which the antiglobultn test was carned out the direct
reaction has been reported as negative (Singer Motulsky and
Shanberge 1950 Meacham et ol 1951) However m the
personally observed case reported below the test was weakly but
defimtely positrve

Pathogenesis  Lattle 1s known of the cause or pathogenests
of thrombotic thrombocytopenic purpura It 1s possible that 1t
15 a tvpe of collagen disease and that the underlying basis 1s one
of hypersensitivity The exact mechansm of the hamolysis 1s
unknown and auto antibodues of the type met with w typical
rdiopathie acquired hzmoly tic anemia do not seem to he formed
The dseuse can oceur i a fulminating form ey en after splencctomy
as the following case report demonstrates
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The direct antiglobulin test was negative and the serum hilirubin
concentration 09 mg per 100 ml  His blood urea on admission was
878 mg per 100 ml and tlus rose termmally to 510 mg per 100 ml

The erythrocyte osmotic fragility was mcreased there being a small
number of fragile cells  Iysis commenced m 0 6%, NaCl the MCF
being 0 409, Na(l

Stained blood films were remarhable for the large numbers of
distorted and contracted cells and cell fragments that were present
{ig 90) There was also conspieuous polychromas:a Five days
before he died he was transfused with 250 ml of normal group O
pachked cells  The survival of this blood was shown by the Ashby
method to be definitely impaired (Chaphn and Mollison 1923 Case 9)

Postmortem Laxaminatwn The mamn features were as follows
(Edema of the lungs left ventneular hvpertrophy and kidney changes

e of hypert The cavity of the upper two
thirds of the femur was filled with active marrow ~ Sections confirmed
the diagnosis of malinant hypertension The bone marrow 1n the
sternum and femur was markedly hyperplastic and predominantly
erythropoietic and there was a good deal of erythrophagocytosis

Summary A ease of rapidly progressive fatal uremia due to mahg
nant hypertension  Severe an®mia of hemolytic type with marked
erythrocy te contraction and distortion and a high reticulocytosts

Intravascular Hemolysis in Eclampsia

It has long been hnown that hemoglobinzmia and hzmo
globinuria mav be found 1 the acute phase of eclampsia  Young
(1942) referred to a number of records 1n the German hiterature of
the previous 60 years Recentls the subject has once more recerved
attention A single case report was published by Kistner and
Assali (1950) and a senies of patients investigated by Pritchard
VWetsman Ratnoff and Vosburgh (1958 1904) The cause of the
acute hemoly tie eprsodes 1s unhnown

Pritchard and co workers (1953) studied eleven eclamphic women
and found some evidence of mcreased hzmolysis andjor hwmorrhagtc
phenomena i all of them  Three patients suffered from transient gross

and m six others o hxmolytic
process was strongly suspected In two patients erythrophagocytosts
was abserved 1n buffy coat preparations of peripheral blood and the
erythrocyte osmotic fragiity was shghtly incresed  In two patients
too the direct antizlobulin test was found to be transiently positne

o detailed studies on erythrocyte morphology were carried out

THROMBOTIC THROMBOCYTOPENIC PURPURA
\'“uhm recent years a fatal syndrome has become widely
recogmzed consisting of hemolytic anemir and thrombocy topenic
purpura associated with azotzmia and with fluctuating neuro



THROMBOTIC TTIROMBOCYTOPENIC PURPLRA 37

logeal disturbances often leading to coma  The first report of
this syndrome seems to be that of Moscheowitz (19.5) who
desenibed the clinieal history of a girl aged sixteen who died of
an acute febrile pleiochronie anemia  Mieroscopteal examina
tion of her tissues at postmortem revealed nunmerous hyalne
thrombotic masses occluding the small vessels in many of the
mternal organs  Four apparently simular cases were desenbed by
Baehr hlemperer and Schifrin (1936) who suggested that the
thromb1 were formed by platelets By 1947 Smger Bornstemn
and Wile were able to trace records of twelve patints ineluding
one of their own and suggested the title  thrombotic thrombo
cytopeme purpura  as an appropnate one for the syndrome
Since then further cases have been reported and the syndrome has
become well recognized  Recent reviews include those of Rackow
Steingold and Wood (1902) and Symmers (1952) who referred to
83 cases ‘The haxmatologteal features of the syndrome will be
briefly reviewed

Hxmatological Findings A characteristic feature mn
almost all the patients with the syndrome has been the rapid
development of a severe hamolvtic anemia  The erythrocy tes
have usually been stated to be normocytic and spheroey tosis has
sometimes been noted The reticulocyte count has been raised
almost imvarably and counts as high as 51 /4, have been recorded
(Murrhead Crass and Hill 1948) The erythrocyte osmotic
fraphty has been reported to be normal or increased The
leucocy te count 1s usually rased and counts as high as 50 000 cells
per cmm the majority being neutrophils have been reported
Small numbers of my elocytes and normoblasts are usually present
The platelet count 15 charactenstically reduced

Serologcal studies have seldom been attempted and mn the few
cases mn which the antiglobuhin test was carried out the direct
reaction has been reported as negatne (Smger Motulsky and
Shanberge 1950 Meacham et e 1951) However m the
personally observed case reported below the test was weakly but
defimtely positive

Pathogenesis  Lattle 15 known of the cause or pathogenesis
of thrombotic thrombocytopeme purpura It 15 possible that 1t
15 a tvpe of collagen disease and that the underlving basis 1s one
of hypersensitivity The exact mechamsm of the hamolysis 1s
unknown and auto antibodies of the type met with i typical
1diopathie acquired hzmoly tic anemia do not seem to be formed
The disease ean occur n a fulminating form even after splenectomy
as the following case report demonstrates
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Cuse Report  Falal Thrombotie Thrombocytopeme Purpura

Case 28 The patient (3 8) was 1 widow 2ged 56 years who hd
previously undergone hysterectomy two operitions for intestinal
obstruction and ultimately gastrectomy (and splenectomy)in November
1850  Two weehs before her final adnussion into hospital 1n March 1921
she started to vomit occasionally On the day before admassion she was
notced to be drowsy

Physwcal Bxammation  She was a wasted woman in a semy comatose
condition There were multiple abdommalscws  otherwise no abnormal
physieal signs were noted except that the reflexes were hrisher on the
left than on the r1 ht stde  The day after admission shight jaundice was
noticed and some purpura of the skin Her coma nereased i depth
and she died on the following day Her mme was darh brown in
colour 1t contamed much albumin some granular casts a few leuco
cvtes and an occasional erythrocyte  Spectro copic exammnation
revealed large amounts of methemoglobin A tentative diagnosts of
thrombotic thrombocytopenic purpura was made

Laboratory Findings ~ 1he heemoglobin concentration was 142 g
per 100 ml reticulocyte count 1 29, Jeucocyte count 18 000 cells per
e mm 89°, of which were neutrophils and the platelet count 10 000 per
cmm 7The bleeding time was m excess of 18 munutes and the coagula
tion time 63 minutes

Stained blood films showed a moderate aniocy tosis and oecasionsl
Howell Jolly bodies and Pappenhemmer bodies Platelets were few
some being unusually large misshapen and densely stamng The
plasma had a browmsh tinge and was found to contain small amount
of methemalbumin

The direct antiglobulin test was weakly positive but no abnormal
antibodies could be detected 1 the patient s serum usmg trypsmuzed
and PN H erythrocytes The cold a, ghitmin titre was § at 2 C and
the serum complement coneentration normal A biopsy of the sternal
bone marrow revealed moderately cellular marrow containng plenty of
megaharvocytes hut with httle evidence of actual platelet forniation

Postmortem Exayunation The most mmportant m scroscopic findings
were abdomun i adhesions slightly swollen hidneys with mall b :morl
rhages on their surfaces and 2 shghtly swollen brain  Microscopreally
the only 1mportant lestons were widespread small thrombi sn capilianes
artersoles and some venules The thromb: were present 1n very larg®
numbers m the kidneys  they were fairly numerous 1 the brua nm(il
present 1 smaller numbers 10 the thyrord Iner lungs pancreas at
subcutaneous fat but were not found mn the myocardmm adrennls or
bone marrow  In addition to the capillary thrombt sections of the
Kidneys showed many pigment contaimng casts m the renal tubul s

Summary A fatal illness of short duratron starting with yomiting
and leading to death in coma There was marked thrombocytopenss
and evidence suggestne of an episode of ntravascular hamolyss
1 ostmortem examination revealed widespread capillary thromboscs

1
* Histological f reparations from thuy case were shown by 13 Lennox an
J V Dacie at the International Congress of Chinteal Fathology in Lon! n 1

1951
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HAMOLYTIC ANAMIA IN ACUTL DISSEMINATED
LUPUS CRYTHEMATOSUS

Anzmi 1s almost invanably present 1 acute dissemmated
lupus ery thematosus  Michacd Vural Bassen and Schaefer (1021)
who reviewed the hrematologieal data obtamed from 111 patients
recorded hemoglobin levels varving from 25 g to 15 g per
100 ml  10. of the pattents had hemoglobin concentritions of
less than 17 g per 100 ml at one time or another The anxnia
1s usunlly normoeytic and normochromic and the reticulocyte
count 1s often shghtly rased  As 1s well Anown leuhopenta and
thromboey topema often oceur

Occasionally severe and obviously hemolytic anenua develops
Michacel and co worhers (1951) reported three such cases anzemin
being the presenting sign in one patient while Pisciotta and
co worhers (1951) observed acute hemolytic antmia in one out
of seven patients studied Dubois (1952) deseribed three patients
m each of whom an scute haemolytic anmmia was the presenting
sign of their llness  He also mentioned that six out of aine other
patients suffering from disseminated lupus showed some sims of
mcreased haxmolysis A further example of severe hxmolytic
anemia was deseribed by Baikie (1903)

The true mncidence of accelerated hemolysis in disseminated
lupus erythematosus 15 not yet known It seems hikely how
ever that mmor degrees of increased hxmolysis would be
frequently found 1f ecateful erythrocyte survnal studies were
carried out

Serological Findings The direct antiglobulin test has been
found to be positrve wn nearly all the reported cases with overt
hamolytic anerma (e g Pisciotta e al 1951 Dubois 1952
Bailue 1953) Batkae also demonstrated an auto agglutinm mn
the patient s serum active at 37 C  Positive direct antiglobulin
tests have also been recorded in patients who have not been
suffering from elinically obvious hamolytic anamia (Evans et al
19,1 Baikie 1953)

Antiglobulin tests have been carried out n the author s labora
tory on the erythrocytes of nine patients the reaction was
stron,ly positrve m one patient sufferin, from overt hamoly tic
anzmia and weakly positive in five out of eight patients without
obvious humolytic anama In each case the reaction appeared
to be of the cold antibody type 1¢ 1t was not mhibited by
small concentrations of y globulm

As referred to on p 297 multiple immune antibodies are
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frequently formed by patients who are repeatedly transfused (see
also Kuhns and Bauerlemn 1953)

Hemolytie Ancemia i Assocration with Periarteris \odosa

A small number of cases have been reported mn which hemolytic
anemia has been assoctated with or followed by peniarterttis nodo a

Dameshek and Rosenthal (1901) referred to four patients whose
hemolytic disease was not benefited by splenectomy and in whom
histological evidence of arteritis was found at postmortem They al o
described two further possible examples the artentrs being demon
strated lustologically by biopsy m one cise  Both patients responded
extremely well to A CT H therapy n one instance after splenectomy
had failed to bring relief The direct antiglobulin test was positise it
both patients and warm auto anttbodies were demonstrated it their
sera

Hzmolvtic Anmrmia Associated with Beeck s Sarcoud

Several instances of hemoly tic anzma have been reported 1n
patients who have subsequently been shown to suffer from
Boeck s sarcold  The exact relationship between the two disease
processes 1s obscure  However 1t Is perhaps noteworthy that as
m diopathic  acquired hemoly tic anzmia by perglobulinzmua
1s commonly found 1n cases of sarcoidosis (McCort VWood Hamlton
and Ehrlich 1947 Ricker and Clark 1949)

Crane and Zethn (1945) described a patient aged 46 who underwent
for d h ytic anzmua but relapsed two months

later There was marhed spheroeytosis high reticulocytosis and 8
plasma globuln concentratron of 4 g per 100 ml  The patrent dred and
hinstol 1 showed the ch signs of sarcod
Iymph nodes and bone marrow

Stats Rosenthal and Wassermnn (1947) reported the history of a
child who developed a severe hazmolytic anemia when six months of
age He recovered from this but relapsed when aged seven years
febrile episodes then being p d by signs of I 1y Ajyear
Iater with the hemolytic anem persisin,, mdocychitis deseloped and
I5mph node biapsy revealed sarcordosts

MeCort and co workers (1947) referred to a man aged 58 who wis
known to have enlarged mediastml glands the histoloical peture of
which was tvpieal of sarcold Two years lIater 8 hemolytic anamta
developed which was not improyed by splenectomy Radiographs of
hus chest showed that the mediastal nodes had increased m size

Bruseh and Howe (1950) reviewed the blood changes which had beer
recorded 1 sarcaidosts and deseribed 2 further case of severe humolytie
anemia  Splenectomy was erried out in this patient with temporary
Jmprovement 1n the blood preture  Sareoid tissuc was demonstrated
histologically in the spleen i a spletue Iy mph node and in the hver
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CHRONIC IDIOPATHIC ACQUIRED HAMOLYTIC
ANZEMIA HYPERSPLENISM

The great majorty of cases of chrome arquired hxmolytic
anemua are undoubtedly caused by anti erythrocyte auto ants
bodies Occasionally howeser patients in whom no evidence of
auto immumzation can be detected present with all the signs of
a chronic hemoly tic anerma  Some of these patients will be found
to be suffering from an underlying disease such as lvmphadenoma
others may in reahty be suffering from paroxysmal nocturnal
hemoglobinurta  But leaving aside these possibilities  there
remamm a few patients whose haxmolytic anemia cannot be
explained  some of them 1f they have splenomegaly majy be
suffermg from  prumary hypersplenism It seems hkely
however that the number of cases which ean be adequately
explamed on the theory that the spleen 1s the primary and sale
cause of the hrmolysis 1s very small indeed  Most of the patients
1n whom a diagnosis of hypersplenism  has been made seem
likely m retrospect to have been suffering from acquired haemolytic
anemma of the auto antibody type

A possible example of hypersplenic hemolytic anemia_ has been
recently recorded by Dausset Paraf and Caroli (19a.) The patient
was severely anemic and the leucocyte and platelet counts were also
moderately reduced  All tests for abnormal antibodies were negatne
Splencetomy resulted 1n a prompt cessation of hamoly5is and a return
to normal of the leucocyte and platelet counts

The author has not studied any patient whose hemolytic anzmia
could be ascribed to primary hy with any
Two patients however have been mvestigated whose chrome
hzmoly tic anzmra has been completely unclassifiable The first
patient (Case 29) eventually recovered spontanecusly from her
anemia  her spleen was never palpable and she can hardly be
regarded as a case of hypersplenism  The second patient {Case 30)
had an equally unexplained hemolytic anzma  Her spleen was
however palpable and the excessive hemolysis subsided after

)l Tt 1s possible therefore that she was in fact suffering
from hypersplemsm

Case Report  Chromic Acquired Hemolytic Ancemia of Unknawen
Ftwlo,y and Patho enens
Case 20 The patient (M O ) was a married woman aged 70 ears
She was admutted to hospital in January 1920 complamuing that she
had felt breathless and weak for the past month Previously to this her
health had been good



376  Hzmvorxtic ANEwias or Doustrur PATHOGENESIS

Phrysieal Examunation  She was a well nounshed elderly woman who
was pale and shghtly jaundiced There were no significantly abnormal
phystealsigns  her Iiver and spleen were not palpable nor were there any
enlarged Iymph nodes Her urine contained an excess of urobii

Laboratory Investigations  YWhilst under observation for two weehs
her erythrocyte count fell from 2 200 000 to 1 700 000 cells per ¢ mm
and her heemoglobin concentration from 8 6 to 70 g per 100 ml  The
MCYV averaged 182cu  The retrculocyte count vaned between 23 and
81%, and the serum bilirubm concentration between 07 and 12 mg
per 100 ml The total leucocyte count varied between 7 000 and
11 000 cells per ¢ mm  with 679, neutrophuls and there were 460 000
platelets pere mm  Stained films showed many macrocytes a few penr
shaped poikilocytes and polych No spherocy
were seen

The osmotic fragility was not mncreased utial Iysis 0 45°% NaCl
MCIT 040°% NaCl The rate of autohemolysis of defibrinated blood
mcubated at 37 € for 48 hours was shghtly less than twice that of a
normal control

The direct antiglobulin test was negative and no_abnormal warm
antibodies could be detected 1 her serum  the cold agglutiun titre
was << 4at . C The Wassermann and Kahn tests were negatine  Her
blood group was A MN Rh posttrve

She was transfused with two pints of group A N Rh posttive blood
The survival of the normal erythrocytes was followed by the Ashby
method using an antr M serum  The transfused cells were complctely
elmmated 1n 17 days the mean cell Life betng about 4 days

Subsequent Course 'The patient has been seen at intersals for over
four years stnce her admission mto hospital By March 1950 her blood
count had become stabilized at about .. 500 000 erythrocytes per ¢ mm
with 10 0 g haemoglobn per 100 ml and .09, reticulocytes Thereafter
the blood count gradually improved One vear later the erythrocvte
count had risen to 3 200 000 cells per ¢ mm with 11 4 g h-emoglobin per
100 ml and 89, reticulocytes Vhen last seen in March 1924 her blood
count was almost normal with 4100000 erythrocytes per ¢mm
13 2 g hemoglobin per 100 ml and 2 4°, reticulocytes

Summary A case of acquired hemolytic anzmia of unknown type
with no esidence of auto immumzation  Normal leucocyte and platelet
counts  Slow spontaneous recovery

Case Report  Chronic Aequared Anemia
with Pankypopiuitarism (¢ Stmmonds s Disease)

Case 30 The patient (N C ) was a marned woman aged 37 yers
She was admitted to hospital in October 1949 complammng of
amenorrheea  She had had & severe post partum hemorrhage m 1978
after the birth of her sixth child and menstruation had been scanty ever

nd

smce a
Physical Examination  On admission mnto hospital she was foun

to be pale and overneight and to present a rather my<xcedematous
appearince  her skin was dry and she had lost some of her aallary
and pubsc harr  The spleen was Just palpable

Laboratory Inteshigations  ‘There were 3 000 000 crythrocytes per
emm and 102 to 117 g of hxmoglobmn per 100 m!  The retrculocyte
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count varied between 8 and 27 and the total leucocyte count from
~ ™00 to § 000 per e min of which between 40 and 63 , were neutrophils
The plitelet count vaned between 145000 and 190 000 per ¢ mm
Stained persphery] blood films showed that the majonty of the erythro
evtes were round or oval normocytes but some polychromatic
maeroes tes and a few microcy tes were also present

The erythrocyte osmotic fragihty was normal  imtual lysis 0 50
NaCl MCT 04 9 N\aCl  The rate of autohtmolysis was betwcen
two and three times that of & normal control

The plisma bibrulnn concentration raned between 08 and 2 2 mg
per 100 ml  Schumm & test was negative  The direct antighbulin test
was negative and tests for abnormal warm antibodies in the serum were
4l o nesitne  The cold agglutimn titre was 4 at 2 ¢ 1he acidsfied
erum test wa negatne

She was transfused both before and immediately after splenectomy
The sury1al of the normal erythrocytes was defimitely unpred bifore
splenectomy  w0° of the transfu od cells had been destroyed seventeen
days after the transfusion and less than 109, remamed after 37 days
After splenectomy the erythrocytes survived normally (Mollison 1901)

Splenectsmy  Her spleen was removed in March 1000 it weighed
4,0  Sectims showed that the general j attern was preserved the
httoral cell of the sinu s were prominent and the pulp contained a
moderate amount of blood  Lrythrophagocytosis could be seen but
not 1n exeesay e amounts

Sut sequent 1ro,ress The imitial effect of splencetomy was good
the erythrocyte count and hemoglebin concentrition reached novmal
levels and remaincd so for at least six months  the reticulocyte count
varied between 0 5 and 3°, Lhe leucocyte count and flatelet counts
also became normal

When seen three year later she shuwed sizns of more marked
hypopitwitansm  The erythrocyte count hid fallen to 3 100000 per
cmm  the hemoglobin concentration 10102 g per 100 ml  and there
were 3 to 4, Teticulocytes  The leucocyte count vared between 7 000
and 11 000 cells per c m  with . to 45 4 neatrophils

Summary A case ¢f acquired hemolytic anzmia of unhnown type
and eausation associated with muld panhypopituitar: m  Splenectomy
resulted 1n & gool remu sion Three years later there were sign of
hxmatological and endocrimologieal relapse

Hemolyte inema 1n Pregnancy

Many dilferent types of chrome hamolvtic anemia may be met with
n pregnant women and acute sometimes transient episodes oceurring
wsually toy ard the end of pregnancy or after parturitton are rare but
not unknown (I escher 194 } However a clear cut causal relation hip
between the pregnancy and the hemolysis has seldom been establishe 1
The case reports of Toaff and (1918) and
(19 3) d> nevertheless suggest that pregnancy mav be a cau ¢ of acute
cxacerbations 1n certamn types of chronic idiopathic acqure 1 homolytic
anzma_ for both the patients described 1n the above mentioned reports
developed serious hamolytic ept o fes 1n suecessive pregnancies

1t should be added that mmor increa es in osmotie fragility may be
found i both anemic and non anxmic normal pregnant women
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Physical Lxamination  She was a well nounished elderly woman who
was pale and shightly Jaundiced There were no significantly abnormal
physicalsigns  her kver and spleen were not palpable nor were thereany
enlarged Ivmph nodes  Her urine contained an excess of urobilin

Laboratory Investigations  Vwhibst under observation for two weehs
her erythrocyte count fell from 2 200 000 to 1700 000 celly per ¢ mm
and her hemoglobin concentration from 8 6 to 7 0 g per 100 ml  The
MCY averaged 132cp  The reticulocyte count xared between 2% and
319% and the serum biirubin concentration between 07 and 1 2 mg
per 100 ml  The total leucocyte count vamed between 7000 and
11000 cells per cnm  with 679 neutrophuls and there were 460 000
platelets pere mm  Stamed films showed many macrocytes a few pear
shaped poikilocytes and considerable polychromasia  No spheroevtes
‘were scen

The osmotic fragitty was not mcreased 1mutral Iysis 0459, NaCl
MCT 0410% NaCl The rate of autochzmolysis of defibrinated blood
meubated at 37 € for 48 hours was shightly less than twice that of 2
niormal eontrol

The direct antiglobulin test was negative and no abnormal warm
antibodies could be detected mn her serum  the cold agglutmun titre
was < 4at2 C The Wassermann and Kahn tests were negative Her
blood group was A MX Rh posttive

She was transfused with two pints of group A N Rh posttive blood
The survival of the normal erythrocytes was followed by the Ashby
method using an ant: M serum  The transfused cells were completelv
ehminated 1n 17 days the mean cell hfe being about 4 days

Subsequent Course The patient has been seen at intervals for over
four years smce her admassion into hospttal By March 1950 her blood
count had become stabilized at about 2 500 000 erythrocytes per o mm
with 10 ¢ g hemoglobin per 100 ml and 20°, reticulocytes Thereafter
the blood count gradually tmproved One year later the erythrocyte
count had risen to 3 200 000 cells per c mm  with11 4 g hewemoglobn per
100 m! and 89 reticulocytes VWhen last seen m March 1954 her blood
count was almost normal with 4100000 erythrocytes per ¢mm
132 g hemoglohin per 100 ml and 2 49, reticulocytes

Summary A case of acquired hemolytic an®ma of unhnown tvpt
with no evidence of auto immunization ~Normal leucocyte and platelet
counts  Slow spontaneous recovery

Case Report  Chronic Idwapathie Aequired Hamolytic Anema Assocrated
with Panhypopiturtarism (¢ Simmonds s Disease)

Case 30 The patient (N € ) was a married Woman aged 37 vears
she was admitted to hospital i October 1949 complammg of
amenortheea  She had had a severe post partum hemorrhage 1n 1938
after the brrth of her srxth child and menstruation had been seanty ever
since
Phystcal Ezamunation  On admission into hosprtal she was found
to be pale and overweight and to present a Tather myXcedematous
appearance  her shin was dry and she had lost some of her axillary
and pubic hair  The spleen was just palpable

Laboratory Iniestijations ‘There were 3000000 erythrocytes per
cmm and 10210117 g of hemoglobin per 100 mI  The retrculocs te
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(Ellott 1944) The sigmificance of this finding 1s uncertain 1t shoull
however engender caution 1n diignosing an anema of pregnancy as
hzmolytic solely on the results of the osmotic fra ity test

MARCH HZMOGLOBINURIA

March or exercise hemoglobinurna was first deseribed 1n Germany
by Flescher 1n 1881 The condition 1s characterzed by the
sudden appearance of hemoglobmn m the urine following exertion
i an otherwise healthy subject The hemoglobinura 1s not
related to sleep or cold or as far asis known to disease of any sort
and the loss of hemoglobin and the frequency of the attachs are
not as a rule sufficient to cause an appreciable degree of chrome
anemia  March hemoglobinunia has quite a large hterature and
was the subject of a detailed review by Giligan and Blumgart
(1941) It 15 primanily a disorder of males although m at lest
two nstances women have been affected (Gilhgan and Altschule
1950) As 2 rule spontaneous recovery tahes place within a few
months or a year or so

Pathogenesis The cause and mechamism of march hzmo
globinuria 15 obscure It 1s known that the htmoglobinuria 15
secondary to hemoglobiamia and that the hemolysis giving nise
to the haemoglobinemia oceurs only at the tume of the cvertion
Gilligan and Blumgart (1941) concluded that an appropriate
(lordotic) posture was necessary to bring on an attach of hemo
globinuria 1n a sensitive subject 1n addition to exeresse  Gilligan

and Blumgart also pomted out that phy siological haemoglobmnuma
and | lot 1a d not Iy in normal people
after extremely severe and prolonged exertion they postulated
that m people subject to march hmmoglobmuna hemolysis
developed following lesser degrees of exertion as the result of some

defined 1 1 or postural ak ity It may be added
that Gilhgan and Blumgart (1941) and Hobbs (1944) found that
the mechanical fragility n vitro of the erythrocytes of affected
men was normal No real advances in the understanding of this
strange disorder seem to have been made 1n recent years

Pare and Sandler (1954) have recently reported that the urine
of sufferers from march hrmoglobinuri contams abnorma
amounts of amino acids such as ¢ystme and g ammo sobutyric
acid  This finding however does not seem to throw any I ht
upon the mechanism of hemolysis
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{1933) Following these publications both drugs were for a time
widely used m the therapy of polycy thems The treatment was
however potentually dangerous for it was not cas to regulate the
dose 5o as to a3 oid hemolytic eprsodes due to cumutative effects
(McCance and Widdowson 1937)

Phen Ihydranne and acetsIphenvin drazne affect erythroestes
w several ways I man eten relatively small doses cause visible
dmage to the erythrocites  some of fhe cells undergo contraction
and may appear as if preces have been eaten out of thewr periphery
{Fig p 12) others show patchy deficiencies 1n hemoglobin
Regenerating cells are slso alfected as 15 shown by the coarse
pum'mtr bﬁoplnh'\ and siderotse granules i stamed films  In
addition the hamoglobm atself 15 altered so that Heinz bodies
are formed {Webster 1243 Beaven and White 1958  see also
P 1)

U present n large numbers Kfewsz bodies gne the blood 8 cunous
browrnush colouration rather like that due to large amaunts of sulpbaema-
globin ot methurmoglobn  Hewnz bodies however mmui of denatured
glotin and nesther not 15 formed as
the result of the action of phemylbnd, ot acety 1hyd
When ssolated Heinz bodies are a greenssh brown in colour  they are
imsoluble tn water and this canses a perst tent turtndity whenr blood
33 loked 1n disiBed witer or hvpotomc sabne The presence of wotra
corpuscular Hewnz bodses leads 1o an inerease i resistance ta lyms by
hypotome saline and n assonstion with the mereased fragihty of
corpuscles which have
span of resistance 1 osmohie fragility tests

Tn severe ! with phenylhyd or acetylpheny?
hydrazine the patient becomes oy anased from Hetnz body forma
tion resulting & serious mmparrment of the oxygen earryng
eapacity of the blood  In addition he will be pale and jaundseed

and there may be b toh and The
blood has a chccu!at&bmwn tmwe snd the plasma contams

Tobin ane as svell as an d content
of Wirubin  Autohxmolysis 1n vitre 1s. 1

rapid
The following case history sllustrates the results of serous self
nficted porsoming with acetylphensibvdrazine  The patent
had actually undergone splenectorny before the source of the
bxmolytic anmmun was discovered  ( Sponfaneous Henz body
an@ma s discussed on p 399 )

Case Report 2 Aneriia
Cose 31 The patient was an unmamed woman aged 27 years  He
tween 1941 snd 1945 she suflered from oceastonal falnu.ng attacks and
& diaguosis of  cryptogenic epepsy  was made  In January and in
DACTE S BAXOL. KERXUL 13




CHAPTER 15

HAMOLYTIC ANAMIAS DUE TQO DRUGS,
CHEMICALS AND INFECTIONS

H=zmolytic Anzma due to Drugs or Chemicals

MNY drugs and chemicals are known to cause hemolysis when
admunistered to man or ammals  Some do this regularly 1f gren
in sufficient dosage although there are certan differcnces m
sensitivity amongst ndividuals or species  other drugs or
chemicals cause hemolytic anemia much more capriciously and
affect only a small proportion of patients or animals In the latter
group the onset of hemolysis appears to be due to wn unusual
susceptibility and 1s not closely connected with dosage

The exact way 1 which drugs or chemicals canse hemolysts
w2210 1> incompletely understood 1n most mstances  There are
at least three possible mechanisms  the hemolysts may be
brought about (a) by a direct nction on the ecirculatmg and
developing erythroey tes (b) through the mtermedtary of abnormal
metabolic products—in which case only 2 small percentage of
patients or amimals may be affected and (c) by the chemical
acting as a pro antigen which m combination with the patient s
cry throcytes causes auto immunization

In this chapter a brief account will first be grven of the chemt
cally induced hemolytic ancmias of more or less regular occur
rence  tlus will be followed by a description of those m which
an unusual degree of susceptibility appears to be an 1mportant
factor 1 the pathogenesis of the anemua (chemical hamoly e
anzmuas of the hy persensitivity type)

Phenylhydrazine and Acetylphenylhydrazine

Phenylhy drazine and 1ts acetyl dervative (pyrodin) have been
used repeatedly in experimental studics on hzemoly tic anzmea In
amimals (Cruz 1941) In man phenylhydrazine was apparently
first used m polycythemia vera as a means of ruducing the
erythrocyte count by Eppinger and hloss (1018) the acetyl
dernative was later employed for the same purpose by Bassett
Jullip and McCann (1931) and by Stone Harris and Bodansky

384



Fic 9 1hotomurographofallnod flmofay tat ff ingfrom
acetyIphentIhydra ine pos onung (after sf lencctomy) (Case 1)
X 100

IT feep 286



38b HzEMOLYTIC AN¥WMIAS DUE To DRUGS

December 1948 wlulst working 45 a phirmaaist she was treated for
anviety neurosis  In Jenuary 1949 she developed o severe hamoly tic
anema which was controlled only by successive blood transfusions
The cause of the anemea was obscure but as there seemed to be no
signs of any mmprovement splenectomy w1s carrred out on Apri) 6th
1949 The immedsate effects of the operatron were good  the hemo
globn concentration was sustoined anl the reticulacyte count fell to
normal levels
% '
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Tie 91  Hxmatological ob ervatsons on a patint suffermg from
acetyiphenythvdrazine  poi oning (Cie §1)  The serbieal
nterrupted line mdtcates the powmt at which the pitrent stopped
takuig the drug

The patient was seen 1 London on May ~Gth 1919 She aj peared
to be perfectly nelland was not anemie ‘Lhcre were 3 800 000 erythro
eytes per cmm  a pached cell volume of 43¢, and 0 .% reticulocytes
A cresy] blue stamned blood hlm however showed that over 809, of hes
corpuscles contmned large Hemnz bodies (1ig 9 p 16) Ttomanonshy
stuned films were nonmAl m_appearnce except Dir oceasionat Hunell
Jolly bodues and numerous Pappenhermer bothes

The patient was seen at about monthly intervafs untif September
1010 She had kept wal but had become sh hith antmie the
erythroeyte count falling to 3,.00 000 cells per e mm Ianz hodies

o)
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were sl present 1n very large numbiers and the reticulocs te eount was
sliphtly inereased  Oceasinna) eells showing diftase punetate basophiha
cout { be seen 1 Roranowsky stained films and the ez badies eould
be wientified 1n some oclly as rounded arets surrounded by a sh hitly
deeper to oy Inbie sim
i November 27th 1039 there were defirute ians of relapse (Fig 01),
Staned bload films showed many trregulardy crenated and di torted
erythrocytes and marked punctate basoplikia  pale hlie nng hhe
hodies of srregular contawr corresponding, in size to Yeinz bodies could
Be secn i many of the eells particulatly i the mast contracted cells
{secp 401) The reticulocyte count had nisen to 20%,  Thereafler she
Yecame more anrmie as well as shahtly jaundiced and ey ansed
She was sdmutted Lo hospital on January I6th 26,0 Her blood was
definitely Drowns h in colour and formed an opaque solutson {due to
the suspended Hemz, bodics) when sdded to distilled water  There
were 00 000 erythroeytes perc mi 8 8 g of hemoplolnn per 100 m
and o3 to 809, retrcutooytes  the MCV seraged 1306 ey and the
M C1T concentraticn 26
Tomanowshy stmncd blood films were remarkable £or the mteputy
of punctate basapticdea both dsflase an | of the Pappenhesmer type tnd
for (he prescnce of numernus extremely oremated end contracted
corpuscles many of which contmned Vi ible pale hlac statmng bodses
(1, 92) The span of erythrocyte o mctio fraglity was considerably
sacrea ed  lysis commenced m G5 © Nall the MCF helng 0419,
“aCl but was not complete in 0 20%, \aCl The rate of autohamaly sis
was markedly mercased  there %5 19, Jysis after four hours and 355,
Jysie after 2+ hours wecukstion The serum bdirulnn concentration
ranged between 1400117 mg per 160 mi
Bone tnarrow binpyy revealed an intensely hyperplastic predota
nantly erythropoetie marrow  \ Jarge amount of 1ron contaimng
pigment was present in phagocyti reticulum cells
At tius pomt 1t was di covered that the patient had been doung
hersell wth diselosed amounts of acetylphenythyd: and also
with and She wapidly
from her anema and the Hems bodies quickly dissppeared from the
crrculation when she was prevented from talung any further drugs
{1z 01) When last seen mm April 1950 it was clear owever that she
ad cammenced to drug herself once more  her blond contamed 1t
Hlemz bdies and the rebieulocyte count was 109
Sumimary 4 case of severe hemolytic snemia for which splenectomy
had been petformed  The patsent was wltimately found to be draggng
herse) seith acetylphenylhydrazine  Temporary cure folloned the
wathholding of the drug

Naphthalene

Naphthalene has for long been known to be a potentially
hremolytie substanee (Heme 1923)  Recently Zuelzer and Apt
{2940} 4 bed the es of the of hthal
balls {moth balls) by four young chillren  &n ascute dlness
characterzed by nuasen drerthoea and fever follawed and
anzrua developed acutely Three of the cluldren had hamo

15
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bilirubin concentrations {075 to 13 mg per 100 ml) In four
patients there was evidence of an mereased excretion of fecal
urcbilinogen  Erf and Rhoads referred to the observations of
earlier worhers which were also suggestive of inereased hemoly sis
(see also Hunter 1943 and André and Dreyfus 1951)

Nitrobenzene
Intracorpuscular methemoglobin formation 15 & charactenistie
feature of p by mitrok In grave harmo

e p h
lysts with jJaundice and splenomegaly also develop (Hunter
1013}

Nabarro (1948) described 1n detail the history of a patient a young
woman aged 19 years who took monomtrobenzene by mouth  She
developed a blue grey cyanosis and passed datk urine and withmn sic
days became severely anemic with hemoglobinamia methzmalbu
minzmia and hemoglobinuna  Erythrocyte osmotic fragihty was
shghtly inereased and there was marhed amisocytosis porkilocytosis
and punctate basophilia  Nabarro mentioned that the dark unne of
mitrobenzene porsoning was caused by the presence of para amidophenol
as well as by hzmoglobin dernatives

Acelanthde and Phenacetin

Chromc acctanilide itoxication results i cyanosis and an anemiz
which 15 probably and Lundst
193940) * A sumlar anwmia may be caused by chronic oy erdosage with
phenacetin (Ja meki and Muller 10 0)  Small mumbers of Hewmz bodies
may be found m the penpheral eireulation

Promin

The sulphone dermvative promun has been used in the treat
ment of tuberculosis and leprosy Iall Pfuetze Hinshaw and
Feldman (1947) treated "0 patients the majonity recerving daily
oral doses of from 16 g 1032 g In most mstances the drug was
tolerated for eight to ten days without any marked effect on the
blood picture ~ thereafter ancmia developed more or less rapidly

In cases n which the fall was rapid a predomunantly neutrophil
leukocytosis developed and m some patients a  lewhzmord
picture was noted

©One Tepresentative case was deseribed in which the hzmoglobmn fell
from 66 , to 32° 1n 10 days_and the total leucoeyte count reached
~~000 per cmm  on withholding the promin the reticuloeyte count
0 € to 589 and a rapid recovery ensued  One of the patients appeared
10 be unusually sensitive to the drug for after only three doses of 16 g
an acute hxmolytic anerma with hemoglobinuria developed s the
result of which the hemoglobin fell to 09

Higgins (1933) showed that promin regularly produces anemua in
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globinuria  Examination of their blood revealed an acute
hemoly ticanema with a high leucocy tosis and ery throblastzmia
Many spherocytes were present as well as a number of fragmenting
erythrocy tes with irregular and Jagged outlines  osmotic fragility
wis markedly mereased The blood plasma was browmish m
colour and contamed free haemoglobin and methemalbummn

Henz bodies were observed 1 one case but intracorpuseular
meth: lobin and sulph lobin were not found  Zuelzer
and Apt made the pomnt that in any case of acute hemolybe
anzmia m childhood the possibility of the mngestion of moth balls
should be considered

Schafer (1951) described a fatal hemolytic anemia n a newborn
infant which he considered might have been due to the absorption
through the sk of naphthalene which had been used to rmpregnate
the infant s naphins

A further case was published by Mackell Rieders Brieger and Bauer
(1951) o and f naphthol and o and g nwphthoquinone were 1solated
from the baby s urine  Mackell and co workers also carrted out tn 10
and wn tito tests (n rabbits) with naphthalene and its degradation
products They found that the chemicals could be ranged m respect
of their hemolytic potency in the following order  « naphtho! which
was most hemolytic g naphthol the naphthogquimones and finally
naphthalene which was lenst hemolytic

£ Naphthol

£ naphtho! has been used 1n the treatment of hookworms It abo
1s a potentially hzemolytic drug  Out of 7) patients giyven large doses
of the drug (18 g 1n adults) four developed acute heemolytic episodes
with hemogiobinunia (Smulire 1920) Irregularly shaped erythrocytes
were observed 1 one patient and marhed punctate basophilta tn two
others A leucocyte count of 40 000 per cmm as recorded m 2
patient whose hamoglobin had fallen as low as 229,

Trinurotoluene
Minot (1919) studied the blood of a large seres of mumtion workers
expased to trintrotoluene  He stressed the frequency of excess
polychromasia and observed 1n some nstances that the erythrocytes
were undergomg fragmentatton m the peripheral blood

Benzene

B p probably causes d blood destruction
as well as hypoplasia or aplasia of the bone marrow Lrf an
Rhoads (1939) studied mne anzmie patients who gave a history
of exposure to benzene eight of the patients recovered—one
died of myelord leuhenua In four patients marrow bIOpsy
showed hyperplasia not hypoplasia  All the patients had
raised reticulocy te counts (8 7 to 14%) and shghtly raised plasma
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bilirubin concentrations (07> to 13 mg per 100 ml} In four
patients there was evidence of an ncreased exeretion of fecal
urobilinogen  Erf and Rhoads referred to the observations of
earlier workers which were also suggestive of increased hemohsis
{see also HMunter 1943 and Andeé and Drevfus 1921)

Nitrobenzene
Intracorpuscular methemoglobin formation 1s a charactenistic
feature of p by nitrob In grave p g hemo-
Ivsis with jaundice and splenomegaly also develop (Hunter
1913)

“abarra (1818) described 1n detail the hustory of & patient a \oung
woman aged 19 vears who tool mononitrobenzene by mouth  She
developed a blue-gres cvanosts and passed darh unne and within six
days became severely anrmic with hemoglobinemia tethemalbu
mmnemia and hemoplobwuna  Eryihrocyte osmotic framlity was
shightly increased and there was marked anisocvtosts pothilocytosis
and punctate basophilia  Nabarro mentioned that the dark unne of
rutrobenzene poisoning was caused by the pre<ence of para amidophenol
as well as by hamoglobin denvatives

Acetamihide and Phenacetin
Chronic acetanilide mntoxication vesults in cvanosi» and an anxmia
sshich 1s probabls hxmolvtic m tvpe (Meulengracht and Lund teen
193940) A simlar anemia may be caused by chronte overdosage with

phenacetin (Jasiska and Muller 1950)  Small numbess of Heinz bodies
may be found in the penipheral eirculation

Promin

The sulphone denvatrie promm has been used i the treat
ment of tuberculosis and lepross  Hall Pfuetze Hinshaw and
Feldman {1942) treated "0 patients the majonity recerning duh
oraldosesof from 16 g to32g In most instances the drug was
tolerated for eight to ten days without any marhed effect on the
blood picture  thereafter anxmia descloped more or less rapidhy

In cases i which the fall was rapid 2 predommnanth neutroplul
leuhocvtosts develaped and 1n some patients 8 leulzmoid
pieture was noted

One representative case was described 1 which the hemoglobin fell
from 669, to 35°, 1 10 davs_and the total leucocyte count reached
22000 per etun  on withholding the promin the reticulocvte count
Tose to o8 g and a rapid recovery ensued  Ope of the patients appeared
to be unusually sensitive 1o the drug for after only three doses of 16
an acute hemolytic anema with hemoglobinura developed as the
result of which the hemoglobin fell to 20

Higmns (1943) showed that promin regularly produces anemua in
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globinura  Exarmmation of therr blood revealed an acute
hamolytic anemia with o ngh leucocy tosis and erythroblastzma
Many spherocy tes were present as well as a number of {fragmentine
ery throcytes with irregular and jagred outlines  osmotic fragility
was markedly mereased The blood plasma was brownish
colour and it i free b globin and mcth. 2

Heinz bodies were observed m one case but intracorpuscular

meth: globin and sulphamoglobin were not found  Zuelzer

and Apt made the pomt that 1n any case of acute hemolyte
anermis i childhood the possiality of the ingestion of moth balls
should be considered

Schafer (1051) described & fatal heemolytic anxma n & newborn
nfant which he considered mght have betn due to the absorption
through the skin of naphthalene which had heen used to impregnste
the wfant s napkins

A further case was published by Mackell Ricders Brieger and Baver
{1951) « and 8 naphthol and « and § naphthoquinone were 1 olated
from the baby s uriue  Mackell and co workers also carned out mn tifro
and 21 e tests (in r1bbis) with naphthalene and its degradation
products Thev found that the chemicals could be ranged in respeet
of thewr hremolvtic potency m the following order o naphthol which
was most haemolytic 8 niphtho) the naphthoqunones and fimilly
naphthalene which was least hemolytic

£ Naphthol

£ naphthol has been used 1n the treatment of hookworms It also
15 8 potentially hemolybic drug  Out of 79 patients given large doses
of the drug (18 g 1n adults) four developed ncute hamolytic cprsodes
with hemoglobtnuna (Smdiie 1020) Irregularly shaped erythracy tes
were ob erved 1n one patient and marked punctate basopiha 16 two
others A leucocyte count of 40000 per cmm was recorded In 2

patient whose hremo, lobuin had fallen as low as 2290,

Trintrotolnene
Minot {1919) studied the blood of a large sertes of munition workers
exposed to tnnitrotoluene  He stressed the frequency of excess
poly chromasia and observed 1n some instances :l‘mt lthc erythroeyles
1 blood

were n the p
Benzene
B bably causes d blood destruction
d

¥ L ¥
as well as hypoplasia or aplasia of the bone marrow  Frf an
Rhoads (1939) studied nine anwmic patients who gate a Instory
of exposure to benzene  eight of the patients recovered—onc
ded of myeloid leuhmemia  In four patients marrow bwopsy
showed hyperplasia not hvpoplasa  All the patents had
rmsed reticuloey te counts (8 7 to 14%) and shghtly raised plasma
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from 0020 g to 01 g of lead The ervthrocyte count of a
susceptible patient fdl abruptly within a half to one hour of the
injection and asmuch as half of his ery throey tes mu bt be destroy ed
as the result of & single dose  In such patients a proportion of
the ery throcy tes was noted to be markedly distorted  many cells
were folded and some showed  small indentattons as)f preces had
been bitten out of them with a punch  Tunetate basophtha
devcloped during the regeneration phase the rise in stippled cells
paralleling the reticulocyte count  As a rule the acute hemoly tic
cpisodes were assoctated with a rise m the platelet count

Less dramatic changes were reported by Catll ¥ ullman and Shecket
(1937) 1n patients Tecensing courses of et fal lead triphosphate by
intravenos inyection  Anamia 11 not u ually beerme obvious until
after two to three weeks of treatment  Normi] lasts were then found
in the pen heral Llood_the cytoplasm of many of them bemn,, stippled
Large iumbers of stippled ery throey tes abo ap peared i the blood their
number temg only slightly lcss than that of the reticulcytes A pre
1 leucocytous deeloped m most cases

In chrome lead possorung antmia 15 less noticeable and rarely
severe  Punctate basophilia 1s probably invanable (Lane 1931)
1t has been widely used as a diagnostic aid 1n Iead intoxreation
(Machle 1947) Another charactenstic finding 15 the presence of
coproporphyrin IIT 1n the urine  VMaloof (1320) contended that
coproperphyTin 1n the urine nught be a more sensttise index of
lead porsoning, than the stippled cull count  Nather finding 1s of
course a speaic sign of lead poisonin,,

Pathogenesis The anema of lead poisoning 15 probably
brought about by the chenucal affeeting h emopoiesis in the marrow
as well as dama,ing circulating ery throes tes

The evidence for a direct hemol tic effect in patients recerving
large doses of lead has alrcady been referred to (Brookfield 1928)
the morphological signs of erythrocy te damage bang comparable
with those produced by phenylhyvdrazine (Fig ¢ p 12}

The effects of lead on ha need further if
Tt 15 generally agreed that the stippled cell count runs parallel
with the reticulocy te count although as a rule at a shightly Jower
lcvel and that the stippled cell 15 an smmature cell (a reticulocyte)
the basophilic nbonucleoprotein of which has heen shghtly altered
s the result of lead mtoxication This change 1s also noticeable
m the nucleated erythrocy te precursors

Stppling of normobla. ts wasnoted by Bell Willams an1Cunminghar
(19-5) by Gould hullman and Shechet (1937} and 1y Khma and
Seyfried (1937) The phenomenon was studied m detrl by VMcF adzean
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guinea pigs as well as causing the formation of intracorpuscular
met and The drug appears to affcet
the erythrocyte surfices for within 2 few hours of 1ts admustration
many crenated cells could be seen n wet preparations and in films
No true spherocytosis resulted and the corpuscles were found to huie
become unusually resistant to haemoly sts in hypotome saline

Diaminodiphenylsulphone

The onset of a probable hemolytic anEmia was reported by
Ramanujam and Smith (1951) m a patient receiving treatment for
leprosy

Methylchloride

Methylchloride which 15 widelv used as a refnigerant m domestic
refnigerators 13 a potential cause of heemolytic anemia  Three cases of
possonang were reported by huegel Mc™Nally ind Pope (19.9)  The Inwest
hemoglobtn recorded was 509, and the lughest bilirubin concentration
22 mg per 100 ml Three days after the onset of the iliness aniso-
cytosis and fragmentation of the erythrocytes were noted

Inorganmic Chemicals
Arsine

Inhalation of arsine 1s a well known cause of hremoly ic anerma
mn man {Dudley 1919 Bomford and Hunter 1932 Hunter
1943) and cxpermental anmmmals (Iaese 1987)  Intrayascular
hamolysts takes place withm a few hours of exposure and hemo
globmuria follows  Jaundice develops and the erythrocy te count
may fall within the next day or two to very low levels In non
fatal cases basophilic stipphing 1s often conspicuous during the
phase of regeneration  haesc (1987) reported a marhed increase
1 ery throcy te osmotic fragility as the result of the mhalatton of
arsine by dogs

Lead Poisoming

The toxic effect of lead on the blood has been known for many
years and many chmcal and experimental studies have been
carrted out The early hterature 1s reviened by Aub Fairhall
Minot and Rezmhoff (1925) In vifro studies (sce Aub ef gl 1920)
have shown that lead has a direct effect on the surfaces of the
erythrocytes the cells undergo contraction and become nelastic
and brittle  they break up readily as the result of mechanical
trauma and underge rapid spontancous lysis although appeating
on the whole more resistant to osmotic hremoh sis

In man acute lead powsoning may produce dramatic eflfcets on
the blood Brookficld (1928) studied the blood of pitients who
were beng treated for malignant disease by mtras cnous doscs of
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probably hemolvtic m ongn Watson and Spink (1910) also
noted that the anemia tended to be hypochromuc and suggested
that homoglobin formation was also affected  Collateral evidence
for this was provided by the finding of relatively large amounts
of coproporphyrin IIT 1n the unine (Rumington 19338 Fagge
Carey and Weiland 1946) and an mcrease in ery throcy te porphyrin
{\Watson 1920)

Intracorpuscular met! glok and sulph ! are
also produced by sulphonamsde therapy (Harms and Michel
1939)  sulphamlamide 1s the most active drug in this respeet
sulphapyridine less active and sulphathiazole the least actrve of
the three \oeschlin (1940) reported vet another effect the
production of Memz bodies by a patient ircated with sulpha
pvridine  Subscquent obscrvations on mice (Moeschlin 1941-42)
apamn showed that sulphanilanude was the most potent of the three
drugs n produeing Heinz bodies and sulphathiazole the least
potent

1ok

The effects of the drugs on expenmental animals were studied by
Richardson (1039 1841) Machella and Higmns (1939) and by Antopol
Goldman and Sampson (1941) Richardson (1041) working with mice
and using the deyelopment of ancmia and evanosis (due to sulphemo
globin) as entena showed that although sulphanilamide was more
injurious than sulphapyndine (21 tiunes) and sulphapyndine more
njuncus than sulphathiazole (43 times) when allowances were made
for differences 1n absorption and excretion their respectine tovicities
id not differ greatly Cyanosis was obsersed only when large doses of
sulphanilamide or sulphapyndine were ginen  Heinz bodtes were
present 1n small numbers even 1n mildly anemic mice the number
Ppresent increasing roughly parallel to the degree of anzmia  Antopol
and co-worhers (1941) reported that a moderately severe anxrma
associated with splemc enlargement regulatly developed in rats and
that osmotic fragility was shghtly decreased

Acute Hemolytic Anzmia in Man due te Sulphonamude
Drugs
It seems Iikely that the episodes of acute hwemolysis which
have occurred 1n the eourse of therapy with sulphonanude drugs
are due to the patients hypersensitinity Heemolysis usually
takes place at an early stage of treatment as a rule wmithin 24 to
72 hours of taking the drugs Moreover the onset of hemolysis
cannot be correlated with excesstve dosage and second attacks
may be p. d by the re of the drug to the
same patient (Wood 1938  Fox and Ottenberg 1941)
e first cases of acute hzmolytic anzmia following the use of
sulphamlamide were described by Harvey and Janeway (1037)
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and Davis (1949) who showed mman and i guinea pigs experimentalls
posoned with lead salts that the gmnule%“ of sl?ppledvpnonnobhsls
contained free 10nized 1ron which gave a posttiye Prussian blue reaction
with acid ferrocyamde  They noted that hemoglobin formation was
grossly deficient 1n the eclls which contamed the largest granules  They
also demonstrated that many of the stippled cells 1 the perpheral
blood were i fact siderocytes” McFadzean and Davis (1849) and Pane
(19,2) found that when guinea pigs d with lead were sph
ruzed a great increase 1n the number of stippled cells i1n the blood
followed ~ They suggested that in lead tntoxication the defective
stippled erythrocytes were removed from the cireulation by the spleen
m man and 1n the normal {non splenectomized} antmal and probably
also by ! hehal cells elvewh and that this was an addi
tional factor in the causation of the anxmia

Lead also interferes with the formation of the porphyrin
precursors of hemoglobin  Coproporphvrin III 1s formed i1n
mereased amounts and 15 excreted 1n the urine (Grinstemn Vikoff
de Mello and Watson 1800) and there is also an ncrease i
e throey te coproporphyrin (Watson 1900)

HAMOLYTIC ANEMIA DUE TO HYPERSENSITIVITY
TO DRUGS OR CHEMICALS
Hzemolytic Anzemia due to the Sulphonamides

The toxic effects of the sulphonamide drugs have been exten
sively studied perhaps the most serious 1s acute hemolytic
anemia  Its mcidence 15 very low at the present time due to the
fact that drugs of the sulphonamude group are now admtantered
much less often than thev were in the period between 1937 and
1944 ind also because sulphamlamde by far the most dangerous
1s now practically neser used at all

Most of the early observations on chmcal and experimental
toxieity were carried out with sulphanilamide and to 3 lesser
extent with sulphapvridine and sulphathiazole It was soon
realized that a shght degree of progressive anzmia frequentls
followed the admmistration of the drugs (Jennings and Southwell
Sander 1937) The anxma was more marhed with sulphamla
mude than with sulphapvridine or sulphathiazole and its mtensity
was more or less correlated with the amounts of drug, gnen  (This
ty pe of anzmia 1s quite distinet from the rarer and more dramatic
acute hemoly tic anema considered 1n the next section which 15
not i any wav connected with dosage )

Watson and Spink (1940) and Erf and Macleod (1940) neverthe
Iess demonstrated that the simple bemgn rnemia was accompani
by an increased excretion of urobilimogen In the feces 1¢ 1t was
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detectable on the next  Stats Wasserman and Rosenthal (1918)
found fragmenting erythrocytes m the peripheral blood of a
patient suffering from acute hcmols tie an enua following sulpha
pinidine therapy  Durning the early regencratne phase erythro
blasttmia may be marked and during recovery conspicuous
polichiromasta and a high reticulocy tosis are commonly found

Oxyhrmoglobm is often present in Iarge amounts in the patients
sera during the height of the hemolysis  Iater ncreases in serum
bibiruban coneentration wsually result in chnical jaundice  The
prompt 1 an den Bergh reaction may be positiv ¢ in some instances
indicating concurrent hver damage  Intracorpuscular methtmo
globm or sulphtmaglobin cannot usually be demonstrated in the
acute hemoly tie anemias due to the sulphonamides—the abnormal
mgnients only devclop when large doses of the drugs have been
given

\ high leucocy tosis 1s charactersstic  Total counts of 50 000 cells
per e mm or more arenot infrequent (Ilarvey and Janeway 1937
Spence and Roberts 1940 Fox and Ottenberg 1941  heefer
1042 Ross and Yacgel 1946) The majonty of the leucocytes
are neutrophils but myelocs tes are also usually present

Hemoglobinuna 1s usually found 1n the most scverely affected
patients  Oliguria and mtrogen retention due to renal fature
have also been reported (Myers and Rom 1940 Spence and
Roberts 1940)

Serology Abnormal antibodies which ean be attributed with
any degree of certamnty to the drugs do not seem to have been
detected 1 sulphonamide hamolytie antmia (see also I athe
genesis p 396)

Prognosis and Treatment The outlook 1s semous The
mortaity from acute hemolytic anzmra following sulphonanude
therapy was between 5 and 109, The cause of death has been
complex 1n most cases with acute antmia renal failure and the
primary disease for which the drug was given acting i combina
tion  Treatment consists of withholding the drug and giving
blood transfusions and appropriate treatment for renal falure 1f
present

Pathogenesis  As already mentioned on p 393 an undue
susceptibility seems to be the cause of acute hzmolytic anema
following sulphonamude therapy Emerson Ham and Castle
{1941) adsanced the hypothesis that the capricious hwemoly tie
activty wn 1o of ds such as sulph de was due to
the formation in certamn patients of unusual metabolites which
were powerfully hemohvtie Comp ds such as hyd:
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two of therr patients had throat infections and another meningo
coccal 1 Therr } lobin concentrations fell pre
eiprtously after 36 hours to seven days of therapy  one patrent
had taken only 4 8 g of the drug

A large series of cases was subsequently reviewed by Vwood (1938)
of 522 patients with vanous acute or chromie infections treated with
sulphamlimide 8 39 of the children and . 49, of the aduits dey eloped
acute hemolytic anemia  The onset was usually within 24 to 7. hours
of taking the drug the maximum degree of anermia des cloping between
the third and seventh day  Four out of five patients rclapsed when
the drug was re adminstered The patients who developed anzmia
were not given more than the usual doses nor were their blood sulpha
nilamide levels abnormally high

Long Bliss and Feinston. (1939) reported almost exactly the same
meidence of hemolytic anemia 16 2 9¢, of 307 adults and 8 99, of
101 cluldren Long Hareland ILdwards and Bliss (1910) reviewed 8
large senes of patients treated with different sulphonamide compounds
1 8% of the patients treated with sulphamilamide and 0 6% treated with

Iphap developed acute Iytic anemara  thys was not seen
1 any of the patients treated with sulphathiazole In 4 later revien
Iieefer (1942) put the incidence of acute hamolytic anemia follown,,
sulphipymidine as at last as high as that following the use of sulphanila
mide ~Cases of acute hamolytic anemun following sulphathiazole were
said to be very rare

Many good chimeal descriphons are available with detatled
laboratory findings of acute hrmolytie anemia followmg the
adi ration of sulphantl Je or sulphapynidine (e g Spence
and Roberts 1940 Fox and Ottenberg 1941) A detailed
rcport of acute hemolytic anemm following sulphadinzine
therapy with references to several other posstble cases was pub
lished by Ross and Pregel (1946)

Laboratory Findings The patients often become ses erely
anemue The hemoglobin falls as a rule to Iess than 75 g per
100 ml with a corresponding reduction In the erythrocyte count
Sometumes balf the patients ervthroevtes are destroyed n
24 hours and this results 1n intense hamoglobinzma and hemo
globinuria  Marhed spherocytosis has been observed in some
patients at least m the early stages of the acute hamoly tic phase
(Ham and Castle 1940 Gilligin and kapmch 1941  TRoss and
Paegel 1956) Other authors reported that osmotic fragility was
normal (Harvey and Janeway 1937 Myersand Rom 1910) TRoss
and Paegel (1946) attributed these negatne findings to the fact
that the tests were carmied out relatrely late in the course of the
disease 1¢ after the first acute hzmolytic phase had ended
Ross and Paegel demonstrated how transient the increase might
be 1n therr patient 1t vas strthin,ly obsious one dav and hardly
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TCatle Bigelow Zubrod and kane (1038) treated 157 patients with
daily doses of at least 30 mg _of pamiqum  scven patients deteloped
acute gpemta with hrmoglobimuna usually on the third to fifth day
of Larle and h d that negroes were more
susceptible than white patients anl that there appeared to be no
correlation  between the plisma pamaquin concentration and the
development of htmelysis  they considered that previous quinine
therapy might have been & factor
formed more regularly snd this could b correlated with dosage and
the concentration of pamaqun in the plasma  Rosenfield Zubrod
Rlake and Shannon (19148) found that methemoglobim was formed more
readily 1f quinme was given at the same time s ¥ amaquin

Recently Dern and co workers (1954) made the interesting obsersa
tion that susceptiahity 1o hemolysis by pnmigune resided in the
su ceptible subjects erythroeytes ~ They found that the erythrocytes
of n suscepible subject tagged with ridio chromium and transfused
Into a non sensitive subject were hemolysed when pnmaquine was
given to the recipient and that normal (non sensitive) corpuscles were
not haemolysed when transfused to a sensitive subject to whom pnma
quine had been given

Para aminosabieylic Aad (P 4 8)

A small number of cases have been reported mostly 1n children
of acute hwmolytic anzmma following the oral administration of
the sodium salt of PA S (Janct Weill Haquin and Harl 1921
Christiaens and Goudemand 19852) In most mstances hemolysis
commenced abruptly within a dav or two of starting treatment

The cause and mechamism of the anxmma 1s obscure The
possibibity that a powerfully hemolytic degradation product had
been formed from the PAS was discussed by Christraens and
Goudemand but no positive evidence for this could be obtained
Tt was luded that sn ab 1 su was the more
likely explanation

Cryogénine (Phenylsemicarba.ade)

This antipyretic drug has been responsible for a nuriber of
episodes of acute hemolysis  Most of the case reports are to be
found in the French Literature (e g Marie et al 1950 see also
Oltramare 1953) Young subjects seem to be particularly senst
tive Phenylsemicarbazide 1s a chemucal not very different from
phenvlhydrazme and Marie and his colleagues suggested that the
hemolysi might be brought about by the depradation of the

dbrug 1to hzmolytic metabolites of which phenylhydrazine might
e ane
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and para aminophenol which form oxidants in oxidation reduction
systems were found to cause an increase m osmotic fragility and
ultimately hemolysis wm tatro It was also found that these
compounds when adminstered to cats caused an acute hzmoly tic
anemia with inerease m osmotre fragiity  Sulphanilamde stself
wis 1nactive i vifro and 1 ziio In equnvalent dosages The
suggestions ot Emerson Ham and Castle are attractive but it
has yet to be shown exactly what are the dernvative or dernvatives
of the sulphonamides which are hzmoly tic 2n v120 m man

The presence of auto agglutinms has been reported m some
instances and Dameshel (1948) suggested that these might have
been formed as the result of an alteration m erythrocyte ant
gemeity due m some way to the action of the drug (see also p 293)
However 1t now appears probable mn nearly all the mstances 1
which auto agglutimins were observed that the paticnts were
suffering from hemolytic anema following virus pneumomia
Cases of this type were published by Antopol Applebaum and
Goldman (1939) Rothstein and Cohn {1942) Dameshek (1943)
Donald and Wunsch (1944) and Layne and Schemm (1944) Itis
interesting to note that i these patients the anemia occurred
between the tenth and eighteenth dav of their illness the latent
period bewng Jonger than 1s usual n the hemoly tic anemras due
to drug sensitivity

Hmemolytic Anenua due to Hypersens:itivity to Drugs or
Chemicals other than the Sulphonamides
Quimne

There are a small number of recorded mstances of acute hemo
Iytic anerma apparcntly due to sensitivity to quimine  Most of
these seem to have occurred in patients who have taken large
doses of the drug in order to produce abortion {Terplan and Javert
1936 Laccrardello and Stanbury 1948)

Pamagquin (plasmockn) and prumag

Acute hmmolytic aniemia 15 a well known complieation of the
treatment of malaria with pamaquin and simlar drugs  Hard
grove and Applebium (1946) referred to 72 patients with hemo
globinuria and Dimsen and McMartin {1946) observed thirteen
examples of hemolytic anemia and hemo,lobinuria amongst
10000 Indian troops recerving mepacrine qunine and small
doses (i 015g)ofp q three of the patients died
Dimson and McMartin concluded that the concurrent or previous
use of mepacrine was 2 contributory factor
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Earle Tigelow Zubrod anl hane (1918) treated 157 patients with
daily doses of nt least 30 mg of pamaquin  seven patients deseloped
acute anemia with hemoglobinuna u ually on the third to fifth day
of treatment  katle and co workers concluded that negroes were more
susceptible than white patients and that there appeared to be no
correlation between the plasma pamaquin concentration and the
d of h: they that previous quinine

therapy might have been a y factor was
formed more regularly and this could be correlated with dosage and
the concentration of pamaquin in the plasma  Rosenfield Zubrod
Blake and Shannon (1848) found that methemoglobin was formed more
e dily if quimme was given at the same time as pamaquin

Recently Dern and co-workers {1054) made the interesting observa
tion that susceptibality to hzmolysis by prnimaquine resided m the
susceptible subjects erythrocvtes ~They found that the erythrocytes
of & susceptible subject tagged with radio-chromum and transfused
into a non sensitive subject  were hrmolysed when primaquime was
given to the recipient and that normal (non sensitive) corpuscles were
not hemotysed when transfused to a sensitive subject to whom pnma
quine had been given

Para amosalieylte derd (P A.S)

A small number of cases have been reported mostly 1n children
of acute heemolytic anema following the oral admymstration of
the sodium salt of P AS (Janet Weill Haquin and Harl 1901
Christiaens and Goudemand 1%2) In most instances hemolysis
commenced abruptly within a day or two of starting treatment

The cause and mechamsm of the anxmia 1s obseure The
possibility that a powerfully hemolytic degradation product had
been formed from the PAS was discussed by Christiaens and
Goudemand but no positive evidence for thus could be obtamed
It was luded that an ab \} y was the more
hkely explanation

Cryogénine (Phenylsemicarba.ide)

This antipyretic drug has been responsible for a number of
episodes of acute hemolysis  Most of the case reports are to be
found n the French iterature (cg Mane ef al 1920  see also
Oltramare 1423) Young subjects seem to be particularly senst
tive  Phenylsemcarbazide 1s a chemucal not very different from
phenylhydrazine and Mane and his colleagues suggested that the
hxmolyst might be brought about by the degradation of the
dbmg into hzmolytie metabohtes of which phenylhy drazine might

e one
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and para amumophenol which form oxtdants m oidation reduction
systems were found to cause an increase mn osmotic fragility and
ultimately hamolysis i zitro Xt was also found that these
33 ds when ad; cred to cats caused an acute hzmolytic
anema with merease 1n osmotic fragthity  Sulphaniiamde itself
was mactive iz 170 and wn vuo m equivalent dosages The
suggestions of Emerson Ham and Castle are attractive butf it
has yet to be shown exactly what are the dervative or dervatives
of the sulphonamides which are hamolytic tn 10 1In man
The presence of suto agglutinins has been reported m some
stances and Dameshek (1943) suggested that these mught have
been formed as the result of an alteration in erythrocyte zatt
genierty due m some way to the action of the drug (see also p 293}
However 1t now appears probable 1n nearly all the instances m
which auto agglutinins were observed that the patlents were
suffering from hemolytic anemia followmng virus pneumoma
Cases of this type were published by Antopol Applebaum and
Goldman (1939) Rothstein and Cohn (1942) Dameshek (1943)
Don:ld and Wunsch (1944) and Layne and Schemm (1944} Itis
interesting to note that in these patients the anzm occurred
between the tenth and eighteenth day of thewr illness the latent
period being longer than 1s usual in the hemolytic anzmas due
to drug sensitivity

Hzemoly tic Anemua due to Hypersensitivity to Drugs or
Ghemucals other than the Sulphonamudes
Quinine

There are a small number of recorded mstances of acute hxmo
lytic anzmia apparentlv due to sensitivity to quimme Most of
these seem to have occurred 1 patients who have taken large
doses of the drug in order to produce abortion (Terplan and Javert
1936 Licciardello and Stanbury 1948)

Pamaguin (pl kin) and primag

Acute hemolytic anema 15 a well known complication of the
trcatment of malaria with pamaquin and simlar drugs Hard
grove and Applebaum (1946) referred to 72 patients wath hemo
globunuria and Dimson and McMartin (1946) observed thirteen
examples of hemolytic anemia and hemoglobinuria amongst
10 000 Indian troops recerving mepacrme quinine and small
doses (maximum 0 15 g ) of pamaquin  three of the patients died
Dimson and McMartin concluded that the concurrent or previous
use of mepicrine was a contributory factor
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HEINZ BODY ANEMIA

The presence of Heinz bodies i erythrocytes has been referred
to as a common accompamment of intoxication with certain
chemteals and drugs eg phemlh)dnzme ﬂccl)lphcn\ Thyvdeazine
{pyrodin) anline etc A biblio
graphy 1s given by Webster (1949) Therc are however patients
whose blood contains Yeinz bodies the presenec of which cannot
be explamed by p with any h 1 or drug
Such patients may be referred to as sum-rmg from spontaneous
Henz body anzra

Spontaneous Heinz body (Innenk&rper) Anzemia

In Premature Infants \Willi (1947) reported Ifeinz bodies
n 49 .% of the erythrocy tes of an infant who was bewng treated
for otitis mith the sulphamlanude dernatise  Elhosin he
also referred to the presence 1n & newhorn mongol of large numbers
of Hemnz bodies for which no satisfactory cause could be found
Wil and Hartmeter (1940) subsequently carried out a detailed
mvestigation into the incidence of Hewnz bodies in the blood of
newborn mfants  Small numbers of the bodies were found 1 277
out of 1251 nfants mvestigated the great majonty of the
mfants (8149%) with more than 21% of aflected corpuscles
beng premature or underweight The cause of the Hemnz body
formation could not be established 1 particular there seemed
to be no relationship between their presence and the admm
stration of drugs to the mother before or at the time of bmh The
percentage of Hemz bodies d as a
rule after Lirth and was maximal between the third and seventh
day The presence of the Heinz bodies did not scem to be asso
crated with anemta

Gasser and Karrer (1048} and Gasser (1921) however have
described newborn mfants i whom marked Heinz body develop
ment was associated with hemoly ic anema of unknown ongin
Gasser (1953) has recentlv published a full account of this
<yndrome based on fourteen cases  All his patients were premature
or underveght full term infants  jaundice was noticeable on
the first day and was often prolonged and thev all tended to
develop an anemia which was maximal as a rule in the third week
Lp to 45%, of the corpuscles contamned Heinz hodies and these
were present in the largest numbers from about the fifth to the
tenth day  The reticulocyte count swas low at the time of max:
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Phenothazine

There appcars to be a defimte risk of acute anemra des eloping
as the result of taking phenothiazine n therapeutie doses  DeEds
Stochton and Thomas (1939) treated with the drug 49 patients
suffering from urinary infections anvema was noted m three of
the patients all of whom had been grven unusually Jarge doses
(average dosage 233 g )

The pattent who was most severely affected had taken 198 g m exght
diys Anema was noticed on the seventh day and this incretsed
severity until the 14th day when the erythrocyte count was found to
be 1 430 000 cells per e 1ifty per cent of the erythrocytes were
smd to be frapmented hut the osmotic fragility was reported to be
normal The leucocyte count rose to 21 650 cells per e mm A further
example of acute hwmolytic an-emta was reported by Johnstone (1912)
The patient was a child who had been given 10 g of the drug as treat
ment ofm. threadworms  he recovered after his hemoglobin had fallen
to 429,

N eoarsphenamine

Young Valentine and Howland (1946) reported an mstance of fatal
hamolytic anema apparently due to sensifivity to neoarsphenamne
They could find no stmilar mstance in the hiterature An acute hamo
Ivtic episode occurred shortly after the patient had receised hrs fifth
njection (04 g) of the drug  There was marked hamoglobinemia
hemoglobinur: and mild spherocytosis  Ohgurie supersened and the
patient Lecame jaundiced At autopsy focal areas of pecrosts were
seen m the liver the kidneys contaned pigment casts and the
spleen was mntensely congested

Ben.edrine

Hzmolytic anemia posstbly due to sensitivty fo benzednne has
also been reported It 1s clearly a very rare event Davies (1937)
described the case of a man who took 190 mg of the drug n 19 days
At the end of this time he famnted and was found to have only 40%
hemoglobin  One week later his haemoglobin was 569, and poly
chromasia was noted 1 the stuned blood film The patient was
considered to have been 1n good health previously

DMesanton
Snapper Marks Schwartz and Hollander (1903) obsersed a patient
who dexeloped hemolytic anemia whilst taking the anti epileptic drug
mesantoon ~ The antiglobulin test became positive and abnormal
antibodies were demonstrated 1n the patient s serum  The exacet role
of the drug in relation to the anxemta could not be determined

Antihistmmnines

Diphenylhy dramme and pynbenzamme have both been considered
to have caused hamolytic anemia (Crumbley 1950) This claim needs

confirmation
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Fffect of Splenectomy on Hewn. body Formation
In the author s Case 81 and Cathie s (1952) patient very large
numbers of large Henz bodies were present in the pertpheral
blood—both patients had und ph It 1s probabl;
that removal of the spleen was responsible for the exceptionally
large numbers of circulating Heimz bodies

There 13 cvidence that 1n Amimals results
1 an incrensed number of Heinz bodies i the penpheral blood (Webster
1949) and in man teo Hemnz bodies have been detected in small
numbers 1n the peripheral blood of some patients after splencctomy as
well as 1n patients with splenle hypoplasta (Zadek and Burg 1930
Selwyn and Mollin 19.,4)  Selwyn nnd Mollin found that if splenecto
rmzed patients were given small doses of phenacetin Heinz bodzes could
be regularly found in the peripheral blood

1t 15 probable that even in healthy sdults there 1s a tendency to form
Heinz bodies and that (?) normal metabolites are capable of denaturing
the hzmoglobin m much the same way perhaps as chemicals such as
phenacetin  The normal spleen howeser seems to haye the capacity
either of removing Heinz bodies from erythrocy tes or of filtering off from
the oireulation cells containing the bodies

Staining Properties of Hen.. Bodies

Mention was made on p 887 of the pale lilac staming ming like
structures corresponding 1n size to Heinz bodies which were seen 1n
Tomanowsky stained blood fikms of the patient suffering from acetyl
phenylhny drazine poisoning  Exactly the same structtres could be
seen 1n stained films of Cathie s patient who was suffering from Hemnz
body anxmia of apparently endogenous omgin  This finding was
unexpected as Henz bodies do not normally stain by Romanowsky
dyes 1n blood films fixed 1n methanol

Both the patients referred to 1n the previous paragraph had under
gone splenectomy  However 1t does not seem likely that splenectomy
per se was tesponsible for the unusual staming  Selwyn (1904) studied
the stamng properties of Hemnz bodies produced in rabbits as the
result of the tylphenylhy d both before and
after splenectomy He found exactly the same staimng appearances
as seen 1n the human cases 1if the drug was grien to anEmie rabbits
with high reticulocyte counts irespective of whether their spleens
had been previously excised e concluded that the peculiar staming
appearance was due to the action of acetylphenylhydrazime on immature
erythrocytes

Chrome 1c A with lob
and Sulphemoglobinzemia
Evans Enzer Eder and Finch (1950) described two patients
who suflered from anenua and episodes of eyanosis pam m the
chest and abdomen and syncope The anzmia appeared to be
hemolytie in type and the cyanosis was shown to be due to mtra
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mum Hemnz body formation but 1t rose subsequently and exceeded
6% 1n most mstances Contracted and distorted erythrocytes
were a conspicuous feature of blood films made when the Hemnz
bodies were present in therr greatest numbers  No cause for the
Heinz bodies could be found However Gasser suggested that
therr formation mught be due to a difficulty in  adaptation 1n
premature infants perhaps associated with dysfunction of the
spleen or 1n the mechamsms which normally protect erythrocytes
from damage

In Older Children Cathie (1952) described a remarkable
example 1n a child of & congemtal anemia associated with the
formation of numerous Heinz bodies (at least after splenectomy)

The chld was born five weehs prematurely and had always been
pale and jaundiced He was first investigited in hosprtal when
16 months of age His hemoglobin was 7 g per 100 ml and there were
87°% reticulocytes Erythrocyte osmotic fragiity was increased
Hzmolytic anzmia was d and spl perfc d 1n June
1018 after a prehiminary blood transfuston  Four months later the chuld
was readmitted with a recurrence of anemia 759 of his erythrocytes
bewng reticulocytes

In January 1920 many of his corpuscles were found fo contan large
Heinz bodies and Romanowsky stamed films showed almost exactly
the same appearance as those of the author s patient (Case 31 Fig 92)
who was rom Ipheny Ihy d; P (after
splenectomy) Many of the corpuscles were crenated and shrunhen
and some of these palely philic structures
of the size of Heinz bodies Punctate basophiha and diffuse poly
chromasia were strihing features and Pappenhemmer bodres were
numerous No cause for the development of the Hemnz bodies could
be found The child was kept under strict observation but the Hemz
bodies did not di and 1t seemed le that he was taking
or being given any noxioys chemical or drug

In Adults Fertman and Doan (1948) reported an example of
anema with Hemz bodies of possibly endogenous origin it an
elderly man

‘The patient was a physician who had taken } gr erythrol tetramtrate
tablets as treatment for angina pectors during the year before his
admisston 1nto hospital for the investigation of anemia

His peripheral blood contained bizarre shaped poiktlocvtes and Hemnz
bodies were noted 1 1 o 16% of the erythrocytes The erythro}
tetramtrate was discontmued but the anemia was progressive and
the numbers of Hemnz bodies did not decrease In this case therefore
1t 15 at least possible that the Heinz body formation was due to some
acquired nternal metabolic derangement rather than due to the

erythrol tetramitrate
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scpticemra (Mollison 1947 Ha_ber, 1902) and wn I anfluen @
menin,ifts (Cerversman and Hoo 1901} Casser (1941) desenbed
sexeral examples of hrmols tic antmia m children suffering from
endocarditis due 1o streptococcr or staphylococer and m preumococcal
pyamia \cute hemolvtic episodes with hemoglobinuria have
also been reported as rare complientions of typhord (Shaw 1901
Mckadzean and Choa 193) and in cholera (De Sengupta and
Chanda 195%)

Certain bacterta or bacterial toxins regularly cause hemoly tic
anwms Ol welches septeeerma usually following abortion 15 a
well known cause of hyperacute hemolysts and Bartonella infec
tion m man (oroya fever) may be quoted as a further example
(Ricketts 1918 1919)

The mechamsm of htmolysis 1s obscure 1n mmy of the cases of
hzmolytic antma accompany ing infections  When hiemolysis 1s
a regulr consequence of the nfection asin €1 welchu septicemia
a direct effect of the bactcrial toxin on the ery throey tes 1s probable
However m infections in which overt hxmolysis is a rare event an
unusual susceptibility of the patient must be postulated

Slight degrees of mereased hmmolvsts not sufficient to cause
chinieal signs of hemolysis are probably much more frequent in
infections than is overt hemoly tic anemia

Schlegel and Bottner (1J51) for 1nstance found the survinal of
transfused normal erythrocytes to be shightly impaired m ten patients
with tactenal endoearditts anl i six patients with tuberculosis
Suryival studies have alo demonstrated an increased rate of erythrocyte
ehmination 1n theumator | arthnitis (Mollison and I atterson 1939)
and m fever during of the disea e (Rhemhold
10.4) The direct nnhglobulm te ts were negative m the above

nd fever 7outendyh
and Gear (1951) hnwuer hn\e recorded positive reactions 1n four out
of ten patients with acute rheumatic feser

Hzmolytic Anzmia in Protozoal Infections
De Vries (1946) studied ten patients with malirta (none had
blachwater fever) and found that the urobilmogen excretion in
the feces was raised 1n all of them In kala azar too excessive
hamolysis seems to be an 1mportant cause of anemia m certain
patients (Burchenal Bowers and Haedicke 1947 Rachmilemitz
de Vres and Gureviteh 1902)

Hemolytic Anznua in Vitamin Deficiencies

It 15 possible that certam of the vitamins protect erythrocytes
from hemolysis  Expertmentally vitarun E protects the
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corpuscular meth and sulph The syndrome
appeared to be silar to that referred to as  enterogenous
cyanosts  In one patient no cause for the abnormal pigment
formation (or the anemta) could be discovered 1n the other a
mitrite forming orgamsm recovered from the urme and from
abscesses 1n the mght hidney may have been responsible No
mention was made of any morphological abnormalities of the
ery throcy tes

The author has investigated through the courtesy of Dr Nancy
Richardson a patient wiio presented the same clmrcal syndrome
As 1n the first case of Lvans and co workers the cause of the
anwmtn and abnormal pigment production could not be estab
lished  Peripheral blood films of the patient showed marhedly
distorted and contracted erythrocytes (F1,, 8 p 13)

Hemolytic dnenna due to 1 egetable Porsons
Vegetable potsons are - rare cnuse of hxemolytic anemia in man
Gasser (1921} mentioned extract of Filur mas and mushrooms  as
possible causes  He deseribed an eximple of acute hemolytic anemia
with hemoglobinuria in a one and a half year old child after the inges
tion of mushrooms

HAMOLYTIC ANAEMIA IN ACUTE AND CHRONIC
BACTERIAL INFECTIONS

It 1s difficult to draw any firm conclusions as to the frequency
with which overt hemolytic anemua or subchmcal inereased
hemolysts develop as compheations of mfections particularly as
only a few detailed studies using ery throcyte survrval techmques
scem to have been undertehen  However even a superficral study
of the literature shows that hemolytic angmin has been observed
occastonally 1n a wide range of infections  In some patients the
anzmia may have been a comeidental but 1t does not seem hikely
that this 1s the explanition 1n all cases

Excluding virus infections which hase been dealt with 1n
Chapter 8 hemolytic anemia has been described followmg or 11
association with searlet fe er by Guneher (1923) (who also referred
to earlter reports of h emoglobinura n assoctation with tetanus
erysipelas scarlet fever typhus pneumococcal sepsts and acute
rheumatism) scarlet fe-er and hilar tuberculosis (Spira 1913)
pulmonary tuberculosts (Mollison 1947) acute areaciie tuberculosts
(Lindeboom 19.0) tuberculosis of the spleen (Hemmeler and Lob
1950) and miliary fuberculosts (Plauchu Revol Lejeune and

Jouvenceaux 1922) .
Hemolytic antmia has also been observed in streplococcd
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septicemea (Mollison 194~ Ha berg, 1% ) and in H anfluen.e
memngitis (( erversman and Hoo 1951) G asser (1901) deseribed.
several examples of h rmoly tie anemia 1n cluldren suffering from
endocarditis due to streptococer or staphylococe: and in pevmococcal
pyemia Acute hemolytie episodes with hremoglobinunit have
also been reported as rare comphentions of fyphoid (Shaw 1901
McFadzean and Choa 1053) and mn cholera {De Sengupta and
Chanda 19.%)

Certain bacteria or baeterral toxins regularly cause hemolytic
anemia  Cl welch gepticcemia usually following abortion 1s a
well hknown cause of hyperacute hemolysis and Barfonella infec
tion 1 man {oroya fever) may be quoted as a further example
(Richetts 1948 1949)

The mechamsm of hemolysis 1s obscure 1 many of the cases of
hamolytie anemia accompanymg nfecttons  When hemolysis 15
a regular consequence of the infection asin € welchn septiccmia
a direct effect of the bacterial toxin on the ery throey tes 1s probable
However mnfections in which overt hemolysisis a rire event an
unusual susceptibility of the patient must be postulated

Shght degrees of 1 h lysis not suffi to ciuse
chnieal signs of hamolysis are probably much more frequent m
infcetions than s overt hamoly tre antmia

Schlegel and Bottner (1901) for snstance found the survisal of
transfused normal erythrocytes to be slightly impaired m ten patients
with bactennl endocarditis and 1n srx patents with tuberculosis
Survival studies have also dem nstrated an increased rate of erythrocvte
ehmnation 1n rheumator] arthritis (Mollison and Eatterson 1949)

and 1n fever durning of the disea e (Rheinhold
1024) The duect antiglobulin tests were negatise m the abose
cases of th darthriti and

and Gear (1051) however have recorded positive reactions in four out
of ten patients with acute rheumatic fever

Hzmolytic Ansemia 1n Protozoal Infections
De Vries (1946) studied ten patients with malaria (none had
blachwater fever) and found that the urobilinogen excretion 1n
the foces was raised in all of them  In Lala azar too cxcessne
hamolysis seems to be an important eause of anama in certun
patients (Burchenal Bowers and Haedicke 1947 Rachmilewitz
de Vries and Gurevitech 1952)

Hamolytic An®mia in Vitamin Deficiencies

It 1s possible that certain of the vitamins protect erythrocytes
from hemolysis  Expertmentally, vitamn E protects the
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erythrocytes of rats from hemolysis by dialuric acid and allovan
(Rose and Gyotgy 1952) In man the increased hemolysis
vitamuin B;, defi 'y has been d on p 132 Mershey
(1953} has likewise demonstrated increased chmmation of trans
fused erythrocytes m vitarmn C deficiency

HAEMOLYTIC ANZEMIA IN BURNS
Lver smee the early work of Schultze (1865) 1t has been realized
that heating blood at temperatures above 50° C rapidly produces
fragmentation of the erythrocytes the formation of spheroid
forms and hemolysis

The recent careful experimental studies of Ham Shen Fleming and
Castle (1948) have defined the sequence of changes and the exact
degree of heating necessary to produce them  Usir, human and dog
erythracytes they found that no demonstrable changes followed
heating at 46 C for one hour but at 47 to 50 C changes occurred
dependent upon the duratron of the heating at o1 to 6 C
marked changes followed exposure for one to two ninutes

The first discernible change produced by heat 15 the appearance of
bud hke excrescences from the surfaces of the erythrocytes then
multiple buds appear and these become detached Finally the mtact
erythrocytes and the undergo and 1ble
sphering and st this stage ther osmotic and mechamical fragiliies
become markedly mereased

pit lobinermia ad h ok have been observed m
human cases of severe burnmg Detailed studies of severely
burned patients were reported by Shen Ham and Fleming (1943)
Brown (1944) and Ham Shen Flenung and Castle (1948) Hemo
globimemia and hemoglobmuria were noted m eleven of the
patients of Shen Ham and colleagues and varying degrees of
mcreascd erythrocyte osmotic and mechanical fragilities were
found 1n s1x of them corresponding with the app e 1 the
peripheral blood of spherocytes and shortly after the burning of
small scl ytes The spherocytes had disappeared from the
arrculation and the osmotie fragiity returned to normal withir
60 hours i the patients who survived

The studies mentioned 1n the preceding paragraph refer fo acute
changes occurring within a day or so of burnig  they are due
to the direct effect of heat on erythrocytes The anmma of burned
patients nevertheless may mcrease m severty subsequently and
may persist for many weeks (Brown 1944) The pathogenests of
the delayed anxmua of burning 15 clearly complex and mn part at
least 1t 1s due to dyshzmopotests the effects of protem loss and
the presence of necrotic tissue and sepsts  James Purnell and
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Fvans (1951) who carnied out careful pigment excretion studies
on burned patients coneluded that inereased hremolysis was an
important early fictor particularly in patients with third-degree
burns affecting more than 20%, of the body surface

REFERENCES

Avpré R and Drryris B (1001)  Anemic hemolytique grave
e o un purpure hémorrhagique thrombopémque Role

probable du Benzol  Sang 22 57

Avroror, W ArpLEDALY T and GoLostan L (1039} Two cases
of acute hemolytic anemia with auto-agglutination following
sulfanilammide therapy J Amer med 135 113 483

AxtoroL, W Gowpswax I and Saurson W L (1941) I rythro-
cyte rm«nm changes produced by sulfanilannde  fmer J med
Sa

Ats J C }AnuuLL L T Mror A § and Reznikosr T (10.0)

posonmg  Mediane 4 1

Basserr § H hrue T ond McCavw W S (1031)  ‘ineral
exchanges in man  IIT Muneral metabolism duning treatment of
& case of polycythemua vera  J chn Intest 10 771

Beavex G H ‘and Wirre J C (1959) Oxidation of phenyl
hydrazines n the presence of oxyhemoglobin and the ongin of
Heinz bodies 1n erythrocytes  Nature Lond 173 389

BeLL W Brae Witniaws W R and Covasensst L (192a)  The
toxie effects of lead administered ntravenously Lancet 11 ™93

Bowrorp R N and ILNTER D (193 ) Arsenuretted hydrogen
porsonimg_ Lancet n 1446

Brookrietp R W (19 8)  Blood changes oceurnng dunng the
course of treatment of malignant disease by lead with special
n(emwe 10 punectate basophilia and the pl.'nelets J Path Bact
31

Brow A (1941)  Dlood changes and blood pressure 1n_burned
patients  Medical Research Council Special Report Series No 259
HXM Stationery Office London p 114

Burenevar J H Bowess R F and lhrmcxz T \ (1947)

asceral by se:
ment followmng splensetomy . Amer J trop Med 27 69

Camie T A B (108) - Apparent dapathio FTeina body anemia
Great Ormond St J 3 43

CumssTiaEns L anl GOUDESAND M (195.)  Nouseau cas d anemie
hemolytique grase 4 la suite de 1 mgestu)n dePAS ascorbique
freh fran; Pedat 9 88>

CruvpLEs J J Jr (1950)  Anemia roUowm,, use of antt bu tamine

a3 er med 1ss 143 ™

Cruz W O (1941) \cet,lphenylhydmme anemn T The mecha
msm of erythrocyt mer J med
Sct 202 ~81

Davesuee W (1943)  Cold hemagglutuuns n acate hemolytic
reactions in witl and mfec
toon  J imer med Aws 123 77




406 Hworytie ANaaa pue To Druas eTe

Davies 1T J (1987) Benzednne a review of 1ts toxic effects
Brit med J u 615

DL S N Sincurrs h I and Cuanoy N N (1954) Intra
vaseular haemolysis 1n cholery  The effeet of oxytetracychne
Lancet @ 807

Drlps T Srotnion A B indTnowws J O (1939)  Studies on
phenothinzine  VIIT Antiseptic value of phenothitzine m unnary
tract infictions  J Pharmacol 65 343

Dery R ¥ Venstoiy TM LrRoy € 3V Tarvace D W oand
ALvING A § (191) The hemolytie effect of primaquine
I The localization of the drug induced hemolytic defect 1n
primaqumne scnaitive individuals — J Lab ehin Med 43 303

Dr YRILs A (1946) The exeretion of urebiinogen n the stools and
urnne during malarsnl infection Blood 1 348

Ditson § B and McMartiN R B (1916) Pamaquin hemo
globinurry Quart J Med NS 15 25

Donatp D and Wensen R OE (1944) Acute hemolytic anemiy
with toxic hepititis crsed by sulfadiazine  report of » case
Ann wnlern Med 21 700

Duowry § 1 (1918)  Toxemie anema from arsemuretted hydrogen
525 I submarmes J andustr Hyg 1

Earte D P Jr Bierow I' S Zuprop ¢ G and hane € A
(1948)  Studies on the chemotherapy of the human malaras
I\ Effeet of pamaqume on the blood cells of man J i
Inest 27 Suppl 121

Encrsoy C P Han 1T H and Castiz W B (1941) Hemolytic
action of certun or ame ovdants derwed from sulfamlamide
phenylhydrazine and hydroqunone  J chn Inest 20 451

Erpinocr H o and hross K (1918) Zur Therapie der Polyzy
thamie Therap Monatsh 32 322

Err L A and MacLcop C M (1040} Increased urobilinogen
excretion and ncute hemolytic anemia in patients treated With
sulfapynidine  J clin Intest 19 4.1

Eer L A and Ruoaps C P (1939)  The hematological effects of
benzcne (Benzol) poisoning | J Industr Hyo 21 4.l

Evans A 5 Enzck N Eper H A and 1mvem (A (1920)

Hemolytie anemia with paroxysmal methemoglobmemia and

sulfhemoglobimerma  «Arch ntern Med 86 .2

Ferrvan M H and Doan € A (1948)  Irreversible toxie mnclu
sion body anemta A rarcly recognized syndrome cluucal and
experimental studies  Blood 3 319

Froee F H J Carrx T N and Wemann G S (1946) Studics
on the towieity of sulfonamtde drugs Porphyrin excretion by a
patient treated with sulfachazine and later with sulfanilamide
J Lab chin VMed 31 752

Fox C L Jr and OTTONBIRG R (1941) Acute hemoly tic anema
from the sulfonamides  J ehn Iniest 20 593

Gasscr C (1951) Die hamolytrschen Syndrome mm Fundersalter
Stuttgart Thieme pp 65 17~

Gasser  C (1923 Die hamoly Fruh, mik
spontaner Innenkorperbildung = Emn neues Syndrom  beobachter

an 14 Fallen  Heli pedat Acta 8 491
Gasser C and harRrer J (1918) Deletare hamolytische \name




BIBLIOGRATHY 407

mit  Spontan Innenhorper Dildung ber Truhgeburt el

paedial feta 3 387

CrrversyaN A1 § and Hoo C € (1%:1)  Acute hemolytische
anrmie door omacrobe streptococcussepsis  Aed  Tipdschr
Ceneest. 95 080

Cuucss D R and harsien T (1941)  Clhmeat and Inborators
o ervations on hemoglot inuma_occurring dunng sullintamide
therapy  NeoIngl J Med 224 801

Coup § T huuonwy I J and SmecneT I A (1937)  Tffect
(flexd therapy on blood cell of cancer patients  imer J med

Ser 194 301
CrinsTEry M VWanokr 1T M pF Mizro R 1 and Warsov € J
(19a0)  Isotopic studies of porphynn and hemeglobin metn

bolsm 11 The biosynthews of copreporphymn IIE 1n expen
mental lead posonmg  J Yol Chem 182 7.3

Cusiner B (1J-3)  Imogbbinune ba akuten Infectionshrnk
hetten unter besonder Beruch sehtizung cmes neucn Falles von
Hm3.bbinune ber Sehatlach Ditsch med YWschr 49 219

Mscnene B (19 2)  Hyperhemolysis following septic conditions
mn ehildren et soc med Upsalien 56 278

Ha B R Irtutze A Hrvsmaw H O C oand Iroovan W I1
(1042)  Fffect of promin on the blood of patients with tubercu
lo s prelumoary report  Iroc Mayo Chin 17 .4

Hae T H and CASTLE W B (1010) Studies on destruction of red
blood cells Relation of increased hypotome frazlity and of
ery to the of J) 1n certan anermias
Proc_Amer phl Soc 82 411

Havw T H Suev d € lwovng L M snd Casty W B {1948)

Studies on the destruction of red Llood cells IV Thermal

injury  action of heat in ciusing nercased spherm licity ete
Blood 3 373

HinperovE M and \reernse t T L (1016)  Plasmochm tovieity
analysis of °58 cases  1nn tntern Ved 25 103

Ianms J 5 aniMiciLn H O (1939)  The formation of methemo
globin and sulfhemoglobin during sulfamlamidc therapy  J elin
Tnzest 18 407

Hagtey L M and Janeway € 4 (1047) The development of
acute hemolytic anenna duning the admimistration of sulfamla
mde  J dmer med fss 109 12

Herve L (1013) Lo Fall von Naphthilmsverpiftung  Med
Rlmk 9 6.

HewverEr C and Los M (1940)
tuberculose de la rate  San, 21

Hicorss G M (1043)  Towic effects of promin (sodwm pp
duammmodiphenylsulfone N N didextro e sulfonate) on the erythro
ovtes of gunea pigs  dmer J med Sci 205 834

nu;;nlsn (1943)  Industnal toxicology ~ Quart 7 Med NS

Anémie hemolytique par
1

Jaues G WarsoN III Punwcir O J and Evans E I (19.1)

The anemua of thermal injury 1 Studics of pigment excrets
J chn Inest 30 181 y ngm 100

Jascr M Wenms J Haquy B and Ian J (1951)  Un cas
danemie hémolytique aigue chez un nourn son aprés absorption



408 HazsoryTic ANEMIA DUE To DRUGS ETC

d acide para amuno saheyhque en solution b le A4
St By eyhq uvabl reh frang
Jasmsgr B and Murrer D (1950) Zur Pathogenese der toxisch
hamolytischen A nach ch h Pl abusu:
Schuer. med VWschr 80 681
Joxvivgs G H  and Soutnwere Savper G (1937) Anzma and
locytosts during sulp Jamide therapy ~ Lancet 1 898
Jonnsrone R D C (1912) Acute hemolytic anema following
phenothiazine therapy Brit medJ 1 229
herrer C S (1012) Toxie reactions following sulfonamide treat
ment  MNew Engl J Med 226 266
keerr A H McVNatry W D and Pore A S (1929) Methy!
J Amer med

chlonide g from di th
Ass 93 3.3
haese M (1937) Ch he A toff I{ Areh

exp Path Pharmocol 186 337

Kuma R and Suyrrien H (1937) Zur Pathologie und Therapie
der Bleandme  Folia hemat Lp~ 57 283

LaNe R E (1931) The role of punctate basophilia 1n the control of
dustnial plumbism  J endustr Hyg 13 276

LavyNe J A and Scupxr F R (1944) Acute macrocytic hemo
Iytic anema occurring following the admmstration of sulfa
diazine  J Lab ehn Med 29 347

Liccrarprrio A T and Stansury J B (1948) Acute hemolytic
anemia from quinine used as an abortifacient  New En,l J Med
238 120

LmorrooM G A (1020) Rare forms of symptomatic hemolytic
anerrma Acta hemat 4 343

Lonc P H Buss E A and FEmnstone W H (1939)  Mode of
action chnical use and tovie mamfestations of sulfamlamide
J Amer med 4ss 112 115

Lone P H Havitaxo J W Epwarps L B and Buss E A
(1940) The toxic manifestations of sulfamlamide and its
dernvatives with reference to therr importance and the course of
therapy J Amer med Ass 115 364

McCance R A and Wippowsony E M (1937) The fate of the
elements removed from the hlood stream during the treatment of
polycythema by acetylphenylhydrazine  Quart J Med NS
6 277

McFapzean A J S and Ceoa G H (19.3)  Hemolytic anemia
1 typhoid fever A report of six cases together with the effect of
chlorsmphenicol and ACTH Bt med J u 360 4

McFapzEAN A J S and Davis L J (1949)  On the nature an
th ref to the

of 1n lead wi
effect of splenectomy Quart J dMed NS 18 57
Macnerra T and Hicovs G M (1939) Anemta induced 10
rats by means of sulfamlanmde Amer J med Sa 198 804
Macure Vo (1047) Clinreal sigmificance of hematolo,i¢ changes n
lead absorption and lead porsoning  Occup Med 3 150
Macreir J V Riepers F Brigcer H and Bavrz E L (1951)
‘Acute anema due to ingestion of naphthalene moth balls
Pedainies 7 722



BIrLIOGRAPIY 409

Matoor C € {1920)  Réle of porphyrins In occupational disenses
Arch wndustr Hyg oceup Aled

Mante J famiant 1 Semrvae 1 Saukr J et al (10.0)

Anémie hémoly tique aiguc du nourrisson déterminée par 1 adminy

stration de phenylsenmearbazide  Arch frang Pédiat 7 621

Mershey C (1903)  Sunaval of transfused red cells m seurvy
Brit med J w 1353

MevLeneraont Lo oand Lunpstony F(1030-40)  Die cyanose
und Aname bei chronischier Acctamlid Vergiftung  Folia hamat

i

Lp 63

\h\m! C I (1010)  Blood examnatwans of triitratoluene workers
J industr Hyg 1 301

Moescuuiy & (1030)  Innenkorper Anamien durch I ntstehung von
Methamog]bun infolye Dagenan Wirkung (Sulfapyrsdin) - Schucer
med Wschr 21 78¢

MoEscruN § (1941-47) Versuche uber die I ntstehung von Innen
Worpert in Lrythroeyten (Hemz che h m vivo und witro
durch Sulfanilamid demvate und I henylhydrazin  Foha hemat
Lp 65 815

Morusox P I (1947)  The survival of transfused erythrocytes
with special reference to cases of acquired hemolytic anxmia
Chn S 6 137

VMoruson P L and Patersovy J € § (1049)  Sunwnal after
transfusion of Rh positrve erythrocytes presiously meubated with
Rhantibody  J chn Path )

Mirrs G B and Row J (1040)  Acute hemolytic anemia hemo
globmunia and urema following sulfamlarmde  /inn  tntern
Ued 14 164

Nansrro J D N (1048) A case of acute mononitrobenzenc poison
mg Bt med J i 9.9

Outrararc M (1023)  An{mie hemolytique mgue chez une malade
traitee par Ia Cryogénine et 1Irgdene  Schuter med Wachr

83

Pirmc R (1922)  The effect of and reticulo
blockade upon the anenua of lead potsomng i guinea pigs  J
Path Bact 64 211

Pravcnu M Revor L Lescine E and Jouvenceaux A (195.)

Anémie hémolytique acquise de 1 adulte d étiologie tuberculeuse

possible  kchee de 1a splenectorme  Ameéhoration par la strepto
myeme  Lyon Méd 187 90

RacmviLEwrrz M pE VmEs A and Gureviten G (190°)  Further
observations on the anemia n hala azar  Acta hemat 7 179

Ravantgan ko and Switn M (19a1) Haxmolytic anemia dunng
treatment of leprosy with diaminodiphenylsulphone by mouth
Report of a case  Laneet © .1

Remnown J (1954)  The survival of transfused red cells 1n acute
rheumatic fever with reference to a latent hamolytic mechamsm
Arch Dis Childh 29 201

Ricmarpson A P (1941)  Comp effects of
compounds as to anemia and ~yanosis  J Pharmacol 72 93

Rickrrts W L (1948)  Bartonella baciliformis anemma (Oroya
fever) A study of thirty cases  Blood 3 10 5




408 HazmoryTic ANEMIA DUE To DRUgs ETC

d acide para amino salicylique en solution buvable rek fran
Pédiat 8 78 v Areh frang
Jusinsxr B and Muricr D (1950) Zur Pathogenese der toxsch
hamolytischen A nach c¢h h P]
Schwer. med Yschr 80 681
JENNINGS G H and SoUrmwrLL SANpER G (1987)  Anwmia and
locytosis duning therapy ~ Lancet u 898
Jonnsronc R D C (1942) Acute hemolytic anzmia followng
phenothiazine therapy Brit medJ 1 259
heerer C S (1942) Toxse reactions following sulfonamyde treat
ment New Fngl J Med 226 266
heeer A H McNaity W D and Pore A S (1929)  Methyl
d J Amer med

chlonde p g from ref
Ass 93 3.3
Laese M (1837) Ch he A Arch

exp Path Pharmocol 186 337

Kuma R and Severriep H (1937) Zur Pathologie und Therapie
der Bleranimie  Foha hemat Lpz 57 283

Lane R E (1031} The role of punctate basophilia 1n the control of
wndustrial plumbism  J wndustr Hyg 13 276

Lsyne J A and Scecvv I' R (1944) Acute macrocytre hemo
Iytic anemia g followng the ad 100 of sulfa
diazine  J Lab chn Med 29 347

LiccrarpeEro A T and Sraneury J B (1048) Acute hemolytic
anema from quimne used as an abortifacient ~ New Engl J Med
238 120

LmnperooM G A (1950) Rare forms of symptomatic hemolytic
anemia deta hamat 4 343

Lone P H Buss & A and Femvstone W H (1039) Mode of
action chmeal use and toxic manifestations of sulfamlamide
J Amer med Ass 112 115

Long 1 H Havicano J W Epwarps L B and Buss E A
{1940} The tovic mamfestations of sulfamlamide and 1ts
dernvatives with reference to thew importance and the course of
therapy  J Amer med Ass 115 864

McCance R A and Winpowson B M (1937) The fate of the
clements remoyed from the blood stream duning the treatment of
polyeythema by acetylphenylhydrazine  Quart J Med NS

277

3
McFapzean A J & and Cnoa G H (1953)  Hemolytic anemia
1n typhoid fever A report of six cases together with the effect of
chloramphemicol and ACTH  Brit med J u 360
McFapzean A J S and Davis L J (1949)  On the nature and
gr o pphng n lead th re to the
effect of splenectomy ~ Quart J Vled N5 18 &7
Macuerta T I and Hicoins G M (1939) Anerta mnduced
rats by means of sulfanilamide Amer J med Scz 198 6§04
Macnre W (1947) Clinical significance of hematologte changes 1
lead absorption and lead possoning Occup Med 3 150
Mackerr J V Rmpess F Bricer H and Bavrr E L (191)
Acute tnemia due to ingestion of naphthalene moth balls
Pedatries 7 722




BIBLIOGRAPHY 411

and sulfa yndine on hemoglobin metabelism and hepatic fune
ton irch antern Ved 65 8 o

Wenen & I (101))  Heinz body phenomenon in erythroeytes
Areviw  Blood 4 470

Wirrt H (104%)  Innenhc rpert ildung durch T thosin und spontane
Innenborperuldung  Sehcer med VWschr 77 213

Wit H andHarmunr 1 (10.0)  Spentane Innenkorperlnldun,
beim Neugehorenen Sef ver med Vhsche 80 1001

Woon W B Jr (193%) Anemua durin, sulfsmilamude therapy

imer med 3¢ 111 1017

Young LI Vawrstist W N andHowrann J W (1816) Acute
hemolytic anermia due to ncotrsphenamine  teport of a fatal
cnse inn antern Med 24 104

Zaper I and Bire ko (1930) Innenkorperanamien Foha
hamat Lp 41 333

Zovtenpyk A and Crsr J (1951)  Auto antibodies 1n the patho
genesis of di ease A prelmunary study of aute sensitization of
red cells 1 vanous di eses S ifrica'med J 25 €65

Zurzzer W W oand Arr L (1949) \cute hemolytic anemia due
to naphthalenc posonmg  J  fmer med Ass 141 18,



410 Hitvoryric ANEMIA DUE To DRUGS ETC

Richerrs W I (1049) Clinical manifestations of Carrion s disease
Arch antern DMed 84 751

RivingTon € (1938) Porphyrinuna following sulfamlamde
sulfanlamide dermatitis  Lancet @ *70

Rosr € S and Gvonoy 1 (1922) Speeificity of hemolytic reaction
in vitamin L defictent ervthrocytes  Amer J Fhyswl 168 111

Roscwpirtp M Zunron ¢ € Buske W D and Smawwon J 4
(1948)  Dlet 1 duning administration
of pamaquine and quinme  J ¢hin Iniest 27 138

Ross J T and Pscere B L (1946) Acute hemelytic anemia and
hemoglobmuna following sulfadiizine medication ~ Bloed I 189

Rotnstery 1 and Conn § (1042) Acute hemolvtic anenna auto
agglutmation toxie hepatitis and renal dimage following sulfa
thrazole therapy  ctse report  Ann anfern Med 16 152

Scmarce W B (1951)  Acute hemolytic anemia related to naphtha
lene Report of a case ir 2 newhorn infant Pedatries 7 172

Senuicrr B and Borrvin II (1951)  Untersuchungen zur Lebens
dauer transfundierter Lrythrocyten ber kranken AMenschen
RAhn Wschr 29 520

wenvrrze M {1865) Fin heizharer Objecttisch und seme Ver
wendung ber Untersuchungen des Blutes Arch mkr Anat

11

Seuwyn J G (1904)  Unpublished observations

Seewyn J € and Morun D L (1924) Unpublished observations

Sraw A Batry (1951) Hexemoglolinuna m typhoid fever Report
of two cases Lancet n 812

SuFNy S ¢ Haw T H andItcying M (1943) Studies on the
destruction of red blood cells IIY Mecham m and compheations
of hemoylobinurin 1n patients wath thermal burns  spherocytosis
and increased oumotie {ragility of red blood cells  \ew Engl J
Wed 229 701

SwiLLie W G (1820)  Betanaphthol poisomin, n the treatment of
hookworm J Amer med Ass 74 1508

onipeer I Mamns D Scrwartz Lo and Horrawprr 1 (1923)

Hemolytic anenna s¢condary to mesantom  Ann ntern Wed

39 619

Secxer. HL M and Ropoers G M (1940)  Litreme leucocytoss
and acute hemolytic anemia associated with the admnnstratton of
sulfantlamuide New Engl J Med 222 874

Srira M (1043) Zur Trage der "kuten hamolvtischen mfe)\lm:(:\
\nimie Typ Ledcrer 1m handersalter Z Randerhelh 64 18

STATS D WASSIRMAN L R end Rose~tisn N (1048)  Hemolytic
anema with hemoglobinurta Amer J chn Path 18 757

Srong ( T Hamms T H and Bopansky M (1033)  The treat
ment of polycythemii vera Report of two cases J -Amer
med Ass 101 495

Terruan k H and Javirr ¢ T (1936) Fatal hemoglobinuny
with urenma from quumme in early pregnancy Amer med
Ass 106 5.9

Warson C J (19o0)  The erythrocvte coproporphynn Ak
antern Med il a

Wamson G J and Seivt W W (1940) Fifect of sulfamlamide



Corrse oF THE DisEase 413

CLINICAL FEATURES

Age and Sex The disease does not seem to be confined to
any particular racial group and 1t has becn observed in most
countrics of the world (Crosby 1923b)  Both sexes are affected
Most commonly the discase first appears in adult hfe usvally in
the third or fourth decade However a few cases in childhood
have been recorded (Prerce and Aldniech 1943 Marks 19¢9)
and elderly subjects also may be affected  Paroxysmal nocturnal
hemoglobinuria has never been reported as being congental and
no nstance of a familial incidence has been recorded  Damesheh
{quoted In Crosby 1953b) studied a patient who was one of
wdentienl twin sisters the other sister remamning healthy

Onset of the Disease The 1llness usually commences msidi
ously  Hamoglobinurr 1s often the first sign and characteristi
calls thus affects mainly or only urine passed during the night time
or m the carly morning on wakimg At the same time as the
onset of hrmoglobinuna the patients usually complan of some
of the ssmptoms such as weakness and dyspnaea on exertion
which accompany chrome anxmia of moderate grade Some
pallor 15 likely to be present and there may be mild jaundice

Course of the Disease In most patients the discase 15 a very
chronic one Tt may not be sciere and some patients are not
seriously nconvemenced  they become muldly to moderately
anemic with only oceastonal exacerbations at irregular intervals
of weehs or even months in which occur attacks of nocturnal
haxmoglobinunia lasting a few days  Other less fortunate patients
become severely anermic and life becomes intolerable unless they
are transfused they may have nocturnal hemoglobinuria
for months on end In the worst affected patients the hamo
globinuria may be almost continuous Lighter i the day time but
seldom disappearing completely

In one of the author s patients (Case 32) hxmoglobinuna which
appeared at intervals and lasted for a few days or a week or so
was never demonstrably nocturnal The same was true of
Bergmarh s (1931) patient However this 1s unusual for the
nocturnal rhythm s normally a charactenstic and striking
symptom  Actually as will be discussed under Pathogenesis
(p 4°0) the hemoglobinurra 1s assoctated with sleep rather than
with the night ime the amount of hemoglobin bemg
passed 1n the early hours of the morning (Abdicht Kuhlmann and
Dencks 194743  Petersen 1918)

When the disease 15 active and hzmoglobmuria intense the
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Synonyms H-emolytic anxmia with perpetual hemosidert
nuna (Marchiafava 1928 Micheli 1928)  splenomegalic
anemia with h lot 1a b dermuna type Marchia
fava Micheli {Donatt 1930) chrome hemolytic anemma with
paroxysmal nocturnal hemoglobinuria (Hamburger and Bernstemn
1936)  Marchiafava Michelt syndrome (Scott Robb Snuth and
Scowen 1938)

History The early reports m the literature on paroxysmal
nocturnal haxmoglobinuria have been reviev ed with unusual
thoroughness by Crosby (1951) and 1t 1s now clear that the
disease was recogmized as 4 new entity far earlier than had heen
thought Strubmng as long ago as 1882 differentiated the disease
from other forms of hemoglobinuria  he reahized that sleep was
the determiming factor mn producing hamoglobinuria and that
nerther cold nor exercise were immediate precipitating causes
Strubing s detailed account and shrewd deductions were over
looked or forgotten and the chimcal features of the disease were
only slowly pieced together i the next 50 years Paroxysmal
nocturnal hzmoglobinuria (PNH) did not mn fact become
widely known until the 1930 s Now however it has an extensive
lterature and Crosby (1951) was able to find descriptions of at
least 128 cases

With the exception of one publication httle of importance 1m
relation to the pathogenests of the discase and the mechamsm of
heemoly sis had been recorded before the period 1985 to 1938 The
exception ws the report of Hymans yan den Bergh (1011) who
showed that the disease was probably due to defective erythrocy tes
and that hemolysis occurred tn vitro 1n the presence of carbon
dioxade  About 25 years passed before these proneer observations
were confirmed and extended (Jordan 1935 1938 Ham 1937
Dacie Israels and Wilkmson 1938) Nevertheless despite 2
greatly mncreased knowledge of the behaviour of PN H erythro
eytes i 1afro and of the factors in normal plasma or serum which
cause therr hemolysis the exact nature and the cause of the
erythrocyte abnormality remain unsolved problems at the time

of writing

4
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reaction Iying frec or within casts or debrts in the uriniry deposit
{see p 7) Hamosiderinuna was remarhed upon qute early
the description of the disewse bemyg recogmzed by Marchiafina
and \azart m 1911 Marchisfava (19 8) stressed 1ts persistence
when hereferred to the diseaseas  anenua entolitica con emosidert
nuria perpetua

Quanlitatiie Studies on Iron 1 Urine  Nelatively large amounts of
1ron are continuously 1t i the urtne 1n paroxysmal nocturnal hremo-
globmnuna so much so that this may lead to tron deficieney 1n patients
who have not been transfused

Cain and co-worhers (193} reported a duly Toss of § o tn 8w m,, of
won and Brulé Hillemand and Gaube (19138) a Iss of 3€ m, a dnv
by a patient not sullermg from hamoglobinuria at the trme of the
examination

Analyses have becn carned out by Dr D Marrach on three of the
author s patients  the average 24-hour excretions were €1 1. $ and
159 mg ofron

Atypical Forms of Parozysmal Nocturnal Huemo lobinunia

The description that has just been given of a chironic hrmoly tie
anerma accompanied by bouts of hrmoglobinurin  usualhy
confined to the might time applies to the majority of cases of
paroxysmal nocturnal hemoglobmuna  Howeser patients may
be seen in whom occurs € dinghy infreq) y
and 1t seems likely that in the mildest cases hzmoglobinuna may
be absent throughout the whole course of the disease In such
eases the dingnosis may be far from obvious unless tests for the

h erythrocyte al lity are delib Iy carried
out  Dacie and Gilpin (1944) published an account of two hrothers
considered to be suffering from congemital aplastic anzmia
(Fanconis anemia) The characternistic PN I ervthroevte
ab hity was concl 1y d d 1n the elder brother
despite the fact that he ncyer had hemoglobinura (sce p 440)

Rarch  the true nature of the disease may be mashed at least
for a tune by temporary or chromec marrow hvpoplastr with
resultant peripheral pancytopenia (Letman 1052  Nelson and
Bruce 1923 Crosby 1923b and ¢)

In any mstance therefore of obscure chrome hemolytic
anamia or of apparent hy poplastic anema the remote possibility,
of the disease bemng paroxy smal nocturnal hemoglobinura shoutd
be borne in mind  In some cases too the earh symptoms of the
disease may seem to have no relation to an anwnua of amy sort
Ellenhorn and co workers (1951) for mstance described a patient
whose presenting symptoms were recurrent attacks of nausea
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patients develop o dushy reddish type of jaundice  Siderosis may
also contribute to a dusky complexion m patients who hate
recen ed many transfusions

The episodes of hremoglobinuria are not usually assocated with
wny constitutional symptoms  oceastonally however the patrent
may complun of pamn in theback  Despite the continuous presence
of hemoglobthuria renal function 1s not serwously affected unless
there 15 some unrelated complicating factor such as py elonephritts
Complamnts of abdominal pam are not infrequent The spleen has
been palpable m about half the recorded cases but 1t 1s seldom
¢reatly enlarged  Mihor enlargement of the Iiver may also be
found Venous thromboses develop not infrequently in the more
seriously affected patients and produce a ranety of signs and
symptoms (Crosby 1928b) According to Crosby and Dameshek
{1950) thrombosis 15 the commonest smgle cause of death n
parexismal nocturnal hemoglobmuria

Factors which Precipitate Attacks The attachs of hemo
globinura occur usually without apparent cause however a
number of factors are known which may preciprtate an attack
Infections even quite minor ones will do this (Schally 1934-30
Ham 1939 Fisher 1947 Manchester 1945 Ross 194») and
1n some patients menstruition acts 1n a simlar way (Hitzenberger
1930 Tisher 1947) Both these factors have operated m one
of the author s patients (Case 83) Transfusions also frequently
provoke exacerbations of hemolysis (Hamburger and Bernstemn
1936 Ham 1939 Dacie and Firth 1943 Dacte 1948 Crosby
and Stefanim 1952) and operations {mcluding splenectomy) have
the same effect

Takmg 1on salts by mouth often results in some unexplamed
way 1m an merease m hemolvsis (Strubing 1882, Iglaver an
Frenretsz 1934 Camn Cattan Harmspe and van der Boyen
1937 Sega 1038 Hickey and Malley 1948) Hemoglobmuria
has also been provohed by mjections of hver extract or TAB
vaceine (Scott Robb Smrth and Scowen 1938) and by other
drugs ,iven by mjection or taken orally (Crosby 1958b)

Urine The hemoglobnuria has already been mentioned
the colour of the urne vanes from pale red almost to black
Albumun may be detected in the urine 1mmediately before and
after an episode of hemo, lobnuria (Crosby 1953b) but usually
no protem can be demonstrated between the attacks of h"cml}
globmuria A small merease in urobilinogen 15 however u:llﬂf
A stant finding 15k dermmurta 1€ the presence Ol
iron contaming  granules  grving  the Prussian blue staimng
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area macrocy icanemin with the M CV inereased up to Mo cp
a raised reticulocyte count a normal or shightly lowered heemo
globin concentration n tendency to leucopensa largely due to
neutropema and sheht to moderate thrombocytopenia

Stamed blood films show macrocytes many of which stan
diffusely basophilic sometimes shight diffuse punctate basophilia
and a slight to moderate degree of amisoey tosis and porkilocy tosis
A few normoblists may be present 1 the most severely anzmue
patients  No spherocytes or evidence of erythrophagoes tosis or
abnormal leucocytes are usually scen Siderocytes and Henz
bodies are not found exgept after splenectomy The ervihrocyte
osmotic framlity 1s normal Relesant data obtained from six
patients personally investigated are grven n Table 28

The patients plasma (or serum) usually contamns oxyhzmo
globin clearly visible to the naked eye if the discase 15 1n an
active phase  In almost all patients the plasma wall be found to
hate a shght to marked brownish tinge whether or not there 1s
visible evidence of free hemoglobtn  Such plasma will give a
positrve Schumm test for hematin and m most patients 1n whom
hzmolysis 1s active the absorption bands of methemalbumin can
be seen with a spectroscope  The bilirubin concentration does not
commonly exceed 3 mg per 100 m!  In mild cases or 1n quiescent
phases 1t 1s often witlun the normal range  1n active phases it can
be brought within the normal range by blood transfusion (Figs 97
and 98)

Pathology
Bone marrow The bone marrow 1s usually hypercellular
due to wereased erythropoiesis and the myeloid erythroid ratio
may even be reversed  Erythropoiesis 1s normoblastic or macro-
normoblastic (Fig 10 p 1€) but not megaloblastic Varmble
amounts of 1ron can be demonstrated by the Prussian blue
reactton mn erythrophages and normoblasts

‘The author has examined marrow films from four patients In one
of them (Case 3 ) no 1ron could be demonstrated despite the fact that
the patient had recerved more than 100 transfusions The local wron
deficiency can probably be explaned by loss of iron 1n the unne (see
p_417) and by very active erythroposesis leading to a rapid utilization
of wron  Tron was demonstrable 1n the marrows of the other three
patients

The number of megakaryoeytes mn the marrow has been found to be
durmmshed 1n certan pabients with low peripheral platelet counts
(Abdicht Kuhlmann and Denchs 1043) Scott Robb Smuth and
Scowen (1938) referred to three postmortem examunations in which

P CRE HENOL 4 BN u
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vomiting and abdominal pam The diagnosis of paroxysmal
nocturnal hemoglobinuria was not made until the discase had
probably lasted for seven years durmg which time twenty two
dffe d had been suggested

Prognosis

Paroxysmal nocturnal hemoglobinur:: s essentially a chronic
disease and many patients have Iived for long periods after the
dragnosis has been made Rosenthal (1932) recorded the hustory
of 3 patient who died after splenectomy 33 years after the onsct
of symptoms and two patients studied by Stats Vyasserman and
Rosenthal (1948) survived 21 years O the patients the writer
has studied the disease has lasted for 8 years (Case 32) and
14 years (Case 83) respectively Both these patients are still alive
and 1n fair health

According to Crosby (1958b) some patients show a tendency
to tmprove as time passes the disease mn two of Crosby s own
pattents having gradually become mlder since the onset over
ten years previously Crosby also mentioned that the patient
described by Scheel (1925) did not subsequently suffer from
h Tok when e d m 1948 the patient was not
anzmic (Hb 1039%) although the leucocyte count {8400 per
© mm ) and the platelet count (118 000 per ¢ mm ) were rather low

Case 34 of the author has apparently undergone a spontaneous
cure after the disease had exwsted for it least 17 years the
serologreal tests were negative in 1952 when he was last seen (sce
p 445) The patient described as Case 35 (A H of Dacie and
Gilpin 1944) who was diagnosed 1n 1989 as suffermg from con
genital aplastic anemia and piroxysmal nocturnil hemoglob
nurta has also d pletely the serol, I tests which
were still positive in 1942 being negative in 1948 and subsequently

Most patients however have died of + combination of mter
current illness and their primary disease Marks (1949) gate the
average duratton of life of 21 patients as 6 6 years four deaths
were directly attributable to the paroxysmal nocturnal hemo
globinuna  eleven died following operations (splenectomy in
seven cases) and sr< patients died of unrelated disorders

Blood Picture in Paroxysmal Nocturnal Hemoglobinuria

There are no characteristic features which enable a diagnosis
of paroxysmal nocturnal hemoglobmuria to be made from the
blood count or by examination of a blood film  The usual findings
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megakaryocytes were reported to be scarce or absent and mentioned
that megakaryocytes were scanty sn one of their patients and present
in normal numbers in the others

The author has exanmuned bone marrow films from four patients from
this pomnt of yiew In one of them megakaryoeytes appeared to be
present 1n normal pumbers  1n the others only a few could be founl
(see also Pathosenesis p 430) In the pattent (Case F T Table 28)
Jundly referred by I rofessor L 5 Watts to the author tiopy revenled
1 marrow with some of the features of a hypoplastic antmia  fat cells
were present although the patient was severely anemic (Hb $0 g)
there was n gross deficiency of leucocytes and megakaryocytes and
there was an excess of plasma cells reticulum cells and mast cells  This
patient had a marked an ¥
and n relatively low reticulocyte count  Several other reports of acute
or chrontc marrow hypoplasia were mentioned by Crosby (1953b)

Spleen The size of the spleen 15 varable  gross enlargement
1stare  According to Scott Robb Smuth and Scowen (1938) the
weights of eight spleens examined after removal at operation or
autopsy ranged from 130 g to 720 ;, average weight 830 g (all
the patients were adults) The histology of the spleen 15 not
remarhable In particular little or no free iron can be demon
strated unless the patient has been heavily transfused during hfe
nor 1s there evidence of erythrop 'y tosis

Liver Scott Robb Smith and Scowen (1938) reviewed the
histology of the hvers of ten patients The most generally
reported finding was necrosts towards the centres of the lobules
Tt was constdered that this might hive been due to impaction of
erythrocyte stromata Tests for romzed 1ron gave negative results
or at the most showed small amounts in Kupfler cells and hver
parenchyma cells The livers were on the whole shghtly enlarged
the average of the recorded weights beg 2 016 g

kadneys The kidneys have usually been described as slightly
enlarged and having conspicuously browmsh red cortices  Histo
Iogically the most remarkable feature 15 an ntense siderosis of
the convoluted tubules and of the loops of Henle Haemosiderin
contamning debns may be scen n the collecting tubules As a

rule there 1s no scarnng or destruction of the nephrons (Crosby
1953b)

The marked degree of renal sidcrosis with little or no demonstrable
iron 1n the rest of the organs of the body 1s the most charactenistic
feature of the of p 1 It
has been remarked on by many wrters including Marchiafava and
Nazan (1911) However 1t must be stressed that tius remarhable
restriction of iron to the hidney (due to the often continuous presence
of hzmoglobin m the glomerular filtrate) 1s found only n patients
who have not been transfused frequently In patients who have

I
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depression of the respiratory centre dunng sleep might be the
mechamsm which activated hamolysis

Ihm {1937) showed that lnmnlnls as judged by the degree of

ma snd h 1 could be depressed af

suﬂiclmt alkalt were grnen and that acid given i the form of
ammonmum chloride caused an exacerbation of hrmolysis  Iam
(1939) demonstrated conclustely that the rhythm of hemo
globinerua and hemoglobinuria could be reversed by making
the patient sleep during the day time and stay awahe at night
under these the he lot 1 occurred 1 the
day time and not at might However the changes i blood pil
that occur as the result of slecp arc small and of themsehyes
scem hardly sufficient to explam the strihing mereases in hemo
Tysis that mas occur (Hoffman and hracke 1943 Mellvanie and
Beard 1921 Matthes Schubothe and Lindemann 1921) Crosby
(1923b) morcover arranged for a patient to sleep in a Drinker
respirator for ten mghts  The nocturnal rhythm of the hemo
globinuria was unaltered esen though the speed and amplitude of
the respiratory cvele were adjusted so that thev were greater than
when the patient was awahe thus ensuring that there was no
possibality of retention of earbon dioxide

It 1s possible that other rhy thnue changes occur e g m electro
Iyte concentration {Marhs 194J) or even m the activity of certain
of the clotting factors (Crosby and Dameshch 1920) or of comple
ment (Rodbard 1950) and that a variets of shght changes
occurring during sleep may have an important effcet on the speed
of the hemolysis when acting 1n combmation  As will be shown
later the plasma factors responsible for hremolysis are eomplex
hamoly tie factors and inhbitors seem to be so delicately balanced
that very small changes in the activity of even one of the factors
could have a marked effect on the hamoly tie activity of the plasma
as a whole

The Erythrocyte Abnormality

The essential abnormality in paroxysmal nocturnal hamo
globinuria 1s a defect 1n the erythrocvtes the evact nature of
whtch 15 still unknown  That the patient s erythrocy tes alone are
defectrve 15 shown by the fact that whilst the patient s corpuscles
are hamolysed wn 210 1 normal serum as well as m hus own
serum normal corpuseles are mof hemolysed by the patient s
serum  In 1o too transfusion experiments lead to the same
conclusion - Normal corpuscles survive normally n patients with
paroxysmal 1 (Dacte and Firth 1943
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recerved many transfusions siderasts will be marked 1n the Itver spleen
and other organs of the body despite the considerable amounts of ron
that are excreted in the urine

Other Pathological Changes The only other possibly
charaeteristic change 15 a predilection for thromboses (Scott Robb
Smth and Scowen 1938 Lllenhorn et al 1951, Merhss 1952
Crosby 1958b)  Crosby and Dameshel (1950) considered that
defectise platelets (sec p 430) were perhaps an important factor
in the genesis of thrombosts

PATHOGENESIS OF PAROLYSMAL NOCTURNAL
HZMOGLOBINURIA

The Nocturnal Hmmoglobinuria The constant presence of
hxmoglobintma  the marked siderosis of the kidneys the
episodes of hemoglobinurta and the ease with which hemolysts
takes place wn ritro all indieate that a major part of the excess
hremolysis m paroxysmal nocturnal hemoglobinuna {ahes place
wm the circulating blood stream It 15 likely that hemolysis is
continuous and that hemoglobimuria occurs only when the rate
of hzmolysts 1s increased to the pomnt at which the amount of
heemoglobm in the glomerular filtrates exceeds the capacity of the
renal tubules to re absorb the pigment (Ywle 1942  Crosby and
Dameshek 1950) There 1s reason to suppose that when hemo

lob 15 the app. t renal threshold for excre
tion falls as the renal tubular cells become more and more saturated
with hemoglobm (Gilligan Altschule and Katershy 1941 Crosby
1953b)

As a rule the amount of hemoglobm evereted 1n the urme mn
24 hours 1s but a small proportion of the total amount catabolized
Crosby (1953b) suggested that during periods of moderate activity
only about 2% of the hemoglobin brohen down appearcd m the
urme  With igher rates of hiemolysis the proportion would be
considerably greater

The cause of the ! rhythm of
yet clearly understood  Strubing 1n 1882 pomted out that sleep
was the determmng factor and that neither exposure to cold nor
exercise was tmportant  He also suggested that an accumulation
of aud resulting from the previous day s actrvities might be the
factor which provoked hemolysis durmg sleep  Ham (1937) and
PDacie Tsracls and Wilkinson (1938) many years later knowing
that Wfication i1 fact p d haxmolysis e zire also
suggested that accumulation of carbon dioxide as the result of

ok 15 not
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nded 1n fresh serum not all of them will be destroyed (Dacie

15t hiekev and MMalley 1048 Dacie and Mollison 1943) (Fig 91)

Complete Iysis has not been obsers ed even with corpuseles from patients
Lnown to be severely affected  In Cases 8. and 33 lysis has not exceeded
60 10 90° and in Lase 34 (who was mildly affected) the proportion of
erythrocytes Jysed #n tifro was approuimately 309, n 1931 and 13%
10193 when he was i remussion  Hickey and Malley (1918) i their
patient recorded a figure of L0 to 60°, of ery throcytes Wsed and Wagley
and Hickey (1943) 339, 1n another patient

%
LYsIs
80

Fia 94 Time hzmolyss 60 CASE 3
curves illustrating diffe
rences m the ability of
acidified human sefa to 507
hrmolyse PNH ery
throcytes W serum
and D serum weresera 40

the result  obtamed 30
using tl e patient 5 own
serum (Ca e 33)

10 20 30 40 50 60
MINUTES

It seems likely therefore that a patient with paroxysmal
nocturnal } forms ervthrocytes which differ widely
m therr sensitvity to lysis  some are so sensttrve that they are
almost immeduately destroyed n tatro and have a very short Life
tn riwe  others are completely normal or so mldly affected that
they are mdistmgmshable from normal A high proportion of
the latter n the peripheral blood of a patient does not necessanly
dicate that only a few abnormal ery throcy tes are formed The
more normal ones accumulate in relatively large numbers smply
because therr life span 1s much longer than the more affected
corpuscles Tt should be added that reticulocytes and fully
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Dacrc 1948) (1nd if separated from the patient s ery throey tes by
differential agglutination weeks after transfusion do not undergo
Iysis m tidro as do the patients corpuscles) while pitient s
corpuscles are more or less rapidly destroyed after transfusion
to normal reciypients (Fig 03)

Not all the cry throey tes of a p itient with paroxysmal nocturnal
hzmaglobiuria are abnormally easty Iysed  vizo and i 1ifro

%
SURVIVAL
100

80
604
40 B A

20-

20 40 60 80 iolo]
PAYS
I1c 87 The survisal of normal erythrocytes s a patent suffermg
rom paroxy Case 33) A and
of PN II erythroeytes (ex Case 32) n o normal adult recipient
B (from Dacie and Molhson 1949)

Dacie and Molhson (1919) transfused the blood of a pahent to 4
healthy recypent and showed that after an mmtial perrod of rapud
destruc tron lasting 10 days or so daring which time about ~0%, of the

P! d the rate of ehmunation was
markedly slowed so that during the next 20 days oniy a furtber 10%
of the cells were Iysed (Fig 93} It seemed hkely that the remarmng
corpuscles were surviving almost pormally

In vitro studies also in the y of
I N H ervthrocytes to lysis  a few cells Iy se withtn a minute or 50
the majonty lyse within 5 to -0 mmutes and a few underso 1y 1
the next 20 to 40 mmutes but even if the surviving intact corpuscles
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that they also undernent lysis in an anti A serum more readily
than did normal corpuscles

Dacie and Richardson (1013} reported further studies on the
effeet of pH wt vitre and showed that if too much acid were added
to the scrum lysis mught be mhubited (Fig 92 p 432)

Thus the main facts concerning the mechanism of hemolysts
n Titro 1n paroxy smal nocturnal hemoglobimuri were established
m Holland the Umted States and Britain 1n the vears between
1935 and 1943 They have smee been confirmed i many centres
throughont the world and the use of acidified serum as an aid to
the diagnosis of the disease has been widely referred to as Ham's
(acid serum) test

Dacie (1949) reported that PN I ervthrocytes 1f group A
were regularly much more sensitive than were normal corpuscles
to hemolysts by the 1s0 antibody antt A He found that the
corpuscles of his group A patient (Case 33) were humolysed by
ant1 A sera to approximately the same titre as they were agglut
nated whereas normal group A corpuscles were agglutinated mn
ant A sera to far higher titres than they were hemolysed and
might not be hemolysed at all PN ervthrocytes however
were not hemolysed 1n high titre ant1 D or antt M sera Dacre
{1950) s:malarly observed that PN II erythrocytes were hemo
1ysed by cold antibodies to about the same serum dilutions &s they
were agglutinated (Table 20)

Hamolysis due to ants A and cold antibodies 1s brought about
by complement and the antibody and 1t scems probable that the
abnormahty of the PNH erythrocyte is one which facihtates
the adsorption of complement with antibody to the ecll surface
thus converting an antibody the chief effect of which on normal
corpuscles 15 agglutination 1nto one which 15 actively hemolytic

1t 15 unlikely that a subtle abnormality at the erythrocyte
surface would result necessanly i any characteristic morpho
logical changes and thisis borne out by the study of Romanowshy
stamned blood films or fresh blood viewed at ordinary magnifica
tions However Matthes Schubothe and Lindemann (1951) have

reported that electron mcrographs of P N H corpuscles reveal an
erythrocyte surface which 1 unusually pitted These most
nteresting observations need confirmation

Rodbard (1920) has argued that PN IT ervihrocytes probably have
an abnormal Itpo11 surface structure e carmed out experiments in
an attempt to prove this hypothesis by exposing normal corpuscles
10 3 vanety of hipod sofvents 1In a small proportion of experiments

Dy repeated washtngs in dilute solutions of alcobols at a relatively acid
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ripened erythrocytes do not seem to differ m therr sensitivity to
Iysis 2n vaitro (Dacte 1948 Hickey and Malley 1948)

Hzemolysts of PN H Erythrocytes in vitro

In 1911 IIymans van den Bergh showed that PNH erythro
cytes undernent hamolysis m an atmosphere of carbon dwoude
but not i arr  Jordan (1935 1938) mude further sigmficant
observations  He concluded that the patient s corpuscles were
already sensitized tnd that carbon dioxide caused hemolysis by
potentiating the achion of serum complement he also pomnted
out that the coagulation of blood 1 tatre appeared to favour the
development of hazemolysis

Hams (1937) observations were also important He showed
that samples of whale clotted or deftbrimated blood or blood
containing small amounts of heparin all underwent progressive
hemolysts when allowed to stand for 4 hours at 87 C or at room
temperature and that exposurc of hepartmzed or defibrmated
blood to cirbon dioxide caused haxmolysis to develop rapidly
Ham also showed that lactic acid added to serum caused the
serum to haemolyse the pattent s corpuscles and that the addition
of sodium bicarbonate to serum decreased the hzmolytie action
of carbon dioxide as did sodium citrate potassium oxilate and
potassium cyamide Hum concluded that the onset of hemolysis
was related to pH but that reduction of pH 1 the absence of serum
did not cause lysis  He also showed that hemolysis took place in
normal serum as well as 1n the patient s serum that the serum
factor essential for hwemolysis was destroyed by heating for
80 minutes at 50 or 60 C and that the activity of heated serum
was not restored by the addition of fresh gumea pig serum

Ham's mamn observations were independently confirmed by
Dacte Israels and Wilkmson (1938) In addition using hydro
chloric acid as the acidifying agent thev showed that the optimum
pH for hemol s1s was in the region of pH 7 0 and that the Iysin
in the plasma was present 1n very low concentrations They
observed that therr patients corpuscles underwent more lysis
21 vitro 1f the suspension of cells mn aadified scrum was chilled
below 5 C before being warmed at 37 C than if the test was
carried out at 87 C throughout

Further mmportant observations were reported by Ham (193}
and Ham and Dingle (1939) Ham and Dingle observed that the
erythrocytes of one of their patients wcre more sensitive to Iysis
by an anti human antibody than were normal corpuscles and
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P he was able to obtan corpuscles which were Iysed in acidified
serum n exactly the same way as were naturally-occurning ¥ N I
erythroevtes  Unfortunately the results of these {rocedures were
capricious and not easily repeatable Nevertheless there seems no
reason to deny the possibility of the conyersion tn rifro of normal into
1 NH corpuscles particularly as enzymes such as trypsin have the
property of profoundly altering the behaviour of erythrocytes and
increasing therr sensitivity towards certan antibodies  Floweser
normal when try d behave very from
1N enythroeytes although there are some pomnts of similanty
(Table 29) A major difference 1s that trypwimzed corpuscles are not
Thzmolysed 1n acidified normal serum whilst PN 11 corpuscles are

Crosby (1903b) suggested that the stromal protans of I 1T
corpuseles were more hkely to be abormal than the liposds of the eell
surface or alt tively “that the defeet mught be o
deficiency 1n the enzyme sy stems which preser e and renew the stromal
falme of the erythrocytes This stiractive hypothesis has yet to be
proved

PNH erythroeytes almost always gne negatne direct antz
globulin tests 1e there 1s no evidence that the cells have adsorbed
abnormal globulins to their surface  Nor 1s there evidence of any
abnormal sensitivity to chemieal hemolysins {ITam and Dingle
1939 Dacie 1949) Actually positive antiglobulin tests have
been recorded 1n at least one patient 1n a hamoly tic erisis (Caroll
et al 1919) This was possibly due to the supenmposition of
auto immumization (see Crosby 1923b and p 433)

The Nature of the Plasma or Serum Factor

Jordan (1935 1938) drew attention to the possibility that the
corpuscles of patients with paroxysmal nocturnal h lok
were already  sensitized  and suggested that the serum factor
mght be complement he also stressed that the process of
coagulation appeared to act as an activator of hxmolysis Ham
(1937) and Dacte Isracls and Wilkinson (1938} observed that the
plasma or serum factor was thermolabile and that the actinity of
heated serum could not be restored by the addition of fresh
gunea pig serum complement  Ham and Dingle {1939) however
concluded that the serum factor was closely associated with if
not nd hable from h or aleun of human
serum Nevertheless they obtamned some evidence which
seemed to suggest that the PN H serum factor and complement
were unlikely to be 1dentical

Ham and Dingle showed that lyophitization of normal serum reduced
1ts hemolytic achivity aganst PN\ I erythrocytes without altering its
complement actvity and that heatin, from 3> to 50 C filtration
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Lyons (19 @) confirmed the activating action of i He
clumed moreover that1 N H erythracy tes would underyo hemolysis
i any 1otonic medm 10 which a fibrin clot was produccd and that
Jyss would take place even when crythrocytes were suspended in

solutions subsequently clotted by Croshy and
Dimeshek s (19,0) observation were alo confirmed by Martin and
Vo 5 {1053)

The 1dentity of the hxmolytic factor with \c globulin was not
accepted by Harmis Jordwn ¥ utlemer and Desforges (1921) who found
that serum dialysed agamn t normal saline lost 1ts harmalytic activity
agamet PN L cells but retuned its complement and Ac globulin
Hiemolytic actiy ity was nevertheless restored after ndding a magnesium
salt  Agam treitment of serum with barnum sulphate permanently
redueed Ac globulin actnaty but NI netivity was regamed on
adding magnesium _They abo fund that the removal of any of the
components of complement from serum resulted in the loss of hzmoly tic
activity aganst PN H cells They deduced from these and other
experments that the serum fictor resembled a metal requining enzyme
probably a protemase which differed from human complement by its

on by caleum

Clapp Wiihams and Mendel {194.) brought forward evidence of the
mteraction of at least two factors One of these factors was heat
labile magnesium dependent and fluonde mhibited and probably
rdentical with the factor of Harns and co workers (1901) referred ta tn
the preceding paragraph  the other was an _adsorbable globuln
which was probably heat stable They concluded from the reactions
of the heat labile and heat stable fractions that 1t was still possible
that they were fractions of complement

Crosby (19532 and b) 10 his Intest papers has postulated that
four distinct factors are mvolved all probably protems Two of
the factors are hamolytic agamst PNH erythrocytes but not
against normal corpuscles  the other two factors mhibit hemo
lysis  One of the hemolytie factors 1s heat labile and the other
heat stable simlarly of the two imhibitors one 1s heat labile
and the other heat stable Both caleium and magnesium are
necessary for hemolysis but m excess both cause inhibition
Thrombin destrovs the heat stable inhibitor rapidly and the heat
labile hemolytic factor slowly 1t acts therefore as an activator
of hemolysis  Heparin and protamine 1n appropriate dosages
increase hemolysis by blocking the inhibitors

The work deseribed m the d phs ind that
the serum factor active against PNH erythrocytes 15 a
complex of several substances  Whether these factors which may
be enzymes take part in normal physiological reactions remains
to be scen  their existence n normal serum probably mdicates
they have some normal function  Judging from Crosby s work
they seem to form a delicately porsed equilibrium of activators
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through Berhfeld candles and storage at room temperature removed
hamolytic activity more readily than complement activity  They
could not demonstrate any adsorption of complement by PNH
erythroeytes 1 excess of that adsorbed by normal corpu cles when
acdified serum was subjeeted to successrie absorptions with normal
or PN H corpuscles respectively They found nevertheless that the
addition of fresh guinea pig serum restored hmmolytic actmity to
Zvmmn treted or ammomum hydroxde treated human serum (laching
the C 3 and C 4 fractions of complement respectively)

Dacie Israels and Wilkinson (1938) and Ham and Dingle (1939)
observed that the amount of lysts produced by a human serum
was fi 1 d by the add of fresh gumea pig
seram  Dacte (1049) showed however that much of this increased
hemolysis was caused by the presence in the guinea pig serum of
ant: human antibodies to the Ivtic effect of which PN H erythro
cytes are unusually sensitive  Dacte (1949) found that there was
a postirve correlation between the hzmolytic power of a seres of
normtl human sera agamst P N H erythrocytes and the comple
ment content of the sera as judged by their ability to hzmolyse
sensitized sheep cells He pointed out however that this did not
prove that the factors concerned were 1dentical and stressed that
the range of pH within which hamolysis of PN H erythrocytes
oceurred was sigmficantly narrower than the pH range for the
lysis by human complement of corpuscles sensitized by known
amboceptors

Viagley and Hichey (1948) also brought forward evidence agamst
the 1dentity of complement and the P N H lytic factor They found
that the addition of amdified serum previously heated at 56 C to fresh
aadified serum reduced the hemoly tic activity against P N H erythro
eytes more than 1t reduced complement actrvity and that acidification
to pH .1 destroyed hemolytic actvity aganst PN H corpuscles
without destroying complement when the sera were subsequently
tested after readjusting therr pH to 6 4

More recent work has underlmed the complexaty of the problem
Crosby and Dameshek (1950) observed that the hewemolytic
activity of normal serum was d by the add of thromb
and Crosby (1950) suggested that the actry ating effect of thrombm
on the hemolytic system might be used as a specific test for
paroxysmal nocturnal hemoglobinuria  Crosby and Damesheh
concluded that the hemoly tic factor existed 1 plasma 1s an mert
precursor which was activated by the process of coagulation mnto
an actnve hemolvtic agent  Thev suggested that the heat labile
hremoly tie factor was sumular to 1f not 1dentical with the serum
coagulation accelerator (Ac globulin or  Factor VI )
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nbsent In these patients even a careful history 1s very httle help
n diagnosis

Tn other patients the history may be musinterpreted  hemo
globinuna may be assumed to be hematurin and the patient
m dingly or the sig of its pertiodieity may
not be appreciated  One of the author s patients (Case 33) told
her physicran that she passed dark unne  When she was ashed
to pass a sample for testing (in the day time) 1t was found to be
perfectly normal and her story was therefore discounted She
was thereupon treated quite fruatlessly for pernicious anemia!
It s n fnct only n rccent years that paroxysmal nocturnal

ke g has been d with any q and
promptness

Whilst the presence of b Tok it L 13 and
hemosidermuna and the signs of compcnsaton mcrensed erythro
potesis all pont to 2} and ks

anema a positive diagnosis of paroq smal nocturnal hmmo
globmumz cannot be made except by the demonstration of the
tc erythrocyte ab y
‘The Acid serum Test

Thas test can be carried out with the patient s corpuscles and
serum or with the patient s corpuscles and normal compatible
serum The patient s serum 1s best obtained by defibnination as
serum expressed from clotted blood 15 usually far more hemolysed
(The exact techmque 15 deseribed on p 498 ) The amount of acid
to be added for maxumal heemolysis depends to some extent on the |
serum and also on the of patients corpuscles subse
quentlyadded Ham (1939) recommended 5% by volume of 0 85N
lactic acid or N/3 HICl  the author adds 10% by volume of either
N/5 or N/4 HCland thenaone tenth volume of a 50% salme suspen
sion of washed patient s erythrocytes Lysis 15 almost maximal
after 80 minutes at 37 C (Fig 94) It1soften more convenient to
use compatible normal serum nstead of the patient s serum and
as sera vary in their abnhity to cause thelysisof P N H erythrocytes
(Dacie and Mollison 1949) 1t 1s worth while to choose a normnl
serum known to be potent in this respect  Representative pIl
hemolysis curves are illustrated 1n Fig 95 the mhibition due
to over acidification 1s best shown with the less active serum

The specificity of the acid serum test was considered by Dacie
(1949) If carned out carefully with sdequate controls & positive
test 1e lysis in the acidified serum but httle or no lysis m
unacidified serum 1s diagnostic of the PN H abnormality The

N
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and inhibitors whose resultant activity 1s eastly disturbed It 1s
probable that the sensitivity of the hemoly tic system 1s the reason
why the clmical pattern of hamolysis 1s so easily affected by
subtle changes associated with sleep and less commonly but
sometimes more drastically actrvated by intercurrent illness
operations and transfusions

The Leucopenza and Thrombocy topenia

The frequency of thrombocytopema and leucopema
paroxysmal nocturnal hemoglobinuria has been referred to on
p 417 The exact cause 15 obscure Croshy (1953b) reported
that the leucocytes and platelets of a patient with paroxysmal
nocturn1l hemoglobinuria underwent autolysis wn wire more
rapidly than did the leucocytes and platelets of normal subjects
He suggested that they suffered from some defect analogous to
the defect in the PN H erythrocyte In other rare cases thrombo
cytopenia and leucopenia (and reticulocytopema) may be so
severe as to suggest that the patient 1s suffering from aplastic or
¢ refractory anwmma (see p 415 and Table 28) In these patients
the peripheral eytopema appears to be at least 1 part a reflection
of marrow hypoplasia It 1s uncertain whether this should be
Jooked upon as an exaggeration of the PN H defect producing
cell destruction m the marrow or inhibition of hemopoesis or as
the simultaneous presence of 1diopithic  marrow aplasia as
perhaps m Dacte and Gilpin s (1944) case  The pancytopenta 1s
essentially of relatively long duration 1t seems to be distinct
from the transient acute episodes most of which are probably
due to infections which occur n the course of other types of
hemolytic anzmia as well as in paroxysmal nocturnal hemo
globinuria (Crosby 1953b and ¢) (see p 16)

DIAGNOSIS

Paroxysmal nocturnal hemoglobinuria can often be diagnosed
tentatively from the patient s deseription of his or her symptoms
A history m an adult of repeated episodes of passing darh urmne
with weakness pallor and Jaundice extending over a matter of
months or even years 1s very suggestive and 1f the patient says
that the dark urine 1s passed particularly on waking in the morming
the diagnosis of paroxysmal nocturnal hemoglobinura 1s almost
certam  Nevertheless as already mentioned anmmuia and jaundice
mav be mild and hemoglobinuna nfrequent or perhaps even
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corpuseles n acidified sera  Crosby (1940) showed that more
Jysis of PNTI erythrocytes was produced by an acidified scrum
1f thrombin was added to the cell serum suspension snd proposed
that this might be used as a speetfie test for the disease

Another characteristie finding in paroxysmal nocturnal hemo
globimuna 1s the rapidits with wlich “spontancous lysis oceurs
when sumples of patient s clotted blood or blood defibrinated
under paraflin or 1n a closed v essel or hightly heparinized blood are
allowed to stand at room temperature or at 837 C (Ham 193~
Dacie Isracds and Wilkinson 1938) Ifeggln and Maier (194!)4
suggested that the heat resistance of erythroeytes e the
development of hemolysis when clotted blood was incubated at
37 C mght be used as a speasfic test for paroxysmal nocturnal
hemoglobinuria  This 1s certamnly a striking characteristic of
the blood of patients with paroxysmal nocturnal hemoglobinuna
but 1t 1s not diagnostic of the disease  The author has observed
equally rapid lysis v acquired hamolytie anema with very
marhed spherocytosis {(eg Case 12} and m haemolytic anemia
due to cold hamolysins of igh thermnl amphtude (e g Case 18)
unless 1n the last instance the strictest precautions were taken to
prevent the blood becoming chilled to room temperature after
withdrawal  VMoreover m paroxysmal nocturnal hemoglobinurna
the heat resistance  test may fail or be mconclusive 1t may
fanl 1f the clot does not contract satisfactonly (due to thrombo
cytopenia) and 1t may be inconclusive 1if for some other reason
the clot fails to retract sp y and has to be mamiy d

Tinally the results of certan other tests have some diagnostie
importance  As mentioned on p 427 the direct antiglobulin test
1s negative n uncomplicated cases of paroxysmal nocturnal
h lot 1 Tests for ab 1 antibodies tn the patients
sera are lihewise typically negative although as the patients often
Tecenve repeated transfustons immune 1so antibodies are some
times formed (see Case 33 p 444)

Atypreal L

Y Findings in P I Ne 1
Heemo, lobinuria

The characteristic erythrocyte abnormality and the leucopenia
and thromboey topenta are not the only abnormal hematological
findings which have been observed m patients suffermg from
paroxysmal nocturnal haxmoglobinuna  Lrythrocyte osmotic
fragility for mstance was reported by Abdicht huhlmann and
Dencks (194°-43) to be markedly mereased It 15 possible that
this was due to the supemmposttion of paroxysmal nocturnal
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renlly essential control 1s a suspension of normal erythrocytes in
a duplicate sample of the acidified serum—the normal corpuscles
must not undergo hemolysis  An addrtional control to be set up
if the patients corpuscles are markedly spherocytic (which in
1tself 15 strongly agunst the dagnosis of paroxysmal nocturnal
h lobtnuria) 1s & susy of patient s corpuscles in acidified,
normal serum previously inactivated at 56 C  If lysis oceurs 1!7/
the acidified heated serum ns well as in acidified unheated serum,
this 15 probably due to the spherocytosis and not to the PNI—);’
erythrocy te abnormality

%
Lyss|
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60 CASE 33
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CASE 32
0] CASE 33
20 HM CASE 32
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HM
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Fir 05 The effect of pH on the hamolvsis i oitro of PN I
erythrocytes by pormal human sera_ krythrocyies from three
different patients were used (Cases 3~ and 83 and H M) and
two different normal adult sera (W serum on the left and D
serum on the gl

Other Tests for Paroxysmal Nocturnal Heemoglobinuria

Other confirmatory tests can be carried out The greatly
creased sensitivity of PNH corpuscles to hemolysis by,
Ingh titre cold antibodies or m the case of group A patients to]
hemolysis by antt A ean be used 1n diagnosts

These reactions seem to be as charactenstic of paroxysmal
nocturnal heemoglobinuria and at Jeast as sensitrve i differen
niating the abnormal from the normal as lysis of the patrents
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Splenectomy has been undertalen on many cccastons  the
majonty of pitients have fuled to benefit and the mortahity from
the operation has been hugh

The Admimstration of Alkalies
Following the obsers ation that hemoly$1s an 12170 was incrensed
by a reduction 1n pH it was logieal to attempt to inhibat hemo
1ysts 1 12e0 by the admunsstration of alkalies  The results of such
treatment however werc unsatisfactory

Hlam (1939) found that sodium brearbenate gnen orally fn large
do es (65 g m -} hours) produced n transient decrease in the hemo
globin eontent of the plasma and urine of two patients  One patient
was treated continuously with large do cs of alkahne silts (10 ¢ of
sodium bicarbonate daily for 13 davs and v8 g of sodwm atrate daily
for 3 days) hemoplobimuna was absent duning the first e1,_ht davs of
this treatment but thereafter it was present at night tme althe ugh the
treatment was bem,, continue ! In both patients intense hrmoglobi
nuna lsting day and might folloned the sud len eessation of the alkall
therapy  Simalar unsatisfactory re ults were reported by Buell and
Mettier {1011)

The exacerbations of hxmolysis recorded by Ham when the alkal
therapy was stopped were presumat Iy due to the accumulation of sery
sensitie cells m the eirculation wlile haemolysis was depressed  When
conditions were again favoutable for hxmolysis large numbers of
sen itine cells would e destroyed within a short ttme  This pheno
menon 1s hikely to be m which def
'the actiity of the patient s plisma without reduang the ensitivity of
his cells

Dicoumarol
Crosby and Dameshek (19.0) described the effect of dicoumarol
n one patient They observed that when the serum accclerator
activity was depressed to 80%, of the normal the plasma hzmo
globin concentration fell and hemoglobnuna ceased In order
to achieve this the plasma prothrombin actity had to be
reduced to p levels M d 1
did not prevent the activation of the disease which followed a
respiratory infection nor a hmmolytic episode provoked by

en the d was & d } ly

increased n intensity D 1s thus d. g as a
therapeutic agent 1n paroxysmal nocturnal hemoglobinuria It
has however some value and seems worthy of trial in patients

subject to thrombnses (Crosby 1953b}
Heparn  In titro hepann inbits hemolysis of present m
sufficient concentration (Ham 1939 Dacte and Richardson

1948)  very low enhance h lysis (Crosby and
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hemoglobinuria on a  pre existing hereditary  spherocytosts
Alternatively and perhaps more likely the mncreased osmotic
fragility was caused by the simultaneous formation of auto
antibodies as may have happened m the patient of Caroh and
co worhers (1949)

It 15 possible but yet hardly proved that the clinteal syndrome
of paroxysmal nocturnal hemoglobimuria may be brought about
by a second and quite distinct hemolytic mechamism At least
two patients have been deserbed whose  piroxysmal nocturnal
hemoglobinuria  may have been due not to an erythrocyte
a hty but to a hemolysmn n the patient s serum (Enneking
1928 Hetlmeyer and Wengeler, 1943)

The exact significance of these observations 1s uncertain at the

present time  In Heilmeyer s and Wengeler s case the hasmolyst was
shown to be most active at a pH of 6 0to 65 It should be added that

Schubothe (1958 personal 10n) could not te any
abnormal antibodies when he re ently remvestigated this patient
Possibly auto had been osed on true p: I

Y
nocturnal haxmoglobinuna i this ease as also perhaps 1n the patient of
Hollander Ludwig Siemsen and Walser (1953)

L (1901) described two patients whom he considered mught be
suffermg from an atypreal form of paroxysmal noeturnal hemoglobt
nura or a hitherto undesenibed type of chrome hemolytic anemia with
erythrocyte fragility to cold and acid  In one patient hemoglobt
nuria followed expostre to eold and 1n the other 1t followed one of
several blood transfustons It never occurred spontaneously However
intravascular hemolysis was constantly present as shown by ramet
plasma hemoglobin concentrations  no nocturnal mncrease i plasma
h®moglobin was demonstrated

In retrospect it seems probable th
suffering from p y nocturnal h e
of their erythrocytes as descmibed by L 15 compatible with that
diagnosis  As observed by Dacie Israels and Willinson (1938) chilling
may increase the amount of Iysis ob ervable n tiro because of the
great sensitimity of PNH corpuscles to the potentially hemolytc
cold antibodies present 1 low concentration 1n many nermal human

sera (Dacie 1950)

at Lius patients were 1n fact

TREATMENT

No specific treatment 1s possible as the cause of the essential
defect of the PNH erythrocyte 15 unknown Nevertheless
sttempts have been made to reduce the activity of the patients
plasma factors by the admunistration of alkalies dicoumarol
ACTH and other drugs These mensures however give at the
best only transient rehef Blood transfustons on the other hind
are of real value slthough thewr effects are only temporary
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patients died shorMy after the operation Death seems to have
resulted from a saricty of causes ~ shoch * hamorrhage exacerba
tions of hamolysis and postoperative thrombaoses being, contnt
butory factors Nevertheless n few patients scem to have
derived some benefit from the operation the nocturnal hamo
globinuna becoming less frequent (Dacie Isracls and Wilkinson
1038 IHam 1939 Ham and Horack 1941 Ficher 1947
Rarnett Dunlop and Pullar 1921  Andersson 1952) However
1t 1s almost impossible to be certamn that any improvement was
really due to removal of the spleen as the course of the disease 1s
so vanable

There seems to be no reason to recommend splencctomy  The
benefits if any are so small that they cannot be held to out
weih the risks of the operatron even allowing for the fact that
the immediate mortality from the operation would nowadays be
far smaller than formerly

Transtusion

Blood t: 15 doubtedly the most beneficial form of
treatment for paroxysmal nocturnal hemoglobinuria at present
available The survival of normal erythroevtes 15 usually un
impaired and this makes transfusion of sertously anemic patients
wellworth while  However some patients are relatsvely intolerant
of and regularly major or munor exacerba
tions of hemolysis as well as rigors and pyrewa following
transfusion of apparently compatible blood (Hamburger and
Bernstem 1936 Iam 1039 Ross 1945 ete) Nevertheless
f: 'y nses m h lobin and from hemo
globinunia have been reported following transfusions even
patients who react badly to them For mstance n Ham s first
patient a severe reaction was followed by two weeks of freedom
from hamoplobinuria and only shght nocturnal amounts occurred

1 the sneceeding two weeks

Dacie and Firth (1943) studied 1n detail the effect of transfusing a
patient (Case 33) with 500 ml of a concentrated suspension of group O
blood (unwashed) A very severe hzmolytic reaction followel from
which the patient nesertheless made a gool recovery  Almost blach
unne was passed dunng the 48 hours followin,, the transfusion The
unpe subsequently remamed free from haemoglobm for about srx
weehs  Withn 24 hours of the commencement of the trwnsfusion the
patient became strikin,ly browm b yellow in colour  the brown: h
tinge dusappeared within a few days but the jaundice pers: ted longer
althaugh eventually 1t cleared almost complétely The total erythro
evte count of the patient gradually ro e f llowing the transfusion
reaching 1ts hughest point five weehs later (kig 96) Fortunately the
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Dameshek 1950) Crosby and Dameshek reported that a patient
with prroxysmal nocturnal hamoglobinuria to whom 8 000 umts
of heparin were given 1n the course of a blood transfusion deve
loped a severe hemolytic reaction  Although the heparm was not
proved to be the cause of the reaction Crosby and Dameshek
concluded that 1t was probably dangerous to use heparin tn tuo
n view of its activating power m small concentrations on hemo
lysts en z2tro  More recently Nelson and Bruce (1908) reported
another severe hxmoly tic reactron following the admimistration of
heparin

« Tacepherol Phosphate o Tocopherol phosphate acts as an antt
coagulant probably by serving as an antithrombin  Wilhams and
Clapp (1953) admimstered the drug to a patient with paroxysmal
nocturnal heemoglobinuna 1n the hope that 1t would mhibit the plasma
hemolytic factor However despite apparent inhibition of the acd
serum test an vifro the patient derived no benefit The authors con
cluded that the drug had no therapeutic value

Parasympathomimetie Drugs Hoffman and hracke (1943) treated
a patient with prostigmine eserine and pilocarpine respectively
E was 1y by each drug but the
erythrocyte count was hardly altered pilocarpine appeared to be the
most effective  Marks (1949) also used pilocarpine and noted clearing
of hemoglobinuria but the drug had to be discontinued because of side
effects Simpson and Oldham (1950) found pilocarpme to be of
no value Mellvame and Beard (1951) admmstered prostigmine to
one patient and pilocarpine to two but they derrved no decisis e benefit

ACTH and Corhisone

A CTI andjor cortisone have been tried on several occasions
but without significant benefit Essentially negative results were
reported by Kalant and Cyr (1952) and Hoffman and Powell (1957}
in America by the MR C Hematology Panel (1952) mn two cases
n England by Nelson and Bruce (1953) and others (see Crosby
1953b) The abdomunal pam of the patient of Fudenberg Palmer
and Kirsner (1954) however was alleviated

Adrenalin was used by Hoffman and Krache (1943) but without
benefit According to Crosby (1953b) 1t can bring about short
Iived suppression of hemoly sis

Splenectomy
Splenectomy was frequently undertaken 1n cases of parovy smal
nocturnal hemoglobinuria at 2 time when little or notlung w1s
Lnown regardg the hemolytic mechamism of the disease The
results of the operation were generally disappointing and the
mortality lugh  according to Crosby (1958b) eght out of 34
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Stefamns beliesed that the  hamochstic  reaction was followed by
imncrea ed hemolyss only tn parovysmal nocturnal hamoglobinuria
the hrmolyss becoming obvious several hours after the transfusion at
about the time the pyrexia subsided and sometimes contimung at o
rapid rate for several days

Indications for Transfusion

Transfusion needs to be used with diseretion as a pallative
treatment for paroxysmal nocturnal hemoglobiuria I the
pattent 1s elironteally severddy anzenue with a hamoglobin concen
tration persistently below 7 g per 100 ml  he certunly should
not be denied the very derable benefits from t even
if this means a  transf Ife  and sub
Tim to the risk of transfusion reactions and the more remote rish
of serum hepatitis  Less severely anwerue patients with hemo
globin concentrations averaging about 10 g per 100 ml should
not be transfused for they become well adapted to therr anemia
and usually recover rapidly from any more serious hamolytic
episodes

The two patients desertbed as Cases 32 and 83 each become
seriously anzmie unless transfused  Both have been transfused
with washed erythrocytes at mtervals from 1947 up till the time
of wniting This has been carmed out usually at eight weeh
tervals the patients recerving as 2 rule the washed cells from
four to s1x pints of blood drvided mto two or three transfusions
at daily or two day intervals The transfusions have almost
always been receved without rises in temperature or sigmificant

pt ore bations of b 1

The patients have usually been able to lead active lives for
about srx weeks or so following the transfusions sometimes also
beng free from hemoglobinuria  The possibly more desirable
plan of transfusing then as outpatients at say weekly intervals
with the washed corpuseles from one piat of blood so as to mam
tain a steadter hemoglobin concentratton has not been carried
out because of the distance the patients live from hospital

Especral care nwst be taken with eross matching tests because
of the possibibity of the formation of immune 150 antibodies
Case 83 developed anti Aell and this was the cause of a severe
reaction before 1t was discovered Case 82 on the other hand has
not yet developed any 150 anttbodies The other problem to
be considered 15 that of post transfusion siderosis The tissucs
of both patents by now probably contam a great deaf of won
The excess ron however does not seem to be domg hy
although no doubt undesirable this has not been cons]
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other workers and there seems no doubt that the method 15 of
value 1n patients who are sensitive to whole blood transfustons
(Caroli et al 1949 Bousset and Vernant 1949 Dameshel and
Neber 1950  Schubothe and Matthes 1951 Crosby 1953b)

It 15 not claimed that all patients who suffer from paroxysmal
nocturnal hemoglobmuria and need transfuston require to be
transfused with washed erythrocytes some certamly seem quite
tolerant of whole blood

The Plasma Transfusion Reaction The cause of the
hemolytte reictions which somebimes follow transfusions given
to patients with paroxysmal nocturnal hemoglobmuria requires
further discusston  Dacte and Firth (1943) and Dacie (1948)
ittributed the severe hamolytic reactions that they observed to
the transfusion of potentially hxmolytic plasma components
which 1t was assumed were m short supply n the patrent s own
plasma The very severe hemolytie reaction experienced by the
patient described as Case 3 who was group A was undoubtedly
due mostly to the transfusion with the unwashed packed group O
corpuscles of small amounts of ant1 A to which P N H corpuscles
are extremely sensitive and by which they are rapidly hemolysed
(see p 422) The hemolytic reactions to unwashed corpuscles
experienced by the patient described as Case 32 were much less
severe He was group O and recerved compatible group O blood
the harmful ts m the transfused plasma were not

1dentified

Dameshek and Neber (1950) deseribed the occurrence in certain
susceptible patients of 2 transfusion reaction which could be avoided
by the transfusion of washed corpuscles  Chill pyrexia bachache and
pan i the legs Were common symptoms but there were no signs that
the reaction was d by haemolysis except m_paroxy
nocturnal hemoglobinuria  The reaction was encountered m patients
suffering from a vanety of diseases  Most of them had been transfuscd
previously on many oceasiony

Crosby and Stefamm (1952) and Crosby (19,3b) have studied the

plasma transfusion reaction  1n more détal]  They considered that
the reaction regularly followed transfusion 1n parovysmal mocturnal
hxmoglohinuria’ and that a hemolytic cn 15 was an_thvarable sequel
toit They concluded that & heat labile factor of unknown ongin was
responsible and that certain objective changes followed mn & defimte
eg and D and an increase 10
the coagulability and fibrinolyti activity of the blood occur at the time
of the cfull and commencement of pyrexia  They pornted out that the
pattern of changes was smlar to that produced by anaphylactic and
peptone shock by mcompatible transfusions and by the imjection of
foreign protemns such as T AB vaccine (hnown to cause hemalyhie
episodes 1n parexysmal nocturnal hemoglobwuria) Crosby and
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Stefamim behiesed that the  hamoclastic  reaetion was followed by
Incrersed hemolysis only m [ aroxysmal nocturnal haxmoglobtnura
the hemolysts becomin, obvious seyeral hours after the transfusion at
about the time the pyrexia subsided and sometimes continuing at s
tapad rate for several days

Indications for Transfusion

Transfusion needs to be used with discretion as a palhatne
treatment for parovysmal nocturnal haemoglobnurte  If the
patient 15 chronieally severely anxmic with a hemoglobin coneen
tration persistently bedow ™ g per 100 ml ke certanly should
not be demed the very derable benefits from t even
if tlus means At Ife  and sub
him to the sk of transfusion reactions and the more remote risk
of serum hepatitis  Less severely anwnuc patients with hemo
globin concentrations averaging about 10 g per 100 ml should
not be transfused for they become well adapted to theirr ancnua
and ususlly recover raptdly from any more sertous hemolytic
episodes

The two pahents desenbed as Cases 32 and 33 each become
seriously anmic unless transfused  Both have been transfused
with washed ery throcy tes at mntersals from 1947 up till the ime
of wnting This has been carrted out usually at eight week
mtervals the patients recenving as a rule the washed cells from
four to six pints of blood divided nto two or three transfusions
at daily or two day intervals The transfusions have almost
always been receved without rises in temperature or sigmficant
symptoms or exacerbations of hemolysis

The paticnts have usually been able to lead active lives for
about s1x weeks or so foll g the also
bemng free from hemoglobtnuria  The possibly more desirable
plan of transfusing them as outpatients at say weckly mntervals
with the washed corpuscles from one pint of blood so as te mam
tamn a steadier hemoglobin concentration has not been carried
out because of the distance the patients e from hosptat

Especial care must be taken with cross matching tests beeause
of the possibility of the formation of mmmune 1so antibodies
Case 83 developed ant1 Aell and this was the cause of a severe
reaction before it was di covered Case 32 on the other hand has
not yet developed any 150 antibodics The other problem to
be considered s that of post transfusion siderosis The tissues
of both patients by now probably contamn a great deal of iron
The excess won however docs not seem to be doing harm and =
although no doubt undesirable this has not been considered V
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other workers and there seems no doubt that the method 15 of
value 1n patients who are sensitive to whole blood transfusions
(Caroli ef al 1949 Bousset and Vernant 1949 Dameshek and
Neber 1950 Schubothe and Matthes 1951 Croshy, 1953h)

It 15 not claimed that all patients who suffer from paroxysmal
nocturnal hzmoglobmuria and need transfusion require to he
transfused with washed erythrocytes some certainly seem quite
tolerant of whole blood

The Plasma Transfusion Reaction The cause of the
hemolytic reactions which sometimes follow transfusions given
to patients with paroxysmal nocturnal hzmoglobinuria requires
further discussion  Dacte and Firth (1948) and Dacie (1948)
attnibuted the severe hemoly tic reactions that they observed to
the transfusion of potentially hamolytic plasma components
which 1t was assumed were m short supply m the patient s own
plasma The very severe hamolytic reaction expenenced by the
patient described as Case 33 who was group A was undoubtedly
due mostly to the transfusion with the unwashed packed group O
corpuseles of small amounts of ant1 A to which P N H corpuscles
are extremely sensttrve and by which they are rapidly hemolysed
(see p 420) The hzmolytic reactions o unwashed corpuscles
experienced by the patient described as Case 32 were much less
severe He was group O and recerved compatible group O blood
the harmful comporents 1n the transfused plasma were not

dentified

Dameshek and Neber (1950) deseribed the occurrence in certain
susceptible pitients of a transfusion reaction which could be avorded
by the transtusion of washed corpuscles Chill pyrexta bachache and
pamn 1n the legs were common symptorss but there were no signs that
the reaction was accompamed by hmmolysis except m paroxysmal
nocturnal hemoglobinumia  The reaction was encountered 1 patients
suffering from a varety of diseases  Most of them had been transfused

reviously on many occastons
P Crosh)yand Stefamnt (1952) and Crosby (19,3b) have studred the

plasma transfuston reactron 1 more detall They considered '}‘“f

the renction regularly followed transfy m cysmal

hzmoglobinurta. and that 2 hemolytic cnisis was an mvarable sequel

to 1t Thev concluded that a heat labile factor of unknown ongin was

responsible and that certain objective changes followed in a defimite

cg ang bocytoy and an inerease W

the coagulability and fibrinolvtic actity of the blood occur ot the time

of the chill and comniencement of pyrexia They pomted out that m;
pattern of changes was similar to that produced by anaphylactic an

e shock by incompatible transfusions and hy the mjection of

me (hnown to cause hamolytic
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absolute dication to g the t Fortu
nately both patients contmuously excrete a relatively large
amount of 1ron 1n therr urme (p 415) and this to some extent
counterbalances the effect of so many transfusions

Case Report I Y A 11 1

Case 32 The patient (H A ) 1s 2 man now aged 51 years Hxmo
gloinuria was first noticed 1n September 1946 but he had been unwell
for sr< months before this H=moglobmnuria reappeared in January
1947 and paroxysm il 1 h 12 was d His
earher hustory was described by Dacie (1948)

Physiwcal Examination (1947) He was a shghtly jaundiced pale thin
man  The spleen was just palpable but there were no other abnormal
physical signs  His urine contained hemoglobin and there was a large
amount of heemosiderin 1n the urinary deposit

Laboratory Findings (1947) There were 1 800 000 erythrocytes per
emm and 80 g of hemoglobin per 100 m1  the MCV wus145cp
and there were 40 to 53%, reticuloeytes The leucocyte count averaged
8 800 cells per ¢ mm and the platelet count averaged 230 000 per ¢ mm
(see al-o Table 28) Stained blood films showed a moderate degree of
amsocytosis many macrocytes and a few poililocytes His bone
marro% was very hy erythropoletic cells d
(Fig 10 p 16)

‘The acid serum test was positive the antiglobulin test negative and
erythroeyte osmotie fragility normal

Further Progress In August 1917 he recerved a sertes of trans
fusions of saline washed erythrocytes The erythrocyte count was
temporarily restored to normal and his henoglobmuna and jaundice
disappeared for a time (Iig 97) Since then he has been transfused
with washed cells at mtervals of about eight weeks as desenbed on
p 441 and has been mamtained 1n this wav in farrhealth  Ths disease
however shows no signs of any real diminution in its miensity

The chinrcal story of this patrent 1s remarkable in that the hezmo
globmuria has never been obviously nocturnal  As a rule attachs of
hemoglobinuria have occurred at intervals of weeks or months and
have lasted usually for several days on end without apparent mter
mnson  On the whole he has e much les A
than the patient next described (Case 83) who 1s suffering from
paroxysmual 1 b of about the same degree of
sevenity as judged by the severnty of her anwmiz and the reticulocyte
Tesponse

Summary A case of severe p ysmal 7
of eight years duration  Hxmoglobinuna has never been ebutously
nocturnal  The pattent has been mamtained i far health by means
of a series of transfusions of saline washed erythrocytes

Case Peport  Parozysmal Nocturnal Heamo,lobwniuria

Case 33 The patent (K L) 15 a single woman now aged 50 years
Lier history was Teported by Dacte and Firth (1813) and Dacie

Her eatl
(1948)  Her sliness dates from November 1910  Hemoglohinuna at
Jught was the first sign of the dworder and later palior and jwundice
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hyperplasta  The serological tests for paroxysmal nocturnal hxmo
globinuna were clearly positive

Further Progress "The patient was next seen m 1946  5She was
shghtlv more anemic than previously (Table 28) but otherwise her
condition wasunchanged Hxmo,lobimurra was present more often than
not but almost always this had been confined to the mght time  She
had noticed that mfections seemed to precipitate attacks duning which
the hemoglobmuria mi_ht be continuous and that exposure to cold
and her menstrual periods also sometimes seemed to cause exacerbations

In March 1947 she was treated with a semes of transfusions of
washed corpuscles at short intersals and experienced an excellent
Tenussion (Fi,, 98)  Since then her hezmoglobin concentration has been
fanly well mamtamed by means of transfusions with saline washed
cells usually at about two monthly mtervals The transfusions have
almost always been well tolerated  She has in this way been enabled to
lead a moderately active ife  On one occasion howeser the undetected
presence of anti Kell led to a severe hemolytic reactton from winch
nevertheless she made a good recovery

She has been troubled on several occasions by phlebitis of the super
ficial vemns of her legs  Her renal funetron seems fo remamn ummipaired
despite the frequency of hazmoglobmuma She tends to develop
bronchstis 1n the winter 1ssocitted with bronchospasm

Summary A typical case of severe paroxysmal nocturnal hxmo
globinuria of 14 years duration Smee 147 the patient has been hept
1 farr health by means of transfusions of saline washed erythrocytes

Case Report I 1 Noct 1

Case 34 The patient (W P ) 15 3 man now aged 58 years Hzmo
olobinura dates from 193.. when he had an attack lasting seven days
Irom then until 1941 he had oceasional attacks lasting a week or more
usuallv at intervals of several months Many of them followed nfec
tions However he was not seriously mconventenced and remamed
at work In 1941 he was admitted 1nto hospital with hemoglobtnurta
and jaundice and the diagnosis of paroxysmal rocturnal hamoglobinuria
was then established

Physical Ezamination  He was a heavily built tall man somewhat
pale and Just visibly jaundiced Therc were no abnormal physical
signs  Unne passed at mght contamed hemoglobm buf the day time
urine appeared normal

Laboratory Findings (1941)  His erythroeyte count varted between
3 400 000 and £ 400 000 cclls pcr emm  with & to 14% retrculocy tes
The lencocyte count vared between 2 500 and 2 800 cells per ¢ mm
The erythrocyte osmotic fragility was normal The acid serum test
was positive a maximum of 40, of the ervthrocytes being hemolysed
at the optimum pH

Further Progress He expertenced more hemoglobmurta in the
winter of 1942 and had an episode Jasting four d1ys m Apnl 1943 He
was not seen again until December 1947 when he stated that he had
not had any hxxmoglobinurra since the attack m \pl 1943

In December 103~ he was found to be moderately anemtc with
4500 000 erythrocytes per emm 103 g hemoglobin per 100 m!
1 99, retreulocytes and <0 5 mg bilirubin per 100 m! The acid serum
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test was poutne but weakly so only 13%, of the corpu cles bemng,
hemolyvsed at the opimum pil By April 1018 he was less anmic
{Hb 132 g per 100 mi) but the acid serum test was still wenkly but,
defimtely positne  He had not had any more hremoglobinuria
He was scon agun i July 1919 three weeks after an attack of
pricumonia  This had not prosoked any haemo,lohimuna — the hemo
globin concentration was 1.7 g per 100 ml  with 2 49 retrculocytes
The acid scrum test was very weahlv po itne
He was not scen agun until September 100" ¥ xeept for angina
pectons he had hept well m the meanwlule and had had ro hemo
! he had Tien to 165 g per
100 mt with 4 600 000 erythrocytes per cmm 1 CV 479, and - 3%
reticulocytes  There were 3600 Jeucocytes per ¢ mm  and 130 000
platelets pere mm  The serum bilirubin concentration was 0 3 mg per
100 ml (Table 28) The ncid serum test was negatine and his clotted
blood had not undergone Iys:s esen after 18 hours incubation at 8~ C
Summary A casc of paroxysmal nocturnal hemoglbinuna of
moderate eventy  Hemoghbinuna ceased after 13 yenrs 20 years
nfter the onset climeal and hrmatological recovery appeared complete

Case Report  Paroxysmal Nocturnal HemoJdobinuna (snc Hemo
globmuria) Associated reath Congenttal Iplastie incmia { Fancont)

Case 3 The patient (A 11) 1s now aged 33 years In 1933 when
aged twelse years he was admitted to hing s College Hospital where
a diagnosis of aplistic anzmia was made  His younger brother was also
affected the history of the two boys up to 194, beng deseribed by
Dacie and Gilpin (1843)

In 1939 the blood of A H was observed to undergo rapid spon
tancous autohzmelysis and this observation led to the discovery that
his erythroeytes behaved in vitro 1n exactly the same way as did PN H
corpuscles The patient howeier neser had any attacks of hrmo
globmuria  In February 1939 was lap
tomy had been primanly undertahen 1n an attempt to explain recurrent.
attacks of severe abdominal pamn

Further Pro,ress By October 1042 the PN\ H _abnormality was less
marked as judged by 1n tatro tests only about 59 of the erythrocytes
being hxmolysed m acidified serum compared with .2, m 1030

‘The patient was next scen m October 1046 the neid serum test was
then only doubtfully positive  In 1919 and 1921 the test was negative
and (i 1951) the patient s corpuscles were shown not to be unduly
sensitive to hemoly 15 by anti A
. Summary A case of parovysmal nocturnal hemoglobinuna (sine

with (2) aplastic anemuadlow
but permanent smprorement leading to complete recovery followed
splenectomy  Laboratory tests for the P\ H abnormality were
positine 194 three years after the diagnosss of paroxysmal nocturnal
hzmoglobinurn doubtful in 1940 and negative 1n 1949 and 1901
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CHAPTER 17
HZMOLYTIC DISEASE OF THE NEWBORN

Synonyms Enthroblastosts fectalis  1cterus gravis neona
torum  hemolytic ancnua of the newborn  hydrops feetahs

History The earlv historv of hemolytic disease of the newborn
has been well reviened by Diamond Blackfan and Baty (1932)
Hawhsley and Iaghtwood (1934) and Pickles (1949) Although
hydrops fectalis had been recognized for centuries icterus gravis
was not separated from other causes of neonatal jaundice until
comparatisely recent times Now 1t 1s realized that hydrops
fectals hamolytie anemia of the newborn and cterus gravis
are all varants of the same disease (Hawhsley and Lightwood
1934 Gilmour 1944) The syndrome 15 now most commonly
referred to as hamolytic disease of the neaborn  The term ery thro
blastosis feetahs which until recently was widely used to describe
the whole syndrome refers to the finding of extramedullary
heemopoiesis and normoblastemia

Although 1t had been suggested previously that the hemolysis
mmght be brought about by an antibedy antigen reaction (Darrow
1938) evidence for thns was laching until Levine and Stetson
published their classic observations in 1939 They demonstrated
that the serum of a patient who had given birth to a dead feetus
contamed an unusual agglutimn and suggested that the feetus
had been responstble for the immumization of the mother and that
the 1mmumzing property had been inhenited from the father
Later Levine Burnham katzin and Vogel {1941) showed that
mn the great majority of cases the factor present in the feetus s
erythrocytes which was the cause of the mmumzation was
1dentical with the Rh factor which had been recently described
by Landstemner and Wiener (1940) From that pont on rapid
progress was made m the understanding and treatment of the
disease  Diagnosis was facilitated by the use of the antiglobuhin
test (Coombs Mourant and Race 1945) and treatment improved
by the mtroduction of exchange transfusion using Rh negative
blood (Wallerste:n 1946) It was soon realized too that hemo
1ytie disease of the newborn also octurred spontaneously 1m animals

a5t B
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or could be brought about by experimental immumzation Study
of the hemolytic syndromes 1n anmals has helped in the under
standing of the human vamety of the disease (Coombs 1950
Young et al 1951}

CLINICAL FEATURES

Heamolytic disease of the newborn 1s a disorder which 1s very
variable m 1ts severnity In its most severe form 1t causes the
death of the feetus wn utero usually at_about _the 84th week of
pregnancy  When this happens the mfant will be found on
delivery to be macerated and often grossly cedematous (hydrops
fcetalis)  Intra uterine death seldom takes place before the
28th week (Glass 1949 Molhson and Cutbush 1954)

At the other end of the scale of seventy the infant may appear
chnieally to be perfectly healthy at birth and during the neonatal
period and to show no signs of anzma or excessive Jaundice
Between these exiremes every grade of severity may be
encountered

Severely affected infants may be born jaundiced and seriously
anmue with cord hemoglobif concentrations between 5 and 10 g
per 100 m! —They are often cedematous and have raised venous
pressures and many die apparently of heart failure (Molitson and
Cutbush 1949)

Less severely affected infants may appear normal or almost
normal at birth  Shight jaundice may be present but this 1s not
constant  usually if not present at birth 1t appears withm a
few hours Jaundice 15 g Iy well bhshed at 24 hours
(in contrast to normal infants which are at the most only very
slightly jaundiced at this time) The jaundice then mereases
rapidly 1n mtensity and the serum bilirubin concentration mav
reach peak values of 20 mg per 100 ml or more withm three
days of burth if the infant 1s untreated Thereafter 1if the infant
survives the jaundice gradually diminishes

Although the cord hzemoglobin concentration mav be withmn
the normal range at birth (Mollison and Cutbush 1951 1954) the
hemoglobm of most affected infants falls rapidly after the first
day or so of hife Chnical anemia 15 usually obvious by the
second day

The infants spleen and hver are palpable in most cases
\Cutaneous purpura and/or bleeding from the mucous membranes
have been observed on rare occastons

hermkterus There1s a risk of  hermkterus  developng in
infants that become deeply jaundiced Signs of neurologieal




Corp Broop 403

damage appear usually_86 hours or_more after birth,/ An affected
infant becomes drowsy and may develop opisthotonos and
muscular twitchmg (Clurcaux 1950 Gerrard §852)  Death
usually follows from respiratory fulure This chinical syndrome 1s

A\associated with bile staming of the basal cerebral nucler (see
Pathology p 458) The earlier the symptoms appear the worse
15 the prognosis {Cerrard 1902 Armitage and Mollison 1953)

The development of kernikterus has been shown to be directly
related to the mtensity of sensitization and the degree of imma
turity of the mfanf(} atighan Allen and Diamond 1950) and with
the severity of the nfant s anema (Armitage and Mollison 1953)
It 1s also directly correlated with the depth of jaundice (Hsia
Allen Gellis and Diamond 1952} -

Familial 1 RBefore ats path was und d
hzmoly tic disease of the newborn was recognized often to affect
several children of the same family 1t was also realized that the
firstborn usually escaped (Hawksley and Lightwood 1934) The
famihal merdence 1s now easily expl d for once ton
has occurred a fresh pregnancy mevitably exetes renewed antibody
development 1if the father 15 homozygous for the immunizing
antigen (sce Pathogeness p 458) The result is that in some
farmlies there 1s a tendency for successive mfants to be more and
more severely affected

HAEMATOLOGICAL FINDINGS
v
At Birth (Cord Blood)

Heamoyloin  The hzzmoglobin concentration m the cord blood
of many mfants affected with hemolytic disease of the newborn
1s often abnormally low  nevertheless of Mollison and Cutbush s
(1951) serieS of 95 infants almost cxactly half had hzmoglobms
exceeding 13 6 g per 100 ml  the lower linut of the hemoglobin
range of the authors control series of normal infants  Schulman
and Smith (1951) have recently shown that the proportion of
feetal to adult hemoglobin at birth 1s usually lower than normal
m hemolytic disease of the newborn In affected infants with
normal hemoglobin concentrations the absolute amount of adult
) lobin was d hull and Smith d this
with effective regeneration

Erythrocytes  The erythrocyte count of cord blood parallels
the hemoglobin content  Some 1nfants are not anemic and have
erythroeyte counts as Ingh as 5 500 000 cells per emm  On the
other hand the {otal count may be less than 2 000 000 cells per
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or could be brought about by experimental immumization Study
of the hemolytic syndromes 1n ammals has helped 1n the under
standing of the human varety of the disease (Coombs 1950
Young et al 1951)

CLINICAL FEATURES

Hamolytie disease of the newborn 1s a disorder which 1s very
variable 1 1ts sevenity In its most severe form 1t causes the
death of the feetus wn utero usually at about_the 34th week of
pregnancy When this happens the wmfant will be found on
delivery to be macerated and often grossly cedematous (hydrops
foetalis)  Intra uterme death seldom takes place before the

. | 28th weck (Glass 1949 Mollison and Cutbush 1954)

At the other end of the scale of severity the infant may appear
chmeally to be perfectly healthy at birth and during the neonatal
period and to show no signs of anemia or excessive Jaundice

Between these extremes every grade of severity may be
encountered

Severely affected infants may be born jaundiced and seriously
anzeme with cord hemoglobisi concentrations between 5 and 10 g
per 100 ml ~They are often cedematous and have raised \enous
pressures and many die apparently of heart farture (Mollison and
Cutbush 1949)

Less severely affected mfants may appear normal or almost
normal at birth  Shight jaundice may be present but ths 1s not
constant usually 1if not present at birth 1t appears within a
few hours Jaundice 1s generally well estabhshed at 24 hours
(in contrast to normal mfants which are at the most only very
slightly jaundiced at this fime}) The jaundice then mereases
raptdly 1n ntensity and the serum bilirubin concentraton may
reach peak values of 20 mg per 100 ml or more within threc
days of burth of the infant 1s untreated Thereafier if the mfant
survives the jaundice gradually dimimishes

Although the cord hemoglobin concentration may be within
the normal range at birth (Mollison and Cutbush 1951  1954) the
hemoglobm of most affected infants falls rapedly after the first
day or so of lfe  Clinteal anemia 15 usually obvious by the
second day

The infants spleen and liver are palpable in most cases
Cutaneous purpura andfor bleeding from the mucous membranes
have been observed on rare occasions

Rernihterus There 1s a nisk of Lermkterus developing in
infants that become decply jaundiced Signs of neurologcal

\
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damage appear usually 36 hours or more after birth  An affected
mfant becomes drowsy and may develop opisthotonos and
muscular twitching (Clareaux 1900 Gerrard 1052)  Death
usually follows from respiratory failure This chinteal syndrome 1s

/\associated with bile staiming of the basal cerebral nucler (sce
Patholo,y p 459) The earlier the symptoms appear the worse
15 the prognoss {Cerrard 1952 Armitage and Mothson 19.3)

The development of kermihterus has been shown to be directly
rehited to the intensity of sensitization and the degree of imma
tunty of the infanf’(} aiighan Allen and Diamond 1950} and with
the severity of the infant s anenua (Armitage and Volhson 1953)
It 15 also directly correlated with the depth of jaundice (Hsia
Allen Cellis and Dtamond 1942) -

Familial Incidence Before its pathogenesis was understood
hamolytic disease of the newborn was recogmzed often to affect
several children of the same family 1t was also realized that the
firstborn usually escaped (Hawhsley and Lightwood 1933) The
farmihal 1neidence 15 now eastly explamned for once
has oceurred a fresh pregnancy nevitably excites rencned antibody
developraent 1f the father 1s homozygous for the immumazng
antigen (sce Pathogenests p 4.8) The result 1s that in some
families there 15 a tendency for successive infants to be more and
more severely affected

HAZMATOLOGICAL FINDINGS
v
At Birth {Cord Blood)

lob The h; lob ton 1n the cord blood
of many 1nfants affected with hemoly tic disease of the newborn
1s often abnormally low nevertheless of Mollison and Cutbush s
(1951) series of 95 infants almost exactly half had hxmoglobins
exceeding 18 6 g per 100 ml the Jower It of the hemoglobin
range of the authors control series of normal mfants  Schulman
and Srmth (1954) have recently shown that the proportion of
feetal to adult hemoglobin at birth 1s usually lower than normal
mn hemolytic disease of the newborn In affected infants with
normal hemoglobin concentrations the absolute amount of adult
): lobin was hul and Smith this
with effecttve regeneration
Erythroeytes  The erythrocyte count of cord blood parallels
the hemoglobin content  Some mnfants sre not anzme and have
erythrocyte counts as high as 5 500 000 cells per cmm  On the
otber hand the total count may be less than 2 000 000 cells per
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or could be brought about by experimental immunization Study
of the hzemoly tic syndromes m ammals has helped 1n the under
standing of the human varety of the disease (Coombs 1950
Young et al 1951)

CLINICAL FEATURES

Heemolytic disease of the newborn 1s a disorder which 1s very
variable i 1ts severity In its most severe form 1t causes the
death of the foetus n ufero usually at about the 84th week of
pregnancy  VWhen this happens the mfant will be ound on
dehvery to be macerated and often grossly cedematous (hydrops
foctahs)  Intra uterine death seldom tahes place before the

- ]28th week (Glass 1949  Molbson and Cutbush 1954)

At the other end of the scale of severity the mnfant may appear
chnically to be perfectly healthy at birth and during the neonatal
period and to show no signs of anzmma or excesstve jaundice
Between these extremes every grade of seventy may be
encountered

Severely affected infants may be born jaundiced and seriously
anzmic with cord hemoglobrfi concentrations between 5and 10 g
per 100 ml ~They are often cedematous and have raised venous
pressures and many die apparently of heart failure (Mollison and
Cutbush 1949)

Less severely affected nfants may appear normal or almost
normal at birth  Slight jaundice may be present but this 1s not
constant usually 1if not present at birth 1t appears within a
few hours Jaundrce 1s generally well established at 24 hours
(in contrast to normal nfants which are at the most only very
shghtly jaundiced at this time) The jaundice then increases
rapidly 1n intensity and the serum bilirubin concentration may
reach peak values of 20 mg per 100 ml or more within three
days of birth 1f the infant 1s untreated Thereafter if the mfant
survives the jaundice gradually dimimshes

Although the cord hemoglobin coneentration may be within
the normal range at birth (Mollison and Cutbush 1951 1954) the
hemoglobin of most affected mfants falls rapidly after the first
day or so of fe Clinical anemia 1s usually obvious by the
second day

* The infants spleen and Iiver arc palpable 1 most cases
Cutaneous purpura andjor bleeding from the mucous membranes

have been observed on rare occasions

Kernikterus There 1s a nisk of kernikterus  developmg i
infants that become decply jaundiced Signs of neurologieal



CrmancES AFTER Brrrio 455

tration 15 much ugher 1n infants affected with hemoly tic disease
of the nesborn thin i normal mnfants there 1s a considerable
overlap and by itsclf an estimation of bilirubm may fail to help
m diagnosis

Changes in the Blood Picture after Birth

Progress of Anemia The onset and rapid progress of
antmin after birth has already been referred to However the
rate at which the hxmoglobin concentration and erythrocyte
count fall 1s vanable  Often the fall 1s not great for the first two
days but from the third day to the end of the first weck the rate
of fall may even be as great as 8 g hemoglobin per 100 ml
24 hours

As the supply of antibody from the mother 1s cut off from the
time of birth onwards the rapidly increasing anemia after birth
needs some explanation It seems unlikely that a sigmficant
amount of antibody 1s absorbed from colostrum or milk (see p 461)
The most Dkely explanation for the progressive anzma 1s a
duminution tn the rate of compensatorv erythropolests which up
Il birth had been more or less heeping pace with the hxmolysis
The high normoblast and reticulocy te counts fall swiftly after the
first day or two to quite low levels and as blood destruction appears
to proceed unabated for some time n untreated infants anemia
rapidly develops The failure mn erythropoiesis 1s probably the
result of the increase n oxygen tension 1n the blood after birth
compared with intra utermne levels

‘The Increase in Serum Bilirubin  As mentioned on p 452
the serum bilrubin concentration of an nfant affected with
hxmolytic disease of the newborn increases more ramdly and
reaches far higher levels than in normal healthy infants The
marked 1ncrease in the bilirubin concentration of affected infants
15 due to two factors  contmuing hemolysis and the mability of
the hiver of the newborn mnfant to excrete bilrubin rapidly  In
untreated affected infants the peak biltrubin concentration 1s
usually reached during the thud day of hfe the axerage concen
tration at this tine i the series of Hsta and co workers (19.2)
bemng 30 mg per 100 m}

SEROLOGY

Direct Antiglobulin Test Cord blood erythrocytes always
give a positive antiglobulin test 1n haemoly tic disease of the new
born due to Rh annbodms/ The intensity of the reaction vares
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cmm i nfants born dead or mortbund  Tymeally there 1s
marked macroeytosis and the MCV and M C D’ are Iugher than
m normal newborn infants of comparable matunty  Stamed films
show amsoeytosis with many macrocytes and a small degree of
pokilocytosts  Most of the largest macrocy tes are polychromatic

Reisner (1943) constructed Price Jones curves and described the
presence of two peaks a normocytic peak and s macrocytie peak
or two macrocytic peaks Spherocytosis 1s not usually obvious
in hzemoly tic disease of the newhorn due to immumization against
Rh antigens when due to antt A on the other hand this may
be a marked feature of the film (see p 463) As a rule moderate
numbers of sideracytes are present (mean 8 7% range 0 to 35%

Douglas and Dacie 1953)

Normoblastera Excessive numbers of normoblasts are almost
mvanably found 1 cord blood films of infants with hemolytic
disease of the newborn  They are mostly mature or almost mature

bl and macr bl but m the more severely
affected infants early polychromatic or even basophilic normoblasts
are often present in large numbers True megaloblasts are never
present The total number of normoblasts may easily exceed the
leucocy te count and 1n some cases as many as 100 000 per ¢ mm
may be present Even in the mildest cases the number of normo
blasts usually exceeds that normally found m full term newhorn
fants 1e up to 10 per 100 leucocy tes (Mollison 1951}

Reticulocytes  The reticulocyte count 1s characterstically
raised In severely affected mfants the count may be as high as
50% and even in the mildest cases it 1s generally higher than
normal 1e >5%

Leucocytes 'The leucocyte count may be as high as 30 000 per
cmm N phils preds and small bers of
cells may be present (Blackfan Diamond and Leister 1944}

Platelets The platelet count 1s usually low in severe cases
(Blackfan Diamond and Leister 1944)

Osmotic Fragihily ~Osmotic fragihty 1s usually normal n
hemolytie disease of the newborn due to antt Rh However it
may be mereased m severely affected infants (Crawford Cutbush
and Mollison 1953) In hmmolytic disease of the newborn due
to ant1 A on the other hand merensed fragility scems to be
found regularly (Robmnson Phillps and Prystowsky 1951
Crawford Cutbush and Molhson 1953)

Serum Bilrubin  The bilirubin concentration m cord serum
varies from 1 mg to more than 9 mg per 100 ml (Mollison and
Cutbush 1949 Hsiz efal 1952) Although the average concen
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PATHOLOGY

The macroscopie and mucroscopie findings m mfants who have
died of hremoly tic discase of the newborn have been the subject
of many detailed reports (e g Hawhsley and Lightwood 1934
Gilmour 1934  Puickles 1949  Lindsay 1920) The mam
features are as follows The mfant 1s usually pale and jaundiced
and may be cxdematous—the eedema 1s severe and generalized
in hydrops feetalis  serous effusions are often present Petechix
are sometimes found on the serous surfaces and larger haxmor
rhages are not uncommon in the lungs The liver and the spleen
are 1nvariably enlarged sometimes markedly so  An increase of
suprarenal cortical ipoid was noted by Cilmour (1944) in hydrops
cases The brain may be stained with bile pigment m decply
jaundiced infants the basal nucler being particularly affected
( hernikterus Schmorl 1904) The placenta 1s often bulky
and pale

Histology The most strihing histological feature 15 the

d d ext dullary ervthropo the nfant s reaction
to severe hemolysis  This was referred to by Rautmann (1012)
as  erythroblastosts faetalis  The extramedullary erythro
poiests 15 more widespread than would be supposed on nahed eye
exammnation  In addition to being present in the Irver and spleen
1t has been observed for instance In the pancreas hidneys
adrenals Iymph nodes gonads and placenta and even 1n connec
tive tissue and skin {Hawksley and Lightwood 193¢ Gilmour
1944}

Later  Sections show a vanable but, often enormaus proliferation of
normoblasts within the liver sinusoids compressing and displacing the
uiver parenchyma cells _ Fatty nfiltration 1s not uncommon and focal
necroses may be scen A considerable amount of bile pigment 1s found
ether as fine droplets in liver cells or as thrombi 10 the canalicul
particularly n jaundiced infants dying after birth  An imerease m
reticultn has been reported (Gimour 1944} but fibrosis 1s meon
spicutous as a rule  The degree of siderosis varies

The Liver structure (and function) eventually return to normal in
infards who survne  Hawhsley and Lightwood {1931) noted that the
lier of an wfant dying (of pertusus) ten weeks after recovery from
hxmolytic disease of the newborn was normal except for the presence
of & few normoblasts and some hemosidertn

Spleen  Sections show and d )it
‘The Malprghian bodies are small  Dile pigment and hemosiderin ma:
be found in infants who die in the neonatal penod  Excess h&mosiderin
13 however not always found

Bone marrow  All the medullary cavities present at birth contan
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Usually the reaction 1s strong well marked agglutination faking
place wathmn 80 seconds of the additron of the antiglobulin serum
Weak reactions (due to anti Rh) are usually assoctated with
climeally muld forms of the disease (Pichles 1949  Mollison 1951)
Maximum agglutination characteristically takes place m compara
tively highly diluted antiglobulin serum {1 1n 64 to 1 1n 206) if a
Inghly potent serum 1s used In contrast the direct antiglobulin
(reaction 15 usually weak m hemoly tie disease of the newborn due
to ant1 A 1t may even be negatne (Crawford Cutbush and
Mollison 1908) (see p 463)

The direct antiglobulin reaction often remams positive for
many weeks after birth in infants suffering from hemoly tie disease
due to Rh antibodies although the mtensity of the reaction
weakens gradually  Molhison and Cutbush (1949} obtawed post
tive reactions m one case up to 93 days after birth However
the reaction usually becomes negative within a few days mn infants
effectively treated by means of exchange transfusion with Rh
negatrve blood

The persistence for many weehs of sensttized erythroeytes in
the circulation of an untreated mfant shows that 2 moderate
degree of coatng  with antibody 1s not mcompatible with a
normal or almost normal cell suryival

Antibody 1 the Infants Serum Rh antibody can usually
be detected m an affected infant s serum at the time of birth
Using the ndirect antiglobulin test or the albumin _techmque or
both, Molhson and Cutbush (1949) were able to detect the presence
of antibody 1 35 out of 41 cases However the smount (titre)
of free antibody did not seem to be correlated with the severity
of the hemolysis as Judged clnically (Mollison and Cutbush
1949 Sturgeon 1954)

The antibody may persist for a surprisingly long tume It may
be detected mn a gradually decl c for weeks 1n
ifants given repeated transtusions of Rh negative blood 1t has
been detected for four months or more 1 the sera of Rh negative
infants born to previously sensitized mothers whose sera contain
anti Rh (Virener 1948  RMollison 1951) A straight hne 15
obtamed 1if the antibody titre 15 plotted on a loganthmie scale
against trme (Mollison 1851)

Free antibody may also be detected at birth or shortly aiter
wards m the serum of wmfants with hemolytic discase of the
newborn duc to ant1 A Crawford Cutbush and Mollison (19.3)
using the antiglobulin method obtamned positive results 1 eght
out of eleven cases
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PATHOLOGY

The macroscopie and microscopie findings i infants who have
died of liremoly tic disease of the newborn have been the subjeet
of many detsiled reports (e g Hawhsley and Lightwood 1934
Gilmour 1944 Pickles 1940  Lindsay 1950) The mam
features are as follows The infant 15 usually pale and jaundiced
and may be cdematous—the cedema 1s severe and generalized
in hydrops fetalis  <erous effusions are often present  Petechie
are sometimes found on the serous surfaces snd larger hamor
rhages are not uncommon 1n the lungs The Liver and the spleen
are invarrably enlarged sometyimes marhedly so  An increase of
suprarenal cortical ipoid was noted by Gilmour (1244) m hydrops
cases The bram may be stamed with bile pigment 1 deeply
jaundiced mfants the basal nucler being particularly affected
( Rlermikhterus Schmorl 1903) The placenta 1s often bulky
and pale

Histology The most strihing histological feature 1s the

d d ext dullary erythrop the infant s reaction
to severe hemolysis  This was referred to by Rautmann (1912)
as  erythroblastosts feetals The extramedullary erythro
potesis 1s more widespread than would be supposed on naked eye
examination  In addition to bemng present in the liver and spleen
1t has been observed for mstance i the pancreas hidneys
adrenals Iymph nodes gonads and placenta and even in connec
tive tissue and shin (Hawksley and Lightwood 1934 Gilmour
1944)

Luer Sections show a vanable but often enormous prohiferation of
normokblasts within the hiver mnusods compressing and displacing the
liver parenchyma cells _Fatty infilration 13 not uncommon and foc 1l
necroses may be seen  \ considerable amount of bile pizment 1s found
aither as fine droplets 1 liver cells or as thrombi m the canahiculs
partieularly 1 Jaundiced 1nfants dying after birth An inerease 1n
reticubn has been reported (Gilmour 1943) but fibrosis 15 mcon
spicuous as a rule  ‘The degree of siderosss varics

The hver stracture (and function) eventually return to normal 1o
infants who survive Hawhsley and Lightwood (1934) noted that the
Iiver of an mfant dying (of pertussis) ten weehs after recovery from
hemolytic disease of the newborn was normal exeept for the presence
of a few normoblasts and some hemosiderin

Spleen Sections show and ¥ h
The Malpighian bodies are small Dile pigment and hamosiderin may
be found 1n infants who die 1n the neonatal penod  E-xcess hwmosiderin
35 however not always found

Bone marsow ~ All the medullary cavities present at birth contain
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Usually the reaction 1s strong well marked agglutination talang
place within 80 seconds of the addition of the antiglobulin serum
Weak rcactions (due to anti Rh) are usually associated with
chmeally nuld forms of the disease (Pickles 1049 Mollison 1951)
Maximum agglutimation charactenstically takes place n compara
tively ighly diluted antiglobulin serum (1 1 64 to 11n 256} if a
?hxghly potent serum is used In contrast the direct antiglobulin
reaction 1s usually weak in hemolytie disease of the newborn due
ito antt A 1t may_even be negative (Crawford Cutbush and
Mollison 1958) (see p 463) ~

The direct antiglobulin reaction often remams positive for
many weehs after birth 1 infants suffering from hzemolytic disease
due to Rh antibodies although the intensity of the reaction
weahens gradually  Mollison and Cutbush (1949) obtamed post
tive reactions mn one case up to 93 days after birth However
the reaction usually becomes negative within a few days mn nfants
effectnely treated by means of exchange transfuston with Rh
negative blood

The persistence for many weeks of sensitized erythrocytes in
the crculation of an untreated infant shows that a moderate
degree of coating with antibody 1s not incompatible with a
normal or almost normal cell survival

Antibody 1n the Infant s Serum Rh antibody can usually
be detected m an affected mfant s serum at the time of birth
Using the mdireet antiglobulin test or the albumn_teck or
both Mollison and Cutbush (1949) were able to detect the presence
of antibody 1n 85 out of 41 cases However the amount (titre)
of free antibody did not seem to be correlated with the severty
of the hemolysis as judged chmeally (Mollison and Cutbush
1949  Sturgeon 1954)

The antibodv may persist for a surpnismngly long time It may
be d dm a dually dechmng concentration for weehs i
mfants given repeated transfusions of Rh negative blood 1t has
been detected for four months or more 1n the sera of Rb negative
mfants born to previously sensitized mothers whose sera contatn
antt Rh (Wiener 1948 DMollison 1951) A straight line 1s
obtamed 1f the antibedy titre 1s plotted on a loganthmie seile
aganst time (Mollison 1951)

Free antibody may also be detected at birth or shortly after
wards 1n the serum of infants with hemolytic disease of the
newborn due to ant1 A Crawford Cutbush and Mollison {1953}
using the antiglobuhn method obtamed positive results 1 eight
out of eleven cases
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effective stimulus to an antibody forming mechanism which had
already been primed by the fiest pregnaney  Iowever affected
wnfants are {ar less common than nught be expected on theoretical
grounds and many Ith negative women married to homozy gous
Tth positive husbands have scveral cluldren without any bemg
obviously affected with hemolytic discase  Mollison (1952) has
made some mteresting calculations  ten out of every 100 children
are likely to be th positive (and to have an Rh negatis e mother}—
these are the chuldren at risk  Yet the irerdence of hemolytie
disease of the newborn 15 about one affected child 1n 170 to 200
pregnancies (Schwartz and Levine 1943  Boorman Daley and
Dodd 1947) only one seventeenth to one twentieth of the
theoretical masmum  Many of these births are of course first
pregnancies 1n which the rish 1s very shight indeed Even so the
medence 1s far Jess than might be expected
It cannot be claimed that the exact mechanism of the immumza

tion 15 completely understood nor 1s 1t clear why immumzation
50 often fails to occur It 1s hnown that Rh negative women
(and men) vary in their power of responding to the stimulus of
Rh positive blood given imtrasenously  Valler (1949) reported
that three out of ten volunteers deseloped antibodies after three
2ml mjections had been given at intervals of six weeks  after
1% injections mine out of the ten had responded  Viener {1949)
mjected larger numbers 549, of 47 volunteers responded after
three mjections at intervals of three to four months but only
two thirds of them had responded at the end of five mjections

This vanabiity in response must clearly be one factor which
affects the development of antibodies when there 13 ncom

patibility between the blood groups of the mother and her feetus

Other possible factors including the role of the placenta arc
considered by Coombs (1950)

1t 1s stil unknown whether the immuntzing antigen 1s conveyed

to the mother in & soluble form or by intact erythrocytes or even
by fragments of placental tissue making their nay mto the maternal
cireulation (Levine 1948 Kline 1949) Mollison (1951) concluded
that imtact erythrocytes were unlikely to be responsble and
favoured the other two hypotheses It 15 possible that the primary
sensitization 1s to a large extent brought about by events asso

ciated with parturition when the chances of feetal placental tissue
or erythrocytes entering the maternal ewrculation are likely to be

attheirgreatest Thereisevidence however that a first pregnancy

termmatmg by abortion at ten {o twelve weeks may act as a

sufficient primary stunulus for serious smrnunization to develop
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active h P tissue  Erythrop.
mn all stages of development being present 1n vast numbers

Brain D and di of ganglion cells early
ghosis and the appearance of fat granule cells have been described
the cerebral nucler of mnfants dying of hermkterus (Gilmour 194§
Clareaux 190)

ATIOLOGY AND PATHOGENESIS

Hzmolytie disease of the newborn 1s now known to be the
result of mcompatibility between the blood group anfigens of
the feetus and those of the mother This 1s possible because the
feetus recerves half its complement of blood group determiming
genes from the father Differences between feetus and mother
are m fact almost mevitable because of the existence of s0 many
blood group antigens

Fortunately however only a proportion of the blood group
antigens which the feetus may possess commonly stimulate the
mother to form 1so antibodies should she lack the corresponding
antigens 1n her own erythrocytes D s by far the most mmportant
of the Rh antigens which cause hemoly tic disease of the newborn
but other antigens such as E ¢ C and C¥ have been imphcated
on rare occasions (Lawler and van Loghem 1947 van Loghem
and Hart 1949 Pichles 1949 Malone and Dunsford 1951
Race 1952 Grundorfer 1958 van Loghem and Bakx 1953)
Rell and S meompatibility have also been known to canse hemo
Iytie disease (Mollson 1951 Levine Ferraro and Koch, 1952)
Cases due to ABO incompatibility almost all due to ant1 A also
occur (see p 462) numerically they are the second most 1mpor
tant type Rarely hemolytic disease has followed immunization
to the exceedingly uncommon private  blood factors (Levine
etal 1951)

Even when an Rh negative woman laching the D antigen
marries a man homozygous for D and bears n consequence &
feetus containing the D antigen, immumization and the develop
ment of ant1 D 1s the exception rather than the rule  It1sexceed
ngly uncommon for the first child of such a marniage to be
affected  when this happens 1t usually transpires that the woman
has recerved one or more transfusions (Diamond 1945 Levine
and Vialler 1946) or has been gien intramuscular mjections of
blood perhaps many vears previously (Bessis 1947  Levine

Vogel and Rosenfield 1903)
The usual course of exents 1s for a healthy child to be born at

the first pregnancy and then for the sccond or the third ehuld to
be affected the later pregnancies presumably providing an
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effectis ¢ stimulus to an antibody forming mechanism which had
already been primed by the first pregnancy However affected
1nfants are far less common than might be expected on theorctical
grounds and many Ih negative women marned to homozygous
Rh positive husbands have several cluldren without any bemng
obviously affected with hemolytic disease  Mollison (1952) has
made some nteresting caleulations  ten out of every 100 children
are likely to be Rh positive (and to have an Rth negative mother)—
these are the children at nish  Yet the meidence of hemolytic
disease of the newborn 1s about one affected child mn 170 to 200
pregnancies (Schwartz and Levine 1243 Boorman Daley and
Dodd 1947) only one seventeenth to one twentieth of the
theoretical maximum  Many of these births are of course first
pregnancies 1n which the nsk 1s very shight indeed Evenso the
merdence 1s far less than mught be expected

It cannot be clammed that the exact mechamsm of the immuniza
tion 15 completely understood nor 1s 1t clear why immunization
so often fails to occur It 1s known that Rh negative women
(and men) vary in their power of responding to the stunulus of
Rh positive blood given ntravenously Valler (1949) reported
that three out of ten volunteers developed antibodies after three
2 ml injections had been given at imtervals of six weeks  after
six mnjections nme out of the ten had responded  Viiener (1949)
wjected larger numbers  54%, of 47 volunteers responded after
three mjections at mtervals of three to four months but only
two thirds of them had responded at the end of five injections
This variability in response must clearly be one factor which
affects the development of antibodies when there 1s incom
patibility between the blood groups of the mother and her foctus
Other possible factors including the role of the placenta, are
considered by Coombs (1950)

Tt s still unk whether the antigen 1s conveyed
to the mother 1n a soluble form or by intact erythrocytes or even
by fragments of placental tissue making their way 1nto the maternal
circulation (Levine 1948 hline 1949) Mollison (1951) concluded
that intact erythrocytes were unlikely to be responsible and
favoured the other two hypotheses It1s possible that the primary
sensitization 15 to a large extent brought about by events asso
ciated with parturition when the chances of feetal placental tissue
or erythrocytes entering the maternal airculation ate hikely to be
at thewr greatest ‘Thereis evadence however that a first pregnancy
terminating by abortion at ten {o twehve weeks may act as a
sufficient primary stimulus for serrous rmmunization to develop
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at a second pregnancy Nevertheless here too 1t 15 possible that
1t 15 feetal tissue escaping into the maternal circulation at the
time of the nuscarnia e that acts as antigen

The Maternal Antibodies

Most commonly & sensitized Rhnegative woman develops
pl ant1 D 1y * p m sakne agglu
tmating ant1 D or antt C or antt E may be present 1n addition
Ant1 E rarely and ant1 C or antt C* very rarely occur by them
selves in the sera of pregnant women (Malone and Dunsford
1951 van Loghem and Bakx 1953) Antibodies are not usually
detectable until about the fifth month of pregnancy when deve
loped for the first time  the) usually mcrease in titre as pregnaney
proceeds and they are almost invariably detectable by the 31th
weel 1f the feetus 1s affected  When antibodies have been present
m a previous pregnancy they may be detected m a succeeding
pregnancy from the earlhest stages sometimes they mcrease i
titre but more often than not the titre remaimns unchanged (¥iener
Nappt and Gordon 1951b  Arnold Walsh and Herzger 1951)
When 1n the succeeding pregnancy the feetus 1s Rh negative
(husband heterozygous for D} the antthodies nevertheless persist
throughout pregnancy (Dawvidsohn and Stern 1948  Viiener
Nappr and Gordon 1951a) they may even mcrease shghtly mn
titre (Pickles 1949 Schnerder ef al  1950)

The titre of the antibodies varies greatly from case to case
Molhson and Cutbush (1949) reported titres ranging between 1
and 16 000 1n 43 patients There 15 probably some general but
not very close correlation between the concentration of anttbodies
and the clinical severity of the resultant disease m the affected
mfant (Molhson and Cutbush 19490  Allen Diamond and
Vaughan 1950a  Yviener Napp: and Gordon 1902) After
deltvery the highest titres are found 1n the first week or so of the
puerperum  Thereafter the concentration of anttbodies gradu
ally falls often however they can be detected many years
subsequently (VWiener Nappi and Gordon 1951b) It 1s also
Lnown that when in saline agglutinating antibodies predommate
the outlook 1s more fa ible than when plete (bloching)
antibodies are present alone at comparable titres (Davidsohn and
Stérn 1948 Mollson 19515 "As Will be refcired o in the next
paragraph the m saline agglutinating type of antibody probably

fails to cross the placenta o
“Yassage of Antibodies through the Placenta It has been
Lnown for a derable-time that the pl 15 permenble to
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many types of antibody (Mchhann and hapmch 1938} It has
also been shown that antibodies and gamma globuling are present
1n feetal serum in much lugher concentrations towards the end of
pregnaney than in the first and sccond trimesters (Vablquist
Lagererantz and Nordbring 1050 Moore Du Pan and Busten
1919)

However only the incomplete form of ant1 Rh seems to have
the power of crossing the placenta e

YWhen the maternal serum contains entibodies and the fetal erythro
cytes are Rh negative (father heterozygous for D) the titre of incom
plete antibodies m the cord serum closely prrallels the titre m the
maternal serum (Vtiener 1048  Molhson 1051) On the other hand
when complete and mcomplete forms exist together i the maternal
serum only the incomplete form will be found 1 the foetal serum
{(Broman 1048) Incompletc antibody 1s cipable of crossing the
placenta at a early stage of Mollison (1951}
Teported finding that the direct antiglobulin test was positive in two
fertuses of apparently ten and sixteen weeks of oge respectively

TIn saline aggiutinating antl A (and ant: B) cross the placenta barner
with difliculty and may not be demonstrable 1 cord serum (Tovey
104s Wiener Wexlerand Hurst 1949) The incomplete and probably
hemolytic forms of the anttbody certamly cross far more easdy (see
5363 —

¥ Transference of Antibody s Colostrum and Mlh,

There 15 some evidence for the presence of Rh antibodies in human
milk and colostrum (Vitebsky and Heide 1943) but no conclusive M
evidence that they can be absorbed by the infant even in the first days
of Ife (Catlue 1917) '

In dogs on the other hand there 1s no evidence that transplacental
transfer of antibody from mother to puppy takes place The calostrum
howeser contans and in bitches
severe hemolytic disease of the newborn develops 1f the puppies are
allowed to suckle their mothers during the first day of Iife (Y oung e al
1951)

Mechanism of Erythrocyte Destruction

As already discussed on p 299 the mechamsm by which

incomplete antibodies cause erythrocyte destruction n 1120 1s not

di d Intitro bodies such as ant1 D cause

at the most very small amounts of hzmolysis and they do not

seem to be potent in promoting erythrophagoeytosis In hamo

lyticd of thenewborn the al varable ab: f marhed

d that h lysis oceurs for the most

part outside the circulating blood stream but exactly how and
n what organs 15 obseure

Possibly autohemagglutination resultng from sensitization 15

smportant 1o areas where the circulation 1s slow and conceivably the




462 Hazmoryric Disease or THE NEWDORN

metabolism of the erythrocyte 15 affected del 1
the adsorption of antibody globulin {see also p 802) Itis also possible
that phagocytosis of d 15 more than
appears from tests in vifro  Erythrophagocytosis has been detected
for mnstance 1n the peripheral blood films of affected mnfants (Cooper
1950) Insevere cases too Schumm s test for hzematin mav be positive
and osmotie fragility increased  Increased fragility probably indicates
a severe degree of damage by antibody and n 1nfants i which this 15
ﬁt)\md 1113 hikely that & certain amount of Iy sis takes place in the blood
stream

In h:nmolytic dnse;‘lse of the newborn due to ant:1 A comparable

although not are p at work

HAZMOLYTIC DISEASE OF THE NEWBORN DUE TO
ANTI A (OR ANTI B)

It 15 now known with certainty that incompatibihity withmn the
ABO groups 1s an mportant cause of hemolytic disease of the
newborn  Although this had been suspected by Levine and his
colleagues 1n 1941 conclusive studies have been carried out only
in recent years (Grumbach and Gasser 1948 Boorman Dodd
and Trinick 1949  Wiener Wexler and Hurst 1949  Crawford
Cutbush and Mollison 1903)

Meemolytic disease of the newborn due to anti A 15 a less
common disorder than that due to ant1 Rh and 1t differs from 1t

y

clmeally as well as h logteally and

Climical Features

These are well summanzed by Wiener 1 exler and Hurst (1949)
end by Mollison (1951) One difference from hrmolytic disease
of the newborn due to ant1 Rh 1s that infants born of first preg
nancies are not infrequently affected According to Mollison
(1951) first born mnfants were affected 1n thirteen out of 33 farmlies
n which the disorder had occurred  Mollison attributed this to the
fact that many heterogenetic stimuli such as injections of tetanus
toxoid and T A B vaccine simulate the formation of the immune
type of antt A m group O subjects

The infants as a rule are not seriously affected Anzemm at
birth 1s absent or mimmal and there 1s seldom a substantial fall
mn I ); k 1y  Jaund however T
rapidly after birth and kernihterus has been desersbed (Grumbach
and Gasser 1948 Levine Vogel and Rosenfield 1953)

Blood Picture and Serology
The hematological and serologieal findings 1n cleven earcfully
studied cses were recently deseribed wmn detail by Crawford
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Cutbush and Mollison {1923) Anemia was absent or mild but
the MCH C tended to be higher than i normal nfants and
nfants with hamoly tic disease due to antt Rh The reticulocy te
count varred from 8 to 219, on the first day of bife  excessive
normoblasts (80 normoblasts or more per 100 leucocy tes) were
found 1n seven out of mne infants  Jaundice was moderate or
marked (ma<imum values ¥ mg to 26 mg per 100 ml) Sphero
ey tes could be seen 1n the infants blood films and definite increases
1n osmotic fragihty were demonstrated 1n ten of the eleven cases
The finding of increased fragility 15 1 strong contrast to hxmo
Iytic disease of the newborn due to ant: Rh in which an ncrease
m fragility 15 seldom found

The direct antiglobulin test was positive 1 seven out of the
cleven cases  the reactions were far weaher than those usually
found 1n hemolytic disease due to ant: Rh Free anti A was
detected in the cord serum of eight infants  theantibody however
only scnsttized A; cells to antiglobulin serum and did not cause
agglutmation or hemolysis  All the mothers were group O
therr sera contammed 1mmune  ant1 A which sensitrzed A, cells
to antiglobulin serum as well as hemoly sing them 1n the presence
of compleraent  The agglutimn titres were mostly high but not
exceptionally so

Crawford Cutbush and Volhison (1923) concluded that 1t was
the immune type of antt A m the maternal sera (1¢ antibody
with marked hxmolytic and sensitizing properties) that was
responsible for the hemolysis in the infant  Thev suggested that
if a mother s serum failed to hxmolyse her infant s erythrocytes
1 itro ths could be taken as evidence agamnst the possibility
that hemoly tic disease in the infant could hayve been due toanti &

Recently 1t has been pomted out by Rosenfield (1954) that in
hemolytic disease due to ABO incompatibility the mother has
been almost mnvariably group O not group B This has been
explamed on the hypothesis that the active antibody 1s the
cross reacting antt  C which only group O subjects ean form
and which possibly passes the placental barner more easily than
do ant1 A or anti B (see Yiener Samwick Vorrison and Cohen
1903)

DIAGNOSIS OF HAMOLYTIC DISEASE
OF THE NEWBORN
Hazmolytic disease of the newborn 1s strongly suggested if an
fant develops rapidly decpemng jaundice within a few hours of
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birth associated with anemia marked reticulocytosis and
normoblastzmia  particularly 1f there 15 a Istory of stmlar
occurrences m previous pregnancies or of unexplamed stillbirths
Certain confirmation of the diagnosis can only be made by
serological means

‘The most significant single serological observation 1n heemoly tic
disease of the newborn due to all types of incompatibility 1s the
demonstration of sensitization of the mfant s corpuscles by mens
of the antiglobulin test It 15 only mn hemolytic disease due to
ant1 A that the test 1s at all likelv to be negative The demon
stration of antibodies in the maternal serum capable of aggluts
nating or sensitizing her infant s corpuscles supports the diagnosis
of hamolytic disease of the newborn The presence of antibodies
mn the maternal serum 1s by 1tself not diagnostic for they may
have been formed as the result of a previous pregnancy or trans
fuston and not as the result of hility in the preg Y
n question

If there appears to be no obyous group mcompatibility between
mother and child eg if both are Rh negative or Rh posttrve
then 1n the presence of obvious signs of neonatal hamolysis
sensitization agamst antigens other than D such as ¢ S or Rell
and ABO mcompatibility must be thought of

Other causes of neonatal jaundice and of anerma with or
without erythroblastosis exist  Congemtal Iiver disease (oblitera
tion of the bile ducts cmrrhosis or hepatitis) congemtal syphilis
and congemital hxmolytic anemias such as hereditary sphero
cytosis are possibiities which should be borne i mund  In no
mstance however 1s the clinical evolution of the case just the
same as i typical hemolytic disease of the newborn m no
mstance too will the infant s corpuseles be found to be sensitized
and to be agglutinated by antiglobulin serum

TREATMENT
Two mam aspects have to be dered (1) them t
and treatment of the estabhshed disease m the mfant and (2) the
attempts that have been made to protect the feetus un utero by
reducing antibody formation in the mother

Treatment of the Infant by Blood Transfusion
The aims of transfusion theraipy are to correct any existing
anguma to safeguard the mfant agamnst the severc anema which
may develop during the first week or twe of hfe and to prevent
the desclopment of severe degrees of Jaundice wlich might Iead

v
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kS
to hernthterns  Vihen the antibody 15 ant1 D these aims are best
mplished by exchange with Rh negative blood
carned out durmg the first day of Iife  Simple transfusion with
Rh negatine blood repeated 1f necessary ean eflectuslly com
pensate for anwemia at does not howeser prevent deep jaundtee
" developing  Fxchange transfusion prevents jaundice by tahing
from the infant a large proportion of its corpuscles which are
already sensitized and destined to be rapidly destroyed Exehange
transfusion 1s neverthcless a rather elaborate procedure and
needs to be carefully carried out and m very muld cases it 1s
probably_unnecessary In any easc 1t can be carried out easily
only through the umbilieal sein and this usually restricts its use-
to the first 24 hours of Iife  The selection of cases for exchange
transfusion and further details of the method are considered below
Exch ‘Transfusi; Viall (1946) seems to have
been the first to realize that withdrawal of part of the infant s
blood at the same time as a transfusion of Rh negative blood
mught be of real value m the treatment of hemolytic disease of
the newborn  Yviener and Wexler (1946) modified Wallerstemn s
techmque by bleeding the infant from the radial artery instead
of from the sagittal ssnus  Diamond (1947) and Diamond Allen
and Thomas (1951) mmproved the method further by showing that
exchange transfusion could be quite simply carried out if a plastic
catheter was mserted mto the umbilieal vein  Details of the
umbihical vein method were given by Mollison and Cutbush (1948)
and by Mollison (19.1 1952} Only a brief description of the
technique will be given here

The recommended method 13 to use a 20 m! syninge attached to a
three way tap and starting by the withdrawal of .0 m! of the infant s
blood alternately to withdraw blood from the mfant and replace it by
8 concentrated suspension of normal Rh negative erythrocytes
citrated plasma (Hb content at least 1o g per 100 mI') until about
80 ml of blood per Ib weight of the infant have been withdrawn and
replaced  In most cases the infant will then be left with a venous
hematocnt of 50%, 90° of the blood being the donor s (Rh negative)
corpuscles and only 109 that of the infant This degree of exchange
ensures that the mfant will not become so anmmic 1n substquent
weeks as ta require further for cal
the exact volume of blood to be exchanged knowing the infant s weight
the hzmatoent of the infant s venous blood and that of the blood to be
transfused was published by Veall and Mollison (180)

Exchange Transfusion v Sumple Transfusion The
supertonty of the exchange transfusion over simple transfusion 1s
now firmly established (Allen Diamond and Vaughan 1950b
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birth  associated with anema marked reticulocytosis and
normoblastemia particularly if there 15 a history of similar
oceurrences In previous pregnancies or of unexplamed stillbirths
Certain fi 1on of the d can only be made by
serological means

The most significant smgle serological obsersation n ha:moly tte
disease of the newborn due to all types of incompatibihty 1s the
demonstration of sensitization of the mnfant s corpuscles by means
of the antiglobulm test It 1s only m hamolytie disease due to
ant1 A that the test 1s at all likely to be negative The demon
stration of antibodies in the maternal serum capable of agglut:
nating or sensitizing her infant s corpuseles supports the diagnosts
of hemolytic disease of the newborn  The presence of antibodies
m the maternal serum 15 by itself not diagnostic for they may
have been formed as the result of a previous pregnaney or trans
fusion and not as the result of patibility m the p Y
m question

If there appears to be no obs10us group mcompatibility between
mother and cmld eg if both are Rh negative or Rh positive
then 1n the presence of obvious signs of neonatal hxmolysis
sensitization against antigens other than D such as ¢ S or Aell
and ABO incompatibility must be thought of

Other causes of neonatal jaundice and of anzma with or
without ery throbl eust C al hver disease (obl
tion of the bile ducts eirrhosts or hepatitis) congental syphilis
and congenital heemolytic anzmias such as hereditary sphero
cytosts are possibihties which should be borne in mind  In no
nstance however 1s the clinical evolution of the case just the
same as m typical hzmolytic disease of the newborn 1n no
mstance too will the mfant s corpuscles be found to be sensitized
and to be agglutmated by antiglobulin serum

TREATMENT
Two main aspects have to be dered (1) the
and treatment of the established disease in the infant and (2} the
attempts that have been made fo protect the feetus i utero by
reducing antibody formation in the mother

Treatment of the Infant by Blood Transfusion
The amns of transfusion therapy are to correct any_existing
angm to safeguard the mfant agminst the severe antnua which
may develop durmng the first week or two of ife and to prey ent
the development of severe degrees of jaundice which might lead
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vemn and amounts up to 100 ml may be transfused  After the
first 24 hours 1t will be necessary either to mscrt a cannula mto
the internal saphenous vemn at the ankle and allow up to 150 m}
or ¢ven 200 mi} of blood to run mn at a slow drip rate or to attempt
a scalp vein transfusion using & syninge A good account of these
methods the amounts that may be given and suggested rates of
administration are ginen by Mollison {1952)

Indications for Transfusion
Thc problem of “hcn and how to transfusc has already been
d Torc 1s the method

of chowe all prcme{ure al\'ccted m{m\ts should be treated
irrespective of thewr cord hiemoglobin concentrations as well as
all mature affected infants with cord h-emoglobins less than 15 5 ¢
per 100 ml  mature infants with cord hemoglobins between
155 g to 175 g per 100 ml should be treated 1f they become
Jaundiced withmn the first 24 Lhours {particulatly 1f male) mature
mfants whose cord hemoglobins exceed 175 g per 100 ml need
not be treated Vollison and Cutbush (3954) made the additional
point thit immediate exchange transfuston should be undertaken
if the mother has previously grven birth to an affected child
wrespective of any other indication  Jones Diamond and Allen
(1904) stressed the desirability of carrying out a second or even
a third exchange transfusion within the first 48 to 72 hours if the
serum bilirubin st rises a concentration of 20 mg per ml being
deemed the maximum permissible

Indications for simple transfusion after the first day of Life are
Iess clear cut The hamoglobin concentration falls steadily even
m normal infants for the first two to three months However
a hemoglobin more than 3 g below the normal concentration for
the age of the infant eg 10 g or less per 100 ml at the end of
the second weeh mught be held to be an mndication for transfusion
In coming to a decision to transfuse it 15 wise to take into account
the infants general condition and whether the hemoglobin
concentration s still falling or starting to rise

Attempts to Diminish the Formation of Antibodies by the
Mother

It would obviously be of great value if anything could be done

to dimumish the formation of antibodies by a sensitized woman

Varous attempts have been made employing the prmeiple of

counter 1€ the t) by powerful
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Mollison and Walker 1952  Arnmiage and Molhson 1923} The
mortality as well as the incidence of hernikterus and permanent
cerebral damage m survivors are reduced

Mollison and Walker (1952) who analvsed the results of a
controlled trial orgamzed by the Medical Research Council
concluded that 1t was mainly in two categortes of infants that the
superiority of exchange over simple transfuston was most marked
(1) m severely affected mature infants (with cord hzmoglobin
concentrations of 11 g per 100 ml or less) and (2) 1n moderately
scverely affected mumature infants (with cord hemoglobin
concentrations exceeding 11 g per 100 ml) The mortality of
shghtly or moderately affected mature infants was low and that
of severely affected ummature mfants high wrrespective of the
type of transfusion given

Mollison and Walker (1952) concluded that it was unwise to
nduce labour three to five weeks before term 1n an attempt to
protect the mfant agamst the mother s antibodies They found
that the survival rate of affected infants deliberately deliered
prematurely was lower than those whose delivery was spontaneous
and not hastened m any way

Armitage and Mollison (1958) have recently published a further
analysis of the Briish MR C tral including curves relating
expected survival to cord hemoglobin concentration and maturity
or immatunity (thewr Fig 2) Their analysis showed that it was
unwise to withhold exchange transfusion because the cord hemo
globm coneentration exceeded 15 g per 100 ml for without
treatment the mncidence of kernikterus was 7% m mature infants
and 16% 1n mmmature ones They also concluded that it was
probably best to treat all mfants born prematurely by exchange
transfusion

Mollison and Cutbush (1954) discussed the rather dificult
problem as to what should be done for mature infants with cord
i lobin con 10ns € ding 15 5 g per 100 ml but less
than 175 g per 100 mi  They decided that it was probably wise
to transfuse any child i this category who became cltmcally
jaundiced within the first 24 hours particularly 1f the mfant was
a male

Sumple Transfusion with Rh negative Blood As
already indicated exchange transfusion through the umbilical
cord 1s the method of choice 1n all cases requring transfusion
However if the apparatus or other facilittes are not available
simple transfuston 15 often better than no treatment at all During
the first 24 hours after birth this 1s best done 21a the umbihcal
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1 excess of that which might have been expected (Mollison and Cutbush

3

Geppert_Aheroyd and Simy~on (19,3) treated twenty affected infants
smmediitely after harth with A C1H _an imtial dose of 35 mg
was gsen ond then 6 o m six houtly The infants recenyed no other
treatment The results were not dramatic nlthough the hrmoglobin
concentrations tended to Fise or to be mamtained whilst the infants
were recening the drug only to fall when it way discontinued  The
strenth of the anti,1bulm reaction beeame Jess  Three mfants died
{one with hernikterus) and it 1s obvious that although A CT1 may
be of some value it cannot sn any way be looked upon os a substitute
for cxchange transfusion

PROGNOSIS AND SEQUELZE

It 1s difficult to give an overall Ligure for the mortality caused
by hamolytic discase of the newborn for so much depends upon
the seventy of the discase and the treatment the infunt recaives
The outlook for the first affected infant 1s good  According to
Allen Diamond and Vaughan (1920a) 30% show no chneal
signs of discase and only a few are stillborn  The prognowis for
subsequent affected nfants 1s much less {favourable according
to Mollison and Cutbush (1924) there 1s only ahout a 60°}, chance
of survival

Mollison and Cutbush (1951) calculated by Probat analvsis the
chances of survival of J1 umformly treated infants according to
therr cord heemoglobm  concentrations  This analysis showed
that 99 out of 100 infants born with cord hrmoglobins of 155 g
per 100 mi should sursive as compared with an expected survival
of 799, of those with cord h.emoglobin of 10 g and 399, of those
with 7 » g hemoglobin per 100 ml  As referred to on p 466 the
outlook is better m full term than in premature mfants and better
in shightly to moderately anzmic infants 1f they are treated by
exchange transfusion rather than by siraple transfusion Of a
larger series of 47 infants born at term or within 84 days of
term twenty four were stillborn  of those born shive 79 died
within the first weel an overall mortality of about 229/, (\olison
and VWalker 105.) Some of the infants in this series were treated
by exchange transfusion others by smple transfusion Stil
others with cord hemoglobins exceeding 155 g per 100 ml
recerved no treatment

Sequele

The most serious sequel 1n nfants who have recovcred from the
mmmediate effects of hemolytic discase of the newborn 15 damage
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antigens of harmless antibodies 1n the hope that the formation of
Rh antibodies might be stmultaneously dimimished  There 1s
some experimental evidence reviewed by Unger (1949) in favour
of the possiility Unfortunately there is no evidence that this
Iine of treatment succeeds 1n practice

Unger (1949) mnjected TAB andfor pertussis vaceme and
concluded that although there was no evidence for or agamst the
use of vaccines m unsenstiized women the course of injections was
without value in women already sensitized He also tried Rh

hapten  (Carter 1947) in eleven patients whose sera contamed
Rh antibodtes but agam farled to show that thus was of any value
1 reducing the antibody concentration Negative results with
Rh hapten have also been reported by Hamulton and Brochkland
(1950) and Spurling Sacks and Jahn (1950) Unger (1949) also
carried out exchange t fi m four preg women who
were already sensitized In no mstance did the antibody titres
change appreciably despite the enormous yolumes of Rh negative

blood which were expended
Treatment with 1 C T H or Corhisone

The usefulness of ACTH or cortisone 1n the treatment of
auto immune acquired hemolytic anema has naturally led to
the trnal of the hormones 1 haxmolytic disease of the newborn
It 1s not yet possible to assess their salue The hormones have
been given to the mother during pregnancy and to mfants after
deltvery  Some worhers have reported that the antibody titres
m the maternal serum were unaltered (Doerner ¢t al 1951
Schrmdt Huurman and Hansen 1953) others have reported
that the titres were dmmmished (Chmstensen Margulis and

Stewart 1952)

Chnstensen  Margufis and Stewart (1952) treated fen pregnant
women whose sera contamed antibodies eight of whom had already
given birth to affected infants  The duration of treatment vaned from
three days to s months and as much as 6 500 mg of cortisone was
given to one patient  Eight ynfants were born alive  two were stillborn
The authors concluded that it was doubtful whether the nfants had
been benefited by the treatment their mothers had received

Hunter (1951) treated 67 women all of whose sera contamned antt
bodies at a titre of 8 or higher  most of them had previously given
birth to an affected mfant ~ As a rule 100 mg of cortisone were giyen
daily 1n four divided doses Hunter concluded that the stillbirth rate
and neonatal death rate was sigmficantly reduced  Of thirteen patients

who had previously had stillborn affected infants ten were dcln'?;cd
t s

of Ine snfants (one was Rh two died s
means that seven out of the twelve infants at rish hved a surinal rate
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to the nervous system The early reports on the incidence of
nervous disease were reviewed by Pickles (1949) and Evans and
Polami (1950) In most mstances mental backwardness 1s asso
ciated with signs of damage to the extrapyramadal system (Gerrard
1952) The merdence however 1s quite small Mollison and
Walker (1952) found that thirteen out of 368 infants (8 6%)
showed signs of damage to the nervous system at the age of one
month  Evans and Polam (1950) described 16 patients and
reviewed 63 cases mn the hterature Over 809, had athetosis
chorea or choreo athetosis many were mentally defective and
some were deaf  As already mentioned 1t 1s ikely that exchange
transfuston carried out mn the first day of Iife wall reduce substan
trally the meid of nervous plications by the prevention of
Lernikierus

Other Changes  Apart from involvement of the nervous system
the only other relafively sequel 1s a g h discol
tion of the deciduous teeth (Nickerson and Moulton 1943)
Pickles (1949) reported an medence of 6% The possibility that
hzmolytic disease of the newborn maj occastonally give rise to
cirrhosts of the Iiver has been suggested on various occastons (see
Pichles 1949) The association cannot yet be considered to have
been proved concluswvely

REFERENCES

ArzeNy F H Jr Duasons L K and Vavenman V C HI (19503)
Ery fetals II Prog i relation to history
maternal titer and length of gestation Pedratrics 6 441
ALreN F H Jr Diasosp L K and Vausman V C IIT (1950b)
Ery fetalls VI P of Amer
J Dis Chld 80 779
ArmiTaA6E P and MorLison P L (1953) Further snahysis of
controlled trials of treatment of hemolytic disease of the newborn

J Obstet Gynae Brit Emp 60 602

Anvorp B J Warse R J and HerzeEr R (1951) A study of
the significance of the antibody titration during pregnancy
Med J Aust 1, 301

Besais M (1947)  La Maladre Iemolytique du Nouseau Ne
Pans Masson p 118

Brackrany K D Dusovo L K and Leister C M (1944} Atlas
of the blood 1n children ~ New York The Commonwealth Fund

90
Bocyll)nmN K E Datey D and Dopp B E (1947)  The relation
between the results of ABO and Tt tests and the clinical condition
of 2000 mothers and nfants J Obstet Gynac Brt Emp

54 281
Boorsax K E Doon B E and Trmvicx R H (1940)  Hamo



BIBLIOGRAPHY 473

chusvss € F oand haraen T (1938) Immumly and suscepts
bility to disease 1n exrly 1nfaney o Tedat 13 00

Matone I anl Duwnsrorn I (1901) The ﬂlesu( nnubody
ant T mn pregnancy and blood transfusion  Blood 6 1

\fouussen 1L (1901)  Bloed transfusion in climcal rned)cmc
Oxford Blackwell pp 183 370-73 381-82 888-04 399417

Morusow PP L (1052)  The Rh blood roups and their clinteal
effects II Chimeal MRC No 27
London ELM Stationery Office p 21

Votisov P L and Cuxetsi M (1918)  Fxchange transfusion m
hemolytie disease of the newborn Lancet 11 522

Motuson 1 I and Cotnusi M (1040) !l;rmclyllc disense of the
cwborn  cntena of seventy Bt med J 1

Morwison T L and Cursusu M (1921) A melhod of measuring
the seventy of a senies of cases of hemolytic disease of the newborn
Blood & T

foruson I L and Cutpuse M (1908)  Hemolytic disease of
thenewborn 1n Recentadvancesinpediatries  London Churchill

110

\luu‘:so\ P L and Waiker W (19:2)  Controlled tnals of the
treatment of hxmolytic disease of the newborn  Lancel @ 429

“oorr D Y Du Pay R Mammn and Buxtow € L {19$9)  An
electrophoretic study of maternal fetal and infant sera  Amer
J Obgiet Gynec 57 Sl

Nichersoy D A and Mourton R T (1943)  Erythroblastosis
fetalis of the icterus grawis 1. Report of two cases with
recovery  NawIn,l J Med 229 863

PicRLES M M (1949) Hzmolytic diseases of the newborn  Oxford
Blackwell pp 114 50-51 545 111-15 146-52

Race R R (10..) The Rh blood groups and their clinscal effects
I The Rh groups MR € Memorandum No 27 Lendon HM
Stationery Office p 4

Raumu~s~ H (1912)  Ueber Blutbdung ber fetaler allgemeiner
Wassersucht ~ Betr path Anat 54 33>

Reisver E H Jr (1843) Morphology of erythrocytes in erythro-
blastows fetalis irch antern Med 71 230

Roemsoy G € Puntes R M and Prystowsky M (1051)

Spherocytosis and mcreased fragility occurnng 1n_ erythro

blastoss fetabs associated with ABO mncompatibilty  Pediatrics

7 164

Ttosevererp R (1954) A cross reacting antibody anti C 1n the
serum of group O 10fants of group O mothers  Quoted by Wiener
et al {1353)

ScmmpT A L € HuvRMAN G A and Hansew A (1923)  Some
expertences with cortisone treatment of pregnant women ummu
mzed by the Rh factor | ox sanguims 3 134

SemvorL G (wm) o Zur henntms des Hiderus neonatorum

Verh disch path et )
Scrseiper C L Beaver D € hozow L H and Zueizer Y W
(1950)  Rh antibody stimulation with an Rh pegative fetus



472 Hazmorytio DIspase or tRE NEWEOTN

GERRARD J (1052) Kermcterus Brain 75 5.6
Glu;gm; J R (1944)  Erythroblastosis feetalts  .drch Dis Chaldh

Grasg B (1049) The relation of Rh incompatibility to abortion
Amer J Obstet Gynec 57 323
Grumsacr A and Gasskr € (1948) ABO Inkompatibulitaten
gnd Morbus Hzemolyticus neonatorum  Heh pediat Atia
447

GRUNDORFER J (19583) Hemolytic disease of the newborn mfant
caused by maternal sensitization to the blood factor hv () ete
Blood 8 609

Huowroy E G and Brocxrano M E (1820) The results of
treatment with R hapten  Amer J Obstet Gynec 60 813

Hawnsiey J C and Lienrwoop R (1934) A contribution to the
study of erythroblastosss icterus gravis neonatorum  Quart J
Ved NS 3 155

Hsta D Y'Y Awen F H Jr GeLws § § and Diavonp L R
(1922)  Erythroblstosisfetalis VIII Studses of serum brlrrubin
o relation to kermeterus  New Engl J BMed 247 668

Hunrer O B Jr (19:4) Cortisone therapy 1n Rh incompatsbilitics
J Amer med Ass 154 905

Jones A Ricranpson Diasonp L K and Aucen F H Jr (1954)

A decade of progress in the Rh blood group system  MNew
Ingl J Med 250 324

Lune B S (1949) The pathogenests of erythroblastosis fetahs
Blood 4 1219

Lanpsternck b and WiENce A S (1940) An agplutinable factor
1 human blood recogmzed by immune sera for rhesus blood
Proc Soc exp Bl N1 43 223

Lawregr S D and van Loerew J J (1947) The rhesus antigen
CY¥ eausing hemolytic discase of the newborn ~ Lapcet 1 Bio

Lrvine P (1948) The h of 1
tion Blood 3 404

Levine P BurNiman L harzin E M and Vogern P (1941)

The role of 1so 1 the p of erythro
blastosis fetalis ~ Amer J Obstet Gynec 42 925

Levine P FErraro L R and kocm D (1952)  Hemolytic disense
of the newborn due to ant1 S A case report with a review of 12
ant1 S sera cited 1n the Iiterature Blood 7 1030

Lrvnt P and Storsony R OE (1939) An unusual case of mtra
group agglutination  J Amer med Ass 113 126

Lrsivp P Srocr A H Rumuener, ¥ B and Brovisoisay N
{1951) A new human blood factor of rare mcidence m the
general population  Proc Soc exp Biol N3 77,402

Levine P Voger P and Rosewnmenp R F (1908)  Hemolytie
disease of the newborn  In  Advances 1n pediatnes Vol %1
Chicago Year Book Publishers p 97

Levine 1 and Warrer R R (1916)  Erythroblastosis fetals m
first born  prevention of its most severe forms  DBlood 1,143

Lmpsay S (1950) Hemolytic disease of the newborn infant
{erythroblastosts fetalis) A study of the pathologic lesions of
twenty cases  J Pediat 37, 582




BisrioorAray 475

Winer A S Swwich A A Mormsow H and Coues L {1053)
Studies on immunization i man I The blood factor €
Lrp Ved Surg 11 26
Wiewer A S and Wexeer I B (1936)  The use of heparin when
aod n newborn infants

7
J Lab elin Ved 31 1016

Wiexer A S Wexurr I B and Hurst J G (1939)  The use of
exchange transfusion for the treatment of severe erythroblastosis
due to A-B sensitization with observations on the pathogenesis
of the dissase  Blood 4 1014

Wirensky E and Heme A (1033)  Further mvestigations on
presence of Rh antibodies in breast ik~ Iroc Soc exp Dol
AY 52 280

Yorae LT Cnmstiay R M Ervrs D M Dawis R W O Brix
VA Swsues $ N and Sunm € L o(10)  Hemolytie
disease 1 newborn dogs  Blood



474 Haexorvrie Disease or toE NrwBORN

(Rh anamnestic reaction) and its sigmficance to the penborn
lmer J Obstet Gynec 59 513

Senvrman I and Swre € H (1954) 1 ctaland adult hemaglobins
;xérhemolyuc disease of newhorn Amer J s Chid 87,

Senwart? H A and Lrvine P (1613) ¢ Studies on the Rh factor
<tmer J Obstet Gynec 46, 827
SroruinGg C T Sacks M S andJamy B F (1950)  Thenfluence
of Bh hapten therapy on the course of Rh sosensitization 1
pregnane) Blood 5 112
SturceoN I (165%) Immunchematologic obsers 1tions of ervihiro-
Diastotic imfants 11 The quantitatne and quahtative nature of
the Rh antibody  Amer J chin Path 24 115
Tovey G H (1945) ‘A study of the protective factors wn hetero
spearfic biood group pregnancy and their role wn the preventon
ot hamolvtic disease of the newborn  J Path Bact 57 205
Unger I J (1049) Studies on preventive and curative treatments
for Rh sensitization  Amer J Obstet Gynee 58 1188
Yantauisr B L ROT R and N F o (19:0)
Maternal and feetal titres of antistreptolysin and antistaphivlo
lysin at different stages of gestation  Lancet u 851
van Iootew J 0 Jr and Bamn € JF A (15H9) Hzmolytie
disease of the newborn due to 180 immumzation by the antigens
candl¥ T orsangutms 3 130
van Logiew J J and Harr Mvd (1949) Iso immumzation by
rarc Rh antigens as 2 cause of hamolytic disease of the newhorn
wd teansfuston regetions  J chw Xath 2 294
Yavoman v ¢ NI Aweny F H and Diamoxo L R (1000}
Lrythroblastosis  fetalis IV Turther obscriations on
kermoteras Pediatries &, 706
Vesaur N\ and Mourrson P Y (1050)  The rate of red cell exchange
1n repiacement transfusions Lancet u 792
Warter B K (1949 Intentional immunizations aganst the
antigen D (Rho) J Lab chin Yed 34 270
Wartzrsrrre H (1916) I of serere ery hy
sumultaneous removal and replacement of the blood of the newbomn
wnfint Science 103 583
TNtk A S (1048)  Rifactor in immunologeal teactions  sAnn
Allergy 6 203
WipNer A S {(1939) Further observations on 1ovensitization to
the R4 factor  Proc Sec exp Disl VY 20 476
WirNEr A S Maepr K and Goroox L B (1951a)  Studics in
Rh senmitzation T Methods XX § ffect of Rb negatue preg
nancie on Rh antibody titer  Blood 6 522
Wirver A S Narer R and Gorpow L B (19.1h) Studies 1n
Rh senaitization 1IT Tffect of Rh postise pregnaneies on Iih
antibody bter IV Persistence of Rh antibodies 1w serum of
senatized ndividuals  Blood 6 789 788
Wientr A S Narpt R and Gompon I™ B (10.2) * Studes in
Rh sensitization ¥V Importance of the titer of Rh snttbodies ia
the sensitized pregmant Kb negative woman for progniosts
smer J Obstel Gynee 63 6




OsvoT1o Fragrrry 477

centnfuged for 5 minutes at 2000 rpm  The amount of hemo
Iysis i each tube 1s then compared with that in the 100% lysis
tube (01% NaCl) using a photoelectric colorimeter prosvided
with a green (Ilford 6.0) filter The supernatant from the 0 8.%
NaCl tube 1s used as the blank  Usually the supernatants ean be
pourtd by o mto the col cell With o good
colorimeter as little as 19, of lysis can be estimated

The author adds the blood to the hypotome solutions by
means of o glass capillarv automatie pipette calibrated to deliver
00> ml  Vith this instrument almost exactly equal amounts of
blood can be added to each tube but skill and practice is needed
Alternatively straight pipettes cahbrated to contam 60, ml
m1) be used but this method although accurate if a drv pipette
1s used for each addition 1s tedious A more rapid but far less
accurate method 15 to add ene  drop  of blood to each tube

Factors Affecting Osmotic fragihily Tests
In carrying out fragility tests (by any method) three varables
capable of markedly affecting the results must be controlled quite
apart from the aceuracy with which the salme solutions have been
madeup  These are (1) the relati e volumes of blood and salme (2) the
final pH of the blood saline and (3) the at
which the tests are carried out
A proportion of 1 part of blood to 100 parts of saline 15 cons entent
Lecause ot only can the resultant hemalysis be read off directly 1n
mast colorimeters without further dilution but, the concentration of
blood 1s so small that the ndded plasma hardly affects the osmotie
equnvalence of the saline If on the other hand as much as 1 part of
blood 15 added to say 20 parts of saline the added plasma substantially
increases the effectrve tomaity of the hemolysing solution  However
1f weak suspensions of blood 1n salme are used it 15 then necessary to
control the pH of the hypotome solutions and for this reason phosphate
buffer 1s ndded to the saline mn the present method Even so small
differences will be found between the fragihty of strictly venous blood
and maamally acrated blood It s recommended therefore for the
most accurate results that the blood should be mixed until bright red
23 15 achieved dunng defibnnation Finally for really accurate work
the estimations should always be carned out at the same temperature
for most purposes though room temperature 1s sufliciently constant
‘The extent of the effect of pH and temperature on osmotic fragihity
18 illustrated in the paper of Parpart and co workers (194)  The
effect of pH 15 the more important  here & shift of 0 1 of a pHl unit 15
equivalent to altering the tonieity by 0 01°, the fragility of the erythro
cytes being increa ed by a fall n pH A nise in temperature decreases
the frigility anse of u” C being equivalent to an slteration n tomaity
of about 0 01°
Tmmolysis 1s vietually complete at the end of 30 mnutes at 20 C
and the hypotonie solutions may be centnfuged at the end of this time
Parpatt and his colleagues recommended the addition of  complemen




CHAPTER 18

HZEMATOLOGICAL TECHNIQUES USEFUL IN THE
INVESTIGATION OF HEMOLYTIC ANZEMIAS

Ix this chapter will be deseribed techmques which may be
used 1 the imnvestigation of hemolytic anemias  Only methods
which the author or his colleagues have used will be described
and no attempt has been made to write 2 comprehensts e tet on
laboratory methods

OSMOTIC FRAGILITY

The method to be described 15 based upon that of Parpart and
co worhers (1947) Hypotonie saline buffered to pH 7 4 with
sodium phosphates 1s used and the blood 1s added to the hypo
tonic solution mn the proportion of 1 to 100  The test 1s carnied
out at room temperature and hemolysis read photoelectrically

Reagents A stoch solution of buifered sodium chlorde
(A R) osmotically equivalent to 109 NaCl 1s made as follows
NaCl 180 g Na,HPO, 2731 g and NaH,PO, 2H,0 486 g
are dissolved m distilled water and the final volume adjusted to
2 litres  This wall heep for months without detertoration in a well
stoppered bottle In preparing hypotome solutions for use 1t 15
conventent to mahe first a 1% solution from the 109%, stock solu
tion by dilution with distilled water Dilutions equivalent to
085 075 065 060 055 050 045 040 035 030 020 and
0109% NaCl are convenient test concentrations Intermediate
concentrations such as 0475 and 0525% NaCl are useful m
crrtacal work

The author usually makes up 50 ml of each dilution The
solutions heep well at 4 C for some weeks but they should be
disearded if moulds develop

Method Heparimzed venous blood or defibrinated blood
may be used  oxalated or atrated blood should be avoided
005 ml volumes of the blood to be tested are added to and
ymmediately well mixed in 5 ml volumes of a switable range of
hypotome solutions  The tubes are allowed to stand at room
temperature (20 ) for at Jeast 30 minutes then remrxed and

476
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0 15% NaCl 54-96%, hemolysis
0.00%, 3¢-88°)

0508 5-"0°,

060°, 0-40%,

062% 0-10%

0709, 0-09%,

0°a7 02

080% 0-09,

AUTOHZEMOL1YSIS (Incubation at 837 C for 24 and 48 hours)

Method  Stenile defibriated blood 15 used  Four 2 ml
samples are delnered mnto stenle 5ml screw capped bottles
They are placed mn the incubator and left undisturbed for 24 hours
The contents of each bottle are then gently mxed by nversion
Two of the bottles are then replaced at 8™ € and incubated for
another 24 hours The contents of the rematmng two bottles are
pooled n sample removed for the estimation of osmote fragility
(sce above} a further sample used for the estimation of the
PCYV and the remamnder centnfuged to obtamn the supernatant
serum

The amount of spontaneous lysts 1s estimated by means of a
photoclectric colonmeter  As a rule 1t 1s conmvement to mahe
11 2o or 1 1n 50 dilutions of the mncubated serum n N/10 HCI *
An appropnate dilution of the pre mncubation serum 15 used as a
blank and a 1 1n 100 or 1 1n 200 dilution of the whole blood m
N/io HCl serves as a standard The percentage hzmolysis
allowing for the change n pached cell volume resulting from
meubation 15 ealeulated as follows (Selwyn and Dacie 19.4) —

P " (100 —PCV ,)

ereentage TT100 100—PCT,
hxmolyas = R, %3 ]
R = reading in colorimeter of diluted whole blood
serum at time T

> 100 = R,

{1e at 24 or 48 hours)
PC1 = packed ccll yolume at time T
Normal Range of Autohzemolysis
Lysts at 23 hours 0 to 0 5%,
Lysis at 48 hours 04 to 85%,

1 Hyd octlonc aaid rather than ammoniical water 15 u ed as diluent as
sometimes  certain amount of m themoglobin is formed
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tary hypertome solutions to each hypotonie solution at the end of
45 munutes in order to arrest the hwmolysis but this refinement seems
unnecessary 1n practice

Turther details of the factors which affect and control the hemolysis
of erythrocytes 1 hypotome solutions are gmven by Ponder (1918}
Guest (1948) and by Hendry (1948 191))

Normal Range of Osmotic Fragility (at 20 C and pH 7 4)

030%, NaCl 97-100%, hemolysis
030%, 90-999%,

040%, 50-909

045% 5-45%

0509, 0-5%

0559, 0

’
Medran corpuscular fragihty (M CF ) = 0 40-0 445%, N1l

Osmotic Fragility after Incubation at 37 C for 24 Hours

Method Defibrinated blood should be used care beng tahen
to ensure that the sample 1s stenle  Duplieate 2 ml volumes of
blood are meubated 1n sterile 5 ml screw capped bottles (It 1s
useful to set up the samples i duplicate so that in the rare event
of a sample being infected as shown by the hamoglobmn being
marhedly reduced the whole expermment need not be spoilt)
After 24 hours the contents of the two bottles normally are
pooled after tl hly mixing the sed: d corpuscles mn the
overlying serum and the fragihty estimated as previously
described  As the fragility will be found to be markedly ncreased
1t 1s advisable to set up additional hypotonic solutions containing
070 and 080% NaCl as well as a tube contaimng 0 90% NaCl
In addition a solution equivalent to 1 2% NaCl should be used
for sometimes as in hereditary spherocytosts lysis may take place
1m0 99 NaCl m this case the supernatant of the tube contaming
129 NaCl can be used as the blank 1n the colonmetric
estimation

The mcubation fragility test 1s convemently combined with
the estimation of the amount of spontaneous autohzmolysis
(see later) ‘The normal range of osmotic fragility after 24 hours
at 37 C 1sas follows —

0 20%, NaCl 9110095 hemoly sis
0309, 80-100%
035%, 72-100%

0409, 65-100%
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above are suspected 1t s well to deliner some blood from the
syringe directly 1nto a large volume of salme warmed to 37 €
and to wash the corpuscles wathout delny

Vwhen samples are sent by post 1t 15 best to send separately
{2) serum (separated at 37 () and (b} whole blood to wiich
suffictent acid aitrate dextrose (A CD) solution has been added
to prevent eorulation

Storage of Samples Serum 15 best stored at — 20 C or
below 1n smnll (1 to . ml) volumes 1 rythrocytes can be kept
for as long as 2 to 3 weehs at 4 € 1f L CD 1s used as anti
coulant or for longer pertods of frozen at — 20 C in catrate
glycerol maxtures (Chaplm  (rawford  Cutbush and Mollison
1924) They ecannot be hept for more than a fow hours when
washed and suspended 1 saline

Preparation of Erythrocyte Suspensions  Erythrocytes
should be washed in three changes of o large volume of 08,%
saline before use  If cold agglutiins are present 1t may be
necessary to wash the cells in saline warmed to 3~ C 1n order to
obtain a smooth suspension  After the finil washig the test
suspension 15 made by adding to saline m a graduated centrfuge
tube an appropriate yolume of packed corpuscles using a straight
pipette fitted with a rubber teat and fitling this to the mark from
the bottom of the deposit of centnifuged corpuscles  The suspen
sions should not be made until they are required for use

Suspensions in Albumin These can be simply made by
preparing a 19, suspension of the corpuscles in saline and measur
ing from this the approvimate volume that will be needed to a
small centnifuge tube  After centrifugition the supernatant is
removed 1s completely as possible with a Pasteur pipette  This
1s replaced with the same volume of 0% bovine albumin (Armour)

Reading {gglutination and or Hemolysis

Agglutination may be read  macroscopically as 1 antiglobulin
tests earried out on tiles  mucroscopically as 1n antibody titrations
m albumun  or macroscopically using & coneave murror as i
reading the results of cold agglutinin titrations  In each case the
results are scoréd as follows —

+-4+ 15 the strongest reaction eg almost complete agglu
tination 1n tile tests occurring in & matter of scconds and resulting
I tube tests 1n a button of cells which remamns undispersed when
the tube 15 mnverted =+ 15 a weah reaction unquestionably
diffevent from the control 4+ 4+ and 4+ 4- 4 are intermediate
reactions of increasing strength

cx mewon  mwt 10
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A dufference between the rates of hemolysis of normal and abnormal
blood can also he readily appreciated as a rule if blood allowed to clot
undisturbed 15 wncubated at 37 C for 24 and 48 hours Normally
only small amounts of lysis are visible at the end of 48 hours ncuba
tion It 15 impossible however with thiy method to record the results
quantitatively

MECHANICAL FRAGILITY

Either defibrinated or heparmized blood may be used  The first
step 1s to adjust the PCV to 459 bv withdrawal or addition of
serum or plasma as miy be necessary 2 ml yvolumes are then
delivered into two 80 X 10 mm tubes of about 5 ml capacity
Four glass beads about ¢ mm n drameter are added to the blood
and the tubes sealed with tightly fitting rubber bungs They
are then rotated at 83 r pm for 60 nunutes at room temperature
At the end of this time the contents of the two tubes are pooled
and 1 1n 100 dilutions of the blood are made 1 N/150 ammomna
and normal saline respectively A 11n 100 dilution i sahne of a
pre ratation sample 1s used as 4 blank and the diution Nfts0
ammonia corresponds with 100% lysis The amount of Iysts 1s
then determmed 1 a photoelectrie colorimeter using a green
(Ilford 625} filter

It 1s useful to set up dupheate samples of a normal blood 15 a
control whenever the mechamcal fragility of a pathological blood
15 being estimated

The sigmficance of the mechanical fragihty test 15 considcred
onp 28

Normal range = 2 to 5% hzmolysis

SEROLOGICAL METHODS USEFUL IN THE INVESTI
GATION OF THE ACQUIRED HAEMOLYTIC
ANAMIAS AND HEMOLYTIC DISEASE OF THE
NEWBORN

Collection of Samples of Blood and Serum The mmmum
essential requirements are patient s serum separated from blood
allowed to clot at 87 C and a suspension of freshly withdrawn
erythrocytes If high titre cold antibodies are suspected 1t 1s
advisable to deliver the patient s blood direetlv mto a contancr
(cg a 10z screw capped glass bottle) previously warmed to
37 C If this 1o done unhaxmolysed serum can be regularly
obtamned The patients erythrocytes may be obtained from
oxalated citrated or heparinized blood or from blood allowed to
clot at 37 C If cold antibodies nctive at room temperature or
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two hours and then centrifuged and washed in three changes of
sahine warmed to 3° €

Preparation of Cold antibody absorbed Normal Sera
Normal human serum from which the normal incomplete cold
antibody has been absorbed s a necessary reagent in the titration
of ncomplete cold anttbodies It 1s prepared by adding the
serum to an equal volume of washed packed group O or group A,
corpuscles and allowing the mixture to stand at 0 C 1 crushed
1ee for one hour The absorption must be repeated until normal
group O erythrocytes sensitized at a 5% concentratton n the
serum no longer gne positive reactions wath antiglobulin sera
Two to three absorptions are usually sufficient

DETECTION OF INCOMPLETE ANTIBODIES
The Antiglobulin {Coombs) Test
Direct Qualitative Test The patients erythroeytes are
washed three times m a large volume of sahne A 10 to 159,
suspension of corpuseles 1n sahine 1s then made  One drop of this
13 muxed on a translucent tile with a drop of antiglobulin serum
diluted to the point of matimum activity (see below) A further
drop of the patient s cell suspension added to a drop of saline acts
as 1 control  The suspensions are gently rocked from time to time
and are viewed with the naked eye or with a hand lens At the
ond of five minutes or at the most seven minutes the results are
read 1llummating the tile from below by means of an electrc
lamp Normal unsensitized corpuscles and corpuscles previously
weakly sensitized 1p an anti D serum should be suspended in the
lok se de the test les and serve as
controls  the former suspension acts as a control for the speer
ficity and the latter as a control for the sensitivity of the reaction
Direct Q ve Test The qual e test d bed
above 1s deficient in two respects 1t gives only a rough idea of
the strength of sensitization and 1t assumes that corpuscles
sensitized with different types of antibody react equally readily
with a single dilution of antiglobulin serum which 1s not the case
(see p 238) The author therefore routinely uses a stmple quanti
tative antiglobulim fest 1n the mvestigation of cases of suspected
hemoly tic anemia
Method  Serial fourfold dilutions of the antiglobuln serum
are made 1n saline by means of & drop method One drop of each
dilutron (usually 1 1n 4 to 1 1n 4 096) 15 deliyered by means of a
fine Pasteur pipette serially on to a large opalescent tile  one
16—




482 H emaTorocicar TECHNIQUES

In microscopic preparations -+ agglutination 1s recorded when
umformly distributed but widely separated small agglutinates
(8 to 6 cells) are present 1n a sea of unagglutmated corpuscles
a = reaction n a test tube read macroscopically with a concave
murror 1s a distinet granulanty persisting after mverting the tube
compared with the control salme suspension In antiglobulin
reactions = agglutination may not be obvious until five minutes
have elapsed

The agglutinin titre 1s recorded as the reciprocal of the nghest
final serum dilution (after allowmg for the addition of the
corpuscles) mn which there 1s =+ agglutination

Hemolysis 1s read qualitatively after centrifuging the suspen
sions and comparmg the colour of the supernatant with that of
the control  +--}---+ represents complete hemolysis == 15
defimte but weak hamolysis compared with the control 4152
pale red supernatant and -+ and +++ deep red supernatants

The hemolytic titre 1s given by the reciprocal of the highest
final serum dilution causing =+ hemolysis

Hamolysis can be read off quantitatively 1f suffietent super
natant 1s available by diuting volumes of the supernatants in
N/150 ammoma (so as to give a sufficient volume to fill the color
meter cell) and maling comparisons with a 100% standard m a
photoelectric colonimeter using a green (Ilford 625) filter  Serum
or serum ditutions to which no corpuscles have been added serve
as blanks

Preparation of Antibody sensitized Erythrocytes It 1s
sometimes useful to prepare as standard control reagents ery thro
cytes sensitized with a warm antibody and a cold antibody
respectively

TWarm antibody sensitized cells can be made by suspending one
volume of a 50% suspension of washed D positive corpuscles
9 volumes of an incomplete anti D serum and allowmg the
suspension to stand at 37 C for two hours before centrfuging
and washing It has to be determined by experiment to what
extent (if any) the anti D serum should be diluted to give (a)
mawmally sensitized cells (as determmed i optimally diluted
antiglobulm serum) and (b) weakly sensitized cells just agglutin
able by antiglobulin serum at the end of five mmutes exposure

Cold antibody sensitized cells  Group O erythrocytes are sus
pended 1 & normal serum 1n the proportion of one volume of a
509, suspension of washed corpuscles to 9 volumes of fresh normal
serum {(known to contam an adequate amount of 1ncomplete cold
antibody) The suspension 1s chilled at 0 C n crushed jec for
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and Jeave behind antibody components , glutmsbin,, cryvthiroey tes
sensitized with other types of antibody  They found however
that the absorbed sera did not retain their speaifierty very well—
sera for mstance that had been completely absorbed were found
to redevelop to some extent after storage even at —20 C  the
ability to react with the cells used for absorption  The method 1s
howeser useful in mestigating antiglobulia reactions when the
type of antibody 1s not hnown

Method 1t 1s essentinl to wash thoroughly the sensitized
erythrocy tes used for absorphion  Crawford and Molltson (1001}
recommended testing the washings with sulphosalievhic acid until
the test {for protein) beeame negatite and then to gne one further
washing  The washed cells should then be tested with the anti
globulin serum to make sure that they still react strongly

One volume of antiglobulin serum 15 then added to one volume
of packed washed erythrocytes and the muxture left at room
temperature for one hour The mixture 1s then centrifuged and
the supernatant carcfully removed with a Pasteur pipette and
added to a further volume of packed washed cells (It 1s con
vement to wash the cells used for absorption in several tubes so
that when the supernatant saline 1s removed after the final
washing the pached cells at the bottom of the tubes can be used
without any further mampulation }

The absorptions should be repeated until the antiglobulin
serum diluted to 1its pont of maximum actiity no longer
agglutinates the cells used to absorb it With anti Rh sensitized
cells as manv as eight absorptions may be nceded (using two
volumes of cells to one volume of antiglobulin serum (Crawford
and Mollison 1951)) but with cold antibody scnsitized cells fewer
absorptions will usually prove sufficient

In practice 1t 1s not always necessary to absorb the antiglobulin
serum completely in order to determine whether two antibodies
are reacting with the same component in the serum  For instance
a reaction apparently of the cold antibodv type (see p 238) may
be compared with that of known cold antibody sensitized cells
bv twice absorbing 1 10 4 dilutions of the antiglobubin serum with
each type of sensitized cell and then testing each absorbed serum
with both types of cell using a sample of the unabsorbed serum
a5 a control ~ If the antibodics are reacting with the same compa
nent the intensty of the agglutination of both types of cell by
the antiglobulin serum will be diminished irrespective of the type
of cell used for absorbing the serum
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drop of saline serves as a control One drop of 2 10 to 159,
erythrocyte suspension 1s added to each dilution of the anti
globulin serum and to the saline control  The suspensions are then
mrxed m succession usig the corner of a glass shide starting with
the control and finishing with the highest concentration of the
antiglobulin serum  The results ire read after five to seven
minutes and seored from + 4 4+ to £ 1ccording to the scheme
outhned on p 481 Illustratrve reactions are grven in Table 11
(p 238)

The wuthor finds the tile technique convement for the results
are clear cut and easily read and agglutination develops quickly
The antiglobulin reaction of course can be carried out 1n tubes
This 15 the best method when only small yolumes of cells are
avalable Tor example when an agglutimn titration has been
carried out using a 19, suspension of corpuscles the cells can be
washed 1n the original tubes after the agglutination has been read
and an equal volume of appropriately diluted antiglobulin serum
added to the cell deposit ~ Atter resuspenston and mncubation for
30 to 60 mmutes at 3¢ € agglutmation can be assessed miero
scopically or macroseopically using 3 concave mirror

The y globulin Neutralixation Test
As referred to on p 235 1t 1s posstble to distinguish two mamn
types of antiglobulin reactrons (1} a reaction mhibited by
adding, very small concentrations of y globuln to the antiglobulin
serum (the y globulin type) and (2) reactions mhibited only by
adding much greater quantities of y globubn (the cold antibody
type!

}g'h)e test 1s carrted out as follows Fourfold dilutions of a 4%
solution of human » globuln are made mn salme ranging
concentration from 11m 4 to 11n 4 096  Equal yolumes of & potent
antiglobuhn serum diluted 1 i 4 1n salinc are added to each
dilution of the y Jobuln  After a pause of not less than five
yminutes the neutrahzed or partially neutrahized samples of ant:
globulm serum are used to agglutinate the test corpuscles on an
opalescent tile as deseribed above  Erythrocytes sensitized by
antt D and by the mcomplete cold antibody present normal
scrum respectrsely  should be used as control suspenstons {se¢
Table 10 p 236)

Antiglobulin heactions uning dbsorbed tntiglobulin Sera

Crawford and Mollison (1951) showcd that 1t was possible to
absorb antiglobulin sera with one type of sensitized erythrocyte
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The Specificity of the Antibodies It 15 now realized that not all
the warm auto antibodies of acquired hmoly tic anemia are non
spearfic—some hive a specifieity within the Rh system (sce p 233)
In dealing with warm antibodies 1t 1s wise thercfore to use 1f
possible corpuscles of knawn Rh genotypes eg CDe/CDe
¢DL/cDE znd cdejede cells and not Rh positive or Rh negative
cclls chosen at random according to whether the patient 15 Rh
posittve or negastnne  However 1n screening tests for the presence
orabsence of antibodies group O CDe/eDE corpuscles may be used
Tests for antibodtes 1 the serum should not be considered negative
unless the serum has been tested with a panel of corpuscles covering
all the known blood group antigens

The Concentration of Erythrocytes and the Duration of Sensii.a
tien If supphes of scrum permut 1t 1s probably best to use at
least five drops for each test and add to the serum one drop of &
20 to 30%, suspenston of washed normal erythroeytes Incubation
at 87 C or the selected T should be prol d for at
least two hours

The Temperature of the Saline and N umber of Times the Cells should
be Viashed after Sensitiation  Frythrocytes sensitized by warm
antibodtes can be washed with saline warmed to 87 C or with
saline at the temp of the lak y  Three wash mn
a large volume of saline are mecessary to remove non antibody
protem which would neutralize the antiglobulin serum  Excess
washing has the theoreticnl objection of possibly removing antibody
from the cells Frythroeytes sensitized by cold antibodies must
be washed 1n salne warmed to 37 C i order to elute agglutinins

The Optimum Diution of Antiglobulin Serum  As shown on
P 238 crythrocytes sensitized by warm antibodies are generally
although not invamably agglutinated most strongly 1n relatively
highty diluted sera eg at dil between 1 1n 16
and 11 256  erythrocytes sensitized by cold antibodies on the
other hand are most strongly agglutinated 1 concentrated potent
antiglobulin sera eg at a dilution of 1 1n 2 or 1 1n 4 When
dealing with an unk body 1t 15 ded i
that at least two dilutions of anbiglobulin serum be used eg
1mn4and 1G4

Recommended Procedure for the Detection and Character:
zation by the Antiglobulin Reaction of Antibodies 1n the
Sera of Patients with Acquired Hzmolytic Anemia

Based on the considerations outlined mn the preceding para
graphs the followmng suspensions should be set up —
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Indirect Antiglobulin Tests

The following points have to be considercd when attemptmg
to detect by means of the antiglobulin reaction antibodres m
the serum of patients suffering from acquired heemoly tic anzemta
the optimum temperature for sensitization  the optrmum pH
whether 1t 15 necessary for fresh serum to be present  the specif
city of the antibody or antibodies and the appropriate type of
normal erythrocytes that must be used the concentration of
erythrocytes in the serum and the duration of sensitization  the
temperature at which the erythroey tes should be washed and the
optimum dilution of the antiglobulin serum

The Optunum Temperature  If 1t 15 not yet known whether the
patient s antibody 1s a cold or 2 warm one 1t 1s best to set up
duphicate suspensions 1t 87 C and at room temperature (20 C)
(A test can not be considered to have been carricd out strietly at
87 C unless the cell suspension and servm are warmed to this
temperature before miving and the cell serum suspension 1s
diluted m a large volume of warm sahine as a preparation for
centrifugation before removal from the water bath ) Tests set
up at 0 C to 2 € gne as a rule mformation of less value as
posttive results are produced by the plete cold bodi
present i normal sera

Optimum pII  Lattle 1s gamed as a rule by aadifying sera
contumng warm antibodies The sensitizing ability of patho
logieal mcomplete cold antibodies however 1 often markedly
enhanced by acidification  Ten per cent by volume of N/5 or
N/4 H(] should be added therefore to a sample of the pafient s
serum before the cell suspension 15 added (see Table 21 p 263)

The Necessity for Fresh Serum  Cold antibodies fail to sensitize
erythrocytes to antiglobubn serum if the serum used for the
sensitization has been previously heated at 56 C for 5 minutes
or longer Actually there 1s reason to believe that all four frac
tions of complement are required for the antibody to become
wrreversibly fixed to the corpuscles (see p 261) In carrymg out
tests for incomplete cold antibodies in sera which may be deficient
m complement 1t 15 necessary therefore to add to a sample of
the serum one or more volumes of normal serum (from which the
low titre normal incomplete cold antrbody has been absorbed)
{see Table 18}

The absorption and fixation of warm antibodies 1s nof mfluenced
by the presence of complement and tests therefore can be
carried out even on heat activated sera
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The scra should next be absorbed with the three types of cells
Usually 1t 1s well to retan a sample after one absorption as well
as after three or four absorptions The absorptions are earried
out by adding the setum to an equal volume of picked washed
cells and centrifuging the mistare after onc hour at 3~ € The
absorbed sera are then tested with cach tvpe of cell (see Dacte
and Cutbush 1953) If the results seem to indicate that the
antibody 1s say ant1 ¢ the serum must be tested with a panel of
e positive and e negatine cells chosen to contain a wide range of
other antigens so that the speeifiesty of the antibody may be
confirmed  The serum should also be absorbed with as many
different samples of ¢DF /cDL CDe)CDe and edejede corpuscles
as practicable  Other blood group antigens can be tested for m
the same general way

Tests should be carried out using the agglutination of try psimzed
corpuscles m addition to the antiglobulin reaction as an indicator
of antibody actinity

Tirating bodies by the Indirect Antiglobulin Method

(a) Warm Anfibodtes Doubling or four fold dilutions of the
patient s serum are made 1n saline so as to give serum dilutions
ranging from undiluted serum to 1 102¢ To each tube s
added an equal volume of a 29, suspension of washed group O
CDe/cDE corpuscles  After two hours at 3~ C  the tubes are
mspected for agglutination (1if any) and the cells washed three
times mn a large volume of saline

If supplies of the serum are sufficzent the author prefers to use
75 X 100 mm tubes and relatively large (1¢ 020 ml ) volumes
for the titratian ~ Sufficient w shed cells will then be avatlable for
the apglutination 1n antiglobulin serum to be crried out on a tile
n the ordinary way If small volumes have to be used 1t 15 then
best to add the antiglobuln serum to the deposits of washed
corpuscles 1n the origmal tubes and to read the agglutmation
rucroseopreally or with a concave murror after 30 to 60 minutes at
37 C

(b)) Cold Antibodies  Cald antibodies can be titrated by the
antiglobulin method only if normal serum is used as 2 diluent
instead of saline (see Table 19) The normal serum should first
be absorbed at 0 € 50 as to remove the normal mcomplete cold
antibodies 1t probably contams (see p 483) The method other
wise 15 the same as for the titration of warm antibodies except that
the test should be carried out at .0 C aswellasat 87 C and at
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Tube (1) pattent s serum 5 vol (5 drops) + 20 to 80%, suspension
of normal group O (De/cDL erythrocytes 1 vol
(L drop) Incubate for 2 hours at 37 C
{2) as Tube (1) but at 20 C
(3) as Tube (1) but with the serum previoush acidified
with a one fenth volume of N/t HCI
(4) as Tube (8) but at 20 C
{5) as Tube (1) but with an equal volume of fresh normal
serum added to the patient s serum
(6} as Tube (5) but at 20 C
(7) as Tube (5) but with the sera acidified with 2 one tenth
volume of N/& HC]
(8) s Tube (7) but at 20 C
(9} as Tube (8) but usmg patient s serum which has been
mactivated at 56 € for 80 mmnutes
(10) as Tube (9) but at 20 C
(11} as Tube (1) but with normal scrum mstead of the
patient § serum
{12) as Tube (11) but at 20 C
(13) as Tube (3) but with normal serum mstead of the
patient s serum
(14) as Tube (13) butat 20 C
All the tubes are allowed to stand at 87 C (or 20 C) for 2t
least two hours the cells being gently resuspcnded i the serum
from time to time At the end of two hours the tubes are inspected
for agglutination and hzmolysis  The cells are washed 1n three
changes of saline and agglutination tests then carried out on <n
opalescent tile as described on p 483 using a potent antiglobulin
serum diluted 1 1n 4 and 1 1n 64
If anttbody 15 detected the next step 1s to titrate it and deter
mune 1f possible 1ts specificity (see below)

The Determnation of the Specifieity of an Intibody

Only an outlme of the necessary procedures can be attempted
here It 1s essential to have available a pancl of normal erythro
cytes the blood groups and types of which have been determined
as completely as possible  Group O ¢DE/cDI corpuscles are
particularly valuable

The first step in determmng the speaficty of an antibody (f
It 15 & warm one) Is to test its abihty to retct with group O
CDe/CDe DI /eD} and cdejede cells respectivcly and to note
any differences 1 the mtenstty of sensitization or agglutination



Usr oF Tryrsinizrp CORPUSCLES 491

fold dilutions of the patient s serum are made m saline so as to
gve serum dilutions ranging from undiluted serum to serum
diluted 1 1 102¢  An equal volume of a 1% suspension of
trypsimzed corpuscles ts added to each tube and !n & control tube
containing saline only  Aggal 1on 15 read 1]
using & concaye mirror or microscopically after two hours mn the
water bath at 87 C  (For a deseription of the use of trypsinized
corpuscles i the titration of cold antibodies see below}

DETECTION AND TITRATION OF IN SALINE
AGGLUTINATING (COMPLETE) ANTIBODIES

Warm Antibodies  Complete warm antibodies are rarely
detected but not unknown 1 the sera of patients with acquired
hxmolytic anemia They are titrated by making doubling or
four fold diluttons of the patient s serum 1n saline and adding to
each tube an equal volume of a 1%, suspension of washed group O
CDe/cDE erythrocytes  Agglutinntion 1s read off macroscopteally
with the ad of a concave nurror or microscopically after mncuba
tion for two hours at 37 C

Cold Antibadies (a) Using Normal Corpuscles Doubling or
four fold dilutions are made 1n saline so as to grve serum dilutions
rangmg from 1 1n 2 to 1 1n 2 000 {or higher) Lqual volumes of a
19, solution of normal group O corpuscies are added to cach tube

The suspensions are allowed to stand for two hours at 20 C
(toom temperature) and the agglutination then read off macro
scopically with the aid of a concave mirror nfter gently inverting
the tube two or three times to pend the
'The suspensions arc then remtxed and the rack of tubes placed m
the refmigeratorat 2 to4 € After chulling for at least two hours
the agglutin titres are re read as quickly as possible before the
tubes have had time to warm up appreeiably ~ Finally the rack
of tubes i placed 1n the Water bath at 37 C and the cells re

hey are d for aggl after a further
one hour s incubation

(b) Usin, Trypsins ed Corpuscles Trypsimzed corpuscles are
agglutmated by cold antibodies more quickly and more intensely
than are normal corpuscles The agglutmn titre 15 wcreased
perhiaps four fold and the upper thermal limit for agglutination
raised  Titrations are catried ount in exactly the same way as
with normal corpuscles
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lower temperatures or temperatures between 20 C and 37 C
if desired  After sensitization and reading the agglutmin and
hemolysin titres the cells are washed m three changes of sahne
warmed to 87 C The antiglobulm serum should be used at a
dilution of 1 1 ¢ The titration should be carried out at pH 6 5
to 70 with acidified normal serum as diduent as wellasat pH 80
using unacidified normal serum

Detection and Titration of Incomplete Warm Antibodies
using Albumin and Serum albunmn Media

Dirert Tests  Highly sensitized corpuscles undergo anto
agglutmation when suspended in undiluted normal serum or
20% albumin  The ntensity of agglutination 1s probably a
measure of the degree of sensitization of the corpuscles

Indirect Tests Antibodtes may be detected by adding to one
volume of the patient s serum one volume of a 1 to 29, suspension
of normal group O CDe/cDL corpuscles 1 20% alburmn  The
presence or absence of aggl ton 15 read microscopically after
the suspension has been incubated at 87 C for two hours Itis
essential to set up a suspension of the test cells 1n 2 normal serum
as a control for doubtful agglutm ition

Warm antibodies may be titrated by makimg doubling or four
fold dilutions of the patient s serum 1 normal serum and adding
to each tube 1n equal volume of the normal corpuscles suspended
n 20% albumin  The tubes are incubated for two hours at 37 C
and the results read mcroscopically

-
Detection and Titration of Incomplete Antibodies using
Trypsimzed Erythrocytes

Preparation of Try psin Solution  Crvstalline trypsm
(Armour) 1s very satisfactory A 1% solution 1s made by werghing
out a few mg of the powder and adding the appropriate s olume of
N/20 HCl—the solution heeps for a wWeeh or more at 4 C A
0 19%, solutron 15 then made by diluting 1 part of the stock solution
with 9 parts of 1sotonie pH 7 7 phosphate buffer (1 ©3% Na HPO,
anhyd 905 parts 23849 NaH,PO, 2H,0 95 parts) 02 ml
of packed washed normal group-O CDe/eDE corpuscles 1s then
added to 1 ml of the 019 trypsin solutton The mixture is
jncubated for one hour at 87 C and the trypsmzed corpuscles are
then washed m at least two changes of saline

Antibody Titration (Warm Antibodies) Doubling or four



Dot T anp 1rveER TEST 493

In the ease of PN H corpuscles however it 1 mmportant nof to
acadify the serum

A temperature of -0 C 15 about the optimum for tis type of
hemolvsis (sce p 207) and there seems no advantage i necubating
at 37 C after sensiizing at 20 C It s probably unwise to chill
the eell suspensions at € € and then warm to 37 € n some
e1ses less lysis 1s obtamed n this way than by simply allowmng,
the suspensions to stand at .0 C

DETEGTION AND TITRATION OF THE
DONATH LANDSTCINER HAMOLYSIN

Q Donath L Test Samples of the
patient s blood are delivered directlv 1nto two tubes or  bijou
bottles previously warmed in the 37 C water bath  One sample
wsleft toclotat 37 C  the otheris placed mnmediately 1n erushed
e at 0 € and left undisturbed for 30 minutes  The tube or
bottle 1s then replaced in the water bath at 37 ¢ without disturb
mg the clot  The samples are finally re examuned when the clots
have retracted In paroxysmal cold hemoglobinuria the serum
expressed by the clot which was chilled before 1t was warmed
should be tinged deeply red with hxmoglobin  the serum of the
sample kept at 37 € should be entirely free from h emoglobin

Indirect Donath Landsteiner Test  Serum from the
patient 1s obtanced from blood allowed to clot undisturbed at
37 C One volume of a 509 suspension of washed normal
group O corpuscles 1s added to 9 volumes of patient s unacidified
serum  The suspension 15 chilled n crushed ice at 0 C for
80 nunutes then placed in the water bath at 37 C  The tube is
centrifuged after 60 minutes t 3% C

Haemolysis visible to the naked eye mdicates a positive test
In some cascs hemolysis oceurs within a minute or so of warming
An additional tube contamng patients serum diluted with an
equal volume of normal scrum should be set up and subjected to
the same procedure—this allows for the possibility that the
patient s serum 1s deficient 10 complement A further control
tube may be set up and hept strictly at 37 C throughout this
should show no hemolisis

Titration of the Donath Landsteiner intibody Doubling, or four
fold dilutions of the patients serum are made in fresh normal
sernm An equal volume of 2 2 {, suspenston of washed group O
corpuscles 1s added to each tube and the tubes then mmersed n
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DETECTION AND TITRATION OF HEMOLYTIC
ANTIBODIES hncd

Warm Hemolysins  As mentioned on p 242 hemolytie
factors eapable of bringing about the hazmolysts of trypaumzed or
PNH corpuscles are oecisionally detected in the sera of patients
with acqured hemoly tic 1nemia

The hemolysms may be titrated by making doubhing or four
fold dilutions of the patient s serum 1n fresh unacidified normal
human serum and adding equal volumes of a 2%, suspension of
group O trvpsimzed normal erythrocytes or group O PNH
erythrocytes The tubes are incubated for two hours at 37°C
and hemolysis 15 read visually after centrifugimg It 1s essentrl
that the sera and the cell suspensions be warmed to 87 C hefore
the cells are added to the serum

Cold Hmmolysins (excluding the Donath Landst antt
body) Sera contaning cold antibodies at high titres are potents
ally hemolytic (see p 250) Normal corpuscles are as a rule onlv
hzmolysed n acidified sera

Hzemolys:s can be reliably demonstrated by adding to 10 volumes
of the patient s serum previously acidified with 10% by volume
of N/4 HCI 1 volume of a 50%, suspenston of normal group O
ervthrocytes A second tube contunmng patient s scrum diluted
with three parts of fresh normal serum and then acidified should
be sct up to allow for the possibihty that the patient s serum 1s
defieient m complement  Further tubes contammg patients
unacidified serum 2nd normal acidified serum should be set up as
controls The tubes are left at 20 C for two hours and then gently
centrifuged  Typically hamolysis ts seen only 1n the tubes con
tammny, patient s acidified serum

The final cell concentration should not be greater than 5% and
care should be tahen to deliver the cell suspension directly mnto
the serum  If the cell suspension comes mto contact with the
side of the tube this may by itself lead to hemolysis

Turaton of Cold Hwmolysins  Hemolytic i h tifre cold
antibodies can be titrated by making doubling or four fold
ditutions of the patient s serum n aerdified fresh normal serum
(contaming 10%, bv volume of N/ HC!) and adding to the scrum
dilutions equal volumes of a 29, suspension of narmal group O
corpuscles  The tubes are allowed to stand for two hours at
20 C They are then centnfuged and mspeeted for hemoly s

Tr)pslmzcd corpuscles and I \ H corpuscles can also be used
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—20 C overnight rewashed and then suspended m two volumes
of saline and the pil adjusted to 66 to 68 with N/10 NaOH
The suspended stroma1s heated at 60 C for 10 munutes and then
rapidly centnfuged for a short while in previously warmed

cups  The sup 1s finally re-centnifuged at high
speed so as to remosve all particulate matter

PREPARATION OF ANTIGLOBULIN SERUM

Several methods mas be used and as only a minonity of rabbits
produce potent sera it 1s advisable to 1mmumze several ammals
at the same trme  Full details are ginven by Vourant {195.)

The primary stimulation may be carried out by the alum
precipitated serum methed of Proom (1943) or by Slavin s (1920)
method using ealesum alginate

Prooms Method 25 m! of human group O scrum are
diluted with 80 m! of distilled water and 90 m! of 10°, potash
alumadded The pH s adjusted carcfully to 6 5 with 5\—\aOH
using bromthymol blue as external indicator  The preparation 1s
centnifuged and the precipitated protein washed twice with saline
contamng 1 1n 10 000 merthiolate The final precipitate 1s made
up to 100 ml with mertholate saline 5 ml of this matenial are
mjected intramuscularly mto each thigh of the rabbit to be
mmmumzed and the 1njections repeated 14 davs later

Slavins Method 1 ml of human group O serum 1s mixed
with 4 ml of 4%, sodium algnate solution {Calgitex) This 1s best
done m a sterle mortar  The mixture 15 injected mtraperitoneally
mto a rabbit using a comparativels wide bore needle Imme
diately afterwards 25 ml of a 19, aqueous caleum chloride solu
tion are njected by means of a second syrnge into the same area

Hypermmuni ation Trespective of the method of primary

on 1t 18 to hyp the rabbits by
njecting whole human serum intravenously preceded by an intra
peritoneal mjection (Wootton 1950) At least four weeks after
the prmary 1noculation 05 ml of human group O serum 1s
injected mtraperltoneqlly The following day 01 or 02 ml of
serum diluted m 1 or 2 m! of salme 1s slowly mjected ntra
venously The rabbit should be bled five to seven days later
The 1and it may be repeated
at mntervals of four to six weehs
Rabbits can usually be bled satisfactorily from their ear veins
The blood 15 placed at 37 € so that the clot may retract The
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crushed 1ce at 0 C  After 80 minutes the tubes are placed 1 the
water bath at 87°C aud the deposited cells resuspended They
are centrifuged after one hours ncubation The degree of
heemolysis 1s recorded as described previously (p 482)

ELUTION OF ANTIBODIES FROM
SENSITIZED ERYTHROGYTES

The preparation of potent antibody contammng eluates from
the erythrocytes of patients with acquired hemolytic anemiais
an essential step in the investigation of the spectficity of the anti
bodies (see p 233) Lluates are probably best made from the
erythrocyte stromata  Kidd s (1949) aed elution and Selwyns
(1952) heat clution techniques both yreld potent eluates Further
work 1s required before 1t can be assumed that all ty pes of antibody
can be equally successfully eluted by a single techmque

huidd's (1949) Method It 1s conventent to work with the
erythrocytes obtamed from 20 ml or more of the patient s defibri
nated blood The erythrocytes are washed at least three times m
saline and an equal volume of distilled water 15 then added to
the pached washed cells The partially lysed ervthrocytes are then
frozen and thawed at least three times Finally a volumc of
distilled water five times thit of the ongmal volume of pached
cells 1s added and the lysed blood then acidified by the dropwise
addition of N-HC! until the maximum amount of stroma appcars
to have been precipitated (at about pH 56 to 58) The preeipr
tated stroma 1s washed at least six times with M/15 phosphate
buffer at pH 56 to 58 Two to three yolumes of pIl 32 JM/10
citrate—HCI buffer are then added to one volume of pached washed
stroma and the reaction readjusted to pH 32 to 84 by the
cautious additton of further N-HC! using bromphenol blue as an
external mdicator

Aacid elution 1s continued for 10 to 15 mmnutes at room temper
ture gently agitating the suspension of stroma from time to time
The suspension 1s then centrifuged and the supernatant hept
The pH s adjusted to 74 by the carcful dropwisc addition of
5N-NaOH using phenol rcd as an external mdicator During
nentralization protemn 1s preempitated  This s remoted by
centrifugation and the supernatant usually a shghtly brown clear
solution should contamn the eluted antibodies

Selwyn s (1952) Method Stroma 15 obtamned s indreated
above and washed until almost hxmoglobin free It 1s frozen st
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0% humolysis  Tlns 1s caleulated as follows (Miyer I iton and
Hewdelberger 1016) —
& = the rcaprocal of the final serum concentration
{obseried ® hemolysis)
Y= 300 — obeerved 5, hemolysts
15 plotted for cach value of 2 agunst  on donble log paper
Tlie titre causing 40% lysis 15 grven by the pomt at which a
straight line fitted to the experumental observations cuts the
yaxusaty =1
Normal Range of Serum Complement (titre) =70 to
140 umts

SCHEME FOR THL SEROLOGICAL INVESTIGATION
OF A PATIENT SUSPECTED OF SUFFERING FROM
ACQUIRED H/EMOLYTIC ANZEMIA OF THE AUTO
ANTIBODY TYPE

It 15 hoped that the following brief scheme may be of use It
has been set out in the form of answers to questions  The recom
mended procedures are outhned in italies
(1) Are the patient s erythrocy tes sensitized by auto anttbodies 7

Duirect anti lobulin test

(1a) If the antiglobulin test 1s positive 18 the reaction of the

warm or cold type

Quantutatiee antiglobulin test  y globulin neutrali~ation fest

(1b) Wht 1s the speaificity of the antibodies ?

1 repare cluates  dest by anfiglobulin method and with T N
cells  Determmne the exact roup and genotype of the
patient s erythrocytes as far as 13 possible

(2) Is there  free  antibody m the patient s serum ?

(a) Cold a lutinin titration at 2 C using N cells

(%) Agatutiman titration at 37 C wsing TN eclls

(€} Indirect anti lobulin reaction sensifrang at 3 C

{d} Qualitatine D -L tcst

(8) If & huh titre cold antibody 15 present what 1 its thermal
range ?

{a) Cold a, Jutiun tiration at .0 C 80 C and 87 C

using N cells

() Indirect anbglobulin reaction  sensite ing at 20 C

30 C and 8" C & padification = heat machiation
of the patient s serum
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separated serum 15 then freed from suspended cells by centrifuga
tron and mactivated by heating at 56 C for 30 minutes

The serum 15 then absorbed with human erythrocytes which
have been washed with at least s1x washimgs 1n a large volume of
saline  Two absorptions should be carried out  first with an
equal volume of packed group O cells and then with group A,B
cells or with 2 mixture of A, cells and B cells The cell serum
suspensions should be left for at least one hour at 4 C before
centnifuging

The absorbed rabbit serum must be tested for 1ts speefieity and
potency When diluted 1 mn 4 1t should not agglutinate washed
normal human erythrocytes and 1t should be capable of agglutt
nating erythrocy tes dehberately weakly sensitized with antibodies
such as anti D and the mcomplete cold antibody present m
normal sera It should be titrated with both types of antibody
and optimum dtlutions determined for each If the serum 1s
shown to be both sensitive and properly absorbed 1t may be
brought into use It should be stored frozen 2t —20 € 1n
volumes not exceedmg 2 ml

TITRATION OF SERUM COMPLEMENT

Doubling dilutions of freshlv obtained sera ar¢ made m saline
so as to give serum dilutions ranging from 1 m 8 to 1 m 128
05 ml volumes are conventent To each tube of the serum
dilutions and to two further tubes contuning 05 ml of salme
and distilled water respeetivels is then added an equal volume
of a 239 suspension of washed sheep cells sensttized with 15
MHD of rabbit antt sheep cell amhoceptor (5% washed sheep
cells to which has been added an equal volume of saline containing
3 M HD of amboceptor and the mixture allowed to stand at
37 C for 30 minutes) The scrum cell suspensions are placed mn
the 87 C water bath for 80 minutes and then centuifuged

05 ml volumes of the supernitants from each tube and from
the two control tubes are then added to tubes contaming 5 m!
of N/150 ammoma The amount of hemolysis 1 cach tube 15
read 1n 2 photoelectric colormeter using a green (Ilford 625) filter
The control tube which contamed only stlme gives 4 reading for
0%, hmmolysis and the tube contawung dwstiled water a salue for
100% hemoly sts

The complement titre 1s recorded as the rceiproceal of the scrum
concentration after the addrtion of the sheep cells which causes
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Mecthod  Fresh 0 5ml samples of normal serum and/or patient s
serum are acidified by the addition of one tenth volumes (0 05 m! )
of Nf5 HICl  After carcful mrang the acidified serum 1s placed in
the water bath at 37 C and 000 m! {or one large drop }ofa
50%, suspension of patient s washed corpuscles 15 added to each
tube The tubes are centrifuged after incubation at 87 € for one
hour In paroxysmal nocturnal hemoglobinuna the corpuscles in
the acrdified serum will have undergone definite although meom
plete vsis  No lysts or at the most a trace of lysis should be
visible in the unacidified sample  As essential controls additional
tubes of unacidificd and acidifiedd scrum respectively  should be
set up and normal corpuscles instend of patient s corpuscles added
to them No lysis should be visble in either tuhe

Markedly spherocytic erythrocytes undergo lysis mn acdified
serum and this must be borne in mind m assessing the significance
of 4 positive result (Dacie 1949)  The two types of reaction can
be readily differentiated by repeating the test using acrdified
serum previously mactrvated at 56 ¢ for 10 to 30 minutes
PN erythroeytes do not undergo lysis i heated serum  the
Iysis of the spherocytes however is unaffected  As 1s shown
in Fig 9, (p 432) 1t 1s possible to construet a pH lysis curve af
different concentrations of acid are used The ophmum pH for
hzmolysis 15 between pII 6 5 to pII 7 0 (pH measurements made
after the addition of the eryvthrocy tes to the serum)

The zetd serum test 15 positive (subject to the rcservations on
spherocy tosts mentioned m the previous paragraph) only
Pparovysmal nocturnal hamoglobmuria

THE ESTIMATION OF THE SURVIVAL OF TRANS
FUSED ERYTHROCYTES BY THE DIFFERENTIAL
AGGLUTINATION METHOD OF ASHBY

Principle of the Method The general prmeple of the
method 1s to transfuse to a reapient erythrocytes of a different but
compatible blood group e g group O corpuscles may be trans
fused to a group A or B or AB reciprent group ON corpuscles to
a group OV or OVN recipient and Rh negative corpuscles to an
Rh positive recipient  The resulting mixture of corpuscles may

be separated wn 114r0 1f they are suspended in a potent 1 Ii4
serum 1 which the reerp s ag,, d but not
those of the donor For example when group O blood has been
transfused to a group A the group A are

agglutinated by an anti A semm but the donors group O
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(3a) Is the antibody hmolytic ?
(@) Titrate with N cells at 20°C using normal serum as
diluent 3= acidification
(&) Trtrate with PN XH cells (of avarlable) at 20 € using
normal serum as diluent
(¢) If D -L aniibody present carry out the quantitative D ~L
DProcedure sensiizing at 0
(4) If a warm antibody 1s present what 1s 1ts specifiaty *
Test with panel of cells of Inoun genolype and carry out
absorption expertments
(4a) Are hxmolytic components present ?
Turate at 87 C with NT and PN H cclls using normal
serum as diluent
(5) Are there any other serologic1l abnormalities ?
Est of serum
Estumation of serum protewns  separation by paper electro
phoresis  Tutration of heterophile (ants sheep) bod:
1gglutination and complement fization tests for ant viral
tbodies and antibodies agarnst Strepl y
N cells = normal group O erythrocytes TN cells = trypsi
nized normal group O ervthrocytes PN H cells = prroxysmal
nocturnal hemoglobinurra erythrocytes D -L = Donath Land
stemer

THE AGID SERUM TEST

The acid serum test 1s used m the diagnosis of paroxysmal
nocturnal hemoglobinuria It 1s necessary to have samples of
the patient s erythroeytes as well as serum from the patient or
comp itible fresh normal serum  The pitient s corpuscles can be
obtamed from defibrinated heparmized ovalated or atrated
blood The test can be satisfactorsly carried out e en on corpuscles
wiuch have been stored for sever:l weeks in acid eitrate dextrose
solution at 4 C

The patient s serum 1s best obtamned by defibrination for if
obtamed from blood alloned to clot in the ordinary way at 37 C
or room temperature 1t will almost ccrtamly be found to be
marhedly hemolysed Normal scrum can be obtained either by
defibrmation or from blood allowed to clot spontaneously at room
temperature or at 37 C  Ti1s advisable to use a sample of normal
serum which 15 known to be potent n causing the hemolysiy of
P.NH corpuscles (see Fig 9 p 423)
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Method Fresh 0 5 ml samples of normal serum and/or patient s
serum re acrdified by the addition of one tenth volumes (0 0o ml )
of Nfo HCl  Alter careful mrang the acidified serum 1s placed m
the water bath at 837 C and 00, ml {or one large drop ) of a
50%, suspension of patient s washed corpuscles ts added to each
tube The tubes are centrifuged after incubation at 87 C for one
hour  In paroxysmal nocturnal lremoglobinuria the corpuscles 1n
the acidified serum will have undergone defimte although mcom
plete Iysis  No lysis or at the most a trace of lysis should be
vistble in the ynacrdified sample  As essentinl controls additional
tubes of unaerdified and acidified serum respectively should be
set up and normal corpuscles instead of patient s corpuscles added
to them  No lysis should be v isible 1w either tube

Markedly spherocytie erythroeytes undergo lysis m aeidified
serum and this must be borne in mind 1n assessing the signifieance
of a posttive result (Dacie 1949)  The two types of reaction can
be reuily differentiated by repeating the test using acidified
serum previously mactnated at 5¢ € for 10 to 30 minutes
PN erythrocytes do not undergo Iysis i heated serum  the
lysis of the spherocytes however 1s unaffected  As 15 shown
i Ti, 9o (p 432) 1t 1s possible to construct a pH lysis eurve 1f
different coneentrations of acid are used  The optimum pH for
hmmolysis is between pll 6 5 to pIL ~ 0 (pIl mensurements made
aftcr the addition of the ery throcytes to the serum)

The aaid serum test 1s positne (subject to the rescrvations on
spherocytosts mentioned in the previous parngraph) only
paroxysmal nocturnal hamo, lobinuria

THE ESTIMATION OF THE SURVIVAL OF TRANS
FUSED ERYTHROCYTES BY THE DIFFERENTIAL
AGGLUTINATION METHOD OF ASHBY

Principle of the Method The general prmaiple of the
method s to transfuse to a recipient erythrocy tes of a different but
compatible blood group e g group O corpuscles may be trans
fused to a group A or B or AB reaiprent group ON corpuscles to
a group O or OMN recipient and Rh negative corpuscles to an
Rh positive recipient  The resulting mixture of corpuscles may
be separated 1 t1tro 1f they are suspended 1n a potent agglutmating
serum n which the recipient s corpuscles are agglutinated but not
those of the donor  For example when group O blood has been
transfused to a group A the group A les are

agglutinated by an anti A serum but the donors group O




8500 H1vaToLoGICAL TLOHNIQUES

corpuscles remamn m a dispersed suspension  Symilarly when
group ON blood 1s transfused to a group OMN recipint the
reciplent s corpuscles can be ag, lutinated bv an ant: M serum
leaving the donor » group ON corpuscles unagglutinated

It 1s possible to carry out the diffcrential agglutmation in a
quantitative way and to count the unagglutinated corpuseles
with an accuracy hardly Jess than that for strajghtforward erythro
cyte counts However 1t 15 absolutelv essential to use a hughly
avid agglutinating serum  This usually restriets the method to
tracing the survival of group O blood given to a group A or B or
AB reeipient using an ant1 A or antt B serum and of group ON
blood given to a group OMN or OM recrpient ustng powdered
ant1 M serum (Lederle) Full det uls of the use of the diffcrential
agglutination method are given by Mollison (1901)  The techmque
now to be descrnibed 15 shightly modified from that described by
Dacie and Mollison (1943)  Survival curves obtamed by the
method are illustrated i Frs 21 22 23 and 85

Techrugue 01 ml of venous blood 15 suspended 1n 4 9 ml of
3%, sodum citrate solution to mahke a 1 m 50 dilution One
volume of the suspension 15 then added to ene yolume of the
appropriate agglutinating serum i an 80 X 10 mm tube provided
with a well fitting rubber bung 020 m! volumes are suitable

It 1s good practice to do the test i duplicate if sufficient serum
1s available The serum should be used undiluted or diluted m
several volumes of saline if necessary to the concentration at
which agglutination 1s maximal as shown by prelmmmary expen
ments with the recy s blood 10n of the reeipient s
cells should be intensc before transfusion and there should be very
few free cells 1f a good serum ts used  the best results will be
obtained 1f there are less than 10 000 frec cclls per cmm when
blood containing 5 000 000 ers throcy tes per ¢ mm 15 agglutinated
by the techmque to be described

The dilution of blood 1 ertrate and serum (now 1 1n 100) 15 Jeft
at room tempcrature for at least two hours and then centrifuged
at about 1500 rpm for one minute The tubes are then quite
vigorously shaken so that not only are the unagglutinated cells
snspended but the button of agglutmated cclls hecomes brohen
up 1nto small but still visible fragments  After waiting for not
more than one minute during which time the largest clumps of
agglutinated eclls sink to the bottom of the tube the upper three
quarters of the suspension consisting of free cells and small
clumps only 15 remoyved by Pasteur pipette into a fresh tube Tius
tube 1s corhed and the contents centnfuged for one minute as
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before  The button of deposited cells 1s then well mixed with the
supernatant fluid by a standwd procedure—fifty inversions
through an angle of 90 to 120 at the rate of one per sccond A
countng chamber 1s then filled from the upper layers of the cell
suspension thus nummuzing the number of sgglutinates withdrawn

After waiting for at least two minutes for the cells to scttle an
ervthrocyte count 1s performed in the usual way counting
howeser  free  cells enly  The cells (usually tightly agglut:
nated) in the few clumps which may be seen are ignored  The
number of unagglutmable (donor) cells present may be expressed
1n absolute numbers or as a pereentage of the number present at
the concluston of the transfusion

If ant: M powder 15 used instead of o hquid agglutinating serum
the powder itself 1s added by means of a small wooden spatula
(toothprck) to a 11n 50 or 1 m 100 didution of the patient s whole
blood 1 3%, sodium eitrate  The amount to be addcd must be
determined by trial and error the amm being to achieve almost
complete agglutination of M positnve cells (1€ less than 10000
free cells per emm }

DEMONSTRATION OF HEINZ BODIES

Unstained Preparations Heinz bodies miv be seen as
refractile objeets m dry unstamned films af the illununation 15 cut
down by lowening the mrcroscope condenser  Thev are also
easily seen by dark ground or phase contrast dlummation  The
size of the particles varies from 1 to 2 u to half the size of the
corpuscles  One or more may be present 1n a single cell  They are
usually close to the cell i} and m wet they
move around within the cells 1n a slow Brownian moement

Stained Preparations Vethyl violet stains the bodies
excellently

Equal volumes of blood and 02°, methyl violet in normal
saline are nuxed together and after abaut ten munutes at room
temperature films may be mxde or the suspension of corpuscles
viewed between shde and coverslp The Hemz bodies stam an
intense purple They also stain with other basic dyes With
brilliant cresyl blue they stain less ntensely than with methyl
violet However they may be readily seen as pale blue bodies
1n a well staned reticulocyte preparation

If permanent preparations are required the vitally stamned films
should be fived by exposure to formakin vapour for 5 to 10 minutes
T films are fixed 1n mcthyl alcohol the bodies are decolonzed
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Formahn fixed films may be counterstamed with 019 eosin or
0 1%, safranin after thoroughl washing m distilled water

DEMONSTRATION OF SICRLING

The sickling phenomenon may be simply demonstrated by
sealing a thin film of the patient s blood between shde and cover
slip by means of a Vaselme and paraffin wax misture  Siekling
develops 1n the sickle cell trart wnd 1n the various tvpes of sickle
cell \nzemia as the oxygen n the preparation 1s gradually uscd up
In sickle cell anema well marked sickling 1s usually visible after
incubation for an hour or less at 37 € 1n the trat the proecss 1s
slower and up to 12 hours mcubation may be necessary  The
change can be hastened by the addition of reducing agents to the
blood The method recommended by Itano and Pauling (1949)
15 a reliable one

Method Using a Reducing Agent

Required 4 01140 aqueous sodwm dithsontte (N2 8 Q)
B 0114V aqueous disodum hydrogen phosphate
(Na HPO,)
The two reagents are mixed together to give a final pH of about
68 about 2 volumes of 4 to 3 volumes of B are required
The sodium dithienite solution should be made up on the day
1t 1s required and the appropriatc amount of sodium phosphite
solution added just before use
About 005 ml of the reagent 1s added to a very small drop of
blood (001 ml) on a shde and the mrxture immediately covered
with 2 covershp Insiekle eell anemia the early changes of sichling
tahe place almost immediately holly leaf formus first appear
and birefringence becomes vistble in 15 to 20 mnutes

PHYSICO CHEMICAL METHODS USEFUL IN THE
INVESTIGATION OF ABNORMAL HAEMOGLOBINS

P
Brtef accounts will be given (a) of a method for the determint
tion of the rate of denaturation by alkah and (b) of a method
of paper electrophoresis applicable to the differcntiation of the
human hamoglobins  The first stage of esther method 1 the
preparation of concentrated stroma frce hemoglobin solutions
Preparmng the Hmemoglobin Soluttons The patient s
erythroeytes are swashed twice 1n 0809%, saline nd then once
129 sahne 'To the pached eclls 15 added an equal volume of
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dispilled water and the mixture 1s then repeatedly frozen and
thawed The resultant yiscous solution 1s treated with o one fifth
volume of Cy aluminmum hydroxide gel or with washed asbestos
pulp preparcd from a shredded Ford Stermat  The absorbent
and the erythrocyte stroma are then removed by centnfuging in
ahigh speed angle centrifuge (¢ 18 000 T p m ) for one hourat » C

The resultant hrmo/lobm solution has a concentration of
10to 1 g per 100 ml and stores well at 5° C 1n completely filled
bottles

Method for the Quantitative Measurement of the Rate of
Alkali Denaturation

Prneple  The alkaline hematin 1s estimated by measuring
the nercasing optical density of a solution of hemoglebin m red
(610 mp) light after the addition of alkalt  As the absorption due
to alkaline h-ematin at 600 to 600 my ts much greater thin that of
ovvhemoglobin the deselopment of the alkaline hxmatin can be
accurately recorded

Method (White 1001) 48 ml of thc haemoglobmn solution are
placed m a 1em cell bel electric
fitted w1th a spectral red filter Thc ubsorphon of the red Iight 1s
mmmal and should gn e a reading of less than 1 on the colorimeter
scale 02 ml of N-NaOII 1s then added to the haxmoglobin
solutton and rapidly stirred into it Readings on the colormeter
seale arc taken at 10 second (or longer) intervals until the reaction
1s complete

In an adult the denaturation 1s usually complete m less than
100 seconds 1 a newborn mnfant on the other hand a rapid
mitial rise m density 1s followed by a slow ncrease which may
not be complete for two and a half hours Y¥or comparative
purposes the reactions should be carmed out at the same
ifemperature

If the nse 1n density due to the denaturition 1s plotted agamst
time on semu log paper a straight line 1s obtaned with the blood
of an adult contaming no feet 1l hemoglobin and the half reaction
time ean be readily deduced Vvith blood contammg faetal
(alkalt resistant) } lobin two comp cury es are obt:
an mtal steep slope due to the presence of adult haemoglnbm
bemg followed by a slow component due to the feetal hemoglobm

trapolation backwards the of feetal |

can be caleulated (Fig 57 p 128) (White fnd Boaven 1904)
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Filter-paper Electrophoresis of Human Hmmaglubms

Principle  Small differences m the 150 electric points of the
varous human hemoglobmns allow their separation by electro
phoresis  The difference 1n behaviour between adult and feetal
hemoglobins 1s shight but sichle cell hemoglobin and hxmo 5
globm D move more slowly toward the anode than normal
h lobm on paper electroph at the alhali side of the 1s0
electric points  Hzemoglobin C has even less anodic mobility than c
heaemoglobins § and D under these conditions

Details of the following technique of separation have been
lindly provided by Dr G H Beaven and Br J C White The
curves lustrated mn Fig 61 (p 153) were obtamed by 1ts use

Method

Heemoglobin Solution  Although oxyhamoglobm  methemo
globin and earboxyhemoglobin behave stmilarly on paper electro
phoresis the carboxy compound 15 preferable as 1t 1s very stable
and readily resolved Solutions of carboxyhamoglobin are
prepared from concentrated stroma free hemoglobmn (see p 502)
by diluting the hzmoglobin with buffer (see below) to a concen
tration of 3 to 5 g per 100 ml and then saturating with carbon
monoxide or scrubbed coal gas Saturation s best effected by
passing the gas through a small flask on the sides of which the
haemoglobin solution 1s spread out as a film

4pparatus  Paper strips (Whatman No 1 or 3MM) 9 cm 1n
width and 24 em 1n length are supported on a rectangular perspex
frame The ends of the paper pass down vertically for 8 ecm to
dip 1nto the nner troughs of buffer The inner troughs are
connected bv glass wool wicks with buffer in 500 ml outer troughs
into which pass platinum wire electrodes The troughs are buslt
mto the perspex box enclosing the frime and paper and an air
tight hd 15 provided

Buffer Barbitone buffer at pH 8 6 of ronc strength I'/2=0 05

Barbitone sodmum 5g

ITydrated sodium acetate 833y

MN/10 hydrochloric acid 3842 ml

sy drated copper sulphate 1mg
1 htre

Water to

Potentral and Current A potential of 100 to 240 volts 1s apphed

across the paper the current bemng 5 to 10 pullimps  Dry cells
ar a stabilized mamns D C supply are suitable
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Settine up the Test A lme 15 drawn in penal across cach
paper stnp betweun the centre of the paper and the eathode end
of the horizontal section  On cach paper the identification of two
specimens 1s marhed i the papers are soaked n the buffer
blotted and applied across the frame wath the paper ends dipping
into the mner buffer troughs  The lid 15 placed on the apparatus
and equlibration of bufler over the paper allowed to take place
for 1 hour A par of hwnoglobin ~amples 1s then applied to
the pencilicd line on each paper by means of a camel hare brush
dipped 1nto the HbCO solutions m two lincar maths  One
specimen on the paper 1s o standard  marker  of narmal hemo
globin or a known sickle troit or sichle cell humoglobin—hamo
globin C mixture ete  the otlier 1s the unknown solution under
test  Inclusion of such markers greathy fieilitates precise ident
fication of unknown spectmens as conditions for obscryation of
absolute molahities are dufficult to schicve in paper eleetrophoreas

The potentil 1s then applied for 16 to *0 hours It 15 useful
though not essential to pass carbon monoxide into the apparatus
at the commencement  The apparatus 1s sluelded from hight and
yarations in temperature At 20 C separation 15 good but if
the room temperature 1s much higher it may be necessary to set
up the apparatus at a controlled lower temperature

Faamnation of Pesults At the end of the separation the strips
are removed and hung, up to drv i wr The separation of the
hemoglobin components 1s evident to the naked eye the idenbifica
tion of the components being mided by comparson with the
markers A rough quantitative comparison of the constituents in
muxtures 1s also possible by eye

For more precise measurement of comparative mobilities and
graplucal representation of separation nto two of more compo
nents seanning with some form of densitometer 15 necessary It
15 best to fix the heemoglotuns by heating at 110 € and then to
stain them by a smitable dye such as naphthalene black  The
Dapers are diffcrentiated i acctic acid methanol until the marks
are clear and the bachground very hight  They are then dned
and rendered translucent i a muxturc of hquid paraffin and
1 bromenaphthalene

A dircet tecording of the density alony, the prepared paper
strip can be made by an automatically recording densitometer
(Laucence 1904) (sce Fig 61 p 153)

The relative proportions of the components mto which A mixture
has been resolved can be dctermined by measuring the area undcr
each peak 1n the density tracing by means of a plamimeter
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SPECTROSCOPIC EXAMINATION OF BLOOD FOR
METHAMOGLOBIN AND SULPHAEMOGLOBIN

Method Blood 1s diluted 1 1n 5 or 1 i 10 with water and
then centrifuged  The clear solution 1s exammed 1n a glass cell or
tube It 1s important that the greatest possible depth or concen
tration of solution (consistent with wisibiity ) should be exanuned
and that a careful search should be made (with varving depths or
concentrations of solution) for absorption bands in the red part of
the spectrum (620-630 myp) If bands are seen the solution
should be treated with a drop of yellow ammonum sulphide A
band due to meth lobin will then disappear  if sulpk
globin 1s present 1ts band persists  For comparnson laked blood
may be treated with potassium firrieyanide solution which will
cause the formation of methzmoglobin A sample of sulphamo
globin may be prepared from blood (10 m! of 1 1n a 100 drlution)
by adding to 1t phentlbvdrazine hydrochlonde solution {01 ml
of a 0 1% solution) and a drop of water saturated with hydrogen
sulphide The unknown and the hnown pigments may then be
compared 1n a reversion spectroscope

The absorption band in the red due to meth-emoglobin 1s at the
wavelength 630 mp and that due to sulphemoglobmn at 618 mu
(cf methzmalbunn at 624 my)

SCHUMM S TEST

The serum (or plasma) 1s covered with 2 laver of ether A one
tenth volume of saturated yellow ammomum sulplude 1s then
added and mixed with the serum wlhich 1s viened with a spectro
scope  If meth@malbunun 1s present an ammonium hwmo
chromogen will be produced wheh has an intense narrow absorp
tion band 1n the green (at 558 my)

ESTIMATION OF PLASVIA HAMOGLOBIN

The method described below 15 a modifieation of that of Bing
and Baker (1931)

Principle  Benzidme 1n aeid solutron and hidrogen peroxide
together 1n the presence of harm pigments gne a green colour
which changes to blue and finally to reddish violct The intensity
of the colour mav be compared 1n a photoeleetric colorimeter with
that produced by solutions of hnown hemoglobin content
Meth b and b lobin are measured together
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Fvery effort must be made to prevent hremolyvsis during the
collection and mampulition of the blood A clean  vene
puncture ts essential  a rddatively wide bore needle should be
used and the syrnge first rinsedd wath stenile saline should fill
spontancously with blood  VWhen the required amount of blood
has been withdrawn  the needle shoukl he detached and nimne
parts of blood added te one part of 3 8% sodium aitrate  All
glassware must be serupulously clean

Method 01 ml! of plisma {or a larger volume of an appro
priate dilution of the plasma sce later) 1s added to 2 ml of the
benndine reagent and 1 ml of the hydro,en peronde solution in
a large test tube A control tube tn whteh 01 ml of distilled
water 1 substituted for the plasma and a standard tube contamn
ing a hnown amount of hemoglolin arc also sct u;

The nuxtures arc allowed to stand at room temperature for one
hour and then 20 ml of a 209, by volume aqueous solution of
ghent acetic aced are added to each tube  The colours developed
are compared m a photoclectric colormmeter using the colour
developed by thie control tube asa blank A blue green (Tlford 624)
filter 1s smitable

If the hemoglobin content of the plasma to be tested 1s abnor
mally Ingh the plasma should be diluted until 1t 15 just visibly
tinged with hemoglobin

Normal Range 1-¢ mg hrtmoglobin per 100 ml plasma
(Crosby and Dameshek 1051)

Reagents  Ben.dine Soluhon 0o g of pure benzdine
dihydrochl (Merck) 1 dissolved m 15 ml of hot (not boiling)
distilled water and then % ml of 949, cthyl alcohol and 10 ml
of glacnl acetic acd added  The benzidine solution will heep for
several weeks m 2 darh bottle at 2 to 5 C

Hydroen Peromde 0 6% solution prepared by diluting a 3%
(10 vols ) solution with distilled water before use

DEMONSTRATION OF HAEMOSIDERIN IN URINE

The unne 1s centrifuged and the supernatant removed and
replaced by an equal volume of a freshly made solution of 1%,
Potassium ferrocy amde 1n 1%, HCI (made by mixing equal volumes
of 2, potassum ferrocyamde and 2% ICI) The deposit 1s

¥ d n the acd p fcrrocvanide solution and
allowed to stand at room temperature for 5 to 10 mmnutes The
suspension 15 then re centnifuged The deposit 15 transferred to
a shide covered with a covership and examined under the rmero
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SPECTROSCOPIC EXAMINATION OF BLOOD FOR
METHAMOGLOBIN AND SULPHAMOGLOBIN

Method Blood 1s diluted 1 1n 5 or 1 1n 10 with water and
then centrifuged  The clear solutron 1s examimned 1n a glass cell or
tube It 1s important that the greatest possible depth or concen
tration of solution (consistent with visibility ) should be examned
and that a careful search should be made (with varying depths or
concentrations of solution) for absorption bands 1n the red part of
the spectrum (620-630 mp) If bands are secn the solution
should be treated with a drop of yellow ammonum sulphide A
band due to meth lobin w1ll then disapp f sulph
globin 1s present 1ts band persists  For comparson laked blood
may be treated with potassium ferrreyamde solution which swll
cause the formation of methzmoglobin A sample of sulphzmo
globm mas be prepared from hlood (10 ml of 1 1 a 100 dilutron)
by adding to 1t phenslhvdrazine hydrochlortde solution (01 ml
of a 0 1%, solution} and a drop of water saturatcd with hydrogen
sulphide The unknown and the hnown pigments may then be
compared 1n a res ersion spectroscope

The absorption band 1n the red duc to mcthamoyglobin ss at the
wavelength 630 mp and that due to sulph tmo, lobin at 618 mu
{cf methxmalbumin at 624 mu)

SCHUMM S TEST

The serum (or plasma) 15 covercd with 2 Isver of ether A one
tenth volume of saturated ycllon ammomum sulphide 1s then
added and mixed with the serum whieh 1s vicned with a <pectro
scope If methamalbumm 1s present an ammonium hamo
chromogen will be produced wihich has an mtense narrow absorp-
tion band 1n the green (at 558 my)

ESTIMATION OF PLASMA HZEMVOGLOBIN

The method deseribed below 1s a modifieation of that of Bing
and Baker (1931)

Principle  Benzidine mn acid solutson and Indrogen peroxide
together mn the presence of ham pigments five a green colour
which changes to blue and finally to reddish violet  The intensity
of the colour mav be compared in a photoelcetric colormeter with
that produced by solutions of hnown hzmoglobin content
Met) 1b and b fobun are d together
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must he multiphed by the dilution factor  Obvioushy teterie
plisma should be diuted in the first instance

Calculation
1 hotoelcetric Colorvmeter
Heading of test 100
e TS X 004 X
Brhrubin Terding of standard < © %% X 1
{mg per 100 m1) Reading of test

f standard

Solutions

Stock, Standard Methyl red Solution 290 mg of pure methyl red
are dissolved 1 100 ml of glacial acctic acid
Methyl red Standard (29 mg per ltre at pIll £63) 1 ml of
the standard 1s placed in & htre flash together with 5 ml of glicial
acetic acid  Water 1s added and 144 3 of crystallized sodum
acetate are washed inte the flash - When solution 1s complete the
volume 15 made up to 1 litre with water
D o heagent Thus 1s made by muung two solutians A and B
Solution {15 made by dissolving 1 g of sulphanihe acid n
250 m! of N hyvdrochlone acid and making the volume up
to 1 Iitre with water
Solution B contams 05 g of sodium mitrite n 100 ml water
The diazo reagent 1s made freshly before use by tuxing 03 mil
of solution B with 10 ml of solution {
Aleohal 859 ethy alcohol
Buffer 86 g of disodum phosphate (N2,1IPO, 12H,0) m
100 m] water
tmmontium Sulphate  Siturated solution

ESTIMATION OF UROBILINOGEN IN FZCES

Principle of the Method The stercobiin pigments of the
{zees ate reduccd to urobilinoen which 15 extracted with water
and the solution treated with Ehrlich s dimethylaminobenzalde
hyde reagent to produce a pink colour which ¢an be compared with
ather a natural or an artifieial standard

Method (kg 19.1)

Approximately 15y of well mixed frcecs are transferred by
means of a glass rod toa 6 X 1 test tube (This 15 easily done
by weighmg, the glass rod before and after) 9 ml of water are
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scope using the 4 mm objective  H-mosiderin 1f present
appears m the form of 1solated or grouped blue staming granules
usully from 1 to 3 1n size

If a permanent preparation 1s required the unstaned urmary
deposit 1s allowned to dry 1n the arr It 1s then stamned by the same
technique as 15 used to stamn blood films for sulerocytes The
deposit 15 first fixed by dipping the shde mn methyl aleohol for
10 to 20 minutes It 1s stained in freshly prepared acid potassum
ferrocytmde solution for 10 mununtes m the 56 C water bath
The shde 1s then washed m running water for 20 minutes rinsed
n distilled water and finally counterstained with 019, saframn
or eosin

ESTIMATION OF SERUM RBILIRUBIN

Principle of the Method The serum (or plasma) is treated
first with diazotized sulphamlic acid and then with ammonum
sulphate and alcohol to precipitate protein  The red colour pro
duced 1s compared m a photoelectric colormmeter with that of an
artificral standard (methyl red—2 9 mg per Iitre at pH 4 63) The
colour of this solution accurately matches the colour obtained when
001 mg of hilirubin 1s treated with the diazo reagent mn 2 final
volume of 10 ml

Method (bang 1951)

Test 1 ml of plasma or serum 1s treated in a centnfuge tube
{or better 1n = glass stoppered tube) with 0 5 ml of diazo reagent
If the diazo reagent 1s carefully layered 1bove the plasma and
the tube allowed to stand for a few moments a positrie  direct
van den Bergh reaction (if present) may be seen at the hquid
junction 05 ml of saturated ammomum sulphatc and 8 ml of
85% ethylalcohol are added The mrxture1s stoppered thoroughly
mrxed allowed to lie on 1ts side for 30 minutes and then filtered
Under these conditions the dilution of the plasma closely approx
mates 1 m 10

The colour of the clear filtrate 1s compared with the standard
mentioned above (= 004 mg of birubm n 2 volume of 101l )
The comparison 1s made with a green filter {Ilford 624)

If the concentration of azo bilirubin n the test sppears to be
more than twice that n the standard a sustable dilution of the
onigmal plasms with a phosphate buffer solution (see below)
should be made and the procedure repeated  Smee this mvolves
a dilution of the plasma (e g 1113 or 1m 10) the resultant reading
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must bhe multiplicd by the didution factor  Obviously icterie
plisma should be diluted i the first instanee

Calcutation
1 hotocleetrie Colorumeter
Reading of test 100
= ——— —— X 00} X —-
Thtirubin Reading of standard 1
(mg per 100 ml) Reading of test
~ Readm,, of standard

'

Solutions
Stock Standard Methyl red Solution 290 mg of pure methy! red
are dissolved 1 100 ml of glacial acetic acd
Methyl red Standard (29 mg per ltre at pH 463) 1 ml of
the standard 15 placed 1 a htre flask together with 5 ml of gheial
acetic acid  Water 15 added and 144 g of crystallized sodtum
acetate are washed into the flask  When solution 1s complete the
volume 15 made up to 1 litre with water
Dua o heagent Thisas made by muung teo solutions A and B
Solution 115 made by dissolving 1 g of sulphantlie acid in
50 ml of N hydrochloric acid and making the volume up
to 1 hitre wath water
Solution B contams 05 g of sodimm mitnte in 100 m! water
The drazo reagent 1s made freshly before use by miung 03 ml
of solution B with 10 ml of solution 1
tlechol 859 ethy aleohol
Buffer 86 g of disodium phosphate (Na HPO, 12H,0) n
100 m! water
Ammontum Sulphate  Satwrnted solution

ESTIMATION OF UROBILINOGEN IN FZECES

Principle of the Method The stercobibn pigments of the
feces are reduced to urobilinogen which is extracted with water
and the solution treated with Lhrhel s dimethy lammobenzalde
hyde reagent to produce a pmk colour which ean be compared with
cither a natural or an artificial standard

Method (kg 1901)
Appronimately 15 g of well mixed fzces are transferred by

means of o glassrod to a 6 x 11n test tube  (Tinsas easily done
by werlung the glass rod beforc and after) 9 ml of water are
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then added and the glass rod used to stir the mixture until it 1s
well emulsified  10ml of ferrous sulphate solution are added and
well mixed and then 10 ml of 25N sodium hydrovtde  The
mixture 15 allowed to stand for 2 hours with occasional strring
and 1s then filtered

Test 2ml of filtrate (= 0 1 g of fces) are placed n a 100 1l
measuring cylinder and 2 m! of Ehrlich s reagent are added After
mising and allowing to stand for 10 minutes 6 m! of sodwm
acetate solution arve added (plus an equal or greater volume of
water 1f the colour of the test 1s much greater than that of the
standard)

Standard (= 000387 mg urcbihnogen per ml) 1 ml of
phenolphtbalemn standard 1 a 100 ml volumetric flash s
treated with 5 ml of sodium carbonate solution diluted to the
mark with water and mixed

Blank 2 ml of the feces filtrate 2ml of 6N hydrochloric acid
and 6 ml of sodium acetate are treated mn the same way s the test

The test and standard samples are compared 1n a photoelectric
colormmeter using a vellow green (Ilford 625) filter

The blank rcading 1s subtracted from that of the test

Calcunlation
Urobilinogen mg (per 100 g faeces)
Reading of test — Reading of blank
= Reading of standard
Reading of test — Reading of blank
= 7 Reading of standard

L
X 000387 x V XOl

X V* < 387
+ Fial volume of the coloured solution (ml }

Solutions

Terrous Sulphate 20 g FeSO, 7H,0 dwssolved m water and
made up to 100 ml

2 5N sodium hydrozde (approx) 10 g of NaOH dissolved in
water and made up to 100 ml

Ehrlich s Dunethylaminoben-aldehyde Reagent 07 g pdt
methylaminobenzaldehvde dissolved in o mustute of 150 ml
concentrated hydrochloric 1cid and 100 ml water

Sodwum Acetate  Saturated solution of sodium acetate

6N hydrockloric Acid 60 ml of concentrated acid diluted to
100 m} give approvimately 6N HC]

Standard Phenolphthalein Solution 50 mg phenolphthalein
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dissohved 1n 100 ml of alcohol and diluted 1 1n 100 1n alkalme
solution as desenibed above  Tlus phenolphthalemn standard has
& colour sinular to that ginen by 0 38~ mg urobthinoen in 100 ml
when treated by the above procedure or to 000387 mg 1n 1 ml

Sodium Carbonate 15 g Nu,C0, dissolved in water and made
up to 100 ml

The Standard of W atson Sch cartz Sborov and Bertie (1944)  An
alternative standard solution which more nearly matches the
urobibno,en test consists of 5 mg of Tontacyl Cayrmine 2B
and 92 mg of Pontacsl Violet CIX150 per cent  dissolved m
1litreof 0 w% accticaerd  When 10 mi of this solution are diluted
with 60 ml of 059 acetic acid a colour 1s obtuned which 15
equinalent to that of 06 mg of urobilinogen mn 100 m! when
treated with Ehrlich s reagent

TESTS FOR UROBILINOGEN AND UROBILIN IN
URINE

The amounts of urobihin which are usually present are too small
to umpart a colour to the unne of normal persons  Most of the
prgment 15 present as the colourless urobihinogen which readdly
Lecomes urobilin on owidation  Unmes containing large amounts
of urobilin are reddssh m colour

A Qualitative Test (kg 1951)

Zine Test To 5 ml of urine are added 2 drops of N/10 10dine
solution followed by 5 ml of a 10 ; suspension of zinc acetate m
aleohol The nuxture 15 allowed to settle and in the clear super
natant a green fluorescence becomes apparent if urobilin or
urobilinngen 1s present If a speetroscope 1s available the flud
may be examined for the broad absorption band (due to urobilin)
at the grcen blue junction

Quantitative estimattons of urobiinogen may be carned out
using Ehtlich s reagent dimethylaminobenzaldehyde as deseribed
for the estimation of urobilinogen 1n feces
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