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PREFACE

This book, though written to some extent for pleasure, is
published 1n the hope that it may prove of interest to those
who concern themselves with the care of young animals,
whether 1n a2 medical or veterinary milieu. The study of
‘haemolytic discase embraces many aspects of the physiology
and pathology of the newborn animal and provokes many
problems of 3! 1 and bioch: 1 tech in the
Isboratory, of clmical and therapeutic assessment at the
bedside, and of amimal husbandry and economics in the
field. But this book 15 no attempt at an exhaustive treatise
in which all of the vast mass of writings on the topic would
be mentioned and apprassed. Rather, it is mtended as a
short ccount of present-day views on {mimolyti: disease
W el e e AR S Rt i R & it

and

pretations are mine and that 1 have afceded to certan
v;vhlms.'ﬁrst 10 attempting to express the material 1n the

grving a few reasons for the choice of nomenclature n a
field thickly sown with near-synonyms,
it



B Preface

The introduction is a very simple account of the diseass
for the assistance only of those readers who may not be
familiar with its classical features, s

1 acknowledge with pleasure the valuable help and in-
terest that 1 have received at various times from Dr R.R. A.
Coombs, Dr R F, W, Goodwin and the late Dr B. H. G
Hayward

G. F.R.



INTRODUCTION

Haemolytic disease of the newborn results from the im-
munization of a mother against a blood group antigen
possessed by her foetus bus not lzy thr,sclf »Blood group

immunization 15 to result. In some cases the means of m-
munization of the mother 1s plan to see, perhaps an incom-
patble blood transfusion or some other mjectton of blood
or blood products. In other cases immunization seems to
result solely from pregnancy in a way that is not at present
fully understood

Once a mother 1s immunized against a blood group anti-
gen of her foetus the stage 15 set for the appearance of
haemolytic disease of the newborn. In man (as n the rabbyt,
in which the condition can be induced experimentally) the
antibody can reach the foetus in wtero, and exert 2 baneful
jnfluence on tts red blood cells. In severe cases the de-
structive effect of the maternal antibody on the foetal cells
proceeds 5o far in ntero that the infant 15 born dead, usnally
1n an oedematous state, cond‘nwn‘_called hydrapL: fz‘)einh:.
EAR e Doty g AP A i

disorder and may, indeed, pass unnoticed Bit i the ma-
jority of cases the haemolytic anaemia 1s severe and acute,
P
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The introduction is a very simple account of the disease
for the assistance only of those readers who may not be
famibiar with its classical features,

1 acknowledge with pleasure the valvable help and in-
terest that T have recerved at various times from Dr R R.
Coombs, Dr R. F. W Goodwin and the late Dr B H. G.
Hayward.

G.F.R.



INTRODUCTION

Haemolytic disease of the newborn results from the im-
munization of a mother against a blood group antigen
possessed by her foetus but not by herself. Blood group
ncompatibility between mother and child 15 quite common,
but haemolytic disease does not usually ensue unless two
condlﬁons. co-exist, am:ll Eot Elwgys then. _‘Fim, \}‘1‘: blogd

munization of the mother 1s plain to see, perhaps an incom-
patible blood transfusion or some other injection of blood
or blood products In other cases immumzation seems to
result solely from pregnancy in a way that 1s not at present
fully understood.

Once a mother is immunized agamst 2 blood group anti-
gen of her foetus the stage is set for the appearance of
haemolytic disease of the newborn In man (as 1n the rabbit,
1 which the condition can be induced expenmentally) the
antibody can reach the foetus in utero, and exert a baneful
influence on its red blood cells In severe cases the de-
structive effect of the maternal anttbody on the foetal cells
proceeds so far in utero that the mfant is born dead, usually
m an oedematous state, a condition called hydrops foetalis
It 1s more commeon, however, for the process to be less far
advanced i utero, so that the manifestations are most pro-
nounced 1n the peo-natal period. In the muldest cases some
degree of anaemia, which slowly mends, may be the sole
disorder and may, indeed, pass unnoticed But in the ma-
jonty of cases the haemolytic anaemia is severe and acute,

ix



X Introduction

and 15 accompamed by an eardy development of severe
Jaundice, a condition called icterus gravis neonatorum,

In man, haemolytic discase 15 a cause of severe joundice
1n the neo-natal period, probably associated with a general
mmaturity of the tissues This combination of early and
pronounced jaundice with general immaturnty may also be
found 1 premature snfants not suffering from haemolytic
disease, Whether the b results from h Iyti
disease or from prematurity, there Is a grave nisk of damage
ta the bram, accompanied by patchy pigmentation in the
C?_nl_tal" nervous system, This complication is manifeft

P e

which are

fatal, or leave permanent evidence of bram damage in those
that survive Ths condition, called kernucrerus, has not so
far been described in any species other than man.

When maternal iso-ummumzation occurs in the horse or
ptg (or 1s mduced expenimentally in the dog) the antibodies
are unable to reach the foetus i wlero, and $o in these
species the disease 18 not mtiated before birth, The young
are born healthy but take the annbody, often in very high
conceniration, 1n the colostrum and milk For the first day
or 5o of hife, the ingested antsbody 15 readsty absorbed from
the ratestine and the anunals thus receive the full force of
very powerful antibody during the fiest forty-eight hours of
life The result as an acute haemolytic anzemia accom-
panted 1a severe cases by haemoglobinuna.

In man, and 1n the horse and mule, the disease may ap.
parently occur spontancously wath no evident cause of the
mother’s except as 2 of preg.
nancy In these esrcumstances 1t ss common for one or more
of the first-born children 1o estope the condition, and the
chisease oconrs tn the subseguent offspring. It seems the rule
that once an tnfant suffers with the condtion, afl fater gb.
hngs are affected f they carry the blood group antigen that
is incompatible with the mother’s antibody.

The blood groups that ate responsible for iso-immuniza.
tion hase not been elucidated in all species In man the
most unportant blood group antigen concerned came to be
called the Rhesus factor or more bricfly Rh Those possess.
sng the antigen were called Rh of Rhesus positive, and
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substances are found not only in the red cells but also in
the secretions of about four-fifths of the human population,
such persons are termed “secretors™.

Haemolytic disease is not the only cause of jaundice in
the newborn It may oceur mildly mn normal mfants (so-
called physiol dice) and in 1 syphuhs.
virus § and other rare . Nor is |
disease the sale cause of oedema of the newborn which may
occur in congenital disorders of the heart and kidney.







CHAPTLR |
THE DISEASE IN MAN: HISTORICAL ASPECTS

IctErUs GRAVIS NEONATORUM
The Scventecnth Century

One might suppose that jaundice of newly-born infants,
bemn both an obvious and a common manifestation, would
be the subject of commcnt m mcdlcal wnnngs of ancxcn(

dition fully 15 that of Sylvius (1679) He attrrbuted the con-
dmon to occlusmn of the bll: > duct by, “glunnous humours

sistent with a diagnosis of icterus gravis neonatorum, but
n ’



14 Haemolytic Disease of the Newborn

1o such claim could be entertained concerning an account
only nineteen words long,

As early as 1673, John Otto Horst of Darmstadt offered
2 nine-page inaugural disputation devoted entirely to a case
of an ictenic chldbieth. Although there are several features
of thi B N - o -
rather
our o
twice
days R . . »
fammltal neo-natal jaundice.? Posstbly the condition was
congenital syphilis, but 1t 15 not established beyondot‘ll(olgt

€
, mnts of
end of
estab-
lished. '
The other that d i the teenth

century are evidently not cases of haemolytic disease of the
newborn, though they are of interest in themselves * Three
of them, those of Kerckring (1670), Schultze (1676) and
Fehre (l§94), concern the bcan.ng of jeun'diced infants by

P

other three reports, those of Anhorn (1693), Bierling (1694)
and Hagendorn (1698), are of less inferest, in one of
Hagendorn's cases an attempt was made to wash away the
jaundice.

The Eighteenth Century

The publication of these cases before 1700 enabled the
authors of text-books in the eighteenth century to devote
some space to the appraisal of infantile jaundice specifically,
and such accounts can be read in the baoks of Duttel (1702),
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believed to be plugged with mucus The principal interest
of the paper 1s the description of the brain which is referred
to on page 40.

The feeling that 1aund1ce of Lthe newborn did not excite
IS v S AN IR A
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16 Haemolytic Disease of the Newborn

togical javadice, His thesis “Traité de Vietere des enfans de
natssance” was first published in 1788, but probably in a
limated edauion, for it 1s never quoted, and seems fo be in-
accessible The second edition of 1806, which is more easily
consnlted, was mote semmal, for a spate of theses on this
subject, mostly 12 French, pouted out during the ensuing

ears, n many of which a debt to Baumes is freely acknow-
edged.t His snfluence, and that of Peatson to be described,
belongs to the foltovang century.

The Nineteenth Century

It was clearly established durmng the early part of the
nineteenth century that nec-natal jaundice might assume a
mortal form, ing often with istons. Full ac-
counts of the conditton appeared at this time in the fext-
books of mudwifery and diseases of children such as those
of Gardien (1824), Baras, of the same year, and Dewees
(1826) But the essennal clue, which mught have served to
differentiate the rctersc form of haemolytic disease of the
newborn from other forms of severe nea-natn) jaundice
{except congenital syphilis), was sis famuhal mcrdence, Qb-
servations an the farmbal nature of the condition are, how-
ever, very hard to find n the writings of this period. It
seems that the first unequivocally to desctibe and draw
attention to a seutes of cases of jaundwce in the newborn of
one famuly was Pearson.

The case that Pearson described as very likely to have
been one of haemolytic disease of the newbotn; there were
nine previously affected siblings, and the climcal descrip-
uon s convincing Moreover, at autopsy. the bife ducts
were found to be free from impedimest.® The child de-
seribed was born in 1796, but 1t 1s not clear where and when
Pearson’s account was published, «f indeed 1t ever was, It is

uoted, ly as 2 p Q .m0 e
1799 edigson of Underwood's “Treatise on the Diseases of
Children”, but it had not appeared n hus edition of two
years earlier.’ Tt is also quoted verbatim, with triviat varia-
tions, in a footnote to Cheyne’s second “Essay on the
Discases of Children” dated 1802 and Cheyne himself
added another family, from his own observation, in which
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years
Though Pearson’s and Cheyne's descriptions were not
rffm‘Ed to ag‘ain_ un|ul 1883, 1t would not be true to say

view of 1834. And among those reported as congenital
occlusion of the bile-duct which ate likely to have been
Pt valihéaiin e S b SenT i/ I Y N
( | . . . .

wcterus 1 newborn foals, was put in mind of 2 neigh-
bour of his who had lost several successive infants from
jaundice
The muddle persisted throughout the century, despite
several tentative observations that occlusion of the bile-
duct could not be the whole story West, for instance, be-
gins to express some doubts by the time of the fourth
edition of s widely read book *® Writing about congenital
obliteration of the bile duct in 1859, he says- “death takes
place sooner or later, and though now and then Iife 1s
prolonged for several wecks or months . . yet in the
B



16 Haemolytic Djsease of the Newborn

logical jaundice His thesis “Traité de Victére des enfans de
naissance” was first published in 1788, but probably in a
Limited editson, for 1t 1s never quoted, and seems to be 1n-
accessible, The second editton of 1806, which is more easily
consulted, was more seminal, for a spate of theses on this
subject, mostly in French, poured out during the ensuing
years, tn many of which a debt to Baumes is freely acknow-
fedged.s His influence, and that of Pearson to be described,
belongs to the following century.

The Nineteenth Century
It was clearly established during the early part of the
nineteenth century that neo-natal jaundice mught assume 2
mortal form, terminating often with convulsions. Full ac-
wtemme mmmen-ad ne this time in the text-
children such as those
+ e year, and Dewees
. : might have served o
differentiate the icteric form of haemolytic disease of the
newborn from_other forms of severe neo-natal Jaundice
Lt @3 e coq Eameiloal Snnidange, Ob-

. '¢, how=

Anrrnbn nf sha annd

favoamt anamaniial

. . d draw
attention to a series of cases of jatindrce in the newborn of
one family was Pearson.

The case that Pearson described is very likely to have
‘been one of haemolytic disease of the newborn, there were
nine previously affected siblings, and the clintcal descrip-
tion 1s convincmg Moreover, at autopsy, the bile ducts
were found to be free from mmpediment. The c¢hild de-
scribed was born in 1796, but 1t 15 not clear where and when
Pearson’s account was published, if indeed it ever was. It is
quoted, seemingly as a personal communication, 1 the
1799 edition of Underwood’s “Treatise on the Diseases of
Children”, but it had not appeared in his edition of two
years earlier.” It 1s also quoted verbatim, with trivial varia-
tions, in a footnofe to Cheyne’s second “Essay on the
Diseases of Children” dated 1802; and Cheyne himself
added another family, from his own observation, in which
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two children were affected. These familics, then, observed
Hiacvn PSR s i e TR gt

servations 15y forgotten or neglected for more than 80
yea;

15,

Though Pearson's and Cheyne’s descriptions were not
rifcn'cd to again until 1883, 1t would not be true 1o say
vaaiat i e TP P g v by s

. - . PR
. T .

view of 1834 And among those reported as congemtal
occlusion of the bile-duct which are hikely to have been
cases of icterus gravis are those of Campbell (1844), Binz
(1866), Herz (1878), Glaister (1879 and D'Espne (1880). It
seems clear that in the medical history of the nieteenth
century a continuous stream of cases recognizable as
h j} disease were published, bul b d under

P

icterus 1n newborn foals, was put m mnd of a nesgh-
bour of s who had lost several successive infants from
Jaundrce

The muddle persisted throughout the century, despite
several tentative observations that occlusion of the bile-
duct could not be the whole story West, for instance, be-
gins to express some doubts by the time of the fourth
edition of his widely read book.* Writing about congenital
obliteration of the bile duct in 1859, he says+ “death takes
place sooner or later; and though now and then Lfe is
prolonged for several weeks or montbs . . . yet in the
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majority of instances the fatal issue takes place within 2
fortnight after birth; and this in consequence of haemor
rhage from the umbihcus i diately after the sep

of the funis. . . . Now and then, too, in spite of the -
existence of haemorrhage and jaundsce, the former has been
checked and the latter has disappeared; the child completely
tecovering: and, in other wstances which terminated fatally

. . the bile ducts have sometimes been found guite per-
vious 2nd arranged w a perfectly patural manner”. He goes
on to describe some cases of neo-natal jaundice, and says
that such cases “are apt to be met with in several successive
<hxldren of the same parents”.

Even more thoughtful s the comment of Goodhart
(1883), who was the first, and possibly the only, person to
refer to the accounts of Peurson and Cheyne. He sayst
“Other cases of congenital occlusion of the ducts appear
to be due to malformation, and have been described by
Cheyne and Underwood [1e Pearson] so long ago as 1805
and by various authors since as showing an inveterafe te-
dercy to teansmission by occurnng in several children of
the same famuly It is, however, possible that such children
may have g1} been exposed to some particular taint, such as
that of syphulis, for exemple, and thus the recurrence of
similar disease m succeeding infants.” The mature of the
“taint”, however, was not recognized, though it had bees
understood by this date m the simlar condition in foals
Despite Goodhart's comments and three more descpptions
being pubhished shortly afterwards (Ashby, 1884; Hatfield.
1889, Thowmns, 1891), the century ended much as 1t began
from the pomt of view of neo-natal jaundice. As witness of
this, Ballantyne’s well-known text-book of 1902 may be
quoted; on the topic of congenstal obhteration of the bike-
ducts he speaks of “the of family p
often to 3 very remackable degree; for as many as seven of
even ten cases of infantile jawndice due to this Jesion of the
bule-ducts have been observed in one family”. Nevertheless,
he cannot have been very confident about “ihis lesion”, for
on the next page he says: “In one grcmi: of cases (uswally
thase 1n which death has occarred early) the ducts may
saerm to the naked eve to be litgle if at ell 3nvolsed, . . %
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The Twentieth Century
Several descriptions published 1 the early part of this
sentury very possbly referred to caseg of icterus grayis
na . '

'
- . ¢

ception fhe five principal features of the condition as
follows. *“(1) Its appearance in successive children of the
same parents (2) The rapid development within a few
bours of birth of a jaundice which quickly became pro-
found. (3) The ofag lly drowsy cond

which ustally ended in convulsions, terminating fatally.
(4) The severe anzerua which became more and more
marked as the colour of the jaundice waned, and which
chrsnitcd for a lcnglhz period 1n those affected chxldr:n'
Rl 7St S St iou- e e




20 Haemolytic Disease of the Newborn

Hyproprs FOETALIS
The earhest account of a condition that may well have
been the hydropic syndi of h Iytic disease of the
newborn is that of Louyse Bourgeois published in 1609.
This lady was evidently the midwife of Marie de Medici,
and much in demand in Court circles, She first published
her reminiscences in 1609 at the age of 46.** In them 1s an
account of the delivery of a pair of twins: a stillborn gil
who was hydropic, and a boy who survived for some time
with marked jaundice. It 15 tempting to regard this ac-
count, a translation of which is given 1n the appendix,*? as
the earlsest description both of hydrops foetalis and icterus
gravis, and of the unusual combination in twins
Another account published shorily afterwards in 1614 by
Felix Plater 15 sometimes quoted as a possible case of
hydrops foetalis; a translation 1s offered in the appendix.*®
Other early descriptions which might include genuine cases
of hydrops foetalis are those of Dorstenius (1685) and
Schurig (1732), but the remaining seventeenth-century and
early eighteenth-cent are inadmissible?* These,
and a number of other early accounts, are referred to in
Ballantyne’s masterly review of the subject in 1892. Un-
fortunately, of the sixty-five reports in Ballantyne's list of
references, rather more than twenty are in naccessible
volumes, and of the forty-two that have been examined,
scarcely 2 dozen can be retained in the light of present
knowledge as possible cases of haemolytic disease of the
newborn % I;Iowcver. Ballantyne clearly established

Several reports of hydrops foetalis appeared after Bal-
lantyne’s survey, those of Seifart (1899), Andrews (1901),
King (1908), Schridde (1910} and Rautmann (1912) being
readily accessible. The subject was reviewed by Capon in
1922, and again by Hartmann (1928).
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THE UNITY OF THE SYNDROMES
By the bcgummg of the twenuclh century. lhc clxmca]
features of both the
disease of the ncwbom—hyd.rops !oetahs and xctcrus gr:\vxs

clearly
Another twenty years were to pass bcrorc zmy relationship
between these two syndromes was suspected This delay

may seem 2 htﬂc surpnsmg in view of Auden’s hint in
Tans n men av

bamantine fanture

served to demonstrate the pathological umty of the two
syndromes But the link was not at this tme forged It is
true that several nineteenth-century authors commented on
the association of hydrops foetalis with some disorder of
the haemopoietic system. Likewise, Hutchmnson, m the
Goulstonian lectures of 1904, drew attention to the fre-
quent assoctation of jaundice and congenital anaemia, and
!:‘(prcssed th: vn ad that (he lwo sptang from a com;l'non
it to,

ritimg
com-

to Auden’s series; when these au(hors r:tumed severally to
this topic they drew attention to the increased extra-
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Hyprors FOETALIS

The earliest account of a condition that may well have
been the hydropic syndrome of haemolytic disease of the
newborn is that of Louyse Bourgeois published in 1609.
This lady was evidently the midwife of Marie de Medici,
and much in demand in Court circles. She first published
her reminiscences in 1609 at the age of 46.1 In them is an
account of the delivery of a pair of twins: a stillbom girl
who was hydropic, and a boy who survived for some tme
with marked jaundice. It 15 tempting to regard this ac-
count, a translation of which is given 1n the appendix,!* as
the earhiest description both of hydrops foetalis and icterus
gravis, and of the vnusual combination in twins.

Another account published shortly afterwards in 1614 by
Felix Plater is sometimes quoted as a possible case of
hydrops foetalis; a translation 1s offered in the appendlx.“
Other early descriptions v hich might include genuine cases
of hydrops foetalis are those of Dorstenins (1685) and
Schurig (1732), but the remaining seventeenth-century and
early century are i issible. These,
and a number of other early accounts, are referred to in
Ballantyne's masterly review of the subject in 1892, Un-
fortunately, of the sixty-five reports in Ballantyne's list of
references, rather more than twenty are in inaccessible
volumes, and of the forty-two that have been examined,
scarcely a dozen can be retained in the light of present
knowledge as possible cases of haemolytic disease of the
newborn.’® However, Ballantyne clearly established the
association of hydrops foetalis with multiparity, its familial
ineidence, and the properties of prematurity and bloodless-
ness in the infants affected by it.

Several reports of hydrops foetalis appeared after Bal-
lantyne’s survey, those of Seifart (1899), Andrews (1901).
King (1908), Schridde (1910) and Rautmann (1912) being
readily accessible. The subject was reviewed by Capon in
1922, and again by Hartmann (1928).




Historical Aspects 21

TrE UNITY OF THE SYNDROMES

By the beginning of the twentieth century, the clinjcal
features of both the principal syndromes o.( haemolytic
disease of the newborn—hydrops foetalis and icterus gravis
neonator clearly d and ¢
Another twenty years were to pass before any relationship
between these two syndromes was suspected, This dch.y
may seem a Uttle surprising 1 view of Auden’s hunt in
1905 (see pa=» "~ * e e e L
about many ¢ . -
itself, is mot " . .
time, This fe - ' - . '
syndromes 1t * I
described a family with mune consecutive jaundiced infants
but with no case of hydrops; and the story 1s similar with
the eleven icteric infants m Ritchie’s famaly (1912.13), and
the fourteen consecutive infants m Arkwnght’s less con-
vincing famuly (1902). In the same way, some families (for
example, those of Bal 1892, and of Oberndorf

MY Rt i S Roy

true that several ni) ry authors on
the association of hydrops foetalis with some disorder of
the haemoposetic system Likewise, Hutchmnson, mn the
Goulstonian lectures of 1904, drew attention to the fre-
quent association of jaundice and congenital anasmia, and
exprcsscAd :he_ view thaE the two sprang from a common
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medullary erythropoiesis in their cases (Buchan and Com-
ue, 1909, M'Gibban, 1912-13). But the association between
icterus gravis and hydrops foetalis still eluded the ob-
servers

In 1921, however. von Gierke, in describing the patho-
logical features of a case of kernicterus, commented on the
L5 of marked eryl 2t i parable with the
descriptions by Schridde (1930), and Rautmann (1912) of
that finding in hydrops foetalis; he conchaded that hydrops
and kernicterus might have a common origin.

Thereafter, observations on these hnes began to accumu-
late and the association between the two syndromes was
noticed and described by Capon (1922), Eichelbaum (1923),
Fordyce and MeAfie (1924), Plast (1927), De Groot (1927),
De Lange and Arntzemus (1929), and in 1931 the subject
was {ully discussed by Bubrman and Sanford, by Pasachoff
and Wikson and by Salomonsen. In this year, too, there

i a full pathological descuption of six cases by
Ferguson, in which he says: “the cases described in this
repart when considered as 2 group, are probably representa-
tive of a definite discase entify of the newly bomn, and what-
ever the enology may be, the underlymg cause is un-
doubtedly the same in each instance whether or not the

divi case 18 ch ized by jaundice or edema, of
whether both jaundice and edema are Yacking”. The unity
of the syndromes was thus well established by the time of
Diamond, Blackfan and Baty’s full review of 1932,

150-IMMUNIZATION

The wdea that & mother might become 1mnmunized against
foetal or placemal tissues ts pearly as old as the corcept of
tibodies th tves Both Landstemer and Veit (1982)

had d certain physi -
tween the blood of mother and chuld, and Halban 1n 1900,
the same year as the human blooad groups were first defined,
discussed the serological relationships of the blood of the
mother and child in a paper entitled. “Agglutinationsver-
suche mit mitterlichem und kindlichen Blute,” As a resuit
of his experiments, he suggested not only that an exchange
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of antibodies between the two was possible, but also that
active i might be for the
isozgglutining and isolysins normally found in the serum 1
Halban, therefore, 1n 1900 seems to have been the first to
postalate maternal iso-immunization against foetal tissues.
This idea was evidently of particular interest to those
studying eclampssa It had already been observed that
patients dying of this condition were found to have frag-
ments of chorionic villi in the lungs. Weichardt (1901) sug-
gested that the mother normally produces antibodies to
neutralize toxic substances released by the foetus, and that
failure to cvolve such antibodies led to eclampsia 1 the
mother Some experimental support for this view was
sought by Ascoh (1902). Schohen und Vext (190”) and

cells was clearly under constderation,

In the following year Veit Summarized the problem
slxghtly dlﬂ'erenl]e’ n snym hcn chonomc elements
P - o
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These two phenomena, the blue staining of the urine and
the post-partum rise in titre of maternal agglutinins, were
not nvariably found, and Dienst concluded that they were
pathological features of eclampsia, and so attributed this
disease 1o direet transfusion of incompatible red cells from

the foetus to the mother.
Ind dent} d and R {1908) wrote: “It

Ll 1

occurred to us that either the blood or protemn substances
in solutson from the fetus or placenta may first sensitize the
mother A subsequent introduction into the system of the
mother of a simdar substance may explain the convulsions
and symptoms which oceur in a certain class of toxacmias
of pregnancy.” Their anaphylactic experiments led them to
incriminate the placenta rather than the foetal tissues. The
subject was reviewed by Murray (1910), who was unable to
support the views of Anderson and Rosenau, or of Dienst,
and since the latter had by thus tume retracted his explama.
tton for the cause of eclampsia, the work on 150-immuniza-
tion seems to have fallen temperanly into abeyance,

1t 15 not quite clear what awakened interest in the subject
agatn—it may have been a hight paper b{ Chavasse!’ in
1921—but no less than four papers on blood group iso-
immuumization appeared s 1923. In ali four the possibility
that maternal ion could cause eck ia was con-
sidexed, and Willtams specilfied that “the only foreign pro-
tems present during pregnancy should be those inherited
from the father through the spermatozoon and reproduced
in the foctus”. Neither Gruhzit nor McQuarrie made sny
new points, but the lattes’s paper stimulated Ottenberg, who
had done some work on the subject several years eather,
but did not publish any results when he became aware of
Drenst's work, He ends by saying: “Finally, it seems pos-
sible that several unexplawmed diseases, particularly jaun-
dice of the newborn . . . may be due to accidental Placcn-
fal fusion of i le blood.” Admittedly the

is i i also the lysis of
maternal cells by the offspring’s antsbodies, but it is the
first time that neo-natal jaundice 13 considered as a sequela
of iso-immunization
This 1dea is developed further by Lenart (1928), Lenart
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and Wian F100QY and Bpmncillan 100 thaneh the cclampsia

ot ¢, Allen,

o ‘ was not
. LT , at this
time on ‘the iso-Jysins and iso-agglutinins revealed by
testing foetal and maternal blood against each other,
The papers of Pollitzer (1924), Hirszfeld and Zbrowski
(19‘25:_). pguc‘}f}m(wzs), Doghotti (192‘6). ngcl;ell (1928)‘.

therefore not unreasonable to suppose that the remains of
foetal red cells may reach the mother in an antigenic state.”
Jonsson (1936) adopted a rather simifar view after studying
maternal iso-lysins in the puerperfum )
The next step came from reasoning about haemolytic
disease, and by this time the relationship of hydrops
foetalis, 1cterus gravss and congenital anaemia was fully
appreciated. In 1938, Darrow, who appears to have been
unaware of the views of Dienst or Otchnbcrg. gxtensively
catTTRAN et s Atally ap by mae U 2 1

one may reconstruct the etiologtc events as follows the
mother 13 actively immumzed aganst fetal red cells or
some component of them The immunization may conceiv-
ably occur as a result of an accident within the placenta
whereby the fetal cells or their hemoglobin gam entrance
to the maternal blood sinuses The antibodies formed
T L T S T g through
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aatigenically distinct from the adult form, the story is here
complete.

In the following year, however, the idea of maternal
immunization against foetal tissues was again adv:mgcd
seemingly de novo, this time to account for a transfusion
seaction {levine and Stetson, 1939). The patient, having
just been delivered of a stitlborn child, received blood from
her husband (they were both of Group O), and suffered 2
severe reaction. Her serum was found to contain an un-

differ 1n any material way from those previously reported
by Parr and Krischner (1932), Stetson (1933), Johnson and
Conway (1933), Culbertson and Ratcliffe {1936). Zacho
1935y and Mandelbaum (1939), in which reaction to trans-
fusion (the first transfusion i several cases) bad followed
recent parturition or miscartiage. Indeed, the frequent ap-
p of i ions in young women recently
delivered of infants was, at this time, exciting comment
(Wiener, 1939), and 1n many of these cases agglutnins could
be demonstrated However, Levine and Stetson recognized
that the immediate and severe response of their patient, who
had not p ly been 2 d that she had
been i before the fusion against an antigen
to be found 1n her husband. They say: “In view of the fact
that the patient harhoured a dead fetus for a period of
several months, one may assume that the products of the
di ating fetus were ponsible for . . the iso-
i ion. P bly the 1 property in the
blood and/or tissues of the fetus must have been inhented
from the father,™

The mmportance of Levine and Setson’s case was partly
due to1ts appearance at the time when the story was about
to move into its final stages In the following year Land-
s_temer"anq_ YViener.‘preQ{ring antisera in’ rabbits against

; Co ' 'l
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Wncngr and Peters (194(})‘ realized _th.:u some hgemolylic

reaction 1 the case he had reported in the previous year
{Levine and Katzin, 1940). Finally, the problem of the
Rvdloigiy it TSN U iy estab.
- (. Jdigen was

N . * * the new-

\ 9nly two further points i;\(hc development of our know-

s

ABO groups By far the majonity of cases, however, are
Famcad b AaiThAA an mmninct Sl B motenon TY Tha athos



CHAPTER I
THE DISEASE IN MAN: HAEMOLYTIC
ANAEMIA

Iso-IMMUNIZATION

The cause of haemolytic disease of the newborn is iso-
mmunization of the mother against the red cell antigens of
her foetus The engin of the 1so-ummunization i Tess clear,
An obvious cause 15 incompatible blood transfusion, and
the growth of transfusion practice m the 1940’ served not
only to focus attention_on haemolytic disease but also to
mncrease 1s d H . & sub ial mumber of
cases of this disease anise apparently without the artificial
stimulus of blood transfusion, and i these the mechunism
of the so-smmunwzation remains largely undetermined.

Any cxplanation of the mother’s mmunization should
take inte account certamn features of the clinical and family
history in haemolytic discase which have been established
after a decade of study These features may be considered
as four m number, if id o 13 dto i 3
tron due 1o the Rh antigen D, and to those cases in which it
seems reasonzbly certun that o incompatible blood has
been administered to the mother either intramuscularly ot
mtravenously.

In the first place, 1t 15 usual for the earliest children in the
family to escape the disease, sometunes the first alone is
spazed, in other families several chiddren escape, but it &
the first-born that may count on escape This rule is not
mvarable, Anderson {1953), for example, reports a recent
exception and refers to others, but the finding is sufficiently
constant to mnply that, without the aid of blood transfusion,
it is not normally possible for the process of isoammuniza.
tion, together with the resultant clinical changes in the
baby, 1o take place duning th;s course of a single pregnancy,




Haemolytic Anaemia 29

Either, therefore, the first or some 1
associated therewith affords an opportunity for transplac.
ental immunization but not sufficiently early to affect the
v s suiel T L

s iy 1211

The second obscrvnuon is a corollary of the first; just as
the first-born usually escapes, so no rhesus positive infant
llm! 5 bom lo thc same parcms afler the ﬁrst aﬂec!ed chlld

very dufficult to account for these observations.
The third feature of importance n considering iso-
ion 15 its low Neither the & of
iso-immunization n rhesus negative mothers, nor that of
haemolytic disease is exactly known The difficulties are
that both states can easily pass undetected, and, since they
are rare, extremcly Iargc populnuons would ‘have to be
examined, with ™
accurate result . et . -
Jakobowicz, Gt ‘ v '
illustrate this p '
the vanous figures that have been pubhshed that 1so-
u:lmumzauon resulls m or:ly a very os/mall pmpomon of




CHAPTER 11
‘THE DISEASE IN MAN: HAEMOLYTIC
ANAEMIA

IsQ-IMMUNIZATION
The cause of hacmolytic disease of the newborn is 1502
L use of hacmolylig disease Or He ne Y Sens o
i L . © clear,

3 P . 1, and
the growth of transfusion practice in the 1940's served not
only to focus attention on haemolytic disease but also to
wncrease its meidence. However, a substantial number of
cases of this disease arise apparently without the artificial
stimulus of blood teansfusion, and i these the mechanism
of the isosmmumization remains largely undetermined.

Any explanation of the mother’s immunization should
take into account certaip © * + o v Ve
history in haemolytic dis® - '
after a decade of study.” :

been admipistered to the mother ether intramuscularly or
mtravencusly.

Tn the first place, it 1s usual for the earliest children fa the
family to escape the disease: sometimes the first alone is
spared, in other famubes several children escape, but it ts
the first-born that may count on escage This rule is nat
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dnisn tnat s suggesied, Admuitieaiy this explanation gierely
poses another problem: why does retroplacental haemor-
rthage occur? But, at least, 1f serves to define the nature of
the enquury. )

It 15 reasonable to suppose that the mechanism postu-
lated for the maternal iso-immunization aganst the Rh
antigen D applies also to the rarer occasions of immuniza-
tion against other Rh antigens and blood group antigens
generally 1f Mollison’s (1956 a} ca]culauo:xs on the relau:’e
pvaiiun Rvabl-Stumihet Skt ¢ S oA R 0

random transfusion

Iso-immunization against the A and B blood groups,
however, poses rather different problems from those asso-
ciated with the Rh antigens. In the first place, 1n hetero-
specific pregnancy (when the mother 15 of Group O, and the

alteration 1n the quantity or qualitative character of the
maternal antibody 1n the early post-partum period, and
even then only “secretor” infants are involved. It appears
that the stimulus takes place during parturition, but that the
soluble blood group substance may be a more effective anti-
gen than the mtact red cell (Zuelzer and Kaplan, 1954) The
1erdence has been estimated as 0 8% (Vaughan and Sotos,

CLiNiCAL ASPECTS
Once 150-immunization 1s established, the maternal anti-
body passes freely to the foetus where it brings about some
degree of destruction of the red blood cells. It may be that
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mother or child 1n those famulies that are affected, but with-
out Sizccess,

Another theory to accoust for the Yow iacidence is that
the only rhesus negative mothers who are liable to iso-
immunization are those who arc themselves offspring of
rhesus negative mothers; whereas those who were concerved
by thesus posiive mothers might have acquired immuno-
togical tolerance in utero against the rhesus positive anti-
gen, and so would subsequently be able to solerate therr
offspring’s antigen without bewmng themselves immunized
{Owen, 1956) This theory, though it fits guite v~ * -
ucally, has not so far been suprnra? .
and 1t Jeaves unexplam. .
the foetus. a problem ne * wa it TRVETSE

The fourth abservatio  .wwt Rh immuuization bears on
the third 1n being concerned with the incadence of this state.
1t 1s found that Rh immunization is signtficantly mose com-
mon m matings that are compatible 1 ABO grouping than
inthose that are not so. This suggests that in the latter circum-
stances the presence of the naturally occurring anti-A and
anti-B tends to eluninate esther the foctuses (by abortion) or
the invading foetal red cells that are incompatible sn ABO
prouping, before the Rh subst: has had the op )
£0 exert any sigeuficant antigenic effect. Whether the effect 15
upon the implantad foetus or upon the invading red celisisnot
d ined; there 1s some support for the former
view, but not yet enough If the latter were shown to be the
mechanism, and a httle support can be found in the report
of Zuelzer and Kaplan (1954), 1t would ndicate that the
antigenic stunalus was brought about by ntact red cells on
the maternal side of the placental barsser, and so parrow
the ficld of enquiry to the way in which the foetal cells
reach the maternal circulation

The sumplest explanation of how the foetal cclis immun-
ize the mother, and one that 1s reasonably consistent with
the four observations described, is that haemorthage from
the foetal side of the placenta may Iead to the entry of
foetal blood into the maternal wierine sinuses at the time of
parturition That this can happen was suggested by Wiener
(1948) and demonstrated by Chown (1954, a and’ ). This




Haemolytic Angemia 33

24 hours; 1t 15 commonly very pronounced, and 1s respon-
sible for the usual title of this syndrome: icterus gravis
neonatorum. The jaundice and anaemua are independent of
each other and probably spring from different ongins, so
that their severity and progress may be unrelated The
grave neurological sequelae of the jaundice are discussed
m ‘ghc 'Pext chaptfr

Alaabela o3

more than a few days; the influence of such a phase upon
prognosts has not certainly been assessed The hver 1s
usually, and the spleen is invariably, enlarged, both are
usually palpable in all stages of this syndrome Ecchymoses,

and sometimes more significant evidence of haemorrhage,
ara frammantle amsm Thn ancea JF Lo Loo owat sy

du'rmg the first two or three days. ) N
n e e Lm .

cavara cnean Aodo
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other effects are exerted by the antibody, but most of the
chnical findings can be referred to anacmia and its conse-
quences.

In severe cases the brunt of the antibodies® attack is
borne tn utero, so that the infant is either stillborn, or dies
within a few hours of birth; delivery is usually premature in
these cases. The principal clinical feature of this form of the
disease 15 oedema, which is commonly diffuse and pro-
nounced, though in rather less severe cases the cedema may
show a regional distribution This ocdematous form of the
discase has for many years been called hydrops foetalis.
Oedema 1s also pronounced in the internal organs, and may
be accompanied by massive effusions, sometimes blood-
stained, or general anasarca, 1n a very few cases the oedema
may be absent, at any rate by external observation. Macera-
tion of varying degree may be seen depending upon how
fong the foctus has remaned in utero after death. Jaundice
15 not a feature of these cases. Extreme pallor due to
marked 15 and enl of the liver
and spleen (which 15 not always easy to detect clinically,
because of the softness of the oedematous tissue) is invari-
able Petechiae may be seen The placenta is enlarged,
oedematous and friable. About 30% of infants suffering
from haemolytic disease of the newborn succumb in utero.
‘ﬂerkcmx 1 di is of hydrops chtalLls must take into

sometimes prematurely, with some degree of anacmia
which 15 bound to worsen in the neo-natal period until the
maternal antibody 15 eliminated from the infant’s circula-
tion, or is at any rate much reduced in quantity. In very
mild cases, little more 1s seen than the pallor and lethargy
attributable to the anaemia, which itself may worsen for
two or three weeks for reasons discussed elsewhere. The
chief danger in these cases 1s that the condition may be
overlooked for about three weeks, when the infant may be
found to be suffering from a severe and possibly mortal
anaemia. The incidence of this form of the disease, which
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bush, 1951), but neither thss, nor the cord blood bilirubin

level can be depended on to forecast the risk from kernrc-

terus. The outlook is always worse in premature infants
Pttt it TR A

Aamtaing tha

18 not yet confirmed

HAEMATOLOGICAL ASPECTS

‘The anaemia which 18 the primeipal charactenstic of
haemolytic disease of the newborn is superimposed on what
is already a dynamuic pattern of haematological readjust-
ment found in the normal infant following birth The post-
natal physiological changes have been appreciated only in
recent years whsn Some o& l‘l_ie facllors th;\‘t‘ odify thg
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pamcularly of the lungs and ascxt:s In milder cases, the
tuld b and is at all tunes

dnmcult to feed; vomiting 1s common.
This syndrome of 1cterus gr;\vxs 1s subjccl m much vam-
A ha gannd

tinn

] N . . i
emphasized that a noticeable and sometimes pronounced
+ Yarminmt am cmm—pe 4 ot A v oart. R

PEFIUEPUR IR

' e,
weak or negative. There are other features found when the
condition 15 due to anti-A or anti-B but not in the Rh-
mduced disease, namely spherocytosis and an increased

the degree of anaemia that may develop (Mollison dnd Cut-
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fmmmna 85 mmnvia ammpaes 2o b sathos chosaich en that oha

- " i v .
to anaemia 1s not confined to the premature infant but is a
posivnic A SIS St S PO pdir

row erythrapoesis through anoxia, works well enough
the normal nfant, but that in infants who are premature or
anaemic {rom other causes, recovery 15 delayed partly be-
cause of the sluggish marrow response, and partly because
their rapid growth calls for an even greater rate of erythro-
po_ilsls]is than normal.
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5 milhons per cu mm. (Marks, Gairdner and Roscoe, 1955).
After an 1nitial rise on the first day, these values steadily
fall, until about the sixtieth day. This decline in haemo-
globin concentration and red count has been clearly divided
into two components by Gairdner, Marks and Roscoe
(1952) who included a study of the bone marrow m

ta'e snuactiontions. The initial component of ‘hc decline
~~~~~ A hy a dise

-

tat

w

m.

his

' . » to

‘ »bin after

Xy~

BLbauun w, o oft,

1946) Since the oxygcn carrying power vl taus svu . 1S

suddenly improved at birth, a number of red cells are

rgdundam and there is 1o call on the marrow to replace
them

The s:cond componcnt occupxes the period from the

uring this time the erythro-

eadily increases, the eryth-

“r cu. mm, to 25,000, The

inues to fall, however, be-

cause * * n weight and circulatory

volum Tt A
when
ner et
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mmmnnns tn b mntlse (Taaatol pa dhas sha

coe (1955) show that the xchuve msensmvxly of the marrow
to anaemia 1s not confined to the premature infant but is a
general charactenistic of early infancy and may be mitigated
by the cxhlbmon of cobalt. It scems, therefore, that the

y adjusted which ins the haemo-
globin concemrahon at about 11G, by the control of mar-
Tow erythropoiesis through anoxia, works well enough in
the normal nfant; but that 1n infants who are premature or
anaemic from other causes, recovery 15 delayed partly be-
cause of the sluggish marrow response, and partly because
their rapid growth calls for an even greater rate of erythro-
poiesis than normal

The

e nnat‘;‘mia of haemolytic disease of the newborn
P i o e A AT Jorn

show that the Rh anubody, or perhaps so é};ai'mvs- of 1:

Y ttark Srematera on e
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immature cells are also attacked. and hence the marrow
response appearts suppressed. This might explain why it has
never been easy to relate the degree of erythroblastaemia to
the clinical severity of the condition.

The onsct of the anaemia in ufero 1s no doubt also re-
sponsible for the macrocytosis that 15 characterisic of
haemolytic disease due to Rh incompatibility. The anoxic
stimulus in utero calls forth red cells com‘;xinm!i fo:tel-typc

Al s Loa e Ataata ter w4l Gy malle ey

Lt .-

corded 1n this condition (Ressner, 1943) may also be a re-
flection of the same circumstances.

In hacmolytic disease due to anti-A or anti-B the red cells
apparently show rather diffcrent properties (Levine ef af.,
1953, Crawford et al., 1953; Shumway et al., 1955) The
cells are rather smaller than normal, and spherocytosis may
be pronounced. Their osmotic and mechanjcal fragility,
which 15 usually normal in the Rh-induced disease, is not
only increased in that due to anti-A, but also shows a more
abrupt change over the range of saline dilutions. Reticulo-
cytosis and erythroblastaemia are marked.

HISTOLOGICAL ASPECTS

The dommnant feature 1n the microscopical exsmination
of the infants’ tissues, and one which springs from the
anaema, 15 marked extramedullary erythropoiesis. It is
seen principally in the liver and spleen, and also in lym-
phoid tissue elsewhere in the body, and in the kidney,
suprarenals and placenta Large pumbers of erythroblasts
and normobl: both in)lhcse_‘sgteg and in the

Tormnr Tho.
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though variable in degree, The parcnchymal cells may be
shrunken, and the sinusoids dilated (Craig, 1950), and there
may be disorganization of the hepatic columns, fatty change
1 ihe eells and granuistion of the cytoplasm (Potter, 1947)
Pigment and won, generally having a similar distribution,
axe seen 1 the parenchymal cells, chiclly n the penphery
of the liver lobule; the Kupffer cells may not contain rron
even when the parenchyma is impregnated (Crarg, 1$50).

Together with, and possibly assocrated with, the damage
to the Tiver parenchyma, there is in icterus gravis, evidence
of bilisry retention” The bile canaliculs are distended and
bx!vxgmmhi may be seen both in these and in the larger
vessel

Other changes, prabably less sfcclﬁc. have been de-
scribed, though not yet confirmed, in large series of cases
The wcrease 1nn the pancreatic islet tissue 15 also seen in
chifdren of diabetic mothers {Muller, Fohnson and Dur-
lacher, 1944) A more rapid differentiation of the chromo-
phobe cells of the pituitary has been reported (Ranstrdm,
1951}, but this change also 18 seen in the offspring of dia-
betic mothers Changes in the suprarenals have been de-
sertbed as specific to the hydropic syndrome since the paper
of King (1908) Gilmour (1944) belteves that lipoid nfiltra-
tion of the adrenal cortex may be found only in hydrops
{oetals; whether this difference from icterus gravis s 'one of
degree rather than kind, and whether this may be a ton-
spectiic yesponse at this stage of foetal development, are
problems only 10 be resolved by the study of a larger series
of cases Gimour, among others. also draws attention 0
an sbnormality of the hne of calafication at the osteo-
chondral junction of long bones, which 15 sometumes ob-
served in hydrops foetals.

The pathological changes 1 haemolytic disease of the
newborn are not specific o the condriton An important
pont made by Morson (1952) is that the tissues in this
condition all appear less mature than would be expected in
a normal mfant of cortesponding age.



CHAPTER III
THE DISEASE IN MAN: KERNICTERUS
HISTORICAL ASPECTS

I haemolxuc disease of the newbol
e et i

e

ndice is 2

Aleepntang

infants during \ne first week, and also to the patehy dustel
bution sn the bramn of yellow-stained areas which are foun
n mfants that dic of the condition. The Iatter, the brain
lesions, were described before the syndrome had been dif-
ferentiated specifically from the mass of writings about con-
vulsions and other nervous disorders in childhood,

Kercknng's (1670) autopsy account of a severely jaun-
diced eight-month foetus does not include a description of
the brain, but that of Wrisberg (1764) containg the sen-
tence *“In bast crann varia loca. ut lateralium sinuum trac.
tus, pars maxima cavitatis frontals, ad ductum ossis petrost
alibique pigmento 1llo tingebantur croceo.” Though open
to seversl interpretations, the description 1s surely consist-
ent with a patchy yellow pigmentation of the brain. It is
necessary t0 pass over the description of Kirronosis by
Lobstein'® (1826), which is a different condition, and come
to what is possibly one of the earliest accounts of kerme-
terus, that of Billard in a text-book of children’s diseases,
published in 1828, The account, in Stewart’s translation,™
uns as follows:

“[ have remarked the yellow colouring which constitutes
jaundice, in four instances, u:othc brain and spinal marrow;
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the brain, which was of moderate firmness, presented a
uniform and bright yellow appearance in two of these sub-
jects, while the colour was 1n isclated patches in the other
two. In three of these cases the substance of the medulla
Fll - o . s o o

It scems likely that this appearance was reasonably
familiar to observers in the early nineteenth century. Both
Otto (1830) and Duges (1832) mention it briefly, and Her-
vieux (1847) most specifically describes the pigmentation
as bemng* “tantdt restreinte a'o:rmir_:gs parties comme Ia

euhotnnaa anet”

1L wds not unu 19U3, however, that a full chimeal and
pathological description was given, and 1t was in this ac-
count that Schmorl coined the word kernicterus. He care-
fully distinguished between a uniform surface mmpregna-
tion of the brain by bile pigment, a conditton generally
considered nowadays to result most commonly from a post-
moriem cklangc.l :m,d the staining of the basal ganglia alone,

foetalic ha neamaced A nmemeas neia o - 3 aewn 4T

Lence ot maternal blood-group 150-immunization

Almost immediately, however, doubts were rased by the
paper of Forster and McCormack (1944), which reported a
case of kernicterus that did not appear to be associated
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with haemogyt' d'igeas‘e of the newborn. From several ther
cations of Bublin (1949, 1951), Aidim, Corner and Tovey
(1950), Zuelzer and Mudgett (1950), Butler and Spector
AREAN LTS Ol L d €D RS stad Taenlabamn annld

Txe ORIGIN OF THE CONDITION
Icterus Neonatorum
Jaundice in the pc»ypor!l is central o the probltem_ of
fied and how it 15 excreted is not clear. Czerna and Lieb-
mann (1923} held :hat the bilirubin Jevel in the umbilical
or ke 1t 1n tha

avtarir cme hich o and hanpa that thic

If the bilirubin is not excreted it may be converted to
urobilinogen which may either be excreted transplacentally
{Winternitz, 1926) or some of 1t, at any rate, may find its
way 1nto the ammotic fiuid Bevis (19524), using a paracen-
tesis technique in the anfe-natal period, detected urobili-
nogen in the amniotic fluid He agreed that the urobilinogen
avas of foetal origin, but that intestinal bacteria could not
have played any part in its conversion in the circumstances
Pt et scl SNl iy
It ..

1

a - )
Coquom-Carnot and Pignard, 1955), and it is known to
have a rapid furn-over; it is against such a background that
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estimations of foetal products in this Jiquid must be Yiewed.
However 1t may be arranged, the disposal of bile pigments

;{. Htero seems 10 be satisfactorily accomplished by the
foet
-

B I S ]

blood of the wormal infant so that the concentration rises
from about 1'S mgm, per 100 m! to between 5 mgm. and
ég mgm in the majority of cases, on the second or third
¥ '
e e - .

paneu, uou Wwe awulluabill 1§ dis0 L4vouted DY the tact
that the renal threshold for bilirubmn is generally high 10
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man is not clear, though in rats there is some evidence of
haemolysis (Allison, Moore and Sharman, 1956).

In newborn mfants the serum bilirubin level needs to be
very much higher for clinical jaundice to result than is usual
in adults (Larsen and With, 1943; Biering-Sprensen and
With, 1946). Hence, even mild jaundice reflects 2 markedly
raised serum bilirubin. There is, of course, no absolute fevel
of bilirubinaemua that determines the clmical appearance
of )aund\ce {Davidson, Merntt and Weech, 1951), and indi-
Pt e Tn acta.

~B iama

[ 1o o maatland

. ’

function is the principal factor, the circumstances are some-
times pathological, but are 1n many cases thought to be due
to a physiological immaturity of the fiver; hence, these
cases, too, can be classed as “physiological jaundice”. And
no one can say m an indwvidual case of physiological jaun-
dice which of the two factors predominates, unless exten-
stve technical investigation is undertaken, and pot always

then.

Thus a substantial proportion of newborn infants suffer
icterus neonatorum, often without handcap, either through
blood destruction or through hepatic insufficiency, or 2
combination of both these factors There is therefore 2
difference 1n degree only between the fleeting jaundice of
icterus neonatorum and severe haemolytic disease of the
newborn with kermicterus, the two aforementioned factors
playing thetr respective and related parts.®®

Increased Blood Destruction
Of the two factors that contribute to icterus neonatorum
the rate of blood destruction is the more easily measured.
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Tt is now clear from the work of Findlay (1946), Mqllison
(1948), Hedenstedt and Vahl_q)xift (l.?-‘x) and gﬁl“_{ﬂﬂ

nancies. There cannot, of course, be any close correlation 1n
these matters because of the other variable, hepatic effi-
ciency. There seems Little doubt that when there 1s immune
destructton of red cells, the process is initiated before
birth, so that there may be some degree of hyperbili-
tubinaemia at birth, which becomes rather more pro-
n(}unced and reaches its peak earlier than in the normal
nfant

‘The breakdown of foetal red cells leads, 1n Bevis’s (1952 b)
view, o a fise in non-haematin iron 1 the amniotic fluid
The excess of ron, so dersved, might act as a tissue poison
and 1nlubit the placental catalase, which may be responsible
for haemoglobin catabolism and so divert haemoglobin
break mto abnormal channel

Once the nfant 15 born, the rate of red cell destruction
P e i e Orui il et g i

1

1s normal,
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Liver Function
Tha camrd Fu 21403 L 4y sdqmis manmnbasnes hoantia

meglms_, but_lhe'se have .proved of limited vqlﬁe.})b&h because

(e.g. Jaevulose tolerance, Thompson and Wilkinson, 1940,
and bromsulphthalein excretion, Obrinsky, Denley and
Brauer, 1952) are very indwect means of studying the
specific action of hepatic function that is concerned, namely
bile pigment metabolism However, the last authors did
find a reduced t hal ion in p

infants cotrefating rather with age than with weight. At
tempts to assess hiver effic in disp of bile pig
after intravenous injection of bilirubin into newborn nfants
}11;;_7 given rather equivocal results (Lin and Eastman,

)

The diffi m ing liver ities have Jed to the
argument that the hepatic dysfunction is simply a physio-
logical immatunty, and that 1t could be examined by com-
paring the bilirubin disposal betiween premature and full-
term 1nfants during the first week of life. Such studies have,
in general, shown that i premature 1nfants hypesbilirubin-
aemia is more common, more pronounced and more pro-
longed than i fullterm ones, though the influence of
heterospecific pregnancy has not always been exclyded.
Billing. Cole and Lathe (1954) express the view that the
hyperbilirubinaennia is related more to immaturity meas-
ured by weight than that assessed by age. They suppose
that the hepatic dysfunction is quite specific, namely a
failure to convert the indirect-reacting van den Bergh pig-
ment, which they think may be toxic, to the fess toxic
direct-reacting pigment Thig lays all the blame on liver
insufficiency, and the strain would be greater were there any
increase 1a blood destruction. This concept also assumes
that the bile pigment conversion to which they refer is
normally carried out by the foetal liver during the Jast part
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of The jon that sumple & is the
prncipat cause of hyperbilirubinacmua {though not unmded,
nctm‘émg to Obrausky ef ol 1954) fits well with the obser-
vations that kernicterus 15 notably associated with pre-
maturity, atd that haemolytic disease of the newborn, even
i.n full-term infants, is characterized by an appearance of
immaturity of the tssues. L

The supposition that Immaturity of the Jiver is the hepatie
factor Ieading 10 ia 15 not 1)
aceepted Emery (1952, 1953), for example, suggests that a
napid mvolstion of the lefs fobe of the Jiver during the first
five days, perhaps due to cwrculatory readjustment after
birth, may be the cause of o dechine in hver activity,
Another view, fostered by Baar (1945, 1946) and Parsons
{1947), 13 that kernicterus differs not in degree but i kind
from simpls wcterus neonatorum, and that en the former con-
dion the Biver 15 certamnly damaged so that the bran lesions
are associated with positive liver damage 1 a manner
tomparable with Wilson’s hepato-lentcslar degeneration
Wilson (1912) hamself commented on the sumibanty of this
condition with lcermicterus, though he also tiscussed their
differences Morgover, there 15 a certatn amount of evidence
W mag and experimentally in several ammal species that
damage to the lver may be assocrated with damage to the
bram

Thig point has been taken up recently by Polam (1954
@ and b) 1n of het an young
rats He tred to produce an equivalent degree of anoxia
by three means  oxygen privation, the admumstration
of a rabbut antirat cell haemolytic serum, and the ad-
rumstration of phenylhydrazine which would be haemo-
Iytic through its physical properties The haemolytic serum
produced hepatic lestons consistent with those seen i
haemolytic disease of the newbors, and Polani tentatively
concluded that since neither pure anoxia nor the products
of P such typical
lestons, the damuge sught have fesulted from the direct
action of the antibody Furthermore, the bram lesions were
Sharacterssiie of kermicterus only wn those ammvals 7ecciving
baemolytic serum, and though some animals suffersd
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scx:'um. These experiments being conducted on the rat and
being concerned solely with post-natal damage may ot
reflect the situation 1n ‘man, but they offer some support 10
the association of liver damage with cerebral lesions, The
effect of the antiserum, being derived from another species,
may easily be more toxic to the liver cells than an iso-

' . . , , abscure.
. . . + gold and

Wood (1954), in which Tiver damage, 1ndistinguishable from
that associated with haemolytic disease of the newborn, re-
suited from hepatitis probably of viral origin, serve asa
renunder that the hepatic changes in haemolytic disease are
not specific to this condition. The liver damage in haemo-
Iytic disease of the newborn in man and in (,me:.amm:\ls
could be ascribed to the iso-antibody. One objection, that
lhc_ R}\ antigen might not be present in liver cglls: E‘:{

objection, that there is no antibody present in kernicterus

due to prematurity, could be evaded by falling back on the

view that in these cases the liver is not damaged but merely

physiologically immature But without addiional support

3t 15 not easy to attribute the liver damage to antibody
’

simple anoxia as the cause, and there remains a possibility
that some toxic agent other than antibody may be con-
cerned; in view of the clinical evidence of toxicity and the
brain damage found in kernicterus, this suggestion warrants
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further examination. The agent that leaps to mund is the
pigment that staing the bran in kernictervs,
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suggested that mesobilfuscin may form from the break-
down of haemoplobm (Engel, 1940) and of myoglobin
(Meldoles1, Siedel and Moller, 1939). The association of
mesobilifuscn with muscle breakdown is interesting in rela-
tion to the observations of Beneke (1913) and Dollet
(1939), who described an interstitial myositis, wath deposi-
tion of pigment crystals, in cases of kernicterus There is,
however, a Little more recent evident of the association of
mesobilifusein with kermcterus Pickles (1949) detected an
abnormal bile pigment 1z the blood of two of he S

rubn from the brains of two cases of kernicterus. In these
cases evolution of mesobilifuscin would be attributed to
catalase poisonung, due to the excess iron from the break-
down of red cells, which might divert haemoglobin cata-

toxic substance.
Several other pigments have been suggested as the ker-
nicteric pigment or as being very closely related. Vogel
(1953) favours mesobilirubin even though it is non-toxic.
The pigment he extracted from the brains of three cases of
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which were th He d that
results were compatible with the theory that bilirubin oxx
reachung the brain mught, given time, be reduced to meso-
bilirubin and retained in the colls, but that the neuronal
damagc found i in kernisterus was not Lhc consequence of
pigment dep v the app of this evi-
dence 1o man cannot be assessed. .
Haematin, found in the form of methaemalbumua in the
serus cases of hafmolyuc QAseasc h:i’ a!s‘? bccnlms-
PR O Ephistin

symptoms of cerebral mataria, M disordered haemoglobun
mcmbohsm is a feature of haemolyuc disease, 3t may be
t hacmatin-hik An unidenti-
kmd has becn 1mplxc:1ttd by
. = sig-

ﬁ_e‘d haem pigment 9_{

. was

' ' - ' Thxs
JREHL PINent was ROl LoURd DY AURISOL dBU DUEES Mt the
blood of normal newborn infants; its properues are simiar
lo !huse of Tuttle (] m:thatmnlbumm. ﬂmugh lhc authors
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the mdirect-reacting form of bilirubin by experiments on
rats and rabbuts; he also summarizes the difference between
the several forms of bilirubin and their relationships with
the varsous types of jaundice (Lathe, 1954 ).

It 13 clear from all this evidence that the sdentity of ker-
nicteric pigment has not yet been established beyond all
doubt, nor have the relationships and activities of the
several suspect prpments been determined.?? Nevertheless,
bilarubm has been used from time to time fo nvestigate the
properties of the blood-brain bartier.

The Blood-bram Barner

Ths term refers to the physialogical properties of the
endothehal ¢ells of the capilanes supplying the bram
ussue, Substances may, of course, pass from the blood into
the cerebro-spinal flnid, and thence into the brain, but
netther of the barriers on thus route is the blood-brain bas-
rier Besides, in yaundice only very little bile pigment enters
the cerebro-spmai fluid 1a the adult (Amatuzio, Weber and
Nesbutt, 1953) or mn wfants with haemolytic disease (Stemp-
fel and Zetterstrom, 1955).

‘Ehe blood-bram barrier exusts in all vertebrates that have
been examined. It markedly reduces the accessibulity to the
brain of all but a few ; and when per ihty is
increased after physical or chemical trauma for example,
the penetration 1s at first localized 1o certain areas, which
do not, however, cotrespond well with the areas most fre-
quently stained 1 kermicterus. The barrier retains uts effi-
ciency for about an hour after death The site of the barsier
has been the subject of much speculation, but it 15 generally
held to be very close to the capillary endothelium, perhaps
the mtercellular cement or possibly the ground substance
of the CN.S (Hess, 1953),

There are two wnportant variables in the study of the
bload-bramn barrier, the species concerned and the sub-
stanice that 18 being exammmned; the effect of bile pigtents on
the barrier in young human subjects can be inferred only
with the greatest caution. There 15 some evidence, however,
that in some species and wsing some substances the barrier
is more permeable 18 the newborn or immature animal.
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Behnsen {1927) found this to be true of mice with respect 1o
rypan blue, Stern and Peyrot, in the same year, used so-
deum fervocyanide as 2 dye and found this to be true, not of
guinga-pigs which they judged to be bomn in a relatively
mature state, but of rabbits, rats, mice, dogs and cats for
varying petiods after birth, Another index of maturity of
the young ammal which they found closely cortelated with
g:rmcabdxky of the barrier was the tume at which the cyes

came opened. Bakay (1956) found the bamner much more
permeable to P g foetal and young rabbits than in adults
An extirely contrary view has beea eypressed by Grontoft
(1954) usang trypan blue on the human foetus He beheved
the barrier to be ¢alirely impermeable i human foctuses of
between 5 and 30 om. length unless it has been damaged,
usually by anotia.

Bilsrubin stself has beon the subject of some expetumental
study of the barrier i ceriain species Massive doses of
bilirubin in animals not normally having that substance 1
their serum (e.g rats and rabbits) may, however, prove toxic
to the barrier The same is trug of the admunistration of
heterophile antibody with bilirubsa in an attempt to repro-
duce the environment of haermolytic disease (Dkreymacker,
1949) In man the adult cases in which bile pigment has
penetrated the bammer (Rutledpe and Newberger, 1942;
Stertock, 1955 could be explamed 1f the adenocarcinomata
from which they suffered had metastasized to the brain

The relationship between immaturty of the young animal
and the permeabdity of the bload-brain bartier fits wery
well with the observation that kermeterus octurs i prema-
ture infants and in haemolytic distase 1 which, as Morison
has shown, the tissues ase generally underdeveloped in refa.
tion to age

The Qrimn of Kernicterus

The evidence svarlable at the presest tune permits a very
fentative reconstruction of the course of events Ieading to
kermeterus Clearly the process may start i utero In cases
where thers 13 mncreased blood destruction due to iso-
mmumzabion agmnst any of the blood-group antigens,
there g5 excessive haemoglobin eatabolism foodug the
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the indirect-reacting form of bilirubin by expenrments on
ats and rabbits; he also summarizes the difference between
the several forms of bilirubin and their relationships with
the various types of jaundice (Lathe, 1954 2).

It 15 cleas from off this evidence that the identity of ket~
nictersc prgment has not yet been established beyond alt
doubt, nor have the relationships and activities of the
several suspect pigments been determined* Nevc'nhe\c&
bilirubin has been used from time to time to investigate the
properties of the blood-brain barrier.

The Blood-bran Barrier

Thus term refers to the physiological properties of the
endathelial cells of the capillanes supplying the bran
tsssue, Substances may, of cousse, pass from the blood fnto
the cerebro-spmal fimid, and thence into the brain, but
neither of the barners on this route is the blood-braia bar-
nier Besides, in jaundice only very lutle bile pigment enters
the cerebro-spinal fluid a the adult (Amatuzio, Weber and
Nesbitt, 1953) or 1 infants with hasmolytic disease (Stemp-
fel and Zetterstrom, 1955)

The blood-brain barniet exists in all vertebrates that have
been examined, It markedly reduces the sccessibihiy o the
bram of all but a fow syt and when p bty is
mcreased after physical or chemucal frayma for example.
the penctration 1s at first Jocalized to certain areas, which
do not, howaver, correspond well with the aress most fre-
quently stained in kermicterus The barner retains its effi-
ciency for about an hour after death. The site of the barrer
s been the subject of much speculation, but it is generally
held to be very close to the capillary endothelium, perhaps
the antercellular cement or possibly the pround substance
of the CN S, (Hess, 1953),

There are two mportant vanables in the study of the
blood-brain barrier, the species concerned and the sub-
stance that 1s being exammed; the effect of bife pigments on
the barner i young human subjects can be mferred only
with the greatest caution There is some evidence, however,
that ia some species and using some substances the barrier
is more permeable 1 the newborn or imumatsre animal
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Prematunty is thus the point d'apmad of kermeterus, for
only in this state can be found the esseatal combimation of
liser msuflictency and permeability of the blood-bramn
barrier.

CLracaL AND PATHOLOGICAL FEATURES
In acute cases the wmn burden of keracterus 13
carried in the first week of fe The onset may be quite
sudden (Gerrard, 1952) on about the second day, snd death
commonty takes place between the third and sivth days
The mam festvses are marked jaundice and evidence of
neurological distushance A remarkable lethargy s fre-
uent, and farlure 1o feed s & charactenstic manifestation
vidence of hypertonsa s @ vonstant findag, usually gen-
eralized ngudity, but sometimes the wmereased tone miy be
confined 10 » part of one extremity, opisthotepos and con-
vulsions are common O iy periods of p 4
hypotonta are interspersed between spasms of ngidity. The
peeuliar nature of the “cercbral ery™ which accompanies
thts condition 12 strrking, and in the termeadd stages pub
monary disorders, opdema and bacmorrhoge, are almost -
vanable (Vaughan, Allent and Diamond, 1950, Govan and
Scott, 1953y Cyanosss and disorders of temperature regula-
tion may be found It 15 not yet qute cicor whether the
of kernscterus with lytie disease
differ from those  eases of simple prematurity. Is both
forms of the disorder the infants can be reparded as -
mature, and wn both of them the rsk of kernucterus 1s cons
siderable onte the serum fnhrabin coscentration reaches
the cestroal level of about 18 mgm per 100 m! The rate of
onset may seem fo differ, beng swilt 3n haemolytic disease,
usually termmatng 1 death on or before the fourth day,
whereas mn prematurity neatly half the cases develop on
about the sixth day, und some fater (Clmreanx of af , 1953;
Crosse et al |, 1955)
ose mfants that survive the first week usually suffer
permanent residual signs of nearolopical diserder General
or focal spastic rimdity, ¢horeiform movements, deafness,
mental retardation angd epslepsy have frequently been de-
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body with bile pigments. Yow far there is disordered
by haie " / Pl Y 1
! with the pr of
and possibly toxic prgments cannot yet be established, The
mcrease of blood destruction, howewer, may nat be indis-
pensable to the production of kernicterus, for some prema.
ture wnfants may become jaundiced and suffer kermetems
without uaequivocal evidence of excessive haemoglobin
breakdown, In these cases a Functional immaturity of the
liver 15 blamed for the accumulation of bile pinments, and
this organ would be even more embarrassed if excessive
haemolyss were superimposed, The hiver insufficiency may
e a sunple immatunty, perhaps a specific faiture to con-
vert indirect-reacting prgment to direct-reacting pigment,
and would be fostered by general prematunty, and, 10 the
case of haemolytic disease, by the general immaturity which
seems to follow the foetus' aitempt ta develop under the
mira-Rterme barrage of av dy The liver &
may be fusther accentuated by the hver damage wnvarmbly
assogsated with baemolytic disease, posshly = consequence
of abnormsal Tobi wolism providing toxic end-
preducts The liver failure, abetted by the other factors
saentioned, causes ap stcumulation of normaf bile prgments
(perhaps bilivabiny which i excess may be toxic in adds-
tion there muay be other, probably abnormal, bde mgments
or sumiar compounds which also may be tode One or
more of such compounds passes the blood-brain barrie,
wiich in the prematyre wfant may be still ineffective.
and, exhibiting on affinsty for tissus cclls, depresses eeliular
& ¥ tation of the cytock syster. Thas
effect, which my well be widespread throughout the body.
finds the brain ¢ells the most suscepnible, so that these suffer
first The susceptibility of bra tissue may be due to 18
affinsty for lymds, in which mdirectreacting bilrubia is
readgly soluble (L.athe, 1956) One must suppose either that
damaged celis display particular affinity for the fat-sojuble
pigment, or that the prgment s more particulasty soluble in
tite Iipids of grey matter., The absorption of pigment by the
bram celly and elsewhere may be reflected n the fall in
serum bilirubin which is reported to occur in these cases
shortly befors death (McLean, Lacy and Harrig, 1955).
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[
ment can also beea seen in the ground substance of the

seem 1o have lost their nuclel, but an appearance more
h istic o K is an hilic change
the cytoplasm. This may occur in cells which contain ne
;ugmem. just a5 pgmented cefls may show no morpho-
ogical chaage (Corner, 1955). Comner glso observed that
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scribed. The deafness, which may itself be the cause of
apparent mental backwardness m the children, may be
either cochlear or nuclear, and certainly appears to be bi-
lateral with the greatest foss among the higher frequencies
(Fisch and Osborn, 1954), There is some evidence that the
appearance of kernicterus as a tication of b 2\
disease exhibits a familial tendency and eccurs more com-
monly i boys than in guls (Litchfeld, 1945; Claireaux,
1950, Vaughan et af, 1950} A similar sex preponderance
was noticed by Crosse of al (1955) in cases associated with
prematurity, and a slight excess of second-born twins was
also seen These authors observed no relationship of inci-
dence with ABO incompatability in a series of prema-
ture nfants showing ne Rh immumzation, but they were
able to lend some support to {he view that anoxia might
play a contributory part in imtiating the disease, a theory
considered first by Beneke (1907) and returned to frequently
on later occasions, patticularly by Govan and Scott (1953}
The cidence of kernicterus s not certainly determined 2

The pathological findings tn this disease are not specific.
The patchy pigmentation of the brain is the most character-
stic feature and there are at the present time few convinc-
ing accounts of kermcteric lesions in the absence of pig-
ment However, the pigment fades after exposure to light,
and so 1t 1s desirable to study the brain freshly, or to pre-
sesve 1t uncut until examination 1s convenient. There is 1o
constancy in the distribution of the pigment in the brain
except that the staming is symmetrical Certain sites are
more commonly affected than others, for example, the pes
hippocampi, the corpus stratum, thalamus, fnferior olive
and dentate nucleus [t seems, however, that any part of the
grey matier of the brain and the upper parts of the spinal
cord may be pigmented and it is not uncommon to find
zones of white matter similarly affected

The histological appearance of the brain in kernicterus
is not impressive. The most characteristic feature is the
yellow pigment, and this is not easily demonstrated in

araffin-embedded sections because of its solubility in the
alcohol, chloroform and xylol normally used in making the
preparations In frozen scetions, however, the numerous
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all rhesus posstine people are equally rhesus postive This,
hawever, 15 pmb;\bﬁcnot true. A simple example 1s the dit-
ference between 3 sample of homozygous cells (XX) and &
heterozygous somple (XY), the former gving the hugher
titre agasnst the specific antibody {ant-X) Not all blood
group systems exhibat thus difference, and when it exsts 5t
can usually be allowed for. A more subtle form of var-
tion 13 found with the Rh antigen D Most Rh posttive per-
sons possess the I antigen m what mught be descubed as
full measure Some, howener, possess & form of antigen that
eacts less well with anti-D by most serologreal techmigues
These supposediy weaker forms of D are called D, and this
term refers to a wide vanauon m “D weakness™ among
ceit samples Other blood group anugens exhibit similar
variation, such as the Duffy group i man (Race, Sanger
and Lehane, 1953), the A’ group in dogs {Chnstian, Ervin
and Young, 1951), and probably the G’ group in rabbuts
{Keliner and Hedal, 1953) 1t 15 not certain that these vatia-
tions are purely quantitative, but the explanation seems to
be a reasonable one, and gains some support, for rabbat cells
2t any tate, from certain absorption expernments undertaben
by Heard (19S5 b). and the wotope studies of Boursnell,
Heard ond Ruzk (1958) There scems no reason why o
should not bs possible to estmate the number of antigen
sites per cell by msotope-marked antisera 1 the manner of
Boursnell, Coombs and Rizk (1953), and so to ndicate
whether D+ cells have fewer antigen sites than D cells
The degree of reacuvity of I>* cells seems to be accurately
heritable

The third assumption 15 that blood group antigens on the
<ell are wdependent of each other and all equally accessible
to the speaific antibodies The matter of accessibility may
be stlustrated by some propertes of ox cells exposed to
rabbst ant-ox cell sera, an inmune system sufficently sim-
far to blood group iso-anttbody action as to rasse doubts
whether the same ch Tty not be ds
among some blood groups Gleeson-White, Heard, Mynors
and Caombs (1950} showed that such antisera agalutinated
the cells from certam oven to a titre not far short of that
obtained by hsemolyus, using the same antisera i the pres-




CHAPTER IV
SEROLOGICAL CONSIDERATIONS

THE ANTIGEN

The study of blood groups is the keystone to the investi-
gation of haemolytic disease of the newborn. It is the blood
group incompattbility between mother and child that is the
essential feature from which this condition develops. One
looks to blood group studies, therefore, to provide informa-
tion about this incompatibility and, if possible, some meas-
urement of 1t Unfortunately serological measurements are
seldom precise and the nformation afforded by serologtcal
techniques 1s increasingly difficult to assess

Blood group studies during the first forty years of this
century were almost entirely confined to the exposure of
red cells, usually suspended m a saline mensteuum; to the
action of anti-sera, natural or induced, and the observation
of any agglutmation that resulted Durmng the last decade,
however, 1t has become nereasingly apparent how hmited
1s the mformation to be derived from thrs procedure alone,
or with the assistance of differential absorptions, in the
study of human and animal blood groups One mught first
consider, as examples, three assumptions relatmng to the
antigen which would probably have been regarded as justi-
fiable in the earher part of this century. First, 1t has been

one excepts the circumstances, rare in man but not unusual
1 cattle, of an exchange of haemopoietic tissues between
binovular twins in utero.

Secondly, it has been assumed that blood group antigens
are quantitatively similar in 2‘1)1 who possess them, ¢ g. that
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sample, whose genotype they called D {13, was in
fact more teactive with anti-D sera than the usual run of
Boposihive cells There are other examples of one blood
group sntigen imterfering with the expression of others, one
of particular snterest being the influence of the possession
of A anhigen in the expression of the Lewis groups (Race
and Sanger, 1954; Cutbush, Gablett and Mollson, 1956),
‘hese observations seriously dimawsh confidence in the
usefulness of the suuple agglutiaation reaction and have Ixd
to studies ustng cells that are modified exther pathologeally,
asan pascsbut paroxysmal { ot
Yy

th pr bytic enzymes By these
and other means an attempt has been made to study the
action of red cell iso-antbodies

Tas ANTIBODY

The classical view of agplutination supposes that, i the
first stage of the reaction, anusbody globuhn 15 exclusively
adsorbed on 1o the cell surface unasded 1o form a firm but
teversible combigation. The second stage of the reaction 13
sad to follow this state of sensitization of the cells and to
be mandest by agziutmaton of the cells or, if complement
15 present, by lysis Few of these assumptions are without
exception In the first place, there is evidence that anubody
globuhin 15 not exclusively adsorbed, but that normal globy-
Lin i ficalh h r cefls are exposed
to serum (BoursaeH, Coomby and Ruzk, 1953). However, it
is apparently the adsorption of the anttbody globulin that
conters on the cells the peenliar properties associated with
sensitization Secondy, it may be that not all antibodses can
sensitize the speesfic cells wnaided, for some forms of
human ant:-P and anti-Le* appear to require complement
or some component of fresh serum to effect combmation
with the cell (Mollison and Cutbush, 1955) Finally, the
second stape of the reaction may not follow senstzation,
‘The faiture of sensitized cells to lyse in the presence of com.
plement will be considerad fater, but the fasluse of such cells
1o agglutinate 15 of ore immediate interest

Those antbodies that sensie withoot agglunmating,
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ence of complement; but the cells of other oxen were agglu-
tnated lml? or not at all by these antisera, though they

‘show'gd this property as “inagglutinable” cells, and showed

may account for the observations that in young animals the
antigen may not be detectable until some time after birth
{in human mfants, Witebsky and Engasser, 1949; in piglets,
Goodwin and Coombs, 1956), and that some pig blood
groups cannot be detected by sumple agglutination (Saison
et al, 1955), but there are other explanations that could also
account for these facts.

- There is also some evidence that the reactivity of some

. L
inhented as a complex of three closely associated but nor-
mally independent antigens called C, D and E (for F can be
1gnored for the present argument), each of which may be
found 1n various forms, eg D, d, D= Race, Sanger and
Selwyn (1951) described a sample of blood in which no
evidence could be folﬂld o{ any form of the C or E anti-
potvgweic e ly Gakinatiad tmmatTne s AL amoen Ermin

might not have become incorporated in the D antigen so
that more D substance than usual might be present on the
red cells, However that may be, they showed that this cell
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that reporied in certain other serological fields {e g. the
propetties of rheumatond arthnts sera} and appeared (o be
36 1 vitro § y, for sy hum of cells
from human 1nfants with baemolyhic discase is not uspally
sten {though the phenomenon 13 common 1n foals and pig-
lets with the same disease) Howeser, it was shown that the
plasma of snfants Iess than sw months of age was not
effective in yorro 1n causing meomplete anttbodies to aggln-
unate the cells (Witebsky, Rubix and Blum, 1947; Gure-
witch, Polishuk and Hermuons, 1947} Another cunous
property 15 that of serum m bringing sbout sgglutination by
antisera that at first sight appear o contam mcom'?ktc
antibody, described by Lewis and Chown (1954) They
found that some samples of incomplete anti-D could affect
agglutmation caly if pormal serum was used as a testing
medium, but only about 10% of randomly selected sera dis-
played this power, nor would these operate if applied to
the cells after sensitization had taken place. This serum
effect evidently dillers from the property of plasma de-
senibed earlier As far as bovine albumin 15 concerned, st
seemed Irkely that the effect was due less to the albomimn
than to the alpha-globulin mscpatably mixed with 1t (Me-
Cufloch, 1950). The albumen test bas been used wath farr
success ¢ horses, but has not bees found very eflective in
dogs. 1t has had no substantial trial in pagy or rabbsts

‘The same effect can be produced not enly by plasma and
albumin but also by several non-proteia colfords such as
10% gelatin (Fisk and McGee, 1947), gum acacia, poly-
vinyl zkohal (Levine, 1946) and dextran (Grubb, 1949;
Jones, 1950) To detect sensitization of cells by human antic
A or anti-B, Munk-Anderson (1956) uses a medum com-
pounded of 5% dextran, 13% salne and 25 to S0% of
serum Jandl and Castle (1956) have shown that the effect,
which 1s not on the incomplete anttbody as such, but on the
sensuized cells, is brought about by large anisometr:c mole-
cules n suficient concentzation Using cells sensitized with
antx-D, or with metallo-protan p which
modify the physical properties of the cells i the same way
that usnmupe sensiization does, they found that the de-
T g order of efficency was whole plasma preteins,
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called tncomplete antibodes, do not _differ in specfiy
from those that effect agglutination. Thus antiD may be
found 1 an agglutinatng form and an incomplete form. X
15 true that some antibodies appear rather more ‘commonly
it the weomplete form (e g anteD) and anti-Fy) whereas
others are more wsually agglutmating (¢ g. anti-A and ﬂnﬁ'{
P} Moreover, antisera may contain varyiog guantitses o

the agglutinating and mcomplete forms of antibody actie
agawnst the same antigen And not only might the nkmf
quantities 1 the muxture be unknown, but also the r:!nn;ﬂc
aflimties of the forms of antbody for the antigen be &iff-
cult fo determme It 15 usual for the mcomplete “antibody “:
have the greater affinity for the cell so that if 1t 15 presed

in the greater quantuy, the achon of the aggistnating aote
body would be masked and it would go uadetected, if
aggl body p d i higher titre it the
muxture then a prozone effect would mdicate the gresidl
aflimty of the wcomplete antibody for the antigen The
greater affimty shown by the mcomplete antibody some
times leads to the antigen sites i the cells bemng 50 sa!ur;
ated with antibody that none 1s avatlable for the action 0
agglutmating antibody so that the cells will not agglutinate
even under the fluence of this antibody Not alt sainples
(o)

p dy show this effect which has

httle practscal importance
Two significant developments w the study of incomplete
anttbodses have taken place in the last decade The first of
these was the discovery that modifications of the men-
struum m which the test was conducted allowed somo it
p to effect and the other
was the observation that a simslar effect could be achieved
by modifying the surface of the red cell by enzyme action
The former method, that of replacing salne as a diluent by
human plasma of approprate group, or by 20% bavine
albumin, or better stll, by a switable mixture of the w0,
was of great importance 1n the detection of incomplete anti-
bodies, though not all of them were revealed by ths means.
The nature of this reaction was not ot first at alf clear. As
far as the mfluence of plasma was concerned, it appeared
that the agglutination-enhancing effect was different from
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L Tais fam it 4 a1 s

nomenen due 1o bacterial infection of the blood sn:ﬁp‘c.
From these observations, it may appear that trypsin serves
merely to render the cell non-specifically prone to agglu-
rvees- S tibip ok Aniupeth iy v i bt

present. Moreover, some antigens that are destroyed by
O AR e SR R b

3 or it may be merel‘y that " the
Sl A T A e
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the result was merely a rather tenacious form of rouleaux
formation. It may be, however, that in seeking to explain
B D A ! IR

.

tion as a not too common and not very important conse-
quence.

With the coasideration of the other method of detecting
incomplete antibodies, the modification of red cells by en-
zyme action, one enters uncharted territory. The story
originated in the observation of Pickles (1946) that red cells
sensitized with incomplete anti-D were agglutinated by
filtrates from Vibro fholerae', and in 194
FaT A aotabe Shumiiar Pt

T -

T
The enzyme action is effective whether the cells are sensi-
tized or unsensttized at the time of exposure, but whether
the cells receive trypsin or antibody first, they must be
washed before exposure to the other, for the prese'uce 'of
o N o " M T4 aats

pain, despite the fact that normal serum inhibits papan
agglutination of sensitized cells (Wiener and Katz, 1951).
In some ci the agglutination of cells under

Vrmm < bpmnte Dg amambnon rareihla I carm
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that some blood group antibodtes may be found in the
alpha or beta globulms. Though it 15 possible by §plmblc

0 ' . o
use an anliserum that has been prepared agunst whole
serum, so that sensitizing antibodies can be detected 1
whatever globulin fraction they may chance to occur.

The test is particularly appropriate for the diagnosis of
haemolytic disease n the newborn anmnal, for one can
determine at once whether or not the patient’s cells are sen-
sitized with anubody This not only provides the.most
relevant information immediately upon birth, but avoids the
complication of pondering over which, 1if any, of the ma-
ternal antibodies 15 reachung the infant and deing harm;
thus no detailed hnowledge of the blood groups of the
species under 1nvestigation 18 necessary for the apphcanon
of the test Nor is it limited by the species, for 1t is as easy
to prepare antisera against the globulip of pigs and horses
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enzyme effects full agglutination of the inagglutinable class
of ox cells.

THE ANHGLOBULIN REACTION

Apart from the empirical methods of modifying the men-
struum or treating the cells with enzymes, there are two
other means of detectiny the sensitization of cells which are
serologically ratsonal. One of these is complement fixation,
which 1s discussed ater, and the other is the antiglobulin
reaction of Coambs, Race and Mourant (1945 4, b). This
test 15 based on the assumptions, first, that cells sensitized
with, say, anti-D wil have adsorbed particles of the anti-
body aver the cell surface w a patchy distsibution no doubt
corresponding with the antigen sites; and second, that such
anttbody particles, being in fact particles of serum globuhn,
would act as though they were antigens on the cell, just as
so many antigenic patches on the surface, so long as they
remamed firmly fixed 1o the cell and were not too readily
dissociable. These assumptions appear o be justified, for
the adsorbed globulin on the sensitized cells 15 easily recog-
nized by an antglobulin antibody, which causes the cells to
agglutinate but does not, of course, affect unsensitized cells

n the p of the Tobulin serum, all that is
necessary 1s the smmunization of some foreign specics with
the scrum of the spectes under tuvestigation, For the diag-
noss of haemolytc disease sn man, it is customary to im-
munize rabbits or goats with human serum and to sefine the
resulting antiserum by appropriate adsorptions.

The question that first arises 15 what is the nature of the
sdsorbed plobulin in the senstized cells. Coombs and
Mourant (1947} showed that the antiglobulin reaction on the
cells sensitized with ant:-D was neufralized by the addition
of gamma globulin fraction but not by alpha or beta globu-
lin, concluding that incomplete anti-D was principally com-
posed of gamma globulin Dacie (1951) confirmed this view
as far as cells sensitized with incomplete anti-D and anti-A,
as well as with the adult hacmolytic anaemia antibody, were
concerned, but this did not apply to cells sensitized swith
a cold auto-antsbody, However, from later wark it sppears
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the use of antiglobulin serum on cells modified by trypsin
or papain, in an attempt to increase sensitivity.

ANTIBODY ACTION
Even with a mastery of all the techniques described for
the i1 vitro ition of ! dies, on¢
teft in doubt which properties of the antibody are being
measured and with what accuracy. Serological titres are
crude measures by any standard, and refinements in deter-
mining the end-point do mot create any additional confi-
dence 1n the method. Neither antibody ti'(re§ nog measure-

res s
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celis in vivo, but sensitization may prove difficult to detect
2 vitro ualess adult cells are used.
Attempts hare been made to compare the sensitivily of
the antiglobuln ftest in relation {0 the other methods of
ing i ) bodies. But the that is
bemng made 1s not between the efficiency of oue technigue
and anolhe'r. but mfrflx a measurement of the potency o{
prosiaiosiivt s inuPoeiis. Fntlun il EOTERRE Adei (e

and Gordon (1953) hive made use of this fact in devising
a method of estimating roughly the degree of seasitization
of cells. They compare the titre of 2 s'mm_iard :'mtiglobdulu}

....... 3 Vatand

encounters sera that extubit a prozone when used with
et o8 an¥ig fe o ¥ Sl Trememan am

found in an incomplete form, noae has so far been un-
equivocally described,

e PPN
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medntely of interest, the ability to pass from mothes to
young and destroy the cells of the latter, still eludes defini-
tion and measurement by present techniques. No single
measurable property of antibody action in vitro can be
:l's:d“as nLn illdtx of the in vivo capac of lh‘c :m&ibody.

ATt S i RO pivicd

e

cance of serological findings must rematn in doubt.
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effect on the specific cells in vivo. It may be that some blood
group antibodes that are not found in the gamma globuli
fraction require complement for sensitization. |

The haemolytic activity of human iso-antibodies s held
by some to parallel the phagocytic destruction of red cells
(Bonnmn and Schwartz, 1954; Salmon, 1956), but Mollison
(1956 b) has suggested that i vitro haemolytic activity is a8
index of in vivo haemolytic power leading to intravascular
destruction of the cells. In species other than man some 150
antibodies bring about in vitro haemolysis. The haemolytic
properties of mares’ antisera do not correlate very closely
with therr titres by agglutination or sensitization to the anti-
globulin test (Bruner, 1950; Millot and Gorius, 195)03 In

i . v
though there is Iittle doubt about their ability to cause
intravascular haemolysis in vivo. In such studies as these
the source of complement needs careful consideration, for
the results might be confused if natural species antibodies
agamst the cells under study were present 1 the serum used
as 3‘scurce'of complement.

P PR Y Y

mxture of antibody molecules with differing physico-
chemtcal attributes but with the same spectficity Some
authors refer to such a state of affairs as a “spectrum”. The
difference between the antibodses in different patients prob-
ably lies 1 the varying proportions of the components. That
there are several components m a given sample of antiserum
15 suggested not only by the multiplicity of results obtained
when several methods of testing for incomplete antibodies
are used, but also by the many observations of serum frac-
tionation and analysis by electrophorests or with the aid of
chemical or physical agents, The property that is most im-



Serological Conslderations 3

mediately of interest, the ability to pass from mother to
young and destroy the ccils of the l:mcr. still eludes defini-

tion and by present No single
mcasurable pxopcrty of anubody ac\ n m‘ vitro can be

POERCIO

Sty

.
ination. \thn the active '-m\body was anti-D or nnn-k:ll

the incompatible cells were eliminated a! a st:ndy rate with
2 hal[ P 2 munutes With olher anti-

gamma globuhn fraction, caused the elimination of red cells
prncipally in the spleen. The latter antibodies, which were
also ncomplete but found 1n the beta globulin fraction,
caus:d sequestrauon of cells m the hvcr It may he that

cance of serologtcal findings must remam in doubt
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The haemolytic ac ~ ~
by some to parallel
(Bonmin and Schwar b
(1956 b) has suggested that in vitro haemolytic activity is an
ndex of in vivo haemolytic power leading to intravascular
destruction of the cells In species other than man some iso-
antibodies bring about i vitro haemolysis. The haemolytic
properties of mares” antisera do not correlate very closely
with therr titres by agglutination or sensitization to the ant1-
globulin test (Bruner, 1950, Millot and Gorius, 195‘02 In

v

though there is hittle doubt about thetr ability to caus¢
intravascular haemolysis in vivo In such studies as these
the source of complement needs careful constderation, for
the results might be confused if natural species antibodies
against the cells under study were present in the serum used
as a source of complement. \a

—~ . Ca AP RPR PV

ably lies m the varying proportions of the components. That
there are several components in a gtven sample of antiserum
is suggested not only by the multiplictty of results obtamed
when several methods of testing for incomplete antibodtes
are used, but also by the many observations of serum frac-
tionation and analysis by electrophoresis or with the aid of
chemical or physical agents. The property that is most im-
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fnals. he also laid the cause of the disease on h;bnd:ly A

Little las most valuabl: contribution fros oh (1861)
SR sty

Fr;\nce led 1o an official mv:sugahon whlch was reponed on

5 's account der
h:s own name is not clear, but hls observations were glven
1 some detail by Sanson (1863). In this account both the
seriousness of the condition and the economic loss from one
mule foal 1n ten beimng affected were emphasized The
autopsy accounts were quite detailed, both the liver and
spleen being described as enlarged, engorged and friable;
the Zn mmmmmal Daenaedin’ atic hetoad lan Iae ad a oa

Vmnem




CHAPTER V
THE DISEASE IN THE HORSE AND THE MULE

HISTORICAL ASPECTS

Qovvacn snvemd®on <Eabo o 1 .. e,
..

eenth century, judging from the tone of the communications
of Gell$ (1803) and Texier (1807) to the newly formed agri-
cultural society of the Deux Stvres.”s Gell¢ aftributed the
condition to anaemia and weakness of the mares suffering
from malnutrition, and Texier in giving the full clinical
description, speaks of *Tidiosyncratie bilieuse et mélan-
cholique du baudet”

The first full account of significance s that of Carrére

QAN TTL ey aranoa ot e L -

¢ W7ems mamcarant sha aaclisc ueafu] descriptions and
. = condttion to hy-
+ veterinarian may

"
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and ioned the possible ion with tal jaun.
dice 1n man, believing the liver to be disordered. By the end
of the century the disease had come to be considered as a
h hagi 1 1 origin

nephritis p: y of str
{Cadeac, 1396) From then on the possibility of microbic
infection was increasingly being examined as a possible
cause, and probably this view resulted in part from the wave
of interest 1n bacteriology in France that followed the work
of Pasteur.

Few important contributions seem to have been made
from this time, except perhaps Powell’s (1905) not entirely
typical description of the disease occurning 1n two sibling
foals in England, until 1924 In this year Saussean re-
viewed the subject and concluded that the disease in mules
was an haemolytic anaerma dependent in some way upon
the hybrid mating, and Mosse, Giradeau and Maubaret
expressed a very stmilar view at the same time. However,
leler iri the same year, Donatien, Lestoquard and Sausseau

P Doncivinpipl Adg TeAutisi A SptAbne S R

the rats’ syndrome to icterus 1 newborn mule foals In
NHL 1 £ Tnam s 23 moiad ala he mtlaeen abns gt o
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Ing hybridity as 2 cause he said: “Cest daas I sang de b
awre gu'on doit rechercher ta raison de ces phénomenes,
leur exphication”™. He agreed with Chicol: that the substitu-
tion of cows' mulk for suckling by the mare offered the best
chance of survival,

In many of these eardy accounts the mamlestation of
hasmoglobinuria had atisicted more attention than had the
jaundice, and Lhomme (1867) referred to the tondstion as
“L'hématurie des jeunes mulelons pendant Je premier fge”.
Ayrauft m the same year discussed the matter fully in his
book on snule-breeding in Portow, though he had published
& paper on 1t as cnr(l{y as 1886 and menttoped i in his hand-
book of 1859 He disnussed the term “pissement de seag”
under whith the disease had been known, because haemo-
globinurnia was not an mvariable symptom, and substituted
“Pretdre ou junmsse des nouveaux-nés”. He descubed the
dusease thoroughly and noticed that on autopsy the Iner was
always found to be enlarged to two or thiree imes its siogmat
size, surmazing that 1t was evidently the scot of the malady.
1a discusstag the disease, however, Ayrault differed from
most other asthors by statg that jaundice and staming of
the ammotic find may be seen at birth or sn aborted foe-
tuses For thus reason he held wat the disease may start in
mtra-uteniae hife and could not be ascribed to any property
of the walk However, he agreed that the condiion must
speng from hybridiy, for he had never seen 2 case m a
thoroughbred horse or donkey

Unul the ume of Ayrault's book observations on hacmo-
Iytic disease mn newbora Ioals seemed penerally to be lead-
ing 1o the view that the hybnd mating coused some toxic
substance to be transminted through the mare’s mitk to the
fool. From then on, however, the wrend lod gradually away
from these truths In the following year Lafosse treated the
disease as a rena congestion wbented from the mogher, but
he remarked that mule-breeders mate those mares that have
‘borne affected mules 1o stallions thereafter m order to avoud
the consequences of the disease Reynal m 1874 afso sm-
plicated the Yadncy and regarded the disease as & form of
nephntts, Hattmann n 1880 was one of the first after
Carrére 10 describe the condition mn thoroughbred horses
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(Cadeac, 1896) From then on the possibility of microbic
infection was increasingly being examined as a possible
cause, and probably this view resulted in part from the wave
of interest in bacteriology in France that followed the work
of Pasteur.
, Few 1mportant contributions seen_\__to"l’l‘:’\\vrc‘: been made
. " . . . "
was an haemolytic anaemia dependent in some way upon
the hybrid mating, and Mossu, Giradeau and Maubaret
expressed a very similar view at the same time, However,
later in the same year, Donatien, Lestoquard and Sausscau
claimed to have identified the long-sought infective agent as
Nu{mhal _eqiu‘. ICon‘seq’ug_mly Sausseau in h:as\lzook' on the

lytic anaemia of the newborn rat produced by njecting or
giving by mouth, antisera prepared in rabbits against rat
red cells Caroli and Bessis were struck by the similarity of
the raty’ syndrome to ic!enis n newborn mule Ié)als In
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mule foal all subsequent offspring sired by donkevs are
- . .

wcteric, but those sired by horses a==~~*
attention to the similari
to those seen in hums- * . N

Fonne B

5 o . wouence. The haemator
L' .. were shown to be consistent with the view
that the natural course of the disease was an acute haemo-
Iytic anaemia, Serologically, Carolt and Bessis showed that
the serum of mates that had borne affected mule foals had
a significantly higher ttre of agglutinins against donkey
and mule red cells than could be found in the seru of
mares bearmg healthy foals. The injection of donkey blood
into mares that had borne affected foals was followed by 2
sharp rise 1 agglutinin titre suggestive of a secondary m-
mune response, Moreover, the serum of icteric foals con-
tamed agglutinins against the red cells of the q:mkey and
mule but not against those of the horse, From this they con-
cluded that transfusion of horse blood would be a sujtable
treatment for icteric mule foals

This papsr was followed in the same year by two further
reports. In one of these the serolegical findings were ex-
tended, and presented in more detadl. The average serum
titre of anti-donkey agglutinins in 15 mares which had borne
wterte mule foals  was 434, but that of 11 mares bearing
seemngly healthy mule foals was 12 6, whereas that of 17
beartng only horse foals was no more than 0 82. No such
difference was demonstrated between those three groups in
examuung the sera for agglutiatas against the red cells of
the rat or of man (Caroli and Bessis, 1947 ) The ather
report referred to the finding of an 1ncomplete form of anti-
body in the serum of three mares bearing icteric foals
(Bessis and Carolt, 1947).

Later in the same year Caroli and Bessis presented st
this evidence i a comprehensive review and Scscribed the
haematological and hastolopical changes of thesr cases in
some detay, the latter being iltustrated by photo-micro-

aphs (Carols and Bessis, 1947 ¢). the same material was
also pubbshed in Bessis” monograph “La maladie hémaly-
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tique du nouveau-né” 1 the same year, In addition to the
serological evidence previously teported, the autbors
showed that anti-donkey 1 are d le 1n
the rmlk of mares bearing icteric foals. The account ends
with a table comparing the principal features of the discase
in man, the foal and the rat. The serological evidence,
though not as yet perhaps conclusive, very strongly sup-
ported the hypothesis advanced Altbough at this tume Bes-
sis assumed that the antibody yas'tr?nslefrcd from mare to

'

Muuon, 1500y
The almost contemporary study of Bruner and his col-
leagues 1 Amenca concerned thoroughbred horses. In
1947, the year of Carali and Bessis’ reports, Dimock, Ed-
wards and Bruner, in a review of about 200 post-mortem
examunations carried out on equine foetuses and foals sups
posedly dead from infectious disease, noticed that several
J3undiced foals yielded no pathogenic bactersa on attempts
at culture Though the cause of death mn these foals was not
discovered they remarked that “there was a suggestion of 2
ition simular to er; is fetalis 1 human in-
fants” In the following year they pursued this rdea 1n a
short papet describing their observations on six cases of







The Disease in the Horse L

cases of tal icterus in th bred foals at New-
ﬂar)&ct.ﬂdescnbed by Coombs, Crowhlers!. Day, Heard,

and the detailed haematogical data of three foals through-
out the course of the illness,

Brion had also been worksng on the problem at this time.
He sought to ascribe the passage of the immunizing antigen
from the foetus to the mother to placental lesions caus-

i ) ’

Both these observations require confirmation Brion later
advanced some expenimental evidence in support of his
hypothesis and printed some photographs of the placental
lesions (Brion, 1952).

150-IMMUNIZATION

The me! -~ ~° %"
tamly know . '
bidity was
nuneteenth
recently (8¢
suggested t . " ' -
naturally The incidence 1 horse foals, where there is less
obvious hybridity, may well vary from one locality to
another, depending upon the blood group distribution in
the horse mating groups Cronm (1955) put the figure at
19 for thoroughbreds in the Newmarket area over a period
of four years

The madence will also depend upon whatever factors are

¥
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ponsible for iso-j ization in’ pregnancy. Brion's
hypothesis that partial separation of the placenta is respons
sible might lay the onus upon some endocrine disorder. as
Laffolay (1949 has suggested. There 1, of course, the possi-
bility that immunization may be artificial because of the
rdministration of vaccine ining blood group antigens
icrdentally, Tudeed, Doll, Richards, Wallace and Bryans
{1952) found that red cell agglutinins appeared in the serem
of the mares receiving an equine viruy abortion vaccine
during pregnancy. This might be expected, for the vaccme
13 prepared from homogemzed lung tissue from aborted
foetuses and would probably contain red cell antigens.
Mares already naturally immunized show a small rise of
agelutinin ttre against the stallion's cells after this form of
vaccwnation, but the increase is transient. Mares not pre-
veously immumzed are not usually affected, but Dolf ef ol
found that 1n about 7% of 783 mares weak agglutinins
could be detected. In a very few cases, however, they
showed that the antibody was of sufficient strength to cause
kaemolytic disease Gf the foals cells were incompatible}
particniarly when the vacone had been admunstered during
the last three months of pregaancy. In some of the mares the
antibody titres, which had risen 1n the eacly stages of preg-
nancy following vaccination, fell agam in mud-pregnancy
only to rise agamn just before term At first sight tins sug-
pests that transplacental re-immunization sray be found m
fate pregiancy m the mare, This finding was steikgly con-
firmed by Cromun (1955), who observed that a fise in red cell
antibodies m the serum of the mare duriag the moath before
the foaling was pathognomonic of haemolytic disease in the
foal; indeed, he recommended this wvestigation as an essén-
tial prognostic test. In Cronin’s cases when the serum titre
drd not r1se during the month before foaling, the cells of the
feal were found to be compatible with those of the dam, so
at present there 15 no conclusive evidence of the oppor-
tumty being present for re-d ion during preg
but no such immunization occurrng.

This nise in titre towards the end of pregnancy differs
from the general expersence in man. However, the obstet-
rical lustorres in the two species are pot dissimalar, As
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ore healthy foals be-
£+ + reports of primi-
1ls have appeared

' : folay, 1951; Brion

. . ‘oll, 1948; Cronin,
D R

amee A .

man, the mare usually‘ bears ane or
P )

though several blood group systems arc concerned in the
production of this disease, the selection of a stallion whose
cad nnlls acn anmoae Bl otk shace <f the immunized mare
1t no single antigen
. = romnently concerned

(UIUS QUIEINgG Lrom e huinan Ku antigen D).
Immunization has been induced cxp_cr’_imenmlly in this

evidence of disease in the foals One of the mares developed
agglutimns 1n low titre, but the foal, which was suckled
freely, remained healthy The fifth mare developed high
titre agglutinins in the serum and 1n the colostrum, but the
haemolytic titres were low. The foal expenienced quite a
severe a&mck‘_u[ haemolytic anaemia with jaundice, but

with ntravenous injections, repeated once or twice, of the
red cells from about 80 ml of the blood of the donkey that
had sired the mares. The antigenic dosage was thus about
the same as in Bruner’s expeniments, though the interval
between mjections, about two and a half weeks, was rather
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longer; the last injection to one mare was given intraperi-
toneally. The ficst mare so treated (Brion, 1950) had an ag-
glutinig titre of 256 in the serum and 500,000 in the calos-
trum. The response of the foal was severe and rapid; the
1ed celt count had falien from 7.3 miltions to 1.3 milhions in
eight hours, and the foal died twenty hours after bicth,
There 1s no doube that this was a case of experimentally
produced haemolytic disease of the newhorm, The second
mare treated m this way (Brion, 1951) had bome no foal
previously. Thr serum agglutinin titre at buth was 1024
and the colostrum titre 4,000, This foal, though not so
severely affected as the former, sickened with the typical
signs of haemolytic discase, but responded well to travs-
fuston and separation from the mare for foster feeding The
foal, much improved, was subseguently rewarned to the
mare on the fourth day avd soon worsened and died. A
third mare was immunized before mating but received no
i durmg p 3 the foal d heaithy.
rather more detasled account of a case of haemolytic disease
m a ewborn rule foal experimentaily induced in the same
way is given by Pigoury and Charney (1950, 1951).

CLINICAL ASPECTS

It is generally agreed that the foals are always healthy at
bt However, Brion (1949 @) claims that they are weakly
and stunted, and Priouzeaw (1952) asserts that in some
forms of the disease the foal is jaundiced at birth or may
even be stiltborn and jaundiced, these views, though shared
by some, are not universally held

The signis are those of acute anaemsa. The onset may be
observed at any bme from about six hougs after birth until
about the fifth day. usually the earher the onset the more
severe 13 the condition Weakness and apathy afe the first
mdications of the sickness followed by a refuctance to feed
which may well be asenibed to the weakness, for if the foal
is supported 1t may suck well Later the lassitude becomes
extreme and the ammal rematns lymg on sts side The
mucous membraunes are pale and later become wmarkedly
jsundiced. Cronin obsened that guadice was found only
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in those foals that either lived for some time following the
onset of the illness or first showed signs of the disease some
days after birth. However, in some of the cases he described,
jaundice was seen at 48 hours after birth, though com-
monly it may take some time to develop. Unfortunately very
few serum bilirubin estimations have been made on foals
with haemolytic disease, but 1t 1s remarkable that 1 one
case described by Beijers, van Loghem and van der Hart
{1950) the serum bilirubin was 156 mgm per 100 mi.
(normal s2id to be 12 mgm per 100 ml) and yet the
mucous mcmbmnci were not icteric . e

rate is accelerated sometimes t6 as much as 180 beats per
minute and the respiratory rate may rise to as much as 30
per munute, the body temperature 15 usually normal All
these symptoms are consistent with a severe acute anaemia
and death supervences in the majonty of untreated cases.
The clinical picture has been divided mto three different
grades by Caroli (1949 a), Saint Martin (1948, 1949) and
Coombs et al. (1948), though the terminology of each of
these authors 1s different. In the muld form (called sub.
acute by Coombs) the onset of jaundice 15 late, usually
about the fifth day, and the constitutional symptoms are
transient These cases usually recover without treatment
The acute cases are more severe and develop most of the
signs about 36-48 hours after birth; there 1s usually no
haemq‘glolzmuna .Thf Enost severe ca_ses..of the peracute

drome ot hydrops foetalis 1n man, no doubt because there
1s hittle or no transfer of antibody to the foal 11 utero. Nor
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longer; the Jast injection to one mare was given intraperi-
toneaily. The first mare so treated (Brion, 1950) had an 23~
glutinmn fitze of 256 in the serum and 500,000 in the coles-
trom. The response of the foal was severe and rapid; the
red celt count had fallen from 7-3 millions to 1.3 millions in
¢ight hours, and the foal died twenty hours after turgh.
There is no doubt that this was a case of experimentally
produced haemolytic disease of the newborn The second
mare treated in thus way (Brios, 1951) had borne no fodl
previously. The serutn agglutinin titre at birth was 1,024
and the colostrum titre 4,000. This foal, though pot so
severely affected as the former, sickened with the typical
signs of haemolytic discase, but responded well to trans
{fuston and separaton from the mare for foster feeding. The
foal, much improved. was subsequently returned fo the
mare on the fourth day and soor worsened and died. A
third mare was unmnnized before mating but received g0
njections during pregrancy, the foal remamed healthy. A
rather more detatled account of a case of haemolytic disease
1 a newborn mule foal experimentally fnduced tn the same
way 13 given by Pigoury and Charney {1950, 1951).

CLINICAL ASPECTS

1t 13 generally agreed that the foals are always healthy at
birth However, Brion (1949 o) clams that they are weakly
and stunted, and Priouzeay (1952) asserts that sn some
forms of the disease the foal 15 jaundiced at birth or may
even be sullborn and jaundiced; these views, though shared
by some, are not ymversaly held.

The signs ate those of acute anaemsa The onset may be
observed at any time from about sm hours after barth vntsl
about the fifth day: usually the earlier the onsst the more
severe 15 the condiion Weakness and apathy are the first
indscations of the sickness foliowed by a reluctance to feed
which may well be ascribed to the weakness, for if the foal
js supported it may suck well Later the fassitude becomes
extreme and the ammal remams lying on ss side The
mucons membranes are pale and lager become maskedly
jaundced. Cronm observed that jaundice was found only
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(1950) the serum bﬂ]rublxn was is6 mgm. per 100 ml
{cormal said to be 12 mgm per 100 ml) and yet the
pripcbuinir e S £

rate 15 accelerated sometimes to as much as 180 beats per
munute and the respiratory rate may rise to as much as 80
per munute; the body temperature is usually normal All
these symptoms are consistent with a severe acute anaemia
and death supervenes in the majonty of untreated cases.
The chimcal picture has been divided into three different
grades by Caroli (1949 a), Saint Martin (1948, 1949) and
Coombs et al. (1948), though the terminology of each of
these authors is different In the muld form (called sub-
acute by Coombs) the onset of jaundice 15 late, usually
about the fifth day, and the constitutional symptoms are
transient These cases usually recover without treatment
The acute cases are more severe and develop most of the
signs about 36-48 hours after barth, there is usually no
hacm(iglolzmuna ‘Th‘e most severe cases, of the peracute
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ars maeente * T . :

1 . .
i . wv ewusy wurs feBtUe 35 DOt seen in the human
infant with icterus gravis, The difference may be due
metely to the greater - ' ==ta =F Bmreal e 5t Fand
if indeed it 1s much g '

haemoglobin in the &+ *

:hc mode of red celf

. P
. < uvemuila iU e cases having serum levels of
1356 and 186 mgm per 100 ml. (the normal being about
12 mgm per 100 m!), though hacmoglobin and antibody
globulin were found in the wrine, However, Pigousy snd
Charny (1951} found bile pigments in the urine of 2t ex-
perimentally induced case, but the pigments were not
wdentified and the serum bilirubin Jevel not recorded. The
urine of this case also contamed albumin in 2 concentration
of 2 grams per fitre, which suggests that the kidneys may
have been damaged.

HAEMATOLOGICAL ASPECTS

The data for haematological changes in the icteric foal
are very scanty It is well established from several reports
that 2 quate sudden and marked fall 1 the red cell count
follows shortly after *he macibara foct ban puskad Thic i
well dlustrated by the
derived from a sing .
7.8 millions per cu mmy, At puun dave pouts Jaler 1t il
dropped to 6-2 millions, and 17 hours after fitst sucking
it had falien to 37 mullions, at thus fime, however, there
was no longer any anhbody detectable m the milk, and
so the count remauning at 3-8 millons at 36 hours reflects
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the cessation of further lysis In many of the reported
cases the red cell count fell in the first 36 hours to 2 mul-
lions and sometimes even lower. In the experimental pro-

ccunl was determuned and they observed that in one or two
of their cases the levels remained low for a time before
recovery started.

e

PUSIARPPCTRSIPC IR I S |

those recavering after treatm:nt the average lowest figure
was about 38 millions, those dying despite treatment
showed a fall to about 3 0 millions The correlation of the
red count with the severity of the clinical condition does
not seem to be absolute. In some cases the foals were
severely, and indeed mortally, afflicted when the red cell
abla cndne Tk s mmemt aeche B Lae £ e
. . ] B

1un 1o sCliar uays allil UNLL, gvell when the
anubody level of the mulk 1s evidently low. Indeed, the
varying rates of apparent haemolysis led Cronin to suggest
either that weakly sensitized cells are removed very slowly
or L’nat ::nubody can continue. 1o pass the foal s mtcsunal
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Cronin's mild cases and the slow recovery in Coombs’ cases
reflect the slupgish response of the foal’s haemopoietic
system, for Cronin saw no reticulocytes in his cases and
Coombs very few: and neithes of these authors, nor Bessis
(1947) nor Pigoury and Charny (1951), bave found many
immature red cells.

The few histological studies published do not fully te-
solve this problem Certanly the first case of Coombs f of.
showed significant hyperplasia of the bone marrow as their
Nustrations confirm, but no such change was found in their
second and third cases, which were also very severz The
absence of extramedullary erythropofesis is also remarkable
and is a feature distinguishing the changes from those seen
m the newborn infant Another difference is the marked
erythrophagocytosss found n the foal bnt present fo &
lesser degree 1n man Haemosiderosis is marked in both
species The spleen is very engorged with blood and the
malpighian bodies are disordered; Doll and Hull (1951
remark that the spleens are erlarged m those cases dying
earlier than 72 hours after birth, but are normal or reduced
m size in those Living Jonger. In Cromin's cases the more
severe degenerative changes, particularly in the liver and
kedney, were secn m those anmals that survaved for several
days before death

The changes i the lwer remarked on by Bessis 11947)
are, apart from the evidence of ==+~ t
haemosyderosre =~ * .
of the capilla "t v ol
the bver cells . =i uisiuse degeneration
and facg} nect ..o, anu there was evidence of early toxic
cierhoss with bile thrombi m the canaliculs Parenchy-
matous degeneration of the iver was also noticed by Doll
and Hull (1951)

Degenerative changes 1 the kidney ace described by
Doll and Hulf In Coombs” cases the changes seen in a
photo-micrograph tnclude, 1n addition ta sema 0 4 2.
tion, an extension of the tobufar ¢+ 3

glomernlar capert ¢
- > *
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of k idetin and the possibility of | in or bile pig-
ment is mentioned. ;
Although pecific neuronal of the brain

is described there are no reports of kernicteric changes in
the foal, except for a statement by Carolt (1949 b) that
Bertrand has seen such changes; the original report of Ber-
trand has not been traced, however.

SEROLOGICAL ASPECTS

e n
titres from 32 to 32,000
<0 A la Tl

e s v e oo,

usually 7:1 a higher titre than those 1 the serum unless
e N TR i oo e

[
The techarcal problems m horse blood group work have
rLl‘ot yet enjoyed tl‘wc degree of attention paid to human
O A Ui it Bl S Lo

cause the auto-agglutination is obscured by the pseudo-
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Cronin’s mild cases and the slow recovery in Coombs’ cases
reflect the slupgish response of the foal’s haemopoietic
system, for Cronin saw no reticulocytes in his cases and
Coombs very few; and neither of these authors, nor Bessis
(1947} noc Pigoury and Charny (1951), have found many
immature red cells,

The few histological studies published do not fully re-
solve this problem, Certainly the first case of Coombs ¢t ol.
showed significant hyperplasia of the bone marrow as their
iffustrations confirm, but no such change was found in ther
second and third cases, which were also very severe. The
absence of ex dullary erythropoiesis is also kabl
and is a feature distinguishing the changes from those seen
in the newborn wnfant. Anather difference is the marked
erythrophagocytosis found in the foal but present to a
lesser degree in man Haemosiderosis js marked in both
species The spleen is very engorged with blood and the

Ipigh bodies are disordered; Doll and Hall (1951)
remark that the spleens are eplarged in those cases dying
earher than 72 hours after birth, but are normal or reduced
n size m those living longer. In Cronin’s cases the more
severe degenerative changes, patticularly in the Hver and
kidney, were seen in those animals that survived for several
days before death.

The changes 1 the hver remarked on by Bessis _(1947)
are, apart from the evid of ery osis and
haemosiderosts, manly those of engorgement and difatation
of the capillanies In Coombs’ series, bowever, damag? 10
the Liver cells was more apparent, both diffuse degeneration
and focal necroses, and there was evidence of early torie
cirrhosis with bile thrombi m the canaliculi. Parenchy-
matous degeneration of the liver was also noticed by Dol
and Hull (1951)

Degenerative changes 1 the kidney are described by
Doll and Hull In Coombs® cases the changes seen 1 2
photo-mucrograph nclude, 1 addition to some degenera-
tion, an extension of the tubular type of epithelum into the
plomerular capsules simlar to the change seen in myo-
haemoglobmnuria m man It is also of importance that not
alt the prgment granules seen in the tubulas epithetium were
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tinatton; indeed, tase 4 would not have been recognized
serologically but for thi test. Moreover, by direet agplu-
timation cases 3 and § would have been recogmzed with
only three cell samples and case 6 with only one, whereas
with the antiglobulin test strong reactions were oblained
with eight, seven and mine samples respectively. Cronin
{1955) atso used the indirect antiglobulin test regularly and
found that testing the mare's serum titre twice, at about
thirty days and seven days before partuntion, was 3 help-
ful ind in fus expert a rising titre at
that ime was pathognomonic of the disease.

A sumple b lytic test has been investigated by Mllot
and Gorius (3950}, and 1s regularly used by the Ameniean
workers. Millot and Gonus, using mule cells, found the
haemalytic titres unrelated to, and no highet than, the ag.
glutmatiog titres, The experrences of Bruper ez of. (1950),
using horse cells, agreed that the haemolytee titres of ant-
sera beat no relasion to their agglutination titses but found
that the haemolytic fitres are often lugher. Bruner e al.
beheved that the haemolytic titre bears some relattonshp
to the severdy of the disease, and they say that whereas 2
haemolytic titre of 100 in the mare’s scrum ndrcates a rapd
onset of severe disease, one of 10 suggests that symptoms
will not be manifest until the fifth or suxth day after btk

The case of Begers, van Loghem and van der Hart (1950)
13 of interest in showang that antibodies may be detected in
the unine of the affected foal They confirmed this observa-
tion on another foal 1n the followang year
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agglutination (rouleaux formation) normally exhibited by
horse blood. The pseudo-apglutination can be abolished by
washing and resuspending the cells in salime, but this pro-
cess markedly weakens the anta-aggiutination 3

The possibility that incomplete forms of amibodg might
occur in immunized mares has been considered, in different
ways, by several workers since the demonstration of such
an antibody by Bessis and Caroli in 1947, They showed
that certain mares’ sera had a prozone of inhibiton untl
quite high diluttons were reached, and also that the titres of
soms sera were significantly higher when horse serum was
substituted for saline as a diluent An albumin diluent has
also been tried by Millot and Gorius (1950), who also so-
trced inhibition prozones, and by Coombs, Gorins and Bes-
s13 (1950) with rather better success than the report of two
years eatlier grom;sed {Coombs er al., 1948). Fhe trypsin
test has also been used successfully (Beijers, van Loghem
and Borstel, 1951).

Some interesting observations have followed the use of
the antiglobulin test, in thas case a rabbut anti-horse globu-
hn serum By tns techmuque 1t was possible to demonstrate
clearly that the foal’s cells are ot sensitized at birth but
become so only after suckmg. thus confirming the view
that the transfer of antibody from mare to foal was by the
colostrum and milk rather than across the placenta, The
case of Mallot and Gorius referred to on page 86 illustrates
thus potnt, for at five hours after fiest sucking (during which
the red cell count had fallen only from 7-8 to 62 mwiflions
per cu mm ) the antiglobulin test was negative on the mule
foal's cells, but by seventeen hours after sucking the test
was postive

The use of the antiglobulin test to detect incomplete
antibodtes in the mare’s serum was first studied in detail by
Coombs et al (1948) Thewr six ummune sera were tested
agawnst a panel of fourteen cell samples both by simple

tuti and by the lin test in an attempt to
the and i ibadies 1 the

sera, employng a large panel of cell samples to n_xake
available as many antigens as possible Most of the titres
were much hizher by the antiglobulin test than by agglu-
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Szent-Ivinyt and Sxéky)®® These authors in thew first xe-
port described four Titters with a high mortality, giving 2
short accoutt of the chaical and postmorten: findings and
estabhishing the blood group meompatiblity by agglutina-
tion tests Their later account is based on the observation
of srxty litters in which the mortality was agam high

The Britush puthors (Buxton and Brodksbank, 1953 a and
b) also deseribed latters of jaundiced piglets dywng duning
the first three days of hie, and in giving 3 brief account of
their chintcal and post-mortem findings, asenbed the condi-
tion to blood group incompativility They later showed that
though the piglets® cells were nat sensitrzed at burth (using
the antiglobulin test) they became so after sucking, even af
ths was defayed for twenty-foue hours (Button, Brooks-
bank and Coombs, 1955) The bramns of some animals were
diffusely stamed with indisect-reacting birubia alone,
though other bile pigments, meluding a diect-reactng bifi
rubm, were found 15 their scrum Some further Itters from
these sows were studied by Goodwin, Hayward, Heard and
Roberts (1955, 1956)

There 15 no certamty that the so-ummumzation in these
field cases can be ascubed to pregnancy couses alone As
far as the British sows are concerned there is the possibal;
that they had become immunized by mnjections of crystal
wiotet swane fever vacaine This saccime, whick has been
mcreasingly used m Britmn since 1950, 15 prepared from
pooled prgs’ bloed, and its admunstration can provoke the

blood-group b {Goodwin, Saison
and Coombs, 1955). These workers submatted a group of
unvacaigated stx~month-old pigs to an ntensive course of
wnmunization with the swne fever vaccine, which caused
the prod of red cell bodics in about half of the
number studied They then examined the sera obtained
from pigs i the field of which 147 had not been vacemated
and 152 had, the difference between the two groups was
stking In only esght of those ammals that had not beer
vaccmated was any blood group antibedy (other than anti-
A) found in the serum, and the highest titre encountered in
this group, wsing the antiglobulin reaction, was sight. A
number of these awmals had farrowed, some of them




CHAPTER VI
THE DISEASE IN THE PIG

Iso-IspauNIZATION

Duriog the period that haemolytic disease was being
studied fn the horse and mule, mainly between 1947 and
1952, there wag little indication that the condition might
oceur 1 pigs, although 1t was shown by a team of workess
who were familiar with the disease 1n the horse, that jtcould
be induced expenimentally (Bruner, Brown, Hull and Kin-
kaid, 1949) They immunized three sows with the boars
cells about six weeks before they were dug to farrow. The
hitter of one sow died within forty-two hours, and the sow
was then nursed by four healthy two-day-old piglets who
remained unhormed The antibody titre i the sow's milk at
this time was 32, possibly too fow to effect any chmeal
change, or it may be that the foster piglets’ cells were com-
patible with the sow’s antibody or they were too old to
absorb it The hitter of the second sow died within twenty-
eight hours and that of the third within twelve hours Jaun-
dice does not seem to have been a feature of the condition
1 these anunals Nor was jaundice evident 1n the anaemic
piglets referred to by Kershaw (1950), who suggested that
the cause of thewr disorder mught be haemolytic disease,
fthoneh no serol f ‘were undertak

In 1953 two reports of haemolytic disease occusring in
the field appeared, one sn Hungary and the other in Britas;
and these were followed by a third from America concern-
1ng two litters dywng 1n less than twelve hours without evi
dence of jaundsce (Dol and Brown, 1954). The Hunganan
report (Szent-Tvdnyi and Szabé, 1953) was followed 1o 1954
by some observations on pig blood proups and a fuller
account of haemolytic dxsca%c of piglets 1o 1956 (Szabd,
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antibodies are responsible for the disease, some more com-
monly than others. This is suggested by the observations
#hns hnamalit & Acancn mas Ante thaneh lace anmmanly,

“‘The possibility that jso-immunization of Essex and Wes-
maw mandn Betain ia heanaht nhant b ~evetal ainlot sna
disease among paglets of unvaccimated sows, even though it
is more common 1n the oﬁsprtng of vaccinated ones. How-

PR Vonots st S

aver_ thau safas aleax hove 4~

in one year. In Burtain, however, though the widespread
use of the crystal violet vaccine ensures that a substantal
proportton of the breeding sows produces anttbodies in-
compatible with all the offspring of the commonest breed
of stock boar, clmcally obvious haemolytic disease 1s m-
frequent.
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several times. Of the vaccinated group, nearly two-thirds
had antibodies in the serum, and more than twenty had
titres of 512 or greater Those ammals that had been vac-
cinated two or three times had significantly higher titres
than those that had been vaccinated once.

Goodwin and Saison (1956) later showed that the appear-
ance of antibody due to swine fever vaccination was far
more common 1n sows of the Essex or Wessex breeds than

¥ - YTt Trwas reactive against
. compared the anti-

. ' . of which 5 had no
antibody, with that of 69 Large Whites, of which 43 had no
antibody. All the animals had been vaccmated once, some
of them several times,

It is tempting to explain these observations by assuming
that Large Whites carry a powerful blood group antigen
that is not found 1n Essex or Wessex pigs. By analogy with
man Large Whites would be regarded as rhesus positive
and Essex and Wessex as rhesus negative. Such an explana-
tion would be consistent with the higher incidence of iso-
i 10n among i d Essex or Wessex pigs, for
they would have received the vaccine containing 2 farr
quantity of the Large White antigen to which they are pre-
sumed to be sensitive On the other hand, any antigens
possessed by the Essex or Wessex breeds but not found in
the Large Whites may be uncommon and not very power-
ful as antigens .

This explanation is also consistent with the breed distri-
bution of the disease which 1n Britain is predominantly con-
fined to the offspring of Essex or Wessex sows; and sows of
these breeds are usually mated with Large White boars.
The reverse mating, though 1t would be nteresting from an
immunological pomnt of view, does not occur in practice. If
there were a single powerful antigen frequently or invari-
ably found m Large Whites one must assume that it is
always nherited, for there are no reports among the litters
of nearly 40 immunized sows in Britam of any ltter m
which some piglets had sensitrzed cells and others bad not,
i.e. either every pglet in a htter has sensttized cells or none
has But 1t may be that several blood group antigens and
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be judged quite severc by human standards and yet which
would pass unnoticed in the field.

The animals ate healthy at buth The three significant
signs that may develop n haem(')ly‘lic disease are pallor,

remain active enough to suck even though 1t may have a
profound anaemia

Jaundice 15 commonly seen in this condition It may not
<
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explanation of this finding must await the further elucida-
tion of pig blood groups.

The tiurd observation that may contribute towards the

ion of the low incid of lytic disease con-

cerns the of the sow’s antsbody titre after vac-

cination. In four sows descrsbed by Goodwin and Saison,

the high titre remained stable for about twenty months after

the last vaccination. Litters produced during this pefiod

s N aa SRRNTIY AT e e

pregnancy, teturning 1o the former level later; a similor
.
They show that after expermental vaccination, even when
repeated, the titre reaches its peak at the expected tjme and
thereafter steadily declines, They have also seen sows which
have borne an affected litter soon after vaccination and then
the titre has steadily declined so that subsequent Titters
have been unaffected. They suggest that the immune re-
sponse may be of two kinds, either the anubody is main-
taned consstently so that all htters may be_affected (the

immune responses.
THC DISEASF IN THE PIGLET

Chlinical Aspects

AL 2 maplrl bemn Af Alewt oY - s e -

R .
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separdless of the seveuty of the disease, Then follows a brief
but sharp nse in haemoglobin at about twelve to fifieen
hours accompanied by a reticulocyte respense. Finally, the
haemosiobin resumes its fal, though here the steepness §s
generally more closely related to the severity of the condis
fron In those animals that secover the haemoglobin Jevel
may remain qhite low (just above 3G, in piglet 43 of Good-
win et af) for severat days before rising agam: a similar
feature 19 seen i the foal

1t is easy to speculate on the meaning of these observa.
tons, though there {5 no experimental support for the ideas,
Tt may be suggested that the sitial falf in hacmoglobin and
ss constant fate sflestrate maximal ehmination of sed cells,
ot very nrearly so; presumably 1 ail bot the mrldest cases
the amount of antibody to suddenly absorbed by the new-
born prglet suflices to matinte haemolysis at a maximal rate
On the other hand. there js some evidence that the haemo-
globin level of the normal newborn piglet may fall quite
sharply under physiological conditions, and reach a level as
Tow as 6G within 2 few hours (Evans and Goodwin) The
mial of tobin fall, may be
part a normal phenomenon.

The “spike”, berag assocrated with reticulocytosis and
normoblastacma, may represent an attempt to supplement
the npumber of crculating red cells esther by recruitment
from some store or by increased production, or by both
means No doubt this yntermission is very brief or sub-
merged in the most severe cases, for 1 1s ficeting enough in
the three-hourly samples of mod: ly severe cases ¥ is
not qutie clear what the stimulus that induces this tempor-
ary remission may be There is no extra-medultary erythro-
poresss and the bone marrow 15 only moderately active
(Evans and Goodwin), the effect of anoiz on the newbomn
piglets' erythropoietie system is not known, nor the in~
fiuence of the products of haemolysis.

£ it s supposed that the antibody 1s maximatly absorbed
by the cells yust after birth and that 2 hitle later some more
red cells are brought into circulation, the amount of active
antibody then ining wi d the rate
of haemogiobmn fafl in the final component, and also the

PP N
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appear if the disease is very severe, for the ammal may be
dead from acute anaemia before jaundice has had time to
sﬁvt}'lﬁp‘. nor may it be found in very mild cases presumably
tion. In moderately icteric piglets the serum bilirubin level
does not exceed 4 mgm, per 100 ml.; by comparison jaun-
dice may not be evident i a piglet having a bilirubm level
gf 18 mgm. N.a'm‘lally there is no bilirubin in the serum of

sume cases. Mote Severely anecled WUErs Inay suow Mg
marked pallor and varying degrees of jaundice, these mani-
festations reaching their height between about twenty-four
and seventy-two hours after birth. In the most severe cases
pailor and prostration develop early, haemoglobinutia 13
evident and death occurs during the first forty-eight hours,
If the ammals die from haemolytic disease they usually do
so no later thau the fourth day after birth.

Haematological Changes

In severe cases the haemoglobin level falls abruptly; in
Doll and Brown's cases, for example, which were dead
within twelve hours, the haemoglobin values of the mori-
bund piglets Jay between 2 2G. and 32G and the PCV
between S and § The graphs in the paper of Goodwin et al.
(1956) give some 1dea of the steepness of the decline in
moderately affected piglets, the level in piglet 30, for
example, falling from nearly 13G. to 22G in twenty-eight
hours
A feature of the fall i haemoglobin observed by Good-
win et al. on three-hourly samples was an terruption or

E;;e-m“y during the first twelve Rours, is q.m(e steep and
appears to show much the same rate of haemoglobin fall
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The kidney suffers ion and necrosis
nﬂectmg the cntlre nephron In the ammals !hat dle e:L:r]y.

ha:morr_hzécs may be observed in 3h§ ‘sugerﬁcial‘ part pi

tubules, and 1 the lumina
EAPOAE Rt s

PaLencyIIA) ceus, Wilh DILe PIZINENL UEposILS 10 the Jatter.
No increase i extramedullary erythroposesis 1s seen The
spleen 15 commonly congested, as Doll and Brown (1954)
observe No kernicteric changes were found 1n the brains of
the amimals studied by Goodwin e af (1956) In none of the
organs studied has any increase 1 extra-medullary erythro-
powetic activity been demonstrated These histological
changes were deseribed independently by Goodwin et al
(1956) and Szabd et al. (1956)

SEROLOGICAL CONSIDERATIONS

re * j owerful blood group
* White breed of pigs
T zation of Essex and




100 Haemolytic Disease of the Newborn

outcome of the disease itself. A considerable excess of anti-
body in these circumstances would doubtless maintain mf

{evel may represent 2 balance of destruction and production
of red cells until the antibody is ultimately eliminated The
speed of haemolyfxs appears to be 2 determining factor
" 2 and I la b Talta

nae mat £a1 helow

"
.o . .

of prognosis

Another slustration of the importance of time as a
factor in the piglets’ struggle to survive is the level of the

icul and nor The initial resp is de-
tected about the time of the haemoglobin “spike”. In two
piglets recorded by Goodwin ef af., the reticulocytosis at
this tume was 129 (aumber 28), 5% (number 27). The
former animal, however, was undergoing the more acute
haemolytic ensis and the reticulocytes had risen to 22% on
the second day a hitle before the animal died; piglet 27,
however, 1n whom the haemolytic process was a little fess
acute, exhibited a reticulocytosis of 449 at that time, and
on the third day a figure of over 50% just before its death.
This last ammal, too, can be compared as regards normo-
blast and reticulocyte response with piglet 43 which re-
covered; the response was swifter and greater in the anmal

Histological Changes

Deposits of haemosiderin and of several other pigmented
derivatives of haemoglobin are widespread 1n most tissues
and, as in the horse, erythrop tosts is | 1 m
many organs, and particularly so 1n the lung. The organs
showing the principal changes are the kidney and the liver.

+
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houts after burth. Tt is not clear for how long (hc gut remains
permeab!e to :mhbodl:s, but ﬂus umc may be no shorlcr

in the pig.
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offspring, must await the elucidation of pig blood groups for
its confirmation or denial. Preluninary analyses of some of
the antisera encounteted in haemolytic disease show that
they contamn the antibodies of several specificities, but how
many of these contribute materiaily to the piglets’ sickness
is not determined. The analysis of these sera, when com-
plete. will establish a new basis for pig blood group studses
and should also throw some light on hacmolytic disease in
this species.

One aspec* -7 °
haemolytic
win and Cc L B
group system is not concerned in the disease 1n piglets. The
naturally occucting anti-A antibody may be found in high
titze both 1n the serum, though here there are unexplained
ind wigie' ﬂuitua:ions, and wn the colostrum. But in the new-

a6 ohm A mebimam 4L il oimeind fo 4L

o ammestinme

et attan

Hence, during the critical stage when haemolytic disease
mught have developed, the cells do not exlubit the A anti-
gen. Moreover, it is possible that the anti-A from the
colostrum may be neutralized by the soluble A substance
;lzgx;gsﬁc;m 1 the gastric secretion (Goodwin and Coombs,

With antibodies other than ant-A Goodwin and Satson
(1957) found that piglets do not usually die if the 50W's
serum Litre 15 Jess than 512, They used the antiglobukn test,
for 1t had previously been shown that neither agglutination
not h whether from pigs, gunea-
pigs, or rabbsts was used, would detect anti-A antibodies
sghsf:{ctcz‘x_-xly. and that trypsin modification of the cells,
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units per gram Thcse amimals showed evidence of anaemia
i twelve to sixteen hours followed by jaundice, rarely
haemoglobmuna, and died about twenty-four hours after
the injection. With doses less than 15 umits per gram the
ammals showed anaemia and sometimes mild jaundice after
tweaty-four hours, and they recovered in about a week
Bessis and Freixa examined the blood and organs of a
nLumb‘er of these anumals. The number of red cells fell Quite

manifest), and by twenty-four hours 1t had reached 08
mulions, two hours later the animal died The white cell
count rose from 7,000 to 19,500 during the same period By
contrast, 1n an anumal recen gqonly about 8 ‘_units per
pinira il i e e S

during the same period A tendency to autoagglutination



CHAPTER VI

THE EXPERIMENTAL PRODUCTION OF
HAEMOLYTIC DISEASE OF THE NEWBORN

HETERO-IMMUNIZATION: THE GUINEA-PIG AND RaT

The production of haemolytic anaemia in adult animals
by hetero-immumization is almost as old as the science o
immunity. It was attempted by Belfanti and Carbone i
1898 and has been studied sifice by such disting}xishcd
workers as Bordet, Ehrlich and Morgenroth, Muir and
McNee and Banti. The work of Dameshek and Schwartz 10
1938, in_which an haemolytic amaemia was produced i
guinea-pigs by the adminsstration of a rabbit antibody
agawnst guinea-pig red cells, showed the basic features of
this expenimental condition in adults They found that the
degree and speed of onset of the anaemia, as well as the

of h lobinuria, d ded upon the dosage
of hetero-antibody used They also demonstrated the condi
tion of spherocylosis and mcreased fragility of the red cells
which preceded the marrow response and which succeeded
the rapid intravascular haemolysss.

Although their paper is the locus classicus for the study
of experimental haemolytic anaemia in the adult anumal,
there has been no ful study of ization in
young gwinea-pigs Mynors, Heard and Coomibs {1950} at-
tempted to produce haemolytic disease in newborn guinea-
pigs, but repeated moculation of the does with the bucks'
L o e pviganind Al e vt M S hce

the experiment .
An account of the work of Bessis and Freixa on the
induction of haemolytic anz;%anla in newborn fats 1s given



The Experimental Production of the Disease 107

At first, four blood group antigens in dogs (A, B, C and
D) were described (Christian, Ervin and Young, 19§1.). and
these were later increased to seven by the subdivision of
group A and the addition of groups E and F. The com-
monest and most powerful of the antigens 15 A, Anti-A
effects equally agglutination in a saline medium and haemo-
lysis in the presence of fresh guinea-pl;g serum; lr:sh‘_dpg

. . A . . o

agglutinated in saline by fewer samples of anti-A and to a

lower titre, though when suspended 10 serum or albumimn

they are usually shghtly more reactive Nevertheless, all

samples of A’ cells are sensitized by anti-A as demonstrated

by the antiglobulin test. The degree of lowered reactivity of

" cell samples varies, and in all these respects the proper-

S E A e 4x 4t te~-e ™ qnngen. Swisher and

* antibodies may be

roperties of anti-B,

of anti-A, for they

ositively with anti-

globulin sera and do not cause haemolytic disease of the
newborn,

From thesc studies it seemed clear that the A antigen

would prove most suitable for the study of transfusion re-

actions and haemolyuc‘dx‘sease, accor‘gmgly‘ A negative
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and (oulcaux formation was noticed together with sphero-
cytosis and erythrophagocytosis. .
Histologically, the main features observed in the en-
larged livers were capillary dilatation, islands of erythro-
potesis and occasional -alterations in the lver cells with
marked pigmentation usually giving a negative Prussian
blue reaction Erythrophagocytosis was marked. The
authors commented on the fibroblastic reaction.seen in
this organLand on the large quantity of pigme’:'x_x& present,
o S TSR SNt O A SR

h Iyti ia with h fobinuria, 3

An interesting feature of the experiments of Bessis and
Freixa concerns the production of the same syndrome by the
administration_of the antiserum by mouth. Rats less than
twenty days old developed a fatal jaundice and anaemia
with haemoglobinuria after receiving 28 umts or more per
gram of antiserum by mouth; death occurred 1n less than
twenty-four hours. Two rats recerving 2‘1‘ agd 14‘ usuts per

ical, haematological and pathologicat changes 1n the affected

rats were similar whether they had received antiserum by
mouth or mtrapentoneally.

Iso-IsmuNiZATION: THE DoG
The work of Young and his colleagues on the dog durning
the years 1948 to 1952 came at 4 time when haemolytic
disease had been seriously studied only in man and the
horse. A logical approach to the study of experimental
haemolytic dlsclasc, which they adopted, is ﬁm. to ‘dcfmc

born apnimal,
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erythrophagocytosis of the specific cells but that anti-B and
AL €S mmanlt it

at any time 1n the reciprent’s serum
Rolamsiai ik Wlan me tn aveacmeanted hasm sl
. . .

against the camne A factor (except two, in which other fac-
tors were used) and subsequently mated to A positive sires
The aotibody ttres slowly declined duning pregnancy, and
did not nise post-partum, and 1t is therefore reasonable to
assume that no transplacental immunization took place
The antibody tutres in the colostrum were higher than those
1 the serum, but antibody was no longer detectable in the
milk by three weeks after partunition The antibody was
uaﬂsligrcd to the pups .solel‘y through the colt‘asmfm and

readily on the first day of hife but nof thereafter Ag ex-
ample of one of the several expsniments which led to an
appreciatton of these poumts is found in Itter E, which con-
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former, the elimination of the donor cells was much stower,
between 15 and 30% remaining at twenty-four hours, be-
cause either complement or antibody or both were tempor-
atily exhausted by the effects of the first transfusion, Both
c?mplgmint and a{\!il_;ody fell 'sharplyj for about five I'l_ours

that, though the antibody fitre of the recipient may deter-
mine the rate of haemolysis, it may not determine its extent
if complement is Jacking,

In the same experiments haemoglobinaemia reached jts
maximum ten minutes after the first transfusion, but bili-
rubinaemua did not reach its peak until three or six hours
afterwards, There was no such sharp rise after the second
transfusion because the rate of cell breakdown was slower,
but the liberation of haemoglobin into the blood proceeded
stowly even if complement or anttbody could not be de-
tected, suggesting that the Iatter werc being used up at the
rate of therr formation A transient leucopenia followed by
Teucocytosis was observed together with the appearance in
the circulation of large b Jeated red cells and

of
some immature white cells There was no alteration mLc:ﬂ
P Jr e I e S S A

rapidly disappear from the recipient's circulation arc des-
troyed intravascularly and that a relatively small propor-
tion of the cells may be sequestered and destroyed extra-
vascularly by the reticulo-endothelial system

1In later experiments Swisher and Young (1954) showed
that an immunized A negative dog recciving A, cells elimin-
ated them slowly and exponentiaily by contrast with the
rapid linear destruction encountered with A, cells They
found further that a C negative immunized dog failed to
shorten the survaval time of transfused C cells, the same
appeared to be true of the i vivo reactions of anti-B and
anti-D. It also scemed that anti-A could promote in vivo
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erythrophagocytosis of the specific celis but that anti-B and
paldyy i Yy

comprising over fifty pups. The bitches were immunized
agamst the canine A factor (£xcept two, i which other fac.

teansfested to the pups solely through the colostrum and
mik No antibody was found n the serum of the A nega-

ISR TUULUSY DL LR BEWDULL PUP UG LK Plaee
readily on the first day of Iife but not thereafter An ex-
ample of one of the several expeniments which led to an
appreciation of these posnts is found in litter E, which con-
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sisted of twelve pups (six A positive and six A negative),
which were delivered by Caesarian section. Two of each
group were allowed to nurse their own bitch; the two A
positive ones were severely affected and died, and the two
A negative ones had quite a high titre of antibody in ther
serum and were clinically unaffected, Two more pups of
each group were allowed 1o nurse another bitch which had
been delivered five days previously so that the antibody con-
tent of the milk was then low. The two A positwve pups that
nursed the foster dam were mildly affected and recovered,
while the two A negative pups had 2 low titre of antibody
in the serum and were clinically unaffected. The remaining
two pups of each group were fed on cows’ milk for the first
sixteen hours of life and then returned to their own dam
The two A positive pups were not clinically affected (though
one had a transiently positive antiglobulin reaction), and 1
the serum of only one of the A negative pups could any
antibody be detected .
Of the twenty-four pups that had been exposed to in-
compatible antibody nine died (and three more were kalled)
and yet the response of the animals was perhaps not as
marked as might have been expected. The degree of
anaemia was very variable and the number of nucleated rgd
cells and reticulocytes was not striking: haemoglobinzemia
was shght or absent and jaundice was mild and not com-
mon. The osmotic fragility of the cells in the affected
animals was raised, however, and spherocytosis was marked
1n the more severe cases; there was a tendency towards

the twelve affected pups revealed varying degrees of spleno-
megaly and hepatomegaly, but in some instances the liver
and spleen were no larger than in unaflected litter mates
Extramedullary hematopoiesis was well marked in both
normal and affected pups, but the erythroid cells of the
marrow, liver and spleen were less mature in the affected

ups Ery h is was a promit finding in the
sinusoids of the spleen, lymph nodes and liver of the




The Experimental Production of the Disease 1"

severely affected pups.” The two litters of pups bora to
dams immunized agamst the canine C factor did pot result
in haemolytic discasc in any of the twelve C positive pups.

Iso-IMMuNIZATION: THE RabpBrT

P = THIR R S R U RN
[ . . e .
1 . e . -

a .

found to be comparable in titre 1n the serum of the newborn
ﬂbb’lz ‘of the same group. Keeler and Castle (1934 a) re-
nentadly L itihepte s iunnPaspiuh b i

ramiiaload

showed that even when ymmunized during pregnancy, the
doe’s antibody titre declined during the last part of this
period and rose again after parturition This decrease m
titre also occurred, though to a lesser extent, with compat-
1ble offspring, though when the post-partum rise took place
1 these crrcumstances 18 not clear These observations were
similar to those made on the human subject at this time,
and any discrepancies may be partly due to an unrefined
serological technique, titre 1n these experiments, for ex-
ample, refers merely to the strength of the agglutination of
red cells by neat antiserum.

In 1947, Nachtsheim and Klein observed a condition in
certain newborn rabbits in which both hydrops and erythro-
blastosts were promnent features, together with marked
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haemopoiesis in the liver ang spleen; Dapr (1947) under-
took Some serologica) invesugauons which were inconclu.
OWe

SiX it wag an ngglutinnn'ug type, though in three of these
Some incomplete antibody Co-exssted These aythore ey
notrced, g Keeler and ranas v S ’

fitra fomi o

1 i

i . R o
s Sffsper Lo Uve antiglobulin gest;
L soppatible Sffspring were Begative It 1s pof

quite clear Why there were no sensitized cejls among
the mcompatible otl’spn'ng of the other five does; in one
case the Materna} antibody titre seemed high enough by
comparison
All the vonna wre ,
fectly heg
their Litte;
cords wyp Tepelence of Kegfer
any marked dvfacns o0
detected by h
of some of th - . .
creased haoe word-myeloid pre-
' haemaglobin and
. o wauwed erythrophago.
il sresiuclUsis and evidence of red cejf regenera-
tion on €Xamining splenic mpression Stmears By these
findings are pot conclusive jn themselves, and it 15 to pe
noted that in thys 1nvestigation the kidneys, Suprarenals,

"o slis certanly ac.
and S .
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bone marrow and brain were apparently normal on histo-
logical exammateon of all the animals under study,

A more successful attempt to produce haemolytic disease
expenimentally in newborn rabbus has been reported by
K‘illnertand |Hcdal_ (1952, 1953). These authors start. as
Athans L300 : ’

s mliL \ulum 41 ine time of mating, and 1t is not stated
whether the five that responded by producing antibody had

previously borne litters. This may be important in consider-
ing the merte- - 2 .

only on+ * .
nancy, ¢ . . . -
partum. * . .
seem to B ) e
Ppregnancis

Both agelutinati bodies appear to

an
pass freely from the maternal to the foetal circulation 1n
thus species, for the titre of each m the sera of newborn
tabbits against incompatible cells was the same as that in
the doe’s serum, and the same was true when the doe had
receaved 150-antibody mtravenously Nearly all the incom-
pauble offspring had sensitized cells as exhibited by the
antiglobulm test, but the fallure of one or two of such
ammals to show a positive test needs nplanahoxl "Thcse

authors also noticed that the antithads ¢ten Fat
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. s N L U I TSI W

the mammary gland when there appeats to be 2o diffically
fne mary gan e AR s T TINNE

creased extramedullary erythropoiesis was a constagt induig.
. Anderson (1956) alsp succeeded in inducing haemolytie

¥ AiTanitiee

neo-natal deaths, and Anderson suggested that st dealn
occurs early enough tn utero the foetus may be resorbed,
Ocdema was the princepal clinical featuse, and the ge{xcrg’ll
appeagance was strikingly sumilar to Lhygrc'psL faetglﬁd :‘n

Haemoglobimuria was not seen It s snferesting that there
was a considerable variation m severity among htter mates.

The haematological findings 1 these cases were consist
ent with a moderately acute haemolytsc anaemia, The
. Tal ty A eatid Lok aam AL ~nd AN

otmnes]
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erythropotetic response in the rabbit. Spherocytosis was
Alin pammnn fe sethonebosns 4ant )

fawdl 30w Whuoouy tures in the cases of the former
workere tha Titbae v aclams vond 4 AR

. b g sevwwuuun b bl VALIOUS maling
groups may partly account for them

In 1957 Morns communicated to the Brivish Society for
Immumology the results of some experiments on hetero-
immumzation of mice. by mjecting or feeding anti-sera
prepared 1 rabbats, In young mice anaemia was accom-
panied by pallor and death ensued quickly following Jarge
doses of antr-serdy smafller doses provoked jaundice and
bilitubinuria, and very small doses haemoglobmura after
twelve hours Adult rats regularly evinced an eather haemo-
globinuria before six hours

Complement activity was detected i adult mouse {and
young rat) sera. thus accnnntineg far wmbmeoca® 0
1 .
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COMPARATIVE ASPECTS OF HAEMOLYTIC
DISEASE OF THE NEWBORM

ISO-IMMUNIZATION

Of all the problems 1n haemolytic disease of the newbom,
the cause and mechanism of iso-immunization is, perhaps.
the most intractable, In man there is no doubt that -
munization may result from the circumstances of pregnancy
alone, though n chnical practice the consequences cf arti-
ficial i ion by patible blood

needs constantly to be borne in mind, When immunization
Arcnre in man tha AT N in nver ONY of

nranty oF the

the whole explanation

One suggestron that has recently been advanced is that
normally foetal cells do not gan access to the maternal
circulation and hence have no opportunity of evoking antr-
bodies, but that i some cases a retro-placental haemor-
rhage may cause some foetal red cells to enter the maternal
uterine sinuses so that immunization could result. Such an
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tunition, though this also may occur in rabbits artificlally
mmumzed during pregrancy {Keeler and Castle, 1933},
Moreovee, it is also consistent with the view that the anti-
geme sumulus is brought about by smtact red cells. This
fast pomt bhas bzen much in doubt, mainly because it has
been dufficult to visualize whole red celfs trmversing the
placental barriers, particularly mn the horse. But this diffi-
culty being overcome by the concept of Elaccnml haemor-
rhage, it becomes more convensent to think of the antigen in
terms of the tntact red cells Moreover, the rapid chmmation
from the mother of foetal cells sncompatible for A and B as
an expk for the lower of tytic disease
due to anti-D 1n heterospecific matings, 15 valid only if st 35
held thot red cells enter the matetral cireulation intact.
The Bnal point in favour of the hypothests that placental
h; may lead to ion of the mother 15
the demonstration that foetal red cells can wm fact be found
1n the maternal circulation i cerfain circumstances (Chown,
1954 a and &)
One’s agceptance of shis explnation 1s coloured by two
thoughts. Frest, that though the spotadic appearance of teo-
on 35 thus for, its persi ina
mother, once 1t 15 established, remarns to be explamed It s
not exsy to assume that a conststutional defect of physzo-
logical collaboration between mother and child becomes
established 1 some famidees and not wm others, unless it be
due 1o an endocnine disturbance as Laffolay (1949) has sug-
gested for the horse But unless ane conceises of & mechan.
1sm by which ensuing fi the
nop, which has not so far been achieved, 1t becomes neces-
sary to consider whether the maternal smmune response
could be d or even h h the
child-bearing pertod w the absence of further antsgenic
stimulus, as Goodwin and Sasson (1957) postulate for the
pig. and this 1s difficult to reconcile with the common ob-
servation that with succesuwwe children the seventy of the
condition worsens Nesther of these views s without ob-
jection, and there may be an intermeduate situatton in sup-~
posing that w some famihies placental haemorrhage 1, for
Ome Feason, ot and o these severnty
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COMPARATIVE ASPECTS OF HAEMOLYTIC
DISEASE OF THE NEWBORN

ISO-IMMUNIZATION

Of alt the problems in haemolytic diseass of the newbomm,
the cause and mechanism of iso-immunization is, perhaps,
the most intractable In man there {s no doubt that in-
munization may result from the circumstances of preguancy
alone, though in chinical practice the consequences of arti-
ficial by patible blood transfusion
needs constantly to be borne 1n mind When immunization
oceurs in man, the offending antigen is D in over 90% of
the cases, if the ABO groups are excepted. This cob
be accounted for if 1t were shown that the D antigen were
about ten times more effective 1n evoking an antibody Te-
spanse than other antigens; but this remains 1o be;{emon-
strated Even s0, the incidence of 1so-immunszation is about
twenty times less frequent than that of the meompatability
that gaves rise to it, that is, only about one in twenty of the
mothers at sk develop antibodies. The reason for the spot-
adic of i has been a subject of
conssderable speculation It is unlikely that a varsable senst-
uvity among different subjects to the antigeme stimulus 15
the whole explanation.

One suggestion that bas recently been advanced is that
normally foetal cells do not gain access to the maternal
circulation and hence have no opportunity of evoking anti-
bodies, but that m some cases a retro-placental haemor-
rhage may cause some foctal red cells 1o enter the materoal
uterine sinuses 50 that immunization coudd result. Such an
explanation 1¢ conststent with the abservation that fiest-born
children are usually unaffected, and with the finding that
iso-antibody bitres commonll);srisc sharply soon after pas-
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ted cells into the matemnal circulation The problem here 1
to determine why iso-immunization does not occur more
frequently, and why its mcidence is manly confined to the
offspring of group O mothers .

The family history in cases of haemolytic disease due to
anti-A or ante-B 1 rather different from that dug 10 anti-Dy,
as might be expected The first-born may be affected if anti.
A or anteB as concerned, 2nd there does not appear 1o be
any general tendency for later children to be more severely
affected than their elder siblings The disease may occur 1
both secretor and non-secretor infants, but one would not
expect a hon-seeretor infant 10 be the first 10 a family to be
affected, unless immumzation had been brought about pre-
viousfy by meompatible transfusion or other means uncon-
nected with such as the b stmli of
vartous vacemes incrimimated by Crawford, Cotbush, Fal
coner and Molhson (1952) At this stage some evidence
would be most welcome beartap on why the mfant’s soluble
blood group substance i some cases mmunjzes the mother
but w others dors not The mftuence of mmumologicat

on the of agamnst A, B
or I} 15 pot yet deternuned: Owen ¢t of  (1954) holding
that some support for they theory may be found i the
relevant dota, bot Booth et of (1953) finding no such re-
fationship

Jn the hosse, 1t anay be shat the equine abortus vaccrne
used in Arnemca snitiates iso-mmunization against blood
group factors, but 1t seems Itkely that this cas accur as a
result of pregoancy alone The difference e merdence of
haetnolytic disease 1o mules (about §%) and horses {about
1% 1n some areas) may be due to the preater anhigenc
difference between doskey red celts and certtain horse blood
proups for the mare Until the dustnbution of horse bloog
groups 1§ clanfied it will be difficult to assess what propor.
tton of mares at risk are in fact immunszed Yhe cause of
upmumzation 1n this species remams substaptially unex-
plamed

There 15 no certam evidence to supgest that iso-immuniza.
tion occurs aaturally w the pig It svems likely that the
crystal violet vaccine accounts for most, if not all, of the
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is the rule, but in others the jnitial immunization alone 15
responsible for the disease, and that later children are bat
muldly affectec ™ - e o Lo
progressively
only (Dav‘xes. ‘

,,,, )

4 H
T - placental haemor-

: . g to mind if the
placental haemorrhage theory is accepted, is how far it
apphes to the horse In this species 1so-mmunization also
occurs naturally with an incidence not so very different
from that in man. and in this specres, too, the first-born
commonly, though not invariably, escapes, and successive
offspring after the first icteric foal are usvally affected. Can
it be sapposed that 1a two such different species and with
such different placentation, a similar placental Jesion occurs
with simdar incidence? And if 1t does, would the retro-
placental blood have such easy access to the uterine vessels
m the mare? If both these concepts proved tcue onc
might wonder why other species, too, might not be more

1o iso. ion than has so far been
shown. It would also be curious that the rise 1 maternal
titre late 1n pregnancy, said to mdicate an incompatible
foetus, would not be found m man 1f the mechanism is
sm‘lgar m’tl!e two species |

cause the circulatsons are separate. But the infant’s protec-
tion agast haemolytic disease due to anti-A or ant-B is of
an enticely dufferent nature, for these antibodies in their
natural form are normally present in the mother’s cuweula-
tion even if the foetal cells are sncompatible with them; and
further, 1so-unmunization agamst A and B is not unusual
and probably occurs more frequently than haemolytic
disease (Levane, 1955) Immuntzation aganst these factors is
probably effected by the soluble blood group substances
and $o 1t 1s unnecessary, 1 this case, to postulate retro-
placental haemorrhage or other means of passage of intact
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would effect ths 15 placental haemorrhage. The cause of the
placental haemorrhage is unknown None of these theones
will account for the maintenance of immumzation once
established. It 1s not imposuible that the onigimal stimulus
may tesuft in a permanently immune state event n the ab-
sence of the antigen, this suggestion has been made with
respect to the pig (Goodwin and Saison, 1957), and persis-
tence of matermal antibodies bhas been reported in man
{Wiener, Nappt and Gordon, 1951}

Tso-tmmunization m the horse is less clearly assocrated
with parterition, for haemolytic disease may occur 1 first
pregrancies and there s some evidence that titre changes
during pregrancy may be wfluenced by the foetus Apart
from arnificial vacemation which may immumze the horse,
the evsdence 1 this species powts, Tather surprisingly, to
some ntra-utenine cause of an entwrely unknown character
The b 4 1 1 cannot be
ruled out entwely m this species for, though the mature
placenta 1s horsal, the Hoeta) reloti it
may be much more mtimate earlier 1 pregnancy. The sug-
gestion that premature separation of the placenta may be
concerned will need confirmation fa the pig and rabbut, and
pussibly i viler species too, 1So-MMonZation may possibly
oceur naturally, but it s evidently so very rare that mo

e about its mect 15 avalabl

PASSAGE OF ANTIRODY TO THL YOUNG

Onee 1so-tmamunization 15 established m the mother and
the antibedies present in sufficient strength, the appearance
of haemolytic discase depends vpon the ability of the
mather to transfer the antibodies to the young animal Such
2 mechanism eusts no doubt to provide the wfant with a
suitable protection apainst infectious disease untl 3t 18
mature enough to manufacture anttbody for sts own needs
This matter has been the subject of many mvestigations
since the classicat studics of Ehelich 1 1892

Ehrlich, working with mice and subsequently with goats,
first demonstrated the passage of antsbody from mother to
young, showing by wel-nurse experiments that the passgve
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cases of haemolytic disease in Britain, and possibly those
reported from Hungary, The disease in newborn piglets is
rarely described in other countries®, but this is Jittle indica
tion of the incidence of iso-immunizatton consideting the
commonly unobtrusive character of the condition in this
species, Nor is at very likely that dogs or cats experience
haemolytic discase or iso-i ization to any sigai
extent. In rabbits the expertence of Heard et al. (1949) and
Anderson (1955) suggests that iso-immunization is very
difficult to achieve in this species even in animals thot o
P ly had many p fan T M
of iso-imer - - '

13
r . B
£ .ws twvpradtory stock.

The available 1nformation does not at present point to-
wards one cause of 1s0-immunization applying to all species
and all antj In man i may et £t
artificral causes such as - .
inthecascof Aand B, ¢t » . .
genetic stimuli It may , . . o
cayses conmastat
found tt ' - .

. wndittice to the relevant

have not L
antigens  ..ug inelr own intra-uterine hife; but such evs-

dence will need to provide surtable comparisons between
the ABO and Rh groups n ths respect. On the other hand,
several chservations at present point to some feature of
partuntion stself besng primanily responsible. In the ABO
groups the cnitical factor seems to be the access of the
soluble blood group substance to the mother, and mothers
of group O seem to be particularly liable, a pont that has
not yet been satisfactortly explaned In the R grove - 18
the red cell that apparently cormiss <o

Mother's === .

Ve s
wuu sutiUITION ToTe frequently 10

wa

* b eadal MoDHE

< : -
a . =, swsumstance a parturition that
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maternal vessels into the ulerine Jumen is across the yolk-
sac splanchnopleur to enter the vitelline vessels and thence
ta the foetus. By compatison the rat, which hiss placenta
tion smilac {n principls to that of the rabbit, though differ-
ing 1 detail, adopts’ a moterially different form of passive
immymity. Ocly a modest proportion of antibody reaches

s of Sl ams hade e Aoan

1920,
=l

the route already mentioned, anbbodies pass from the
uterine lumen ato the amniouc fwnd, some of which may
be' B\vaUO\vcd by the foetuz and so enter the stomach
PARSE e iR el

1549

(1951} found that from the tweaty-fourth day of gestation in
rabbuts, 1 1 8 dies {ie. those ined
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immumty was remforced by sucking. Many similar observa-
tions, made around the tumn of the century, were reviewed
by Famulener (1912), who was himself the first clearly to
show that, in goats, the antibodies passed not through the
placenta but in the colostrum to the kid. Observations on
the same matter, but from a different angle, were made by
Howe (1921), who showed that the euglobulin fraction is
mussing from the plasma protems of newborn calves until
after suckling. In 1922 Lattle and Orcutt and Smith and
Little demonstrated the colostral transfer of immumty
against Bact. coli septicaemia and Br, abortus infection 1
calves, and Mason, Dalling and Gordon (1930) published
simmlar work concerning lambs All this work (except the
last) was extensively reviewed by Ratner, Jackson and
Gruehl (1927), who suggested that the mode of transfer of
antibodies from mother to young in the various spectes
could be correlated with the structure of the placenta They
suggested that 1n species with the greatest number of pla-
cental layers interposed between the foetal and maternal
crreulations (epithelio-chorial and syndesmo-chorial placen-
tation) these barriers were impassable to anﬁbo(}ies whlsh

'

pass relatively freely across the placenta and colostral trans-
fer of immumty would be untmportant This theory was
further elaborated by Schnerder and Szathmary (1939), and
summarized 1n a table given by McGirr (1947)

More recent work, however, has shown this view to be
unrelable, for though ithelio-chorial and sy
chorial placentas seem to be i to antibodies, !‘he

Eﬁ‘rambcll. Hemmmgs and Henderson, 1951) The route
adopted by the antibodies after their secretion from the
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the common finding that antibody in the newborn appears
often to be concentrated to a higher level than that i the
mother {Liebling and Schmitz, 1943, Barr, Glerny and Ran-
dalt, 1949, Bryce and Burnet, 1932; Murray, Calman and
Lepine, 1950, Murray and Calman, 1953), but Hactley
{1351} pownts out that this observatton may be due to a
mgher tate of antbody breakdown or exeretion sn the
mother The concentration of antibody sn the snfant may be
genune, however, for though the total plasma globulin of
the newborn in{ant 35 low compared with the mother, the
gamma globulin fractton s relatively rich (Longsworth,
Curtis and Pembrake, 1945}

The natute of the permeatihity of the relevant membrane
separating the plasma protetns of mother and infant 1s of
great mterest 1n refation 10 the properties of the blood growp
anttbodtes The selectsvity 15 not acquired uatil the gesta-
ti0n 15 advanced {o a ceriam age, but when mature enough,
the endodermal cells ate endowed with pawet to discrsmun-
atenot only between and b
but bevween homol bodses of the same
which probably coutd not be disunguished by any labora-
tary means Hartley (1931) has shown a diserimination yust
as subtle effected 1n the guinea-pg He admumstered diph-
theria antitoxsn, made 1n gunea-pigs and horses, to preg-
nam g pizs and s e
serum of mothers and young after birth He found that the
homologous (gunea-mg) antitoan passed freely and abund-
antly to the fostus whereas the heterologous (horse) anta-
toun reached the foetus w far lower concentration He
then showed that “digestion” of the antitoxm, even of the
homologous anttoxem, with pepsin before it was admms-
tezed resulted 1n none of the treated antitoxin reaching the
foetus Peptic digestron does not alter the i vitro neutraliz-
g property of tne antoxin, and as it probably sphts the
malecule 1mto two parts it may be inferred that moleculay
size s ot 2 factor 1n for
gamma globulin Hartley's explanation for thus effect, and
for the fact that pepsia-treated antrtoxint does not passively
sensitize gwinea-pig tissues to anaphylaxis {gs untreated
antitoxin doses), depends upoa the antiaxa wolecule besng
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selective property did not operate as early as the twenticth
day of gestation, and was found not to depend on the size
of the antibody molecules. In an attempt to identify which
layer, of the ‘many traversed by the antibodies in this
specics, was responsible for the selection, Brambell found
that the entodermal surface of the yolk-sac was the only
membrane with this property, no~ discrimination being
exerted by the amnion, chorion or bilaminar omphalopleur.
The chick rescmbles the rabbit in absorbing antibody, not
through the gut but through the yolk-sac wall, which also
exerts a selective effect (Brierley and Hemmings, 1956) In
the rat the selective membrane is the gut wall during the
first twenty days after birth, In all these instances the dis-

R Fan el el s i

Y ) )
the H and O typhoid agglutinins, and Adamson, Lofgren
anti-staphylolysin comparcd with Bact colt antibodies And
there 15 abundant evidence of selection of blood group anti
bodtes sucli as the readier passage of incompietc anti-D
with 1ts i form, the immunc ant-A
more readdy than the natural agglutimn, and the variants
of antt-M (Jacobowicz and Bryce, 1951) These arc even
finer discriminations than the experimental ones, for differ-
ences among h b arc being grzed
If this mechanism operates at the allanto-chorionic pla-
centa 1t would differ from that n other species examined
being effected by a membrane that 1s not an entodermal
surface. On the other hand, 1f Brambell's suggestion is cor-
rect the anttbodies would reach the amniotic flnd via the
chorron lacve and, Qqsslbly..yccomc concentrated 1n qlc
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sat, in which a small and possibly unimportant part of the
immumty 35 transferved i utero, but the principal toute 15
via the cofostrum Yn this speeies the property of selective
permeabilty 1s exhibited by the gut (Halhiday, 1955 a). It is
kable that the timal p bility of the newborn

rat fasts for esghicen 0 twenty-one days after birth {Bessis,
1247; Halliday, 1956), which is a rauch longer period than
apphes in L and must a al pro-
portion of the hife of the rat Halliday remarks that it 1s at
this age that the young rat normally starts taking solid food,
but the relatronship does not apply simufarly to foals and
prghets, The absorption of antubody from the gut in rats is
swift, being detectable as early as half an hour after fecding
and waxsmal by thiee hours

The othet group comprises those anunals, hike the horse
and pig, 1 which ro unmussty s transferred 2 were and
a1l antibodies pass s the colostrum There 15 wsufficient
evidence to0 determige where, if at all, any selectivaly s
demonstrable It could posuibly be m the mamma, though
httle 18 known about the means of concentrating antibody
w this organ, Campbel), Humphrey and Work €1954) sug-
gest thas 1 the rabbit the auttbodies are transferred sueply
and directly from the plasma, and Timmerman {1931
found that 10 man, though the typhord H aggletimins pass
freely to the foctus, the Q agglutining were unablz 1o do so
and were 1 the but 1
entwrely different considerations apply Some comcentration
of anttbody 1 the colostrum 15 commen 1 thase species, but
not mvarable, and it 55 not certan that all antsbodes are
concentrated to fhe same degree Goodwin and Sason
(1837) observed that the severity of haemolytic disease 1n
piglets was not related dwectdy to the depree of antibody
concentragson in the colostrum, after suckling the antibody
utre 11 the mudk felt duning the fisst day or so to a level
simsdar to that in serum

Since the observatons of Howe m 1921 that euglobulin
was absent {rom the serum of newborn calves until after
sucking, 1t has been shown that gamima glebulin ss not found
w the serum of newbors calves {Jameson, Alvarez-Tostado
and Sortor, 1942) or foals (Pofson, 1943, Hansen and Phal-
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attached to or entering the membrane cells before reaching

the foetus.

m Ve e atlpen af tho cama enanis

known. It is, however, of great importance, for the property
of some blood group antibodies to pass to the foetus 1s not
shared by all, and it is essential to the development of
haemolytic disease; moreover, this property is not always

Hemmings (1954). It may be thought of as a form of secre-
tion; and placental secretion was hinted at as early as 1907
by Lochead and 1909b 7 - R
invoke any theory tha

cules enter the interior ;
side It 1s simpler to assume that the molecule is passed
between the cells but i very intimate contact with the cell
surf; Only by extremely close association with the cell
bt i R St -

-l S hatwesn

)
this property that 1s of particular interest in the evolution of
haemolytic disease

Those animals that transfer their passive immunity by
way of the colostrum may, mn the present state of know-
ledge, be divided into two groups. There are those, like the
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these specics, some of them may not become entirely acces-
sible to antibody m the early stages. The A antigen, for
example, does not always appear to be fully reactive at
birth, so that A, children may at first be easily mistaken for
A,. It 15 possible that this is solely an in vitro characteristic
and that the cells suffer fully from antibody action in vivo.
On the other hand, some of the evidence is consistent with
the A antigen bemg 1n several cases rather less reactive in
vivo with the specific antibody. Indeed, this factor probably
forms port of the infaat’s defences agawst haemolytic
disease due to anti-A. Perhaps these defences could be re-
constructed thus: in the first place there 1s normally no iso-
1nmunization, so that the situation worsens once the unex-
plained epssode that occurs during parturition allows the
soluble substance to immumze the mother. Secondly, the
passage of antibody from mother to foetus 15 not always
very free (though some nvarrably passes), but possibly
“immune” or recently stimulated antibedy 1s more readily
admtted to the foetus; again the risk 15 smail unless there 1s
sso-ummuntzation. Thirdly, such antibody as succeeds 1n
reaching the foetus may be neutralized by the A antigen in
the tissue cells and secretions. Therefore 1f the antigen is a
luttle slow 1n revealing atself on the red cell’s surface, the
anttbody may be preferentially absorbed by tissues and
secretions, thus protecting the red cells This may partly
explain why the symptoms are generally milder 1n the syn-
drome resulting from anti-A or ant-B No such rings of
defences are discoverable against the Rh-induced syndrome,
the 1nfant seems to rely exclusively on the physical barriers,

h: ce these are breached, \mle‘ss t‘he mother 15 1

that the placenta might do so

In man and mn the rabbit, therefore, the maternal anti-
body may flood the circulation of the foetus and presum-
ably becomes attached to the red cells. Even if the foetus 1s
able to metabolize and excrete some of the antibody, more
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lips, 1947), though the other fractions are present, albeit in
proportions different from those in the adult. Jameson ef al,
remark that though the globulin fractions are quite distinc-
tive by electrophoresis yet the absolute mobilities are faster
than would be expected with adult ox sera, and they appar-
ently observed a similar phenomenon when studymg the
sera of young rats. The new component appearing i the
serum of newborn calves and lambs after sucking had the
same mobility as the “T” component of ox globulin, and
PO sy AP R S ey TP D Andoy Thig

antibodies may be absorbed very swiftly and flood the cir-
culation in a few hours, at any rate in the pig (Goodwin
al., 1956) Some degree of permeability is maintained for
about thirty hours but, except for the report of Cronin and
Howard (1955) concerning a foal, there 1s little evidence
that the gut remains significantly permeable to protem in
these species after the second day of Iife.

THE EFFECT OF THE ANTIBODY
Once the t p the crrculations of
- B a0 ala leetlde dte

LR R
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The replacement of Jost red cells is, no doubt, accom-
phshed by the stimulus of anoxia In both man and lhs
e AR e
T ) . .

. -
a .
.

\‘anker. 1955), there is'no reason to suppose that thess
T ECMEE S S € i A S ripiy

AHL-DL L U LHAIES PIEtisposes Lo pragocyiuss ol we

N



130 Haemolyuc Disesse of the Newborn

is available from the mother so that an excess is usually
present. There is little doubt that the infant’s red cells can
developed so early in intra-uterine life. Moreover, much of
the space occupied, in the adult, by the reniculo-endotheliat
. System 1s, in the infant, given over to haemopoiesis. How-
ever, it 1s clear that red cells are destroyed.
The loss of red cells in utero in these species give rise to

two sets of consequences: the disposal of red cell products
“=d ha santasamant ~f cnd aalle Tha infant dnac nof Seel

1 . .
claums t! [ .
placenta
women

e T .- g o that narhans,

an Intra-ulerng ContiLiou  4ms Way Won v v, us

foetal changes may not become urreversible uatil after bart

1t 15 also true to say that the changes in kermicterus could
far eatirely hy o cerias Of nost-natal circum:

Lo aannnnated

kermcterus from the rabbit, for Anderson (1956) behieves
it S hcas bbb an nhla én avaratba ints the ant eyen
., : no-
A . s ely

. ta

ile
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upon the nature of the antibody. Some antibodies that are
in vitro by aggl do not shorten the sur-

vival time of the foctal cells, e g canine anti-B, anti-C and
anti-D; others fail to do so because the antigen hascnot
: At A imifa e T e

Aswslnnad in tha smamas anima

15 merely a question of degree or whether the power to
destroy red cells in vivo is a specific property of some anti-
bodies

"The immune destruction of red cells seems to follow one
of three courses, The first of these is intravascular haemo-
Iysis and is characteristic of the disease in the horse, dog
and prg When the process 1s acute there 1s marked haemo-
globinuria but there is nsufficient time for jaundice to
develop; 1n more slowly progressive cases haemoglobm 1s
broken down rather than excreted and jaundice follows,
The role of i! in these acute h lytic episodes
15 msufficiently understood Tt is certainly required for such
haemolysis in’the adult dog, but its requirement or avail-
ability 1n_the newborn in any species 15 not known It 1s
remarkable that 1n the dog and pig, homologous fresh serum
does not effect lysis by 1so-antibodies i witro and some
complement component, perhaps C’3, of gumea-pig serum,
18 required  Er; is is & feature of
the disease 1n these three spectes, and this suggests that red
cells may also be destroyed by means other than simple
lysis within the circulation. In man mtravascular_haemo-
Iysis may well occur only when anti-A or ant-B 1s the
fnuse, ax}d with these aetll{odles §pherocytosis 1s common, a
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dence concerning the origin of damage to the liver or the
k{dneys in this disease, and since neither the antibody nor
bile pigments can be certainly incriminated 1n all species,
some rather less specific agent such as anotia must be
blamed. This must also be held, at present, to account for
the i ity of tissue develop in human i
disease commented on by Morison (1952). Why labour
should often start prematurely in the human species with
this condition 15 not known. .
. In turming to the post-natal development of this condi-
tion a wider range of species may be included and the cir-
cumstances are generally different from those that apply in
utero The period during which the antibody can act is
circumscribed. I the human infant the natural rate of
N . . © et .3 e teaiad g having
b), and
¥ be ex-
N f Lenke,
t in the

infant at birth will thus determine how long red cell destruc.
tion will co=+~-» T .1 ’ . e
enter the ci

line, Rober:

hours after 3
forty hours. possibly 1n decreasing amounts towards the end
of that period On account of these features and also be-

cause of the peculiar circumstances of kermicterus in man,
wto AF tha fect fartu_ainht hanre nf Tifa Astarming the
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THe MANIFESTATION OF HALMOLYTIC DISEASE IN
DIFFERINT SPECIES

The effect of h lytic anaemia 1n the tal period
vares in the dfferent species. In man the anaemia may be
50 severe that the foetus succumbs in utero or shortly after
birth, With severe anaemia the principal nisk in the new-
born infant appears to be that of heart faure, sometimes
complicated by the precarious health resulting from prema-
ture delivery which 1s not uncommon 1n this condition, 1£
the pec-natal anacmia is survived the wnfant may become
vulnerable agamm a week or two later on account of a
secondary anaemia developing, particularly in premature
mfants, due to the rather sluggish response of the bone
matrow to anoxia not keeping pace with the child’s rapid
growth in size and hence 1n circulatory volume. The erythro-
posetic response in the rabt appears to be more lively, so
that 1f the neo-natal peniod is survived the ammal recovers

In the horse and pig the anaemia may develop very
acutely 1n the first twelve to twenty-four hours so that death
occurs before the marrow can respond. In these species, too,
et 13 18 not quickly 1} 50 that a prol

anramcn s b monctningd Feam ahaut tha cieand ta the

tion t;y““s m:x!‘;ihty durlﬁg the first week of hife to convert
body proten to nutrtional use then 1ts sugar reserves are
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The other two forms of red cell elmination have been
S.e.ffﬂ’f‘.i_"l_ man by ~Mol}ison (1956 b). In onc of these,

specific cells intravascularly with the aid of complement,
This linear splenic destruction of cells is presumably the
usual mechanism jn human hacmolytic disease other than
that due to anti-A or anti-B, and is consistent with the ab-
sence of h Tobinurin The reticulo-endothelial activity
15, however, phished with little histological evidence

for sensitization in vitro, and it is possible that the initially
rapid destruction occurs when complement is abundant and
that the later slow elimination reflects an exhaustion of
complement, the activity then bemg limited by the rate of
) repl An exg ia) form of elimina-
tion has also been shown with canine anti-A on A, cells,
the effect thus differing from that on A, cells
There 1s little an this evidence that conforms with the
views of Bonnin and Schwattz (1956) and Salmon (1956)
that antibodies that promote lysss also predispose to erythro-
phagocytosis, complement being favourable but not essen-
tial to these reactions. nor with the view of Wasasterna
(1953) that lhef same change promotes srherocytosis arJ\d




CHAPTER IX
TREATMENT

7« = semnrentive studv st becomes evident that the thera-
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can modify the
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- C ustration of Corti-

Sone Of AUILL nud wun 7 1y successful, nor

can one expect much from this approach to the problem

Likewise the admmsstration of the antigen dunng preg-

nancy to neutralize or “desensiize” the antibody’s effects

on the fostus has also proved unavathng; this step would
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plete until after birth. If the site of dental bypoplasia that 15
found in this condstion is an index of the age at which the
metabolic disturbance occurs, the evidence points to the
first two or three days of extra-uterine Ife (Forrester and
Muller, 1955). It is not certain whether the peculianty of
human neo-natal development that renders the species
liable to a kernicterus is a specific liver immaturity or a
particular form of bile pigment metabolism. The conse-
quence is to render haemolytic disease a more toxic and
possibly more morbid condihion in man than js wswal 1
other species
N 7t wenmoaed the horse has 50 ancxe}x]ll
L ‘ the

. e

blood groups In mut, 0L tuus sepp .
t lytic disease operates agaimnst heter so that a
gradual loss from the communty of the raver gene might be
expected. This would apply to the d gene of the Rh system,
and the A and B genes 1n populations having a fairly high
incidence of Q. If this does ndeed happen, and 1ts rate
would obviously be extremely slow, 1t 18 stll possible that
the eflect may be compensated for by other genetic means.




CHAPTER IX
TREATMENT

In a comparative study it becomes evident that thq thera-~
peutic approach 15 conditioned as much by economic con-
idetations as by the physiol and pathology of the
I A gt} poa Ay

DL sl UL tT a2l

differ fundamentally from that 1 other species R
In man the disease starts in ttero, but no useful préventa-
tive measure has been established that can modify the
dlse}sc process during pregnancy. Thej attempts to ml‘nbn or
RN (g i & s PCSLA b nguir vy Pl
. c
’ 1

. . s
on the foetus has also proved unavailing, this step would
50 ize the mother that mfants

might be very gravely affected

It seems that only two steps can be taken durmg preg-
nancy The first of these is to establish whether or not the
mother 1s 1mmunized As a corollary to this the father’s
genotype may be determined Repeated examination of the
praobts Lo g g . et

al]a
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cover antibody if it is there, and its presence is most likely
towards the end of pregnancy. The finding of autibody
enables the physician to persuade the mother to have het
baby in hospital where facilities for diagnosis and prompt
treatment are avaifahla Thara iv e~ Ao Loagaty 0 2" 0 oy

‘ . .

tuis ptoceuure 1s that, as the infant js continuously under

tlhg.harmfgl influence of antibody in urero, the sooner it I
Rty ait et Y L L

of parturition and treatment Indeed, the utering environ-

ment, to which the infant becomes surprisingly well

adapted, 15 N0t 5O yery refavsreasb i fee o0t o

of 1fs bife pigments, ' L

probably better adapt: . . .

poses the mf:‘mt to a number of risks. In the first place mei
am oot .

nfans An

1
1 H
i - ) .
anu vue pigment concentration; early induction ensures
prematunty, and the bile pigments which the infant can
excrete placentally i utero will rapdly accumulate after
[EPWCREE ST UER TN, P o harth tn.

the mrant is better off with the large numbers of red cells
which intra-uterine anoxia imposes together with a con-
tinuous supply of antibody, or, as after birth, with 2
Timited but still substantial amount of antibody but no
very satisfactory way of disposing of red cells and thew
products.

Statistically it has begn shown by Allen, Diamond and
Vaughan (1950) and by Mollison and Walker (1952) that no
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benefit accrues from premature induction of Iabour, On the
other hand, it is argued by Davies, Gerrard and Waterhouse
{1953) and by Watson, Cross and Hatchuel (1954) that {’n
1 e p induction may be
called for, An example of the sort of case they have in mind
1s dlusteated by the latter authors; 8 moather having faded
on five previots occasians to bring_pregnancy to term de.
clared that she conld detect a weakenmg of foetal mave-
ments at the thirty-third week of her sixth grtgnzncy simiar
o those preceding the mnira-uterine death of some of her
former offspriog. She was delivered by Caesavian section
and the infont recewved prompt treatment and appeared to
survtve in a healthy state: the seventh pregnancy was sime
far If, therefore, the sfant whose birth 15 induced before
term 18 able to survive the risks of prematurity, the nsk of
kernicterus can presumably be greatly mimanzed by ex-
change transfusion (see below) to remove the early accumu-
latson of bile pigments This view 15 strongly advocated by
Kelsall and Vos {1955), who rarely sec kernicterus with
thig treatment However, such premature infants may need
several days for the liver to mature and a later accumula-
tron of bile mgments mght be expected even if there 13 no
excessive red cell destruction as in “normal” premature
safants (Lathe, 1955) This being so, the possibilty of a
second exchange transfusion being necessary on occasion
calls for close supervision of the treated baby The problem
thus becorses one of estumating how far the infant can meet
the general penifs of prematurity compared with the risks of
its uterine enviropment Kelsall and Vog (1952) believe that
they can assess the latter by ante-natal changes in antrbody
titre usimng the antigtobulin test This 13 not easy to justify
by seralogical theory, but their clinical results are good
The decision to mduce labour prematurely, which can be
taken very seldom, must depend upon 2 close study of the
mdividual case™
The treatment of this disease 1 man is, however, prin-
cipally directed towards ameliorating the condition as soon
as possible after birth The most vatuable procedure is that

o This is an 2
of small volumes of infant’s blood znd sdmimstering of



140 Haemolyuc Disease of the Newborn

eraall wabimae ~f o monod s X PO A K e

procedure is as follows: first, a greater volume of blood can
be withdrawn than is replaced, so relieving the rased
venous pressure in severely anaemic cases. Secondly, nearly
all of the infant’s rhesus positive cells which are being Iysed
by the antibody are removed; they will not be replaced from
the erythropoietic centres for some time unless the anaemia
persists. Thirdly, the antibody which 1s damaging the cells
is also almost completely removed and cannot be supple-
mented. Fourthly, a large part of the bile pigments respon-
sible for kernicterus are removed, though they may re-
accumulate as a result of diffusion from the tissues or
because of further haemolysis or from both these causes.
Fifthly, the replacement with rhesus negative blood pro-
vides the nfant with sufficient oxygen-carrying capacity
ur:til t_he antiquy 15 excreted imd“a new population of ths

be fresh so that as few as possible of the cells break down
early 1n the nfant’s circulation thereby worsening the diffi-
culty of bile pigment excretion, and 1t should be “partly~
packed” to give as many cells as possible without overload-
g the nfant’s The tech of
transfusion using the umbihical vein 1s described by Molli-
son (1956 a) and Walker and Neligan (1955).

Exchange transfusion has been extremely successful in
reducing the mortality of haemolytic discase, Many infants,
however, are so mildy affected at birth that fio treatment is
necessary, particularly when anti-A or anti-B is the cause
It is obviously necessary to decide which infants should be
treated. 1n other words, which are gomg to be severely
affected. This deciston depends on the appreciation that the
wnfant 15 threatened with two possible causes of death,
anaema and kermcterus The cord blood haemoglobin will
determine the risk of the former, and it is general practice
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. t-smaclobir of less than 15 G.
. . w certain andex of the

. . O 3 3 may reflect the rate
Wis unlskely to provide
any informauon . * hver function $o 3t is

necessaty to consider the wmacwations for transfusion
infants not unduly threatencd with amaemu. There are
H “ores onen One 15 1o transfuse any nfant which,

s avmpcted t develop severe

. . Famm nipht
(below o3 o " * ve
been se\ercly affected. Anvua. . . ht~

Prarly serum bilirubih estitnations with a view Lo s
" e than 20 mgm if action 55 ealted for
' ~rwese, recompmended
Uy aay, o for haem pig-
T otemnchid g, L m sigmficant
T srmene qusorption mn)gm'}a
N e

. . ve
10 be reprans . . ot
esumate how soon lrver ethicretey o, m
bilirubsn tevel 15 mamntaimed beow 20 mgm NG wsensas 85
Ykely to escape withont harm. Bogps (1956) bas suggested
that 3t may be necessary to perfarm as many as {our ex-
change transfustons fn the first twenty-four hours if the
level of haem pigment 15 1o be commii)::d 1t 1s comforting
1o reahize that with modem technigues exchaage transfosion
carnes no sigificant hazards and that 00 frequcm an

15 10 be p d to {aissez

faire

1t 13 evident that exchange transfusion can correct the
anaenua without overloading the crrenlabion It remasns to
consider whether the donor’s biood suffices for the nfant
v = ~~lfs asre able to pmvxde: adequate oxygen car-
s ' ner pound body wngm

evidently 86 vo, .
take mto account the haematoctn v .- :
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volume of fluid) the infant’s anaemia will be corrected, 1ts
bone-marrow rendered quiescent and the rate of ¢hmina-
tion of donor’s cells such that the infant’s own cells will not
be called forth until most of the antibody has been excreted.
Very rarely, or if the original exchange transfusion were
inadequate, some anaemia may develop when the donor's
celfs are eliminated; there is some evidence that 1);515 of

- N D hilipust Nyt g

Narmafly this second transfusion should not be calen 101,
but 1t is desirable to follow the infant’s baemoglobin level
for several wecks after birth in order to provide this freat-
ment if it is required.
Shocked and very anaemic babies will require app'x;o-
A T L v aan the

i

transfusion have not been completed. The venous pressuse

during exchange transfusion can always be measured by
hug a to the umbilical catheter.

The adi tion of calcium gl may not be
necessary if partly packed biood 15 used, though some
authortties advise it The level of serum potasstum may
need to be watched, however, particularly ip infanis
threatened with heart fatlure (Campbell, 1955). Vitamin K
need not be given af transfusion is undertaken and should
1 any case be administered only n small doses when it 15
required, particular care being necessary i premature in-

o= RIEan P S L2t eemetmes ,.:."Tam
v " rot o oyt

. ' . +resand

te . v o deto

v taro <" nthe
LCANSIUSEU L1 B0 10 anstauda) ww o W * L urit,
without blood group incompatability. There are theoretical
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objections to breast feeding in haemolytic disease, but in
practice no harm seems to accrue.

The principles of treatment in other species differ from
those in man. In the mule breeding i{gdumy 1h=‘ alm 15 to
vidual fosl may be of great value and the pedigree may need
1o be preserved. Hence, two courses are open to the owner
of an immunized mare. One 15 t0 searc‘h for a sL(alh‘on that

A8 ade TaBan Mg meen aemes B o AR s e

tal period, exch ion offers the best hope
of recovery. The principles are the same as those that apply
to the human nfant except that the risk of kernictetus can
be gnored Tt 1s necessary only to adapt the caleulations so
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might cost more than the value of the relatively few piglets
that succumb. A minor modification which might reduce the
ancidence in Britain would be to prepare the vaccine from
the blood of Essex and Wessex breeds only; or from herds
of sumitable blood groups when these come to be known
Fostering susceptible piglets on to other sows is not sumple
or successful, and changing the boar is unlikely to ameltor-
ate the situation. Once a sow staris to produce Iitters that do
not survive, it is best sold.

.



A NOTE ON NOMENCLATURE

The term haemolytic disease of the newborn has come to
be preferred to erythroblastosis foetalis. The latter term,
though it has enjoyed longer use, lays perhaps a little too
much emp on hat follow
the condition 10 man, though not af\\ays m olh:r spccms.
rather than on the blood destruction that imtiates it:
haemolytic disease puts one in mind of the icteric as well
as the anaeme sequelac Moreover, the emphasis on the
foetus 15 possibly unfortunate for, though the condition may
start n utero in man and in the rabbat, the elinical mam-
festations are seen, principally i those species and exclu-
sively 1n others, in the neo-natal period.

The term wncomplete antibody may we\\'prove‘ the least

vantage htr:‘ n hcmg :xpressed m Envhsh W\lhoul the

The word conglutimn and 1its derivatives has been

eschewed so far as it mught relate to blood grouping tech-

niques, for fear of confusion with the original use of the

term, comed by Bordet mn the early years of the century,

teferring to the action of a heat-stable component of ox

serem 1n clumping cells that have combined with both ants-
145
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body and ) Bordet’s conglatinati ig
has so far found no useful appheation in blood group work
other than among cattle,

The term antiglobulin test ot reaction seems a suitably
descriptive name for this technique, though Coombs’ test
for the direct diagnostic test on the cells of the pewbomn
infant is guite convenient. Dr Coombs himself uses onti-
globulin sensitization test, which is even more descriptive
but rather 2 mouthful for daily use,

The word intmunized has been used to indicate the evolu-
tion of antibodies by an animal Iso-immumnization tefers to
the production of antibodits against an antigen found in
other members of the same species The word sensitized is
here used solely for cells, to indicate that they have anti-
body adsorbed on to their surface. The word coated, though
more evocative, has not been used because of the implica
tion that the cell surface is covered or invested by antibody
molecules, which may well not be true,

In view of the criticistms of Kabat (1956) on the use of
the terms natural and immune antibodies, it might be a3
well to 1adicate a 1 d interpseration of
these terms Natural antibodies are those normally discover-
able in the serum of any species which ate present thiough-
out most of its hfe and for which no known antigenic
stimulus can be specifically identified. The term 15 not -
tended to imply that these antibodies have mecessanly
a;xscn spontaneously or gene’ucal!y, or mn the proved absence
of any i}

or g
W . Immune bodies arc those that have ansen
from specific, definable and often observed antigenic
stunult Soraetimes these immune antibodies exhubit certain
serological differences from the natural ones as, indeed.
McDuffie and Kabat have themselves shown Moreover,
Winstanley ef «f (1957) have shown that, with human
anti-A, theze 15 a difference of specificity These differences
may not be all ibody systems
studsed, but, as they are of ebvious importance m the bio-
logical studies of haemolytic disease, it is convensent to be
ab%e to refer to them by existng nomenclature untid our
improved knowledge permits of x better.
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I -
accustora themselves to some of these proposals. 1 regret
that I have adhered to the old-fashioned, but 1 hope well-
established, usage of to suckle, indicating an activity of the
mother, and 10 suck and (pethaps less common) to nurse,
denoting an activity of the young,
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L. Paparoli’s case (1654): “Infantum Barbuonsoris fium
icterscum natum vidunus cumm magno stupore gul postel
placente Dea evasit ¢t nuae optima feaitur valetuding.

Horst's case {1673) in transhation: “Recently 3 most
noble and beautful woman of warm snd humid dis-
posstion, thirty-teo years old, who was six-months
preguant and at a tiee when malignant petechia! fovers
were rife, experienced savere and frequent Jabour pains
without any immediate canse bermg evident, and, with 2
great fiux of water and blopd from the uterus, brought
forth 2 well-formed but stllbosn foetus ¢ntirely joun-
dieed, together with a false conception and & very Jivid
after-birth . Simce this womas had alteady twice
borne sons which died of jaundice within ten days of
burti, 1 dissected this dead foetus, on the mstruction o
those that stood by, and found not only that the
stomach and intestiies were full of bile, but also that
the liver was gry. the spleen hard, the lings corrupted
and the heart flaccid. sufficiently obvious causes of
death ™
3 's case was publy 11 *Miseell curiosa
medico-physica  Academuae naturae curfosoru st
Ephemeridom  medico - physicarum  Germanicarsm ™
Anpus VI and VII, covering the transactions for 1675
and 1676 doss aot appeac to have beea published untid
1688. The page reference 15 sometimes gven, errones
ously, a8 355 The cascs of Fefwe and Anhorn are givent
in “"Miscellanen curiosa sive Ephemendum metico
h & i Avadems; Cacsareo-

ic:apatdmnc naturag L'uxr:crsorum ¥ Thg 15 & contantias
48

»
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tion of the same journal under a different title. The
case dcscnbcd hy chhacl (1688) 1s Hcrsts case.

tury).

“This distemper for the most part seizes infants pres-
ently after birth; very often they are born infected with
it and thereforc 1t may be supposed they contain the
cause of it within themselves without being infected by
the nurse; and it is probable that it owes its origin to a
gluunous and sizy Humour, insomuch that it may often

happen without ‘any obstruction of the biliary duct,
although this obstruction is the cause of the jaundice 1n
adult or full-aged persons. 1 do not remember
many practical authors . who have taken notice of
the jaundice 10 1nfants, nevertheless, many die of it for
want of proper and scasonable helps; and most nurses
ate 50 stupidly ignorant that they imagine becaose the
poor child grows yellow—consequently it must die.
and therefore they wx\l not lock out for help.”

5 Among dissertations that have been consulted are:
Bxdaull F (1804) “Essai sur Victere des nouveau-
nés ™ Paris.

Vanllant, L. (1806) “Sur Pictére des nouveau.-nés,”
Paris

o~

Bourgeoss, L. J. {1817} “De ictero neonatorum.
Lugdum Batavorum.

Dems, P § (1824) “De Lictére et de l'cndurclssc-
ment du tissu céllulaire des enfans nouveau-nés
Pans

Leger, T (1825) “Considération sur Vendurcisse-
ment du tissu céllulaire chez les nouveau-nés ™

Bouton, I P (1838) “De I'ictére des nouveau-nés ™

ats

HchltuX. J F E. (1847) “De l'ictére des nouveau-
nés.”
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Porchat, A. {1855} “De Pictire chez les notveaw
nés.” Paris.

Moreau, J. A. E. (1858). “De l'ictére chez fes oy
veau-nés,” Paris.

Gaste, J. B. L. (1859 “De Yictre des aouvenw-

nés > Paris.
Michel, L. E. (1867). *“De Victére des nouveaunés.”
Paris

The “endurcissement” referred to does not seem to be
hydrops foetalis,

6. Pearson’s case as described is Underwood s as follows !

“Mrs. 1. had been the mather of eleven children
in nine of which the jaundice appeared 2 few days
after they were born, and they all died within the
period of a month after their birth The tenth child
hed six years, was then afflicted with the jaundice,
and died In May 1796, Mrs. J. way detivered of her
eleventh child; on the third day after its birth, the
skin became yeHow, and the child was at the sante
time remarkably torpid and sleepy, and seemed to be
shehtly convulsed. On the following days the colovr
of the skin often vared, bemng sometimes of a decper
yelow, and at other tunes nearly segaining it5
natural colour, the child continued, however, in the
sawme langind and almost insepsible state, but 5o
ceived nounishwment, and sucked the breast of s
mother, td} within a few hours of jts death, which
tock place on the ninth day I opened the body of
this child the day after it died, gnd shalt now proceed

* e R AT F et e £ ageslan

whole concave surface of the right fobe had a hvid
iva St P Ancte i 318 o maombonbn
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margin of both the lobes; there the thin edge ex-
hibited a highly injected appearance; the redness
was, however, less vivid and remarkable on the left
lobe than on the right, There was also a slight ad-
hesion of the lower part of the night lobe to the
pentonacum The gall bladder was nearly filled with
bile of a deep yellow colour: and jts ducts were
permeable. The stomach was 1n a natural state, and
the intestines were without any marks of disease. In

73 e o m P

i:t is the same book Tl;e fourth edition, which is the
St St i it T aea smnn e

3

J Cheyne wrote three “Essays on the Diseases of
Children”. The first essay on Croup was published in
1801 The second on “The bowel complaints more
immediately connected with the biliary secretion” was
published 1n 1802, and 1s the one referred to in the text.
The third essay was issued 1n 1815. -
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are collected in the tables published severally by Smith
{1855}, Jenkins (1858} and Grandidier (1871}, It is per-
haps not quite fair to say that no one referred 10 Pear-
son o Cheyne unnl 1883 for a comment can be found
buried in Frank’s enormous work of 1843 but st is
mixed up with other irrcfevancies, and although the
“heredstary™ nature is mentioned, the point Is confusad
with cases that are certainly not nec-patal. The book
containg  fine bibliography however.

C. West, who was associsted with the founding of the
Hospital for Swck Children in Great Qrmonde Street,
first published his “Lectures on the Diseases of fa
fancy and Childhood"” in 1848; bet nenher this nor
the fwo following editions contains the passage quoted
10 the text, which is from the fourth edition of 1859-
A furthes case, probably of haemelytie discase, is
added in the Afth edition of 1865.

Leuyse Bourgeos, called Boursier, was bora s 1563
and dsed mn 1636 The first three editwns of ber book
wete published 1 Paris in 3609, 1617 and 1626 In this
fast yeas the second edition was ssued at Rouen. The
fourth and fifth editions wege published in Parls in
1642 and 1652

Louyse Bourgeois's case 1 translation

“0f a Jady whom [ defivered of two children afier
seven months- the daughter was kydropic, but the
son was not.”

“A lady desired my services and sont for me. I went
10 see her one mornmng aed found her dressing 1
have never seen such i belly as she hod She ordered
a servant of hers to prepare an enema for her, ac-
cording to custory As she bad 2 paip i her Jomns 1
ave ber the enema and found that the pamn 15 her
otns ded not Jessen. I made her warm and soon saw
that she was 1o labour, She told me that at the orders
of M Martin, a vety leamed doctor, shie had beent
bled stx times on account of ker pregpancy, had
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taken three or four medicines and quite 100 encms,
as otherwise she would have become suffocated She
was happily delivered, without much trouble, of 2
gigh, who came head first. As she was comyng out 1
felt o hardness such as reminded me of a child which
M. du Lavrens, first Physicran to the King, said he
had seen at Sens in Burgundy, at the premuses of &
surgeon, and which a woman bore at eighteen years
of age, and 1t was as hard as a stone. I thought 1 was
holding 2 sumdar child I saw a gul, alive and hy-
drapie, from the head to the thighs apd up to the
kps, so hard thal the chld could not have been
harder. It seemed as st one was touching wood, She
had a fat belly, stretched Like a ball, extremely black,
and because of the tension there was not the smallest
vewr 1 tt that was unbroken The cluld hived about
a guarter of an hour Although she was very big 1
refiected that she was not big enough to have occu-
pred the whole of that belly Noting her weakness, I
fied and cut the umbslical cord 2nd sent her to be
held 1n front of the fire T then sent for the curate of
St Leu St Giles for her to be boptized Haviog
meanwhile felt the mother, I found the waters of
another ¢ld on the pomt of breaking When they
had broken, 2 hittle boy came aut feet tirst He was
strong and thick set, and Lived some time When this
luttle boy was born a great quantity of water came
out of the mother, such a3 one had never seen ¥
should say there was a bucketful It was so yelow
that the hinen soaked 1n 31 was staired by 3t I wanted
M Martin to come 2nd see the mother and the chul-
dren, together with the evacuanon, parieulasly be-
cause he had attended her durmg her pregnancy, so
that he mght ses the cause of her ili He thought it a
great gift of God that she had heen delivered, and
considered that the belly of the hydropic daughter
was a real gangrene That was not the only occasion
when [ have recogmzed that Nature has a wonderful
providential way of knowing how ta rid herself of
what 15 harmful to her, pravided that the ill 15 con-
N
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son or Cheyne until 1883 for a comment can be found
buried in Frank’s enormous work of 1843, but it is
{‘r‘xixedvup Eyith other irre}evam:ieg, and a)thotirglrz lef

10. C. West, who was associated with the founding of the
Hospital for Sick Children in Great Ormonde Street,
first published his “Lectures on the Discases of In-
fancy and_Childhood” m 1848; but neither this not

....... Anntad

added in the fifth edition of 1865.
11. Louyse Bourgeoss, called Boursier, was born i 1563
~m 3 3d e AZAL T ant slmna adibiane of hor haok

1

12. Louyse Bourgeois’s case m translation:

“Of a lady whom I deln ered of two children after
seven months the daughter was hydropic, but the
son was not.”

“A lady desired my services and sent for me I.wcnl
to see her one morning and found her dressing 1
have never seen such a belly as she had She ordered
a servant of hers to prepare an cnema for her, ac-
cording to custom As she had & pain in her loms I
gave her the enema and found that the pain in her
Tomns did not lessen I made her warm and soon saw
that she was in labour She told me that at the orders
of M Martm, a very learned doctor, she had been
bled six times on account of her pregnancy. had



Appendue 153

gisd, who came head first, As she was cm‘nin.g 0‘““!
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held m front of the fire, 1 then sent for the cutate of
St Leu St Gues for her to be baptized Having
meanwhile felt the mother, T found the waters of
another child on the pownt of breaking When they
had broken, a httle bay came out feet fiest He was
strong and thick set, and lived some time When this
hittle boy was born a great quantity of water came
out of the mother, such as one had never seen. 1
should say there was a bucketful 1t was so yellow
l‘!l:\\‘\he fmen soaked m 1t was smin:‘d by it l‘wam:d
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. s a1 13 per-
haps 5 wat 10 one referyed to Pear
501 01 * ..wyue unttl 1883 for a comment can be found
bunied 1 Prank’s enormous work of 1843; but it is
mixed up with other irvelevancies, and although the
“hereditary” nature is ioned, the poist is confused
with cases that are certainly not neo-natal. The book
contains a fine bibliography however.

10 C. West, who was associated with the founding of the
Hospstal for Sick Children m Great Qrmonde Strect,
first published Ius “Lectures on the Diseases of Ine
fancy and Childhood” in 1848; but neither this nor
the two following editions contains the passage quated
in the fext, which 1s from the fourth edition of 185?
A further case, probably of haemolytic discase, i
added in the Bith edition of 1863,

Louyse Bourgeots, cafled Boucsier, was botn in 1563
and died in 1636. The first three editions of her book
were published n Paris 1 1609, 1617 and 1626 In this
last year the second editon was jssued at Rouen. The
fourth and fifth edittons were published in Paus in
1642 and 1652

12 Louyse Bourgeois’s case m teanstation >

“Of a lady whom I delivered of iwo children after
seven months the daughter was hydropic, b the
son was rot "

“A lady desired my services and sent for me., I went
to see her one mormmg and found hes dressing [
have never seen such a beily as she had She ordered
a servant of hers to prepare an ¢nema for her, ac-
cording to custom. As she had a parm in her Ioins [
pave ber the enema and found that the pajn wm her
lomns did not lessen I made her warm and soon saw
that she was 1 Iabour She told me that st the orders
of M Martin, a very learned doctor, she bad been
bled s1% times on gecount of hee pregnancy. had

s arg collected in ot
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11,
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tion marks not present in the original; and the last
word should read “desinebat™.

- e o oae, e e e
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The following of Ball were not con-
sulted:
Osiander, Carus, Lamouroux, Meissner, Olivier,
Graetzer, Hohl, Weber, Ferris, Goldmann, Clay,
Ritter, Herrgott, Franck, Strauch, Braums, Ahlfeld,
Honck, Pmzam, Lohlein, Taruffi. Guemot, Fuhr,
Dareste, Raineri, Betschler and Mattersdorf.
From Ballantyne’s own comments on these reports few
of them are likely to have been cases of haemolytic
discase Among those that are considered as possible
cases of haemolytic disease are*
Plater, Dorstenius, Schurig, Billard, Senlen, Simpson,
West, Montgomery, Burton, Smuth, Beck, Bassett
and Ballantyne’s own cases
The rest are either extremely doubtful or easily re-
Jectes

The cntical sentence n Halban’s paper reads

“Es ensteht nun die Frage woher drese Idioisoagplu-
timine stammen und es lag der Gesdanke nahe—und
dies war auch der Ausgangspunkt meiner Arbeit—,
ob micht das Auftreten der Idiossoagglutimne im
mutterlichem und fotalen Blute als der Ausdruck
emer wechselseitigen Immumsirung von Mutter und
Frucht aufzufassen st ™

Kirronosts was a yellow statmng of the body, nclud-
g the brain and spinal cord, in five-month foetuses,
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fined to some place from which it can make an exit.
I shall never again be astonished at dropsies of the
womb, for 1 have seen a number from which the
mothers of ail, and the majority of the children, have
escaped. I showed the placenta of these two children
to M. Martin. There was only one for the two of
them, with the usual separation between them. The
prel’s placenta was full of a yellow mucus, and the
veins through which the nourishment was carried to
her umbilical vein were full of yellow blood, ke
that which one nocmally draws from a plewitic. The
boy’s placenta was fine and clean, The veins by
which his nourishment was carried were big and full
of fine crimson blood. I saw him twe or three days
after he was born. He had turned yetow, as most
children normally do, and possessed ail his natural
functions But he had so much phicgm that, in spite
of ai efforts, 1t was impossible to save him, All the
ifl of the mother and her chuldrer came (by her own
confession) from drinking. She said that af one meal
she had drunk quie three chopins of water, because
she had such a great thurst. I have often heard
hysicians say that such excesses came from a heated
iver, as iadeed the jaundices show which were in
the blood and m the waters ”

Felx Plater’s case i translagon:

“I have encoustered a case of an immature male
foetus, produced by an abortion at the fousth or fifth
month, winch was already hydrapic in is motber’s
uterus—{ examaned its contents and found the skin
of the whole body and the bawy part of the scalp to
be <istended with water, and from the base of the
biadder was a wide chanuel the size of the urachus,
ending below the kidneys 1 the vena cava—this was
Slled throughout with serosangumtous materal ™

The first edition of Plater’s book was published in
1614, and the second 1y 1641, hence Ballantyne’s error
in dating which has been copied subsequently The
transcription givess by Pickles (1949) carries punctua-
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RTINS ORI SRR TSR SORpI

US CONSISIENT WD ING Plastd PIZHIEINS OUSELVEU 10
kernicterus by Tuttle (1955) and Abelson and Boggs
(1956), with absorption maxima in the regions of
620 mp and 405-415 mp; the latter authors thought
that the nearer the maxima app_sg_nchcd 40.51 my the

wain sepsds 10 vy

It may be, however, that no trouble arises while the
porphynin ring remams closed, but that once it is
pSeL e preiguic ks St -

The chemistry of the dipyrrolic substances, and the
dipyrrylmethenes particularly, is even more obscure.
Charactenistically the group shows two absorption
maxima in the regions of 450 and 250 mp Further
knowledge of the properties of mesobilifuscin in par-
ticular would be welcome

Apart from the natural difficulties in recognizing and
distinguishung these three groups of compounds, 1t
seems hikely that mixtures of considerable complexity
are present 1n neo-natal jaundice and the mutual effect
on their physical and chemical properties cannot yet
be worked out

The 1ncidence of kernicterus has been variously esti-
mated A selection of figures may be given: 4% of all
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The pigment was upaffected by exposure (o water,
alcohol or light, The conditien is adaurably illustrated
in the otginal paper. T have met with no more recent
description,

[T T P L T

fiust French edution,
20 Many papers have been published about icterus neons-
torum {terus praccox) and related togics, including
ABO heterospecific pregnancy geaerally, i the fast
twenly years. Some of these deal wath the refationshup

of dice 35 a sy to 7
or ta the secolopical. of heterospecfi
. others bilirud fa rather than jaus-

dice 15 the eriterion selected far the Investigation of

simular relatia‘ushxps. Or 1t may be tbaz t}]e se(ologng
coal

of 1fic

and b conszq pec
OIS S S e

Obrinsky, Allen and Anderson (1954), which has a

full bibliography: Zuelzer and Kaplan (1954), a most

comprebenstve study, Hsia, Allen, Diamond and Gellis

(1953}, Johnstone (1953) and Builfing, Colc and Lathe

(1954)

21 Some papers pn this toptc are Karsser and Aub
£1913), hiver only; Mella (1924); Balé and Korpsssy
{1932), Fuchs {1914), Crandell and Wesl (1933,
Kirschbaum (1922), Nicolagv (1937), and Guillain,
Fiessinger, Mollaret apd Delay (1938) A full biblio-
graphy 1s given by Polam (1954 5)

22 The problems will no doubt become clanified by ad-
vances 1n the knowledge of bile pigment chemistry The
normat course of haemoglobm breakdown, for ex-
ample, 1s far from clear W the first stage 1s the Joss of
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L T

of tryp: ditied celis or by n an acidi-
fied medium or using trypsin-modified or paroxysmai
\ 1ls Those d& d

DG SO iy

probabty oOf NOMMIAL LCCUTRNCE BNU ANU-H SPECINCILY.

5 Villa Roya's account has not been seen. The earliest
cutation of the account is that of Bouley and Reynal
(1874), but they do not give the reference to Villa
Royn’s century-old work; later authors have comed
Bouley and Reynal The Proceedings of the Agricul-
great Cmninte —f #hn These Qhe e Phacsstmnns fosn oms
b .o . . .

g . [T

Some of the accounts of this condition in mules, which
Piaatur R iaianttod A St v i



Haemolysic Disease of the Newborn

admissions to a prematurity unit; 8 8% of infant ne-
cropsies, of which 73% were due 1o iso-immunization:
18% of alt cases of haemolytic disease; 25 of 239 in-
fant necropsies, 144 of them being of premature infants,
10 of the cases being due to huemolytic disease.

There are a number of detasled chinical and patbo-
lopical accounts of kernicterus, among which are those
of Beneke (1907); de Lange (1935); Gilmour (1944);
Bertrand  (1946), Pentschew (1948 Dereymacker
{1949); Vaughan, Allen and Diamond (1950); Evans
and Polani (1950); Claireaux (1950), Gerrard (1952),
and Bertrand, Bessis and Seganz-Obiol (1952).

5 Thc_circ\{néstances referred to ocour when the cells are

1e, present in
a pateent’s seruem that are specific for kis own celis.
The stuation regarding auto-antibodies is very con-
fused and yet 1t touches the arguments jn Chapter IV
at many points. The position is admirably summarized
by Dacie (1954), who has himself contributed very
materinlli 1o op understanding of the motter. Some
auto-anubodies are referred to as “warm”™ antibodies
because body heat favours semsitization. They are
thought to be gamma globulins 1 the majonty of cases,
and somet:mes they show a distinct spectficity for one
of the blood group antigens (usually connected with
the Rb system), but they may appear to be non-specific
or be d by a non-specifi They
muy be demonstrated by an irreversible agglutination
of trypsin-treated cells, particutarly 1f serum is used as
a diluent Their activty, however, may be expressed by
hoemolysis if either the testing medism s shghtly
acihified or if trypstn-modified cells are used: eclls
from pattents with p: 1 1 kb i
bnuria are also effectne The presence of these warm
bodies 15 usually 0 3 with some patho-
togical d such as acquired ic anaemm
By contrast. other auto-anubodies are calfed “cold™
antibodies beeanse sensitization 15 mavimal at refrig-
erator temperature. They are wsually harmless and
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g .
and Coben (1956) has 1denfified othiers which he calls
B, C, E and H, one of which may be Heard’s X. It 1s to
be hoped that the nomenclature of these can be further
rationalized when geneuc data are avanlable The varia-
tions 10 agglutinability reported by Keliner and Hedal
and Heard has been ascribed by Heard (1955 b)Y to a
vanation e the number of antigen sites on the cell

. A report of haemolytic disease has appeared in Taly

(Romagnoh et af, 1956) and a second report from
Amenca (Newb and Rasing-M Y
1956) In this last the influence of swine fever vaco-
nation 1s adrustted. A note added by the Editor refers
1o a case reported jin 1932, five months after the sow’s
vaccination

. This matter has b&gn"dlsc\:ssed agn, secently. In an

nataily, and a step towards ts solution has been made
by Murray (1957), who shows that the prognoss may
depend 1n part on the father’s Rh genotype (1e. the
composition of Rh antigens)

This observation of Murray has far greater ympor.
tance than mere prognosis It suggests that D 1s more
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fuller account of thetr experiences of this disease com-
prising sixty litters

Their work on blood groups concerned chequer-
board tests involving the sernm and cells of 1,120 pigs,
together with the appropriate absorptions. By this
means they were able to identsfy four antigens which
they called A, B, C and D (A bemng known previously
and C proving the Jeast common of the four), and
twelve of the sixteen possible combinations of these
antipens (O was found, but ABCD, ABC, ACD? and
BCD were not). This work was based entirely upon the
use of natucally occurring antibodies, no fmmune sera
beng used, the frequency of these natural antibodies is
Tow, only about a third of the animals possessing them,

Szent-Ivinys and Szab6 also observed, as Saison,
Goodwin and Coombs {1956) had done, that some
samples of group A red cclls absorb anti-A from an
anuserum sven though they wall not be agglutinated by
that antserum; and this property did not appear to be
confined to the young mplet 1t 15 evident that further
P blood group antigens would be revealed by the
use of immune antssera, and the Hungaran authors are
11 doubt whether the “Su” antigen and antibody, whch
they desertbed 1 thew fisst repost as responsivic for
haemolyie thsease, is 1dentical with any of the four
antigens and antibodses which they later demonstrated

Rabbit blood groaps have been the subject of much
study recently Kellner and Hedal studied haemolytic
disease with a paw of allelomorphic antigens which
they termed G and 8, and which they believed wers
different from Castle and Keeler's H, and H,, party
because rabbits arc known which possess nenher H,
nor H,, but Kellner and Hedal could find none possess-
sng netthet G or g However, Anderson {1935) and
Joysey {1955) found a third allelomorph and suggested
that bath systems were the same The lager author
proposed a nomenclature for the three alfelomorphs
G+, G* Gt the first swo representtng Kellner and
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antigenic when associated with E thon when with C.
Hence the incidence of immunization is higher against
¢DE than against CDe, and hence, oo, the “anti
geniety™ of the blood group is a material factor in this
disease. Murray’s explanation is that sigce E is thought
1o be a weaker antigen than C, and since the amount of
blood group matesial available for C, D and E is
limited, more would be available for D af its pacger
were B than if it were C. To illusteate it numerically,
fet us suppose that the total antigenic material avas-
able for C, D and E would provide for 20x antigen
sues; C would noemally be expressed by, say, 6x~50
that 14x would be available for P in 2 CDefcde person.
But E might normally be expressed by only 3x sites,
Jeaving 17 for D in a cDE/ede person. And it would
be assumed that the difference between 17x sites and
14x sites would be geflected by a rwaterially greater
antigenicity.

There might, of cowrse, be other explanations, but
this one could possibly account also for the greater
severity In cases m which D 1s assocated with E rather
than with C. More antibody would B~ ~ :
mare antigenin f~— ° 7%
bound by t T
form of an o sites or some similar
forma. If the vons Dind more antibody they might be
destroyed more quickly or more certainly.

Another comparable recent observation 1s that of
Winstanley er o (1957), showing that the A antiges
that provokes the formation of *“ummune anti-A* 15 of
different speaificity from that which 1 recognized by
“patural” anti-A Perhaps the latter is always neutral-
1zed, and immunization occurs only when the former i
present. This needs $o be worked out Both these obser-
vaytons prouvide mmportant clues to the penesis of
haemolytic disease
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