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PREFACE

Tue Rh Facrox
THE diccovens of the presence of the Rh aggluunogen 1n the red blood cell

must rank as onc of the impo-tant e ents of a medical era already surfested wath
tportant and exunng discoseries It 1 good that harl Landsteiner, the dis-
conerer of the ongnal blood groups should have been the co-discoverer of the
aen blood factor Here was a man so single mnded 1 his devotion to the 1m
munological aspects of the blood that for a period of at least 40 years he waorked
almost continuousls at his quest for the elucidation of red cell factos It 1s fitung
that his efforts should hase been crowned with such success and that two of his
former popils Philip Levine and Alexander S Wiener should have become
pron=crs and outstanding leaders 1n thus ficld of mvestigation
The great taterest 1 this subgect was well broughr out i the Dallas Mexico
Citv Congress of November 1946 Here were brought together many of the recog
n1zed Jeaders 1n this and related fields and the discussions which rook glace and
which are reported 1n this special 1ssuc of  Broop  were highls stumulaung This
was parncularly true with regard to such controversial matters as that relaung to
nomenclature the Fisher Race theon of three gene loct vs the Wiener theors of
ruwluple alleles  blocking anubodies vs  eryptaggluunods  and other matters
of present das amportance It cangor be s21d of the various individuals working 1n
thus field that thes lack enthustasm or desite to spread their vartous cheses across
the world s Isterature Although some of their discusstons have on occasion seemed
to descend to acnimomious levels onc cannot deny that thes have often sumulated
the 1nterested ms esugators to renewed endeasors which have 2t umes Jed to valu-
able discoseries
What 1s occasionally lacking 1n tmmuno-hematologic discussions 1s 2n ndica-
t1on of therr relauonship to hematologic events 1n general and to the pathogenetic
aspects of hemoly tic disease tn particular Ery chroblastosis feralts 1s no more nor
Iess than an acute hemoly uc disease (of the newborn) which can be well under-
stood 1n almost all 1ts ramificauions once one 1s acquainted with the general hemo-
fyuc mechamisms as induced by 1mmune anubodies and other materrals The
results obrained 1n the experimental producuion of various types of hemolytc
anemial using smmunc 2ntibodies fitred 10 perfectly with the concept of 150-1m
munizauon with the Rh factor as later advanced by Levine and his co-workers *In
a recent article by the French worker Bessis  the close relationship of the experi-
mental hemolyuc anemias produced by antsera o the climcal syndrome of
crychroblastosts fetalis 15 well broughr out chnical hemawologic and histo-
pathologic features being described 1n derast
The meeungs on the Rh factor Ied to a sy mpathetsc understanding of the dif
ferent problems of investigators 1 therr respective environments and thus to a
defintee feelsng that tnternational meetings were something to be carefully fostered
The Dallas Mexico Cary mectings were originally concerved as licele get togethers

1
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PREFACE

Tur Rh Facror

HE discovery of the presence of the Rh agglutiogen 1n the red blood ccll
Tmuszrnnk as onc of the tmportant events of a medical era already surferted wich
mportant and exaung discoveries It s good that Karl Landsteiner, the dis-
coverer of the original blood groups should have been the co-discoverer of the

new  blood factor Here was a man so single minded 1n his devotion to the 1m-
munological aspects of the blood that for a period of at least 4o years he worked
almost continuously at his quest for the clucidation of red cell facrors It s fitung
that his efforts should have been crowned with such success and that two of his
former pupils Philip Levine and Alexander § Wicner should have become
proneers and outstanding leaders i this field of imvestigation
The great interest 1n this subject was well brought out in the Dallas Mexico
City Congress of November 1946 Here were brought together many of the recog-
nized leaders 1n this and related fields, and the discusstons which took glace and
which are reported 1n this spectal issuc of Broop  were highly sumulaung This
was particularly true with regard to such controverstal matters as thac relatng to
nomenclature the Fisher Race theory of three gene loct vs the Weener theory of
muluple alleles  blocking antibodies vs  eryptagglutinotds  and other matrers
of present day smportance It cannot be satd of the various tndividuals working 1n
thus ficld that they lack enthustasm or desire to spread thesr various theses across
the world s iterature Although some of therr discusstons have on occasion seemed
to descend to acrimonious levels one cannot deny that they have often sumulated
the interested 1nvestigators to renewed endeavors which have at imes led to valu-
able discoveries
What 15 occasionally lacking in 1mmuno-hematologic discussions 1s an mdica
tion of their relattonship to hematologic events 1n general and to the pathogenetic
aspects of hemoly tic disease 1 particular Ery throblastosis fetalis 1s no more nor
less than an acute hemolytic disease (of the newborn) which can be well under
stood 1n almost all 1es ramifications once one 1s acquainted with the general hemo-
lytzic mechamsms as induced by 1mmune anttbadies 2nd acher matcttals The
results obtained in the experimental production of various types of hemolyuc
anemia® using immune antbodies fitted 1n perfectly with the concepe of 150-1m-
mumization with the Rh factor as later advanced by Levine and his co wotkers In
a recent article by the French worker Besss  the close relatonship of the expent
mental hemolyuc anemias produced by antisera to the climcal syndrome of
erythroblastosis fetalis 1s well brought out chnical hematologic and histo-
pathologic features beng described 1n derail
The meeungs on the Rh factor led to a sympathetsc understanding of the dif
ferent problems of 1avestigators mn their respective environments and thus to a
definite feeling that international mecangs were somethtng to be carefully fostered
The Dallas Mexico Crry meetings were orignally concerved as lirtle ger togethers
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2 PRLFACE

to drscuss the Rh factor  Like many events which happen 1n Texas, 1t expanded
—almost spontaneously 1t would seem—into a relatively large Congress and
out of 1t has come the International Soctety of Hematology This group bids fair
to be a potent force 1t the constantly expanding field of disorders of the blood
and blood forming organs

Wirriam Damesucx, M D
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A SURVEY OF THE SIGNIFICANCE OF THE Rh FACTOR
By Puiue Lrvinr, M D

LLOWING Landsteiner s brslhiant description 1n 1goo-1901' ? of the four
blood groups, transfusions gradually became on the whole a safe and routine
proccdurc However intragroup transfuston teactions were stll observed 1n twa
groups of cises (1) patients w ho had previously recetved a series of uneventful
transfustons and (1) women at the very first transfusion assoctated with pregnancy
It was for a long time suspected that differences other than the 4 blood groups were
responsible for 1soimmunization and the production of new anubodies, but the
actual demonstration of immune soagglutinins was very seldom observed In the
course of the study of this material an enurely new field of clintcal importance was
opened by the discovery of the role of fetal blood sn 1soimmunization, a subject
hatherto of theoretical interest only

HISTORICAL DEVELOPMENTS

I 1900 two other discovertes perunent to 1soimmuntzatton and erychroblastosts
fetalis were made The first was the description by Ehrlich and Morgenroth? of
the phenomenon of ssoimmunizaton 1n goats and later extended by other workers
to many spectes of antmals In general the procedure used was cross transfusion
within any particular species which resulted 1n the appearance of immune 150
agglutimns or 1sohemolysins This work led to the concept of the individuality
of animal blood by virtue of combsnation and permutation of a number of ant-
genic and hereditary substances 1n the red blood cells *In 1900 the Mendelian laws
of heredity published 35 years previously, were independently rediscovered by
Cortens Tchermak and de Vrtes With the description of the human factors M N
and P 1n 128 the concept of the 1ndtviduality of blood was extended to mclude
human blood also although 1n these discoveries Landsteiner and Levine used
heteroimmune sera ®

In 1939 Levine and Stetson® offered an explanatton for the origin of an aty prcal
aggluninin held to be responsible for a severe transfuston reaction tn a recently
(1937) delivered woman at her very first transfuston The serum of this patient who
had just delivered a macerated ferus agglutsnated the cells of 8o per cent of group
Oundividuals The 1ntragroup agglutinin was at least as active at 37°C as ac room
temperature and 1n this respece 1t differed widely from the normal arypical 1so
agglutimins (antt A, antu O and antt P) studied extensively by Landstemner and
Levine 7

Levine and Stetson assumed that the fetus mherited a dommant agglutinable
factor from the father but not present 1n the mother s blood Isoimmunization
could then result from the transplacental transfer of minute quantities of fetal
red blood cells and/or tissue cells 1ato the maternal circulation

The authors were led to suggest transplacental 1soimmunizatton because of paral

From the Ostho Research Foundation Raritan New Jersey
Read at the I 1E logy and Rh Conf

Dallas Texas Nov 15 1946
3



4 SIGNIFICANCE oF Rh racTor

lel observations made by Irwin & Gorer,® and Lumsden ¢ Irwin demonstrated
mutual 1sosmmunization 1 back cross hybrids of two species of doves Jomned by
parabtosis Gorer described the appearance of immune 1soagglutimins 1 certain
strams of mice following transplantatton of a mouse sarcoma and an rdentical
finding was reported by Lumsden tn rats The larter 2 workers noted necrosis of
the transplants 1n certatn animals which was attributed to the development 1n
the host of immune tsoagglutinins directed against antigenic factors 1n the red
cells of the donor transplants

It was this concept of placental 1soimmumzation which paved the way for the
subsequent findings on the pathogenesis of erythroblastosis At the same time
Levine and Stetson described a new blood factor which was independent of the
other hitherto known blood properties such as A B M, N and P However, no
name was assigned to this new blood factor which was antigenic 1 the same
spectes (1sommunization), but not antigenic or as we hnow at present poorly
antigenic 1 z2nmmals Cheterotmmunization)

At about the same time (1937) Landsteiner and Wiener!t were 1nvestigating
a factor mn the red blood cell of the rhesus monkey related o but not rdentical
with the human M factor In the course of thetr studies of the antsbodies tn sera
produced 1n amimals 1njected with rhesus blood another human blood factor was
discovered which they called Rh ! 13 As 1n the case of the M factor 1t 1ndicated a
property 1n rhesus blood related to but not identical with the factor 1n human
blood

At first these workers did not suspect that their heteroimmune aggluuntn de
rived from animals was rdentcal 1 speaficary with the ssormmune anubody
found 1n the pattent studied by Levine and Stetson Because the serum was denived
from the experimental ammal Landsteiner and Wiener had no way of hnowing
that their factor was important chintcally Later 1n 1940 however Wiener and
Peters't observed that the Rh factor was anugenic 1n Rh individuals who had
been transfused several times with Rh-+ blood * These workers now suspected that
the human Rh factor was probably 1dentical with the unsamed factor previously
described by Levine and Stetson

Later 1n 1940 Levine and hatzin® studied several cases stmilar to the one de
scribed wich Stetson In each case thete was a severe or faral transfuston reaction
at the very first transfuston in a woman who had recently delivered As 1o the re
markable case of Zacho !° these agglurinins were more active 2t37°C than atlower
temperatures Accordingly Levine Burnham and katzin'? referred to them as

warm agglutnins  The obstetrical historres of this group of women were strik
g because of the high madence of fetal and neonatal morbtdity and 1t was
suggested that the phenomenon of immunization wich fetal blood responsible for
1ntra group transfusion reacttons was directly correlated wich the fetal and neo
natal morbidity When the hustories revealed that these infants suffered from one
or another form of erythroblastosts feralss 1t was suggested that the intra uterine

It 15 of interest thae all their ants Rh sera were of the cold vari tv and the authors suggested a
compaubility cest with 1ncuk ar rcebox In the light of our present knowledge 1t 15
probable that these scra contarned blocking anetbodics




PHILIP LTVINE 5

blood destructton was brought about by the action of the maternal antbodics
which found their way into the fetal arculation to seact with and destroy the
infants Rh4- blood 1* 1*

STATISTICAL PROOF

The proof of the concept presented 15 1ndicated 1n table 1 which shows the strik
1ng statistical differences 1n a series of mothers of cry throblastotic nfants as com
pared with a random white population

Further proof was supphed 1n a demonstration that the mcidence of the disease
1 any gien popularion depends upon the incidence of Rh~ 1ndividuals 1n the
test with anat Rhg (antt D) aggluenin

Tanre 1 *~Statsstscal Proof

Per cent
Rh+ Rh—
Random population male or female 85 15
350 mothers of ery throblastotic infanes 10 90
204 husbands of Rh— mothers 100 -
139 affected 1nfants of Rh— mothers 100 —_

* After Levine™

Tamee 2*
_ Tncidence of
Race Number tested ) ©) Eryth odl stoss
fetal s

W hitet? 334 85 o 150 21
Negrot 264 955 45 17
Amenican Indran 120 99 1 o8 ?
Chunesent 150 993 o7 very rarc
Japanese® 150 98 a 20 ‘ery rare

* After Levine®®

. In 1941-1943 Levine and his coworkers established the following additional
acts

1 In the 8 per cent Rh4 mothers of erythroblastotic nfants the 1sotmmuniza
t1on was attrtbuted to finer differences of the Rh factor (ant1 C) * to a new blood
factor called Hr (genetically related to RE) and to the factors A and B - ¢

2 The Rh factor was presumably limited to red blood cells 7 Cerratnly 1n the
affected infants the Rh factor could not be demonstrated 1 the body fluids

3 Antt Rh agglutinins could be demonstrated 1n Jessthan soper cent of the Rh—
mothers of erythroblastotic infants 1 It was assumed thar 1n the tematming cases
the hemolytic process was induced by the action of an anubody of another variery

* For a discussion of the terminology scc page 7



[3 SIGNIFICANCE oF Rh ractor

not detectable by methods hitherto employed *(In 1944 and 1945, Race ?* Wiener??
and Diamond® independently described the blocking anttbody )

4 Intra group transfuston accidents could be prevented by the admunstration of
Rh— blood to Rh— pattents **

s Antt Rh sera differ 1n spectficity 2 of them now called ants D (anti Rhg)
and antt C (ant1 Rh') grving 4 types of reactions 3 The antt Hr serum (ant1 ©)
and antt Rh’ (ants C) gave only 3 types of reactions since 2 blood failing to react
with both sera was not found

6 The final staustical study revealed the far greater importance of the anu D
serum presumably because the D (Rhg) factor was more antigensc 1

7 Human ants Rh sera were supertor to the experimental serum produced 1n
animals by 1njections of esther rhesus! 1® or human blood 3 ¥ Accordingly the
experimental serum was largely abandoned at a very early date

8 The hemolyttc process 1n the affected nfant could be treated more effectively
by transfuston of Rh— blood since the transfused Rh+ blood as well as the infant s
own Rh+ blood were still subject to hemolysis 1 the neonatal pertod 1°

9 Several factors of safety were listed which were responsible for the com
paratively low incidence of erythroblastosts fetalss 1n spite of a high frequency
of incompauble matng (85 X 15 = 12 75 per cent) (2) the current tendency to
small famslies (b) a high incidence of heterozy gous fathers and (c) the failure of
many Rh— women to produce ant: Rh antibodies It was suggested that the
.apacity to produce antibodtes 1s dependent upon one or more genetic factors 1° 3%

In the 6 year interval since the description of the pathogenests of ery throblas
tosts fetalss some notable contributions were made by the Britssh workers Fisher
Race and their colleagues Taylor Coombs and Mourant, and by the American
workers Wiener Diamond Witebsky Chown Huill and Haberman These dealt
marnly with finer methods for detection of immunization theories on the genetics
of Rh Hr system attempts to enlatge the supply of human antt Rh sera for diag
nostic purposes and replacement transfuston of the affected infant

GENETICS oF THE Rh Hr system

Reference has already been made to the 4 types of reactions given by two antt Rh
sera (anet D and ant C) 1 striking contrast to 3 ty pes of reactions observed on
testing several hundred bloods wich ant1 C and antr ¢ Because of the historical
stgnificance of these facts and their bearing on the linkage theory of Fisher table
3 showing the relationship of these 3 sera 1s reproduced

Two of the 3 sera anu D and anu C were produced by Rh— mothers of eryth
roblastotic 1nfants while anu ¢ (antt Hr’) was observed 1n an mmunized Rh+
mother ** 4%In the latter case the husband was Rh— but the mother s serum saus
fied the criterta of ssormmunization te  a factor in the blood of the husband and
affected 1nfant not present 1n the mother s blood and causing the production of
specific antibodtes by the mother

Because ant: C and ant: ¢ gave only 3 types of reactions 1t was suspected thac the
genetie relattonship of factors C and ¢ (Rh and Hr ) was analogous to that ob
served by Landstemner and Levine for M and N 1¢ 2 allelomorphic genes at 2
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particular Jocus on a chromosome It 1s for this reason that the 2 letters Rh
were reversed to yield the term  Hr for the new blood factor Accordingly, the
3 serologic types correspond to the 3 genoty pes (1) CC, homozygous, (2) Cc
heterozy gous and (3) ¢ homozy gous The sum of the first 2 gives the ncaidence of
posttive reactions with anti C (about 70 per cent) and the sum of the sccond and
third gives the number of posttise reactions with anu ¢ or anti He! (about 8o per
cent)

It 15 true that Levine s orignal antt He' serum (antt ©) was of weak acrivigy
but the inctdence of the factor could have been calculated by taking 1nto account
the incidence of postuve and negatise reacttons wich anet C which was maximally
active Levine however, was unable to explain the genetics of the factor D deter
mined by reactions with antt Rhy (ant1 D) or the factor E discovered independently
by Race® and Wiener #

TABLE 3 *—Tbe Cross Roads Expervment
Bascd on Tests with 334 Random Bloods (W hiee) Carnied out in Apnl May and June 1941}

Termnel ey of® cmerl zpry A(F antiRh | Mrs MS antRh | Mre KF anti by | Toctlence of tspe
Rhy + + oor 75
Rhs + o + 7t
Rb! o + oor 2
Rh— o o + 13
* After Levine®
1 At the request of Dr Wiener the scheme of the d d was made avatlable to him
for inclusion sa the third edition of bus book  Blood Groups and Transfusion pp _s53-1254 ‘CC
Thomas)

Withour taking mnto account the Hr factor Wiener suggested that the 4 types
of reactions could be explained on the basis of muluple alleles at first 3 genesand
after the description of the E factor 6 genes *

Subsequently Fisher and Race* suggested the alternative theory of hinkage at

3 different loct on a particular chromosome The two contrasting theortes are
1llustrated below

Muleipl
Allls Linkage
D l | d
RWR 2 RR ¢ C |\ |1 c
E 3
Fo
Wi nerit

Fisher & Races

Fisher produced some genetic evidence to indicate that the gene Cis located 1n a
posttion ntermediate berween D and E

* For a duscussion of chis theory s ¢ Wicner 4
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not detectable by methods hitherto employed  8(In 1944 and 1945, Race,?* Wiener??
and Diamond® independently described the blocking anubody )

4 Intra group transfusion accrdents could be prevented by the admimstration of
Rh— blood to Rh— pauents 1*

5 Ann Rh sera differ n specificity z of them now called ant: D (antt Rhy)
and ant1 C (ant1 Rh’) gtving 4 types of reactions 3 The anu Hr secum (ant ¢)
and ant1 Rh (anu C) gave only 3 types of reactions since a blood fatling to react
with both sera was not found

6 The final statstrcal study revealed the far greater importance of the antt D
serum  presumably because the D (Rhy) factor was more antigenic *°

7 Human antt Rh sera were superior to the experimental serum produced 1n
animals by injecttons of either rhesust 13 or human blood 3 3¢ Accordingly the
experimental serum was largely abandoned at a very early date

8 The hemoly tic process 1n the affected 1nfant could be treated more effectively
by transfusion of Rh— blood since the transfused Rh+ blood as well as the infant s
own Rh+ blood were still subject to hemolysis 1n the neonatal pertod 2

9 Several factors of safety were listed which were responsible for the com
paratively low incdence of ery throblastosis fetals 1n spite of a high frequency
of incompatnble mating (85 X 15 = 12 75 per cent) (a) the current tendency to
small families (b) a high mctdence of heterozy gous fathers and (c) the failure of
many Rh— women to produce antt Rh antbodies It was suggested that the
.apacity to produce antibodies 15 dependent npon one or more genetic factors 19 3%

In the 6 year interval since the description of the pathogenests of ery throblas
tosss fetalis some notable contributtons were made by the Britssh workers Fisher
Race and therr colleagues Taylor Coombs and Mourant, and by the Amertcan
workers Wiener Diamond Witebsky Chown Hill and Haberman These deale
mainly with finer methods for detection of immunization theories on the genetics
of Rh Hr system attempts to enlarge the supply of human antt Rh sera for diag
nostic purposes and replacement transfuston of the affected infane

Gencrics of THE Rh Hr sysTem

Reference has already been made to the 4 tj pes of reactions gtven by two antt Rh
sera (antt D and antt C) 1n straking contrast to 3 types of reactions observed on
testing several hundred bloods with ant1 C and ants ¢ Because of the historical
sigmficance of these facts and their bearing on the linkage theory of Fisher table
3 showing the relationship of these 3 sera 1s reproduced

Two of the 3 sera ants D and ants C were produced by Rh— mothers of eryth
roblastotic infants while anti-c (ant1 Hr ) was observed 1o an mmmunized Rh4
mother ** 40 In the latter case the husband was Rh— but the mother s serum satts
fied the crateria of 1sotmmunization te  a factor 1n the blood of the husband and
affected tnfant not present in the mother s blood and caustag the production of
speafic antibodies by the mother

Because anu C and antt ¢ gave only 3 ty pes of reactions 1t was suspected that the
genetic relattonship of factors C and ¢ (Rh and Hr") was analogous to that ob
served by Landsteiner and Levine for M and N 1¢ 2 allefomorphic genes at 2
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some * It must be stated, howeser, that gencticists always find 1t difficult to differ
entiate multple alleles from closely linked genes

Because genetic usage requires variattons of 2 symbol for allelic genes at a given
Jocus, the linkage theory necessicates a departure from the term Rh - as a gene
Accordingly, Fisher arbitrarily selected the letters C, D, E for the Rh genes and
¢,d ¢ for the corresponding Hr genes There 1s no reason for discarding the terms
Rh and Hr as blood factors

In a sense the choice of D for the factor described by antt Rhyserum s most foreu
nate The student 1n this ficld can readily ortent himself since the ant D serum,
already referred to 1n the literature as the  diagnosuc serum 15 chinscally the mose
1mportant one because of the greater antigentcity of the D factor In terms of the
Iinkage theory an Rh+ individual 1s one whose blood contains the factor D as
ndicated by a posttive reaction with aan D, the diagrostc serum Canes Rhg)
Such 1ndividuals may also possess the factor C 1 ¢, DCe or Rh; or the factor E
te cither DCE or Rh orall 3, 1¢, DCE or RhyRh, An Rhq individual ss repre-
sented as Dce since his blood will react with only antt Rhg serum and with 2 ann
Hrsera By the same token an Rh— individual 1s any one whose blood fauls to re
act with ant1 D The several possibtlities are grven below

RR¢ dce
Rb* &E
Rh= 1 Rn’ RR" aCE

Rh negative dee

In this paper the term Rh— indicates the composite group while Rh negauve

refers to the absence of all Rh factors and by the same token the presence of all 3
Hr factors

Tanie 4
ant anti

o
o

or

(g}
n

or
c
+ heterozygous
o homozygous
+ homozygous

o4t

These considerations are tmportant for the clinician since they aid 1n the differ
enttation of Rh+ husbands as homozygous (DD) or heterozy gous (Dd) Obviously
the prognosis 1n pregnancies 1s far better for maungs 1n which the husband 15
heterozygaus since 5o per cent of the offspring will be Rh— (dd) and therefore
incapable of immunizing the Rhi— mother (Dd x dd) With 2 genesac a particular
locus serologic tests for the corresponding blood factors reveal dsrectly the 3 pheno
types (serologic types) corresponding to the 3 genotypes as shown m table 4

* For an excellent summary of the Fisher theory sec Race ¢
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Accordingly Fisher extended the concept of the MN type of relanonship o
include genes for the 2 remaining Rh factors D and E In doing so he had 1o postu
late the existence of - additional Hr genes d and e allelomorphic respectively with
genes Dand E One of these ¢ was subsequently discovered by Mourant*? 1 hen he
described 2 new human antibody which gave 96 per cent positive and 4 per ceat
negative reacttons As will be shown below these figures correspond almost ex
actly to the theoretscal values derived from a calculauon of gene frequencies

The exstence of the third variety of ant1 Hr anubodies anti-d, has not yer been
defimtely established This, however, does not destroy the validity of the theory
stnce with rare exceptions all anu Hr sera can be produced by the much smaller
group of 8 per cent Rh+ mothers of affected 1nfants or Rh+ ndividuals immuntzed
by transfusion of Hr+ blood In contrast to the g2 per cent Rh— mothers who
produce antr Rhanttbodies only those homozy gous for D (DD) can produce ant1 d

Apparently the varying incidence of the several antibodies observed s an ndex
of the degree of antigenicaty of the corresponding factors since the number of
1ncompatible matings cannot differ for factors determuined by allelomorphic genes
These considerations are 1llustrated below

Tmmunt ed Mothe 3 Ant bod 5 Produced
Rh—  (cde) antt D (also anu € and apu E)
920 {Rh—  (Cde) ants D (also anu E and anni ¢)
Rh— (CdE) anu D (also anu-c 20d anu-c)
Rh4+ DD ants 4
8% {Rh+ CC anti ¢
Rh+ EE antt e

This scheme 1s stmplified since the Rh4 mothers arc represented as being homo-
zygous for a partcular Rh facror

The incidence of matings incompatible for the 3 Rh and Hr faceors 1s given as
follows

Incidence Mat Aot bod es Pro-| I cidence of Ant
mg () duced body

Rh of Mother Tncde ¢t
CEABY ] Hubnd X Wate e 3 <)

- D X 4 Bs X 35 13 asa D frequent

+ cC X ¢ 73 X 27 20 ann € race

+ E X ¢ 30 X 70 21 anu E oceastonal
+ d X D 6 X 37 13 anes d ?

+ e % c fo X 20 1 2nuc rare

+ e X E 7 X 3 3 ano ¢ very rare

Wiener s view ** expressed 1n numerous papers that the genetics of the Rh factor
was based on a sertes of muluple alleles at 1 locus does not take into account the
existence of the Hr factors Furthermore 1¢1s difficulr to tncorporate 1nto the mul
uple allelic theory such new Rh genes as those described by Stratton*® (D )
and Race'” (C*) The complex anugenic structure of the Rh factor can be more
readily explamned 1n terms of hinkage at several Joct along the length of the chromo
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an ant1 E agglutimin was found and curtously enough antt C serum was first used
late 1n 1943 and published 1n 1944 # Fortunatcly, Levine had available large quan
titses of potent spectmens of antt D aner C and a weaker anti ¢ tn hs first studies
1n 1941

Us:ul antid sera became av atlable there 1s no choice but to use ant: ¢ for differ
entration of homozygous and heterozy gous Rh+ husbands of Rh— mothers
This 15 possible because there 1s 2 high degree of corrclation of genotypes DD and
CCfor the 71 per cent of Rh-+ indivsduals of ty pe DCe and DCE (Rhy and RhRhy)
As first pointed out by Levine® anti-c cannot be used for the 14 per cent of Rh+
individuals of types DE (Rh ) or Dce (Rhy) For this group an anti-d serum s
essential

Through the usc of the hemoly tic effect of antt Rh and antt Hr scrums 1n the
presence of whole blood and complement Hill and Haberman® °7 have been able
to show a difference 1n the hemolysis of homozy gous and heterozy gous bloods
In the presence of the spectfic antiserum (anti C D ot ¢) homozy gous cells showed
approximately twice the hemolysis observed 1n heterozy gous bloods

SOME PRACTICAL CONSIDDRATIONS

With the aid of anu D the diagnosts of ery throblastosts fetalis 1s established 1n
92 per cent of all cases if the mother s blood 1s negative (Rh—) and 1f her serum
contains antt Rh anubodies (aggluumns or blocking antibodies) In the smaller
group of 8 per cent Rh+4- mothers, the blood should be submitted to special workers
11 the field for testing with the other antt Rh and anu Hr sera

The mother who has already delivered an affected infant should not become preg
nant until an terval of several years elaspse long enough for residual antibodies
to disappear and for a rest pertod for the antthady producing cells In the event
of another Rh+ fetus 1n the next pregnancy 1t ts posstble that the degree of 1so-
immumzation will not be so 1atense Should pertodic tests show an increasing ant1
body production many authorittes believe that labor should be tnduced 1n order to
shorten the pertod of 1ntra uterine blood destructton

Since antibodies have been shown to persist for a number of years further
pregpancies are to all intent and purposes excluded especially for the older Rh—
woman whose husband 1s homozygous With another pregnancy already 1n pro
gress when anubodtes residual from the preceding pregnancy have not yet dis
appeared 1t will be very difficult—1f not impossible—to differentiate newly formed
from restdual antibodies parucularly 1f the husband 1s heterozygous Reference
will be made later to the value of the ant1 human globultn test on the cord blood
but this test can be applied only after delivery (see page 13)

Until our knowledge s extended the number of pregnancies of Rh— women
already 1mmunized by transfusions and/or previous pregnancies should be
Iimiced In practice this 1s equally applicable to Rh+ women tmmunized by other
factors Even though some of these 1nfants will recover with replacement trans
fusions there 15 always the creasing danger of later complications because of
kernicterus

In the case of Rh— women 1n geperal the number of pregaancies to be recom-
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The Johannsen formula previously used by Landsteiner and Levine®t for the
geneties of the MN factors s generally applicable for all genetic systems 1n which
there are 2 allelic genes and 3 types corresponding to 3 genotypes This useful
formula 15 pased on the applicatton of the binomial theorem to the gene frequenctes
The frequency of any one gene 1s equal to the square root of the p reentage of noa
reactors who must be homozygous

The brilliance of Fisher s contribution 1s seen from an application of Johannsen s
formula to Mourant s*® recent discovery of the e factor Ant1 E gives 30 per cent
postt1ve reactions and 70 per cent negative reactions 1n both English and American
populations The 30 per cent containng the E factor consist of a cerzain percentage
of homozygous EE and the remainder are heterozygous or Ee Application of the
formula gives the following

Frequeacy of gene e = V7o = 8 36
Frequency of gene E 108 36 = 1 64
=G &> =27\~
o [Ec A X1 64X 836 173 7
57 3% $ox 260 -

Remarkably enough these dertved values are 1n almost perfect agreement with
the data obtained by Mourant for antt e 1 ¢ 96 per cent These findings constrtute
very significant evidence 1n support of Fisher s linkage theory

Tavve 5 ~Desermination of Gene F equencies for the R Hr Systems (Cc Dd and E ¢)

X = Incidence onc domnant gene
x = Incidence of the othet domiaant genc

X+x=10 X 42\ F =100
o+ 10 o o 100
i+ 9 19 8
1+ 8 4 3% 6
3+ 7 9 42 49
4+ 6 16 48 36
s+ s 15 so 25
6+ 4 36 48 16
7+ 3 49 4 9
8+ 2 64 32 4
9+ 1 81 18 1
0+ o w0 o °

In dealing with tmmune 1soagglutinins of human origin which occur very rately
1t 1s not surprising that a particular antibody perhaps the only one avatlable at
the time wall not give maximally potent reactions Although this occurred with
the first anut Hr serum (ant1 c) nevertheless 1ts genetic relationship wath the factor
C was obvious since ant1 C gave maximally potent reactions Because of these
constderations the writer hestrated to publish ac lengeh on the Hr factor until
4 more porent serum became available

Historically 1t was of interest that anti D and the rare antt ¢ sera wete avatlable
to the Brinish workers (Race and Taylor) for their first studtes 5 Somewhar later



PHILIP LEVINE 13

A direce reaction grven by blocking sera was discovered by Diamond and Abelson #
when they recommended the shide test and concentrated cell suspenstons Subse-
quently, 1t developed chat scrum or plasma was essential as a suspending medtum
for the test cells and that the test could be carried out 1n test tubes, thus making 1t
possible to carry out quantitative studies ¥ A notable contributton was made by
Dramond and Denton®” when they demonstrated that bovinc albumin was suitable
for suspending the test blood

Wicner s application of the term  conglutination ¢ appears unfortunate
particularly since there 15 no evidence indicating that many proteins scrum, al-
bumtn, globulin and fibrinogen 1n the form so-called X protein arc essentral for the
direct reactions In this connection 1t may be cited that certatn concentrattons of
acacia Le Page s gluc No 7 (by virtuc of 1ts acacia content) polyvinyl alcohol
pectin and numerous other nonprotetn materzal may be used to chare the re-
action 5% 3% However, these are not as satisfactory as bovine albumin because of
their tendency to form rouleaux formation With the addiuion of minute amounts
of saline the rouleaux disappear and the specific reactton sull remarns (Levine and
Wigod*?) *

Another notable contribution was made by Coombs Mourant and Race®® *
when they showed that after prolonged washing with saline Rh+-cells coated with
blocking anubodics are spectfically agglutinated by precipierns for human serum
Presumably a layer of anubody 1s fixed to the surface of the red blood cells and on
addiuon of the ant: human globulin serum  the specific union with the coated red
cells results 1n varying degrees of agglutnation depending upon the 1ntensity of
the coating The British workers and Haberman and Hill®® 6 found this test to be
most useful 1n determining whether or not the infant s cells at delivery had been
sensitized with mother s blocking antibedtes In 2 number of instances the auchor
successfully applied this test to differentiate Rh+4- cord blood from genetically
Rh— blood exposed to but not damaged by maternal antibodies residual from the
preceding pregnancy  The degree of coating can be determined by quanticative
studies to determine the greatest dilution of ant1 human globulin which will sull
agglutinate the washed blood Of the several procedures to detect coated Rh+4-
cells the ant human globulin test 1s by far the most sensitave and 1t should become
a routine procedurc for testing the red cells obtained from cord blood This reaction
could safely be used as a guide for therapy and 1n the event of intense agglutination
replacement transfuston should be carried out

Atterrpts were made by Wiener?! to correlate the clinical picrure 1n the affected
sofant wich the presence of agglutimuns or blocking antibodies Hemoly tic symp-
toms were assoctated with blocking antibodies while agglurinins were held to be
responstble for severe jaundice general toxicaty and kernicterus The claim was
made that kernicterus was the end result of thrombt (consisting of spectfically

In tieration of blocking antbodies the author uses pooled male s rum as a dile at and albumm
suspended Rh-t- cells #  Under these condittons much hugher tirers are obramed than by Wiener s
onigmal method (plasma both as a diluent and suspending medim)®  The resules are ar least as
good as those obrained n che modificd test 1n which W tener employs for the first ume albumin
solution (x part of 24°, human albumm and 4 parts oxalated human plasma) 10
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mended will depend upon the ease with which anubodies are produced Wich
routine testing for antibody production with each pregnancy, the much smaller
group of Rh~ women who are readily immunized can be selected As already
mentioned the capacity for anubody production 1s determined by one or more
genctic factors In any event the incdence of erythroblastosis fetalis can be low-
ered by prevenuon of 1sotmmunization 1n all of our Rh—~ female population who
may becandidates for transfusion or tntramuscular injectron of blood® (see page 17)

In view of the hugh fetal morbidity 1 intensively tmmuntzed Rh— women whose
husbands arc homozygous terminaton of accidental pregnancies by therapeutic
abortion seems justified 3° In the several cases 1n which this recommendation was
made the Rh— pauent had potent antibodies restdual from the preceding preg-
nanctes Except for those immunized by previous transfusions, these women already
had ore or more normal Rh+ children and had lost one or more affected 1nfants
For this group of cases erther arnhcial msemmanon or adoption may be recom
mended

AGGLUTININS AND BLOCKING ANTIBODIES

In the 1n1t1al study on the pathogenests of erythroblastosts fetalis ants Rh ag
glutnins were observed 1n less than so per cent of the Rh~ morthers * It was ob
vious that the remaiming Rh— mothers were immunized because their infanes had
hemolytic symptoms and these mothers were equally subject to severe transfuston
reacttons The view was expressed that  antibodtes capable of reacting 1 vivo
cannot be demonstrated because of limieations 1n the sensitivity of the techme
employed %

It 1s of nterest that tume honored methods for testing were used te Rh+- cells
suspended 1n saline after previous washing to remove serum elements Curiously
enough the logical step of testing the mother s serum under the conditions existing
mvivo te Rh+ cells suspended tn plasma was not taken

In 1944 Race ?* Wicner®® and Diamond?! independently described 1ncomplete

blocking or nhibiting antibodies produced by Rh— mothers whose serum
failed to agglutinate salne suspenstons of Rh+ cells The tndirect method was
employed so that 3 reagents were required for their demonstration The mother s
serum presumably coated the Rh+ cells suspended 1n saline and such treated cells
now became resistant to the action of ant D agglutinins

In a number of sera titraston wath saline suspended cells revealed the presence
of a prozone 1n the higher concentrations and increasingly strong reactrons on fur-
ther dilutton In the light of present knowledge these sera contained a weak block
1ng antibody and a stronger agglutmn It was shown that under cercatn conditions
by absorption of undiluted sera the blockmng antibody could be specifically removed
and the anu Rh aggluunin could be recovered almost quantiratively 3 5

The tndtrect test however was tedious and time consuming because 2 incubation
pertods were required so that 1t 15 no longer employed as 2 routne procedure

Undoubtedly this figure 15 probably too high since 1 scveral cases weak reacrions were ehicited
on the additson of an excess of serum Under these condrtions the effect could be ateributed to the actron
of the blockng satibody
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duction by the immumized mother represent an ever changing configuration of the
ymmune globulin which still retains 1ts charactenistic spzaificity

On the basts of discrepancies 1n the behavior of blocking anttbody and the anu
human globulin test for coated cells, Hill and Habermant® assumed the existence of
a third order of antibodies

These authors classtfied the antibodies on the basis of saline agglutinins, block
1ng antibodies (those that saturate the Rh antgen without causing agglutination),
and the crypragglutnoids  (those antibodics that do not agglutnate tn saline,
do not block but will be demonstrable by the ants human globulin test or 1 al
bumin and serum) They applied the term  developing test  to the use of the
ant1 human globulin serum on fetal ery throcy tes

In concluston scrologic tests are now available for a somewhat morc accurate
correlation of symptoms 1n the tnfant and antibody content of the mother s serum
and 1nfant s serum and red blood cells In the final analysis the mtensity of the
disease process and the therapy will be determined by serologie study of the cord
blood particularly on the red blood cells However more intensive studies on the
serological and physico chemical properties of purified preparations of the several
~anseuies of antibodies are required for a fuller understanding of the subject

SPLCIFIC THCRAPY OF THL AFFECTED INFANT

As first suggested by Levine Burnham, Ratzin and Vogel'® the affected infame
of an Rh— mother should be vigorously transfused with Rh— blood which 1s not
subject to the action of stored maternal antibodies It 1s essential to maintain a
hemoglobin level above 65-70 per cent In some cases 1t 1s necessary to transfuse
repeatedly untl the infant 1s temporartly Rh— by virtue of the normally sur-
viving donors Rh— blood

In any event the infant s red cell after exposure to maternal antibodies 1s an
snjured one and 15 not apt to survive long 1n the infant s arculation One cannot
underestimate the degree of blood destruction resulting from the action of passively
transferred maternal ancibodies stored presumably 1n the infant s tissue spaces
In one severely affected infant reported elsewhere who was transfused several
ttmes maternal blocking anttbodies were still demonstrable on the twenty fifcth
day of life At this tume the fant s blood was Rh— by virtue of the surviving
transfused cells On the thirty fourth day of life the infant s blood for the first
time was agglutinated by antt D serum but 1t was stll a mixture of about one
third Rh+ and two thirds Rh—

More recently several workers (Wallerstein 8 Wiener 8 Diamond®) have been
carrying out replacement transfusions by washing out the infant s circulation with
large quanuties of Rh— blood Wallerstein 8 Wiener® and Vogels” have been
withdrawing the infant s blood exther from the fontanclle or the radial artery and
adminstering the donor s blood 11to one of the superfictal vemns * Units of 20 cc
of mfant s blood are withdrawn and replaced with 20 cc Rh— blood and the proc

The method of choice scems to be the use of cord veins which can be cannulized wich the aud of @
spectal plastic catheter as suggested by Diamond 68
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agglutnated cells) 1n the arterioles of the liver causing severe tcterus which sup-
plied the charactertstic colortng to certain areas of bratn tissue whose arterioles
were ikewsse plugged with agglutmation thromb: Although these thrombs were
found 1n numerous organs harmful effects were assumed to be spectfically localized
1n the liver and brain The consensus 1s that the agglutination thromb: observed
by Wiener and Brody represent not the specific leston but rather postmortem
changes
Many exceptions to these claims have occurred, 1 ¢ the severe anemia associated
with strong antt Rh agglutinins and no sy mptoms suggestive of kernicterus The
latter condition has now ben obs=rved 1n a number of cases 1n which blocking
anttbodies alone were found
It s of course established that maternal blocking antibodies 1 contrast to ant1
Rh agglutinins pass 1nto the fetal crrculatton and spectfically uarte with feral blood
Remarkably enough these cells remarn unaggluunated 1 the fetal or infanc s
crrculauon although they are 1 continuous contact with antibodies 1n a medium
of plasma and 1n 2 number of nstances the antibody concentration 1n the tnfant s
cairculation 1s sufficiently great to indicate a state of equilibrium on both stdes of
the placental barrier In any event there 1s no justification for the use of the terms
univalent  and  bivalent for blocking and aggluttnating anubodies respec
uvely Since both sorts of antibodies exert their harmful effects 1n vivo the differ
ence seen 1n vitro would seem to become less significant The fact s that 1n vivo
both sorts of antibodies are assocrated wath the rdentical clinical entity of intense
blood destruction The fact that blocking antibodies are frequently demonstrated
1n the infant s serum does nor necessartly indrcate that they are of smaller molecu
lar size than agglutnns
It was further claimed by Wiener that aggluttnins exert their harmful effect
manly at delivery and not during the lateer pare of the pregnancy It 1s dufficule
to accept the view that a concentration of maternal agglutinins sufficient to nduce
severe symptoms of blood destructron or 1cterus gravis could be attained from the
process of parturitton and delsvery Certainly 1t can not be expected 1n the case of
infants delivered by Cesarcan section Furthermore the clinical picture ts almost
dentical 1n many anemic infants of mothers with erther agglutinins ot blocking
anttbod1es
In a number of mstances qualitative tests for blocking antibodtes with albumin
suspended cells will be entirely negatve but ntration 1n normal human serum as
a diluent will reveal a prozone te gradually increastng reactions on furcher
dilution This obviously 1s a serous source of error which can readily be detected
with the aid of the anu human globulin test As 1n the ealier reports on prozone
due to a mixture of agglutinins and blocking antibodies these findings indtcate the
ptesence of two varieties of blocking antibodies More recently this view was
confirmed by the results of spectfic absorption expersments by Levine and Wigod
On treatment with Rh 4 bur not with Rh— blood the prozone 1s spectfically re-
moved and titratton of the absorbed serum now reveals gradually decreasing reac
trons Accordingly one may assume that che antibodies n the course of thetr pro-
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transfuston with Rh4- blood Undoubtedly the replicement 1s never complete and
because of the residual antibadies in the tissue spaces, the Rh4- blood will not
survine as long as Rh—blood

It 1s advisable to take the crythroblastotic infant off breast milk because antr-
Rh antibodies are frequently present tn the mother s milk (Wieebsky®) This pre-
caution should certainly be taken for the more acutcly 1l infants even though 1t
ts not defimtcely established that maternal antibodies are absorbed from the sntes-
unal mucosa, at least in appreciable amounts

In the series of affected infants delivered by immunized Rh+4 mothers the infane
should be transfused with group compatible Rh+ blood of the same Rh Hr sub-
rype as the mother If the 1soimmunization 1s induced by factors A or B (e g,
mother O, infant A or B) the nfane should be transfused with group O blood
along with the soluble group A and B substances of Witebshy *

PREVENTION OF ISOIMMUNIZATION OF Rh— inprvipuars

All Rh— individuals requiring blood transfusions should recetve Rh— blood
only In this way 1soimmumzation will be prevented and if present the chimcian
will be spared the trouble of treating the patent for transfusion anuria perhaps
unsuccessfully

As pointed out by Levine ** * once 2 pattent 1s immunized the indtvrdual re-
mains potentially 1 1 for the r der of lus or her natural lifc time
This 1s most :mportant 1a the casc of young girls even as infants If Rh— giels are
transfused indiscriminately as they have been in the past thetr chances many years
later for having 1 or 2 normal Rh4 chuldren are considerably diminished These
women are thus deprived of the several factors of safety which tend to reduce the
1ncidence of erythroblastosis fetalis so that even their fisst Rh-t wnfant may be
lost as 2 macerated fetus sullbireh or the infant may have the more severe forms of
cry throblastosts fetalis 5

There 15 reason to believe that those women who were not transfused may 1n
several nstances have recesved intramuscular 1njeceions of blood a routine proce-
dure 11 the days preceding the use of vaizamin K or for prophylaxis aganst measles
In a larger series of cases of erythroblastosis fetalss 1n the first born, soon to be
published by Levine and Rosenfield ¢ histortes of tntramuscular njection svere
ehictted 1n several instances

Regardless of the influence of previous transfustons the occurrence of erythro-
blastosis fetalss 1n the first born has some bearing on the mechanism of transpla
cental 1soimmumization Wiener 70 had assumed that fetal blood entered the mater
nal arculation only during labor and delivery Although there may be another
anugenic stmulus at delivery the transfer of minute quanuues of fetal blood 1n
the latter half or third of pregnancy must be the determining factor even in those
Rh— women who may have been transfused many years previously  With inter
vals of g-14 years between the antgenic stmulus of a transfuston and the first

pregnancy onemay well assume that the damage to the fetus or infant 1s not caused
by residual anubodies which are evanescent 1 character but rather by rencwed
immumzation On renewed conract with this antigen many years later the
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ess 15 continued unnl the infane s carculation 1s washed our with 1 hiter of Rh—
blood An additional quantity of Rh~ blood corresponding to 10 cc per pound
should then be admimistered preferably at the beginming of the transfusion
In less severely affected infants as indicated by the serological tests on the cord
red blood cells smaller volumes of Rh— blood may be used Past expersence teveals
that many affected infants recover after 1 or 2 smgle transfusions The radical re
placement should be reserved for those infants who have been exposed to prolonged
strauterine blood destruction
From the potnt of view of prognosts the most significant information will be
derived from a study of the cord blood carried out soon after delivery The presence
of maternal antibodtes 1n the cord serum 15 not as significant as the presence of
maternal antibodies fixed to the infant s red blood cells In several cases the 1ncrease
of antibody content 1n the mother proved to be misleading since the mnfant was
shown to be Rh— The mechanism of such nonspecific antibody production is still
to benvestigated Asindicated above genetically Rh— blood can be differentiated
from specifically coated Rh+- cells with the atd of the reactton of Coombs Mourant
and Race
Assumung the 1nfant to be Rh-} the ratio of blocking antibody tn the maternal
and cord blood 15 of some prognostic significance With more 1ntensive 1soimmu
nization of long duration a state of equilibrium can be established on both sides of
the placental barrier 1n which case the prognosis 1s not favorable By earlier 1n
duction of labor 2 more favorable ratio may be obtained There 1s reason to believe
that the same conditions which favor passage of fetal elements into the maternal
crrculation, 1¢  gradual thinming of the placental barrier in the last third of
pregnancy are at the same time more favorable for passive transfer of maternal
antibodtes 1nto the fetal ussues
The author has recently studied 2 number of cases 1n which the infant delivered
by early induction of labor and given an immediate replacement transfusion re
coveted completely from the anemta although the infant 1n the preceding preg
nancy had died of erythroblastosis fetalis The prognosis however so far as
freedom from symptoms due to kerntcterus 1s concerned must always be guarded
since the damage to the brain may not become manifest for many months or even
several years In at least one such 1nstance the infant delivered 4 weeks early did
not require more than one transfusion at birth and another 1n the fourth day of
life Although completely recovered from the anemita this infant ts now developing
symptoms ndicative of kernicterus However the damage to the brain whatever
the cause may be 1s determined by intrauterine action rather than by stored
antibodies acting during the neonatal pertod
The recent criticssm by Darrow* and others of the use of Rh—~ blood does not
seem valid at least not for the severely affected infant It 1s highly probable that
the muldly affected infant will recover etcher without benefic of transfustons or
desptte the transfusion of Rh+ blood One 1s not justified 1n assuming that the
burden placed on the mechanism for the disposal of large quantites of destroyed
blood does not exert 2 deleterious effect on an anemic and jaundiced nfant To 2
lesser degree perhaps the same objections arc applicable also for the replacement
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recenve cither Rh+ or Rh—= blood Although certun Rh+ patients may be tm
munized by the subty pes of the Rh factors (C E) or by the Hr factors (d, ¢, )
this occurs very rarcly In any event, 1t 1s not feasible to take 1nto account all
possible antigeme differences at least for transfuston requirements * However,
Rh-+ 1ndrviduals should not recenve Rh— blood for the very practical consideration
that Rh— blood should be reserved for Rh— patients

A PUDLIC HEALTH PROCRAM

In1g41 immediately after chic role of the Rh factor 1n the pachogenesis of eryth
roblastosts fetalts was established the writer drafted 2 rules which were discussed
by the Board of Medical Control of the Blood Transfusion Association and public
health authoritics These follow

1 In all indinsduals recenving repeated transfussons 1n whom untoward (intra group) transfusion
reactions have been noted  tests for the Rh factor shall be performed before any subsequent transfuston
No subsequent transfusion shall be given to any such recipent found to be Rh ncgatise except from
an Rh negatine donor whase red blood cells are shown to be compatible with the recipient s s rum ac
37°C

2. No woman with an obstetrical history characterized by habitual abortion sullbireh macerat~d
fetus or enythroblasto s fetalts shall recenne 2 eransfusion unless teses for the Rh factor have been made
and then 1f her bload shall prove to ke Rh negause such transfusions shall be made only from an
Rh negatine donor whose red blood cells shall have been shown to be companble wich the recapiene s
serum at 37 C

Although these preventive measures were generally approved, no official action
could be raken because no assurance could be given at the ume that suffictent quan
titzes of potent anu Rh serum would be available

In the lighe of our present hnowledge regarding the mfluence of indiscriminate
sntravenous or wmtramuscular myectton of blood 1t now becomes necessary to
modify the second proposal so that 1t may perhaps read as follows

No transfusions in a female of any age from mfancy on may be carried out unless she has bren
tested for the Rh factor If found ro be Rh negatrve 1 tests with potent standard dragnostic ants Rhy (or
ant D) scrums  she must recene only Rh ncganive blood whether 1t be given intravenously subeu
tancously or by ingramuscular injection

The gencral adoption of these rules will result in a reduction of the incidence of
ery throblastosts fetalts and a strihing reduction of serious and faral 1nera group
transfusion reactions

The writer has been encouraging public health authorsties to adopt a compre
hensive program of Rh testing and 1n several states the measure 1s now under con
sideration For example there 15 the successful expertence reported by Lee Van
Saun and Brown ¢ 1n Passarc County New Jersey Since many states already have
compulsory premarital and prenatal tests, no staturory authority 1s required ex-
cept perhaps to obtain financral support for the program

All workers 10 this field are agreed that the Rh test should bz done routinely

Te remains o be seen whether of not tdentity of antigensc factors in red blood cells of donor and bost
for skin or ussue transplants wall givc morc sanisfactory resules Theoreticall

y atlcast given a suffcrentl
large number of antigenic differcaces  the success of the transplane will depend mpon proper selection };
the donor °
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antibody producing cells of the reticulo-endothelial system respond more rapsdly
(anamnestic reactron)

It 1s obvious that the biologic test as recommended by Wiener,” 1e the ad-
mungstration of small quantities of Rh4+ blood will also serve to immunze
More sensttive tests are now avatlable for detectton of immune antibodies specific
for differences within the Rh— a0d Rh4- group or new blood factors other than
Rh Incompaubility can be excluded if the pattent s serum does not agglutinare
the donor s cells suspended 1n his owa serum  plasma or bovine albumin

A woman who has delivered n erythroblastotsc infant of transfused many years
later may tolerate one transfuston of Rh+ blood * In any event this transfuston will
restumulate anttbody produrtion so that the following transfusion may result 1n
a severe reaction pethap with anuria This 1s another example of the so called
anamnestic reaction

Tanre € —Ewythroblastosss Ferals n ¢th First Rb+ Infant in Rbh~ W omen

Transfusion History

Postse l Negative
No cases 19 9
Severiey of disease
muld 1 5
severe 6 4
feral death n o

Since erythroblastosis fetalis 1s the result of prolonged intrauterine blood de
structron the number of immunized Rh— women exceeds the number of affected
1ofants In other words an Rh— woman may have antt Rh anetbodses and yet her
Rh+ infant may be entrrely normal because the antibody production may have
started too late in the course of the pregnancy to allow for much f any 1ntrauterine
blood destruction However the next Rh+ infant will certamnly be affected p ob
ably with an unexpectedly severe form of the disease In any event these Rh—
women are alw ays subject to severe transfusion reactrons should they require blood
even many years after their last pregnancy

Intra group transfusion reactions 1n Rh— male patients can be readtly prevented
because as a rule after a series of uneventful transfusions the patient eventually
will have a slight chill or mild jaundice following a partscular transfusion This
should serve as 2 warning to carey out Rh tests and if found to be Rh— only Rh—
blood should be used for all future transfusions Unless these precautionary meas
ures are taken the following transfusion will result 1n a scvere of nor fatal hemo
lytic reaction ¥ 7* On the whole the transfuston fisks are far greater 1 women
than 1n men

For transfusion purposes 1t 1s preferable to think i terms of 8 different types
rather than the 4 blood groups with the provision that Rh+ tndtv duals may

In one instance there was a delayed reaction probably aterbutable to traces of residual antibodies
produced by a transfusion 4 years previously
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reduced so that there 15 no danger of untoward reactions from subscquent 1njec
trons Undoubtedly all these procedures will also be carried out for the production
of other varietics of antibodies (ant1 € antt E and therr corresponding He anes
bodies)

Two addstional sources of potent ants Rh scra may be derived from the recent
program of concentrating weah wntt Rhsera, ™ and by cereun treatment of so-called
prozone scra The latter scra contain both blocking antibodics and agglutinins
and were therefore considered not suttable for diagnosts However, the blocking
anttbodics tn such sera may be spectfically absorbed without affecting to any con
siderable degree the actvity of the recovered aggluninin (Levine and Waller)

Rarely, some of the measures menttoned above may be applicable also to patents
rmmuntzed by repeated transfustons

In this connection 1t 1s appropriate to mentton that ant Rh sera may be used
more economucally by employing the capillary tube method of Chown nstead of
test tubes For ths procedure small quantities of scra may be used and the tests
carrted out by Dr Chown 1n my laboratory show that his method 1s almost as
sensttive as the test tube method %

Recently the Natonal Institute of Health has ruled that no ant: Rh serum be
released for distriburion unless 1t has a ttratton value of at least 1 32 In other
words a serum which has a titre of 1 320 may be diluted 10 times, but the diluent
must be such as not to diminish the protein content below 25 per cent of the normal
content Accordingly normal human serum of a group AB or bovine albumin may
be used as the diluent (6 per cent for agglutnins and 30 per cent for blocking
antibodies) *

The reagent of choice 15 the aggluumn which 1s active on blood cells suspended
1n saline

More recently blocking antibodies have been recommended, (shide test’s) buc
the red cells to be tested must be suspended erther 1n thetr own plasma serum or
bovine albumun 357 For large scale work 1t 1s preferable to use test tubes rather
than the shide test The main advantage in the use of blocking anttbodies 1s their
greater availability since most Rh— mothers of erythroblastouc nfants produce
blocking antibodses

MECHANISM OF TRANSPLACENTAL ISOIMMUNIZATION

In 1939 Levine and Stetson suggested that products of the fetus (red blood cells
or ussue cells) contamning a dominane hereditary property not present i the
mother s blood could find thetr way 1nto the maternal urculation and thus sttmu
fate the mother to produce specific antibodies When the pathogenests of erythro
blastosts fetals was described experiments were carrted out to determine whether
or not the Rh factor was present 1 a water soluble form Using saltva as an index
1t was established that the Rhb factor unlihe the secretor ty pes of groups A and B
was limited to the red blood cells Accordingly the question arose as to the mech
anism which permitted formed elements the size of a red blood cell to penetrate

The Minimum Requirements for Blood Grouping S rum and Ant Rk Ty pwg Setum were g
Jeased on December 16 1946 from the National Instutut of H alth Washiagron D ¢
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on the prenatal rather than the premarital spectmen Unfortunately the lay public
has been unduly alarmed regarding Rh incompatibilicies There 1s almost never any
1ndication for a couple to break their engagement solely because the young woman
1s Rh— The only exceprion applies to those Rh— women who had already been
immunized by transfusions of Rh4 blood

In addition to routine screening tests for the selection of Rh+ and Rh~ mothers
tests for the presence of active 1sormmunization should be carried our Whule these
tests should also be performed 1 a state wide program all hospttal Iaboratories
espectally those with large obstetrical services should be prepared to carry out
these comparauvely stmple procedures Unfortunately there are altogether too few
workers with sufficient expertence or background 1n this new and clintcally 1m
portant field Certainly each of the larger hospitals should have at least one or
more of thetr workers specrally tratned 1n all aspects of this field It 1s further sug
gested thar smaller hospitals pool their mterests 1n organzing a properly equipped
laboratory to serve the interests of their local community  Such a program can
conveniently be orgamzed in conjunction with 2 central blood bank

In recommending a public health program 1c 1s pertinent to mentton that the
morbtd effects tncidental o 1on 1 ¢ erythroblastos:s fetalis and 1ntra
group transfuston accidents are observed far more frequently than those resulting
from syphilis Obviously the element of contagion s not present i the case of
ssormmumzation The potenttal danger of Rh mcompatbility saries 1 different
races and 15 directly proportional to the incrdence of Rh— 1ndividuals 1n any given
population

A SUPPLY OF POTENT ANTI Rh sErA

If Rh tests are to be done on a broad basts 1n all pregnant women and all patients
prior to transfusion Tequirements It s tmportant t0 [amtain a2 continnous SuPPly
of potent human ant1 Rh sera Unfortunately the experimental serum produced tn
ammals 1nfected with rhesus or human blood 1s not suffictently potent and rts use
was largely abandoned soon after the description of the phenomenon of trans
placental 1soimmunization Even if an antmal serum s produced 1n the future 1t
will sttll be necessary to collect and store large quantities of human sera contatning
the other Rh and Hr anubodies and any other of the very rare scra containing
antibodtes of unusual specificreies

In the past the outlook for large quantitics of human ant: Rh sera was not
favorable More recently however 2 number of steps have been taken which
should solve the problem of supply Wath routine testing a greater number of 1m
munized Rh— women will become available Physicrans should encourage these
women to submit to periodic bleedings followed by replacement transfusion of
Rh— blood In selected women who do not plan further pregnancies and 1n 1so1m
muntzed men che porency of the anubody can be mantamed by the intravenous
injection of munute quanttics of Rh+ blood nsufficient to wmduce unpleasant
reactions (Hill and Haberman™®) Both Wiener”” and Dramond 78 and others re
port the immunizatton of Rh— donors on 2 voluntary basis by repeated admunts
tration of Rh+ blood When antibodies begin to appear the dosage 1s appreciably
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fully developed, fetus More recent data do not support the view that isoimmuniza
tion by the Rh factor por sc plays any role 1n carly ferad death If there s a higher
than normal incidence of miscarriages 1in mothers of ery throblastotc infants this
may possibly result from the cffects of 1soimmunization from the preceding preg
nanctes At any rare this subject menits further insesugation

Ery throcy tes can be absersed 1n the yolk sac in the 4 weeks old fetus, and agglu
tinable propernics have been demonstrated 1n the blood of the fetus, between the
sccond and third months  There s reason to suspect that the more fundamental
properts of antigemicaty and the capacity to unste with antbodies may be inherent
even n the forerunners of the red cells Nevertheless 1sotmmunization by the Rh
factor probably 1s not imtiated until the latter half of the pregnancy when the
blood vessels 1n the villi gradually approach the maternal siuses and are 1n 1ntt
mate contact over an ever increasing surface area Incidentally, pregnancy offers
certamn condittons which are pecularly favorable to 1soimmunization, 1€ slow
administration of the antigen over a long period ¢

This concept of the mechamsm of 1soummunization ts compattble with the
clinical observation that once an Rh— mother 1s tmmunized the condition 1s Itkely
to recur 11t all succeeding pregnancies i which the fetus 1s Rh+ Apparently the
1soimmunizaton 1s renewed esen if an interval of several years eldpses between
pregnancies  Furthermore the ery throblastosis 1s likely to be tncreasingly severe
10 successtLe pregnancies

It has been observed on clinical evidence alone that erythroblastosss fetalis oc-
curs about once 1n every 438 deliveries If Rh tests are done 1n all cases of fetal and
neonatal morbidity one can assume an incrdence of aboutx 150 tor 200 delivertes
Exven this value 1s out of proportion to the number of pregnancies in the 13 per cent
of suscepuible matings 1 ¢ Rh+ father x Rh— mother Accordingly 1t 1s neces-
sary to assume several factors of safety (1) the current tendency to small famultes,
(2) mability of many Rh— women to produce antibodtes and (3) the high mct-
dence of heterozy gous fathers Reference already has been made to 2 recommenda
tion which should decrease the incidence of erythroblastosss fetalis 1n the first
born particularly 1n 1ts more fatal forms

At present there 15 no specific measure which will prevent esther the transfer of
fetal blood across the placenta or the formation of antibodies on the part of the
mother Possibly the tnjection of serologically active haptenes extracted from Rh4-
blood majy neutralize the acton of antibodies as they are formed Such haptenes
lack the property of stmulating antibody formation, but are capable of spectfically
neutralizing anubodies However the extraction of such haptenes from Rh-F
material presents many technucal difficuleies 87

The suggestion has been made recently that the njection of typhord vaceine in
the course of pregnancy may prevent or delay anttbody formation on the part of
the Rh— mother * However the experimental antmal when 1njected with a
muxrure of numerous antigens responds with the production of a corresponding
multplicity of anubodies It 1s also concervable that injection of nonspecific
matertal may serve co stimulate sather than to depress anubody formation If this
suggestton 1s to be grven a farr trial 1 15 preferable to myect the Rh— women wich
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the placental barrter 1n sufficient quantity to stmulate antsbody production on the
part of the mother

If the Rh factor were present also 1n a water soluble form the material could
readily enter the maternal circulation 1n sufficient quantity to immunize In thar
event the maternal anttbodies after passage into the fetal carculation would be
completely inactivated by the excess of Rh soluble material thus prevenung the
antibody from uniting with the Rh factor 1 the red blood cells Accordingly the
hemoly tic nature of erythroblastosis fetalis substantiates the finding of Levine
and karzin that the Rh factor 1s present in the red blood cells, presumably 1 a
water 1nsoluble form Possibly the Rh factor may also be presenc 1n tssue cells,
but this observation of Boorman and Dodd® s sull to be confirmed

Witebsky #” showed that Rh soluble material may be present 1n very small quan
tities 10 the ammouc fluid of some but not all Rh+ fetus~s However this ob
servation can have no b.aring on the pathogen-sis of ery throblastosts since each of
the affected infants belonged to the so-called non secretor type

It does not seem necessary to assume the presence of gross lestons 1n the placenta
which would have to recur and become operative 1n each succeeding pregnancy
with an Rh+ fetus but not with an Rh— ferus It 1s significant thae in the vast
majority of the cases the course of the pregnancy and the delivery of these mochers
1s entirely normal Alchough there 1s no direct proof that the fetal red blood cells
(alarge formed element) find their way 1nto the maternal circulation nevertheless
the statistical data on the pathogenests of erythroblastosss fetalss permut of no
other conclusion

If one assumes thar minute quantities of fetal blood either as ntact red blood
cells or as stroma pass the placental barrier this must occur 1n every normal preg
nancy Isoimmunization may occur only if the fetus 1s Rh+ and the Rh— mother
15 genetically capable of producing antibodies Accordingly it becomes super
fluous to assume the existence of genes determining placental permeability to
formed elements *

It s well known to the immunologist that remarkably minute amounts of antt
genic material (soluble protetns suspenstons of bacteria or red blood cells) suffice
to induce immunizatton In recent expersments 1n rabbits 3¥ distnct increases 1n
agglutinin tiere were observed following 14 daily injections of 2 cc of a 1 5000
suspension of human blood the rotal volume of which was o co56 cc whole blood
The corresponding value for 2 woman weighing 120 pounds 1s only o 13 cc

It will be recalled thac in the latter part of the f cy when
t1on 1s believed to begin the blood vessels 1n the fetal villt are adfacent to the
maternal stnus and separated from 1t by a smgle layer of cells It has been caleu
lated by Dodds® and Dees Matungly # that the total area of fetal villt of the
human term placenta exposed to maternal smuses 15 7o-1205q ft and total length
of these villt 1f Jard end to end would measure 11 4 mules One fourch or more of
the fetal blood ts outside the fetus and 1n the placenta

In this connection 1t 1s signtficant that the pathol 1 effects of
tion by the Rh factor are observed exclustvely in the fully developed or almost

* Cf Haldane **
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such antigens as tetanus and diphtheria toxord and pertussis vaccne so that the
mothers are at the same time producing antibodies which will be benefictal for
thetr infants

Erythroblastosts fetalis assumes 1mportance altogether out of proportion to 1ts
low 1ncidence because 1t 1s the first example 1n any spectes of a new cause of fetal
and neonatal morbtdity 1 ¢, genettc differences involving a particular blood fa tor
which has a normal nerdence 1n any racial group Undoubtedly many examples
will be found 1n veterinary medscinre ac lease mn those spectes which are charac
terized by a placenta which does not differ radically from that 1n man

The essential feature of this form of fetal or neonatal morbidity 15 1ts selective
effect on Rh+ offspring Thus 1n the case of twins only one of whom 1s affected
the normal member 1s always Rh~ Undoubtedly the mechantsm of 1sormmuniza
tion may be operattve 1n cases of selecttve fetal death 10 many antmal species
As examples may be cited the observations of Corner®? and Robinson® on the cause
of sclecuve intrauterine death 1 pigs and ferrets These workers described muluple
births 1 utert which are normal 1n all respects and yet they harbor dead and nor
mal fetuses lying stde by side On the basts of the findings 1n man one 1s tempted
to speculate thac the dead fetuses have a particular blood property derived from
the male parent which 1s absent from the blood of the normal fetuses and their
mother

It ts significant that the method employed to supply the evidence for the patho-
genesis of erythroblastosss fetalis 1s mamly stattstucal Accordingly the same pro-
cedure may be used to determine whether or not 1sotmmunization by fetal blood
(Rh or any blood factor) may or may not play a role 1n complications of pregnancy
or other conditions of the fetal and neonatal pertod ** Some preliminary findings
on the role of A and B facrors 1n causing sullbirths other than that due to erythro
blastosss fetalis have already been published * In this connection mention may also
be made of the recent findings of Yannet® and Snyder®® on the high incidence of
Rh negauve mothers of nfants and children affected with the so-called mental
insuffictencies of the undifferentiated group The possible relationship of these
cases to the after effects of kernicterus 15 still to be determined

ADDENDUM

In this contribution the author made reference to several publications which
appeared after this paper was delivered at Dallas (November 1946)
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THE Rh GENOTYPES AND FISHER § THEORY
ByR R Race, MRCS,LRCP

HERE atc now growiog up very many young people who owe their lives o
the researches of Dr Levine,! the late Dr Landstetner and Dr Wiener * 1

would Ithe to epress the thanks of another group of people, the English blood
transfusion workers whose Iives have not been saved, but have been made
more interesting and eaciting by the discovery of the Rh blood groups and their
clinical associauions In England the news of the discovery came like sunlighe 1
the drab endless routmne of wartume transfusion work

T am going to try and givc you an account of our researches mto the subgroups
of Rh

As cacly as 1941 Landstctner and Wiener reported an abnormal antt Rh serum
which agglutinated the blood of only 70 of the 85 per cent of Rh postttve people
and 1t was supposed that there must be subtypes  withia the 85 per cent of Rh
posttives like those found 1n the ABO system Levine, also 1 1941 found another
abnormal antr Rh serum which was called anti Hr because 1t agglutinated all Rh
negative bloods and which also agglurinated some Rh positive bloods These two
observations made 1t certain that the Rh blood groups were much more complicated
than had at first appeared

In 1943 owing to the very generous attitude of my chief thelateDr G L Tay-
Jor Iwas released from routine responsibiltties and able to mnvestigate an abnormal
ant Rh serum which we had recenved from Dr McCall of Stoke on Trent Lan
cashire * The scrum was from the Rh positive mother of erythroblastotic children
Like Levine s antt Hr 1t agglutinated Rh negative blood  but 1t agglutinated more
Rh positives than did the anet Hr serum This serum which was called temporarily
St agglutinated 8o per cent of English bloads 2 As 1e agglutinated all Rh negatives
that ss rr bloods 1t scemed reasonable to expect that 1t would also agglutinare
bloods representing a single dose of the r gene that 1s to say heterozy gous Re
bloods This was found to be the case Heterozygous Rr bloods could be disclosed
by family Rhstudies but not at that tume recogmzed serologically Any Rh post
twe person who had an Rh negatve parent or child must be heterozy gous Re Many
such people were found and therr blood was 1nvariably agglucinated by the St
serum The frequency of Rh negative bloods was about 15 per cent and the frequency
of heterozygous Rr bloods could be calculated as about 48 per cent But 15 per
cent + 48 per cent equals only 63 per cent and the St serum agglutinated 8o per
cent Therefore some of the RR homozy gotes were being agglutinated by St and
$OMe were not

This was of clinical importance for if blood were St negative 1t muse be ho
mozygous RR, and a father of erythroblastotic children if he were St negattve,
could not hope for any Rh ncgauve children 1n the future More than half of Rh

From the Medscal Rescarch Council Blood Group Research Laboratary Lister Institute London

Read ac the I Hematology and Rh Co Dallas Texas Nov 15 1946
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According to the theory, blood reacting ++— was Ryr, and this was verified
mzways RiRypeople could be recognized +—, and so could rr, —4 Blood was
collected from the offspring of numerous matings of the type RiRy X rr, all such
children must be Rur, and their blood constantly gave the reaction 44— Scc-
ondly the expected frequency of Rur 1n the general population, calculated from the
+4+— and —+ group was always extremely close to the observed frequency of
4+ — bloods

So now there were 6 scrologically recognizable groups, +—— +—+, +-++
ctc and § genes The names I am using for the genes are not all the original ones,
some were later altered to fit 1n with Wiener s scheme The other genoty pes of the
rare R” and R, genes arc not shown as this complicates the table rather too much

Tanrk 2 —Combined ust of three ants Rb sera

Original 5™ St 8077 R
— RiRy
RR - RiRy
+ RiR Aot Rby
rare 85 80 X
Re + - -
RiRs RiR: R -+
+ & genes Ry + 4+ +
+ RaRy + RiR: 3 - + -
Re Rar Rer R" - + +
Rir - Ryr
-1
-1 +
+Rr
rarc
Scrological graups kN 3 €
Genes 1 3 5

The reactions of the 5 genes could be tabulated These reactions are purely theoret:-
cal they show how red cells would react 1f their antgenic makeup depended on
genc instead of 2. In aceuality, of course blood cells Iike other bady cells, are con-
trolled by a double set of chromosomes which includes 2 of the Rh chromosomes

and a specimen of blood gives the superimposed reactions of these 2. Rh chromo-
somes As RiR; reacted 4—— these presumably would be the reactions of Ry of
1t could be observed acting alone (in 2 haplotd human, 1f such existed) Stmularly
rr reacted —+— and presumably r alone would react —+— The determination
of the reactions of some of the other genes was somettmes a lieele more complicated

For example blood of the genotype R r reacts — 4+ and the gene r reacts —+ —

therefore the gene R” must be negarive with the 85 per cent serum and posisive
with the 30 per cent serum but without further information one could not say what
the reaction with the 8o per cent serum would be The + reaction given by the R”r
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posttive homozygotes could therefore be recognized as such by the combined use
of the original 85 per cent serum and the St serum

There were then 2 kinds of RR blood, one 8t negative and the other St postetve
and presumably there were 2 forms of the R gene responsible for manufacturing 2.
kinds of Rh+ antigen The St nregauve form of the gene we called Ry and the St
postuive form R , and these I'supposed were the genoty pes embraced by the 3 reac-
tton groups or phenotypes 4-— containing only RRy +4 contaiming R,R
R.R; Rirand Rayr and —- containing rr

The reacuons of the 3 genes could be tabulated as shown 1n table 1 T will speak
a lieele later about this jump from the reaction of actual blood representng the
combtned reactions of 2 genes to the hypothetical reaction that blood representing
1 gene would grve

‘Tanre 1 —Combined use of tuo ants Rb sera

od Anti Rh 5t S
nargs%nu 85‘9’:'“ Inte pretation
/— 2055 RiRy
37% RR\
+ 17% RiR & RsR2
-+ 8555 calcalated
48% Rr + Rir & Ryr

} 5% + 48 = 6%
rr

—15% 15%r+
Antt Rh sera
855 80%p

R+ -
Genes{R, +  +
* -+

Most fortunately just at this stage in the work 2 dentrcal antr Rh sera were sent
one from Miss Boorman and Miss Dodd of the S W London Blood Supply Depot
and the other from Dr C V Harrison of Liverpool Untversity The donors of these
sera were both Rh posttive mothers of ery throblastotic children (table 2) The 2
sera were together described as KJ 3 Msss Boorman and Miss Dodd had found that
their serum failed to agglutinate all Rh negatives and this was confirmed with very
rare exceptions but I found also that kJ fatled to agglutinate St negatives again
with very occasional exceptions That 1s to say 1t did not react with rr blood nor
with R;R; blood It must therefore be reacting with some other frequent gene pre-
sumably R, and the frequency of bloods agglutinated by hJ 1 ¢ 30 per cent fitted
extremely well with the calculated frequency of bloods containing R (The fre
quency of the gene Ry could be taken as the square root of the frequency of the
RiR;, +— group and the frequency of r from the square root of the frequency of
therr —+ group The difference between the sum of thesc 2 and unity gave the
frequency of the gene R and from these gene frequencies the expected frequenctes
1n various genoty pes could be calculated )]
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as I can make out from the publications, Wicner was not using a pure 30 per cent
serum but the mixed scrum contaning the 85 per cent component as well as the 30
per cent As there was more of the lateer, Wiener used 1¢ diluced, 1n which form gt
acted as a 30 per cent serum 1 think K and J must undoubtedly have been thefirst2
pure 30 per cent scra fram Rh positive mothers to be discovered

The upper section of table 5 1llustrates our genctical interpretation of our results,
namely that the Rh locus could be occupied by 7 allclomorphs Wiener, similasly,
postulated 6 allclomorphs at onc locus

Tasee 4 —The combined wie of 4 ants Rb sera

LLind o 30 o
~ RiRy + RiR;
— RiRy
RR + RiR + RiR
rare rarc
RiRy RiR: + RiRy
+ RR: + R Ry RsR
+ - &
Rar Re Rre
+ Rir
Rr Rir —~ Ryt
— Rr
rare
-
-1
+ R'r
rare
- +
+ Rr — R'r
rate fare
Scrological groups - 3 € 9
Genes z 3 5 7

Some of the rarer genotypes are not shown for example RyR gives the same reactions as RyR,

e +-—+

At this ime that 1s ro say at the end of 1943 Professor R A Fisher examined
our table of results He noticed that the reactions of the 70 per cent serum and the
8o per cent serum were antithetical 7* It looks fairly obvious with the genes ar
ranged 1n this order In the ortginal table the order of the genes was different and
the relatonship had escaped notice Fisher supposed that the antigens and the
genes recognized by these two anubodies were allelomorphic and called them

Dr Levine had norsced that bloods pegatnne wich the 70 Pet cent scrum were positive with che
anu Hr serum but of this we 1n England were not then aware
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blood might be wholly due to the r This could be decided however by making use
of the fortunate ability of the 8o per cent serum to distinguish between 2 double
and a single dose of the gene 1t recognized For example 1f the 8o per cent serum
was titrated against Ryr cells representing one gene positive for it the result was
as shown 1n table 3 Cells representing 2 genes posttive for the serum for example
rr or Rar gave a stronger reactson Rr cells constantly gave this stronger type of
reaction which meant that not only the r but also the R” were + with the 8o per
cent serum So the question mark could be replaced by a +

It was realized that the 70 per cent reacting serum described by Landstemner and
Wiener 10 1941 would agglutinate blood representing the gene Ry and a search was
made for such a serum In the autumn of 1943 Professor Cappell of Dundee found
aserum giving 70 per cent posttive reactons He kindly gave me a supply and st
behaved as anticipated 45 (table 4) That 15 to say 1t agglutinated all RiRbloods
and practically all the +-+— bloods which were thought to be Rir A few were
neganve however and a further gene R had to be postulated to account for this

Tasee 3 ~The reaction of R” and the 86 serum

Antise a
85 80" 3
Blood R"s reacted - + +
and as the geoe 7 reacts - + -
the gene R must reace - ? +
‘Titrat on of the 80 (St ) Serum
[ i L] ER
Cells Ryr ++ + + - - -
Cells e ++ ++ ++ ++ + -
cells R ¢ ++ ++ ++ ++ + -

It also agglutinated just che right proportion of bloods belonging to the ++-+
group to account for the Ry, among them It fatled to agglutinate the great
majority of rr bloods A few were agglutinated however and another fresh gene
had to be postulated this gene 1s now called R

The 4 scra defined g serologtcal types of blood and could theoretscally define 2
more rare combiaations wittch I did not come across at that time that 1s to say
R'R” —+4++ and R'R ———+ The 4 scra also defined 7 genes of which 26 re
actions were determined (table §) At this tume Wiener published the result of his
work with 3 of the sera ¢ Wiener could define 6 genes and 18 interactions They
are here shown 1n the same form as our results It will be seen that there was com
plete agreement between the 2 schemes where they overlapped Lacking the 8o per
cent serum Wiener could recognize 8 of the 11 Rh types of blood which we could
recognize Itshould be said that at this tsme both Levine and Wiencr had recognized
the 2 mixed sera 8530 and 85+70 but these 2 sera give no help 1n 1solating genes
or Rh rypes beyond that given by the 30 per cent and 70 per cent sera alone As far
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be Wentified 1 the 7 (av we had supyceed) allclomorphic penes but the esghth
comhination R, or CdT hasset tobefound and there 15 a th coretical reason to be
menttoned Jater why 1t may he very rare Reactions outside tf ¢ enclosure are those
predicted by Fashier, as they are senified «erolopically parentheses are removed

The fint small confirmation of thie hrilhant theory came when the reaction of
the gene R with the 70 et cent serum was found to be positise * The positive
reaction with the per cent serum did not pive any evedence for had te been nega
e we would have said 1t was R, that we had found But with the 70 per cent
serum 1t had to be poutive Dr Murray of the Middlesex Hospital, London, senc
specimens of blood from the family of the sccond R, person I had found (table 7)
The man was RyR  the only combination 10 which R could then be recognized
serologtcally  the reactions of which are shown in table 7 As the 85 per cent
(antt D) and 70 per cent (anti-C) scra do not give a clear dosage effece lihe the
80 pet cent scrum one could not say whether the RiR blood was positive with
these 2 scra only on account of 1ts Ry or not This man had been married twice

Tanr € —Serologrcal confirmation of Fosher s syntherss

Fogl he Cencs and antigenes
poats ¢ | Antibod es
R Che | et | rcde | R <De [ R B | R cde | R CDE [Ro)(CAE)

~o | annC + - -] - - + + )
85 anu D + o+ -, * - - + )
30 anu E - 1 + - - + - | + [€D)
8o | anu-e - 4+ 0+ L+ + - - -
& [amd (=) | (5) | (B[ ()| ()| (B[ (=) | ()
96 amwe |+ = ‘ + + - + - =)

The reacuons wichin the enclosure are chose known before Fisher formulated his theory The
predicuons made by the theory are shown ourside the enclosure thos yet to be confirmed sero-
logically are shown 1n parenthescs

and the 2 wives were fortunately co-operattve The children by the first wife merely
confirmed the genotype of the father buc the second wife was Rh negative so the
child could only be Rir or R ¢ Rur reacts ++—+ and the child s blood reacted
++4+4+ so 1t must be Rr and this fixed as posttive the reaction of R with the
first and last sera That 1s the 85 per cent or ant1 D and the 70 per cent or ant1 C
for the + reactions could not be due to the r for this 1s negative with both sera
Much stronger confirmation came when Dr Mourant who was then w orking at
the NE London Blood Supply Depot found the antt ¢ serum of prophesy ? and
was able 1o confirm all the reactions expected of 1t except of course thar with R,
which has not yet been 1solated This antibody was made by 2 man suffering from
acquired acholuric jaundice He had been repeatedly transfused the transfustons
being followed by increasingly severe reactions and 1t was for this reason thae his
serum was sent to Dr Mourant The patient was RoR  or ¢DE/cDE and had been
gtven transfusions of blood from 4o donors most of which would contain the e
anugen for only 23 per cent of Europeans are EE The most important practical
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Cand ¢ The reactions of the remasmung 2. sera, the 85 per cenc and the 3o per cent
were not antithetical nor did they bear any relauon to the other two sera so 10
the anugens that they were recognezing Fisher gave separate loct D and E Pre
sumably D had an allelomorph for blood 1s frequently not agglutnated by ant: D
that s to say 1t has not D bat 1t must have some antigen that could not then be
recognized and this was called d Sumilarly E was given a hypotheucal allclo-
morph ¢ Fisher supposed that these two hypothetical genes or antigens dand e

Tanre § —Rb antsgens and antsbodies 1g43
R} chromosume

Ry Rs ¢ multple
R R" R allelomarphs
or R ar one locus

7 geoes 4 apusera 26 taseracnons (Race Taylor Cappelt znd McFarlandi®)

|3 Re 5 R ® R R,
9% + - - - ~ + ?
857 + + - + -~ - }
musers ool - + - - + - +
8a%g -~ + + + + -~ -
& geaes 3 aausera 18nteracuons {Wicaer®)
R R * ® R R
-5 + -~ - - - +
sausera 85% + + - + - —
3% - + - -~ + -
Fasher s saterpresacion
autibodies Xth chromesome genes and autigeny sntibod &3
ann € < orc ant ¢
ants I D ot {(d) Canu d)
anu B B or (e) (anti c)

were each capable in faverable circumstances of stimulating thew own anubodies
hke the other antigens 20d the reactions expected of the two hypothetical ann
bodies antt d and ant: ¢ could be tabulated as will be shown m table 6

Frsher supposed tha the 3 genes «f genercally separable must be close rogether
on the chromosome for ag the ume I am speaking of I had tested over so familtes
with the 4 serz and no example of crossing over had been found (I have now
tested over x50 famihies without detecting crosstng over )

If this then was the genetic an Rh ct could be asserabled
10 8 different ways CDE CDe Cde etc (table 6) Seven of these assemblages could
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be 1dentified 1n the 7 (as we had supposed) allelomorphic genes, but the etghth
combination R or CdE has yet to be found, and there 1s a theoretical reason to be
mentioned later why 1t may he very rarc Reactions outside the enclosure are those
predicted by Fisher as they are venified scrologically parentheses are removed

The first small confirmation of this brilltant theory came when the reaction of
the gene R with the 70 per cent serum was found to be posttive * The posierve
reaction with the 85 per cent serum did not give any evidence, for had it been nega
trne we would have said 1t was R, that we had found But with the 70 per cent
serum 1t had to be positine Dr Murray of the Middlesex Hospizal London, sent
specrmens of blood from the family of the second R, person I had found (eable 7)
The man was RiR, the only combmation 1n which R, could then be recognized
serologically, the reactions of which are shown n table 7 As the 85 per cenr
(ant1 D) and 70 per cent (antt C) sera do not give a clear dosage cffect like the
8o per cent serum one could not say whether the RiR blood was posttive with
these 2 sera only on account of 1ts Ry or not This man had been married twice

Tante 6 —Serological confirmation of Fasher s synthesss

- Genes and antigenes
Englih ™ | Antibodies
RiCDe | RecDE | rede | R cDe | R B | R cee | R CDE [(Rp)(cap)

70 anu C + - - - - + + (€D]
85 ana D + + - + - - + =)
jo | a0wE - + - - + _ | e TIPS
8o ann-c — + + + + — - -
6s anu d - - (G D] ) (€D (€D > (G D]
96 antc + - + + - + - )

The reactions within the enclosure are thosc knowa before Fisher formulated his theory The
predictions made by the theory arc shown outside the enclosure thos yet to be confirmed scro-
lagically are shown tn parentheses

and the 2 wives were fortunately co-operative The children by the first wife merely
confirmed the genotype of the father but the second wife was Rh negative so the
child could only be Rir or Rt Ryr reacts ++—+ and the child s blood reacted
++-++ soitmust be R r and this fixed as positive the reaction of R with the
first and last sera That ts the 85 per cent or ant1 D and the 70 per cent or ant1 C
for the + reactions could not be due to the r for this 1s negative with both sera
Much stronger confirmation came when Dr Mourant who was then w
the N E London Blood Supply Depot found the ant1 e serum of prop:
was able to confirm all the reactions expected of 1t except of course th.
which has not yet been 1solated This antibody was made by amans
acquired acholuric jaundice He had been tepeatedly transfused the transfusion
being followed by increasingly severe reactions and 1¢ was for thss reason that hxsS
serum was sent to Dr Mourant The patient was R R, or cDE/cDE and had be
given transfusions of blood from 4o donors most of why -
antigen for only 2-3 per cent of Europeans are EE The

orking at
hesy ® and
at with R,
uffering from

ch would contain the e
MOSt 1mportant practical
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advance made by chis scrum 1s the disunceion between Ryt ¢DE/cde and R R,
¢DE/¢DE blood

Funally Dr Diamond has found the ant1 d antibody (Some more of the paren
theses ta tables 6 & 14 could therefore be removed )

Table § shows the chromosome frequencies calculated by Fisher by a maximum
Itkelthood method from the first 927 unselected bloods that I tested with the 4
sera * The R” 1 this series was undoubtedly by chance too high It should be
nearer 0 8 Fisher nostced that the chromosomes could be arranged 1n 3 orders of
frequency 1 over 1z per cent another round about 1 per cent and a third so rare
that 1t has not yet been 1solated He made the f.scinating suggestion that 1f one
considered that these 3 frequent chromosomes were the basic European combina
tions then the heterozygotes that 1s 1o say Ryr RyR; and Ryr could give on
crossing over R’ and R,, R and R R” and R, which have the second order of
frequency However they could not give R, CdE which would requtre a double

Tanve 7 —The reacteon of the gere R with the 70, and 8555 sera

Antiea
85™ 80 307 o~
Blood RiR + ~ + +
but genc Ry + - - +
gene R > - + 4
gene [ + - -
O T (e} T ¢}
RiRy RiR s
et +—++ —t——
—_— . S —
o a D
RiRy RiR ++++Rre
+—-—+ +-++ Rir = ++—+)

crossover Moreover on ths theory R would be expected to occur with a fre
quency about equal to that of R’ R” and R put together which 1s just about what
15 found

Wiener! has attacked this 1dea on the ground that frequencies 1n other races do
not fir and he gives as an example those of American Negroes where the gene Ro
15 42 per cent far higher than the sum of R’ R’ and R Wiener has missed the
potnt that while the 1dea 1s capable of explaining the less frequent combrnattons
1 a population 1t w s never supposed to explain the more frequent ones To test
this theory one must accept the observed frequent combinations 1n a race and then
see what their heterozygotes would give on crossing over The few adequate racral
studies so far reported fit the theory remarkably well Wiener s American Negroes
among them As an cxample 1n Wiener s 95 Mexican Indians ' the only frequent
genes or chromosomes were Ry and Rz So the only frequent heterozy gote would
be Rk which would give on crossing over an R and an R, chromosome Ac
cording to the theory one would expect then abour equal gene frequencies of R
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and R 1n this population In the small sample of g5 bloods the frequencies were
RorgandR 33

Fasher has carrsed the theory a step further ©° According to this 1dea R” repre-
sents a crossover between D and £ R one hetween C and E and R’ one between C
and D Now the ratio of the frequency of the chromosome R” to the frequency of
1ts parent hieterozy gote R r s much hugher than that of R to RiRz or R’ to Ryr
and this sugcests that the distance on the chromosome between D and E 1s greater
than that beeween C and E or between Cand I Fisher therefore considers the order
1s probably DCE A scries of English bloods that we arc at present testing 1s fitting
m eatraordinanly well with this order Wicner' has attacked this idea on the
grounds that the true frequency of R” 1s about the same as R’ and not as high as
I found 1n the 927 bloods This 1s probably quite correct, and 1ndeed we said so 1n
the papert® which Wiener was attaching but 1t makes no difference to the argument

Tante 8 —Rb chromosome frequencics n England (from Fisker and Race 1946)

Ry €D 436175 R” «dE 1 70%

1 cde 37 9% R Cde o 81

R: ¢DE 12807 R CDE c13%

R <De 3050 (Ry)CIE 00055
Ry r Ry R

e —|— -

C—‘———‘—c C———r—c c-= —-c
4----p D~ —-D D—— —|—d
¢ -~ ~-¢ E-l-——¢ c-[——-}a
R R R R R R

I we allow say 1 per cent to R’ and to R” then the ratto R” 1o R ri1s 1 1o 10 sull
very much higher than R’ to Rir which 1s 1 to 33

Recently Dr Shetla Callender and I have found a third allelomorph at the C ¢
locus™® which we call C¥ A patient at the Radcliffe Infirmary Oxford needed
numerous transfusions The pattent was of the genotype CDe/CDe (R1R,) and as
she had already made ant1 ¢ she required blood of her own genotype and this we
thought she was given However anew antibody appeared 1n her serum following
this transfusion which agglutinated the blood of the donor This serum we tested
agamnst a large number of bloods of known genotype with the results shown 1
table 9 This suggested that the antigen recognized by this antibody was connected
with C for bloods containing 2 C were perhaps twice as often posttive as bloods
containing 1 C (or at least the observed figures did not contradict such 2 hypothe
sts) and bloods containtng no C were constantly ncgative This suggested that an
occastonal gene that we were classifying as C was really different and we called 1¢
C» The only reason for choosing W was that the donor s name was Willis
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The famuly shown in table 10 confirmed our ideas The curcles represent females
the squares males Black indicates that the new antigen was present, the hollow
that 1t was absent In this famuly the matng was happily such that 1t 15 posstble
t0 say exactly which of her Rh chromosomes the grandmother had given to each
of her children It will be seen that when she handed on her Ry (which contains ©)
she also handed on her new antygen When an Ry 1s underlined 1t means that
1t1s unequivocally grandmaternal To § of her children she gave an R (which does
not contain C) but not the new anugen to 4 she gave Ry and the new antigen
If this comncidence of Ry and the new antigen was only accidental and due to chance
then the probability of getting the distribution observed in this one generation 1s
only 1 1n 126 One child 1 the next generation can be added to ths calculasion
and the probablity is reduced to 1 1n 252 That 1s to say f we suppose the comct
dence of Ry and the new antigen 1s merely acadental then we would only expect
to get such a perfect fit as this once 1o 252 such familtes

This and other famtlies made te quite certain that the new antigen was another
form of C rather a rare form It could not be another form of D or ¢ (the other com
ponents of Ry) because all R r people who contain D and d, E and ¢ lached the
new Zlﬂflgcﬂ

TanLe g —Reacttons of the new Rb antsbody (from Callendir and Race 1946)

+ - Total Positive
cc 1 193 205 5 9%
Ce 7 342 349 2 o%
« ° 214 114 0 0%

Up to this stage 1n the investigations all the C that had been found were 1n the
combinatton C*De (table 11) I supposed that 1t must exsst n the combinaton
Cvde and with a frequency just great enough to make tt worth looking for The
combinations C*DE and C*dE were presumably possible but might be excesstvely
rare After testing 1500 bloods kindly sent by Dr W S Stanbury the combination
Crde was found rather sooner than [ had dared to hope As this blood was such 2
rare find I tested st with all the 70 per cent sera that I could muster and unex
pectedly some were + and others — This made 1t clear that some of the sera
called antt C 7o per cent or antt Rh  were really mixtares of ant C - antt C%,
while others less than half of all were purc ant1 C The sera I had been using
the mvestigation up to this time were of the mixed type ant1 C -+ C* C~ had
therefore appeared to be something sphit off C for C¥ people always appeared to
have C as well whether they really had 1t or not Actually C* was an alternattve
to C (and therefore to c)

With the 3 sera antzc ant (* and the newly recognized pure antt C 2 good
deal of light could be focussed on this locus with its 3 allelomorphs (table 12)
It appeared on paper chat the rare homozy gote C C* would be recogntzable if 1
turned up but owing to the low frequency 1n the general population (1 1n 10 000}
1t was clearly uscless to seek for 1t 1n random bloods but there was a more hopeful
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line of scarch There was a matng C= X C~ (table 13) shown as part of the large
pedigree, already scen 1n tahle 10 As far as they hnew the husband and wife were
not related  All § people had been tested with ant1 C¥, and found to be positive
but before the recognition of the two hinds of 70 per cent scra, which made the
1dentsfication of a homozy gote possible There was no chance of this boy being
homozy gous C*C* because he had ¢ from his mother, but there was a 50 5o chance
of one or the other daughter being homozy gous Fresh samples of blood were ob
tained and to our great satisfactron onc daughter was homozy gous and the other
heterozy gous the homozy gote grving the anticipated characeersstie reaction: This
was confirmed 10 an unexpected but very nice way, for the cells of the homozy gous

TanLe 10 —T/e antsgen € (from Callen Ir and Raoce 1946)
o0
RiRq | Ryr

o o e+N e—0 O O O H—+—0O e
Rr Re R | RRi R | Re Rr RR R% R | Rir Rir

JR—

—
® o (4 [ e [e]
Re  RRi RRi R RR: R R

B @ Cropresent
O O C=absent

The underhin d R, arc unequevocally grandmarernal
The genotypes shown are those which would have been given to the blood before the eluadation
of the relauonship of the new anugen (Willis) to € Ryr Willts positives for example are now
koown to be C*de/cde and not CDe/cde and would not now be called Rir The anu Rh (705%)

serum used 1o making the diagnoses of genotypes shown above was of the type now recognmzed
as betng anu € + C*

sister were aggluunated by much higher dilutions of the ant1 C* serum than were
the cells of the heterozygous sister and other heterozy gotes

Genetrcally the relationshup between C ¢ and C* 1s clear they are allelomorphs
But antigenically all 1s not yet clear for C can stimulate ants C + C* which was
not like the behavior of any other Rh antigens known up to last year for they all
behaved simply e g E stmulated ant1 E and nothing else ¢ anti1 ¢ and nothing
else etc Moreover this natural mixture of ant1 C + C* cannot be splie by absorp-
non with C or with C* cells (An arufictal mixture made by adding 2 pure ant C
to the pure ant1 C¥ can easily be split by absorption ) Anugenically then C~ seems
to have something 1n common with C But the dosage effect of ant1 C* liges 1t up
with ¢ which also shows this effect strongly anti C like ant1 D and antt Egives
only 2 shight dosage effect which 1s difficult to demonstrate

If Fisher had not discovered the allelomorphism of C and ¢ and of D and d and
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The family shown 11 table 10 confirmed our 1deas The citcles represent females
the squares males Black mdicates that the new antigen was present the hollow
that 1t was absent In this famuly the mating was happily such that 1t 1s posstble
to say exactly which of her Rh chromosomes the grandmother had given to each
of her chuldren It will be seen that when she handed on her Ry (which contatns C)
she also handed on her new antigen When an R, ss underlined 1t means that
1t 15 unequtvocally grandmaternal To 5 of her children she gave an Rz (which does
not contain C) but not the new antigen to 4 she gave Ry and the new anugen
If this coincidence of Ry and the new antigen was only accrdental and due to chance,
then the probability of gerting the distnibution observed 1 this one generation 1s
only 1 1 126 One child 1n the next generation can be added to this calcularton
and the probability 15 reduced to 1 10 252 That 1s to say 1f we suppose the cotnct
dence of Ri and the new anuigen 1s merely accidental then we would only expect
to get such a perfect fit as this once 10 252 such familtes

Ths and ather families made 1€ quute certain chat the new antigen was another
form of C rather a rare form It could not be another form of D or ¢ (the other com
ponents of R,) because all R r people who conramn D and d E and ¢ lacked the
new antigen

Tasre g —Reactsons of the new Rb anssbody (from Callender and Roce 1946)

+ - Total Pos tave
cc n 193 205 5 9%
Ce 7 342 349 0%
cc o 214 214 0 0%

Up to this stage tn the investigations all the C= that had been found were m the
combumnation C*De (table 1r) I supposed that 1t must exist sn the combmauon
C+de and with a frequency just grear enough to make 1t worth looking for The
combtnations C*DE and C*dE were presumably possible bur might be excessively
rare After testing 1500 bloods kindly sent by Dr W § Stanbury the combination
Crde was found rather sooner than I had dared to hope As this blood was such 2
rare find I tested st with all the 70 per cent sera thac I could muster and unex
pectedly some were + and others — This made 1t clear that some of the sera
called ant1 C 70 per cent or antt Rh/ were really mixtures of ant1 C + ants C%
while others less than half of all were pure ant1 C The seta I had been using 1
the mvestigation up to chis tume were of the mixed type ant: C 4 Cv Cv had
therefore appeared to be something splir off C for C* people always appeared to
have C as well whether they really had 1t or not Actually C~ was an alternatve
to C (and therefore to ¢)

Wich the 3 sera antt ¢ anti C* and the newly recognized pure anti C 2 good
deal of light could be focussed on this locus wath 1ts 3 aliclomorphs (table 12)
It appeared on paper char the rare homozy gote C C¥ would be recognizable 1f 1t
turned up but owing ro the low frequency 1 the general population (z 1 10 000)
1t was clearly useless to seck for tt 1 random bloods but there was a more hopeful
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lelomorph at the D locus,” which he ealled 1D (table 15) It was found n che
combinatton ¢ E/ede Tt looks 15 1f D' il be a close parallel to C although the
vestigation 15 vers much himited by the lack of a purc anu D' serum and by the

Tarre 13 —4 € Jomayg st (from Ca'len lir and Race)
O—p—0
C Deede i € De/Che

| |

[u] o] o]
CDecde CDeCDe CDe/CDe

| Anti—
Bisod of i _——
« t ”n 13 I ey e [
—_— - = | —_— e e
1stchld - . - + + +
nd child - + - - + +
36d child + + | - - + +

lack of anu-d Stratton recogmzed D when he tested these cells with several good
anu D sera Some reacted strongly  some weakly and some not at all That 1s to
say many antt D 85 per centsera are really antt D+ D, while some are pure anti D

Taste 14 —Rb antsgens and antibo lres (from Race Mourant and Callender 1946)

7
Cene anlantigenes

Antibodie —_— = f‘k—w |

«'1{):\ fe ! ﬁ‘h‘ B | e (Rleic'fulLRl’L ¢ De| CTde \C'DE‘C"‘":
[EE— SN A e e i il i il Sl (NSRS S I
AnuC ‘-‘—‘—\— + s ESH B e A e
AnaD I+ TR IR PSS QU 1
Ann E \-1—’+(+[— - - =@
Aau ¢ LRI A RN CS !
Anu d [ SN NN NEINCINC A IS RCY (—)\ +)
Anu ¢ [ e T o I S o i Ip o e
Ana C* I e e e LS i + |l

The left upper comparement shows the interactions known before Frsher s theory was poseo
lared The middle compartment shows th ext nston demanded by Fesler s hypothests now int part
confirmed serologically The nght and lower compartment shows the extensions made and thos
suggested by the ant C* serum Reactions which have nof yet been confirmed s rologically are
shown1n parenth s s In this table anu C means pure ant € and aot ann € + ant C* which 1s che
consutunton of 3bour half the antt Rh s ra

just as in the case of ant1 C 4 C and antt C But there 15 y et no pure antt Do like
the purc ant C* Absorption of the muxture has failed to split the two components
Stratton has collected the famuly of his D donor and 1t shows the expected mberst
ance of the allele He lundly sent me some blood from this donor and 1 was able
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of Eand e C* would have presented 2 problem that we at any rate could not have
solved

The table of interacuons berween Rh anugens and antbodies must now be ex
tended thus (table 14) The left upper comparement shows our results before Fish
er s theory was postulated the middle comparsment shows the extension demanded

Tance 11
pe I o CUDL 0 CNE
many found 1% of European one found not found bat presusmably possible
chromasormes
: Ante

2 F c [Ad <

I ® 1 [ 2 o

C defede ~ i + ; - enl + “+

+ with some ~0%% ser2 (anu € + C¥) —~ with ather 705 sera (2au C)

by Frsher s by pothesis now n part confirmed serologscally the confirmacion beng
shown by removal of parentheses The righs and lower comparemenc shows the ex
tenstons made and those suggested by the ant C* serum Anu C i this table means
pure antt C and not anu € 4 C¥ which 1s the constisutson of more than half of
the 70 per cent sera
The g known Rk chromosomes make 45 possible Rh genotypes but there are
only 24 serologically distinguishable Rh groups using the 6 sera ant C ¢ €
»

Tanre 12 ~Reacteans and f equency en Englanl of the poscsbie ¢ ub natons € €7 and ¢
(Catl nler 2nd R ¢}

Ant Anu € tpure) i ant C%
[ vig | - ! -~ ' + o a1%
[X+ i - + + o 33%
(¥4 | - , + - 18 30%
Ce + - + 1 3%
Ce : + + | - 48 05%
cc t + - t - 3t 3%
i
| 99 99%

D E and ¢ Some of the reaction groups contam only 1 gemotype others contan
2ot 3 buras one member of the group usually s so very much more frequent thaa
the rest one can make 2 prerty good guess av the actual genotype of the blood
being examined

This was the end of the storv excepr for the genes called by Wiener ntermed:
ate In February of this year Dr Seratron of Manchester tdenstfied a third al
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1 the chromasome Ry (CDe) If such names as Wicner s Rh,'? arc used one would
have to speak of D as the 0 component and C as the prime componene Th, 1s
possible though clumsy  but to refer to the ¢ component 15 1mpossible
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DIKCUSSION

Dr Ursbe My friends T have a paper here from Dr Robert Russell Race on the Rh Genatypes and
Fusher s Theory Dr Strandskow 1f you will come to the microphane

Dr Strandskou 1 feel somewhat like a stranger here Tamnotah 1 but dl: d

pp
alieele bic i genctics 1 can ¢ help bue admire the very splendid work bewng done by hematologests such

25 Dr Levine Dr Race and others which has stimulated the geneties ficld within the last few years
It has been an 1nspiration to those of us who are more interested 1n straight geactics

Idon ¢ know f I have any partcular commene except perhaps to say thac the 3 Joct 1dea 1s not too com
mon to genericsses [ am not sure chat 1e 15 much more common than the other illustration that you had
Dr Race It ss cerrainly not che usual ching chat you find It 1s a lietle bee difficule to imagume 3 loct very
<lose together on a chromosome affccting the same character so to speak I know of no other similar
1llustration among the lower forms not even 1 man and certanly not 1 such forms as Drosophila
where we have perhaps 15 or 20 loc affecting eve color In such mstances none of the locs are close to-
gether they are diseribuced g all the ch and I think that s whae one mighe expect
“Thete 15 perhaps one exception and that ts the Muller situatson (1 think some of you are famihar wich
1t) where there 1s some 1ndication that we had as a result of a very abnormal type of crossing over be
tween two locz but to get three locr very close together giving crossover results s indeed an wnusual
thing and 1t would surprise me very much 1f 1¢ turns out to be true I would be very much incerested 1n 1e

I have not madc 2ny decisions I had hoped o have a further conversation with Dr Race and perhaps
<lear up some questions as to which theory 1 favor at the present tme Iam certainly inchined toward
the recent presentation but I want (o be veey cautious and I 'should like to urge everyonc else to do so
Weean ¢ afford to have another 4 or 5 vears of che confusion that we have had the last 4 or 5 years so 1
hope that the evidence will be a heele beeeer than what we have had in the past for some of the theories

advanced Jam surc De Race fecls the same way and he has been very cautious Idon t believe I have any
morc comments

L would Like to ask a question of Dr Race and 1t pertatns im particular to the double crossosers Is th
percentage of double crossovers that you had equal to the product of the two single crossovers® That of
course you should expect theoretically 1n the population Tha s always true with respect to the double
crossover chac they can never be larger than essher of the single crossovers and theoreacally should be
€qual to the product of the two single crossosers I am also 1nt r sted 25 to what explanation you
might hase for the fact thar the ongmal chromosome alignment was nor CDE but some other arrange
mene so that your crossover represents the comng together of the CDE represenng the crossover results
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to classify my anu D sera and ro find several examples of D* people and also one
of the other possible chromosome combinations CD ¢ both 1n the genotype
CD e/cde and CDve/Cde whiach latter must be a very rare blood

Stratton considers that D 1s Wiener s intermediate gene and this seems very
probable and we welcome 1t to Fisher s scheme especially because Wiener has used
the mtermediate genc as an argument agamst Fisher s 1deas 10 general

Taner 35 —The D olicdomorph (Ssratron)

b} c l E c = c
& ) n m ] 2
cellseD Efede ERd + ; 4+ - + -

* 4+ with some 857 sera (= aea D 4 D ) — with other 85 sera {= anu D)
Other combinanons found CD cfede CD ¢/Cde

The anugenic aliclomorphesms revealed by Fisher are fundamental to an under-
standing of the Rh blood groups When Fisher 5 1deas were put forward they
brought order and essential simplicity to & confused mass of apparently arbrerary
facts about Rh antigens and anubodies They made certam predictions most of

Tavee 36 ~The Rb chromosoms accosding b0 Fesker showeng bow C¥ and D fit sn

Q8RO uwgrguw

e il
A,
@ gm

which have stnce been versfied serologically and they enabled some pew discoveries
to be successfully snrerpreted Fisher considers that ehe gencuc basts of these al-
Ielomorphic anugens 1s a system of 3 closely hnked genes (table 16) and has pro-
duced some sndrect evidence that crossing over may have accurred

Nose

1 must apologtze for using the CDE notatton with which you are probably nor
famihzar but in a sersous discussion on the Rb genes and anugens st 1s at present
the only possible one One niceds to be able to speak of the € and D component
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1 the chromosome Ry (CDe) 1€ such names as Wicner s Rho'? are used one would
have to speak of D as the o component and C as the prime component Thi 1s
posstble though clumsy, but to refer to the ¢ component 1s 1mposstble
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DISCUSSION

Dr Urbe My friends I have a paper here from Dr Robere Russell Race on the Rh Genotypes and
Fasher s Theory Dr Strandskow f vou will come to the microphonc

Dr Strandskow 1fce} somewhat like a strangee here Tamnorah 1 but ! i

2 litele it an genertcs 1can t help but admire the sery splendid work being done by hematologists such
as Dr Levine Dr Race and others which has sumulated the genetics field within the last few years
It has been an snspirasion to those of us who arc more 1nterested 1n straight geneties

Tdon ¢ know 1f I have any particular comment except perhaps to say that the 3 loct 1dea 15 not too com
mon to genetscists [ am not sure that it 1s much more common than che other dllustration that you had
Dr Race It1s certasnly not the usual thing that you find It 1s 2 hietle bt difficule to 1magine 3 loct very
close together on a chromosome affecting the same character so 1o speak I know of no other simdlae
dllustration among the lower forms not even 1 man aed certainly not tn such forms as Drosophila
where we have perhaps 15 or 20 loa affecting ¢yc color In such instances none of the loc are close to-
gether they are distributed throughout all the chromasomes and I think that s what one might expect
There 15 pethaps one cxception and that 1s the Muller situation (I think some of you are familiar with
1t) wherc there 15 some 1ndication that we had as a result of 4 very abnormal type of crossing over be
tween two loct bue to get three loct very close together giving crossover results 1s sndeed an unasual
thing and 3t would surprisc me very much 1f 1t turns out to be true 1 would be very much 1atetested 10 1t

1 have not made any decisions I had hoped to have a farther conversatton with Dr Race and perhaps
<bear up some questions as to which theory T favor at the present time I am cereainly inchned toward
the recent presentation bue I want to be very cautious and I should like to urge everyone else to do so
Wecan ¢ afford to have another 4 or 5 ycass of the confusion that we have had the last 4 o 5 years so T
hope that the evidence will be a Iietle beeeer than what we have had 1n the past for some of the theores
advanced 1amsure Dr Race fecls the same way and be has been very cautious Idon t believe [ have any
more comments

I'would like to ask a questson of Dr Race and 1t pereans in particular to the double crossovers Is the
percentage of double crossavers that you had equal to the product of the swo single crossovers® Thar of
course you should expect theoretically 1n the population Thae s always true wich respect to the dogble
Z:;slo‘;: :;:a; ::gn}x’c?:fn:}‘:r::uhs:?—[ than cither ol; the single crossovers and theoretrcally should be

gle crossovers I am also tne ¢ sted as to what explanation you

might have {or the face that the original chromosome alignmenc was noc CDE but some other arrange
ment sa that your erossover represents the coming together of the CDE represennng the crossover resules
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to classify my antt D sera and to find several examples of D people, and also one
of the other possible chromosome combinations CD'e both 1n the genotype
CD e/cde and CD ¢/Cde which latter must be a very rare blood

Stratton constders that D% 1s Wiener s intermediate  gene and this scems very
probable and we welcome 1t to Fisher s scheme espectally because Wiener has used
the intermediate gene as an argument agamst Fisher s 1deas in general

Taswe 1§ —The D allelomorph (Stratton)

D e E C I3 -
B 0 30 w0 9 2
cellscD Efede £* + + - + -

* -+ with some 859 ser2 (= antu D + D ) — with other 859 sera (= anu D)
Other combinations found CD e/cde CD ¢/Cde

The antigenic allelomorphisms revealed by Fisher are fundamental to an under-
standing of the Rh blood groups When Fisher s 1deas were put forward they
brought order and essenttal sumplicity t0 a confused mass of apparently arbierary
facts about Rh antigens and antibodies They made certamn predictions most of

Tante 16 ~The Rb chromosome according to Frsher shousng bow C¥ and D fit on

D
or

d

which have since been verified serologtcally and they enabled some new discoverzes
to be successfully mterpreted Fisher considers that the genetic basts of these al-
lelomorphic antigens 1s a system of 3 closely linked genes (table 16) and has pro-
duced some 1ndirect evidence that crossing over may have occurred

Noze

1 must apologize for using the CDE notation with which you are probably not
famuliar but in a sertous discusston on the Rh genes and antigens 1t s at present
the only possible one One needs o be able to speak of the € and D component



HEMOLYTIC MECHANISMS
By WiLttast Dastosurs M D

RYTHROBLASTOSIS foctalis 1s 2 violent acute hemoly tic anemta occurring
during the very first few davs of Iife It represents an example of acute hemo-
1y tic anemia occurring congenttally and duc to the passive transfer from the mother
to the fetns of antibodics which injure the fetal red cells As an acute hemolyuc
anema this disorder ts subject to the same physiopathologic mechanisms as are
found 1n other ty pes of hemoly tic anemia and 1wall discuss hemoly tic mechantsms
in general with the sdea of presenung a bachground for the proper interpreration
of hemoly tic disease of the newborn
Physmologse prinesples The exact mechanisms involsed i normal red blood cell
destructton are quite obscure It 1s known thac the mature non nucleated ery thro-
cyte has a hife span of approximately 110-120days from the tme of 1ts delvery from
the bone marrow to the csrculation * In this period of me the cell passes through
many miles of caprllaries and 15 subjected to much squeezing and bumpiag partici-
pates 1n many thousands of chemical exchanges 1n both the lungs and the ussue
and may remain stagnant for hours at a tire 1n the splecn and tn other sinusodal
organs Despitc the cell s plasticery and almost complete lack of tts own metabolism
(1t 1s withour a nucleus) 1t inevieably  wears our  Does 1t then simply become
lysed by such normally present metabolit=s as Iysalecithin  or lectthin® Does 1t b--
comefragmented ordoesit becomeswollenand disintegrate intheso-called grav ey ard
of the red cell—the splecn? Answers to these questions are as y et not fully available
Pecubiarly enough more 1s known of abnormal blood destruction than of normal
The course of the pigment hemoglobin 15 fairly well worked out but the fate of
the cell 1self and of 1ts many other constituents 1s rather obscure The normalred
cell a biconcave disc with an average volume of 85-95 cu micra and anaverage
diamerer of 7 § micra has an average thickness of 2 o micra This cell when placed
1n normal or 1sotonic salt solution {o g per cent NaCl) remarns essentially unmodi
fied However when placed tn solutions of progresstve hy potonictty —(o 8 percent
Q7 per cent o 65 per cent etc ) the cell takes on more and more fluid In a solution
of 0 6 per cent NaCl the red cell 1s thicker (with flurd) than 1n a solution of 0 8
per cent NaCl Even though thicker however 1ts total volume remarns essenrally
unchanged In other words as the cell becomes thicker 1t becomes rounder more
spherical and smaller 1n diameter In o5 per cent NaCl solutton the red cell 1s
almost completely spherical although 1ts volume 1s st1ll 85~95 cu mucra 1ts dsame
ter may now be only 4-5 micra and 1ts thickness almost the same amount In
solunions of NaCl under o 5 per cenc the red celifinally burses (hemoly zes) The differ
ences n mital hemolysis mndicate a difference 1n the thickness of the red cell popu
lation The more tesistant, t ¢ the thinner red cells are probably for the most par,
the younger ones (reticulocy tes) which have only recently been delivered from l:h:
From
Tt Co]:’:;f:\:‘:j,::bgz;::]‘ of the ] H Prate Diagnosuc Hospiral and the Deparement of Medicine
Read at che Internanioral Herratology and Rh Conference Dallas Texas Nov 15 1946
a1
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rather than the orginal resules That Tthink s a rath rinteresung situation and I thenk 1t would be
of iterest to all of us to have that relationship explained 1f you can

Dr Race The frequencs of the Ry 1s qusc unknown b caus ¢ hasn ¢ yee becn obs cv 4 ae all bue
1t must b~ less than the products of th crossovers

Dr Lewme This question 15 vers imporeant from th point of siew of human g o ties We know re
markably lietle abour human transmuttable prop-ruies and it so happens that th normal saeszuons we
know most about are the blood factors The probl m s very difficult 1o ateack because som  of the rare
scra are not rczd:l\ arvailable and we cannot make comprehensise studi-s of fammlies rac s and different

I y the appl. of gene freq and the heredity studies 1t should be posstble to com

toa declslon 1n 2 comparaensely shore trme Until we have these rare sera I am afrard we will not be able
€0 have alf the complete evdence we wauld ltke to have 1n support of the Fisher theory W hether or not
the genetieast 18 accustomed to hinkage wich multeple allelomorphisms of course 15 another matter Ve
do not know too much about the human chromosomes and the locs The only thing I d like to tell Dr
Strandsko v 15 how termbly surprised the geneticrse was when I first described the selectise feral deach
not duc to homoz; gous lethal factor and the effect on a heterozy gous 1ndivsduzl Now we have 2 very
practical poine to consider here and of cours= that 1s a marter of the terminology What are we going to
do abour terminology? I should Iike to suggest that the Fisher theory takes mto account 2 sery smportant
clement and that s the Hr sera Itisa great sibute to Dr Fisher that hus theory rakes these meo account
Tt 15 remarkable thae he not only predicred d and e but calculated the incidence of their occurrence 2nd
per cenc spectficiny of the sera agamst these Hr antgens So whether 2 gen nicsst 1s or 1s not accustomed
ta the rdea of muluple linkage I being onlv a hybrid gencticase would rend very much to accepe the
Fisher theory Bur th tormemologs 1s of course the crux of th siruanion What are we prople going
t0do about the rerminology? Well Ichink w must ger accustom d to thiak 1n terms of thes. 3 Rhsera
and we don t have to worry about th~ Hr sera unul we g ¢t 2 large enough supply I thunk chat for the
1me bemng onc has ro use both rerminologies A change in rerminology 1s essential I have been using the
Eusher teeonnology and 1 think it sumphifi s matters to a consid rable degree bue for th ume being
we will probably have to use both unnl we gather famuly results and study the races whr h wilt Thope
on the basss of gene frequencies confirm Dr Fisher s theory

Dr Race Yagree with Dr Levioe don ¢ thunk st s possible to think of any 1 locus co bring in these
known al rphs sithout p sub-genes allel sub-genes I think 1t best if we €20
use the CDE becausc that doesn ¢ commit us 10 any chromosome arrangemenc but 1t does describe exactly
what we find scrologically
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zone 1¢ spherocytes The ¢ are unusually fragile 10 hy potonic solutions of so
dium chloride Eatreme spherocy tosss ts the rule 1n violent hemolysts, whether in
the experimental animal or 1 the hemoly tic crisis clinically The simultancous oc-
currence of spherocy tosts with anemua, and the comncidence of extreme degrees of
spherocvtosts with severe blood destruction suggest that the spherocyte 1n
1ts vartous gradations, from a slightly thickened to an almost completely spherical
cell, 1s the forerunner of complete hemolysis The spherocy te may thus be consid
ered as a red cell which has been mjured by a hemoly tic agent and as a stage be-
tween a normal mature circulating red ccll and one which 1s completely hemolyzed
The greater the degree of spherocy tosts shich 15 present the more fulmnating 15
the hemoly tic process
In less fulmmating hemoly tic processes 1n which the red cell count may drop
from 5 o M to 1 § M 1n a matter of 3 to 10 days hemoglobinemta and hemoglobs-
nuriz do not develop The evidences of hemolytic shock are shight or completely
lacking and there 1s far less strain on the circulation
The anemia 1s variable and 1s normochromic normocytic by cell volume, bue
microcytic by cell drameter 1¢ the red cells are unusually thick and although
therr drameters are smaller than normal thetr normal volumes are retatned The
blood smears show 2 outstanding features which are of physiologic importance (x)
a great diversity 1n red cell population both 1n size and degree of maturity, and
(2) evidence of regenerative activity on the pare of red cells whute cells and plate-
lets The sudden but not extremely violent hemolysis acts as a powerful
stimulant to bone marrow activty, which 1s reflected 1n the pertpheral blood Thus,
together with partially hemolyzed cells 1 e spherocytes there are present rela-
trvely huge red cells newly arrived 10 the circulation these are polychromatophilic
retsculocy tes The disproportion betw een the small spherocyte which is brown and
orthochromatic  and the large polychromatophilic red cell which 1s bluish gray
1 color 1s quite striking and 1s readily seen by 1nspection of a well spread well
stained blood smear The 2 cells represent 2 different physiologic processes one
destructive the other regenerative The diversity 1n size of these cells gives rise to
2 types of red cell population with respect to diameters and 1s well brought out 1n
Price Jones curves of red cell drameters whichshow 2 biphasic  character
Other indscations of increased hemolysis are to be found in the breakdown prod-
ucts of the hemoglobin *The plasma bilirebin becomes increased to varrable levels
depending 1n part upon the degree of blood destruction and 1n part upon the func-
tional capacity of the liver to remove cxcess bilirubin from the circulation Two
ndividuals with the same degree of blood destruction may show bilirubin levels
respectively of 2 and 4 mg per 100 cc of blood The presumption 1s that in the
latter case the hepatic cells remove bilirubtn from the circulation more slow ly than
1 the first tmstance With rare exceptions the bilirubinemua 1s always of the in
direct vartety and 1s thus associated with urine which 1s free of bilirubin 1 e
acholuric jaundice 1s present Rarely 1s the amount of bilirubin presented to the
hepatic cells so high and the cells simultaneously inefficent (as 1n hemolytc
anemia of the newborn) that a mixed type of bilirubtnemia with bile appearing 1n
the urine 1s present The fotal amount of bilirubin 1n plasma rarely exceeds 10
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marrow the thicker ones are probably che older cells which have been buffered
about 1 the circulation and have remained stagnant in various sinusordal areas
The thinnest cells do not become completely hemolyzed unul concentrations of ap-
proximately o 25 per cent NaCl are reached Thus some normal red cells are hemo
lyzed at approximately 5o per cent NaCl solution and all are hemoly zed at approx:
mately 25 per cent NaCl The red cell as Guest? has pointed out may be considered
a perfect osmometer responding quickly to changes 1n hy potontcity and thus
showing quick changes 1n thickness These changes of the red cell with respect to
hy potonicity are made use of 1n the fragility test But they may have some physio
logic mmportance as well That 1s the more effete red cells may be smaller and
thicker than the relatvely 1mmature cells just released from the bone marrow
Although the question of hypotonicity does not enter 1nto the ultmate hemolysis
of the thickest red cells withtn the circulation 1t 1s highly probable that these cells
are more vulnerable to breakdown-—say withtn the spleen—than their thinner fel
lows The spleen may well be the graveyard of the thickest red cells

Pathologsc physiology of mereased red cell destruction The sequence of events which
takes place during a bout of sudden blood destruction 1s best studied 10 the expent
mental animal Guinea pigs when 1njected with an anti red cell hemoly tic serum
(see below) develop cither fulminating acute or subacute hemoly tic processes de
pending upon the amount of hemolytic serum njected 3 In the fulminacing type
there 15 hemoglobinuria sery rapidly developing anemia extreme spherocytosis of
the red cells Evidences of regenerattve acuvity on the part of the marrow are lack-
g The hemoglobinuria and the violent reduction 1n red cell count (from aboutr
s oMto 1 o M or thereabouts 1n 24-36 hours) are 1ndications of blood destruction
which 15 s0 rapid that Iiberated hemoglobn cannot be modified to biltrubtn but 15
excreted from the blood plasma into the urine

Hemoglobin 1n the plasma 15 a threshold substance 1t 1s present normally 1n 2
concentration of approximately 5 mg per 100 cc¢ When the threshold of approxt
mately 150mg 1s exceeded hemoglobin 1s excreted 1nto the urine Hemoglobinuria
thus tadicates raprd and violent blood destruction which occurs usually within the
circulation 1 ¢ intravascularly Hemoglobinuria 1s always accompanied by hemo
globinemia but very definite hemoglobinemta (up to 150 mg per 100 ¢c ) may be
present without hemoglobmnuria

In fulminaring hemolysis the red cells 1n the circulation may become decreased
by 6o per cent or more within a mateer of a day or less This may lead to a variety
of shock  hemolytic shock  due to the sudden loss of an ssmoszcally 1mportant
substance from the circulation When one constders the great loss 1n rotal red cell
volume from approximately 2250 ¢ 1n 2 normal human adult to (say) 450 cc 1£1s
readily seen that the entire body must adjust ttself quickly or death will supervene
The greatstrain on the carculation more particularly on the heare and on the ussue
cells 1n a variety of organs can only be speculared upon

The red cells which remain within the arculauon after an atrack by a hemo
lyticagent are presumably thosewhichwere originally the mostreststane Inspeccron
of a blood smear at this potnt reveals that even these cells are now almost exclu
sively small usually round dense brown staining and devoid of a central clear
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loss of this hemolytic ability, but when fresh guinea prg serum ( complement )
was then added hemolysis took plice

It was determined that hemolysis was 1 2 step affarr (1) sensttezation by
antthody or amboceptor  and (2) actual hemoly sis by another substance  comple
ment  These obseryations alchough well known for the most part by immunolo
gists were little 1f at all appreciated from therr chinrcal standpomnt The first
hemoly sin which wasrelated to chnteal diseasc was that described by Donach and
Landsteiner 1n cases of paroxysmal cold hemoglobinurin These nvestigators de
monstrated that certain, usually sy phtlitic, mndividuals had an autohemolysin 1n
their sera which reacted wich chilling and then reheating The French observers
Chauffard Trotster Widal, Abrami and Brule, and others demonstrated hemolysins
tn some of thetr cases of hemoly tic anemia, some of which they called  hemoly-
sintc anema 8 They belicved that these hemolysins, which acted upon the pattent s
own red cells (auto hemolysins) were causally related to the hemoly tic process
present

Chauffard® believed that a new speaiality  immuno hematology mght well
be mntroduced These obseryations, made berween 1910-1915 were apparently
distupted by World WarIand then frequently forgotten (or 1gnored) so that 1n pub-
lications during the next two decades or more there was hittle mention of the
possible role of hemolysins Schwartz andI,101937° described 3 cases of acute hemo-
lytic anemia 1n 2 of which hemoly sins of the immune body ty pewere definitely pres
ent The serum of these cases hemolyzed not only the red cells of many prospective
donors but also the patient s own red cells This hemolysts could be prevented by
heating the serum to §6° C  but reappeared when guinea pig serum (complement)
was added The improvement of these patrents following splencctomy together
with the cessation of spherocy tosts and of increased hy poronic fragility e assocra
t101 1esth the disappearance of hemolysin led to the concept that the immune hemolysin
mught be responsible not only for the hemoly tic state but for the spherocytosis
and 1ncreased hy potonic fragility as well This was directly contrary to the concept
of the numerous authorittes that spherocy tosts was due to a disorder of bone mar
row erythrocyte production and not to the actvity of such extrinsic agents as
hemolysins

An immune hemoly tic serum was produced by 1njecting guinea pig red cells re-
peatedly 1n rabbits The rabbit serum was then njected 1n varying doses 1n normal
guinea pigs and various types of hemolytic anemra were produced fulminating
with extreme spherocytosts hemoglobmuria and death withour regenerative ac
ttvity on the part of the bone marrow acure with spherocytosts and marked
changes 1n fragility but without hemoglobinuria and with evidences of regenera
von subacute with marked regeneration many reticulocytes and polychromato-
philic red cells giving a  psendo macrocytic  type of blood picture etc These
observations demonstrated (1) that a hemolyuc serum could produce hemoly tic
o s prcarsr ety and cout e et 3 st sherocy

quired  and (3) that spherocy

tosts was produced outside the bone marrow since the young red cells 1n the
carculation were much larger than the spherocytes From these and other observa
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mg per 100 cc and 1s usually between 2 and § mg The bitliary canalicult are con
gested with bilirubin and the gall bladder s called upon to store unusually large
quanuties of bile Jaden with high concentrations of that pigment As a result bil
1rubin may precipitate out and form stones with or without 2 calcium matrix
The ntestinal trace recetves unusually large quantites of che pigment 3In violent
hemolysts actual discharge of bile may occur 1n less severe cases the stools are
highly colored but otherwise normal 1n appearance Except tn certain rare in
stances of completely intravascular hemolysts the urobilinogen in the feces s
by far the surest tndex of increased blood destruction It 1s conceivable 1 a given
case that the liver may be functionally so adequate that 1t removes newly formed
bulirubin almost as soon as 1t enters the blood stream the excess bilirubin 15 how
ever passed nto the intesune where 1t 15 converted 1nto urobilinogen In acute
hemolyuc anemia the output of urobilinogen may be increased 5 to 20 fold In
estmaring the degree of hemolysis one should always relate 1t to the hemoglobin
content and even more accurately to the total intravascular hemoglobin Thus an
output of 100 mg of fecal urobilinogen may be normal for an adult weighmng 150
pounds and with 15 0 Gm of hemoglobin per 100 ¢cc For an adult with s 0Gm of
hemoglobtn however 150mg of urobtlinogen represents an approxtmately 3 tumes
normal blood destruction for a child werghing only so pounds the same amount of
urobilinogen at z stmilar hemoglobia level 15 about g times normal The most ac
curate estimation of the degree of blood destruction 1s maJe by having recourse to
the hemoly tic index which depends upon knowledge of the blood volume the he
moglobin concentration and the output of urobtlinogen 1n the feces $
With an increase 1n urobilinogen 1n the intestines the output 1n the urine usurlly
becomes increased The degree of urobilinogen 1s also conditioned to some extent
by the hepatic function thus if the liver 1s normal the urobtlinogen may pass
through quickly and re enter the intestines If on the other hand the ltver 1s
damaged there 1s a delay of urobilinogen excretion by this organ and a consequent
1ncrease n the general circulation and thus 1n the kidneys and urme To rely solely
on the content of urinary urobtlinogen for the degree of blood destruction may
lead toerror
Parhogenersc mechanisms of increased hemolysts The various mechanisms responsible
for 1ncreased blood destruction have recently been given some attention They 1a
clude the acuvity of hemolysins and agglutinins the passtve action of erythrosta
sis therole of the spleen as well as of such physical factors as cold hear hydrogen
ton concentration €ic Atrempts to incriminate 2 single mechantsm as solely re
sponsible for all hemolytic states are probably unwarranted
Hemolysms The older immunologists 1ncluding Border Ehrlich and others
utthized the actvity of hemolysins and their action upon red cells 1 therr work on
the theorctical aspects of tmmune processes ¢ The Wassermann reaction ts a direct
outgrowth of this work They demonstrated that if red cells of one species were
repeatedly 1ntroduced tto the circulation of another the serum of the latter would
eventually cause hemolysis of the red cells of the former Thus 1f guinea pig red
cells were repeatedly mjected 1n a rabbic the rabbt s serum would eventually cause
hemolysts of the guinea pig s red cells Heatng the serum to 56°C resulted 1 a
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tempt has been made to divide agglutinins according to these differences 1nto those
which arc bivalent  and those which are  umivalent  Aggluanins acting well
11 normal salt solutton are said to be bivalent or complete antibodies, whereas those
which require the use of a scrum or plasma factor are sad to be  unwvalent  or
meomplete  antibodies The term blocking wntthody  has also been used for
the incomplete antt Rh agglutimn Whether these concepts are correct, or whether
the differences 1n antibody actvity relative to sale solution or plasma rely solely
on the type of diluent remain questions for further study
Concanaralm A7 A protemn dertved from the jack bean causes intense agglutina
tion of many species of red cells 1n very dilute concentrations Actual injury to the
red cell membrane occurs as evidenced by the behavior with mechanical trauma
Hemolysts 1 vy 1s probably induced by the mechanical trauma of the acuve ar
culattion upon the agglutinated corpuscles although undoubtedly other factors
such as temperature change, stasts etc , have therr effects
Cold hemaggluunin, found 1n prirary atypreal pneumonta and at times 1n high
concentration tn other corditions, acts much lthe concanavalin It 1s umversal 1
1ts scope (panagglutinim) acung cn all types of red cells, human and otherwise,
but 15 limsted 1n 1ts activaty wach respect to temperature Ithasa  thermal ampli-
tude of 0°C to 17-20°C In this temperature range 1t causes 1ntense agglutination
of red cells Agglucination if continued 1njures the red cells as evidenced by mech-
anical hemolysis with trauma The traumatizing effects of the circulatory pulsations
upon agglutinated red cells are probably responsible for the m vivo hemolysts
The 1so-agglutinins antt A and ant B and the warm agglutinin ant1 Rh cause
watravascular hemolysts when 1ntroduced 1nto the circulation 1 contact with sus-
ceptible red cells contaiming the appropriate agglutinogen Again sumlar mecha-
nisirs are probably operative 1njury to red cell membrane with the development of
spherocytosis the effects of trauma upon agglutinated red cells complete hemolysis
etther 1ntravascularly or 1 the spleen with of without the added effects of stasts
Erythrostasts The effects of simple stasts 1n the development of hemolysis have
been known for years Ham and Castle!® chiefly on the basis of Knuscly s interesting
histophy stologic studies of the spleen concluded that the normal spleen has 2 main
functions both reproducible 1n the test tube erythrostasis and erythro-oncentra-
tion From further expertmental data they concluded that all hemolysis was a func-
tion of erythrostasts etther (1) of unusual degree or (2) of normal degree 1n the
presence of abnormal cells 1 e spherocytes Stasts of unusual degree was often the
end resule of agglutination Stasis of normal degree with abnormal cells was present
1 various types of anemia wich spherocytosts and occurred chiefly within the
spleen
Although there can be no doubt that erythrostasts particularly within the
spleen may have some shight effect 1n the ultimate hemolysts of red cells, this
theory does not explain the development of spherocytosts nor does 1t indicate that
the spherocy te 1s simply a red cell already 1n the process of hemolysis Furthermore
as already 1ndicated above an agglutinating substance does more than simply re
move a number of red cells from the active circulation to stagnate and to hemolyvze
te actually injurcs the red cell envelope Hemolysis 1s thus an active rather than a
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uons we concluded that the hemoly tic syndromes were 1n all probability more or
less concerned with the activity of hemoly stns of different ty pes and acting 1n differ
ent concentrations Thus a large dose of hemolysin might resule 1n hemoglobinuria
and a smaller dose 1n subacute or chronic hemoly tic anemia

Further observations have borne out these orignal conceptions with the qualif
cation that by a hemolysin 1s meant any substance chemical, 1mmune or other
which directly or indirectly tends to 1njure thered cell and thus causeits destruc
tion ? However certain modifications and additions to the original concepr must
be made

Hemolysins may be classified as stmple and complex A stmple hemolysin, which
may be of chemical nature (saponin le~tthin lysolectehin, arsine gas some of the
sulfonomides or ther- end products benzol etc ) acts directly on the red cell caus
ing 1ts immediate hemolysts withour the mtervention of any other substance On
the other hand other Femolysins are  complex  requiring the preliminary action
of amboceptor before hemolysts takes place by complemens  Of the complex
hemolysins studied ncluding coliowdal silicic acrd and 1mmune hetero hemoly
sin the latter had all the properties of the 1sohemolysin which we had previously
studted and which had carlier been described by Chauffard and Troster

Comp'ex hemolysin apparently acts first by njuring the red cell membrane as
cvidenced etcher by direct observatton of the cells which show irregular spinous
processes or by the method of mechantcal fragiliey With the latter method shak
1ng of the red cells already acted upon by hemolysin tn the absence of complement
results 1n hemolysts within a certain period of tme control red cells showing no
hemolysis Prompt hemolysis of sensitized red cells takes place when complement
1s added the latter agent apparently betng the actual hemolysin Complete hemoly
sis 1s probably antedated by the development of spherocytosis, although of this
no complete evtdence 1s available Hemolysis 1n a complex system 1s probably facil
1tated by other factors such as that of pH the amount of porassium or hydrogen
tons the temperature and perhaps the vital acetvities of cerran cells notably
those 1n the spleen

Agglunmns Aggluumas are much more commonly found than hemolysins
What 1s more the hemolytic activity of complex hemolysin ts 1 pare that of ag
glutnin (which 1s probably the same as amboceptor or sensitizing agent) Ag
glutinins when introduced to the circulation result i hemolysis of red cells
They may be of different types some acting at or above body temperature (warm
aggluunin e g the ant Rh agglutunin) some acting well at any temperature
room 1ccbox ncubator (e g the 150 aggluemms antt A and ant1 B) and some
acung best at tcebox temperature 1 ¢ cold agglunmin Agglunntns may also be
pure ot sumple 1n type without any but an agglutnaetve action or they may be
more complex 1 e act as agglutinins 1n one set of carcumseances but 2s hemolysins
under other condittons e g when complement 1s added This 1s the case with col
loidal silicic acad and immune z2gglutinin 7 A further differentiation of agglutimns
has recently been made depending upon whether they act well when diluted with
normal salt solutton or whether their activity ts masked 10 such z solution to be
brought out only 1f w hole blood plasma or albumin 1s used as 2 diluenr An at
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molysis, which 15 probably 1n acttve and not a passtve  process The exact
mechanssms which are operative an 1 given case of hemoly tic anemia are quite ob-
scure, but attempts to uncover them should always be made

CLASSIFICATIONS OF NIMOLYTIC ANEMIA

1 Comsenttonal or Nosographic Classificatton
The classification which we have found most uscful follows the conventional
pattern
Hemolytse Syndromes
A Heredizary
1 Spherocytic (famhial or cong-mital hemoly tic jaundice or anrmia)
2 Mediterrancan target oval cell (including Cooley s anemua 10 mild forms)
3 Sichle cell (African targec sickle cell)
B Acquired
1 Chemical origin— phenylhydrazine sulfonamides, ctc
2 Bacterial ongin— Streptococcus hemoly ticus B colr ete
3 Parasitic origin—malaria, Oroya fever
4 Symptomatic ongin—secondary or syrrptomatic of an underlying dis
case (Hodghtn s disease etc )
s Kiopathic ongin—with or without hemolysins or agglutinins  hy
persplenic v pes
C  Hergglobinurias
1 Paroxysmal cold a (Donath Landsteiner) hemolysin b Cold hemag
glutunmm
2 Paroxysmal march
3 Paroxysmal nocrurnal (Marchiafava Machels)
4 Others

U Types of Hemolyses  Retrculo endothelial ~vs Intrarascular

In general 2 types of hemolysts can be disctiminated In one, there 1s 2 gradual
disintegration of the red cell and 1ts hemoglobin component This evidently takes
place ourside the crreulating blood and may be brought about 1n vartous stnusoidal
areas with and without the acrtvity of retsculo endothelial cells This type of he-
molysts 1s unaccompanted by an 1ncrease 1n the plasma hemoglobin concentration
but an increase i plasma bilirubin takes place which s followed by an increase
1n the outpur of urobiltnogen n the feces The spleen becomes enlarged at times
excessvely so evidently because 1ts blood destructive funcrton 1s greatly 1ncreased

In the second or itravascular type of hemolysts a mass of red cells 1s suddenly
or violently disrupted within the circulating blood 1tself As a resule there 1s 2
quick hiberation of hemoglobin and a consequent increase 1n plasma hemoglobtn If
asufficient amount of blood (roughly 30¢c or over) is thus hemolyzed the plasma
hemoglobin concentration rises above the threshold level of 150 Mg, per 100 cc
with the resultane passage of hemoglobinous urine Hemoglobinuria 1s thus 1o
dicauve of violent ntravascular hemolysis of more than 30 cc of blood Hemo
globinuria must alw ays be accompanied by hemoglabtnemia byt the reverse 1s not
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passive mechamism although 1c 15 possible that the passtve factor may have some
bearing What 1s more, under conditions of extreme ery throstasis we have found
there 15 actually a decrease 1 hemolysis Furthermore the theory of ery throstasss
has no bearing whatever 1n ca es with acrual hemolysinem:a as in paroxysmal noc
turnal hemoglobinurta nor 1 March hemoglobinuria in which the reverse of stasts
15 prcscnt
Splentc actnsty The role of the spleen 1n normal and 1ncreased hemolysis 1s sull
obscure Although 1t 1s attractuve to consider the spleen as the graveyard of
the red blood cell this 1s by no means proved In almost all conditions with
mcreased hemolysis the spleen 1s enlarged and 10 some of these splencctomy s
followed by dramatic recovery Does the spleen become enlarged because 1t must
remove more abnormal red cells from the circulation than normally, or does 1t
enlarge as a2 primary dysfunction and thus result 1n hemolysis? It would appear
that both answers are probably correct 1 ¢ (1) the spleen often acts to remove red
cells which have been parually hemolyzed elsewhere and (2) in certain by per
splentc cases the splecn appears to be primarnily responsible for the increased he
molysis and 1ts removal results m complete cessatton of the hemolytic state The
hy persplentc  cases are usually assocrated with Jeukopenta granulocy topenia and
thromboc) topenia 1 ¢ pancyropenta ndicatnve according to our concepts of an
unusual degree of inhibitory effect of the hy peractise spleen upon bone marrow for
maton and delivery of the various cells Defintte proof other than splenectomy
fora hypersplentc type of hemolysis has thus far been lacking 1 ¢ there 15 usu
ally no histologic or other direct evidence obratned through extracts etc  that
the spleen 1s the inttiator of the entire hemoly e picture Histologically certain
cases show 1ntense ery throphagocy tosis It may be concluded that the spleen 15
certainly of atd 1n most hemoly tic processes and that at tumes 1¢ imrtates and carries
through the entire reaction
Certam chemucal and physical factors Certan chemucals notably sapontn, lecithin
arstne pheaylhydrazine cercarn drugs contatmng the benzene ring and tacluding
the sulfonamide compounds acetamlid etc  have the property of injuring the red
cell and causing sts hemolysis M Inorganic acids saturared fatty acids and their
halogen dertvauses certain alcohals also cause hemolysis These probably act on
the red cells 1 different ways Phystcal factors including extreme heat, cold (1n
the presence of agglutinin) certarn radiations 1ncuding the ultraviolet (especially
1n the presence of eosin or other like dyes) etc may 1njure the red cell and resule
1 1s hemolysis ¥ Contribuung factors may be the pH the concentration of
potasstum sodtum  ugar ctc 1n the solution 1
Summary of parhogenctsc mechanrsms  One may conclude that the red cell can be 10
jured 1n 2 variery of ways whether directly by a chemucal factor or by hemolysts
of stmple vartery or by heac or 1n a more complex fashion by an agglutnarion—
hemolysin mechanism (immune hemolysin) or by the combination of agglutination
and mechantcal trauma These methods of hemoly sis may be aided by such factors
as erythrostasts an aced pH etrc In any evenr the red cell 1s actvely nyured and
erther partral hemolysis (spherocy tosis) or complete hemolysts results Erythro-
stasts the spleen and the pH are rarely the sole cause for the development of he
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1t 1s possible that the patient s own tissues produce specific substances which act
only upon the patient s own red cells

Confitmatory of the presence of a substance causing spherocytosts of mature red
cells 15 the extreme degree of this abnormality which develops during a hemoly ric
crists The hy potonic fragility increases during this time, and chere ts leukopema,
neutropenta thrombocy topenia and reticulocy topenta Theee ¢y topentas suggest
an active degree of hypersplerusm Recent studies 1n our Jaboratory indicate that
the destruction of normal red cells may become tncreased at this tume In 2 cases
an abnormal 150 antibody was demonstrable during crisis

The rapid rate of hemolysis of introduced red cells 1n ceream cases of acquired
hemoly tic anemia indicates 2 hemoly tic constitution, 1 ¢ amechanism by which
introduced normal red cells as well as those of the patient are destroyed at an ab-
normally rapid ratc An exponential type of curve has been assumed by Brown
et al ¥ and has been confirmed 1n a few chinical obseryvations ' Our own studies
tndicate that the rapid heolysis of normal red cells may proceed erther exponen
trally or 1n a straight line fashion With the possible exception of the crisis, there-
fore the finding of a defimtely decreased red cell Iife span indicates (1) acquired
hemoly tic anema, and (2) a defimec 1so-antibody effect Such cases as 2 rule are
associated with the presence in the serum of abnormal agglutimns or hemolysins
which arc usually of the immune body type (cf below)

Sull a third ty pe of hemolysis noncongenital defintely acquired but associated
with a normal red cell Itfe span was recently observed 1n 2 case of acute hemoly tic
anerma associated with chemical porsoning (refrigerant) In this case, no abnormal
1so-antibod1es of any type were present

IV Types of Hemolysts as Desermined from Study of Serum for Abnormal Iso-antibodses
and from Study of Red Cells for Adsorbed Immune Antibody

The cases of hereditary hemoly tic disease (spherocy tic target oval cell, target-
sickle cell ty pes) are not as a rule assoctated with the presence 1n the serum of de
monstrable abnormal 1s0 antibodies whether hemolysins or aggluunins An excep-
tion as noted above may be during the hemolytic crists of famihal spheracy tosts

In cases of acquired hemoly esc anemia except those due to chemicals and those
which are symptomatic or secondary to some other condition such as Hodghin s
discase we have found an agglutinin which 1s apparently best brought out by the
usc of bovine albumin rather than normal sale solution as a serum diluent This ag
glutinin 1s usually of the cold variety and may be of high titre Its exact relavion-
ship to the hemolytic process 15 perhaps obscure since 1ts reactions 1n vitro are best
brought out at temperaturcs far below the normal body temperature The potentia
tion of hemoly tic actvity of cold hemagglutnin has been pointed out recently by
Boorman et 2l '* Some cases with a warm agglutinin may show a greatly increased
acuvity 1n albumin solutions as compared with saline That this 15 due to the pres
ence of 2 umvalent blocking or incomplete anubody as claimed by
Wiener'® for anti Rh agglutinins 1s debatable We believe 1t more likely that the
agglutnin actvity 1s more readily brought out 1n solutions of albumin or 1n plasma
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necessarily true since ordinanly plasma hemoglobin levels of less than 150mg are
not accompanied by hemoglobinous urtne With the presence of an increased plasma
hemoglobin level, an abnormal blood pigment calied methemalbumin!? 1s formed
Small quantitics of methemoglobin may also be produced The spleen may not be
come enlarged even with successtve bouts of violent hemolysis apparently because
red cell destruction 1s carried out chiefly within the circulating blood and not i
the reticulo-endothelial sinusords  In paroxysmal nocturnal hemoglobinuria both
ty pes of hemoly sis seem to rake place simultancously Intravascular hemolysts takes
place with the patient 1n the supine position generally at mght and normal or
reusculo-endothelial hemolysts occurs during the rest of the day In this condt
tion a mixed type of hemolysis 1s present with a resultant 1ncrease 1o both plasma
hemoglobin and bilirubin levels, hemoglobinuria a slight ncrease 1n fecal uro-
bilinogen and splenomegaly There 15 12 addition a very unusual type of 1ron re
moval from the hemoglobin molecule wath 1ts deposition 1n renal tubules

IIT Types of Hemolyses as Determmned from Red Blood Cell Surveral Studses

Numerous studics of the Itfe span of the red cell by various methods indicate that
1t has a longevity of approxtmately 110 to 140 days ! In our laboratory we have
used a modified Ashby technic utilizing high utre antt A anu B anu M an
11 N and antt Rh testsng sera for differential aggluttnation direcely 10 the red blood
cell counting prpet By introductng normal red cells mto the circulation of pauents
with hemolyrie disease 1t 15 possible to discrimunate ac least 2 types of hemolysis
In one the mntroduced red cells are destroyed 1n a normal linear fashton the Iife
span being approximately normal This occurs 1n familial spherocy tosts and 1z the
other hereditary hemoly tic syndromes of Mediterranean rarget oval cell discase and
sickle cell disease In certain cases of acquired hemolytic anemia particularly 10
those assoctated with circulaung 1so-antibodies the curve of red cell destruction
15 a much faster one According to some mvestigators this curve 1s of the exponentsal
vanety Insome of our cases however the curve has been linear 1n type although
a raptd loss of red cells took place Thus 1n certain cases of hemolytic 2nemua the
disorder 15 evidently one which centers Jargely around the pauent s own abnormal
red cells as a result of which the normal processes of hemoly sis cause mncreased red
cell destruction According ro a number of investigators!? this 1s the situation for
example 1n famtlial spherocytosts 10 which the abnormal red cells are destroyed
at a rapid rate by a normal spleen Normal red cells are destroyed at the normal
slow rate When the spleen 1s removed 1ncreased red cell destruction ceases even
though spherocytosis persists These observations apparently tndicate that there
15 no abnormality 1n hemoly sis per se bur that the red cells themselves are abnormal
This explanation does not clucidate the fundamental cause of the spherocytosis
By analogy with our experiments concerning the production of spherocytosts and
with the knowledge thar the spherocyte represents a red cell which has been
jured 1t would seem likely that the spherocy te of famihial spherocy tosis 1s a red cell
svhich has been injured by hemolystn  1n the general sense Since normal red cells
are not destroyed at 2 more rapid rate n the carculation of 2 case of this disease,
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nunia " In this discase there s also an increased acid hemolysis One may tabulate
these data as shown m table 1

Tavee 1 —Diff rentral frageley Tests

Paroxysmal nocturnal - -
Paroxs smal march - -

I+
LAl

Ly Mehan sl ot b
Typevol Hem gt c ) sease Thypotonec Fragp! ty i ilty Frabty atkbpg ty
Heeditary t |
Spherocy e + - |- -~
Targ el + (restetant) - - -
Sickle cell 4 (rewstant) - ; - -
Lgurred | '
With sgelunumns + or = + oy - [
Without agglutinins + or — - -~ ; -
Hemeg birsrsas |
Paroxs smal cold (s philicic - - - + (with cold)
Paroxvsmal cold (with ag ‘
gluurin) 4 or - + l
!
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:
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than 11 normal salt solution not because the agglutinins are 1ncomplete, but be
cause these solurtons are more physiologic dtluting materials than normal salt solu
tion Ery throblastosts foctalis 1s an example of a congenital but acgusred hemolytic
disease due 1o the presence of abnormal agglutinins (usually of the ant: Rh type)
These may be complete, te readily broughr out m salt solution or  1ncom
plete, 1¢ not brought out i salt solution but found only when albumun or
plasma solutions are used for tueration

Some cases of acquired hemoly tic anemia show an 1so-hemolysin which 1s of the
immune body variety and 1s active aganst red cells of all blood groups as well as
against the pauent s own red cells

Cases of acquired hemoly tic anemua which are due to chemrcal potsioning or are
secondary to such conditions as Hodgkmn s discase lymphosarcoma ctc do not
show immune bodses of any ¢y pe 1n the serum

Recently Boorman Dodd and Loutte!” described an tnteresting test by which they
discrimunated berween familial and acquired cases of hemoly tic disease  Beginning
with the postulation previously advanced by Dameshek and Schwartz? that 1n cer
tamn cases of acquired hemoly t1c anemua the serum mught be devord of demonstrable
1so-anttbody which was however, adsorbed on the red cell, they prepared an anet
human serum rabbit serum By using this serum agaie red cells of acquired and
heredteary cases they found posinive results 1n the acquired cases and negative re
sults 1n the hereditary types Negative results were also obtained 1n sympromatic
and chemical cases Although these results are 1n accord with our prevous postula
t1o0s and with the results of red cell longevity studtes with studies of serum 150~
antbodies they require further confirmation before they can be completely
accepted as to thes reliability 1n differentiating between hereditary and acquired
hemoly tic disease

V' Types of Hemlyses as Determned from  Dafferentsal Fragdlity Studses  of the Red
Cells

The hypotonic fragiliey test 1s an index simply of the degree of thickness of the
red cell The thicker the cell the greater 1s 1ts  fragihiry  to hy potonic solutions
of sodium chlorsde The red cell may be tested by other physical or chemical meth
ods to determine prssibly the type of substance which has reacted with 1¢ Thus
by use of mechanical trauma with glass beads 1n a mechantcal shaker (mechanical
fragility) we can readily determine that red cells from one condition are hemoly zed
ata far greater degree than normally 7 In our experience this indicates the previous
activity upon the red cell of agglutinin or the  sensitizatson  phenomena (first step)
of hemolysis by a complex hemolysin When a cold hemagglutinin 1s present the
mechanical fragility test must be performed with «old solutions or the tubes sur
rounded by 1ce In certam hemoglobinurias a cold hemagglutimn 1s present and
therefore an abnormal mechanical fragalsty 1s present In others there is a complex
autohemolysin which requires cold for sensizization and warmth and complement
for hemolysis (Donath Landsteiner hemolysin) In others heat alone causes he
molysts Cheat fragility 1ncreased) this occurs 1 paroxysmal nocturnal hemoglobr



GENERALITICS ON THE NUCLLOLAR CONTENT OF SOME
BLOOD CELLS

By 1 Gonzartz Guzyan, M D

HE nucleolar apparatus of the blood cells has not recetved sustained and pro-
found attention from morphologtsts and cytophysiologists, sts structural
significance and functional characteristics not being well known For this reason
I have devoted most of my scientific acuvity to the matter since 1923, trying to
search 1nto the problems of nucleolar physiology or phystopathology
Nucleolar studies on blood cclls requirc a thorough knowledge of the special
technics which senve to show clearly the morphology of the nucleolar apparatus
under different conditions of ohservation or experimentation These procedures
allow the study of volumetric morphologic and structural characterisucs of nuc
leolt which s strictly necessary before attempting to generalize upen data ob-
tained from the experimental ¢y tology or the pathological morphology belong-
ing to the different blood discases
Having 1n mind what has been mentioned 1 shall presently show briefly the
techntes for nucleolar studies and the nucleolar characteristics that must be es-
timated and recorded to permut the proper interpretanon of what 1s found

I TLCHNICS FOR NUCLEQOLAR STUDIES IN BLOOD CELLS

In 1923 T proposed a method permitting simultancously differential counts
and the determination of the number of whute cells 1n the hemocy tometer chamber
as well as determination of the number and morphology of nucleolt contatned 1n
lymphocy tes and monocytes or young cells belonging to other sertes Description
of the method follows

Mathyl Alcobol § Lesshman or Gremssa Technse
(Gonzalez Guzman 1923)

Diluting flusd
Methyl alcohal (puc) 1cc
Distalled water 2cc
Lesshman s stan s-10 drops or
Gicmsa s stain 14 drops

With this flurd il up whiee cell count pipees todiluze blood 1 20
Observe m counting chambes Preferably use water smmersion objective 2nd ocular 10X or 13X

RESULTS

When the amount of stamn 1s small 1n the lymphocytes the cytoplasm appears
a greytsh blue the nucler blue and the nucleolar corpuscles very deep blue and all
this permits a clear vistbility In the nucler only the kary olymph 1s stained and 1ts
color 1s uniform When Leishman s or Giemsa s amount 1s greater the cytoplasm
1s biue the nuclet violet and the nucleolt very deep blue [he samples 1n which the
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GENERALITIES ON THE NUCLEOLAR CONTENT OF SOME
BLOOD CELLS

By 1 Gonzatez Guzuas, MD

THE nucleolar apparatus of the blood cells has not recerved sustained and pro-
found attention from morphologists and oy tophysiologists, 1ts structural
signsficance and funceional charactersstics not being well known For this reason
1 have devotad most of my scientific acttnity to the matter since 19-3 tryiag to
scarch into the problems of nucleolar physiology or physiopathology

Nucleolar studics on blood cells require a thorough hnowledge of the specal
technics which serve to show clearly the morphology of the nucleolar apparatus
vnder different conditions of observation or experimentation These procedures
allow the study of volumetric morphologic and structural characrerisues of nuc-
feolt which 1s stricely pecessany before attempting 1o generalize upon datz ob-
tained from the experimental cviology or the pathological morphology belong-
sng to the different blood discases

Having 1 mind what has been mentioned I shall presently show briefly the
technics for aucleolar studies and the nucleolar characteristscs thar must be es-
umated and recorded to permut the proper nterpretation of what is found

1 TECHNICS FOR NLCLEOLAR STUDIES I BLOOD CELLS

In 19.3 I proposed a method perutting simultaneously differential counts
and the determination of the number of w hite cells 1n the hemocy tometer chamber
as well as determination of the number and morphology of nucleolt contained 1
Iymphocy tes and monocy tes or young cells belonging 1o other sertes Description
of the method follows

Aetbyl Alcobel § Lesshman oy Gremsa Technse
(Genzalez Guzman 1923)

Diluung flusd

Methyl alcobol (pure) ree

Distalled warer 2ec

Leishman s stam s=1odrops or
Gremsa s stamn 1-¢ drops

With this flurd il up white cell count prpets o diluze blood 1 20
Observe in counting chamber Preferably use Water immersion objectrve and ocular 16X or 15X

RESULTS

When the amount of stain 1s small 1n the lymphocy tes the cy toplasm appears
a greyish blue the nucler blue and the nucleolar corpuscles very deep blue and all
this permuts a clear visibiliey In the nacles only the hary olymph 1s stained and 1ts
color 1s umform When Lesshman s or Giemsa s amount 1s greater the cytoplasm
1s blue the nucler violer and the nucleols very deep bluc The samples 1n which the

From Hospital de Enfermedades de Nutricton Mexico City  Mexico

Read 2t the International Hematology aad Rh Conference Dallas Texas Now 15 1946
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nuclear stamn 15 very deep must be rejecred because this makes the perception of the
nucleolr difficul: With some practice and experience and having always the same
staiming solution one can employ the appropriate quannty 1n order to obtain
the best degree of stamn

In the monocy tes the results are about the same but 1¢1s uscful to pount out that
the nucleols are very fine and that only the water immersion objective shows them
clearly

The nucler of the granulocytes are blue or violet according to the amount of
statn used Thev do not show any chromatic structure their cytoplasm appears
colorless or slightly stamned bluc and only the granulations are stained with some
intensity and specificaty the neutrophils are pinkish violet the eostnophiles wine
red and the basophiles dull purple The description of pathological cells 1s not the
object of this note

When the staming solution 1s of poor qualits or the pipets arc dirry or have been
used for leukocy trc counts employ ing acetic Irquids granules and preciputates are
produced which make the obseratton difficult Cleaning the prpets earh third day
first with ammonia then with distslled water and finally with pure methy 1 alcohol
1s recommended leaving them 1n the oven duning the night so that they are dry
the following morning

Thus 1t 1s possible to make the following n the counting chamber

1) White cell count (accurate)

2) Differential count (xery a~curate)

3) Nucleolar studies (nucleolar 1mage nucleolar mdex accurare)

Years later I employed the Poggt Negri technic using as vital stain methvlene
blue Details of the technic follow

Suyra Viral Merbylene Blue Teckn:
Gonzalez Guzman 1936 afeer Poggt ™ gri)

Diluting flud
Tsoronic salta. solution o
Meths! ne blu 050Gm
Dilur. ensus or capitlars blood t5 - per cne
Mix

After 15-15 minur.s centnfug
Th sedim rrassenbetne n hd andco crglass with water or o1l imm-rsion obycues

RESULTS

In the lymphocy tes the ¢y toplasm 1s mtenscly blue and shows clearly a delrcate
spong) structure and sometimes some plasmosomes The nucleus 15 stained 2 pale
umform bluc because onls the harvolymph has been stained and the nucleoh
appear deep blue contrasung very clearly wich the pale background of the nucleus
In the monocites the nucleolt are somewhat difficult 1o see They show toncs
similzr to those of the lymphocytes excepr that the cytoplasm 1s stamned very
faintly and shows 2 vaniable amount of granular inclustons stamned violet or blue
We will not discuss ther relations with the apparatus of segregauon which 1s
stained 2 neutral red In the granulocytes the surface of the granulattons or the
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whole, 15 stuned and also the nuclet with characterstics which we do not mentton
herewsth In the mycloid leukemias 1t 1s advssable to shake the sediment gently 1n
ordet to 4dd some ur and to observe 1t fterwards because of the etsy decolora
tion produced by these bone marrow cells

Data ohtained with this techme Nucleolar image (accurare), nucleolar rich
ness (not accurate) nucleolar vacuoles 10 some 1nstances

Finally, in the Iast 6 vears 1 have been using Rio Hortega s double impregna
ton apphicd to the blood, blopd forming organs and tissues which I summarize
as follows

D uble Argentt Impreguarion
(Forblood € onzdlez Guzman 1949)
Furse stage Favation and embe g

1 Blood Gelstn Embedding
Puro scc of capllans or senous hlood st the following fluid
Iotonic saline solution 4 §cc
Formaldehde 40 fer cent o § co
Allow 1445 hours for fixation Shake once or twice 2 day
Cenertfuge wash the s~diment once with ammonium hydroxide 3 per cene and then with distilled

water Centrifuge
Mixat 50 C one parr of edim nr with enoof g Jaun Difco 3o p reent 15 munuges
Pour into porcelam cunere toclor R frig rac at 1 C Evaporate on blotring pzp r at room tem

perature jo minutes

€ Acep in formalin § per cent
11 Blood-Clots or Tissues

Fix 3-y mm thick sections in formalin 1o p ¢ cene for 24-72 hours

»

-

-

Secon stiage Coloratson

Frozen scctions to~15 micra thick (Blood embedding clots or tissues )
11 Wash with ammonia water 3 per cent
1 Wa handesoilled waeer
IV Immerse 1n siler mitrate 2 per cene 24 hours at room temp rature and under light
Wa hn the following flud
Dusulled warer socc
Pyridine 5 drops
Immerse 1 the following solution
Rio Horeega s silver carbonate rocc
Pyridine 2 to 6 drops
24 hours at room temperature and under lighe
VII Wah ro-20seconds 10 distlled water
VI Alcohol Creosote
IX Mount inCanada balsam

-

A}

NOTES AND RESULTS

When blood inclusions the clots or the tissues once fixed are Rept 1n formalde
hyde for a long tme their possibilites for nucleolar statn diminssh It 1s better ro
stain them before 2 month Commercial silver mitrates give variable results accord
tng to the mark and even to the series of production It 1s advisable to use several of
them and selece the best The nucleolar statns are more beautiful if silver carbon
ate s used and prepared the same day Those which have been on hand more than
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a week must not be used Pyridine 2dded to the silver carbonate prevents staming
of the chromatin and helps staining of the nucleol If used 1n small doses chroma
tnuc structures appear 1f used 1n greater doses only the ¢ytoplasm s staned and
1n the nucler the borders are not very clear For the same substances the most sutt
able doses of pyridine must be found or preferably statn 2 or 3 sertes of sectrons
ustng variable doses of pyridine

In the best slides the ¢y toplasm has a variable intenstty of yellow or light sepra
In the light sepra nuclet and 1n the nucleolt the fundamental substance 1s Iikewise
adarker septa and the argentophy lic grains are black The borders and the contrasts
are not very clear 1n the palely stuned scctions In the overstamned ones the chro
matin and the 1tensity of the nucleolar stain make the perception of therr mternal
structure difficule

Data obtained with this technic Nucleolar image very accurate Rnindex very
accurate structure of nucleolar bodtes very clear

The first of the technics mentioned allows a general study of the leukocy tes as
well as the count of their nucleolar corpuscles The second one permits 2 finer
cytological study of the leukocytes and the observation of nucleolar vacuolae
The double argentic 1mpregnation s the only method that facilttates the study of
the 1nternal structures of the nucleolt as well as the volumetric measurements and
finest detatls of the general morphology

2 NUCLEOLAR CONSTANTS OF THE BLOOD CELLS

Nucleolar attributes may, therefore be measured and expressed numerically to
constttute a characterization of the blood cells This characterization tefers
mainly to the number of nucleoh within 2 cell to the relation between nucleolar
and nuclear volume and to the internal structure of the nucleolar bodies themselves

The nucleolar number has been particularly studred 10 the crrculating lymphatte
cells and the figures obtained have been expressed as the nucleolar 1mage Nucleo
lar tmage 1s then only a classification of the lymphauc cells according to their
nucleolar content and the determinatton of the number of nucleol: 1n 100 cells

Volumetric data pertaining to the nucleolt and nucleus can be made to consttute
a ratto similar to that between nucleus and cytoplasm the ratio has been desig
nated as Rn index stnce 1t expresses the nucleolar richness of cells

Finally the winternal structure of the nucleolt gives important data since struc
ture 15 modtfted 1n different pathological wonditions The nucleolar constants are
expressed as follows

Nucleolar Constants sn o Gven Type of Cell
& The nucleolar smage Grouping of cells in classcs according to the number of nuclcolt 10 the cell
2 Nucleotar index Number of nucleolar corpuscles seen 1 100 cells
3 Nucleofar richness Expressed by Rn (nucleolar richness  Riqueza nucleolar ) 1s the volumetric
relationship bet cen the nuclealar mass and the  olume of the nucleus To express ¢ 1n figures near unity
the follow ing index 1s calculared
Nucleolar volume X 100

Ra Index 0 fear volume

+ Number of argentophulic granules contaned 1a the nuclcolar bodics
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1n normal conditions all this data changes within narrow limies

In crrculating blood cells and i those of the hemopotctic organs, nucleolar
constants are related to cellular youth A cell has more nucleolt f 1t 1s young and
the younger cells have a greater nucleolar contene At the same time nucleolar struc-
tures and cellular youth arc closcly related A higher number of nucleolar bodtes
corresponds to a shift to the right 1n the nucleolar 1mage and a greater nucleolar
1nde, a larger volume of nucleolt corresponds to an tncreasc of the Rn index or
nucleolar richness, and nucleolar structures change due to an increase of the fun
damental substance of the corpuscle and a greater number of the argentophilic
grans

MATURATION STAGES
~— Epithelial cells of the skin
—-Lymphoid cells

Fio 1 NucLeorar Ricaness Expressep sy Rn Inpex

The nucleolar 1mage and 1ts condensed expression the nucleolar index 15 very
useful to evaluate the cellular youth of a given sertes but may not be constdered as
accurate when 1t 1s to be compared with different classes of cells Nucleolar rich
ness as expressed by the R index 1s perhaps the most reliable 1ndex of youthful
ness of 2 given ¢y pe of cell and s also very valuable when 1t 1s mntended to compare
different types of cells

In those cellular elements of limited life span which allow the identification of
2 Juvemle stage another of maturity and a last one of semlity 1t 15 possible to
determne the Rn index during the different life stages and translate the figures to
a co ordinate system wrinng as ordinates Rn values and 1n the abscissa line the

successive stages of the cellular lives
3 DATA OF NUCLEOLAR RICHNESS AND CLLLULAR YOUTH

When quantitative data on nucleolar richness 1n a gtven type of cell 1s made
through 1ts different stages of maturity and the R values are written as ordinates
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and the evolutive stages as abscissas a curve 1s obtatned, corresponding to an ex
ponential function

The trend 15 frequently a hyperbola asymptotic and 1n most cases equilateral
In figure 1 the trend 1n the cases of epithelal cells of the skin and Iymphotd cells
of the appendsx 1s illustrated

4 SOME DATA ON THE LYMPHOID SERILS

The facts already menttoned have been amply studied and contirmed for the
different blood cells From them I shall presently show the findings 1n 2 different
ty pes of blood cells the Iymphoid and the erythroblastic

The nucleolar Iy mphocy tic 1mage has been determined first 1n normal adules and
1n relation to different phy siologtcal and pathological conditions In the following
table I have condensed my findings and those of my associates

The Nucleolar Lympbocytsc Image sn Normal Constsons

[ Clas s Nycleolar Authors

o |1 2 3

Normal adults [ 2 9196 | 36 1 oo |104-110 | Gonzalez Guzmae
Infants o2 [8ro | 148 30 | 1o | 1236 [ AnasJose

Old age 5 25 | 940 35| oo | oo | 1oro | Gonzalez Guzman
Pregnancy o2 87 o 14 1z oo 113 4 Anas Juan
Puerperium | o 3 2o 72| o5 X3 107 9 Roa

Digestive stare ) o2 93 8 56 o 4 oo 106 2. Vara

In a like manner I have condensed data 1n relation to the findings 1n different
pathological conditions

The Nu leolar Lympbocritc Image sn Some Patbologecal Condstrons

! Cla es

l Ny leolae Autho s

Iatesunal worms mez | Velazo
Cancer 1083 | Guevara
Leprosv 109 7 | Mare Barragn
Toberculosis 145 6 Pernas
Brucetlo 15 |88 | g0 1o 0 Gonzalez Guzman
Ls mphatic leakemias !

Acuse 0o 230|400 28c! go | 2130 | Gonzal zGuzman

Sub acute ool -0 130 ! g0 ‘ 6ol 1490 Gonzalez Guzman

Chronic loo 8¢ -0 40,20 | n2ro Gonzalez Guzman

RnIndex as expression of the nucleolar richness and the most valuable mdex of
cellular youth has also been determined 1 normal condreions and 1n numerous
pattents Data so far obtained 1s as follows



1 LONZATIZ QUZMAN 63

Nucleolar Re Iness R Index In No mal anl Patlologscal Con litsens
(Conzalez Guzmin)

Al Sded

Normal adules ! o 6 o1
Leprosy I
Tuberculond 13 014
Lepromatous § 1 ob 015
Lucio s form ‘ 1 03 016
Mixed forms 1 o4 o 16
Average ’ 1 0§ a1g
Brucello 1s 11y o127
Lymphoud leukemras
P | e -
Sub acuee ’ 1 40 © 33
Acute 1 g0 o 40

Also studies have been made on Iymphocy tic infiltrates of tumoral stromas,
determining their nucleolar richness The following table shows my findings

Nucleolar Rechness R Index i she Lymphocytes of the Tumoral Stromas

Pa Index
Type of cancer
M LES
Carainoma of the skin
Basal o 62 015
Squamous o 6o o125
Carcinoma of the vterus
Cervix ° 64 © 26
Body o 65 o124

Previous data on the Iymphord series, allows the following conclusions

1 From the nucleolar standpoint there may be added to the known Iympho
cyuc constants the 3 following ones the lymphocy tic nucleolar 1mage the Rn
index and the number of argentophtlic grains of the nucleolar corpuscles

2 In normal conditions circulating lymphocytes of mfants and children are
younger than those of adules The opposite 1s true 1n the case of old age

3 Pregnancy puerpertum and the dufferent moments of the digestive process
do not significantly alter the rucleolar 1y mphocy tic tmage

4 In pathological condirtons there 1s observed an 1ncrease of the nucleolar
index 10 tuberculosts and particularly 1n lymphatic leukemias In the lacter the
mcrease 1s related to the raptdity of evolution of the disease and the severity of
the prognosis

s Nudleolar richness of the lymphoid cells 1 cases so far studied 15 1ncreased
1 brucellosis and 1n lymphauc leukemtas and diminished 1n the Iymphocy tic

wfiltrates 1n tumoral stromas Data gathered 1n cases of Jeukemuas have a definite
prognostic value
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The findings mentioned may prove of value in helptng 1n the clintcal diagnoss
or prognosts of some diseases

§ SOME DATA OF THE HEMOGLOBINIC SERIES

Investigations parallel to those described about the lymphoid cells have been
made on the nucleated cells of the hemoglobinic series of mammals and on nu
cleated red cells of birds and low vertebrates, and particularly on amphibtan and
repules Studies of the more immature forms of embryonic blood have also served
as basis for the investigations pursued

Important facts from these 1nvestigations are the following

1 That the nucleolar erythroblastic smage shows a shuft to the right classes
2 3 4 1n the youager forms of this sertes The shift 1s to the lefr Classeso 110
the more mature cells with hemoglobinic cytoplasm

PN NB NP NO

MATURATION STAGES OF ERYTHROBLASTS
PN Pronormoblast
NB  Bosophiic normoblast
NP Polichromatophilic normoblast
NO Orthochromatic normoblast

Fic 2 Nucrzotar Ricuness Exeressen ay Rn Inpex

2 Nucleolar richness expressed by the Rn index shows a progressive descent
as the cell rrpens and 1ts cyroplasm charges with hemoglobin

3 In the very young forms such as promegaloblasts basophilic megaloblasts
pronormoblasts or basophilic normoblasts the nucleolt have a relatively complex
structure with abundant funadamental subsrance and many argentophilic gramns
while 10 the more mature forms with polychromauc reddish or orthochromatic
cytoplasm the fundamental substance has disappeared and only onc or two argen
tophtlic graias are scen

4 A very important observed fact points out that when the pronormoblasts or
premegaloblasts start their cytoplasmic ripening process that leads to the forma
t1on of hemoglobtn the nucleolar corpuscles lose their rounded or cllipsoidal form
and rake mstead an irregular shape giving the impression that the co'lods of their
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fundamental substance have been transformed 1nto a more fluid substance that
tends to mix with the karyolymph This assertion finds support tn the fact that 1n
later evolutine phases the fundamental substance disappears and there perstst
only some free or encrusted argentophilic grans

s The nucleolar curves during the maturing process are extremely mportant
In mammals they start with the known exponential trend, but a little after the
starting point a sudden descent of the curve shows up, as if another exponenttal
function was superimposed on the first one, leading the tracing to zero

In amphibians the phenomenon 1s essentially the same, there s the imbrication
of two tracings, but the second one does not reach the zero point, descending 1n
stead to constitute a small segment of the curve parallel to the axis of the 1bscissa
and very close to 1t In other words, 1n amphibians nucleolt do not disappear 1n
mature red blood cells, remains of them persistng as fine granular corpuscles
vistble only by employing some of the technics alrcady described

Birds occupy an intermediate posttion, some mature red cells have already lost
their nucleolar material while the majority sull show a very fine dusty cor-
puscle

The facts mentioned are expressed graphically in figure 2. and permit us to state
the following conclustons and working hypothesis

1 During the maturative process of the hemoglobinic sertes there exists a
decrease of the nucleolar richness whose graphtc expression 1in common to the other
type of cells corresponds to an exponential function

2 Shortly after the firse trend 15 constituted there appears 2 sudden change 1
the slope that corresponding to another exponential trend leading the curve to
zero or very near to the axis of the abscissas

3 The new tracing corresponds to the time where the formation of hemoglobin
starts bemng so considered as the graphic expresston of the starting of this phe-
nomenon

4 The evolution of the nucleolar richness and of the morphology of the nucleo-
lar corpuscles 1s suggestive of the following hypothests that the fundamental
substance of the nucleol suffers a series of physical and chemical changes that
transform 1t into another substance forerunner of hemoglobin that diffuses first
mto the karyolymph passing later to the cytoplasm o0 be changed nto hemo-
globin Two complementary questions arise immediately Is the transformation
of the nucleolar substance a self made process starting 1n the nucleolar substance
and ending 1n hemoglobin? Or 1s the forerunner substance of hemoglobin of nu
cleolar orgin  transformed 1nto hemoglobin by the activity of the mitochondrial
apparatus? The latter asumption seems more likely 1n the light of studies now un-
der progress wn erythroblasts of chicken embryos
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The findings mentioned may prove of value 1n helping 1n the clinical diagnosts
ot prognosis of some diseases

j SOML DATA OF THE HEMOGLOBINIC SERIES

Investigations parallel to those deseribed about the lymphoid cells have been
made on the nucleated cells of the hemoglobintc series of mammals and on mu
cleated red cells of birds and low vertebrates and parttcularly on amphtbian and
reptiles Studtes of the more immature forms of embryonic blood have also served
as basis for the mvestigations pursued

Important facts from these investigations are the following

1 That the nucleolar erythroblastic smage shows a shift to the right classes
2, 3 4, 1n the younger forms of this series The shift 1s to the left Classeso 110
the more mature cells with hemoglobintc cytoplasm

PN NB NP NO
MATURATION STAGES OF ERYTHROBLASTS

PN Pronormoblast

NB= Bosophilic normablast

NP Polichromatophilie  normeblast

NO Orthochromatic narmeblast

Fic 2 Nuvcreotar Ricuness Exerzssep Y Rn Inpex

2. Nucleolar richness expressed by the Ra index shows a progressive descent
as the cell ripeas and s ¢y coplasm charges with hemoglobia

3 In the very young forms such as promegaloblasts basophilic megaloblasts
pronormoblasts or basophilic normoblasts the nucleol: have a relattvely complex
structure with abundant funadamental substance and many argentophilic grains
while 1n the more mature forms wich polychromatic reddish or orthochromatic
cytoplasm the fundamental substance has disappeared and only one or twvo argen
tophilic grains are seen

4 A very umportant observed fact potnts out that when the pronormoblasts or
premegaloblasts start their cytoplasmic ripemng process that leads to the forma
tion of hemoglobin the nucleolar corpuscles lose their rounded or ellipsordal form
and take tnstead an irregular shape giving the impression that the co'loids of therr
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tintns have to be ncutralized wieth A and B substances 1n order to demonstrate
antt Rh antibadics or any other abnormal antibodies which might be present 1n
the serum under vestigatton We know now that besides the ants Rh agglutinm
adifferent type of Rh anubods the  sncomplete or  blocking  antibody (Race
Wiener) might be present By using as a diluent undaluted scrum or albumin solu
ton anstead of saline solution (Diamond and Abelson Wiener), this blocking ante
body too will agglutinate Rh positine cells Tt 1s advisable to use both saline
solution as well as sowe other diluent such as lbumin solutton or undiluted serum
1 testing the patient s serum agamst the hushand s cells 1n a casc of suspected
envthroblastosss Table 1 1llustrates the experimental setup used by us under those
circumstances

Tante 1 = drelarinatsen of Blead Cells Groap A (Mr D) by Non nestrals ed
ard Newtraly o Serum of Group O (Mrs D)

‘l Part 1 Non neutrali ed ! Part 11 \eutralized
T T T
Serum Mrs Ba JA t i .b* ‘ o L] b
J D1 tonsin
T Stee | Sm ; Saline ] Serum
R
1y I T TR N S 1 - _
16 ottt ot - -
L e R ! - -
1y S - -
148 +++ | +++ - -
196 ++ ! ++ - _
s + \ + - _
1384 * ! * - —
+ -68 - - i - _
o [ - | - | - -
— = noaggl & = faine aggl + = shght aggl F+ = macked ag

glunnanon +++ = strong agglutnation +-+++ =+ ry stro1g agglunnanae

Mrs Bais Rhnegative groupO Mr Bais Rh positive group A and her serum
1s to be examined for Rh anubodies The experiment given 1n table 1 consists of
2 parts In the first part Mrs Ba s serum 1s not neutralized In the second part Mrs
Ba s serum 1s neutralized by the addinion of 2 parts of AB substances to 1 part of
her serum In rows (a) serum dilutions and blood cell suspenstons were made m
saline solution In rows (b) serum dilutions and blood cell suspensions were made
1 undtluted serum of Group AB The tubes were hept for one hour at room temper-
ature and thea centrifuged at medium speed The resulung agglutination 1s shown
1n table 1

Table 1 shows that there 1s no difference 1n the antt A uter of Mrs Ba s serum
terespective of whether the diluttons are made 1 saline solution or 1n serum Fol-
lowing neutralization with AB substances the antt A antibody 1s completel
chiminated Therefore there 1s no Rh antibody or any other abnormal anubod)
detectable 1n Mrs Ba s serum against Mr Ba s cells ’



INTERRELATIONSHIP BETWEEN THE Rh SYSTEM AND THE
A B SYISTEM

By Ernest Witresky M D

(With the technrcal assistance of Mrs Livia Brum Miss Doris Howees
ANp Miss Heren Warp)

I

T 1S generally understood that the Rh system and the AB system are catirely
independent of each other In spite of their complete independence however

only the full understanding of both the AB system and the Rh system make 1t
possible to 1nterpret and to correlate chinical manifestations and test tube obser
vattons A sensitized Rh negattve patient mught suffer a fatal hemolytic transfuston
reaction Just as well 1f blood of the ncorrect blood group 1s transfused as if Rh
posittve homologous blood 1s given Barely 7 years have clapsed since the Rh factor
was discovered and we are cereainly far from having reached 2 complete under
standing of this highly complicated and tnvolved subject It 1s now 47 years since
Landstener first discovered the major blood groups and yet those who belteve
that we know everything about them are badly mistaken

As an example indicatng the close interrelacionship exssting between the Rh
system on the one hand and the AB system on the other I would like to point to
the production of Rh test serum Rh test sera used at the present time are prepared
from human blood obtained from Rh negative pattents seasitized to the Rh factor
ether by transfusion of Rh positsve blood or by a fetus whose blood cells entered
the mother s cireulation sumulating anttbody production 1 that way Human
serum of course contains the 1soagglutinins antt A and ant1 B depending upon the
blood group to which the respective 1ndividual belongs The elimination or neu
tralization of those 1soanubodies 1s a prerequisite n the production of reltable
ants Rh sera Unless completely eliminated thesc 1soaggluenins will obscure the
dragnosis of the Rh factor and give rise to false postttve reactions The 1soagglu
unins can be removed erther by absorption with Rh negative A cells and Rh nega
nve Bcells or by neutrahization with the 1solated blood group specific substances
A and B * This technic has been used 1n the past by us as well as by others and has
been found to be satisfactory

In cases of suspected erythroblastosts we have been 1n the habit for many years
of testing the wife s serum against her husband s cells whenever feasible If the
wife s scrum contatns 1soagglutmins agamst her husband s cells these 1soagglu

From the Departments of Bacrertology and Immunology Umiversity of Buffalo School of Medicine
and the Buffalo General Hospieal

Read ar the I Hematology and Rh Conference Daltas Texas Nov 15 1946

Purtfied blood group spe ific substances A and B as used 10 chs paper have been Lindly supplied first

by the Eli Lilly Company znd later by Sharp & Dohme In most of the experaments o.cc vials were wsed
coneatneng soluttons of A and B specific substances 1n dilution of roughly 1 2000 They constst of mrx
cares of A substances 1solated from the gaseric muco 2 of hogs and AB substances isofated fromth gastric

mucosa of horses
&6



CRNIST WITIBSKY 69

speed The resulting anclutination ts given o table 3 According to this expent
ment, Mrs Bong s antt A teter 1s 256, her antt B tater 128 In our hands these titers
are considered to be average or shightly above average

In order to test Mrs Bong s scrum for Rh antihodies, ustng Mr Bong s cells
the 1soagalutimin ant1 A 1 Mrs Bong s serum had 1o be neutralized by the adds
uon of AB substances Table 4 shows an experiment which was carried out 10 or-
der to determine the mimmum amount of AB substances necessary to neutralize
completely the soagglunims antt A and antt B of Mrs Bong's scrum  Three
mixtures were prepared  The first consisted of 2 parts serum Bong -+ 1 part AB

Tance 3y —Detrrmination of Ante A and Ants B Tater of Serurs Mrs Bong

Serum \rs Bong Kb \erati ¢ Group 0 Al B&n
1y At ot
8 bt ottt
116 bt ot
- 4t R
16y ++ ++
1 8 + +
1 256 + -
1§ - -

o - -

“Tasre 4 —Ddermnation of Mensmum Amount of AB Substances
Necessary 10 Neatrals e Serurs Mrs Bong

Mixtures to be tested

|

l, Mixtu ¢ One Mixture Two Moxture Three

a b a b a b
A Cells B Cells A Cells B Cells A Cells B Cells

Undiluted + + - - - -
12 + ES - - - -
1y + - - - - _
18 - - - - - -
o _ - - - - -

substance the second consssted of 1 part serum Bong + 1 part AB Substance
the third consisted of 1 part serum Bong + 2 parts AB Substance

The mixrures were hept at room temperature for 30 minutes To decreastng dilu
tions of the mixtures (volume o 1 ¢cc) were added then 1n rows (2) o1 cc test
group A cells 2 per cent suspenston 1n rows (b) o 1 cc of test group B cells 2.
per cent suspension The tubes were kept at room temperature for 1 hour and then
centnifuged at medtum speed The resulting agglutination 1s given 1n table 4

Table 4 shows that the mixture of equal parts of serum Mrs Bong and AB sub-
stances results 1n the complete neutralization of the 1soaggluninins ant A and
ant1 B After having determined the minimal amount of AB substances fiecessary



68 Rh systert aND A B sysTeM

The second table s gtven only as an example to tdlustrate the agglutination of
Rh positrve cells by the Rh blocking antibody 1o the presence of a suitable diluent
such as undtluted human serum as 1t 1s practiced 1n our laboratory at the present
tume

Decreasing amounts of serum of Mrs Poll Rh negattve group O (volume o2
cc ) were mixed with o 2 cc of Rh positve group O cells subty pe Rhy (2 per cent
suspenston) In row (a) all dilutions including the cell suspension were made
1n saline solutton In row (b) all dilutions, mcluding the cell suspension were
prepared 1n undiluted human serum The tubes were kept for 60 minutes 10 the
water bath 2t 37° C  and centrifuged 2t medium speed for one minute The result
g agglutinatton s recorded tn table 2 This experiment shows the presence of a

Tanre 1 —Influence of the Deluent upon the Agglutsnation of Rb Positsve
Cells by Ants Rb Serum Contatnsng Rb Blockeng Antibodres

Serum Poll Group O Rb Negati ¢ All ditutions 1n saline All ditatio ™ 12 serum
Undilured + ++
L - +4+
14 - ++
18 - +
116 - +
Iz - +
164 - +
g - =

blocking antibody of medium potency which manifests itself only 1f undiluted
human serum 1s used as a diluent nstead of phystological saline solution

II

The observations to be reported 1n this presentation have been stumulated by a
a patient whose history 1s as follows

Mrs Bong 29 year old housewife had 3 previous pregnancies 1941 normal
male sofant 1942, premature labor at 6 months duration of pregnancy female
infant weighing 1 Ib 2 0z said to have lived 10 minutes 1943 normal 4 hour
labor wath dead born female weighing 9 1b 10 0z post mottem findgs typtcal
of erythroblastosss Mr and Mrs Bong were sent to us by the attending obstetrs
c1ans for blood examinatton regarding the Rh situation *

Our findings were as follows Mrs Bong blood group O Rh negative Mr
Bong blood group A Rh positive subtype Rh, Table 3 shows the 1soagglutinin
trter of Mrs Bong s serum shen tatered agamst test cells of group A and of group B
The experiment was carrted out 1n the following way Decreastng dilutions of
Mrs Bong s serum (volume o 1 ¢ ) were mixed with o 1 ¢c cach of (2) group A
cells 2 per cent suspenston (b) group B cells 2 per cent suspension The tubes
were kept at room temperature for 20 minutes and then centrifuged at medmum

* We are very much ndebred to Dr James King and 1o Dr Mirlton Kaha for cheir kind co-operation
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cells and absent tn Mes Bong s who belongs to the blood group O In order to
test the second possibality, the following experiment was sct up

Decreasing dilutions of Mrs Bong s scrum ncutralized by the addition of 2 parts
of AB substance to 1 part of serum as in Expertment 5, were mixed with 2. per cent
suspenstons of (a) Mr Bong s blood cells group A, Rhy, (b) test cells group A
Rhy, (¢) test cells group A Rhnegaese (d) test cells group O, Rhy Serum diducions
as well as blood ccll suspenstons were made ta normal serum of group A The tubes
were hept for 6o minutes 1n the water bath at 37°C , centrifuged at medium speed
for 1 minute and read for agglutination (table 6) This experiment shows that A
cells are agglutinated by Mrs Bong s neutralized serum trrespective of the Rh
factor Rh negative A cells as well as Rh postenne A cells betng aggluninated Rh;
cells belonging to group O however, are not aggluunated The agglutination of
A cells by Mrs Bong s serum under the circumstances described and the Jack of
agglutination of blood cells which did not contan the A factor was confirmed 10 2

Tasre 6 —Agglatinatson of Human Cells by Nestralszed Serum of Mrs Bong

Cerum Mrs Bonk Blood Cells
Neutralized
xﬁ"cr.;u",f A Rhy Group A Rh— Group A Rbi Group O

Undituted +4+ ++ 4 -
12 ++ ++ ++ -
14 ++ ++ ++ -
18 ++ ++ + -
116 + + ++ -
132 + + + -
164 + e + -
° - - —

latger series of invesnigations Obviously therefore Mrs Bong s serum contains
an ant1 A anubody of a new type which 1n some respects compares wich the Rh
blocking antibody being demonstrable only 1f phystological saline solution 1s
replaced by normal serum as the diluent The peculiar nature of the anti A ant
body present 1n Mrs Bong s serum suggested the possibility that this antibody
like an immune anubody might possibly fix complement The 1soagglutinins
antt A and anu B occurring 1 normal human serum are characterized by their
failure to give precipreation or complement fixation when mixed with water solu-
ble A and B specific substances Some reports 1n the older literature claiming ob-
servations to the contrary could never be confirred in our hands As anugens for
the complement fixation test amntotc fluids whose content 1n A or B specific
substances had been previously deternuned by therr abiirty to neutralize the 150ag
glutnins antt A or anu B respectuivel  were selected The experiment 1tself was
carried out 1n the following way
5 (D:;{:::Lnf :!1(]:()1o‘xzirif[(na‘l:‘xinn‘xzzgoﬂmiof[Evroup13 l(b)d:lmmonc flurd of group
Parcl o3 et of 1 oo ¥ 1 of 1 20 diluted guinea pig serum To
5 diluted 1nactivaced serum Mrs Bong was added and 1o Part
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to neutralize completely the 1soagglutinins of Mrs Bong s serum we decided to
add 2 parts of AB substances to 1 parcof her serum about twice the amount found
necessary Mrs Bong s serum thus neutralized could be examined for the presence
of Rh antibodies or any other abnormal antibodies which might act upon antgens
present 1n Mr Bong s blood cells The experiment ttself was carried out 1n the
following manner

Decreastng dilutions of Mrs Bong s neutralized serum (volume o2 cc) were
muxed 1n Part Twith o2 cc of Mr Bong s blood cells (2 per cent suspension)
Part IT with 0 2 cc of test cells of group O, subtype Rhy (2 per cent suspenston)
Al dilutions were prepared 1n rows (a) with physiological saline solution and
1 rows (b) with undiluted normal serum of group A The tubes were kept for 6o
mynutes 1n the water bath at 37°C and then centrifuged at medsum speed for 1
munute The resulting agglutination 1s shown in table §

Tavwe 5 —Agglusination of Mr Bong s Blood Cells (Group A Rb)) by Mrs Bong s Neutralized Serum
(Group O Rb Negatie)

5‘,{;"\‘:; tﬂgﬂs Cells M BOP:r(l(‘lroupA Rh) Test Celkx’(z(}rt:l{po Rh)
G upO lized |

s b a b

13 - +++ - -

16 - +++ - -

1 - +++ - -~

124 - +4+ - -

148 - + - -

196 - + - -

19z - + - -

The experiment shows the following (1) In row (a) of Part I 1 which Mrs
Bong s serum was matched agamse Mr Bong s cells no agglutination whatsoever
occurred indicating the fact that Mrs Bong s serum was completely neutralized
The diluent used 1n this row was physiological saline solution (2) Mrs Bong s
serum though completely neutralized aggluunated Mr Bong s cells up to 2 dilu
uon of 1 192 provided all dilutions are made 1n normal serum of group A (row
(b) PartI) (3) The agglutnauon of Mr Bong s cells by Mrs Bong s neutrahized
serum would be perfectly understandable 1f one were to assume the presence of an
Rh anubody 12 Mrs Bong s serum This assumptton 1s not substantiated by the
second part of the expertrent 1n which Rh positive cells of the same subtype
namely Rhy group O were used These cells failed to become agglutinated even
under condinrons in which a blocking antibody should produce agglutination
(row (b) Parc ID)

Two posstbilities had to be considered the first one being tha there was a differ
ence between Mr Bong s Rh type and that of the test cells used 1n the experiment
and the second that the anubody present 1n Mrs Bong s serum was not an Rh antt
body atall butwasan antibody direcred agatnst the A factor present 1n Mr Bong s
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phenomenon at all, or only to a very small extent, mdicating the face that the
particular antibody occurring 1n Mrs Bong s scrum 1s directed agamnst the Ay
property rather than the A property as present tn Ag cells Furthermore, group B
cells are not agglutinated erther

The nature of the ant1 A antbody present in Mrs Bong s serum suggested the
possibility of 1sotmmunization In that casc onc had to assume that Mrs Bong
was sensitized toward the A factor during pregnancy and that her chidren had
inherited the A factor from their father We therefore included 1n our investigations
sera of patients who had recenved A and B substances cither by the injection of
pooled plasma or by the transfuston of O blood contaming the purified A and B
substances The sera of many patients of that type were at our disposal As an ex
ample the serum of patient Wall, who received 1000 cc of pooled plasma, as well

Tante 8 —dAgyfutmmation of Human Blaod Cells by Non nestralted and Newtraleoed Serur of Mss Bang
Part I Serum Bong non neutralized dituted 1n sakine soluzton
Part Il Serum Bong ncutralized diluted 1n saline solucion
Pare Il Serum Bong neutralized diluted tn nocmal human serum Group A

l Blood Celts
Serum Mes Part 1 Part 11 Part I
Bong
i X 5 i A B A A 5
vs o [FREHEE R+ - - e+ S
PR TR S Sk S e S S - E e -
120 bR b | - - |+ o+ -
I I I I (- - - |+ - -
18 [+ e+ ]+ - - - | 4++] - -
1 160 +t+ )+t ES - - - ++ - -
130 | ++ |+ - - - -+ -
1 650 + - - - - + - -
1 1280 - - - - - - - - -
° — - — — —- - - - -

as 1000 cc of group O blood conditroned with A and B specific substances was
sclected The expertment was carried out 1n the following way

Decreasing dilutions of serum Wall who belonged to the blood group O (volume
02 cc) were mixed with 02 cc of 2 per cent suspension of A, cells and B cells
respectvely In Pare I of the experiment native serum Wall was used 1n Part 11
scrum Wall was neutralized by the addition of 2 parts of AB substances to 1 part
of the serum The experument was carrzed out 1n duplicate namely 1n physiolog:
cal salie solution as well as 10 normal human serum of group AB The tubes were
kept at room temperature for 1 hour and then centrifuged at medrum speed for 1
minute The resulting agglutination 1s shown 1 table g This experiment reveals
the following facts (1) Serum Wall agglutinates A, and B cells fairly strong 1n
physiological salin~ solution the ant1 A uer being 1536 the ant B titer g68
(2) The ant1 A titer of serum Wall 1s increased by using human serum as a dllch
wnstead of physiological saline solution However the antt B titer 15 not subsmnt
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I orcc of 15 diluted mactivated normal serum group O After standing for 1
hour 1n the 1cebox and an additional hour 1n the 1ncubator at 37°C, 0 2cc of sen
sttized sheep cells were added The resulting hemolysis 1s shown o table 7

The serum of Mrs Bong fixes complement 1n the presence of A substance, but not
of B substance 1n spite of the fact that her scrum contains both 1soantibodies
ant1 A and anu B In contrast the normal or natural ssoanubodies occurring n
human serum group O do not fix complement suggesting an addrcional difference
berween the normal 1soanttbody antt A and the antt A antibody present 1n Mrs
Bong s serum

TavLe 7 —Complement Frxation Tert
Part 1 Serwm Mrr Bong Group O
Part Il Normal serum Group O

Part I Part 1T
Ammotic Flud
a2 b a b
Group A GopB GopA Gouwp B
Undilured e+t - - -
13 +++t - - -
1y ++++ - ~ -
117 +++ - - -
1 81 ES - - -
1143 - - ~ -
o _ - _ -

— complete hemolysts &= almost complete hemolysis +++  trace of hemolysis ++++
0o hemolyss

jieg

The question arosc whether the peculiar antr A antibody as demonstrated m
Mrs Bong s serum was acting upon the A factor as such or whether there was a
difference regarding the subgroups of A For this reason the following experiment
was carried our

Decreasing dilutions of serum of Mrs Bong (volume o 2 cc) were maved with (2)
o2cc of 2 per cent blood cell suspension group Ay (b) o 2 cc of 2 per cent group
Ag suspension () 02 cc of 2 per cent group B suspenston The expertment con
sisted of three parts In Part I nartve serum Mrs Bong was used meaning that 1¢
was not neutralized and all dilutions and cell suspensions were made 1n physio
logical saline solution In Pare II serum Mrs Bong was neutralized by adding 2
parts of AB substances to 1 part of serum and all dilutions again were made 1n
physiological saline solution In Pact I serum of Mrs Bong was neutralized as
1ar Pare I except that normal human serum of group A was used as a diluent for
all diluttons and blood cell suspensions The tubes were kept for 1 hour at room
temperature and then centrifuged at medium speed for 1 minute The resultng
agglutnation 1s shown 1n table 8 According to table 8 A1 cells are agglutnated
by the neutralized serum of Mrs Bong provided al! diluttons are made n undiluted
normal human serum (Part II row (a) ) In contrast A cells do not show the
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AB substances to 1 partof scrum  In rows (a) and (b) all dilutions were made 1n
physiologrcal saline solution In rows () and (d) all dilutions were made tn un-
diluted human scrum of group A The tubes were hept for 60 minutes at room tem
perature, centnifuged and read for agglutination (table 10)

Both Aiand A cells are agglutinated up ta a dilution of 1 3072 by serum Uge
diluted 1n sahine solution (Part T a and b) The agglutination of A cells ts some
what weaker than that of the A; cells However thus difference 1s considerably
1ncreased 1f normal human serum 1s used as a diluent 1nstead of saline solutton As

Tasis 10 —Agglatsnstion of Ay and Ay Glls by Ants & lmmune Antibody

Blood Cells
Part 1 Not Neutrat zed Part II Neutralized
Serum Uge R b < a » b 3 4
roup B A l Ay I A I A A 1 A ! A ] A
Dufutions in
Salne Serum Satine Serum

1y B e I I o o B e o o B o - +++4 -
16 44+ | ] AR - +++ 4 -
1z F+4| | FEE] HH+ + - +4+4 -
114 B o o I a8 o o ol o o o B - 44t - -
1 48 | 4 R R - - +b+H -
196 +H++] F ) A - - +++ -
1 Rt S o I I o - - +++ -
1384 ++++| -+ ] At + - - ++ -
T 768 | 4 | = - - ++ -
1536 |+t + | e - - - +4 -
1 3071 ++ + +++ - - - + -
1 b1gy - - ++ - - - + -
1 12288 - - ++ - - - N -
T 24576 - - + - - - - -
1 49000 - - Ed - - - - -
° - - - - - - - -

amatter of face the titer aganst the A, cells 15 increased to 49000 The titer against
the A; cells on the other hand 1s reduced to 768 (Part I ¢ and d)

In the second part of table 10 serum Uge was neutralized by the addition of A
and B substances resultung 1n the complete elummation of agglutinins for A cells
and the almost complete neutralization of the agglurmm anu Ay However of
normal scrum 1s used as a diluent cells of group A, again become strongly agglun
nated 1n contrast to the A cells which remain completely negatine

Obviously therefore, we are again dealing with an A, antibody of constderable
potency and spectficity as 10 the casc of Mrs Bong Sera of the ty pe descrabed could
be used very well for the differential diagnosts of Ay 2nd A cells with betrer resulrs
than most of the available commercial sera which have been prepared chiefly b,
the absorption of B scrum with A cells '

It has been known for quite some tme that there 1 2 group of A cells which
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tally 1acreased by this method * (3) The addition of 2 parts of AB substances to 1
part serum Wall resules 1 a considerable decrease of both ants A and anti B uters
1n saline solution though the neutralization 1s not a complete one (4) Serum Wall
neutralized 1n the way described aggluunates A, and B cells almost to the same
extent as nen neutralized serum  provided all dilutions are made 1n normal human
serum Exammation of several other sera of this ty pe revealed essentially the same
results although sometimes the agglutination of A; and B cells by neutralized
scrum diluted 1n normal human scrum did not equal the strength of the non
neutralized preparation diluted 1n normal human serum It should also be men
ttoned that these immune sera did not lend themselves as readily to complement
fixation as did the serum of Mrs Bong

TasLE g —D of Immane I bodses Ants A and Anits B sn the Serum of a Patsent
Follow ng Transfusson usth Condstroned O Blood and Plasma
Blood Cells
Part I Not Neutr 1zed Part II Neutralized 13
Segum Wal A 3 | a | s A B A B
All dilutiens n
Saline [ Serum | Sahne Serum

3 Rt I It I o o N S B o I
P Fhbb| d | bbb ]+ + | | FAE
124 R I I I S I o e m haknd
148 B o I I O T IS bt
196 FhtH| bbb [ R+ R e =
1 4+ |+ | ] - — |+ A
1384 +-++ + [+ - - +t4 L E
1 768 + ES +++ ES - - ++ +

1 1536 = - ++ + - - ++ -

1 3072 - - + - - - ++ -

1 6144 - - ES - - - + -

1 12288 - - -~ - - - - -

a - - - - - - - -

Inasmuch as the ant1 A antbody occurring 1n the serum of patient Mrs Bong
as demonstrated 1n table 8 was essentially an ant A, antibody, sera of other
patients who had recetved pooled plasma or O blood conditioned with A and B
specific substances were examined with regard to thetr content 1n 1soagglutinins
ant1 Ay and ant A As an example serum of pattent Uge who had recetved one
transfusion with O blood conditioned with A and B substances was tested as
follows

Decreasing diluttons of serum Uge group B (volume o 2 cc ) were muixed with
oz cc of 2 per cent cell suspensions Ay and A: respectively In Pare I the native
serum was used 10 Part II, the serum was neutralized by the addition of 2 parts of

+ The 1ncreas. in the tcers of immune anabodies by replacing saline solution with normal serum or
sumilar diluents has been described by Boorman and Dodd as well as by W iener
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SUMMARY

The 1soantibodies ant1 A and anti B which are described differ 1n several respects
from thase occurring 1n normal human serum This ty pe of anubody has first been
observed 1 the serum of an Rh neganve woman who exhibited a history of ery-
throblastosts Her husband belonged to the subtype Rhy and to the blood group A
The patient s secum completely neutralized with A and B substances still agglutt
nated strongly the husband s cells provided normal human serum replaced physio-
logteal saline solution as a diluent for all dilutions The 1mpression was thus
created that an Rh blocking antibody was responsible for the agglutination ob-
served It could be shown however, that the abnormal anttbody present 1n this
patient s serum was not an Rh anubody at all but mstead an antbody direceed
agamnst the A property This type of antt A antibody resembles the Rh blocking
antibody 1n many respects It becomes manifest only if undiluted human serum 1s
used as a diluent Surprsingly enough this anuibody agglutinated cells of group A
although the amount of AB substances added to the serum was sufficient to neu-
tralize completely the ssoagglutinin ant: A under normal conditions m which
saline solution 15 used as 2 diluent This ants A antibody therefore cannot be neu-
tralized as easily as the normal soagglutimn antt A For 1ts neutralization much
larger amounts of the blood group specific substances are apparently necessary
The patient s serum fixed complement when mixed with materzal containing water
soluble A substance 1n contrast to the normal 1soantibody antt A which failed ro
do so The titer of 1soantibodies found 1n the patient s serum upon titration 1n
saline solutton was not extensively high and  as a matter of fact was average Itis
therefore felt that an extremely high titer 1s nerther a necessary requirement nor
proof of 1so1mmunization toward the A and B factors Another 1nteresting charac
tersstic of the peculiar antt A anubody occurring 1n our pattent s serum was the
fact that 1t was essentally an ant A antibody The difference in agglutination
between A; and A: cells respectively becomes manifest 1f normal serum 1s used as a
diluent 1nstead of saline solution This difference becomes even more marked afrer

neutralization of the pattent s serum with A and B substances

During the course of Mrs Bong s pregnancy the special antt A anubody de
scrtbed did not increase but rather decreased 1n strength However even after de-
fivery the antbody was demonstrable for at least several weeks although we had
no opportunity to examine the patient s serum further That one must be very care-
ful 1n contributing any pathological significance to 1soanubodies antt A or ant1 B
even of the type described 1s evident from the fact that the patient was delivered
of a perfectly normal baby belonging o the blood group O and being Rh negative
Whether the difficulties expersenced by the patient 1 previous pregnancies were
due to sensitizarion toward the Rh factor or to the A factor cannot be decrded

Anttbodies antt A and ant1 B of the ty pe reported were also found 1 the sera of
patients who had received large amounts of pooled plasma or O blood conditioned
ss1ch A and Bspectfic substances Agamn the antt A antibody occurring 1n the serum
of these patients was manly directed against the A, property Under the expert
mental conditions described 1n this paper such a serum can be used for the differ
ent1al diagnosts of the subgroups A, and A and constitutes 2 sensinive reagent for
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could be considered an intermediate betw cen the Ay and the A, subgroups The best
way to study the intermedrate subgroups consists obviously in the use of a quant
tattve titratton which would give the best understanding of the degree of agglu
tinability of the cells under 1nvestigation An experiment of that type is recorded
1n table 11

Decteasing dilutions of serum Kale group O (volume o 1 ¢c ) were mixed with
o 1cc of 3 per cent blood cell suspenstons of (a) Axcells (b) A cells of an interme
date subgroup (c) A; cells A serum dilutson of 1 50 was prepared for the expent
ment by adding to 1 part of serum Kale 3 parts of AB substances (Sharp & Dohme)
and 46 parts of normal human serum of Group A Further dilutions were made 1n
undtluted normal serum of group A, and the cell suspenstons were prepared by using
normal serum of group A s a diluent tnstead of phystological saline solution The
tubes were kept for 30 minutes at room temperature centsifuged and read for
agglutination

Tavte 11 —Determanatson of Sub Groups by Ants A Immune Antsbody

Cells
Serum Kale Group O

a b <

A A Ar
150 +++ ++ -
s 100 o+ ++ -
1 200 ottt + -
1 g0 ettt + -
1 Ko ++++ + -
1 16c0 +4++ - -
1 3200 ++ - -

The experiment recorded 1n table 11 shows defimite differences between the 3 A
cells used The A, cell 1s strongly agglutinated the Ay cell 1s completcly negative
however there 1s an intermediate A cell which seemed to contain a small but defi
nice amount of Arsubstance It 1s interesting to note that this intermediate cell was
not agglutinated by 2 commercially available antt A; test serum and had been
classified as an A cell on that basis Other intermediate cells have been found
which were more strongly agglutinated by the antt A; antibody than the cell men
tioned 1n table 11 On the other hand there were some cells which contained only
traces of A substance On the basts of the ant1 A test serum prepared by the
method described 1n this presentation we should arrive at a different percentage
distribution of the subgroups of A than accepted at the present time Of 400 spect
mens belonging to blood group A examined so far we would classify 75 per cent as
Ay cells 15 per cent as intermediate and only about 10 per cent as Ay cells The A
factor 1n connection with the B factor as 1t occurs 1 the AB group is weaker than
the A factor occurring 1 the A group a fact which conforms to previous observa
tions However further investigations are necessary 1n order to reach definite con
clustons regarding the subgroups of A in blood cells of the group AB
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SUMMARY

The 1soantibodics antt A and antt B which are deseribed differ 1n several respects
from those occurning 1 normal human serum This type of anttbody has first been
observed 10 the serum of an Rh negattve woman who exhibited 2 history of ery-
throblastosts Her husband belonged to the subtype Rhy and to the blood group A
The patient s serum completely neutralized with A and B substances sull agglut
nated strongly the husband s cells provided normal human serum replaced physto-
logical saline solution as 2 dilucnt for all dilunions The impression was thus
created thar an Rh blocking antbody was responsible for the agglutination ob-
served It could be shown however that the abnormal antibody present 1n this
patient s serum was not an Rh antibody at all but instead, an anubody directed
against the A property This type of ant A antibody resembles the Rh blocking
antibody 1n many respects It becomes mamfest only 1f undiluted human serum s
used as a diluent Surprisingly enough this antibody agglutinated cells of group A
although the amount of AB substances added to the serum was sufficent to neu
tralize completely the 1soagglutinin antt A under normal conditions 1 which
saline solution 1s used as a diluent This ant1 A antibody thercfore cannot be neu
tralized as easily as the normal soagglutinin antt A For 1ts nentrahization much
larger amounts of the blood group specific substances are apparently necessary
The patent s serum fixed complement when mixed with material containing water
soluble A substance 1n contrast to the normal 1soantibody ant1 A which failed to
do so The uter of 1soantbodies found 1n the patient s serum upon titration 1n
sahine solution was not extensively high and as a matter of fact was average Itis
therefore felt that an extremely high titer 1s neither a necessary requirement nor
proof of 1soimmunization toward the A and B factors Another mteresting charac-
tersstic of the peculiar ant1 A antibody occurring 1 our pattent s serum was the
fact that 1t was essentially an anti-A; antibody The difference 1n agglutination
berween Ay and A cells respectively becomes manifest of normal serum 15 used as a
diluent 1nstead of saline solutton This difference becomes even more marked after
neutralization of the patient s serum with A and B substances

During the course of Mrs Bong s pregnancy the special antt A anubody de
scribed did not increase but rather decreased 1n strength However even after de-
hwvery the antubody was demonstrable for at least several weeks although we had
10 opportunity to examine the patient s serum further That one must be very care
ful 1n contributing any pathological significance to 1soantsbodies antt A or ant B
even of the type described 15 evident from the fact that the patient was delivered
of a perfectly normal baby belonging to the blood group O and bemng Rh negative
Whether the difficulties experienced by the patient 1n previous Pregnancies were
due to sensitization toward the Rh factor or to the A factor cannot be decrded

Antibodies anu A and ant1 B of the type reported were also found 1n the sera of
patients who had recetved large amounts of pooled plasma or O blood conditioned
with A and B specific substances Again the ant1 A antibody occurring 1in the serum
of these pattents was matnly directed agarst the Ay property Under the expent
mental condittons described 1n this paper such a serum can be used for the differ
ental diagnosts of the subgroups A1 and A and constitutes a sensitive reagent for
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the recognitton of the differences occurring within the A factor Wath the aid of
such a serum only 10 per cent of A cells were found to belong to subgroup A; 75
per cent to Ar and 15 per cent were considered to be of the 1ntermediate type No
subgroups were found so far 1n human cells of group B

DIsCUSSION

Dr H:il Dr Race let us have your discussion

Dr Raze 1should like to add my congratulations to the last speakers They have made a tremeadous
<ontribution and Dr Levin s work I already knew about but Dr Witebsky s paper 15 something very
excrung and 1t sounds to m as tf he has ycars of work ahead of him I hope he will be able to find the
time to follow up the cascs simlar to the onc of Mrs Bong I have 2 question which I should like ro ask
Dr Levine what he thinks of this 1dea as 2n explanation of the extraordinary difficuley sn the production
of the ant1 Rh vh 0 the pregnancy 1s h t rosp-cific 1should Like co 2sk De Wiatebsky a question ac the
same ttm I wanttoaskifh tried h 2ung Mes Bong s serum which will destrov the agglutinin and did
sesell gy ch curious effect you deserib d?

Dr Datsdsobn 1 would like to 2dd ¢o the remacks made by Dr Rac regarding the relationof the b t
<erospecific pregnancy 1n somc of th ¢as sd scnb d by Dr L vinc C rzainly the whole ¢h ory approaches
the problem of homosp cificity or h terosp a1fi sty We found thatonly h ¢ rosp cific pregnancy was con
<erned 1n our teses Thae would b 1n agre m nt sith th pr viously reported pap rs Dr Levin mo
troned abour 24 or 5o cases

In connectron with Dr Warebsky s remarkable paper we made ag observation on s v ral cases that
when we had ant1 Rh sera that were difficult to neueraliz  trem ndous amounts of A and B subscance had
to be used before the anu A or anu B could be climmated and at that nm  we found thae by testng at 3

Jo 37 C room temp-raturc and 1cc box temp rature the highest tiere 15 usually at the lowest
temperature In some of thesccases w found the highest tere at body tempsraturc and significantly low «
utres ac icc box temperature We chunk thar this 1s 2 mantfestation of som  degree of immunization

Dr Hill Dr Levinc 1s fiest to answer queseions i regard to hus paper

Dr Lesme Ofcours the staustical deviation of group incompatible matiags 1n Rh negative mothers
s opposed to random matings 1s not striking (25% and 3556 respectivcly) Nevertheless my obseryation
was confirmed by the Britsh workers Actually there 1s a greater incedence of matings meompatible for

A and B (35%) than for Rh (135%) Possibly this indicates 2 greater antigenrciry of the Rhb factor In my
opmion an answer to this question muse await the outcome of comprehensive studies with particular
reference to the secretor non secretor variaton of the A and B facrors

Dr Racc Why docsn ¢ 2 double occur when z P p of A and B and
Rh occur?
Dr Levsne 1have no expl co offer Lcan ¢t und d why when therc 1s 2 double mcompatz

bility they both couldn ¢ immurz because the body s capable of responding to numerous ansigens that
may be 1nyected Tt 1s for that reason that T have Lirele fasch 10 Dr Waener s suggestion that the tojection
of typhoid vacctnc may perhaps prevent tsommmunization by th Rh factor I mysclf would welcome 20
answer to this question W heher or not the seeretor or nonsectctor plays 2 pare 1 ths T do not know

Dr Witebsky Dr Race ¢ have trsed co heat thos sera containng the 2 differeat eypes of antbodies
bue I must admie that our resules were snconclustve so I don ¢ care to comment on chae Of course 1c would
be expected that this sccond type of immune anubody would be more heat stabule than the normal 15028
glutmin buc we are so far unable to prove this Maybe some others will be able to do so As far
23 Dr Davidsohn s remarks areconcerned I too feel that this aceibody 1s cerrainly not a warmantibody
but rather the antubody that work at room ¢ mp rature and maybe a litcle bir beteer 1n the reebox We
have done most of our exp-rim azs though ac room ¢ mp farure because 1t was the most convenicat
thing to do but 1t 15 certamly not th warm antibody

Dr Leusme T think thar st wall be of mterest o recaprtulate some of the carly d velopments of the g
netics of the Rh Hr system In 1941 1 had avarlable large quantities of potent ants D (anet Rby) a0d ano
C (anet Rh ) and 2 weak anr-c (ants He ) On testig all donors of the Blood Transfusion Association
descrsbed bue did niot name four types of reactions 1tk anti D and antt C Bue anet C and antt ¢ gave

only three types and because of the analogy with the MN relationship 1 applied the term angt Hr co what
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1snow known asanuc frwasaceh  ame time smple d that th genctic relatronship of Cc was closer
thanthatof CD

Atth wnitten request of Dr Wien ¢ this material was made available co him and che schema of the
reactions appear in his book and els where Wiener negleceed th Hr factor 1 his th ory of muluple a
Ieles Wh nthe E factor (Rh ) was found Wien ¢ m ¢ the sttuation by increastng the number of genes ac
the one locus As additronal varsants are foand 1 will be necessary for Wien 1 to keep adding alleles as-
suming that he will adhere to his theory From the sen b ginming [ was confident thar the mulesple
allele eheon was premature because 1t did not take 1t accouns the Hr faczor

Tt 15 of great saterest that the Brraeh workers went along with Wicner unnl they found two sorts of
scta which hike M and N gave only three and not four types of reactions The important consderation 1
the qualits of the sera avatlable co Race and Tas lor 10 each of their three papers 1n Nature (1943-1944)
At firse they stndied the relation hap of anes D and antic Therr second studs was based on findings wich
10t D antic and the newls discovered anut E Now cach of these serz grie four ¢vpes of reactions when
studied 10 parallel with any of the othet two If the three are studied togecher then eighe types of reac
vons arc observed (' = 8)

1t so happened that ani-C was the fast of these four antibodies found by Race and his co-r orkers In
1944 these workers for the first tme observed the three types of reactions given by anu-C and anti<c As
1t the ease of Mand N 2 blood fatling to react with both sera does not exist

Accordingly Fusher and Race abandoned the muluple aliele theory and suggested hiokage at chree
defferent locs of a particular chromosome This made 1t necessary for Fisher to predict theexsstence of two
other Hr gencs When antr-¢ was found by Mouranr and aner-d by Diamond the linkage theory became 2
reshey [ had already referred to my apphcation of the Johanasen formola of gene frequencies which lends
powerful support to the linkage theory

So far as terminology 1s concerned ¢ 1s advisable to adope the Fisher Race system There seems to be
no need for theuse of R or Rh as genes How ever there can be no objecton to the use of the Rh
symbols for the phenoty pes along with the CDE system In referring to an Rhy mdividual one may use
theterm DC wich the understanding that po reference to capreal letters 1s necessary In terms of the
Fisher Race theory a0 Rh individual ss esther DXE given orally as DsmallcE  or sumply DE

Genetic usage requires thae allelic genes at any one locus be given as vaniants of 2 parucular atbitrary
leeter If chere 1s 2nother locus on the same chromosome sartants of another leteer ot symbol must be used
rodefine the several allehic genes Inasense theuseof D 1s forrunare since anu D refers 1o the chaucally
most tmportant t¢ the diagnostic serum

Finally I should like to mention that genenicrses generally were taken by surprise when confronted
with the findings on the pach of erythroblastosts fetahis Sup Iy at least che gencricast 15
remunded of lethal faceors to explarn chis form of selective fetal and neonatal morbidity It s obsious

however that the affected infant muse be heterozygous while lethal factors are effective only 10 the
homozygous form




HEMOLYTIC Rh IMMUNE GLOBULINS EVIDENCE FOR A POSSIBLE
THIRD ORDER OF ANTIBODIES INCAPABLE OF AGGLUTINATION
OR BLOCKING

By Joscen M Huiw M D Son Hapervan Pu D, «Np Francrs Joves B A

HE possibility of a third order of reactivity of Rh antibodies characterized
by their fatlure to act either as classical agglunnins or true blocking anu
bodies has been suggested in carlier publications ! 2 In this paper additional
evidence 15 presented churacterizing tmmune globulins of this third order of
reactvity In such 2 characterization of antibodtes or immune globulins we might
bear 1n mind that 2ntibodies may be classified and characterized according to their
responss t0 a variety of tests and procedur.s For example anubodies may bz clas
sified according to th-ir sp-ctficity or their mode of action They have also been
designated according to their stability nnder the nfluence of heat whether they
occur naturally or only 1n response to given antigens the ume of thetr response
1 respect to the immumzanon curve and in many other ways
In the Rh ficld the study of anubodies has been particularly nteresting In
sually studies were concerned chiefly with the speuficity of the different ann
bodies observed uttlizing the classical method of aggluttnation of red cells 1
saline susp-nston Fot example in the original report of Levine and Stetson® 1n
1939 the trregular isoagglutinin which they describ-d had a sp-cificity of ap-
proximately 8o per cent which was suggestively close to the speaificity of 84
per cent which Landsteiner and Wiener! found when their ant: rhesus serum was
used to test human erythrocytes Different specificaties for various human ant
Rh sera was noted 1nt 1941 by Levine® when he described specificities of 73 per cent
85 pr cent and 87 per cent when tested with random human red cells In the
same year Landsteiner 2nd Wiener® also noted human sera contarnng agglutinins
for red cells having different specificiies These and the subsequent studies of Rh
antibody specificity have proved to be of utmost importance mn the working out
of the relationship of the different Rh antigens and 1n the formation of sub-typ-
classsfications However the fascinatng story of the discovery and use of sera of
different speatficaty to unravel the intricate relationships of the different Rh
antigens has been told by Doctor Race 1n his paper today We are much more
concerned here with properties of the Rh antibody affecting 115 mode of action
In the early work with the Rh antibody the classical agglutination test utihiz
1ng a saline suspension of red cells was employed It was catly noted that demon
stration of Rh antibodies 1n cases of erythroblastosis was often lacking Further
more clinical correlation of severity of the discase with antibody taeres was often
very poor or completely lacking Intensive investigations to improve methods of
Rh testing stumulated by the necessity to demonstrate aggluumns more con
sistent]y 10 conaection with transfusion mncompatibility and ery throblastosts led
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t0 2 vory tmportant alvan ¢ 10 our knowledge of antibodics In 1944 the scparate
reports of Race and Wiener® describ d an in~omplete or blocking antiboly often
present 1 cases of Rh ssoimmumzition which could spectfically adsorb and com-
pletels saturate the Rh antigen of the test ery throcy tes without causing apparent
agelutination The bloching test as 1t was c1lled by Wicner, took advantage of
the fact that Rh posttinve cells treated wich such sera would no longer agglutinate
when ant1 Rh serum of known potency was added A somewhat different approach
was made to this same problem by Diamond? when he found that some Rh antisera
seemed to contain an 1nhibitor substance which resulted 1n a lowering of potency
when other higher titred anu Rh sera were pooled with such sera The develop-
ment of the blocking test technic was an important contribution because 1t en
abled us to demonstrate clearly this new kind of antibody by a conventent and
pracucal method Earlier workers had detected the presence of anabodies or
anubody like matersal in sera having a stmilar effece bue lacking the blocking
test were unable to differentiate clearly and wdentify this antbody  Eisenberg and
VolIk ¥ for example used the term  agglutinoid  to designate what they con
sidered 2 modified agglutinin possessing the power to combine with but not to
flocculate the agglutinogen
The blocking technic of course provided an addittonal method for the de
tection of antibodies 1n cases of Rh 1soimmunization In our experience the method
proved somew hat disapposnting for this purpose because 1t increased only shightly
the pereentage detection of antibodies 1n cases of ery throblastosts As 2 method of
studying agglutination phenomena and for the characterization of anubodies
however the blocking test has been exceedingly useful The evident exhibition
of first stage anttbody reaction without subsequent agglutination has led to the
conclusion by many snvestigators that the blocking antibody 1s  unmivalent in
nature as opposed to the binvalent aggluniain These findings served to explain
the zone phenomenon seen 1n some antt Rh sera and suggested that zone phen-
omena generally might be accounted for by the presence of blocking antibody
We feel the importance of the blocking test and the blocking antibody which 1t
determines should not be obscured by 1nterpretations given to the results obtained
with other and later methods which will also demonstrate antuibodies of blocking
typz These methods such as Diamond s albumin test,* Wiener s congluttnation
test ! etc are considerably less specific than the blocking method 1n that they
determine not only the blocking antibody but also the classical (saline) agglu
timn as well as a cerrain portion of what we are designating third order antibodies
1n this paper
In 1944 Chown® presented 2 method of Rh testing of remarkable simpliciry and

high sensitivaty In this method 2 heavy suspension of red cells or whole blood
1s 1n contact with the £y ping scrum within a capullary held at an angle of 45° The
red cells gradually fall through the zone of the agglutnin containing serum and
agglutinate 1o very clear bands and large aggregates as the serum acrs 1n the
presence of capillary forces We introduced Doctor Chown's technic 1nto our
laboratory as a routine procedure early 1n 1945 and have used 1t with growing
enthusiasm ever since We were most interested when we found that this method
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as we used 1t was capable of detecting antibodies which would not agglutinate
erythrocytes 1n saline in the test tube Still more interesting was the fact that
many sera which gave positive resules with the blocking test would not agglu
unate Rh posttsve red cells 1 the capillary (It should be noted here that 1n our
use of the Chown method we have employed a saline diluted serum the usual
rat1o being o 1 oro 2. cc of orsginal serum to 1 cc of saline solution ) The meaning
of this pecultar discrepancy of course did not become clear unul later It 1s
obvious however that Chown's test 1n addition to the blocking 2nd classical
agglutinating methods helped to characterize .nubodtes further

In 1945 Diamond and Abelson'! described a slide test which proved to be a very
sensteave test for recognition of 2ntibodies and paved the way for the conglu
unation and albumin tests In these later methods the importance of the susp=n
sson medium or flutd components of the test were recogmzed By the use of albumin
ot serum for preparing erythrocyte suspenstons zone phenomena and blocking
effects were largely eliminated from the agglutinarion test for anubodies These
methods not only detected the classical saline agglutinins and the antbodies de
termined by the blocking test but also we belteve detected antibodies not shown
by the other two carher methods Unfortunately the term blocking antibody has
been extended to cover all of the antibodies detected by these newer tests emploving
collordal suspenston media

An entirely different method for the specific detection of antibodses was the use
of ant: human globulin serum as described by Coombs Mourant and Race 1% This
new approach shifts the emphasss from the specificity of agglutination to the more
basic phenomenon of spectficity of antibody adsorption As a result the detecrion
of antibodtes does not depend upon their ability to funcrion as agglutinuns or by
hapten saturation (blocking) but solely by their ability specsfically ro adsorb on
the test erythrocytes The antt human globulin serum acts by developing an
observable agglutmanon of red cells which retamed the specifically adsorbed
antibody (human tmmune globultn) The spectficity of the test 1s determined by
the chotce of the proper antgen 1n this case known Rh positive erythrocytes
For convenience we have used the term  developing test  1n referring to this
method of Coombs Mourant and Race!s because 1t develops an observable reaction
tn 2 manner analogous to the development of a photographic 1mage This test prom
1sed 1o be a particalarly useful serologic tool to demonstrate any anttbody for which
asuntable specific antigen could be provided which would produce visible clumping

Coombs Mourant and Race found thar the treatment of an ant1 C serum with
heat (56 C) caused 1t to become nonreactve to the agglutinating blocking and
conglutinating tests whle 1ts ability to adsorb as demonstrated by the developing
test was still present These workers considered the method a more sensitive
technic for the detection of weak and incomplete (blocking) antibodies This
method of antibody detectton was added to our soutine procedures shortly after 1ts
publication As 1n the casc of the Chown capillary technic we found interesting
discrepancies 1n the saline agglutinin and blocking anubody titres as compared to
the new method As reported 1n our carlier pap~rs ! cases were observed 1n which
antibody titres as high as 1/2048 were found by the developing (Coombs) test
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while the 1gglutinating tuere (1/2) and blocking titre were minimal Extensive
experience with the developing test on 1 large routinc service made us feel confident
that such discrepancies were well beyond the 1 or 2 tube greater sensitiviey of this
method On the basis of such findings with the addition of some expesimental
results we suggested the possibihity of a third order of reactvity of 1mmunc
globulins

Since these preliminary studics strongly suggested that the Rh antibody could
cvist 10 a form tncapable of agglutnation or blocking and yet gave evidence of 1ts
antibody nature by specific adsorprion and hemolytic acunity, further mvesu
gations were undertahen These were concerned with (1) the establishment of the
validity and accuracy of the new methods such as developing test ttrations and
hemoly sts quantitation (2) demonstration of antibody characteristics exhibized by
the proposed third order immune globulins such as spectfic adsorption and hemo-
Iysis and (3) demonstration of differences from previously described anstbodies
which characterized the proposed new group of third order antibodies *

METHODS
Arel,

Studies of agg! were carried our by the several methods deseribed below  All
2nubodics were tirated by s.nal dilution For rourine purposes 1 cc serologic prpets caltbrated to ¢ or
cc were used to prepare the serum dilurions One drop of each dilution was placed 1n 7 mm (nside
diam ter) rubes by means of a capillary prpet with 2 tip approximately 1 mm n diamerer Iz every
wnstance this transference of a drop of serum was started a¢ the highest dilutions to aveid error A stmtlar
captllary prpet was used to add 1 drop of a 2 per cent suspension of the test crythrocytes (suspension of
3 or 4 Rh postttre bloods including different sub groups) After thorough mixing of the cells and serum
the tubes were placed 1 a water bath at 37 C for 1 hour The tubes were then centerfuged ar75crpm
for 1 munute and observed for agg) prcally and pically In the case of very
hagh tieres (1 10 coo or over) the rounne technre was checked by 2 more aceorate method of dilution
1n which several Kahn type pipers were used per tese to avord carry over of antibodies

Spectal Agglutenation Tests Four tests namely the Diamond shde and albumin tests the Wiener con
gluunation  method and the Chown capillary sest were used to effecy 2gghunnation when blockiog 2ot
bodies or zone ph fered wich aggl by the standard test rube t~chnic These tests
were used as described by the authors

Blocksng Test The method described by Wiener was employed to show the presence of blocking aon
bodics However after the observ2ton was made as oniginally recommended we have obtasned 2 sharper
differentiation 1 the utration of these anubodies by cenerifuging the tubes and again obscrving for
agglunmation

Descloping Test ‘To desclop obsersable agglutination of otherwise non agglatinarng Rh ansibodies
and smmune globulin or cnyptagglutincids  anu human globulin serem was used as orrginally de
scribed by Coombs Mourant and Race In this method oce drop of the serum to be tested was mred
with one drop of a 2 per cene suspenston of type O Rh postrive erythrocyees 1n a hahn type tube This
was tocubared for onc hour at 37°C and observed for aggluunation 1f no clumping was obscrsed the
cells were washed three ume< 1n sahnc soluton by i dsorbed

gation €0 remore globulios
Alfter the third wash 1 drop of 20t human globulin serum was added to the sedimented cells after the

Recently we have proposed the term cryptagghutinoid to designace the antbody which nesther
blocks nor aggluttnates salne suspensions of erythrocytes ™ The manuscript has been changed by sub
stirution of ths new term for ¢h older and less descriptive desy,

gnation used 10 the origmal presenta;
e erp—
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salinc had been removed The cells were suspended and tncubated for one hour ar 37 C At the end of this
second mcubation the tube was centrifuged at soc rpm for one minute and observed for clumping
Agglunioarion indicated the presence of crypragglutinods  These tests were performed routnely
on all cases of jzundice of the newborn and on 21l Rh ncgatse mothers and thesr childrea

Hemolytsc Astsssty of Rb Serum as Demonstrated in Visro ‘Theee tenths cc of ant Rh serum was added
to3cc of hepanimzed freshly drawn Rh positine whole blood  All the blood used 1n the experiment was
drawn into a dry so cc synnge through a No 19 needle and after che removal of the needle was placed
ma s(:nlc 125 cc flask contaiaing o2 cc of sternile hepanin solution Thus was done 10 order to keep the

lly produced lysis to a2 and also to elmunate any possible hemolytrc effect
due 1o bacterial contamination A set of 6 tubes was vsed for the test and 6 for the controls As a rule
sctum of the highest available tiere was used  The final cffective tutres were as indcated 1 che resules of
the experiment The reagent blank 2nd a switable control were set up n order to obtain the net hemolysts
due 1o the Rh scrum 2}one For the first blank o 3 cc of 2011 Rh serem and 3 cc normal saline were used to
make the final volume equivalent to that in the test Thus blank represented the hemoglobin present 1
the anu Rh scrum which was used 1n che experament The second blank consisting of 3 cc of saliac 20d
03 cc normal serum was sct up to measure the amouat of hemoglobia present 1n the normal serum re
quired 10 the controls

Since normal hepartmized blood becomes slowly and progressively hemolysed on scanding 1 vitro
1t w13 fecessary to usc  control as follows to 3 cc of the same heparinized blood which was used 1
the experiment was added 03 cc of the normal serum whose hemoglobia was determined 1a the second
blank

For the test 3 ccof the heparinized blood were immediately added to cach of 6 stenale tubes containing
o 3cc ofant1 Rhscrum For the control scr 6 sumular seerifc tubes were used contaimng o 3 cc of normal
serum 1a place of the ant Rh scrum A tube from cach of the series was immediately centrifuged and the
supernatant cell free scrum was analyzed for 1ts hemoglobin content A modificatton of the Bing and

Baker'# test for lobin was wsed The tubes of both test and conrrol were 1ocubated ar
375 C andacz, 6 20 30and 48 hours a tube from each seties was removed centrifuged and the hemo-
globin content of the sup plasma d d A Lumerron 2-cell photocl using
narrow band filters 2nd a high double reflecting gal was used to d the color
produced by the benzidine reaction

Net hemolysts was d10mg of from the formula (H — b) — (H —b) = net
hemolysis

Where

H = mg percent of b lobin 1n sup of tubcs blood and (expert

meat)
H = mg pet cent of n of tubes blood and normal serum

by = mg per cent of hemoglobsn ra fiest blank (Rh scrum + salime)
b = g per cent of hemoglobn 1a second blzak (normal serum + salinc)
phorerse Studves Elecrrop analysis and fi were made 10 2 Tisclius apparatus

using the optical arrangement of Longsworth for observing boundacies The serument used was oG
assembled by Dr Dan H Moore of Columbia Unnsersity Patterns were made on 11 cc aliquots of serum
10 a double scctioncd cell at o' C Prior 10 analysis the serum was diluted 1 4 with oor M sodwm
phosphate FH 7 4 contanng o 8 per cent sodrum chloride and then dralyzed for 24 hours (at 1cc
box temperarure) agamnst 2 large solume of buffer prepared in the same way This same buffer was used
to fill the apparatus

Aftee electraphorests the components of the serum were disributod 1n Layers throughout the length
of both arms of the cell Scparation of these fractions was accomphished by carefully noring the positron
of the boundanes then removing the successive layers by means of capillary pipets care being taken to
avoud disturbing the boundartes

* In later expersments to be reported clsewhere guinea pig complement was also added o bozh the
cest and conrol series 1a order to provide an excess of and produce
By this techoique much more complee hemolvsts was observed for example approximately 1 gram of
plasma was attaincd 1 some tostances

lobsn per 1co e of sup
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RESULTS

The applicatson of the agglutinttion, blocking and developing tests to the
routine services of the blood bank wnd maternity unie, as well as to the exper
imental production of hyperimmune ntt Rh sera resulted 1n the demonstration
of antibody patterns that are deemed worthy of repore These results, along with
the studies on the electrophoretic separation of Rh immune globulins and the
quantitative demonstration of hemoly tic 1ctivity of the 1gglutinating and  crype-
agglutnord  antibodies, are described below

Case 1 A type O Rhnegatise female gave beth to a severcly jaundiced snfant The past history showed
that the mother had tecerned 1 transfusion and had had 2 miscarniages The type O Rh (D) posterve 1n
fant s erythrocytes gave a 44+ developing sest The antibody pattern presented sn table 1 was found on
examination of the mother s scrum on the day of birth In this 1stance we have completely negative
agglutnation and blocking tests Neertheless by the developing test this serum was able 1o scnsitze
Rh (D) positine erythrocy tes up ta a dilution of 1/512

TasLE 1—Serum Antibody Pattern from Mothers
of Erythroblastosts Cases

Antibody Titre
1 2 4 8 16 3 [ 128§ 256 | 512 | 10242048 | 4096

Casey

Aggt - - - - - - - .

Block - - - - - - - - - - -

Develop B o [ R e I o I It B A
Case 2

Agzt 4+ + - - - - - - - -l =1~ 1=
Block R g T + - —~ Lol B e R
D selop R R o o e e et s e ke AR T
Caeld T

Aget + - ~ - - - - - - -

Bl ok bl ]+ + - - - - - | -

Dev lop R e e e d I ol IR I B B

s
Care 2 A type O Rh negative mother delivered a stillborn macerated 1nfaat at an estimated 8 month

gestatton Two years before thes pregnancy the mother had recesved 2 blood transfusions following
an 2ppeadectomy The serum collected on the day of delivery showed the antibody paetetn presented
tn table 1 The cond of the d infant precluded any studies of the antibodies 10 1es serum
In this case anubodics could be demonstrared by all 3 m chods The results suggested 2 muxeure of anes
bodies The tiere by the devclopiag tese seemed sufficienely greatee (6 tubes) to definutely sugg st an
excess of antibodics not revealed by the other 2 methods

Case 5 The mother of a severely jaundiced snfant whosc erythrocytes gave a 4 plus d veloping test
prescnted an wnusual past history Her fiest chuld died shortly afer birch of 2 disease supposedly ery
hrot During this the mother had recerved small intramuscalar 1njecuons of the
busband s blood with ¢he purpo ¢ of preventing erythroblastosis Shorely b forc delivery the patieat
was transferred from another aty to Baylor Hospital The pregnancy termunated 1n the birth of an ex
tremely jaundiced 10fant which was treated with Rh negative blaod transfusions and subsequently re
covered At burth the 1nfant s erythrocytes gave a 4 plos developing test The cluate from the card b’{cmd
showed nerther agglatimns nor blocking anubodtes but a titre of 1/16 was found by the developin,
test The mother s serum taken on the day of birth showed the anubody pattern grven 1a rable f ]i
this case the uere of anubodies d d by the developing test 15 greatly 1n excess of the blocking
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antibody while agg! are | Iy absent App Iy here the anebodies arc a mixeure of the
blocking varicty and ¢ry pragglutinords

Case 4 The Rh negatine patient was 2dmieeed 1o the hospital for 2 possible pelvic abscess following
a laparotomy and because of 2 persistently low erythrocyre count (2 900 ooo/c mm) The patient had
had 2 caesacnan deliserses with blood transfusions from th husband each nm  During th hospstal
stay 2 transfusion was ordered The husband offered himself as the donor Wh n 1t was found thae he
was Rh posittve the anubody pattern of h 1 serum was studied The resules pres need 1 table 2 demon
strate thae sommunization had occurred  Subsequent Rh negative transfussons were given without
meident This anubody pattern shows a low utre of agglutinins no blocking 2ntbodies and a faly
high utre of immune globulins or crypragglutinodds Th reisalsoa p culizrzon effeceinth developmg
test for which we have not found 2a adequate explanation

TABLE 2 ~Serurm Antsbody Pattern from Mothers of Erythroblastosss Cases

Antibody tit ¢

1 H 4 8 16 32 64 128 156|5|2
Case 4
Aggr + + - — - - |-]=-1-1-
Block ~ - - - P R R BN NS R,
Deselop + + N R IR N I
Case 5
Aggt 1+++ =+ ES - - - - | -
Block |+ R I A e a Paat B ol B
Develop ‘.L++%‘+‘F+F+S§}‘+‘E+++++ +H o | -

|
Case 6 ‘
Agge i++-!»+‘¢++++++++++++++! x| -
Block - - - - -~ =]-
!

Develop ‘++++’++++++++ +++ +++)++ + 1+ |-
Casc 6 ‘ i
Aggt 4+ L+ ++ + - -
Block [ |,z |- A A
Develop [T R R ’i _

Cases AnRh ncgante mother gave bireh to 2 severely javndiced snfant Six years b-fore this pregnancy
the mother bad recenved 3 transfusions There was no history of previous pregnancies The infant s
erythrocytes gare a 4 plus reaction to the developing test The antibody pattern 1a the maternal serum
on the day of birth ss preseated tn table 2 Thes pattern lustrates the sieuanon where the developmg
tese parablels the blocking tesc apparently showing that only the blocking zntibody is respansible for
the titre of 1 64 shown Since this 15 2 plus minus reacrion the resuls are pracucally sdenucal We fecl
that thus 1s che case when pure aggl o blocking ancibodies are d by the ant1 human
globulin techmc A wrre 1 tubs higher 15 frequently found as compared to the agglutinating or blocking
Tests

Case 6 Ao Rh pegan ¢ mother gave birth 10 a shightly jaundiced snfanc whose erythrocytes gave 3
4 plus developing st The mother had had one previons child who was living and  ell The scrams
collected on the day of birth and 1 month lacer showed the antibody patteens preseated n table 2 The
asmilaney of the anubods pateras of these studies shoy s a relatssely sumalar sensiens ity of the developing
test and agglunnayon test hen only 1 1ype of anubody 1s present Tt 15 probable chat these sera had

only the aggloumin present
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Antibody Patterns Studied durmg Deliberate Hyperssormmunization for Rb Serum
Productson In addition to the above cases another group should be described
because of significant antibody responses ind patterns This group consisted of
indivrduals who had recetsed small doses of Rh positave cells with che deliberate
wtention of producing high utre Rh typmg serums ¥ With these individuals
antibody patterns and varations could be very closcly followed 1n relation to
adminsstration of the Rh antigen

Tible 3 —M s R W Turre of Arts Rb Agglutonsns Frodsced by Ingection of Rb Posstise Dlosd snto
Pretsonsly Liotmmns ed W oman

Brth of Jcteric
UD"‘Y—,‘Q{:’« Bhod In ected Aex b Block Develaping,
Ty zation Stasted «“
1/1280 . .
1/1280 . .
1/1o14 . i
1/64 . .
1 kS
4 1/128 -
7 $72318 — .
5 1/640R Iy
1/1280Rs
" 1/2560 — .
10 1/4096 —
T3 5 1/4096 - *
3t 5 1/4096 — *
3 s /8192 1/16 .
195 1/32 600 — 1/128 ooo
224 s/1014 — 1/1024
29. 1/256 1/4 1/2048
408 1/2048 1/3 1/31 ooo
409 51V
11m
410 1/1004 /32 1/1014
411 5 1/1024 1/8 1/1024
414 11y
nm
1/1024 1/8 1/1048
415 1/2000 1/8 1/2000
416 1/ 4000 1/2 1/4000

The tests « cee not dane 1n the cases marked with asterisks 10 tables 3 and 4

The first of this group Mrs R W has been described 1n detail 1n 2n earls
publication '7 She was the mather of a severely 1cteric second child who rec . :g
with the admimistrauon of multiple Rh negative transfusions The orig 01""
of the mother s serum was 1/1280 by the agglutination reacrion Blocl.xf o d"sm
scloping tests were not available at thae time In eable 3 the schedule of B venons
jectrons of Rh positive blood 1s given together with the time xmt::;zn::z
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antibody response The various long time 1ntervals were du=1n pare to the itnerant
habtts of the volunteer donor

The second 1ndividual to be hy pertmmumzed Mrs O M was the mother of 2
severely icteric child who had recovered zfter treatment with multple Rh negative
transfustons The original titre of the mother s serum was 1/256 by the aggluu
nation reaction The results of the mtentional ssoimmunization program are pre
sented 1o figure 1 The program was started 1n April 1946 2nd was discontinued
temporarily by an automobile accident to the volunteer Several months later the
1sotmmunizatton w1s undertaken again In this case the agglutination reaction

4096,
2048
1024 1

512 .

Hes

i 32| @ - P

1L

8 510N 123w’ |:,I|sI|7 1819 20 2
WEEKS

Fia 1 Asmsoor Patrern Propucen sy Injection or Rh Posimive Broop 1v1o 4 Previousty
Isommunszep Woran

faled to reach a utre surtable for the production of typing serum However the
anttbody pattern obtained 1s of constderable interest

The third of this group who showed very signtficant antibody patterns during
a course of njectrons of Rh positive blood to produce Rh testing serum was a male
patient Mr P D admitted 1n September 1943 for the surgical treatment of
polyposs of the colon and rectum A colectomy was p-rformed and later further
sutgery was done to remove the remaiming rectum and anus During this treatment
the patient had been given multiple transfustons which finally resulted 1n a severe
transfusion reaction It was found that the partent was Rh negatve and had an
antt Rh(C) titre of 1/128 Subsequen: transfusions of Rh negative blood were
uneventful In March 1946 the patient vol d for the pro-
grama The results presented 1n figure 2, arc remarkable for the extremely high titres
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by the dexcloping test and especially at those potats where no antibodies could be
demonstrated by the agglutinacton or blocking technic

Study of Antibody Patterns durmg Detersoration. Duting the 1sormmunization of
Casc 1 several blood collections were made for the preparation of ants Rh typing
scrum The thied collection of 250 cc ysclded a scrum wich an aggluciaacion eere

10241

»

it

12 13714 15716 17 18 19 20 21 22 23 24 25
WEEKS

S B 0sT E
¢ [} sL000
Ple veswse

Fic 2 Tirxe or anTi Rh Acorumivins Propucen By Injecrion or Rh Posmive Brooo 1nto 4
Man P S sy T

Tasie 4 —Ddersoration of a Labile Serum Stored at — 20 F 1

Date Asgglutinati n Blocking Develop
8-7-45 1/8191 1/16
8-9-45 1/2048 1/64 .
4-1-46 1/x280 1/2048
4-10-46 1/1024 1/256 /2048
41746 1/2 weak 1/4 1/2048

of 1/8152 and a blocking reaction of 1/16 The serum was stored 1n a freczing
umt ac 15° F Within two days the agglutination utre began to fall It was de-
cded not to use this serum for ty ping purposes From tme to time the serum was
examined for the anubody patcern as this deterioration of agglutinins progressed
The results as presented 1n table 4 represent the antibody pattern found t.‘lurg h
deterioration of this Jabile serum 1 the
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In figure 3 15 shown the Electrophoresss pattern of the serum of Mr P D of
the serum production program when the blocking titre was 1/2 and the aggla
unatton and developing ttres were 1/4000 The electrophoretically separated
albumin and globulin fractions were tested for the antibody pattern to determine
the location of the antibodies 1n the serum fractions These were found 1n the
gamma globulin

Fic 3 Etscrroemorsric Parresn  Davison Ssrom

The studses of the hemolytec effects of Rb smmune globulms are presented in graph form
In figure 4 1s presented the comparison of the benzidine dihydrochloride modt
ficatton of the method of Bing and Baker®® as used by Hill and Haberman?® and
the 1ron thiocyanate method as described by Moore!® for the determnation of
hemoglobtn The results of these 2 methods were so nearly 1dentical that 1t was
decided to use only the benzidine dihydrochloride technic in the later experiments
The third graph 1n figure 4 shows the comparison between the use of saline and the
use of normal serum 1n the controls to replace the ant1 Rh serum being tested for
hemolytic acuvity No significant difference was found between these z methods
of preparing controls
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To prove the specificity of the hemoly tic activity of ant: Rh simmune globulins,
the experiments were repeated on both Rh positive and Rh negattve cells These
results are given i figure 5 In this expertment the hemoly tic rction of the  crype-
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agglutinoid  antibody 1s studied with reference to com
Rh positive and Rh negative crythrocy tes were was
trifug on and diluted to a 20 per cent suspension
complement was added (2 units) and no complemen:

plement In the first graphthe
hed 3 times 1n saline by cen
To one aliquot of these cells
t was 2dded to the remainder
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In the figure 1t can be scen thac no significant hemolysts as compared to the controls
was observed against Rh negative cells Also, very little hemolysts occurred when
no complement was added to Rh posituve saline suspensions However, when
complement was added to Rh posttive saline suspenstons significant net hemolysis
occurred When the above experiments were repeated with Rh positive and Rh
negative whole blood simular results were obtatned The greatest hemolysss was
produced when complement was added to the mixture of Rh posttive whole blood
and antt Rhantibodies When complement was not added to the Rh positive blood
signuficant hemolysis occurred due to the complement already present 1 the fresh
human blood used 1n the experiment The Rh negative blood showed no net
hemolysis when treated with the ant1 Rh serum under the condittons of these
experiments
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Fic 6 Hemorymic ActiviTy oF CRYPTAGGLUTINOIDS

Further studies on the hemolyuc capabilities of the crypragglutinord  ant
body were made 1n the same maaner as those presented mn figure 5 1ntroducing the
effect of shaking to the mixtures of Rh postrive blood complement and ants Rh
serum The tests for the effects of shaking were performed 1n 25 cc Erlenmeyer
flasks which were mounted on a rotary table The rotary travelled at a speed of 100
rpm and caused the blood mixture 1n the flask to mex gently The results pre
sented 1n figure 6 show that the hemolyuc effect of the Rh crypragglutinord was
enhanced by complement and shaking

To compare the effect of different titres of antt Rh aggluunins and  crypraggle
tinoids  on the same Rh posttive cells (Rhy or CDe) the following experiment was
done A pure agglutinating serum (original ritre 1/32 000) was added to 3 tubes
containing Rhy (CDe) blood with the intention of producing a final izre of 1/1000
1/100 and 1/10 However after the preparation of the dxlurm'ns a final atration
showed only 1/500 1/25 and 1/25 To a sumilar sertes of Rhy (CDe) blood was
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added 2 pure  cry pragglutinodd  scrum (oniginal tiere 1/16 0c0) In this case final
tures of 1/2000 1/100 and 1/10 resulted It was hoped that examination of the
hemoly tic activity of the preparations described would give some evidence of the
sensitnity of the developing test ritration and establish the validity of utratton
by this method These mixeures sere then studied 1n the same manner as described
in the presentation of methods The results show thae as the atres of both the
agglutinm and the  crypragglutinord  antibody were increased, the hemolytic
effect became more marked with relatively good correlation of titre and hemolysis
These results presented 1n figure 7 indicated that the developing test was not merely
a supersensitive technic but determined tutres of  cry pragglutiond antubodies
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@5

£

Ba

= v2003

3130 v so0

<

E

Y2 1100

T

] o

<10 125
vas

o 10 20 20 30

30 O
TIME HOURS
Fic 7 Compartson or Errect oF AGGLUTINATING AND CRyPTAGGLUTINOIDS ON Rh4

R B C ar Dirrerent TiTres

DISCUSSION

It would scem apparent that the forces 1nvolved 1n antigen antibody reactions are
so closcly linked to physical chemstry that attempts to represent pictortally these
actwvities on the bass of the knowledge at hand 1s pure speculacton Such pictoral
representations as have been given in the recent past for the blocking and agglu-
tinatng anttbodies seemed adequate for 2 short pertod of tme However, the
Dramond slide and albumin rests and the Wiener serum suspension tests qu;ckly
demonstrated 11s tnadequacy while the new technic of Coombs et al ' opened up
new possibilities for study of antibodies as heren reported

When the agglutination reaction as performed 1n the test tube 1s used as the
index of Rh sensitizatson 1t was found that many cases of clinical 1soimmunizarion
could not be explained duc to the failure to demonstrate the classical agglutinin
Later the discovery of the blocking antibody resuleed 1n the demonstration of an
antbody possibly 1ncomplete with respect to valence In this case the antibod
was capable of being adsorbed without producing agglutination 1n the test tubcy
The obvious explanation appeared to be purely one of valence or incomplet
of the antbody molecule However the newer evidence found by Dmml:mdc:;sc;
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Denton'! by varying the suspension medtum of the test Rh positive ery throcytes
showed that the bloching antubody could be made to produce agglutmation by
substituting collotds such as serum and albumin for saline solutton The reaction of
Wiener using neutral serum as the ery throcyte suspenston medium for the tube test
produces the same results It would scem then that the valence of antibodies as
originally propounded by Marrack? and Hedelberger and hendall?® and prctort
ally represented by Wiener for the Rh complex does not enurely explam the
findings 1n the Rh problem  Although the principle of valence may yet explain the
blocking a2nttbody st remains to be shown that such 2 concept explains the

cryptagglutinord  antbody

From 1nvestigations 1n the present paper and n previous reports ! it appears
that the anubody demonstrable by the developmng test differs from the classical
agglutimn and the blocking anubody This antibody 1s capable of specific adsorp-
ton wichoue caustag agglutination or blocking However shen such antibodses
are tested by the albumin and serum methods agglutination occurs but 1n 2 some
whet lower utre than with the developing test In one case clearly showing
anttbodies by the developing test no agglutination could be detected by the con
glutination merhod * It would seem then that the problem of antibody reactivity
rather than valence alone 1s concerned On this basis 3 orders of anubody reac
tivity may be considered First specific adsorpeion with subsequent agglutinaton
(classical agglutintns) second specific adsorptron with saturation of the antigen
and no agglutination (blocking) and third speaific adsorption without evident
saturation of the antigen and without agglutination ( cryptagglutinods )

Evidence for such a third order of Rh antibodies differing from the agglutin.tung
and blocking tvpes has been presented The evidence has been offered 1n the fol
lowing catagories (1) Studies of anttbody patterns 1n the serum of mothers of
erythroblastotic children (2) anubody patterns found during deliberate hy periso
immunization for che production of Rh typing serum (3) mvestigacion of changes
in anubody charactersstics during detertoration 1n vitro oser a period of tme
(4 the demonstration of the hemoly tic actton of the Rh anubodues, especially the
third order or crypragglutinord  type to establish their antibody nature .nd
(s) studes of electrophoretic separations of Rh anusera with 1 view to determimng
whether the agglutinaung 2nd  crypraggluunoid  anubodies were found 10
different protein fractions

In examnation of the sera obtained from the mothers of ery throblastotic chil
dren 1t was found that the test tube agglutin.uon method fatled to detect many
nstances of isoimmunization Case 1 of this series demonstrates such an st nce
In this case the blocking test failed to reve.] the 2nttbodies However when the
developing test wwas used 2 hidden antibody titre of 1/512 was found In the second
case the blocking titre was 1/32 with a2 we.k aggluuntn present at 1/2 dilutton
The developing test showed a titre of 1/2048 a 6 tube difference between 1t and
the blocking test «nd a2 10 tube difference above the aggluunation reactton The
anubody pattern of Case 3 also shows these wide differences between the three

1 bodies de bl

* Since prescatanion of ehis paper 4 clear cut cxamples of enp
ssath the descloping test but negatne vith the albumun or conglutination tests hase been studied
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ticration methods In Cases 4 and 6 are presented instances where the blocking
antibody was not present In Case 4 a7 tube difference was found between agglu
unation and developing reactions The weak developing reaction at a titre of 1/4
(zone effect) found 1n this case 15 probably due to some catry over of nonspectfic
globulins which could neutralize the developing serum InCasc 6 the cry ptagglu
tnoid  titre and the agglutination titre were almost the same, and 1t 15 believed
that sera of this type represent mostly agglutinin with very licle or, more likely,
no third order antibody

The use of the anti human globulin serum of Coombs Mourant and Race as a
developing test not only detects the third order  cryptagglutinord ) anubody but
also yiclds visible agglutination when the blocking effect 15 found and when
agglutinins arc present as questtonable or weak reactors When this antibody pat
tern approach was applied routinely to the study of sera from the maternity service
an improved degree of correlation was found between titre of antibody and seversty
of crythroblastosis

In the examnation of the data concerned with deliberate increase of antibody
taeres to produce testing sera 1t can be scen thar the agglutinins were persistent
1n the case of Mrs R W However the blocking effece was transitory and never
reached a significantly high titre, while the cryptagglutinord antbody 1n many
instances was much stronger than the agglutimn Also the antibody titres can
be lowered by using different Rh subgroup cells in the 1soimmunization series
This change 1n titre rescmbles a laglike phase 1n the progress of antibody produc
tion At one ume during the program the developing ( cryptagglutinoid ) titre
reached 1/128,000 and agglutination was evident at 1/32,000 with saline suspen
sion of erythrocytes It should be noted that as the immunization program pro
gressed the  crypragglutinord  titre dropped and no longer exceeded the agglu
tnun tiere This result seems to tndicate that there 1s 2 degree of independence 1n the
production of the antbodtes studsed

In the case of Mrs O M the blocking antibody was evident with some per-
sistency However, when the frequency of blood injections were increased to 2 or 3
umes per week the blocking antibodies disappeared and agglutinating antibodies
became evident Throughout the stimulation period the crypragglutinod
antibody exceeded the strength of the agglutnin or blocking antibody

In the casc of Mr P D, 1t was found that several years after the oniginal 1soim
mumzation by transfuston a developing ( crypragglutinod ) wtre of 1/256
perststed while the blocking and classical agglutmation tests were entirely nega
tve Five days after the iitial injection of Rh posttive blood, agglutinins and
blocking antibodies appeared 1n the volunteer s serum In one series of tests 1n the
study the volunteers anubody pattern completely failed to show blocking
anubodies or agglutinms although a very high titre of  crypragglutinods
(1/16 000) was observed When the Diamond albumin and Wiener serum tests were
applied agglutination occurred at titres of 1/4096 and 1/1024 respectively sug
gesting that a part of the cryptaggluunods  were sufficiently reactive to be
demonstrated by these methods In continued studies of this type stmular resules
were observed Furthermore agglutination could be observed 1n Chown s capillary
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test with many scrums giving postsve albumin tests However serums contarning
pute blocking anesbodtes only would not agglutinate Rh positive cells by this
method The blocking antibody appeared at irregular intervals 1n the 1sotmmuniza
tion programs and rarely attained significant strength On the other hand the dara
presented shows that the cryptagglutinod  antibody appeared 1n the pattencs
serum first usually attained the highest tieres, and persiseed longer 1n the patient s
blood stream

In reviewang the data on the deltberate hyperisoimmunization of the 3 mnd:
viduals presentted 1¢ can be scen that considerable variarion occurred These
differences 1n antibody patterns can be attributed to the ndividual s particular
response to the repeated anjection of Rh positive blood No apparent correlaston
could be made between the type of antibody and the phase of immunization
although the crypragglutinoid  typeof antibody persisted longer after antigenic
stimult ceased and could often be more eastly increased during the aceive phase of
stmulation However the cryptagglutinoid antibody often appeared first while
agglutintas might or might not appear later On the other hand we had previously
obscrved a case where agglutinim titres up to 1/100 0oo were produced by the
1njection of Rh positive cells and at no time were blocking or  cryptagglutmond
antibodies detected

The study of the labtle serum collected from Mrs R W of the immunization
program showed that the cryptagglutinosd  tiere remamned constans while the
agglutinn deteriorared rapidly The apparent increase 1n the blocking utre may
have been due to the lability of the agglutinin

The specific nature of the adsorption of the Rh  crypraggluunod  antibody
ot Rh posttive erythrocytes ts strongly suggestive of the destructive role ths
ahttbody must play 1 sensitizing the red cells for their hemolysts 1n vivo so
charactersstic of Rh transfusion reactions and erythroblastosis Prtor to our recent
reports on hemolytic activiy of Rh anubodies ! 2 Diamond and Abelson® had
noted hemolyss 1 doing therr slide test In the quantative experments described
1n this paper we have attempted to establish the hemolytic nature of the crypt
agglutinod  antibody detecred by the developing test It was considered 1mpor
tant to demonstrate that the globultns shown to be specifically adsorbed on red
cells were actually able to function as antibodtes It was also found that comple
ment was essential to their hemolyuc action as in the case of the Rh agglutinn
The amount of hemoglobin released 1n these expertments was small but signficant
because 1n each case without exception there was 2 defintte net hemolysis as com
pared to controls In terms of the sensitive chemical technic employed however
this magnitude of hemoly sis was easy to detect quantitatively

Electrophoretic pattern studies of sera containing Rh agglunnms on the one
hand and crypragglutnotds on the other showed no significant variation from
the normal Furthermore when separations were made by removing the protein
fractions from the electrophoresss cell and titrations of each fracuon performed
1t was found that both agglutinins and  crypragglunnords  were limited almost
caurely to the gamma globulin These studies have not been suffictently extensive
to be constdered other than preliminary 1n nature
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SUMMARY AND CONCLUSIONS

We believe that sufficent evidence exists to justify 3 classes of Rh antubodies
based on their reactrvaty These are the classical agglutinin the blocking antibody
and the proposed  cryptagglutioid  Sufficient distinction exists 1o retamn the
blocking antibody as determined by Wiener s original blocking test This antibody
15 further characterized by failure to act 1n Chown s capillary technic The tdentity
of this antibody w1th 1ts important role 1n reawakening savestigation 1 this field
of immunology should not be lost through 1nclusion 10 the broader group of those
antibodics determined by the albumin test and similar methods The proposed third
order anttbody or  cryptagglutinord  which 1s usually, but not always detected
by these more inclustve tests and the capillary technic appears to be of great
clinical importance because of the frequency with which 1t appears 1n significane
titres Detection of 1sormmunization and closer correlatton of antibody titre with
clinical severtry of disease should be possible through study of this  crypragglu-
unord anttbody
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test with many serums giving positive albumnin tests However serums containing
pure blocking anubodtes only would not agglutinace Rh positive cells by this
method The blocking antibody appeared at irregular intervals 1n the 1soimmuniza
tton programs and rarely attained sigmificant strength On the other hand the data
presented shows that the cryptagglutinord anuibody appeared 1 the patient s
serum first usually attained the highest titres and persisted longer in the patient s
blood stream

In reviewing the data on the delsberate hyperisoimmunizatton of the 3 1ndi
viduals presented 1t can be seen that considerable variarton occurred These
differences mn anubody patterns can be attribured to the wndividual s partscular
response 1o the repeared mjection of Rh posttive blood No apparent correlation
could be made between the type of antibody and the phase of tmmumization
although the cryptagglutinord  typerof antibody p d loager after
stumult ceased and could often be more eastly increased during the active phase of
stimulation However the cryptaggluunoid anttbody often app.ared first while
agglutinins might or might not appear later On the other hand we had prevsously
observed a case where agglutinin titres up to 1/100,000 were produced by the
1njection of Rh posterve cells and at no tume were blocking or  cryptaggluetnod
anttbodies detected

The study of the labile serum collected from Mrs R W of the immumzation
program showed that the cryptagglutnord  utre remaned constant while the
agglutimn detertorated raptdly The apparent increase 1 the blocking titre may
have been due to the lability of the aggluttan

The specific nature of the adsorption of the Rh  crypragglutmod  antsbody
on Rh posiave erythrocytes is strongly suggestive of the destrucrive role this
anubody must play in semsitizing the red cells for therr bemolysis 1 vivo so
charactersstic of Rh transfosion reactions and ery throblastosss Prior to our recent
reports on hemolytic actvity of Rh antbodies ! Diamond and Abelson® had
noted hemolvsis 1n doing their shde test In the quantative experzments described
1n this paper we have attempted to establish the hemoly tic nacure of the crypt
aggluunoid  anubody detecred by the developing test It was considered 1mpor
tant to demonstrate that the globulins shown to be spectfically adsorhed on red
cells were actually able o function as antibodses It was also found that comple
ment was essent1al to therr hemolytic action as 1n the case of the Rh agglutinmn
The amount of hemoglobin released 1n these experiments was small but sygnficant
because 1t cach case without exception there was a definite net hemoly s> as com
pared to controls In terms of the sensitive chemical technic employed however,
this magnrtude of hemoly sis was easy to detect quantratively

Elecrrophoretic pattern studies of sera contatmng Rh agglutiuns on the one
hand aod crvptaggluenords on the other showed no sigmificant varration from
the normal Furthermore when separations were made by removing the proten
fractons from the electrophorests cell and titrations of cach fraction performed
1t was found that both agglunnms and  ceypragglutinords  were lumired 2lmost
entueely to the gamma globulin These studies have not been sufficiendly extensive
to be considered other than preliminary 1 nature
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problem of the production of ant human globulin serum which we have called the developag s tum
15 not a simple one Production of the antibodtes i the rabhue 13 not too difficult to obtain How ver the
punificanon of this <crum 1s the crux of che problem 1f red cells used to adsorb out the unwanted anni
bodics are msufficiently washed or improperly washed some globulin will remain adsorbed on the red
cells or 1n the saline used for the washing process When such a red cell concentrate 15 used there will
be sufficicnt globulin present to neutralize a good deal of the antt human globulin factor Cons qu-ntly
the titre avidity and specificity of such a serum will be defimiecly lowered 1f not completely lost On
the other hand 1f red cells are washed too frequently thatts 8 gof totm s asa precauttonary measure
to chiminate the prescnce of serum of s rum protens i the red ccll pack the red ¢ Il m mbran may be
damaged and release hemoglobin which scems to be capable of acung som whar as a globulin 1 af
fecting the scrum adversely We have found such hemoglobin to n utealiz som of the 2ntibody and
scrum produced by overnashed cells have a titre that seems ad quate and an avidiey sufficiently high
but the sensiwnaey of the sceum 1s greatly reduced giving poor of very weak reacrions where 4 plus or
strong teactions should have beea anticipated We advise that thecells b washed 5 um sinszlin with
all of the supernatant car fully removed after the last cenenifugation and the adsorprion carried on with
equal quantities of serum and washed cells Frequencly 1t will take as many as 5 or 6 such adsorptions
before the serum 15 sufficiendy purified We have found thar adsorption 1n the 1cebox frequently removes
the anti human globulin antibody by nonspecific adherence We prefer to do the adsorptions and purifica
tion of developing scrum at room temperatute where such nonspecific adsorprion of desired antbodies
1sata Afrer completing the adsorp process 1t 1s Wise to test the serum agaiase some 5o
bloods to be sure that all of the ants human red ccll factors have been removed We have found that
1t usually takes more than 2 month of immumization using 2 ot 3 1} crions mntravenously each week for
2 sufficrently high ure of ant human globulin anubody to b produced Use 1 cc sneravenously for
cach mjpction It s not unusual 1o have some of the rabbits fail to show human globulin anubodies
of a sufficient high titre of avidity
We have used purified globulin or whole human serum for the production of the ane1 human globulin
scrum The commercally available immunizing globulias such 2s the typ= vsed 1 measles prevention
should ot be used as the ansgenie stimulus for the production of developing serum
Dr Hill Tnanswer to Dr Scudder s question concerning furrher physico-chermeal stadies 1 am sorry
to say that we have not had the facihties to do ul 1 studies and 1o d d
constants Our electrophoreic studies howesver must be considered preliminary mn nature because of the
bricf pertod of nme during which such studies have been made During these 1avestigations we have
consistencly found all 3 orders of anubodies namely the classical agglutioms the blocking antbodies
and the third order antibodies to be 1o the gamma globulin fraction In one case the gamma globulin
was f¢ run 10 the electrophorests cell with results showng 2 single peak 1n the gamma globulin wich
the antibody ttre present in the gamma globulin being 1dencical to that found 1n the original separation
Also tests for Rh antbodies which were run on the protern fractions remaining from the original scpara
nons after withdrawal of the gamma globulin fatled to show evidence of Rh annibodies 1t 1s quite ob-
+10us that we can draw no conclusions from such meager daca and that many more experiments must
be performed to determine this point One dufficuley 1n domg work of thus sort is the problem of having
sufficient quantities of very high titred sera containing relatively purc classical aggluinios on the one
hand or third order antibodics on the other We will of course be very interested to know what Dr
Diamond and Dr Cohn will be able to discover 1n resp-ct to the molecular siz of these differens forms
of antibodies through use of the ultracentrifuge
In answer to Dr Levine s point concerning possible spectal symptomatology for infants having ad
sorbed diffesent types of antibodies that 15 blocking versus 2gglutinating 1 should like to state that
we have not observed any corrclation between the typ of antibody and ¢h chinecal diseas  Racher
any correlation apparent has been related to the titre as shown by the developing test We feel thar
correlation of utre and chinical sexerity of the discase will be considerably improved by the use of such
methods as Diamond s albumin test or through the use of any of the methods which are capable of
detecning substanually all forms of antbodies Dr Waller s expericnce with the varizbility of response
of differeor patients through stimulating doses of Rh positise cells 15 similar t0 our own Our expersence
leads us to believe that the most vanable factor 15 the mndnidual recipient rather than the m:thoﬁ‘ur the
amounc of blood gisen alshough we do have the impression that our some hat larger doses when given
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DISCUSSION

Dr Urshe Ve are gotng to call now for a discussion of Drs Hill and Haberman s paper
Dr Rae Ishould hike to congratulate Dr Hill and Dr Haberman on their very fine work Its ems
to me they have gone a long way tonard makng ou 2 case for a third order Tt scruckm that th storage
exf was larl where the 2gg)! and the blocking 2ntibodues fell completely
and there was no change 1n turre of the third order antibody Regarding terminology Ithink th analogy
20 the photograph 15 a heavy onc and the developing test 15 2 good name Cerramly b pam  rabbie
ane1 human globulin seram whch we use 15 quitc 1mpossible
Dr Rebert K Waller Twould like to present the last 2 cases we ran 1nto One of them was 2 wom2a
who was Rl negattve and we immumized her wich a small amount of Rh posstive blood Instially she
had an anu Rh agglutiating tsre of roughly 1 4 or 1 8 afecr the first imjecaion and chen 14 days lager
the nere rose to approxumately 400 or soo We gave another snjection of abour 2 cc of blood and the
titee rose to approximarely 4 oo after s0days Now we concluded if we could get 1t up t0 4 coc we could
get 1t up hugher and injeceed about 5 e of red cells and gor  blocking anutbody of 4 0o and a complete
disappearance of agglutioins I tried to adsorb those blocking antibodies out by the m thod developed
by Dr Levine and myself thatis by adsorbing at zcro temperature and we could noc demonstrate any
22 with the exceprion of 2 small 2ggl usre of 1 4 Thar was the first case The sccond
case was 2 mother who aftcr the birth of her erythroblastotic child had a tirre of approvimately 1 500
We bled that woman and waot to bleed her again after 4 months In the meantime she has nor become
pregnant again and has not recerved any transfustons and she only has blocking antibodies a0d n0 ag
glusnms I wonder whether you could offer an explanason of this
Dr Letne Dr Hyll have you noticed any spectal sympromarology in these nfants when they have
blockig anuibodies exclusively? I see that you dsd noe do any tests wieh nieration of the satibodies with
the albumin tesc Now I first chought I had a chird order of antibodies 1a the utrasion of the blocking
antibodies 10 the albumin test We found a zone [ suspected that we had another vacicey of blocking
antibody and I almost committed mysclf exvept that when I did the adsorperon experment I found afees
treatment of the serum with Rh positive blood 1did not remove this zone effece So far as my own find
1ngs are concerned T am a lisele bit less certain but 1 think as Dr Race posated out the mose seriking
obscrvatson 15 that on the serum which deterrorated and lose everything cxcept your third order antt
body
Dr Sowdder 1 ehink 1 15 excellent that you have gone on nto clecerophoresss studies and have found
thesc anabodies present in the gamma globulin When 1 wisited Dr Cohn s Jaboratory and spoke to Dr
Diamond concerning such studies especially ¢hose concerning the sedimentation constants I found that
such studtes had not been completed as vet and T would like to ask Dr Hill whether he has carried on
anv of these types of and 10 his cl; h studies whether this serum was kept 13
the frozen or n the hiquid stace
Dr Haberman In response to the question asked by Dr Scudder we can seate char the clectrophosests
tests were done ar 0 §°C In one casc the serum had been kepe froz n before electrophorests patterns were
made The patern shown was made from an unfrozen scrum 1b lieve thar Dr Hll v oll have something
to sav concermng studies done on the antibodies by us In response to Dr Hattersley s question con
cerming the production of developing scrum by using the punified gamma globulin as the astigenic stm
ahus theorerically i€ would appear chat such a substance used as a0 antigen 1n rabbats would be the ideal
one for the production of ant human globulin serum This of course rests on th assumption thar all
fuman antibodies are gamma globulio 1n nacure If howeser gamma globulin do s not represear all
of the human antsbodses then chis eype of antiserum would fail to demonstrate some anubodics The




ACUTE RENAL INSUFFICIENCY DUE TO INCOMPATIBLE TRANS
FUSION AND OTHER CAUSES, WITH PARTICULAR
EMPHASIS ON MANAGEMENT

By E E Mumuran MD, A E Hauex MD,
SorL Hapcrvan PuD anvp] M Hoe M D

CUTE reml 1nsufficiency may result from  series of different causes including
A.mcompanblc Chemoly tic) blood transfuston prolonged hypotenston, crush
injury  burns, sulfonamide and carbon tetrachlorde mtowucation ' The renal
lesions 1n these cases which have been demonstrated to be morphologcally
quite ssmilar are often teverstble The mortality rate 1n this group of patients
however has been alarmingly high As an cxample one may ate Lucke s con
cluston that once the cardinal signs of renal insuffictency (oliguria excretion
of heme pigment azotemia and hy pertenston) appear the mortality rate 1s approx-
imately go per cent

The poor past record 1n the management of these cases may be attributed to one
of two general causes (1) the mjury to the body 1s so great as to preclude the
success of any type of management or (2) the ty pe of management 1n the past has
not been conducive to the proper recovery of these cases Expertence with such
cases makes us agree with the latter view It 1s proposed to present evidence sup
porung such a stand

INCOMPATIBLE BLOOD TRANSFUSIONS

Statstics of the past from vartous sources have indicated a prominent rate of
incompatible (hemolytic) transfusion reactions kilduffe and DeBakey? compiled
the results of 43 284 blood transfustons by 18 different groups of workers There
wete 1 8 hemolytic reactions 1o every soco transfusions and of these 1 o4 per 1000
(57 7 per cent) were fatal

Approximately three fourths of the above rcports appeared prior to the discovery
of the Rh antigens The routine use of Rh typing 1n transfusions no doubt would
have loweted the quoted hemolytic reaction rate Yet 1t may well be that 1so
immunization by various CDE cde (Rh Hr) sub group anugens and other less
understood blood antigens plus regrettable clerical technical errors will conginue
to make this an 1mportant problem Certainly the present upsurge 1n the use of
whole blood transfustons lends additional emphasis to this question g 1)

Clintcal Course of Hemolytic Transfuston Cases The clinical course of 2 patient
cxglcn:ncmg a hemoly tic reaction may be divided 1nto three phases as presented 1n
table 1

Certain features of these phases are considered to be of diagnostic and thera
peutic value The first phase may be termed the stage of reaction shock The
onset of the reaction 1s usually sudden and the patient displays the following mant
festations  apprehenston generalized tingling sensattons of the skin ughtness

From the Witham Buchanan Blood Center Bavior Hospital Dallas Texas
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at fairly frequent iatervals may result 1 some success 1n raising agglutimn tgres ro usable levels More
impressise however 1s the fact that some mdivsduals 1n whom we have undertaken further immunization
by doses of Rh positive cells have shown only pure sahine agglutinins even after many doses and many
blood colleetions In one casc 1 particalar the titre conttnued to rise with no evidence of blockiag o
third order antibodies uatil a gitre 11 excess of 100 000 was reached On the other hand we have also seen
cases where an almost pure third order type of antibody was observed throughout the entitc course of
immuntzatson wich only transsent very low levels of saline agglutintn or blocking antibody berng present

1'should like to thank Dr Race and hus coworkers for providing us with this fine tool for the study
of antibodies mamely thetr ant humaa globalin method which for convenience we have termed the

developmg  test
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CUTE renal 1asufficiency may sesult from a series of different causes ancluding
incompatble (hemolytic) blood transfusion prolonged hy potension, crush
injury burns sulfonamide and carbon tetrachloride tntoxication ! The renal
Jestons 1n thesc cases which have been demonstrated to be morphologically
quite similar are often reversible The mortality rate 10 this group of pattents,
however, has been alarmingly high As an example one may ate Luches con-
cluston that once the cardinal signs of renal insuffictency (oliguria excretion
of heme prgment azotemua and hy pertension) appear the mortality rate 15 approx-
imately go per cent
The poor past record 1n the management of these cases may be attributed to one
of two general causes (1) the myury to the body 1s so great as to preclude the
success of any ty pe of management or (2) the type of management 1n the past has
not been conductve to the proper recovery of these cases Experience with such
cases mahes us agree with the larter view Tt 1s proposed to present evidence sup-
porting such a stand

INCOMPATIBLE BLOOD TRANSFUSIONS

Statistics of the past from various sources have mdicated a promuinent rate of
sncompattble (hemoly tic) transfuston reactions kilduffe and DeBakey? compiled
the results of 43 284 blood transfustons by 18 different groups of workers There
were 1 8 hemoly tic reactions 1n every 1000 transfusions and of these 1 o4 per 1000
{57 7 per cent) were fatal

Approximately three-fourths of the above reports appeared prior to the discovery
of the Rh antigens  The routine use of Rh typing 1 transfustons no doubt would
have lowered the quoted hemolytic reacuon rate Yet, 1t may well be that 150
smmunization by various CDE cde (Rh Hr) sub-group anuigens and other less
understood blood antigens plus regrettable clerical technical errors will continue
to make this an 1mportant problem Certamnly the present upsurge 1n the use of
whole blood transfusions lends addittonal emphasis to this question (ﬁg 1)

Clinscal Course of Hemolysse Transfuston Cases The clinical course of a patent
cxgrlcﬂclng 2 hemoly t1¢ reaction may be divided 1nto three phases as presented 1n
table 1

Certain features of these phases are considered to be of diagno
peutic value The first phase may be termed the stage of r:acgtlmslns;;:i fh;_f:-
onset of the reaction 1s usually sudden and the patient dsplays the following mamc
festations apprehension generalized ungling sensations of the skin ughtness 1

From the Wrlliam Buchacae Blood Center Baylor Hospital Dallas Texas
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the chest severe backache dyspnea, cyanosts and mental confuston A chill fever
response and hypotension are quite common The duration of the hypotension
varics and may be influenced by other cocuisting factors (blood loss anesthetic
agent anemia operation, etc ) Prolonged hypotension may 1 1tself be conducive
to factors that cause renal damage % A hemorrhagic tendency 1s not unusual soon
after the reaction

The pattent may recerve 40 to 500 ¢ of the incompatible blood before the above
manifestations become scvere The factors that determine the necessary volume of
1ufused blood for the evident reaction to appear have not been fully elucidated The
uiter of the implicated anubody 1n the recipient and the type of antibody (agglu
unaung blocking and/or cry pragglutinoid ty pes®) are concerned with this aspect
of the pathogenesis of the reaction According to the observartons of Hill Haber
man and Jones? the violence and degree of hemolysis may also be related to the
number of 2ntbody antigen coml tons (multiple R BC antigens and/or antu

Tasre 1 —Clinseal Course Hemolytsc Reactson Case

I Re ction Shock 1T Renal Insufficiency 111 Salt Losing D wresis
(18t day) 1 12 days) (8th 16th day)
Hemoly 15 and hypotension Tubular damage Tubular recovery or reged
cration
1 Sudden onset 1 Oliguna heme casts 1 Coprous diurests
1 Apprehenston  backache 2 Azotemia and hyper 2 § vere dehydracon if
et ten son water znd salt not
3 Dyspnea cyanosis 3 Efevated scram K supplicd
4 Hypotension mencal con 4 Depressed scrum Na C1 3 Recovery
fusion €O CP Ca
5 Chill fover s Rusing urers of agglu
6 Hemoglotincmua  hemo- umos  and  crype
globinuria aggluunoids

gens determined by single or double gene doses) This concept indicates that
homozy gous red cells and red cells with multtple antigens (as CDE/cde, etc ) for
which antibodies are avatlable react more promptly and more violeatly The antt
body titers may actually be dimumished during this phase due to thesr adsorption
by the spectfic antigen or anuigens

Concerning the hemolysts 1t should be meationed that 1n an average sized 1ndt
vidual 1t requires some 4o-60 cc of hemolysed blood to liberate a sufficient quantity
of hemoglobin 1nto the circulating plasma in order to give rise to the appearance
of hemoglobin 1n the urine The studies of Yutle® have placed the renal threshold
1n animals for free hemoglobin 1n the vicimty of 8o~150 mg per 100 cc plasma

The second phase 15 the phase of renal insufficiency By far the most common cause
of death has been uremia and associated complications Oliguria 1s marked but
usually 1s not staric and each day a slightly greater volume of urine 1s excreted In
our expertence complete anuria has not been noted Associated with the oliguria
there 1s 2 marked decrease 1n the excretion of solid matter by the kidneys Not only
15 the solid output scanty but the concentration of vartous ingredients 1s substan-
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ually fowered For instance the urine urea concentration may not exceed §-20 per
cent of normal

The urine contatns pathologic ingredients during the first few days Free hemo
globin gives the fitst few specimens 2 dark red or reddish brown color Hemoglobs
nemia and 1ts attendant hemoglobinurta usually disappear within 24 to 36 hours
Protemnurias defimte howeser, even after the hemoglobinuria subsides 1t amounts
at first to §oo-1000 mg per 100 cc of urine, and gradually decreased to 50-100 mg
per cent within 4 to 5 days The presence of casts contamning the breahdown prod-
ucts of hemoglobin (heme casts) ts an mmportant diagnostc feature The heme
may give 2 positve benzidine reaction This material may cause a brownish or
brownish green sediment 1n the urine which gradually subsides during the carly
davs The presence of intact red blood cells 1n the urine 1s common and w hite blood
cells frequently 1n clumps are preseat during the oliguric period The urine specific
gravity 15 depressed (1 005~1 010) and remamns low for a varying period after
recovery

A mounting azotemia and slight to moderate hy pertenston occur 1n conjunction
wich the above changes

The electroly te pattern of the plasma (or scrum) and blood 1s altered Early the
serum porassium concentration ts elevated 2 change apparendy related to the
breakdown of red cells rich 1n potasstum Other common changes include a decrease
10 the concentration of serum sodium  blood or plasma) chlorides and the carbon
dioxide combining power of the plasma The mechamisms involved 1n the hypo-
natremia and hypochloremia ate not clear at present The degree of hy ponatremia
frequently exceeds the hy pochloremia The serum calcium concentration is ltkewsse
frequently depressed The extent of these deviations naturally 1s mfluenced by the
type of management and the severity of the renal nsufficiency

During the stage of renal nsuffictency the anubody titer of the patient s serum
may become elevated a very specific evidence of the occurrence of hemolysis It 1s
important to observe the titer of various ty pes of antibodies agglutinating block-
1ng ° 19 and albumin! or ¢ryptagglutnoid! ty pes

The renal tnsuffictency phase lasts 8-12 days apparently depending a great deal
on the management and culminates esther tn a fatality 10 uremia and ocher com-
plicattons or 1n recovery following a copous duresis (third or salt losing drurests
phase) The diurests becomes marked following 2 gradual daily increment 1n the
24 hour uninary outpur (as m Case 1 12.¢C 30 74 39 100 124 206 540 1480
2300 6670 cc etc) The ability of the kidneys to concentrate waste products 1m
proves and these two factors increase the solid outpur This gradual ncrease 1o
both urinary volume and solid outpur strongly suggests a gradual recovery of
damaged renal elements

During the carly phases of the diurests not only 1s the 24 hour urine urea output
markedly elevated but at the same time the 24 hour urine salt output (manly
NaCl) way be greatly increased Some 20 to 4o grams of salt may be lost daily
by this mechanism This finding indicates that the renal tubules have re-
covered suffictently to allow for urine volume production but that the Tecovery 1s
as yet insufficiently advanced to allow for the conservarion of water and sales
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Such farlure to conserve water and salts {asts a few days only unless other complt
cauons exist (1 ¢ another superimposed renal disease) Our observatons indicate
that the Lidneys at this stage will discard body water and salts even to the cxtent
of causing pronounced dehydration or even death Within certain limits such dt
urests occurs whether or not water from sources outside the body 1s furnished This
feature stmulates the cases designated by Thorn* as  salt losing nephritis

The therapeutic tmplications of the third or diurests phase ate evident It 1s
essential to replace water and salss lost from the body The latter may be accom
plished by mouth or by vein depending on the pauent s conditton As soon as
possible the patient should be allowed to adjust his own 1ntake and output

Renal Lestons Excluding sudden fatality at the onset of the reaction, apparently
a rare occurrence, renal complications are the man cause of deleterious sequelac
The combination of factors necessary for the production of the major damages to
the hidaeys are not fully understood at present One cannot state that hemolysts
alone and the intravascular iberation of products of damaged red cells are all that
are necessary  Expertmentally an antmal s venous hemoglobin concentration may
be raprdly depressed to low levels as 25 per cent of normal through the medrum of
intravascular hemolysts (injection of anu dog red cells rabbit serum 1nto dogs)
without the development of evident renal msufficiency -1 Clinically various
hemoglobinemias with hemoglobinuria have been repeatedly observed without the
development of renal sufhciency Substantial quantities of hemoglobin solution
have been infused intravenously wnto humans without subsequent renal nsuf
fictency * 17 Yuile?® has shed constderable light on this question by demonstrating
expertmentally the consistent development of renal nsuffictency 1n animals follow
1ng ntravenously admintstered hemolysed red cells after the hidneys had been
damaged by erther the temporary constriction of renal vessels or by the admin
sstratson of a nephrotoxic substance as sodium tartrate These findings smply that
primary renal damage as might occur chimically 1n prolonged hypotension  severe
anemia acute hypovolemia s a prerequisite which together with hemolysis gives
r1se to the more severe renal damage and renal insufficiency Other etrologic expla
nations have been reviewed by Lucke

The tole of the urtnary pH at the time of the hemolysis has been the source of
much controversy ¥~ * There 15 good reason to doubt any benefit of an excessive
alkals ntake once the renal damage has occurred Indeed 2 sodum overload at this
time may be distinctly dangerous

Ross © has reviewed the subject and summarized the various factors mnvolved 1
the renal damage by singling out the following lowered blood pressure, vasocon
striction of renal vessels reduced renal blood flow lowered alkalt reserve and the
secretion of Jarge amounts of hemoglobin or hemoglobin derivatives 1 an actd
urtne

The morphologic alterations of the kidneys have recetved much  atten
won! 2 ° Such terms as  hemoglobinuric nephrosis and  lower nephront
nephrosts  have been applied to thesc lesions The kidneys are usually enlarged and
may weigh one and one half to two times normal The cortex 1s pale the medulla
1s dark dusky and presents 2 well striated appearance Bulging of the cat surface
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denotes an increased subcapsular tension  Microscopically the main damage 1n
volses the lower segment of the nephron a feature greatly stressed by Luche and
others Here degencration or necrosis of the tubular cpithelium ate evident tn a
segmental distribution Where necrosis oceurs foct of nflammation can be seen
(accumutation of neutrophils 1ymphocytes costnophils and macrophages) Throm

bosts of thin walled verns may occur 1n the vicioiry  Heme casts may be prominent
10 the form of brownish granular or costnophihic granular material in distal scg

ments and collecting tubules and nterststial edema 1s usually evident Peritubular
hy peremia ts partrcularly striking 1n the medullary region The upper segments arc
the seat of acute parenchy matous degeneration at tumes fatty degencratton Leak-
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The solid line represents all transfustons givea at Baylor Hospital the dorred line represents the toral
transfusions given both withia and outside Baslor Hospieal

age of plasma proteins through the glomerular membrane 1s evident partscularly
carly Otherwise morphologically the glomerult appear undisturbed

Regenerauon of the distal segment becomes cvident by the erghth to tenth day *
The damaged hning cells slough nto the lumen and are replaced by new cells The
young cells are flat at first but later gam more 20d more substance The 1nflam
matory foct become replaced by fibrous tissue

Retseu of Cases ‘The present report s presented 1n two parts the first 1s concerned
with 18 cases of hemoly uc transfuston reactions and the second part deals with 10
cases of acute renal nsuffictency (or lower nephron nephrosis ) due to o her
causces

The growth of the blood transfusion service of the Willtam Buchanan Blood
Center of Baylor Hospital 1s indicated 1n Figure 1 It 1s believed that this cunve 1s
tndicative of the general trend 1n blood transfusion services throughout the countr:
and emphasizes the 1mportance of the problem under consideration During !hcs)c
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Such failure to conserve water and salts lasts a few days only unless other compl
cattons extst (1 ¢ another superimposed renal disease) Our observations tndicate
that the kidneys at this stage will discard body water and salts even to the extent
of caustng pronounced dehydration or even death Within certain ltmuts such di
urests occurs whether or not water from sources outside the body s furnished This
feature stmulates the cases designated by Thorn' as  salt Jostng nephritis

The therapeutic 1mplications of the third or diurests phase are evident It is
essential to replace water and salts lost from the body The lacter may be accom
plished by mouth or by vein depending on the patieat s condition As soon as
possible the patient should be allowed to adjust hts own 1ntake and output

Renal Lestons Excluding sudden fataliey at the onset of the reaction apparently
a rare occurrence renal complications are the main cause of deleterious sequelac
The combination of factors necessary for the production of the major damages to
the hidneys are not fully understood at present One cannot state that hemolysts
alone and the mtravascular liberation of products of damaged red cclls are all that
are necessary Experimentally an animal s venous hemoglobin concentration may
be rapidly depressed to low levels s 25 per cent of normal, through the medium of
intravascular hemolysis (injection of ant: dog red cells rabbre serum tnto dogs)
without the development of evident renal mnsufficiency 1-1¢ Clinically vartous
hemoglobinemias with hemoglobinuria have been repeatedly obscrved without the
development of renal insufficiency Substantial quantities of hemoglobin solutton
have been nfused intravenously into humans without subsequent renal nsuf
fictency ® '7 Yuile!® has shed constderable light on this questton by demonstrating
expersmentally the consistent development of renal 1nsuffictency 1n animals follow
1ng travenously admimstered hemolysed red cells after the hidneys had been
damaged by either the temporary constriction of renal vessels or by the admm
sstration of a nephrotoxic substance as sodium tartrate These findings 1mply that
primary renal damage 2s might occur chinically 10 prolonged hypotenston severe
anemta acute hypovolemia 1s 2 prerequisite which together with hemolysts gives
nise to the more severe renal damage and renal insufficiency Other ettologic expla
nauons have been reviewed by Lacke

The role of the urinary pH at the tune of the hemolysis has been the source of
much controversy =% There 1s good reason to doubt any benefit of an excesstve
alkalt intake once the renal damage has occurred Indeed a sodium overload at this
time may be distinctly dangerous

Ross & has reviewed the subject and summanzed the vartous faceors nvolved 1
the renal damage by singling out the following lowered blood pressure vasocon
striction of renal vessels reduced renal blood flow lowered alkals reserve and the
secretton of large amounts of hemoglobin or hemoglobin dertvatives 1n an actd
urine

The morphologic alterations of the kidneys have recetved much atten
ton ! 7- 9 Such terms as hemoglobmuric nephrosis and lower nephron
nephrosis have been applied to these lestons The kidneys arc usually enlarged and
etgh one and one half to two tmes normal! The cortex 15 pale, the medulla

may wi
15 d);rk dusky and presents 2 well striated appearance Bulging of the cut surface



MUJIRHEAD HALTY, HADLRMAN AND HILL 107

Tater (mnth, tenth, and sixteenth day respectively ) the duaresis hikewse was late
10 1ts onset Such latc onsct of diutests may be related to the management of the
<as¢

RUPORT OF CASIS

Case 1 A white female aged 13 years delisered an icteric bur atherwise apparently normal baby
Subeequently the baby s red blood cells ytelded a positine Coumb s ( deseloping ) rese 12 30 an sndica
tron of 2n attack on the infane s red cclls by maternal anubodies (ery throblastosss fetalis) A prior preg
nz2ncy had terminared wath the delrvery of a sall born infant at seven months

Following delnery 2n adherent placenta was extracted manually during echer anesthesia Profuse
bleeding occurred and the systolic blood pressure dropped to 8o mm Hg At this rume the patient was
given a eransfusion of blood her husband scting as the donor (The wife and husband had been ¢yped as
Rh positsie elsewhere ) Afrer 3% cc of blood had beent taken there was a chill mental dullness and one
hour later the oral temperature was 103 F Chilly sensations lasted 13 hours and during this period a
Tethargic stare existed The blood pressure was 150/g0 pulse rate 146 Bleeding from the ueerus continued
despiee packing and duning the following 14 hours the artersal blood pressure gradually dropped to an
mperceptible level The blood pressure remained very low for ar deast one hour and the pauient was
described as cadaveric an appearance The pauens had been gisen 1500 <c of dextrose in noemal sakine
by sen

TasLe 1.—Srudies Related to Care 1

AnuC | Antic | AnuD | AwE [ Aste Estimated
Mrs A - + - - + edefcde
Me A + + + + + CDe/DE
Tafan: 4 - + + + + cDE/cde

During the above mentianed 14 hauts blood samples were sene to the Wdliam Buchanan Cenrer It
was derermined that the pattent was Rh ncgative 1e type cde/cde® and the husband who had given the
blood was D* positave (Rh positive) and his estrmated genotype™ was designated as CDe/cDE *
When the infant was tested and found to be type cDE/cde * the father s estimated ¢y pe was proved cor
tect (See Table 2)

As s00n 25 possible the paticnt was given 1oco ce of cde/cde blood § Since blecdtag continued and the
BP remained at 8omm Hg 2500 cc of 1so-osmotic cirraced plasma were guven during the ensuing four
hours 2nd this was followed by 600 cc of cde/cde blood The systolc BP was 120 mm Hg Acutc pul
monary edema developed and 300 cc of blood were withdrawn by vein The patient was then grans
ported 8o myles vz plane to Baylor Hospital On arrival the BP was 120/100 pulse fate 150 and tesptra
tory rate éo Diffuse pulmonary edema existed and so0 ce of blood were immediaccly wichdrawn from
the right femoral artery Prompt improvement resulted The BP became 112/78 pulse rate 104 and res
pirate rate 26

Qozing of blood from the uterus conernued for 36 hours but contraction of the uterus progressed satis
factonily ‘This postreaction hemorrhagic tendency was likewise noted 18 relacion to all skin punceures
The blood clotring tsme (Lee W hitc) was 8 minutes

Stace overloading 1n the intravascular comparement had occurred no flutds were admrastered by any
soute for 48 houss After this period 1000 to 1500 e of fluid were gisen daily as a high caloric formula
No vomuting occutred and the formula was well tolerated

 Since a th 1

Fisher Race terminology™ 1 Cf paper by Race this 1ssue
possibility o
dunor blood was E negative by the use of anut E scrum

existed 1t became necessary to make certain the
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8 years, 28 630 blood transfusions were given 1n this hospital and there were 17
known hemolytic reactions or an incidence of o 593 reactions per 1000 transfustons
OFf these reactions 3 (17 6 per cent) were fatal An additional case brought to Baylor
Hospttal for treatment brings the total to 18

The hemolysis was related to the ABO antigens 1 4 cases and to the Rh (CDE)
antigens 1n 10 cases In 4 mstances, the exact cause of the hemolysis could not be
determined

In all cases a combination of well-defined manifestactons established the existence
of this type of reaction Included were the followng the nature of the onsct of the
reaction with 1ts violent aspects fatlure of elevation of the red cell count or hemo-
blogin concentratton hemoglobinuria (at umes hemoglobmemta was demon
strated) oliguria and renal insuffictency 1n certain cases an elevated serum bih
rubin or icterus 1ndex level the development of the proper antibodies and the
establishment of the tncompatibility by rechecks of the donor s and recipent s
blood

Tanre 1 A —Volume of Blood Grten Before Onset of Reactson

\olume blood F equency Cases
«
4o~ 100 I3
101~ 200 3
101~ 300 2
301- 400 3
401~ 500 z
$501~1000 2
Total 18

The volume of blood administered before the reaction became definite vared be
tween 4o cc and 1000 c¢ The average volume for this purpose was 281 cc The
frequency distribution of the volume for all 18 cases 1s given in Table 1-A

Al cases displayed a chull and fever at che onset of the reaction The chull lasted
between 8 and 45 minutes and the temperature elevations averaged 3 7°F (range
2°~6°) within one to two hours after the onset of the reaction Over 50 per cent of
the cases displayed the following mantfestations 1n the early phases of the reaction
apprehension generalized tingling sensations or muscular cramps severe backache,
cyanosts mental cloudsness and hypotension Unless complicated (blood loss ctc)
the hypotension was cvanescent lasting 10-15 minutes Twelve cases (66 6 per
cent) developed hemoglobmuria which was demonstrable 1n the first or second
urine spectmen Ten cases (55 § per cent) subsequently developed oligur1a and azo
temia The azotemia was always definite within 24 hours (blood urea 8o-100 mg
per 100 cc ) and mounted each day until an adequate urinary output appeared or the
case terminated fatally The average time for the azotemia to reach 1ts peak was 8
days, following which there was erther the onset of diuresis or fatal deterioration
It follows that 1 the 3 non fatal cases i which the peak of azotemia developed
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The druresis began on the elesenth day 1t as of intesess thag the pazsent %23 not seen othee than by
the nursing staff for approximately 10 hours during the night of the cleventh da2y Besween the time the
pattent was seen in the exernnog by onc of us and the following moraing the profuse phase of duress
commenced No alditonal lurds had been recenved during this time During ¢his shore period the pattent
displaved definste signs of dehsdration (exeracellufar water sale loss) dry tongue and mouth ropey sa
hisa parchy hips sofe eveballs dry shin Cercamn mental aberrations were noticed marked decrease 1n
psichomorot activits blocking phenomena a lack of interest 4o her baby 1deasofref renceconcerning
members of the seaff auditory halluuinations and delusions Following the replacenient of waeer and
salt theee mental features disappeared wich phenomenal rapidies

The following three days were crucial wich regard 1o the urinary waeer a0d salt outpue The urinary
volume amounted to 6 670cc 8 =~occ and 6 Bjocc respectively Inthese volumes the following corres
ponding quantities of safts were measured chiorides as NaCl 28 7 grams §5 1 graats 18 2 gezms sodtum

Tante 3 —Case 1

Blood
Doy | | cO:cP | BloodCl |StrumNa| SeumK | Plasma HgB
L\ | Ure
me 100 cc 1e mg [100 cc mEq/L mEq/l C/100 cc | G100 ¢c
z 50 1a7 49 144 72 70
4 95 200 59 500 146 64 56 76
8 212 475 46 450 130 59 88
-1k o2ig 458 54 400 13 s e 5s 9 15
1516 399 853 36 477 142 43 69
17718 30 64 64 480 145 44
19 15 53 68 490
Days Iouke | Unnevor | Total Unne Talalc Unoe | Tota]! Unne | Total ! Unne BP
73 e m m m”m FL mHg
-2 4 8oc 1z o 048 o o1y
-4 180 104 0 278 o 342 112/78
5= 8 3 oc0 469 2 319 1 949
giz 5 135 10 990 63 33 44 54 25 53 329 135/94
13-16 25 715 27 985 1t g 93 1 128/88
17-18 6 600 10 345 405 15 6

16 €8 grams 19 4 grams and 19 35 grams patastum 2 3§ grams 2  grams 1 85 grams At che same me
the 24 hour urine urez output amounted to 35 9 grams 44 grams and 35 3 grams (g 2)

At the tme of the profuse diuresis the water sale needs were judged 1n 2ccordance wich the measured
ourpue 1 the unine which meant that we were alway s several hours behind the acrual replacement needs
of the patient Tor each 24 hours during the above mentioned three day peniod the pauent recenved by
vemn 6oooce of flurd soooce of which contained the following bulk quancicics of salt. 32 grams of NaCl
12 3 grams of NaHCO; and o § grams of KC)

After the three dsy period (fourteenth day) the vrine urea sale and water output hegan receding
The inera flusds were d d The patent was placed on 2 general dicr and zllowed to
regulate her own flud ineake The 24 hour salt output dropped to 6-10 grams and the yrea output dropped
tonear 2o grams The dasly urine volume remaincd hegh (3000-6000 cc )

Concomutantly with the druresss the blood urez concentration dropped preciputously to normal levels
The blood chlorides scrum sodium concentrarions and CO; combining power of plasma were elevared
back ta normal On ¢he seventeenth day despire these resersals che urea clearance Was 20 per cent ef
oormal the PSP rest 32 per cone of normal (firse hour 12 5 per cent second hour 19 pct‘::m) T::

urine specific gravity flucenated berween 1 006 and 1 o11 from the second day unal dlsd:ngc
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Watcr soluble vitamins (B and C) were given pacenterally An average of 4 grams of sodium bicacbon
ate were grven daily On one occasion when the serum Na concentratson was lowered to 132 mEq/L 14
grams of sodyum icarbonate were given per rectum

The course of this case can be traced 1n Figure 2 20d Table 3 On the first day the plasma hemoglobua
concentration {tmodified Bing and Baker mechod3?) was 12 mg per cent dropping to 244 mg per cent
by the sccond day and disappearing by the third day Methemalbumun® was detected 1 the plasma
samples of the first day During the fir t nine days a marked oliguria exssted bue this gradually lesseaed
(succeeding daily urine volume 12 30 74 39 100 124 206 540 and 14% cc ) The first two urine spec
mens contained hemoglobin i solucion For four days the urine specimens contamed browaish granulat
casts (heme casts) At all umes the urine spectfic grasity varied between 1 008-1 010 The blood pressure
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Fic 2 Lasoratory Finpines puRING THE THREE rase MANAGEMENT AS
Avrrien 7o Case 1 or Tre Hemorymic Transrtsion Reacrion Groue
The patient recenved 38 cc of incompatible blood Notsce the reciprocal relation of oliguria 20d
azoremua the gradual lov eting of blood €1 plasma €O, CP serum Na and k. during the oliguric period
The promunent outpur of Na K. Cl and urea during the diuresss 1s well demonstrated All of th vanation
changes deselop through gradual cransitions

tematned 1n the viciniey of 135’94 mm Hg The blood urea concenrarion was elevated from 110 mg per
cenc on the second day t0 458 mg per cent on the eighth day It can be noted that 2 gradual decline 1o
blood chioride serum Na and h concentranion and the CO' combrning power of plasma took place during
these eight days

Antibodies against the C and D antigens 2ppeared 1n che patienc s serum On the sevench day the
aater for the agglutinating antbody was 1 4 and for the crvpraggluncord type was 1 512

The pertpheral hemoglobin concentration « as lowered from 8 55 grams per cent on the second day to
4 o grams per cent on the fourth day This hemodilution occureed during the no-fluid sntake  pertod
Three transfustons of concentrated red blood cells were g1 en (-s0 cc red blood cells plus about 200
cc s per cent dextrose 1o disulled v arer - The hemoglobin concentracion stabilized around g grams per
cent These ransfustons plus penscillin therapy (30 oco units every 6 hours ntramuscularly) constatuted
the only addinional therapeutic measures duning the olzguric period of cleven days
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The diuresss began on the eleventh day Tt 1s of interest that the patient was nor scea othet than by
the nursing staff for approximarely 10 hours during the mghe of the eleventh day Between the ume the
patient was seen n the evening by 0n¢ of us and che following morning the profuse phase of diurests
commenced No addrsonal fluids had been tecesned duting this ime During this shore period the patient
dusplased definte signs of dehydratton (extracellular water salt Joss) dry tongue and mouth ropey sa
Ina parchy Dips soft eveballs dry skin Certamn mental aberragtons were noticed marked decrease 1
psschomotor actininy blocking phenomena a lack of interest in her babs 1deasofreference concerming
members of the seaff auditors hallucinations and delusions Following the replacemient of water and
salt these mental features disappeared wich phenomenal rapudity

The following three days ssere crucial with regard to the urinary water and salt output The uninary
svolume amounted to € 60cc 8 770cc and 6 Bgocc respectinely In these solumes the following corres
ponding quantiies of sales were measured chlorides as NaCl28 7 grams 35 2 grams 282 grams sodium

Tanre 3 —Case 1

Blood
Day CO:CP | BloodCl | Seum™a | Senmk | T2 | mem
Trea ™\ Lrea
mg J100 cc e mg 1100 ¢c mEg/L mEq/L /100 ec G100 cc
* 5o 107 49 144 7t 70
4 95 200 59 s00 146 64 56 76
8 222 475 46 450 130 59 88
no |24 458 54 400 32 5o 5s 915
15-16 399 853 56 477 142 43 69
17-18 30 64 64 480 145 44
19 81 s3 €8 490
Days Ttske | UnneVol | TowlUnne | TowlUnne | Tots] Unve | Total Urine BP
€ 3 o o m m mbe
-1z 4 8oc 12 o 048 o o1g
3- 4 180 104 o 278 ° 342 112/78
5= 8 3 000 469 * 319 T 949
912 s 155 | 30 990 68 33 44 54 25 53 329 135/94
13-16 15 71§ 27 985 121 9 93 1 128/88
17-18 6 600 10 345 405 15 6

16 68 grams 19 4 grams and 19 35 grams potastumz 3§ grams 2 2 grams 1 85 grams At the same eime
the 24 hour urine urea output amounted to 35 9 grams 44 grams and 35 3 grams (fig 2)

At the ume of ¢he profuse diurests the water salt needs were judged tn accordance with the measured
ourpur 1n the urine which meant that we were always several hours behind the actnal replacement needs
of the panent For cach 24 hours during the above mentioned three day perrod the patieat recersed by
rvemébooace offlud so00cc of which conrained the following bulk quantues of salt 3z grams oszCl)
12 5 grams of NaHCO, 2ad o g grams of kCl

After the three day period (fourceenth day) the urinc urca sale and water output began recedin
The wneravenous fluds were discontinued The patiene was placed on 2 general dict and allowed zg
regulate her own flusd yneake The 24 hour salt output dropped to 6-10 grams and che urea output droj :
to near 20 grams The daily urine volume remained high (3006000 cc ) pre

Concomiantly with the diuresis the blood urea concentratton dropped precipicously to normal level
The blood chlonides scrum sodium conceatrattons and CO; combining Fower of plasma were elev: ‘d
back to normal On the seventeenth day despiee these reversals the wrea clezrance was 10 3 H!{
oofmal the PSP test 32 per cent of normal Cfirse hour 125 pet cent second hour 19 § r‘::: ‘)m"l':
unine specific gravity fluctuated between 1 006 and 1 or1 from ehe second day unest d:schaf;c " ¢
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Water soluble vieamuns (B and C) were grven parenterally An average of 4 grams of sodium bicarbon
ate were gren dardly On ane occasion when the scrum Na concentraeion was Jowered to 132 mEq/L 14
grams of sodium bicarkonate were given per recrum

The course of this case can be traced 1n Figure 2 and Table 3 On the first day the plasma hemoglobia
concentration (modified Bing and Baker method®) was s12 mg per cene dropping to 144 mg per cent
by the sccond day and disappearing by the third day Methemalbumin®® was detected tn the plasma
samples of the first day During the fir t ninc days 2 marked oliguria existed bur this gradually lessened
(suceeeding daily urine volume 12 30 =4 39 100 124 206 $40 2nd 14% cc ) The first two urinc spect
mens contaned hemoglobra tn solution For four days the urine spectmens contained brownish granular
casts (heme casts) Acall times the urine specific gravity varied beeween 1 0o8-1 ot The blood pressure
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Fio 1 LanoraTory FINDINGS DURING THE THRER TiAsE MANAGEMENT AS
AwvLxen 10 Case 1 or tne Hesowyric Tavsrusion Reaction GRour
The patient recesved 380 cc of mcompable blood Notice the reciprocal refation of oligurra and
azotemia the gradual lowcring of blood C plasma CO; CP serum Na and k during the oliguric period
The promineat ourput of Na K Cl and urea during the dyuresss 15 well demonstrated All of the varsation
changes develop through gradual transicions

remained 1n the vieinity of 135/94 mm Hg The blood urea concentration was elevated from 110 mg pec
cent on the sccond day to 458 mg per cent on the eighth day It can be noted that a gradual dechine ta
blood chloride serum Na and K concentration and the CO, combining Fower of plaema took place duriag
these eight days

Aatibodies agamst the C and D anugens appeared i the panicot s serum Oa the scventh day the
tter for the agglutmating antibody was 1 4 and for the crypragglutinoid type was 1 51z

The peripheral hemoglobin concentration was lowered from 8 55 grams per cent on the second day to
4 o grams per cent on che fourth day This hemodilution occurred during the  no-flud inake ~ pertod
Three transfusions of concentrated red blood cells s ere ginen (=50 cc red blood cells plus zbout 100
cc 5 per cen dextrone 1 distlled water - The hemoglabin concentration stabilized around 9 grams pee
cent These transfusions plus pemicillin therapy (30 60 unies every 6 hours ineramusculacly) consuicuted
the only addictonal therapeutic messuzes during the olsguric period of eleven davs
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Tante 4 —Case 2

Blood
Day (O:CP | Blood €1 | Serum Na | Serum K 1731
lrea\ tra
mg 10 e me /100 ce mEq L mEq L CH% e
1 - 58 43 134
4 58 123 €o 400 140 6 2 94
€ 7 153 €4 3o 143 43
b 7 123 49 360 101
1o €3 45 59 490 975
3 37 So [2% s10
1 4 51 s $10 141 5z
Davs Intake Lnine Vol Tollx.lrgnne Tou(l}nn: Tqu{}nne TauIKUnne BP
« « ™ ™ - ™ mig
=2 3 730 408 137 098 033 o 063 120/82
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110 INCOMPATIBLE TRANSFUSION THERAPY

The patient was d. d ambulant on the h day Thsee months later the urea clearance
was 74 per cent of normal

Comment This case was a very severe one Aside from the hemoly tic reaction
other distnct factors conducive to renal damage existed namely hemorrhage with
prolonged hypotenston severe ancmia uterine damage due to removal of an ad
herent placenta The management based as 1t was on the outstanding features of
the three clinical phases, may be destgnated as the three phase management

In the first phase treacment of the blood loss and hypotenston became vital
An understanding of the various Rh antigens made 1t possible to adminster 1600
cc of blood with confidence Plasira infustons were grven for the oligurta unul
more blood could be made available A plasma overload resulted from 2 misunder
standing but 1t yiclded rapidly to blood withdrawal A close check on venous dis
tension respiratory embarrassment and the presence of creprtant rales at the bases
of the lungs can prevent such complications readily

Since blood loss contnued there was no hesttancy in grving concentrated red cell
transfustons for the subseq severe anemia

During the phase of renal insufficiency no attempt was made to force the kidneys
into action Conversely water was given only to substitute for the insensible loss
and the scanty uninary output Time was allowed to pass 11 order to allow the
kidneys opportunity to regenerate Until such time the nitrogenous waste products
were allowed to accumulate

On the above regime diurests was spontaneous on the twelfth day The water
salt deficat was replenished The remarkable recovery 1s considered more than co
mcrdental 1n view of the severity of this case

Care 2 A whate female aged 20 years had pyelites with sevcre chills and fever at the tume of delrvery
of normal ewins Urige eultures ysclded a growth of Pendomonas acruginosa

The paticat was of Typ O D positne Sixteen hours following the delnery through an error she
recesved 1oocc of Type A D positine blood The series of mamfestations included abdomnal rigidiey
back patn cramping of legs nausez pressure on head  cyanosis weak pulse and 2 chill Jasung 35
minuces Wirhio tw o hours the receal temperature was 105 8 F During rhe subsequent 12 hours however
the temp-rature was subnormal (g1 4 94 F ) A urinc specimen five hours after the reaction contained
much brownish granular debrss (hemoglobinuria) and heme cases Additional vrire specimens were red
1 color

The chulls and fever of pyelitss contnued during the next four day s (daily temperature 102 =103 F)
Profuse draphorests occurred during this period requiriog repeated changes 1n bed linen duc to wetness
Streptomycun therapy was tnieiated on the third day following the reaction and was contuaued for six
days ehereafier (o 25 gram every 3 hours sntramuscularly for four days then o 125 gram per dose) Duriog
this ume the remperature dropped to normal levels and remained so

Table 4 contatos dara on this case In 2ddieion to the hemoglobinuria heme casts marked protetnuria
and low sp-cific gravity of urne che pattent developed oliguria azotemia hypertenston and hypo-
chloremia The CO; combining power of plasma and serum sodium concentratzon were maineained within
normal bounds by che ad of sadwum b For four days the uriae urea outpor was
Tow (eotal 6 77 grams) During these four days the neake of fluds (14 010 cc ) far excecded the urmnary
output (2 500 £c ) but Frofuse sweatiag was conseant and development of subcutancous cdema was not
evident No pulmonary cdema was derecred The flusds given were sale free wich the exceprion of three
unies of plasma and sco cc of blood on the first day

Druresss began on the sixth day and reached 1es peak on the eighth day (g 3 Case ) There wasa

lieses excepe the hyp which persssted up to the time of dis-

fairly rapid recesston of all ab
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Tasie 4—Care 2
Blood
Day co Cr Blood C1 | Serum Na [ Serum K tigs
Urea\ | Utea
mg [100 ¢c e mg /100 cc mFq/L mFq/L G160 ce
2 27 58 45 134
4 58 13 fo 400 140 62 94
3 71 153 64 360 143 45
8 57 233 49 360 0%
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13 37 80 6 sto
1€ 14 st 5t 510 141 51
Dass Dtate | Unaevor | Totgl Unne | Totsl Unae | Total Unine | Total Urine Bp
o« “« ”m ”m m m milg
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110 INCOMPATIBLE TRANSFUSION THERAPY

‘The patient was d d ambulant on the h day Three months later the urea clearance
was 74 per cent of normal

Comment This case was a very severe one Aside from the hemolyuic reaction,
other distinct factors conductve to renal damage extsted namely hemorrhage with
prolonged hypotension severe anemiz, utertne damage due to removal of an ad
herent placenta The management based as 1t was on the outstanding features of
the three clinical phases may be destgnated as the  three phase  management

In the first phase treatment of the blood loss and hypotenston became vital
An understanding of the various Rh antigens made 1t possible to admunuster 1600
cc of blood with confidence Plasma tnfusions were given for the oliguria unul
more blood could be made available A plasma overload resulted from a misunder
standing but 1t yrelded rapidly to blood withdrawal A close check on venous dis
tension fespiratory e barrasstrent and the presence of crepitant rales at the bases
of the lungs can prevent such complications readily
Stnce blood loss continued there was no hesitancy in giving concentrated red cell

fustons for the sub severe anemia
During the phase of renal msufficiency no attempt was made to force the kidneys
1nto acuon Conversely water was given only to substtute for the msensible loss
and che scancy urmary outpuc Trme was allowed to pass m order to allow the
kidneys opportunity to regenerate Until such time the nitrogenous waste products
were allowed to accumulate

On the above regime diurests was spontancous on the twelfth day The water
salt deficit was replemished  The remarkable recovery 1s considered more than co
ncidental 1n view of the severity of this case

T

Case 2 A white femal  aged 20 vears had pyclins with severe chills and fever at che time of delivery
of normal twins Uninc cultures ytelded a growth of Pscudomonas acrugimosa

The pattent was of Typ O D posieive Sixeeen hours following the delivery through an error she
tecerved oo cc of Typ~ A; D positive blood The series of manifestacions included abdominzl nigidiey
back pain cramping of legs nausea  pressurc on head  cyanosis weak pulse and a chill Jasung 3
rmnutes Wichin two hours the recal eemperature was 105 8 F Duriog the subsequent 1z hours howeser
the temperaturc was subnormal (g2 4 94 F) A urinc specmen fise houts after the reaction contained
much brownssh granular debris Chemoglobinuria) and heme casts Addiesonal urire specimens were red
1n color

“The chulls and fever of pychitis connnued during the next four davs (datly remperature 1oz —103 F )
Profusc diaphoresis occurred during this period requiring repeated changes 1n bed linen due to wetness
Strepromycin therapy was imtsated on the thied day following the reaction and was conumued for six
days thereafier (o 25 gram every 3 hours mtramuscularly for four days theno 125 gram per dose) During
this trme the temperarore dropped to normal levels and remained so

Table 4 contatos data on thiscase In addition to the hemoglobiueia heme casts marked proteanunia
and low spcific graviy of urne the paticne developed oligura azotcemsa hypertension and hypo-
chloremia The CO; combentng powscr of plasma and serum sodium concentratton were mameatned within
normal bounds by the ad of sodium bicarb For four days the urine urea output was
low (total 6 77 grams) During these four days the imrake of fluids (14 010 cc ) far exceeded the urinary
outpue (2 500 e ) but profuse swcaning was constant and development of subcutancous edema was not
evident No pulmonary cdema was deteered The flurds gisen were sale free wich the exception of three
units of plasma and 500 cc of blood oo the first day

Drurests began on the sixth day and reached 1ts peak on the eigheh day (fig 3 Casc 1) There wasa

which persisted up to the time of dis

faurly rapid recession of all abnormaliraes excepe the by
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Tanrs § —Cast 2
Day Flood CO CP | Bload €1 | Serum Na | Serum K Hg B
Urea ™ Urea
mg 1100 ¢ e mg 1100 cc mIlg/L mlg/L 1100 ¢¢
13 4
z 27 s8 43
4 58 123 €o 400 140 62 94
3 7 153 64 360 143 45
8 57 123 49 360 10 1
10 69 145 59 490 975
13 37 S0 62 §10
16 24 55 b33 510 141 52
1 Uy Total U:
Days Intake Unine Vol Tolla}r'l,;xxne TouélUnn: Tau)\. nne o :h rine BP
« e o e ™ ™ mitg
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<harge sixteen days after the reaction The urine speaific gravity fluctuated between 1003 and 1013
from the sccond day unul the day of di charge

Comment  Pyclitss of pregnancy existed prior to the incompatible transfusion but
was not attended by azotemia as 1ndicated by a control blood urea N level of 14
mg per 100 cc Azotemia and renal msufficiency however were definite following
the reaction

The treatment 1n this case was of the same  three phase type as menuoned 1
the discusston of Case 1 During the first phase the patient was given soocc of

Taste 5 —Cate 3

Iy Blood Plasma
By | | COCP | DloodCl |SerumBa | Seram R | Ffsm Hg B
UeaN | Urea
me 1100 ¢ Ve I meawce | mE/L | mEqL | Gltwoe | Griooe
2 63 133 510 57 w8
7-8 107 219 58 400 915
12 1§ 147 48 380 10 4
16 150 310 49 360
19 83 178 31 620 150 4 83 108
22 56 120 30 420 1 g
26 43 9t 56 440 10 4
19 37 8o 54 400
3$ 10 43 430 141 41 66 150
46 15 3 58 480 71
Dys Intake U ne Vol Total Unine Total I ae Pent Urea
P P ™
1= 4 5 500 325
5= 8 7 6oa 575
g1z 6 ooo 1935
13-16 6 650 6 600
17-19 6 .33 € 155 29 6 18 61 46 0
2022 8 440 8 6oo 36 4 1 x 30 85
23-28 25 670 20 565 156 7 35+
19734 15 6o 17 770 133 8 243
35-40 19 710 16 585 120 3 352
4146 17 600 a1 820 103 8 s

compatible blood During the sccond phase the management consisted mataly of
teplacement of water loss via sweat and urine and a salt poor diet The CO com
‘brning power of plasma was marntamned within normal himits by an alkalintzing
mixtute (citrate carbonate) During the third phase the 1ntake was made to replace
the copious output The abatement of the fever of pyelttis was synchronous with
the streptomyctn therapy Mental clarity was present throughout and there was
no vomiting One month later the following observattons were made blood urea
concentration 31 mg per 100 cc  urea clearance 58 per cent of normal

Cose 3 This casc has beca previously discusseds® znd will be eouched on bricfly only Perttoneal irmiga
21on was conducted betwcen the seventeenth and twenty second days eable 5
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The paveat{was of Type O D posierse and recenved 175 ¢ of Type Ay D positise blood
The chamn of events included nauea g fized ungling hyp for 210 minutes
cvarosie chill fever mental confl and h binuria Subsequene renal insufficiency with hvper
tension developed

The azotemua reached 1t peak on the sixteenth day At this ume the follow ing compliczaions existed
galtop thechm apucal sy scalic muemur, pericardial fraction rub g tezed sub and pul. 'y
edema muscular twarchings

Peritoneal irrigation was conduceed for § 3 days Duning the first three days the 1rngation was con
ducred with erystatiord soluttons and the wates salt overload was aggravated Diurests on the mincteenth
day comnerded with the washing out of salt from the body via the peritoncum by means of 5 per cenc
dextrose 1 dt tilled nater The vriae spectfic grasity semamed low (¢ oos—1 016) throughour

Tavie 6 —Case 4

Blond

Day €0 €O | Plasma Cl | Serum Na | Serum k| Plasma Prot HeB
Lrea Trea
mg /100 ¢ T me/tMe | mE/L | mEq/L | G/ooee | CH1o0ec

z 16 99

4 100 a1q 6 510 153 30 5 95
8-9 81 174 22 580 142 42 56
1 57 123 16 6o 8 15
n €8 145 4 5o 855
14 86 183 5o 500 134 49
15 94 01 i) 520

Days Intake Uraevot | Totg) Unne | Total Unne | peny Urea | Jeterus Index

(73 [ mm "

-z z 350 290 19 11 B2 8
-4 3 z00 22§ 124 073 173 ©
=9 6 800 115§ 3 24 2 26+ 104 ot 100 0
1011 4 300 595 126 1 ot 95

1 1 “6o0 230 o 64 o 86 97's
13-14 880 1 of% 337 3138 121 §

15 1240 475

Comment The necessary coptous diutests 1n ths case was delayed to the nine
teenth day It has been demonstrated that by this tme regeneration of the renal
tubular eprehelium has usually taken place The delay 1n diurests seemed related co
the extracellular water salt overload A grear deal of salt was cleared v12 the
peritoneum by using a non sale contaning irrigating solution

Conttnuous 1rrigation of the perttoneum with crystallod solutions was com
phicated by a severe acidosts and water salt absorption

Casey Thisca ¢ hasalso been discussed elsewhere 2and wall be only briefly mentioned hete Peritoneal
1riganon was conducred beeween the third and elevench days

The cause of the bemolysis was not determined 10 this case The

e reciprent and all donors on repeated
checls were found tobe Type Ay D posiuise Unmistakable scute he i
moly sis oc

of blood were grven over ewelse days R

Table 6 contasns the essential features of the daca Hemo,

globinuria jaundice azotemia an
eension developed The p { was il

ble for che clearing of 115 grams of urea from
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«charge sixteen days after the reaction The urine spectfic graviey fluctuated beeween 1003 and 1 013
from the second day unest the day of di charge

Comment Pyelitis of pregnancy existed prior to the mncompatible transfuston but
“was not attended by azotemia as mndicated by a control blood utea N level of 14
mg per 100 cc Azotemua and renal msuffictency, however were definite following
the reaction

The treatment tn this case was of the same  three phase  type as mentioned 1n
the discusston of Case 1 During the first phase the patient was given soocc of

Tasez 5 —Cast 3

D. Blood Plasma
ay | | €COCP | BloodCl | Serum™a | Seramk asm HgB
Uear | v
mg /100 ec e mg 1100 cc mCo/L mEq/L Glioec | Gl ec
k3 63 133 510 57 108
7-8 107 119 58 400 9 15
1 115 147 48 38 10 4
16 150 310 49 360
19 83 178 31 610 150 48 108
22 56 120 30 410 11 4
26 43 9t 56 440 104
29 37 8o 54 400
35 20 43 430 142 41 66 150
46 15 32 58 480 71
Days Intake l U ne Vol ‘ Total U ne Tot | Yrne Pent Uea
e ”m o
-4 5 500 325
5= 8 7 €00 575
9-12. 6 o000 1935
13-16 6 650 6 6oo
17-19 6 235 6 155 96 18 61 4o
2022 8 440 8 6oo 36 4 11 30 85
23-28 15 670 20 365 156 7 35+
29-34 15 600 17 770 133 8 243
35-40 19 710 16 585 120 3 35 %
4146 17 600 21 810 103 8 a5

compatble blood During the second phase the management consisted mainly of
replacement of water loss via sweat and urine and a salt poor dtet The CO com
‘bining power of plasma was maintained within normal limits by an alkalintzing
muxture (cstrate carbonate) During the third phase the intake was made to replace
the coptous output The abatement of the fever of pyelttis was synchronous with
the streptomycin therapy Mental clarity was present throughout and there was
110 vominng One month later the following observations were made blood urea
concentration 31 Mg Per 100 cc  urea clearance 58 per cent of normal

Car 3 This casc has been previously di cu sed® and wall be touched on brsefly only Periconeal srriga
tton was conducted between the scventeenth and rwenty sccond days (rable s)
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The patient Twas of Type O D poaeise 2nd recened 175 cc of Type Ay D positine blood
‘The chain of events included nau ea g fized tingling hyp for 10 minutes
cvana ts chill fever mental confusion and hemoglobinuria Subsequent renal tmsufficiency with hyper
tension develaped

The azotemea reached its peak on the sixscenth day At this eme the following complications existed
gallopthythm apacal sy talic murmur T dial friceron rub lized sut and pul y
cdema muscular ewirchings

Peritoneal tmigation was conducted for 5 § days During the first theee days the irrigation was con
ducted with ery stallosd solutions and the water sale overload was aggravated Diuresis on the mineteenth
dav coinerded with the washing out of sale from the body via the periconcum by means of § per cent
dextrose n distilled water The urine spaific grastey remained low (1 0os-t 016) throughout

Tante 6 —Case 4

Blood
Dy | ] COICO | PlamaCl | SerumNa| Serum K |Plasma Prat| HgB
Lrea™\ Urea
me 1100 ce Ve U me/ioce | mEg/L | mEQ/L | CH00ec | C/100 e

x 46 99

4 100 114 62 510 153 30 s 95
$-9 81 17. 22 580 4. 42 s 56
1 7 123 26 €00 8 15
12 €8 145 43 s20 8 55
14 g6 183 50 s00 134 49
15 94 201 43 520

Days Intake Ur evot | Tougl Unne | Total Urne | puy yea | Teterus Index

€« @ o &m

- 1 350 290 19 11 82 8
-4 3 200 225 124 °79 173 ©
-9 6 800 115§ 3 24 126+ | 104 oF 100 ©
1o-11 4 300 595 126 11 ot 95

= r 760 130 ° 64 0 86 97 s
13-14 880 1 ofo 337 318 12§

15 X 140 475

Comment The necessary copious diuresss 1n this case was delayed to the nine-
teenth day It has been demonstrated that by this time regeneration of the renal
tubular epithelium has usually taken place The delay in druresss seemed related to
the extracellular water salt overload A great deal of salt was cleared via the
peritoneum by using a non salt containing 1rrigating solution

Continuous irrgation of the peritoneum with crystallod solutions was com
plicated by a severe acidosts and water salt absorption

Case ¢ Thisca ¢ has also been drscussed elsewhere 3and will be only briefly meneioned here Perstoneal
irrigation was conducted between the third and elesenth days

The causc of the hemolysis was not determined 1o this case The recipient and all donors on repeated
checks were found 1o be Type A; D positive Unmistakable acute hemolysis occurred A toral of Lgc
of blood were given over twelve days 5o

Table ¢ contains che essencial featutes of the dara Hemoglobinurra jaundice azotemia and hy per
tension deseloped The persconeal rigation was responsible for the clearing of 115 grams of urca }:m
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the body A the same time however marked acidosis developed and there was evidence of watet salt
absorption The urtne specific graviey remained low (1 co6-1 012)

This patient s progress was unfavorable and she expiced on the fifteenth day The autopsy findings
demonstrated widespread pulmonary tuberculosis and the typical renal lesions of incompaeshle blood
transfusion Renal tubular regeneration had advanced (Fig 8)

Comment This was an extremely complicated case The tuberculosis was exten
stve The anemia was of such magnitude as to demand transfusions Transfused
red cells were promptly hemolysed by an undetermined mechanism Irrigation of
the perttoncum for the renal mnsufficiency was followed by severe acidosss and ev
dences of water salt absorption

Taste 7 —Car 5

Bleod
Day Bleod C1 Pla ma Prot HeB
Urea N Urea
mg /100 cc mg /100 cc G100 cc G/100 ¢c
3 36 76
4 40 85
8 65 139 280 915
I0 73 57
111z 93 200 340 [}
17 40 86
2x 63 133 8 55
Dys Intake Ura Vol BP
. B mils
2 4 360 50 110/60
34 4 100 120
5= 8 13 ofo 495
9-11 10 925 1 460 124/100
13-16 4 650 9 115
17-20 8 730 18 300 115/78
21714 9 050 10 850

Case s A white female 4o years of age had a hysterectomy following which there was vaginal bleed
1ng and a lowered blood pressure (90/70 to 1o0/70 mm Hg ) The patienc reccrved 2 coo e of blood
without reaction and was agamn operated on 36 hours later for the control of bleeding During the 1m
meduate postoperative period 2 oco ¢ of 5 per cent dextrose solution were given by vein At 16 houts
post operatrvely  blood transfusion resulted 1n severe reaction after 250 ¢ had bee given A severe chull
Lasted 8 miouees and the temperature was clevated 10 103 4 F Nineteen hours later 700 cc of dark bloody
urine were obtatned by catheter Subsequently prominent azotema hypochloremta and oliguria de ef
oped (table 7) There was no hypereension

For twelve davs the tntake far exceeded the urnary output The patient displayed generalized edema
became irrattonal highly talkaesve loud and groaned frequently On the tenth day seregular muscular
Jerks of the arms and legs appeared and continued until the hesght of the druresss on the seventcench day
Up untsl this rime the fluid aneake mnclnded ¢he following by vem 18 ooocc of suxth molar sodwm la
eate solutton 1 300 & of 3 per cenr NaCl soluton 100 cc of concentrated plasma and xaco cc of 1 8
per cent sodium sulfate solution

On the fiftcenth day there occuered & grand mal ¢ The following day Iized rales over
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the Tung ficlds were noted Improvement began wich the peak of the coprous diaresis (sesenteenth
esghreenth and mncteenth dass) From this aimre on reconery was raped (Fig 3 Case'5) The pauent was
discharged watking 25 davs afeer che reaceion The urine specific graviey semained between 1 o8 and
1 010 throughout

Cormmrent Duriag the first sixteen days the flwd intake far exceeded the urine
output and even excecded the urine volume plus the esttmated sensible loss The
tntake of sodium was qurte hugh and apparenely cventuated the extracellular flud
solume expansion On this regume mental signs and a comvulsion occurred The
herght of the diurests was delayed to the cighreenth day

Tante 8 —Cast &

Blood
Day o Cr Blood C! Plasma Prot HgB
teay | L
LI e me /100 cc /199 cc G/100 ¢
Py { 50 110 8 55
6 ‘ 85 160 38 310 16 1
-9 50 190 st 350 55 16 4
51 106 l 127 50 380 150
16 ! 45 i 100 68 360 14 45
19 ‘ 20 43 7% 420 13 8§
Days | Intake Unime Vol BP
« « mHg
-1 1 000 308 110/60
3- 6 3 150 175
-9 1 €co 155
e-13 9 so0 5 785
14-16 1 €00 7 425
17~19 3 400 8 200 130/78

Case § A white female aged 30 ycars entered the hospatal for metro-menorrhagia There had been
ooe pregnancy in the past A severe hemolytic rezcrion occurred and was demonstrated to be dug to the
Rh (CDE) system of antigens The panent recerved 350 ¢ of blood 1 45 mioutes There were generalized
tngling sensavions nausca and voming sciere abdominal cramps scvere chill and fever (101 8 F )
Ac 28 hours 105 cc of darl. brownish red urine were obtained by catherer

Prominene oligurta azotemia by, and acrdosis developed (rable 8) The oliguria was
severcfor tendays(fig 3 Case6) then a rise 1n urinary volume 10 2950-3575 cc 1 24 houts accurred on
the thirteenth fourtcenth and fiftecnth days The urine specific gravity was low

During the firse sixdays2 soocc of blood wcre grven for the anemia and the hemoglobin concentratton
was clevared from 8 55 t0 16 1 grams per cent The flurd 1neake duriag the first nine day s approximated
6 7504c The output of urinc duning this ume was 635 cc Edema was not observed Sodium brcarbonate
was grven periodically (exace amoune unknown)

“"H;::::;:: ;mlh zndhsnxrc:nrh days the flud intake was less than the urinary outpue 2nd narurally
ke m"k(:” clo:ls lh < toral ourpue far exceeded the 1neake On the sixecenth day ehe nrinary output
“":v;c“““) mdy hn the paticer had s vere convulsions Followtng intrasenous fluid (dextrose sn dus
the increase and regulacion of the diecary and oral water jnsake there was sausfactory
recorery The patient was ambalatory on discharge from the hospiral 11 days afrer the reaction
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Comment The mapagement tn this case was essentially of three phase  type
but a complication occurred during the third phase as a resule of insuffictent water
salt replacement

Early the anemia was corrected with 2 500 cc of blood During the renal i
sufficiency phase there was no water salt overload On the contrary, Jess flurd was
gtven for nine days than necessary to replenish the estimated 1nsensible loss plus
the scanty urinary output and the pattent was actually shightly dehydrated during
this time Nevertheless diurests was prominent by the thirteenth day Failure to
teplace the water salr loss during the diurests which was supertmposed on an exist
ing state of water defictt, apparently led to the decrease 10 urinary output and the
convulstons The admunistration of flutds and 2 good dictary 1ntake corrected these
iregularities Recovery was sattsfactory after these corrections

Cate7 This 48 year old white female entered the hospiral for an operation of the Ieft hip (arthoplasty)
The pre operative hemoglobin concentration was 13 85 grams per cent Following operation the hemo-
globin concentration dropped 10 6 25 grams per cenr During the five post operatsse days the patient was

Tante g—Case 7

Blood
Doy j— | PlasmaProt Hg B Totake | Unne Vol BP
Urea N Urea
my /100 cc G100 cc G/100 cc I3 « mHg
1 4 200 6o
. 1750 111 118/76
3 85 182 48 6 15 600 30
4 100 114 7 3 ooo 75
5 1 000 0

gnenz soocc of blood Larer it was learned that the patient had received 2 or 3 transfusions seven years
before cach being followed by  serious reactions

Followng the first 500 ¢ of blood there was no overt feaction but the urinary outpur became sczaty
The sccond transfusion was followed by nauscz fever and dack urine with much.sediment Protesnuria
was promipcnt

‘The oliguria persisted and the azotemia advanced (table 9) The patient expired 5 days postoperatisely

Comment This case demonstrates the lethal cffects of repeated ncompatible trans-
fustons Autopsy findings demonstrated the typical renal lestons of mcompatible
transfuston

Subsequently 1t was learned that the pattent was D negative ( Rh negatve )
and that D posttive blood had been given At the trme of these transfusions how
ever Rh typing was not a routine procedure at this center but subsequently became
so Without routine typing one can always expect an occasional case as this one

Cased A white female aged 42 years had a severe diffuse preumonius wich 2 high remutcent fever

marked weakness and cvanosis The white blood cell count was 8 200 per cu mm  wish 74 per cene
phuls The peripheral bio ¢ % as 14 45 grams per cent

One blood transfuston of 300 cc was given uneventfully Three days later 2 sccond blood eransfusion

a5 disconunted after 6o c¢ because of 2 severe reaction The folloy yng were poted sudden chest pain

cyanosts and a chill of 25 minutes duration Subsequently oliguria azotema hypo-

nausca VOMINDE
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chloremia acdosss and jaundice deseloped (table 10) The fatient exprred mne days later Duning this
period the flusd incake far exceeded the Linary ouepet

Commens This pattent had an advanced pncumomitis of unknown ctiology The
incompauble transfuston 1dded to complications which culminated in a fatal
termination In view of present hnowledge and the existence of pulmonary lesions
the rather large flurd 1ntake apparently had an added deletersous effect

Tasee 10 —Case ¥

Blod
Day corer | phod €l 3] Intake | Urne Vot | feterus
taN | e
e 100 ¢ e me /100 ce | C/100 e « «
2 fo | 124 €6 1 630 100 £33
3 €45 | 138 44 1 goo 200 15
4 €8 | o148 69 380 1 65 1 650 ssa
5 Ses | 1 70 1325 | 3700 150
TasLe 11 —Case ¢
Blood
Days |— | cocp Blood Cl Serum Na Serum W HeB
Vrea\ | Vrea
mg 100 cc 13 mg /100 cc mEq/L mEq/L G100 ec
- 42 90 64 480 148 41 136
34 16 58 6o 500 156 43
56 30 €6 -0 520 152 48 1t 85
7 28 6o 64 480 140 §1
Intale Unine Output Total U ime Urea Total Unine 1
« « Gm Cm
1200+ 1800 s FE
350 2300 13
3600 1300 75 12
1300 1600 8 16

Casey A whie male aged z0years of Type O cde/cde ( Rhncgatne Jrecenned 1cocc of type A,
D posittre blood (probable type Cle/cDe) through an erter The recipient experienced marked dyspnca
achill urticana nauses vomining and fever (temp 1008 F) Hemoglobinueia azotemis and a
Yo urtne specific geavicy seb equently followed (rable 11) Oligunia existed for two days following
which the output tacreased to near 1eco cc for seven days At this me the patient was discharged
Progress was sausfactory although recorery was not complere One moneh later he appeared well i

During the renal insufficienty phase the sntake was limited below the esmared 1nseasible loss and
utinary loss

Commer ¢ The antibody ticer at the ime of the transfusion 1n this case was known
anu D agglutnaung anubody 1 s12 crypragglannosd fype 1 2000 The iy
compatibility betwcen the infused red cells and the patent s serum (antibodies)
imvolved two anugens one of which was probably of homozygou, type This
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Comment The management 1n this case was essentially of three phase  type
but 2 complication occurred during the third phase as a result of insufficient water
salt replacement

Early the anemta was corrected with 2 500 cc of blood During the renal m
sufficiency phase there was no water-sale overload On the contrary less fluid was
guwven for nine days than necessary to replenssh the esttmated 1nsensible loss plus
the scanty urinary output and the pattent was actually shightly dehydrated during
this time Nevertheless diuresis was prommnent by the thirteenth day Failure to
teplace che water salt loss during the druresss which was superimposed on an exist
ing state of water deficit apparently led to the decrease 1n urinary output and the
convulstons The administration of fluds and 2 good dietary mntake corrected these
arregulartties Recovery was satssfactory after these correcttons

Case7 This 48 ycar old whire femalc encered the hospiral for an operation of the left hup (arthoplasty)
The pre operative hemoglobin concentration was 13 85 grams per cent Following operation the hemo-
globia concentration dropped 10 6 25 grams per cent During the five post operatrve days the patient was

Tante g —Case 7

Blood
Day —_ | PlamaProt Hg B Intake Urine Vol BP
Urea N Utea
mg [100 cc G/100 cc G160 e e« mHg
1 4 200 [
2 2 750 122 118/76
3 85 182 48 6 25 600 30
4 100 214 72 3 ooo 75
s 1 000 20

gven2 soocc of blood Later it was learned chat the patient had recetved 2 or 3 transfusions seven years
before cach bemng followed by  serious reactions

Following the first 500 cc of blood there was no overt reaction but the urtnary output became scanty
The second transfusion was followed by nausea fever and dark urioe wich much. sedimene Proteinuria
was prominent

‘The oligura persisted and the azotemua advanced (rable g) The pauicat expired s days postoperatively

Comment Thus case demonstrates the lechal effects of repeated incompatible trans
fustons Autopsy findings demonstrated the typical renal lestons of incompatible
transfuston

Subsequently 1t was learned that the patient was D negative ( Rh negative )
and that D posttive blood had been given At the time of these transfusions how
ever Rh typing was not a routine procedure at this center but subsequently became
so Without routine typing one can always expect an occastonal case as this one

Case 8 A white fermale aged 42 yvears had 2 sovere diffuse preumonitss wich & high remreent feser

marked weakness and evanosss “The whiee blood cell count was § 100 per cu mm. with 74 per cent
phils The persp 100 Was 14 45 grams per ceat

One blood transfusion of 300 cc was gnen uneventfully Three days later a second blood transfusion

was discontinued afecr €0 cc_because of a severe reacrion The followng were noted suddea chest pain

a vomiting cyanosis ard a chill of 25 minuces duration Subsequently oligursa azotemia hypo-

nause:
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The panent was found to be D negative and showed antshodies 1n hus scrum There was no renal
resuffiiency and there were no sequelae

Caset AxRyear old white female was grien a f foll £ an of She had del d
ananfant five months hefore. The paticnt was of type Ay D negatine and recenved 4oo cc of A D positeye
blood There was a severe chall and the temperature rose to 1o 2 F wythin theee hours No renal insul
ficreres developed and there were no apparent sequelae

Case 18 The patient wasof Type Band recenned 1coce of tvpe A blood A chill and fever resulted but
there were no other abnormalities noted  No renal insufficiency deeloped 10 the subsequent four days
An operation within a v cck was followed by fatal pulmonary embolism The patient Jived for two days
with this complication and during this period renal isufficiency was prominent

Cormmet The hemoly tic reaceton did not yreld any discermible renal damage It
1s doubtful 1f the subsequent renal insufficiency, which followed a prolonged pertod
of hyvpotenston was directly related to the transfuston reaction

RLNAL INSUTFICICNCY DUL TO OTHLCR CAUSLS

Acute renal damage with temporary renal insufficiency may occur from various
causes  Such cases may resemble closely those of incompatible blood transfusions
and they may be similar to those of the transfusion groups Since a stmilar type of
management scems applicable so tllustrative cases are presented 1n support of the
discusston on the transfusion group

A Prolonged Hypotes s1on Four cases of prolonged hypotension followed by renal
nsufficiency are included

Case s A white fernale age 32 years entered the hospatal for delivery of a full term 1nfant When
dilatation was complete a saddle bloch anesthesia was given The BP which was 118/70 promptly
dropped to 8o/so mm Hg The pressure ranged between 70/40 20d 92/50 vnul delivery of a sullbom
tfant At this time 1t became Jowered to 6o0/40 and then to impercepuible levels

The vrerus failed to contract profuse bleeding continued and the BP rematned imperceptible for one
hour sshen a hysterectomy was performed

For an additional 5o hours the BP fluctuated between 50/38 and 8o/50 During this period the panent
fecenned 4 500 cc of blood and 1 500 cc of dextrose solution intravenously The post shock  persod
began at this time when the BP became 120/80 mm Hg

Table 12 contains data on this case Promunent azoterma acidosis hypochloremia hyponzetemia 2nd
oliguria developed The BP became slightly elevated

During the first cighe days the patient recerved about 28 840 cc of fluds while at the same time the
urinary output totaled § 495 cc Of the 1ntake 10 2co cc consisted of 5 pet cent dextrose solutton by vein
and approximately 11 3gocc was water by mouth Marked restlessness and irrcgular muscular jerks and
twirching developed within five days On the sixth day the patient was werational groaned frequently
and was comatose There were generalized edema profuse sweatng salivatton and large watery stools
The clinical prceure was that of water intoxication

Cne of us fiest saw this ca ¢ on the seventh day At this ume there was 2 low serum sodium (118
mEq/L) and a high serum potassium (10 5 mEq/L) concentration Lowering of the hyperpotassemsa be
¢€ame paramount  Accordingly 20 grams of sodium bicarbonate were given by stomach tube The Scrum
K concentration dropped away from danger levels and the Scrum Na concentration was elevated

During the cnsuing 72 hours (seventh cighth,and ninth days) the flurd sntake was bimited to ncgh
gible quantities The pacient was given 130 ¢ of 5 per cent NaCl by vesn as ewa doscs and an additional
6 grams of sodium bicarbonate (and calcium gluconate) Convulstons occurred for almost a 24 hour
Prriod These ccased after one dosc of magnesium sulfate (4 cc 25 per cent by muscle) The paticot re
mained 1n deep coma until she expired on che fourteenth day following the  shock

Oliguria remarned for cight days followtng which there was a darly increasc 1n unmary output By
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multrple antigen antibody relattonship might well have accounted for the violent
nature of the hemolysts (Hill Haberman Jones concept) and thereby possibly 1n
fluencing the degree of renal damage Since the reciprent was an Rh anttbody donor
anemua or other complications were not present at the tme of the transfusion

Case 10 A white male aged 46 years had 2 blecding peptic ulcer He had recened 3 transfusion six
teen years before Prior to admission to this hospieal § transfusions had been given The thurd cransfusion
was followed by a scvere reaction with a chill hemoglobinuria and oligursz for four days

Tt was determined that the patient was D ncgative (Rh negacise) Following transfustons of D nega
tve blood the patient was discharged d Renal damage app: Ty was mild and recovery was
rapid and saussfactor

Case 15 This 64 year old whiee male suffered from 2 debilicatng febril- dis as subs qu.ntly found
10 be mycosss (aucopsy) The patiene was of typ. O D positive Through an eeror he was given blood
of Type Ay D posttave Following tooce  a severe reaction dexcloped which was characterized by nausea
somiring chill and feser (temperaturc 98 6 to 102 6 F ) Th~ first urine sp cim n wasdark red A urnc
sp cimen 23 hours later was datk brown 1a color

Within one and onc half hours after the reaction the paoient was grvea 500 c¢ of compatible blood
and scocc of oo sixth molar sodium lactate solution No renal 1nsufficiency developed in this case and
these were 00 appatent sequelae from the reacnion

Comment All scemingly severe incompatible (hemolytic) blood transfusion re
acttons are not followed by renal insufficiency as ths case attests The 2nemia was
only moderate and no hypotension ensued One wonders 1f these factors and the
1mmediate transfusion were concerned 1n absence of renal nsuffictency

Cose 1z A whice male aged 74 years had 2 duagaosis of hypogranalocy tosis and bone marvow de
pression ancmia Gl de criology) A of 500 cc was gisen Two days latcr 2
second apy bl was attempted Aficr 5o.ce of blood were given there devel
oped a severe chull dyspn:z cvanosts and the cemperature reached 105 F The paticnt became jaundiced
during the nexe hours

No hemoglobinuria was detected There was no renal snsufficiency and no sequelae were notced

The next 4 cases have been previously reported 1n a discussion on Rh 1so-1mmunt
zatton ¥ They occurred prior to the escablishment of the routine Rh typing of all
bloods in this center Only bricf statements concerning each case arc given

Case 13 A white male age 38 years had recenved three transfustons for ancmia Subscquently the firse
teansfusion 1n this hospital was uneventful The sccond onc was followed by 2 severe chull and fever Tt
was l-arned that the lateer 1nvolved D posttive (Rb posirve) blood while the patsent was D negarne
Thete were no sequelac

Case 14 A white male had a Isewhere prior to ad A severe reacuion occurred after
250¢c of blood weee given herc The parient was D negauve the tfused blood was found to be D post
tive Anubodies developed 1n the paticat s scrum There were no sequelac

Case 15 A white female age 41 years recesved ro transfustons sa this hospieal The first transfusion
was uncomplicated the second one was followed by 2 chull after goocc had beea grven The thied traas
fuston was discontinued after 150 cc because of a severc reaction The chill lasted 40 minuzes

The patient was found to be D negarive (R negative) and developed antsbodics 1n her serum There
swere oo renal sequelac

Caser6 A white male age 37 years had a colecromy 1n 1943 for polyposts One transfusson had been
grven 1n 1942 A transfusion prior to the prescar admission was followed by a chull fever and headache
Two other transh on the present ad wese d with reaceions The third eransfuston

was stcceeded by a chill feser hemoglobinuria and yaundice the follow ing day
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Sesere oliguna existed for five davs then mild oliguria was present for three more day s Azotemia and
hypochlaremia accompanted the oliguria (eable 33) During this period there was 2 tendency toward
alkalosss which hecame true alkalous by the caghth day Al factors concerned with the alkalosts were
not fully understood even after complete recosery The onset of alkaloas was assoctated with 2
tempaorary recessian of tf ¢ urne volume The urine volume fluctuated between oliguria and normal valuc
uring the alkalotic perisd Capious drure 15 accurred on the twenty third day the COpcombining power
of nlasma heing normal from this time on

During the first caght davs the flod intake far exceeded the unnary outpur The cstrmated scsible
loss ccounted for a portson of the extra intake The patient became arrational restless talkanve dis
plaved iregular muscular mosements and subsequently was comatose The arrational Joud talk continsed
until the fifteenth day at which time she became more ratsonal At thas tsme the blood urea concentration
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decreased to near normal the blood chloride and serum sodium concenteation becamae normal but the
alkafosis appeared and the vtinc volume receded once more

During the first sixteest days o to 75 per cent of the flwd 1ntake was by vein and 17 oco ce contained
ssotonic sodvum sale (70 per cent NaCl) Between the nmetcenth and twenty fourth day (alkalosss persod)
the paticnt was given 7 000 ¢ of 0 82 per cent NHCl salution and 480 cc of 25 per ceat human albumin
solution by vein Coprous diarests occurred at this time following which there was recavery Between
the scventeenth and twenty sixth days the urinary output plus the estimated 1nsensible loss far exceeded
the flud 1nrake

There were 3 merdents of recurring oliguna between the tenth and ewenty second days (g 4 Casc
) Alkalosis cxasted on cach occasion During the second ncrdent fud accumelated yn the pleural space
requiting thorzcentesss fn the third ncident there was atelecrasis requiriog bronchtal :SpuzrmnP Ag
this time the BP was temporanly lowered (85/55) and the patient had a convulsion Muscular twitching
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the twelfch day thete was copious diurests Subsrantial quantities of urea were cleared from the body at
this time but the blood urca concentration remarned elevated The urne specific gravaty varied between
1007 and 1 o12 throughout the course The salts lost tn the urine were replenished by vein

The CO; combinieg power of plasma the blood chloride and serum sodium concentrations were ele
vated to normal range during the course A low potassium concentration was being corrected by hCl by
stomach tube The generahized edema disappeared

The autopsy findings demonstrated diffuse cerebral and cerebellum dzmage with myriads of punctate
hemorrhages Microscopically chromatolysts karyolysts necrosis and neuronophagia wete noticed The
distal renal tubules were everywhere lined by flattened erithelium {regencration)

Tasre 12 —Case 1

Blood
Day PR— o R v Blood C1 Seram Na Serum K HgB
Urea \ Urea
me 1160 cc 1% e /100 e mEq/L mEq/L G100 cc
kS 63 146 50 480 10 1
4 111 236 400 13 4
6 103 221 420
8 140 299 31 440 18 10§ 15 8
9 136 291 40 410 125 61
I 165 355 4 470 137 50
b 170 370 49 500 137 41 915
13 150 330 54 510 353 23
14 220 470 46 520 134
Days Intke | Unevat | TotglUnve | Total Unne | Total Une | TotalVn o BP
3 Gm Cm Gm Gm mig
-2 10 320 545
3- 4 6 4-0 815 140/60
5- 6 8 300 1 015 154/100
7- 8 3 800 2 110
9 50 1 200 g 41
10-11 3 160 6 oo 53 6 1 9
1 53500 5 000 46 4 23 4 97 33
3 5 100 | 4 300 38 4 155

Comment The case was one of acute renal msufficiency followtng hypotension
The pauent was overhydrated and developed water intoxication A hyperpotas
semia was quickly corrected

The oligurta-druresis curve (fig 4 Case 1) 1n this case was quite stmular to that
of the mcompatible transfuston cases It 1s considered that the renal phase tn this
case was recovering satisfactorily at the tume of death The diffuse brain damage
was overwhelming The appearance of the kidneys showing prominent tubular
regeneratton was 1 keeping with the clinscal progress of renal function

Case 2 A white female aged 45 vears was 10 a car acaudent 30 munntes prior to admssion She sus
camed 2 crushed chest bead anjury and apparently muluiple mnternal snjurses On arrival the BP was
smperceptable The dexrose solution and scocc of blood elevated the pressurc to 8o/52 within 4 5 hours
By 9 hours the BP was 10/80 pulsc rate 120
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Severe oligunia exiseed for five days then mld oliguria was present for three more days Azotemia and
hypochloremia accompamed the oligunia (eable 13) During this period there was a rendency toward
alkalosis which became true alkalo 1s by the cighth day Al factors concerned with the alkalosis were
not fully undertood even after complete recovery The onset of alkalous was aswociated with a
temporary recession of th ¢ unine volume The urine volume fluctuated beewcen oligura and normal value
during the athalotte period Coprous diurests occurred on the twenty third day che CO;jcombining power
of vlasma being normal from this time on

During the first cight davs the fluad 1ntake far exceeded the uninary ourput The esumated insensible
foss accounted for a portion of the extra sntake The patient became ierational restless talkanve dis
plased irregular muscular m and subcequently was comstose The 1oud eall continicd
untrl the fiftcenth day at which (ime she became more ratzonal At this time the blood urea concentration
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decreased to near normal the blood chloride and serum sodrum concentration became notmal bue the
alkalosis appearcd and the urine volume receded once more

During the first sixeen days 6o to 75 per cent of the flud intahe was by vein and 11 cco.cc contained
1soronte sodium sale (0 per cent NaCl) Berwcen the nincteenth and twenty fourth day (alkalosts period)
the patent was gtven 7 coo cc of o 82 per cent NH,Cl solution and 480 cc of 25 per cent human albumn
solation by vein Copious diuresis occurred at this ume following which there was recovery Berween
the scveneeenth and ewenty sixth days the urmary output ples the esttmared 1nsensible loss far exceeded

the flud 1ntake

o ’5\};::1 were 3 mcrdents of recurring oliguria berween the tenth and wwenty sccond days (g 4 Casc
alosis existed on cach occasion During the second incident fluid accumulased 1n the Ppleural space

r;qumng thoracentesss Tn the chird incident there was atck requinng bronch At

this time the BP was temporaely lowered (85/55) and the patient had a convulsion Muscular twitching
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periodic cyanosis and meneal cloudsness continued until the twenty fourth day (drurests) After this
time recovery occurred The urine specific gravity was low (1 0os-1 012)

Comment ‘Thus was a highly complicated case The renal nsufficiency phase was
progressing n the usual manner untl the tenth day The development of alkalosis
seemed to alter the progress Alkalosis*” has been considered to cause renal damage
and insuffictency Frnally a pulmonary complicatton with hy potension mterfered
with the urmary output Recovery occurred after a late coptous dirests (twenty
third day)

Tante 13 —Case 2

Blood
Day — . | CocP Blood CI Serum Na | Plasma Prot Mg B
Urea \ Uea
mg /100 cc e mg 109 cc miq/L C/00 ec o0 ec
2 29 61 54 480 58
4 59 127 53 430 76 8
8 8 178 83 390 54 15
I 71 153 84 $co 58 12 35
16 14 I % 500 141 51 13 15
18 6 56 91 450 161 51
20 43 9 100 470 145 6 53
zz. 6 54 8o so0 158 54 11 3§
26 19 » n 56 175
Dys Tntale Urine Vol
«
-1 7 8co 290
34 g% 350
5— 8 14 380 5 220
bty 9 470 7 ofo
13-16 15 295 8§ 610
17-18 5 600 3 440
19-20 4 150 945
21-12 4 940 6 725
13-26 11 630 5 830

There was an excessive fluid and sale 1ntake during the first sixteen days This
water salt overload appeared to be an additional complication in the case

It 15 of anterest that repeated doses of ammophy llin and salyrgan n carly phases
did not appear to alter the urinary output

Case 3 A 57 year old whire male complained of severc eprgastric patn and pamn s both arms of 20
bours duration He had had severe hypertenston for seven years The BP on admrssion was 200/170 ms
Hg Coronary occlusson and cholecystitis with choleliehtasis were suspected The latter proved correct
during the first day

Oa the first dav the paeient bad a chill the semper tore was elevared to 104 F and later he became
jaundiced During the second dav the temperatute was subnormal (97 F ) and the BP was Jowered to
120790 for several hours There was coffce ground vomitus and subsequent tarry stools The panient
developed oligona severe azoremia acsdosis hy pochlorcmia and hvponatremia (table 14)
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For sevendays there was extreme ohigunia (fig 4 cace 3) During this time the fluid ingake far exceeded
the urinary output and §3 per cent of the intake conusted of merasenous diluce plasma (sale contarning}
The patieat became trrational moancd and groaned and talked loudly These mansfestations disappeared
with the diurests

Afeer the seventh day the uninars outpu increased cach day The peak of the copuous diuresss occurred
on the twelfth day There was a concomitant recession of the azotemea and mental confusion From this
time on the fluid 1ntake marched the urinary output plus the esttmated insenstble water Joss The patrent
recovered from the acute renal insufficiency  The urine specific gravity was depressed throughoue and
after recorery (1 004-1 c10)

Tanre 14 —Case 3

Blood
Day coscr Rlood C1 Seram Na Heg B
UaN | U
mg /100 cc 1o mg /100 ¢c mEq/L €100 cc
kS
46 130 190 38 460
6 170 380 36
7 187 398 122 8 55
n 140 300 79
14 8o 175 7t
16 6o 12§ 63
120 40 86
Days Intale Unine Vol Proth Icterus Tndex
€ € L
-z 1 500 o 71
3= 4 675 150 33 6L 5
[3 3 100 200 70 30
4 4 100 800 100 17
8-11 15 150 9 180
12-14 12 450 10 400
15-16 7 950 4 900 13
17-10 6 250 8 goo

Comment The renal insufficiency 1n this case was related to the relatve hypoten-
ston and perhaps jaundice The course of the renal phase (oliguria and recovery)
was quite stmular to that of cases with incompatible transfusion

During the first weck there was a moderare water salt overload with mental
symptoms This did not appear to delay appreciably the usual appearance of the
diurests Aminophylhin did not scem to accelerate the renal ourput

Case 4 A white female 2ged 13 years had pylonc obstruction wich nausea and +
months She was primanly a nutninional problem

For onc week the stomach was drained by suction and the flud obrained was
intake Then for 6o hours the paticnt was on 2 high amigen and dextrose meake
amigen had been gren then after ;0o ec of another batch the patentdevcloped a
rapud respiration and the pulse and blood pressarc became smpercepuible The su
tince the skin was warm (103 F ) and the patient had 2n 1ovoluneary scool Nexi
ersthema nzwsea and vomiung and the pacient coughed blood For 12 hours the
u ually imperceptible o 80/40 and for an additional seven days 1t fluctuated be

omuting for two

matched by parenterat
by vein Five hiters of
shight chill eyanosis
perfictal sesns were dis
t there were generalized
blood pressure was low
tween 8o/50 and g6/80
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Thete was anuria for 33 hours (table 15) During this period the patient recerved by ven 450 cc of
concentrated plasma (4 X Normal) 3000¢cc of 5 per cent dextrose and sooce of blood During the follow
10g 76 hours 4 ooo cc of blood and 2 000 ce of dextrose solutton were given by vein The hemoglobm
<concentration of peripheral blood was elevated from 10 8 to 18 65 grams per cent Fluid accumulation n
the right plenral space required periodic thoracentests After the last transfusion there was resprratory
difficulty restlessness cyanosis distended neck verns pulmonary rales lowered BP 2nd weak pulse
Tmprovement occurred after 1400 cc of blood were withdrawz

The urinary output sncreased after the seventh day (fig 4 Casc 4 and the azotemia abated The urine
specific gravity range was 1 0o6-1 013 On the ninth day a jejunostomy was performed and the paticnt
was fed by this means Twenty eight days after the ortginal hypotension a gastro-jejunostomy was per
formed because of fibrous pyloric obstruction

Tavie 15 —Care 4

Blood ’
Day | co:cPp Blood Cl | Serum Na | Serum K [Plasma Prot HgB
VeaN Urea
mg 1100 cc 12 mg /100 cc | mEqfL | mEq/L | Cl/I00ec | G/1o0cc
3 &5 140 53 550 135 61 108
5 91 195 520 141 58 158
7 07 119 s0 146 49 58 18 65
1z 46 99 146 5T mw:
15 21 16
21 32 67
Days Intake Urine Yol Tot 1Un e Urea
« 3 Cm
-3 6 150 100
5 2 560 1 150
6 7 1 600 2 150
8-1z 2 s00 8 525
13-15 6 oo 3 ooo
22 2 480 61

Comment Renal wsufficiency followed 2 pertod of hypotension The hypotenston
was related to amigen administration and an acute pulmonary complication (in
farct?) Subsequently there was vascular overload by blood transfuston which was
relseved by blood withdrawal

The urinary output began to increase on the seventh day The azotemia was
promunently lowered by the sixteenth day The recovery period and other features
resembled the other cases

B Renal Insufficsency Follousng Transuretbral Prostatsc Resection It has been re
ported®® 3* that transurethral prostatic resection using distlled water as the
srigaung fluid may be followed by severe hemolysis jaundice and renal in
sufficiency Presumably this 15 a distilled water type of hemolysis The course of
these cases 15 not unlike that of the mcompatible transfusion cases Four of these
cases are briefly presented

Case s Thiscase 15 being reported and discussed by Baird and Spence 0 We are sndebred to these work
ers for the heremn mentioned pertnent (nformation
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2 Renal msufficiencs became eyident soon after a transurethral proseatic resection (age 71) Duning the
first erghe davs there was promunent oltguria The tatravenous flurd intake during thrs period was 2§ oo
(dextrose solution mamnly) while che corresponding urinary output was s100 c¢ The blood ures was
clevated to 199 mg per 100 cc The panient became edematous srrational groancd and moaned and dis-
plaved muscolar twitching

The urtnans outpue began sncteasing on the ninth day and copious diuresis appeared on the followng
day (fig 5 Casc 1) The 14 hour unine output was 10 650 ¢ on the elesenth day and 10 Sco cc on the
ewelfchday Ac the same tsme the fluid mntake on the eleventh day was 16oocc and the tnclfthday 3 830

24 HOUR URWE YOLUME CC.
3

3 £
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Fic 5§ Tne Oucuria mwrests Curves or TRE First Taree Cases or Renar Insurrcrency
Forrowine Transuretneat Prostatecromy (1 2 3)
Case 4 15 the casc of CCl, poisoning with renal sasufficiency

cc On the ewelfth day there were two grand mal convulsions The pattent improved prompely as soon as
the flud 1ntake was increased Durning the following seven days the dadly 1atake amounted to 6 coc to
8 000 cc Improvement was rapid and by the twentv first dav the blood urea concentratson was o mg
per cenc

Comment The oliguria-dsuresis curve u  the case mimics closely that ot the

transfusion cases Apparently some flurd overload occurred during the first week
and a water salt deficie during the extremely copious duurests The convulsions

apparently were duc to dehydration during the third phase Correction of this
deticrr was followed by prompt recovery
Ca Thi s 1s likewase being reporecd 1n deeasl by Baird and Speace 0
F llov ing a transurechral prostauc resecuion olsguria and azotemia developed (Blood urea 190 m
g
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per 100 cc ) The oligursa lasted four days and duning thas period there was 2 guarded flud intake By the
ninth day there was promuncne diuresis At this tme the flud 1nrake was accelerated o cope with the
output Recorery was sausfactory (fig 5 Case2)

Comnment In this case the difficultses of Case 1 were averted by Itmiting the flud
take until the onset of the diurests In essence this was 2 three phase  manage
ment

Case 3 Wath ehis case we had the opportunity to ticiate the  three phase management ac the outsee
of the renal insufficiency

A 67 year old white male had a transurethral prostatic rescceron dursag which 17 grams of eissue nere
remored During the operation the blood pressore remained normal (140/70 mm Hg) and the pacient

TadLz 16 —~Case 3

Blood
Day — | CO:iCP Biood CI Serum Na Serum R g B
UeaN | Urea
mg /100 e¢ 1e g 1100 cc mEq/L mEa/L G/100 ¢
2 7 154 17 1§
5 120 250 56 450 121 47
8 12§ 165 55 480 130 41 150
10 150 320 50 470 138 43
13 130 270 55 480 148 59
15 60 130 58 490 136 323 2
17 33 7t 64 500 140 57
20 15 3
D ys Intake Urine Vol Urine Urea Conc | Unine Cl Conc BP
« « mg 1100 cc mg 100 cc miy
-z 5 00 300 6o/30
-5 2 400 620 500 363 134/80
6 8 5 0co 4 ot§ 517 222 132/80
910 6 700 6 700 1 o6z 250 160/80
1-13 14 580 13 400 708 260 170/78
14-15 11 350 g 300 167 120
16-17 4 850 7 400 178 160
18-20 3 530 9 150 212

recened no blood transfusion On returning from the operating room the blood pressure was 132/84
pulse ratc 96 The usual contnuous wrragztton of the bladder was n progress using the Foley catheter
Within 3 5 hours the blood pressure became go/60 then 70/50 and the pulse rate was clevated 1o 140 The
panient became cyznouc The respirations were labored and coma descloped A cerebral acerdent was
suspected but no localizing neurologtcal stgns could be clicrted The blood pressure remained depressed
(60/30-80/40) for 17 hours Then it rosc ¢o 90/60 and 100/70 for 48 hours After thes period the pressure
was elevated to 160/8o Shight jaundice appeared within 14 hours

Renal insufficiency wich oliguria azotemta 2nd hvponatremia developed (table 16) The oligurea vas
severe for s days Then there was 2 gradval clevarson of the nrimary output untl 2 coprons dmrcsis
occurred on the eleventh dav (fig 5 Case3) The urine specihic gravicy remained low Recovery was quite
r2p1d feam this time on

Management during the renal tasufficiency phase consssted of four steps (1) nearly complese replace
iment of the estimated anscasible water foss and urinary ourpur (2) the admiaiseration of small doses of
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sodium hicarbonate to cope with hyponatremta and to prevent an excessive drop 1n the blood pH (3D A
flued 1ntake matnly of a high caloric low sal formala by mouth (4) Water soluble s itzmins by 1ntra
\enous route dals No generalized edema or mental cloudiness developed The pattent read the daily
parers comersed freely wich all vesitors and was 1n good spints at all tmes (Blood urca 320 mg per
cent )

The 5 200 cc of Murds given during the first and second days consisted of blood and plasma intra
senously for combating the hypotension Daring the first ten days the total flurd sntake fell somewhat
below the output {estimared 1neensible loss plus urtnary output) The shight water deficte was main
1ayped pusposely stace the patient deseloped scattered basal rales Ttis extremely intereseng that despiec
thys dehydrated state diurests heless occurred at the expected time (clesenth day)

The urine urca and chlonde concentrations were not determined cach day but sufficienely close deter
mizcions were performed to give a good estmate of the urinary output of those two mgredients (eable
16} With the oncet of the diucests and the first phases of recovery the urinc urea concentration was
P 1y elevated Sub I1q of urea were cleared from the body thus accounting for the
recesston of the azoterma At the time the urine chloride concentration (as NaCl) remained essentially
unaltered but dne to the mounting urine volume greater and greater amounts of sale were discarded from
the bodv Asinth 1ocompatible transfusion cases salt replacement was instituted ac this ume

The two sodium-containing salts gien by mouth were sodium bicarbonate and sodtum chlorde
Table 17 contains the amounts given

During the first seven davs NaHCO; + as given to combat the hyponatremsz and to bolster the down
ward teend of the alkalr reserve On the ergheh day  at the onsct of the drurests NaCl was added to the

Tasre 17
Day
Total
4 s 6 | 1 ' 8 9 10 1 12 13
NaHCO; Gm S 4 2 4 9 8 wl 15|75 s 66 s
NaCl Gm 4 4 1wl 15 30
antake The rotal repl: of sodium

d a gram per gram basis Thus up to the thirteenth
day the coral urinary sodium output was estimated 1o be 25 grams and the oral intake amounted 10 30 9
grams In aceual practice this replacemenc was conducted on 2 12 hour basis Water and salt were given
according to the unnaty volume salt content and the level of the plasma CO combining power serum
sodium and chloride concentrations

The resules with the above man2gement were most encouraging On the fiftcenth day the patiene was
plzced on 2 general dict 2nd was allowed to adjust his own sntake and output Progress contsnued satis
aceorily and on the twentieth day the blood urea concentration was 32 mg per 100 cc

Comment This case was one of scv ere renal insufficiency following a transurethral
prostatic resection  the usual continuous bladder irr1gation and a prolonged period
of hypotension The patient had signs of generalized senile artertosclerosts

The three phase management was assoctated with a remarkable TECOVEry com
parable to that of mcompauble transfusion cases

Cote 4 A 73 year ol white male developed a chull and shocklike prceure (hyporension tachycardia
sweating mencal depression) soon afeer a transurechral prostatic rescction where water “as)uscd as
rmipaung flud A 500 cc blood transfusion was gien duning the resecction Jaundice became definite
duning the following day A carefully collected sample of plasma shortly after the resectron revealed

prominent hemoglobinem:a (826 mg of free hemoglobin per 100 cc of plasma) Duning thus firsc pl::s:

1300 cc of blood and 60 cc of salt poor concentrated albs 2
e BP et poot umin (25 per cent) were gnen 1arrasenously
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Renal 1nsufficsency developed as evidenced by azotemia  Hypochloremia and hyponatremia also
appeared (table 18)

The  three phase g was d recovery was y and the patient was dis-
charged on the ewenty sixth day During the renal tnsufficiency phase the total unnary volume plus che
esumated msensible loss far exceeded the measured mntake Yer dinrests and recovery were quice satis
factory

C Carbon Tetrachlorsde Porsoning

A 31 year old white female was 1n the habut of consuming large quantsttes of alcohol Stx days prior
to adnussion she was exposed ro CCl, fumes from a broken fire extingursher Nausea vomuting epigastric
pan jaundice and renal insufficrency de eloped

TasLe 18 —Case 4

Blood
Dy | | cOCP | BlodCl |Seuma|SeramK | TS | pen
Vs | Urea
g (100 e P me 0 | mEyL | mEgL Gt e
N 6o 128 5 320 136 63 133 97
4 89 150 5% 580
é 77 165 66 520 132 €1 104
8 s8 12§ 58 500
= s 110 70 480 148
15 37 8o
Days Intake Unne Vol Total Unine Lrea Total Unine CI
P e Gm Gm
=2 4 760 2 150
-4 6 ooo 4 875 496 69
5= ¢ § 300 7 500 576 95
-8 7 oco 8 ooo 29 8}
g1 13 oco 14 Boo 732 34

13-15

Oliguria was severe for twelve days during which time there was 2 mounting azotemia (rable 19)
During the period the fluid 1nrake far exceeded the urinary outpur (80 per cent of 1ntake conststed of § per
cent dextrose solutton by vem) The patrent deseloped generalized edema and bad persistent tausca and
vomuting The urinary outpur began mounting on che thirteenth day and reached ses peak on the six
teenth day (fig 5 Case 4) A low specific gravity was noted thronghoue (1 cog-1 or2) The urigary out
put then far exceeded the 1ntake for 2 while Recovery followed the dresis

Comment There was water overload during the ftest ten days The peak of the
drurests occurred later than in the preceding cases without this complication

D Extensive Burns

A white male aged 43 vears sustamned butns 1nvolving an estimated 85 per cent of the body surface
The patient sas 1n s¢ ere shack for over six hours He recensed %o e of blood 750 cc of concentrated
plasma (3 X Cone ) 720 ¢ of concenerared albumin solution (a5 per cen) and 6750 cc_of dextrose 1a
dustilled water during the firsc 48 hours Hemoconcentracion persisted for 30 hours (Hgh 19-11 grams
per cent) and then abated Oligaria and renal ansufficsency were evident by the sccond dav The mental
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status began derersorating on the thied day delisum appeared and the patient died on che ninth day
after two bouts of pulmonary embalism

The teaal snsuffictency aspect of this case was treated by the chree phase  type of managemene (table
20) Renal recorery was well aduanced 2t the tume the pattent died as demonstrated by dasly urine volume
of ooocc with 30 grams of urea Despite an adequate fluid ntake the patient continued to exhuibit signs
of extracellular dehvdration and a mounting blood urea concentration

Auropsy findings revcaled evidence of severc brain damage The distal renal segments were ltned mainly
by flaceened cprehelium Focal 1flammarory focs were seen 1n the kidncy scctions Generalized edema
was not obscrved

Tabre 19
Blood
Day — - MgB Days Intake Urine Vol |Icterus Index
Urea N Ures
mg /100 cc G/100 cc e« I3
6 79 169 10 8 6 2 000 70 11
10 g0 200 7-10 8 200 T 255 24
13 90 200 11-13 8 500 2 540
17 75 155 14m17 z 450 10 655
25 30 61
TASLE 20
Blood
Day CO: CP Blood CI Serum Na Serum K Hg B
vean | Urea
g /100 cc 1 mg /100 cc mEq/L mEq/L G100 cc
kS 167 63 19
4
6 70 150 46 3c0 148 73 46
7 140 300 410 15
9 1€y 350 45 400 145 56 w1
Days Intake Unne Vol Total Urine Urea Total Urine C1
P3 « Gm Gm
1z 9 885 575
374 s 815 985
56 6 100 2 200 19 6
7 1 590 1 500 107
8-9 11 875 6 oco 6o

Comment This case resembles closely Case 1 of the Prolonged Hypotension
group Expiration, apparently resuleng from central damage, occurred despite a
tccol:'crmg (;:ml fonction Again a mounting blood urea concentration associated
with an adequate flurd intake and urinary output a

ared as a
. put appe. bad prognostic
DISCUSSION
1 The Qlrgurea Druresss Curve

In Figures 3, 4 and 5 the urine volume 1n cc 1s
ploteed against the time 1n d
It will be noted that the general configuration of these curves 15 the sam:m:’ail
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Renal 1nsufficiency developed as cvidenced by azotemia Hypochloremia and hyponatremia also
appeared (table 18)

The three phase managemen: was tstituted recovery was satisfactory and the patient was dis-
charged on the twenty sixsh day During che renal insufficiency phase the total urinacy volume plus the
estimated (nsensible loss far exceeded the measured 1ntake Yer diurests and recovery were quite satis-
factory

C Carborr Tetrachlorsde Porsonng
A 31 year old whice female was 1n the habit of consuming large quanticies of alcohol Six days prior
to admussion she was exposed to CCL, fumes from a broken firc extinguisher Nausez vomiting epigastric

pain jaundice and renal insufficiency developed

Tanre 18 —Carse 4

Blood Ieterus
Day CO:CP | Blood €1 | Seruma [ Seram K [ Trherus HgB
Urea N Urea
mg /100 cc 1e mg/to0cc | mEyL | mE¢/L G/100 e
2 6o 128 st 320 136 63 133 97
4 89 190 st 580
6 77 165 66 sto 132 61 10 4
8 58 125 58 500
1z st 110 o 480 148
5 37 8o
Days Tntake Ur elol Total Usine Urea, Total Ut = Q
« « Gm Gm
-2 4 760 2 150
3-4 6 oo 4 875 49 6 69
5= 6 8 300 7 900 57 6 9
7- 8 7 oco 8 coo 29 18 4
g1z 13 000 14 800 73 34
13-15

Oligurta was severe for twelve days during which time there was a mounting azotemz (table 19)
During the pereod the fluid inrake far excecded the veinary outpue (80 per cent of scake consisted of 5 per
cent dextrose solution by vemn) The patent developed gencralized edema and had persistent nausea aod
vomuting The urinary outpur began mounting on the thirteenth day and reached ats peak on the six
tcenth day (fig 5 Case 4) A low specific gravity was nored throughout (x cog-1 or2) The urtnary out
pus then far exceeded the ineake for a while Recovery followed the diuresis

Comment There was water overload during the first ten days The peak of the
diurests occurted later than i the preceding cases without this complicarton

D Extensise Burns

A white male aged 43 years susraimed burns 1ovolving an eseimated 85 per cene of the body surface
The paticat was 10 severe shock for over six hours He recened 18cocc of blood 750 ce of concentrated
plasma (3 X Conc ) 720 cc of concentrated albumin solution (25 per cenr) and 6750 e of devtrose in
drstulled water during she first 48 hours Hemoconcentration persisted for 30 hours (Hgb 19--1 grams
per cen) and then abated Oliguria 2nd renal msuffcsency were evident by the second dav. The meatat
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2 Urn ¢ Ureans Chlorsde Cor centration

Anather wnteresung finding 1s depicted 1n Fig 6 namely the relation of the urine
urea and chloride concentration (as NaCl) as cases progressed Cases 1 2 and 3
recovered suceessfully  Case g exprred during renal nsufficiency It wall be noted
that during the renal msuffictency phase the concentration of these two substances
ts stmular The urca concentration was frequently §~20 per cent of normal With the
onser of dwrests and recovery the unine urea concentration usually ncreased
apprecrably over the chloride concentration (Cases 1 2 and 3) In Casc 4 renal 1n-
sufficiency persisted and the two concentrations remained near cach other
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Fi1c 6 TueReramionsmir or Usiwe Urea ano Crronipe (as NaCl) CovernrraTion 1w 1aE URiNe DURING
e Counse or Foun Cases ap Renat Insurriciency sorowing Hesoreme Transreston Reactiont

This observation has been made on 1o cases The dara suggest that with recovery

the urine ures concentration 1s clevared (40-75 per cent of normal) and that the
chlonide concentration remains less disturbed The relattonshup of urine urea and
chloride appears to be of prognostic value

3 General Comment

Death following 1ncompatible transfusions most commonly results from renal
msuffictency and assoctarcd complications The present study indicates that the
frequency of renal insufficiency may not necessatily be high Thus of 18 cases
having 2 prompt hemolytc reaction only g5 5 per cent developed demonstrable
renal suffictency This obsers ation 1s 1 heeping with the deduction thag factors
other than hemolysis per se are necessary for the jaducement of evident renal
damage The presence of certain complications 1n 9 of the 10 cases developig renal
nsufficiency supports this contention In 5 cases there had been prominent Esmor—
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cases For a while the urine output 1s low (renal msufficiency phase) then there 1s
a gradual increment leading to a coptous output (diuresis phase) These characterss
t1c curves may be termed the oliguria drurests  curves

InFig 3 are represented cases of incompatible Chemolyic) transfusion reactions
1 Fig 4 cases of prolonged hypotension 2nd 11 Fig 5 3 cases follow mg transure
thral prostatectomy (1,2 3) and 1 case of CCl, poisoning (Case .4)

A study of these curves yields significant information At once the stmlanty
berween the various cases 1s evident The period of renal msufficiency (oligurta)
began to abate between the fifth and tench day (average of 7 2 days) A gradual
ncrement tn urine volume followed unul a peak of diurests was reached The peak
was reached between the tenth and esghteenth day (average 12 4days) These were
constant findings which seemed to indicate the time necessary for recovery of
damaged renal elements The constancy of this curve has been found to be of much
help 1n evaluatng the progress and the prognosts of a case

A study of the oliguria diurests curve from various types of cases has demon
strated an mability of various therapeutic procedures to alter sts charactenstic
appearance Thus forcing flurds forcing salts giving large volume of an alka
lintzing substance such as sodium lactate the use of v arious druretics (as salyrgan)
1neravenous amnophy i and sodium sulfate soluuons did not encourage early
diuresis Cases have been reported 1n which a2 therapeutic procedure  was 1n
sturuted berween the eighth and twelfth day and because drurests commenced at
this tume, the procedure was given credit for mitiaung 1t In evaluating any pro-
cedure 1n these cases the face that recovery and drurests tend ro occur spontaneously
at this ume must be remembered

In the present study certain cases that recetved 2 water and salc overload catly
( forcing flurds ) had a later onset of diurests than the cases that received smaller
quantities of flurd as 1n the three phase management Conversely cases with a
partial water deficit had the usual onset of the diuresss

Since the forcing of flurds  did not mitiate duresis and probably merely added
extra leads to the vanious flurd compartments the type of fluid excess depended
upon the composition of the flurd given It 1s not surprising that added sumult
do not mtrate drurests Stnce altered plasma composition and acidosts are normally
great sumult to urine formation the kidneys are already under a contrnuous st
ulation Teme for spontancons recosery seems to be the man requisste

The peak of druresis was followed by a drop tn urine volume to lower levels
A stabilization of the volume soon followed but polyuria continued at a Jower
level as renal clearance remained depressed A drop that was preciprtuous mndicated
a falure 1o maintain an adequate sntake 1 the face of the drurests Under such
circumstances signs of extracellular dehydration became evident In extreme cases
convulstons occurred These complications yielded dramatically to the proper flud
tatake The progress of the oliguriadiurests curve was again used as a clue to the
state of the patent

The urtne spectfic gravity rematned depressed usually 1 cos to 1 012 throughout
both the oligurta and diurests phases Improvement of this abnormality was slow

subsequently
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1nsuffictency has been altered The alterattons have been based on two pr:mls:s[
(a) the morphologic renal changes 1n the hidneys and (b) certamn major clinical

hat 1¢ requires time (8-12
abnormalittes The morphologie renal changes indicate t
days) for recovery and regeneration of damaged nephrons (figs 7and 8) The clintcal
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Notice 2 complete disruprton (necrosts) of eubules nd focal 10

The s toplasm of
tubule cells show degeneracnne changes This rype of damage requires tme for healing and uader such

cireumstances a kidney 15 10 no pasition to handle large amounts of water and salts nor to be stmulated
by vartous drugs

course offered 2 natural cleavage nto three phases and for this reason the proposed
management has been termed the  three phase management

The marn steps in the  three phase management are few 1 number Anemia or
hypovolemta with hypotension during the first phase ( reaction shock ) are
treated with adequate volumes of whole blood At umes as much as 2500 cc of
blood have been given for this purpase With certain reservations, the clintcal
picture and the degree of hemodilution may be used as gurdes to therapy ¢ @
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rhage for which the transfuston was given Other concomutant complications were
anemia 10 tWO Cases severe pneumomtis with Cyanosis (hypoxemia) and pyelius
of pregnancy with recent blood loss

There was no sigmficant correlation between the development of renal m
sufficsency and the volume intake of mcomparible blood, up to 500 cc Within
the renal 1sufficiency group so per cent of the cases recerved 350-1000 cc of 12
compatible blood and the other half recetved 6o-250cc In the group without renal
msuffictency, however, 37 § per cent recetved 4oo~500 cc and the remainder e
cerved go-250 c¢ Considering that there were 10 cases of the former and 8 cases
of the latter the differences are not obviously as great as one might expect Notable
exceptions concerned 2 of the 3 fatal cases who recetved single incompatible trans
fustons of rococc (one under general anesthesta one m coma) These observations
which 1n general agree with Bordley s 7 conclusion that cases recetving larger
volumes tend to be more serious, lend addirional emphasts to the role of other
factors Among these variable factors may be included (a) the relation of anugeas
to anttbodies,” (b) the complications at the tsme of the hemolyuic reaction, and
(©) the type of therapeutic management to which the pauent 1s subjected

No special relatonship was noted between Rh incompatbility and the develop-
ment of fenal msufficiency The groups with and without renal msufficrency
each entatled five instances of hemolysis due to Rh antigens

The mortaltty rate 1n the present report 17 6 per cent of the cases having a hemo-
lytic reaceton 15 quite low when compared with other serses * The rate would be
lower were we to constder only cases recetving single mncompatible transfusions
for of the 3 fatal cases 2 had repeated transfusions amounting to 2650 cc and 2500
cc of blood

The results of the present study make one wonder as to how much of the poor
past record 1n the management of these cases has resulted from the rationale used 1o
the treatment A study of reported cases reveals four outstanding faults 1n manage-
ment Frrst there 1s a frequent failure to admunster adequate quanuties of blood
1n those cases with anemuz or hypovolemia during and after the stage of hemolysts
( reactionshock phase) The reports of Hesse and Filatov* who considered blood
transfusions very beneficial consttute an exception (as found n the hiteramre)
to this feature Second there has been a frequent and almost untversal attempt to

force the kidneys 1nto action during the oliguric pertod most often by a vigor
ous fluid 1atake In 2 recent discussion Lattimer*” has emphasized the fallacy of
ths practice Third a failure to mention the need for sale replacement during the
diurests phase Fourth the infrequent mention of the electrolyte pattern of the
plasma (or serum) 1n these cases

The frequency of gencralized edema 1n the reported cases has been striking 5o
much so that this comphication has been an 1mplied component of the syndrome
of acute renal damage We believe that generalized edema should not be 2 com
ponent of the syndrome resulting from incompatible transfusion under proper
management but that 1ts occurrence 1s 1nduced by 2 fluid intake which surpasses
the capacty of damaged kidneys

In the present study the conventional management of cases with acute renal
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led to a slight to moderate water deficit after five to eight days No detrimental
complications seemed to result from this slight to moderate dehydration during this
period () The fluid 1n orer 70 per cent of the cascs treated with this management
was given 1 the form of a formula* contaming fo-125 grams of protein and ap-
proximately 1500-1800 calortes Although nausea and occastonal eprsodes of vomut-
ing were encountered, most of the formula was tolerated in these cases Mild
sedatton was of help at this ume Excessive nausea and vomiting occurred most
often 1n the overhydrated patient (3) Daily requirement of Vitamns C and B
(thiamin macin nboflavin) were supplemented by the use of water soluble vita
mns given mtravenously (4) The carbon dioxide combining power of plasma and
the serutn Na, k and Cl concentratsons were frequently noted For Na and b deter-
minations the flame photometer® was quite practical Acidosis and hy ponatremia
were cheched by the administration of sodium bicarbonate (per orum or rectum)
Attempts were made to mamntain the CO combining power of plasma above 50
solumes per cent and the serum Na concentration above 135 mEq/L This feature
of the management has been based on the empiric undesirabtlity of acidosis The
actual sodium intake by this means has not been greac and care has been exercised
to prevent a sodium overload Sodium bicarbonate has been given in doses of
615 grams 1n 2 munimal water conent as 1ndicated by the blood chemucal analysts
No attempt has been made to alkalimize the urine once renal sufficiency was
definitely shown

Dangerous hy perpotassema and hy pocalcemia have not been encountered sn the
hemolyuc cases Hyperpotassemta was dangerous in one case with hypotension
renal wsufficiency and massive blood transfusion

During this techntc of management no attempt was made to force a lowering of
the nitrogenous waste products during the renal insuffictency phase Mental clarity
has been nored with blood urea levels of 250~300 mg per 100 cc and only slight to
moderate mental dullness was assoctated with a level of nearly 450 mg per 100
< of blood

The man emphasss during che third phase (salt losing diuresis) has been on the
replacement of water and salts lost 11 the unine During this period the mamn
complications (azotemia hy pertenston, altered electrolyte pattern anorexia) are
reversed toward normal but severe dehydration threatens In averung this com
plicauon the replacement of water and salts has beer made on as near as posstble
a gram for gram basts by measuring the urne volume and salt ourput

The main salt excreted s sodum chlordde As the catung habits are 1mproved
1t 15 not always necessary to supplement the mtake of other salts The salt water
needs may amount to 20-40 grams and § coo-10 000 c¢ datly In our cases this
demand has not been prolonged over four to five days With more advanced re
COvery Water sale conscrvarton occurs and the patient may be allowed ro regulate
his own 1ntake and ourpur The output continues above normal as complete re-

* The apfroximat composition of ¢h formula has been as follows 1000 calorses per liter with the
following caloric p reentages protein a5 per cenr fats 25 per cent and carbohy drates S0 per cent
The esumated toral sodium and potasstum content has been o 5

gram and 0 8 gram respecasely  As
tmes 2 to 4 eggs have been add 4 ro this formula € i >
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Naturally there must be complete confidence 1n the compatibility of the infused
blood When correct blood has not been promptly available 1n sufficient quantities
and hypotension has been severe, we have used plasma solutions as a temporary
means of elevaring the blood volume At such times concentrared protein solutions

Fic 8 Sectiow or hipNey rmos Case 4 o Hemoryric Reacrion Grove
This patient had ocher sexere compl as overwhel. pulmonary losts but lived fif

tecn days Notice heme casts surrounded by desquamated tubular epithelium The tubules are lined by
newly regenerated flaeencd epithelium In some eubules this eprcheliom has gained a derabl
amount of cytoplasmic substance Thercfore at fifteen days regeneration and recovery are well advanced

seem preferable * Care must be taken during these emergencies not to overdilute
the circulating red cells

The management of the second phase (renal imsufficiency) has included four
matn potnts (1) No attempt has been made to force damaged kidneys 1nto action
On the contrary during the oliguric period the fluid ntake has been limuted to the
esttmated insenstble fluid loss plus a volume equal to the urmary output As a
rule 1000-1800 c¢ of water per 24 hours were admtnustered for this purpose plus
the equivalent of the urmne volume At rimes thus was 2 conservative estimate and
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prnaples and the mam clincal abnormalities The outstanding premuse for the
threc phase management s based on the consideration ¢hat damaged kidneys
require ume for regencration and recovery
6 Five main steps m the proposed method of management are (a) adequate
compauble blood for anemua and hy povolemsa (b) limieation of fluid 1ntake during
renal insufficiency to that immediately lost (¢) adequate dictary ntake, (d) preven
tton of severe acidosts, (¢) adequate water and salts replacement during diurests
7 Support was ganed for this regime by successful application to other types of
acute renal damage and insufficiency Demonstrated complications were averted
8 Common complications duc to other ty pes of management were anemia and
hypotension, fluid overload with cercbral and pulmonary signs, dehydration with
shocklike state and at times convulstons during the recovery phase
g Peritoneal trmigation 1n 1ts present form sesulted 1n two major complications
averted by the proposed method of management
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covery of renal clearance may require wecks to a few months The former condition
of the kidneys necessarily tnfluences this terminal phase of convalescence

Six cases of hemolytic transfusion reaction were treated by the three phase
type of management Four of these had severe renal 1nsufficiency (Cases 1,2 6 )
Recovery was rapid and satisfactory 1n all of these cases Altogether 11 cases of
severe acute renal msufficiency of various ty pes have been treated with the  three-
phase type of management Recovery of renal function within eight to twelve
days occurred 1n each mstance Ten cases ltved, 1 case died from other complications
after recovery of renal function (One case not 1ncluded 1n present report )

The three-phase type of management was instrtuted with success 1n 2 cases
after complications from other forms of therapy had occurred The most common
complication consisted of a water or water salt overload (scen 1n 5 transfusion
cases, 3 hy potension cases 1 prostatic resectron case and 1 case of CCl, ponsomng)
This complication was characterized by generalized edema (subcutancous and
pulmonary) and cercbral signs The oliguria perststed and 1n 4 such cases the peak
of the druresis occurred distinctly later (sixteenth-twenty third day) than 1n the

three phase management group Seven of the 10 cases with this complication
recovered after a very stormy course The cerebral signs were of the type frequently
attributed to uremua but appeared to be due 1n these 1nstances to flud overload

The character of the oliguria duresis curve has not been altered by ths flud
overload This 15 taken as an additional indication that renal regeneration and
recovery require 2 defintte trme and that nesther grave alterations in the compost-
tion pattern of the blood plasma nor an excess 1n quanuty of water and salts can
force damaged kidneys 1nto proper function before this trme has elapsed

On two occastons convulsions occurred during the diuresis phase probably as the
result of an nsufficient replacement of water and salts Two additional cases dis-
played signs of advanced dehydratton at this time These abnormalittes yrelded
rapidly to the proper water and salt intake

The complications associated with perttoneal irrigation as a means of tding the
patient over the ohiguric period have been discussed elsewhere 33 46 In these cases
(2 mcluded above) severe acidosis and a water salt overload were assoctated with
the use of various crystallord solutions as srrigating fluds These are the mamn
complications which the three phase management attempts to avord

SUMMARY AND CONCLUSIONS

1 Of 28 630 blood transfusions administered 1n Baylor Hospital over an eight
year pertod there were 17 known hemolytic reactions (o 593 per 1000) of which
17 6 per cent were fatal

2 Acute renal nsufficiency occurred 1n 55 5 per cent of 18 cases of hemolytic
reaction

3 Factors other than hemolysis per se often occurred The most common com-
plicatron was hemorrhage with hypotension

4 The mortality rate of the hemoly tic cases with acute renal 1nsuffictency need
not be as high as one gathers from reports in the lirerature

5 Good results may be obtatned with a regime based on physiopathological



Rh ANTIBODIES, CORRELATION WITH CLINICAL FINDINGS
By 1 DaviosonnN, MD

HE discovery of so-called 1ncomplete or blocking  anubodies and of

thermostable agglutsmins reacting sn scrum or alburmin but not n salie has
sumulated discusston and sp-culation on thesr relation to each other and to the
previously known Rh agglutinins which reace 1n saline solution and more re-
cently on their relation to the varous forms of fetal ery throblastosts

The problem of the nature of the vartous forms of Rh antibody 1s one to be
solved by smmunologic and 1mmuno cherical methods The second problem of
the respecaive role of the antibodses 1n the geness of the different forms of the
disease may bz brought closer to solution by qualitarne and quantitartve study
of antibodres durtng pregnancy and correlation with the condition of the newborn
wfane Thus repore aums to peesent the results of such a comparanve 1avestigation

It 1s based on a study of the titres of Rh anubodies (saline agglutinins - serum
albumin agglutimns and blocking anubodies) m the blood of 73 mothers of
crythroblastouc 1nfants or fetuses In most 1nstances repsated blood samples were
obtained at intervals during the pregnancy and afrer childbirth In some cases
tests extended over several years Ten women had only one sample examined but
the average number for the remaining 63 women was 4 5 samples

The technic of the vartous tests was essenttally the same as described by Wiener
and by Diamond [t was presented 1 detatl 1n a chaprer on blood groups m the
{forthcoming new editton of hracke and Parker s Clinical Pathology !

Various opintons have bcn expressed regarding the nature of the 3 varieties of
Rh anubodies Agglutinins which reace 1n phystologic saline solution are called
bivalent antibodtes by Wiener The antibody which re.cts best in serum or plasma
or 11 a solution of 2lbumin human or bavine 1s called by him glutinin (formerly
congluttmn) Diamond refers 1o 1t as heat resistant anubody an appropriate
descriptive term Dtamond believes that blocking anubodies and antibodies re
acung in scrum albumin are a mantfestation of more 1ntense 1mmunszation than
agglutinins Chypertmmune anttbodses)

It 1s not withtn the scape of this paper to take sides 1n the dispure on the wdentary
or diversity of the various Rh anubodses Factual evidence available does not yet
fustify definttive statements Reactivity 1n onre or another menstruum, thermal
feststance or thermal range, may be mamfestations of quantitative and nor neces
sanly of qualitative difference

The following terms will be used here saline agglutinis for the thermolabile
anubody reacting 1n physiologic solution of sodsum chlonde blocking anubody
for the incomplete antibody of Race and Taylor serum albumin agglutinin for the

From the Mount Sina1 Research Foundacon and Hospreal Chicago
Awded by 2 grant from the Commiteee on Scienufic Res.arch of the A,
~ Am-ticzn Medical
Read a tbe Intornatsonal H mavology and R Conf reace Dallas Texas Nosv 15 ‘:;,:5505!3"0"
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1ng antibodies and agelutinins are mutually exclusive, at least wichin the range of
certain dilutions Table « 1s an example of the supposedls simultancous presence of
saline agglunmins and of blocking antbodies m the same serum  Many such
records have been reported In such serums there 15 agglutination 1n the undilured
serum more or less distince traces mn one or two further tubes perhaps up to
dilutions of 1 1o0r 1 .o wich saline, fairly strong blocking anubodies (f1 uproa
dilution of 1 80) and sull stronger agglutmation (£1 1 2560) 1 diluttons of the
seram with human serum or bovine albumin Such tests are usually reported as

saline agglunmins 1 10 blocking anubodies 1 8o serum albumin agglutinins
1 2560 Such interpretation and reading of the result 1s not justified  because what
15 mnterpreted as saline agglutimn 1n this and simular cases 1s not the wsual saline
agglutmn but a serum alburmin agglutimin strong enough to react weakly mlow

Tanre -
Dilition of Seram ! Salse Azglanma Blockin, Aatibody S s
Undjluted ! + Pres.at +
1s | +% Present +
110 ’ ES Present +
.2 i - Present +
14 - Prescat +
1 %3 - Pres.ac -+
1 160 I - Absent +
1 320 ‘ - Abs nc +
1 o560 - Absent +
T 55.0 - Absent -

dilutions of saline In this report such scrums are histed as lacking saline aggla-
tinins

As shown 1n able 3 1n 28 cases (38 per cent) blocking anubodies were found
Twenty mothers gave birth to sullbirths or to tfants wich by drops dying within 2
few hours after bith  Esghty five per cent of these mothers had and only 15 per
cent lacked bloching anubodies In the remasning 27 deaths blocking antibodies
were present only 1n 7 per cent of the mothers while 1n the majores (93 per cenr)
of postparrum deachs not duc to hydrops blocking antibodies were absent They
were present 10 only 18 per cent of the 5o mothers who gave birth to babies wich
icterus gravis In the mothers of 26 survivors blocking antibodies were Ppresent
3§ per cent

The mcidence of the - groups of antibodies was approximatels equal 10 the toral
aumbers of cases deaths and survnvals Impressise differences are noticeable
mothers of stllbirths of hydropic babies and 1 those rece
where the blocking antbodies were higher,
and free of hydrops and of babies with ict
antibodies was low

The relatively low figure for sera with agglutimins (6.

m
1ving transfustons,
and 1n mothers of babtes born alive
crus gravis where the eiese of blocking

Per cent) 1s at varance



1.9 Rh axmisopies

so<alled conglunnin or glussnin of Wiener® globulin anubody for the red cell
coatng globulin which rezets s 1th the anu human globulin rabbit iwmene s-un
of the Coombs test “Hill s developing test) The terms are admittedly cumbersome
but descriptsve by inclusion of a promin~nt feature of the tests used for their de
tecuon Some terms have been discarded becanse they are based on zoproved
hvpothetical concepes It 1s hoped that more fitting and less awkward terms v 1llbe
subsuituted as s00n as the troe nature of the anubodies will become known Tablex
presents the tests us~d for detection of the sarious forms of the Rh antubody

Tarze 1
1 Forms ¢{ Rb artibody
Te ts for PE 28300ty }
1 2 4
! Teermn- | Glaals
c,-l-f } Ml e
R et (Coomss
Cmtae | Duezt Qe=poz BE: u'x | Mg | ;g*g 5
uzh) autboly | abem) ‘deve el
o vopyemone}
Frowoazn  Sili. Rhe Yes proes |
Ph fcoarmrol r~d cells
1 Uzksowsn “ les prosems
— Lzkoown No absor i ‘1
_2 Lzkoows o plos keown 4zt RE | abseor !
srram—dempiog
b Usksows o flus kroms satt Ph | abscar | prirer
ssrom —no dumping
<. Lekeown - No cerrmfsgs remove prosert
saliz. add bomans I
rom or bovaz albumin !
~—lumpiog ’
-4 Lrkoown No cemmnfan- eemore Fadiicd
saliz- 2dd 200 b man |
g'ohim rabbir i {
mue serun—dumpog ?

Thermolabl b apglunmio 20d Blockiss apnbods are never presest rogether
Teerm sl Phagg) momm a2 be pe o1 together wirh o5 thermolabl Fh zgzisomio or
Wtk 18- blorki.g annhod

The matenal to b presented was dnvided amto 2 mam groups (1) Cases wih
blocking 2nubodses 2nd serum albumin agglunmins bur without szlne agglu
nons 7o, Cases with saline agglutimins and serum albumin agglunnins  but
1 1thout blocking annbodies

Thus dsvision was suggested by the obsersztion thzt 1n our material such com-
bination ss2s the one wsnalls encountered It 1s 10 accord with the facr thot block

S L as pos ML thar s oov th, prea, o ahsener of sodivm d:lu—r‘ whs b 15 rpoasibl. for the
d_—-gf.:ix:rtl:nnrrduh:xx )otimans 204 serrm-alb bus th, water conent
he dilre=.. Insnhia case the e b dr philic @2y b the approprize, 24yctse for the salios agglunoa
208 prd oph M for the serpm-atomms aggl aom
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sng anttbodies and agglutnmns are mutually exclusive, ac least within the range of
certain dilutions Table 2 15 an example of the supposedly simultancous presence of
saline agelutinns and of blocking antibodies i the same scrum Many such
records hase been reported In such serums there 15 agglutination 1n the undiluted
scrum more or less distince traces 1n one or two further tubes perhaps up to
dilutions of 1 1001 1 20withsaline farly serong blocking anubodies (f1 uptoa
dilution of 1 80) and st1ll stronger ageluunation (f1 1 2560) tn dilutions of the
serum with human serum or bovine albumin Such tests are usually reported as

saline agglunnns 1 10 blocking anubodies 1 8o serum albumin agglutinins
1 —s60 Such interpretation and reading of the result 15 not justified  because whar
15 1aterpreted as saline agglunmn 1a this and similar cases ss not the usual saline
agglutimn but 2 serum albumin aggluunin strong enough to react weakly mnlow

TaeLe
Ditet on of Sersm ‘ Calise Ag-lutinn Blocken, Aatibody T
i
Unddued | + Presear +
15 +% Preseat +
1 10 &+ Prescat +
t 20 - Present +
1 j0 - Present +
1 S - Present +
1 160 - Absene +
130 - Abscat +
1 2560 - Absent +
1§10 , - Absent -

dilunions of saline In this report such serums are histed as lacking saline agglu
tinins

As shown 1n table 3 1n 28 cases (38 per cent) bloching antibodtes wete found
Twenty mothers gave birth to sullbirths or to mfants wich hydrops dying within 2
few hours after birch  Eaghry five per cent of these mothers had and only 15 per
cent lached blocking antibodies In the remasning 27 deaths blocking aneibodies
were present only 1 7 per cent of the mothers, while 1n the majority (g3 per cent)
of postpartum deaths not due to hydrops blocking anubodies were absent They
were present 1 only 18 per cent of the so mathers who gave bicth to babses with
1cterus grasts In the mothers of 26 sunsisors blocking anubodies were present 1n
35 per cent

The snctdence of the 2 groups of anubodies was approumately equal 11 the total
pumbers of cases deaths and survavals Impressive differences are noticeable m
mothers of sullbirths of hydropic babies and 1n those recenving transfusions
\\}:;rc the blocking antibodies were higher and 1n mothers of babies born ah\;
::t‘é’;:dc];f‘:xz:!]rg‘]is and of babtes with 1eterus gravis where the titre of blocking

The relaavely low figure for sera with aggluunins (6 per cent) 1s at vapance
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so called conghunnin or gluunin of Wiencr*, globulin antsbody for the red cl
coating globulin which reacts with the anti human globulin rabbit smmune seram
of the Coombs test (Hill s developing test) The terms are admattedly cumbersome
but descriptive by 1nclusion of a prominent feature of the tests used fos therr de
tection Some terms have been discarded because they are based on unproved
hypothetical concepts It 1s hoped that more fitting and less awhward terms will be
substituted as soon as the true nature of the antibodies will become known Table 1
presents the tests used for detection of the vartous forms of the Rh antibody

TasLe 1
Forms of Rh ant body
Tests for Rh antibody
1 2 3 4
Thermo- | Globuly
I stable
S Diluent TP:;H‘:‘ cemn»r‘“c {Rr:‘m:ﬁ} ﬁ%{
erum tested | D Clumpin Rh28el | biocking | in serum | i
Goals | antibody b d:vlt!l:‘};mz
(hypenimmune)
Known aotr | Saline | Rh+- | Yes present
Rh (control) red cells
1 Unknown Yes present
2 Unknown No absent
2a Unknown No plus known ant1 Rh | absent
serum—clumping
2b Unknown No plus known antt Rh | absear | present
serum—rno dumping
2¢ Unknown No centrifuge remose presens.
saline add human s¢
rum or bovine albumin
~—clamping
3d Unknown No cennfuge remove present
saline add antr human
globulin rabbic 1m
mune serum—clumping|

Thermalabule Rh 2gglutiota and blocking antbody are nover present together
Thermostable Rh agglutimn may be present rogether wish the thermolabile Rh agglunam or
swith the blocking anubody

The material to be presented was dtvided 1nto 2 main groups (1) Cases with
blocking antibodies and serum albumin aggluumns but without saline agglu-
unins  (2) Cases with saline agglutintns and serum albumin agglutinms  but
without blocking antibodies

This division was suggested by the observation that 1n our materal such com
brnation was the one usually encountered It 1s 1n accord with the fact that block

*Tc 15 possible that st 15 not the prescnce or absence of sodiwm chloride which s responsible for the
dufferences 1 seactivity of sahine agglunimns and serum albumin agglutinus but the water content of
the dilucnt Tn such a case the cerm hydrophihic may be the approprate adecane for the saline agglutinm
20d hydrophobic for the serum albumin agglunrin
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tinins and serum albumm 2gglutimins (but no blocksng antibodies) had stliborn
babies and gt per cent had bubics with scterus gravis The 1neidence of hemoly tic
anemia as the presenting mamfestation (wichout jaundice) was toa small to permit
evaluation The sm.ll number of cases of fetal ery throblastosts with ancmiz as 2
predominant featare 1s probably also explained by the referral mostly of severely
affected children as patients to the hospital and of their mothers for serologic
study 1n the laboratony

Wiener sungested recently that agglutinmns (saline agglutinins) are mamnly re
sponstble for icterus gravis, and the so-called congluunins (serum albumin
agglutinins) and blockers (bloching anubodies) or, as he calls them  umvalent
antibodies are mamnly responsible for the severe dam.ge leading to 1ntrauterine
death and hydrops ? In hss serics aggluninins alone (salne agglunnins) were found
1 64 per cent of mothers whose babies had scterus gravis whereas blockers and
conglutinins were present only 1n 14 per cent of such mothers The mothers of sull-
born babtes were found to have agglutinins 1n only 8 per cent and conglutinns
and blockers 1n 43 g per cent of cases

Tasee § —Correlation of Saline Aggl [Serum Albumn Agals Ratyg weth Suresral

s
Rato of sal e arglutiain seram alburmn spshatinn | l Dred Sermed
titers v

‘ o 1 ~o - o ~o

Titre of saline 2gglutimns higher thaa or
eqnal thac of serum/albumin aggleunns | 22 10 45

£ $5
Titre of serum albumen agglucsoins sigmfi

caedy higher than chat of saline agglu

s 13 18 78 ) 23

The serious import of blocking anubodies 1s apparent from Wiener s and our
results On the other hand agglutimns seem to hate 2 less serious tmplication
In table 5 the 45 cases with serum albumin agglutinins and saline agglutimas but
vithout blocking annbodies were divided 1 2 groups one 1 which the titre of
saline agglurinins was higher than or equal to that of serum albumin agglutimns
(allowing one tube difference for technical factors) and the other group 1n which
the serum albumin agglupnin utre was signtficantly higher chan the saline agglu
ttnun The lower death rate 1n the first group 1s impressive though the sample may
be too small to be significant

Anamnestic Rb antibody reaction It 1s a well known face that nonspectfic sumuly
may cause a reappearance of anubodies that had m the past been produced by 2
specific antgen and had disappeared from the circulation 1n the course of tume
This 15 the so called anamnestic reaction also known s the Hektoen phenomenon
The dicrionary defines st as follows ¢ When antigens are 1atroduced 1nto the
anmal body 1n allergic states there may exist an increased range of new anubody

production which may snclude production of antibodies concerned 1n previous
mfecnons and immuntzations

;

We had an Opportunity to observe what may be interpreted as anamaestic Rh
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with my previous report of an 8z per cent mncidence ? This 1s explained by the
incluston previously of serums with agglurinins which are listed as frec of saline
agglutnns 1n this paper and as containing blocking antibodies and serum albumin
aggluunins only Tests for blocking antibodies and serum albumin aggluttnins had
not been used 1n the study previously reported

The high mortality 1n this series 15 du= to some extent to the fact that some
babtes were sent 1n from other hospitals 1n eritical condition making ths 2 select
group of cases

Tavie 3 —Distributeon of RE Antsbodus

Blocking Ant bodies and Serum Atbum n Ag | timins
Serum Alb min Agglutin ns but and Saline Agghit s but
0 Sal - Agglutinins no Blocking Antibod €5
No No [ Percent | o | Parcet
Toral cases 73 18 38 45 23
Deaths 47 15 40 28 ]
Stllbirths and hydrops 10 17 85 3 15
Deaths without stillbirth and hydrops 17 2 7 25 93
Icterus gravis 50 g 18 41 82
Survivals 26 9 35 17 65
Mothers who recetved transfusion
prioe to bireh of affected child 12 11 9z 1* 8

Mother of sullbirth

Tanve 4 —Correlatzon besween Rb Antibodses n the Marcrnal Se um and the Chinscal Mansfestatsons sn
the Infant or Fetus

o

Sl rth & Teterus Gravis &
f hyd op 1 s i | 1 molytic A emia

Type of Ant b dy

F
es
o ‘"Iin-: No| @ | 2PE {No | & [#PE

Blocking antibodics 20d serum
albumin agglunnas but no
saline agglutntns 28 |17 |60y 60| g|322{£s57| 2]71]E33

Saline agglutinins 20d serum
albumin aggluunios but no
blocking antrbodies 45 | 3| 63 ka6 |gr|orafmay| 1]22] gy

Twelve mothers had a history of transfusion prior to the pregnancy under
constderatton The number 1s small but 1t may be significant that 11 or g2 p=r cent
had blocking antibodies only 1 mother had none and the baby of this mother was
sullborn Stx of the transfused mothers (55 per cent) had stllborn babies

In table 4 the antibodies are correlated with chinical manifestations 1n the
newborn Sixty per cent of mothers with blocking antsbodies had sullborn or
hydropic babies 32 per cent had babies with tcterus gravis and 7 per cent had
‘babies 1n whom hemoly tic 2nemia was the predomtnant finding and jaundice was
not striking On the other hand only € 7 per cent of mothers with saline agglu
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tinms and serum albumin aggluesmns (hut no blocking antibodies) had sullborn
babies and gt per cent had babies with teterus gravis The mewdence of hemolytic
anemia as the presenting m.nifestation (without jaundice) ws too small to permae
evaluation The small number of cases of fetal erythroblistosis with anemia as a
predominant fearure 15 probably also expluned by the refers 1 mostly of severely
affected chsldren as paticnts to the hospital, and of their mothers for scrologic
study 1n the laboratory

Wiener suggested recently that agglunnns (saline agglutinins) are mainly re
sponsible for icterus gravis and the so called conglutimins (serum albumin
agglutinins) and blockers (bloching antbodics) or, as he calls them unwalent
antthodies are matnly responsible for the severe damage leading to sntrauterine
death and hydrops * In his series agglutnins alone (saline agglutinins) were found
1n 64 per cent of mothers whose babics had icterus gravis whereas blockers and
conglutinins were present only 10 14 per cent of such mothers The mothers of stll-
born babtes were found to have aggluunins 1 only 8 per cent and conglutimins
and blockers 1n 43 g per cent of cases

Tanre § —Correlateon of Salsre Agglutinin/Serum Albumn Agglutsnin Ratso wsth Survsval

Rat o of saline agglutinin serum albumin agglution Died [ Survived
uters

No No <« | Ao o

Titre of saline aggluomns higher than or
equal that of serum/albumin 2ggluanins 22 10 45 n

55
Titre of serum albunun 2ggluttmns sigemfi
cantly higher than that of szline agglu
tnns 23 18 78 5 22

The sersous mmport of blocking antibodies 1s appatent from Wiener s and our
results On the other hand agglutimns scem to have 2 less sertous implicatton
In table 5 the 45 cases with serum albumin agglutinins and saline agglutintas bue
without blocking antibodies were divided 1n 2 groups onc 1n which the titre of
saline agglutinins was higher than or equal to that of scrum albumin agglutining
(allosing one tube difference for technical factors) and the other group 10 which
the serum albumin agglutinin titre w.s significantly higher than the saline agglu
umn The lower death rate in the fisst group 1s smpressive though the sample may
be too small to be significant

Anamnestic Rb antibody reaction It 1s a well known fact that nonspectfic sumult
may cause a reappearance of antibodies that had n the past been produced by a
spectfic antigen and had disappeated from the crculation sn the course of time
This 15 the so called anamaestic reaction also known as the Hektoen phenomenon
The dictionary defines 1t as follows * When anugens are introduced 1ato the
ammal body 1n allergic states there may exist an increased range of new anttbody
production which may 1nclude production of antibodies concerned 1n previous
mfcc(lons and immunizations

We had an opportunity to observe what may be interpreted as anamnestic Rh
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antibody reactton 1n case 6 The obstetrical history, the blood groups, the Rb factors
of the famuly and the levels of Rh antibodies before and during pregnancy are

recorded 1n figure 1 Ant1 Rh agglutnins of a low titre (x 8) were found 1n 1943,
1 findings of fetal erythrobl

5 days after delivery of 2 stillbirth, with typical

(hydrops) Tests for serum albumin agglutinins and blocking antibodies were not
done After artificial insemination (donor A, Rh negative MN) the woman became
pregaant 1o November 1945 No Rh antibodies of any kind were found at approx:

mately the end of the third month of pregnancy, January 31 1946 Seven specimens
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3 PREGNANT 2M03
Fic 1 Amamvestic Rh Anmieony Reacrion No 6

Father A Rh positive Mother ABRhnegatine Pregaancies (1) 1936 @ Stllbireh 6 monchs weight
505 Gm (2) 1936 * Normal A Rh postirse (3) 1943 (Feb 26) Term 9 Sullbureh hydrops Wesght 2800
Gm Placenta 1620 Gm F E (4) 1946 (Aug 13) Term 9 Normal B Rh negaetve
were examined at intervals varying from 2 weeks to 2 months At the beginmng of
the fourth month saline agglutinins could not be found but traces of serum
albumin agglunnins and blocking antibodies were observed for the first time
Serum albumun agglutinins were very weak detectable only 1o undtluted serum

until the day of delivery when the titre rose to 1 10 Blocking anesbodies reached

their peak (1 20) 1n the seventh mooth and remasned at that level except for a

bricf drop 2 wecks prior to delivery Both anttbodies were sull present one week

after delivery
The appearance of the antibodics early 1n the pregnancy caused concern 1n view
of the past obstetrical ustory It was chought possible that the pregnancy resulted
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not from the arufictal insemination, though the patent and her husband asserted
that they had adhered stricely to instructions and that the husband could not
possibly be the father The delivery of 2 normal B Rh negauve child showed that
the anubody response could not have been duc to a specific stimulus by the Rh
factor It 1s hnown that n heterospecific pregnancy the factors A and B may ace
not only as specific but also as nonspectfic antigentc sumult For instance, 1n women
of group O, a rise of antt A agglutinins was obscrved 10 the course of pregnancy
with 2 baby of group A In the follow1ng pregnancy with 2 baby of group B there
was not only a rise of ant: B but 2lso of ant1 A 1so-agglutinins A nise of both
antt A and anti B 1so-agglutinins was also obscrved sn pregnancies where the
1nfant was found to be of group O or of the same group as the mother In case 6 the
presence of factor A 1n the donor of the semen and i the mother made him an
unlikely source of antigenic sttmulation, especially since the baby did not inhere
the A factor The mother was not tested for factors M and N If she lacked one of
them then 1emay possibly be incrimnaced though factors M and N are extremely
rarely antigemc 1n man However therc 1s little doubt that our knowledge of nd-
vadual antigenic dufferences 1s stll too limuted to exclude the presence of a hitherto
unknown anugen 1n the fetus and sts absence 1 the mother According to present
knowledge such an antigen would be nonspecific with regard to the Rh factor,
thus justifying the reference to the observed phenomenon as anamnestic Rh anrs-
body reacrion

The persistet ce of antsbodses The persistence of Rh anubodies 1n the crculation
varies from case to case depending on the intensity and duration of immunization
the potency of the anngenic stimulus the individual response and, 1n the case of
immumzation during pregnancy, on the number of pregnancies and on the perme-
abihty of the placenta The role of transfustons prior to pregnancy has already
been discussed Case 1015 an example of persistence of Rh antibodies for at least 36
months and probably for over 4 years Twenty seven samples of blood were ex-
amuned at regular intervals during the last 3 years The urres of saline agglutining
and serum albumin agglucinins are recorded 1 figure 2 Blocking anttbodies have
been absent consistently

Value of repeated tests Repeated examynation of the blood of pregnant women
for antibodies offers a unique opportunity for the study of responses to antigenic
sumult The emphasts must be placed on the words repeated exammation
because a single examination may be misleading partly duc to varations 1n the
agglutinability of red cells even 1f the cells of the same person are used for all tests
Another reason 1s the possibtlity of perststence of antibodies from Pprevious preg-
nancies The examnation should begtn preferably not later than the third month
of pregnancy Repeated tests (at from 1 to 2 month intervals and ac brwseekly
tntervals after the seventh month) make 1t possible to recognize a trend 1n antibody
production which may permue chinical interpretation

Case 33 Woman age 19 gravida 2 parar A Rh negative recerved 2. transfu
stons when 11l with osteomyelitss at 15 The husband was A Rh positve First
:?[‘:l:l boy O Rh posttive was born § years prior to this examination He had

us gravis and anema recetved 3 transfustons and recovered fully Anu Rh
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antibody reaction 1a case 6 The obstetrical history, the blood groups the Rh factors
of the famuly and the levels of Rh antibodies before and during pregnancy are
recorded 1n figure 1 Ants Rh agglueinins of a low tiere (x 8) were found 1 1943
5 days after delivery of a sullbirth wath typrcal findings of fetal ery throblastosts

{hydrops) Tests for serum albumin agglutinins and blocking antibodies were not
done After arusficial insemtnatton (donor A, Rh negative MN) the woman became

pregnant 1n November 1945 No Rh antibodies of any kind were found at approxt
mately the end of the third month of pregnancy, January 31, 1946 Seven specimens
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o # EananT
Fio 1 Anauvestic Rh Antisopr Resction’ No 6
Father A Rh positive Mother ABRhncganive Pregaancies (1) 1936 @ Stillbureh 6 months wesght
705 Gm (2) 1936 & Normal A Rh posiave (3) 1943 (Feb 26) Term @ Sullbirth hydrops Weight 2800
Gm Placentz 1620 Gm FE (4) 1946 (Aug 13) Term @ Normal B Rh negative
were examined at 1ntervals varytng from 2 weeks to 2 months At the beguning of
the fourth month saline agglutinins could not be found bur traces of serum
albumin agglutnins and blocking antibodies were observed for the first time
Serum albumin agglutimins were very weak detecable only 1n undiluted serum
until the day of delivery, when the titre rose to 1 10 Blocking anttbodies reached
therr peak (1 20) mn the seventh month and remained at that level except for a
brief drop 2 weeks prior to delivery Both anttbodies were still present one week

after dehvery
The appearance of the antibodies early 1n the pregnancy caused concern 1n view
of the past obstettical history It was thoughe possible that the pregnancy resulted
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found to clump cells of group O At that time soutine tests for the Rh factor had
not been done The srregularity was explained tater by finding that the woman

Tanre 6 —~Drop of Antibodres an Matcrnal Seewm Preceding Stillbirth

Case No 35*
Soline Aeelatimns | Sequm all umin plncking
January 19 1945 Pregnant 8 months duc !

Februaty 28 40 - o
February 6 ’ : — 8
Fcbruars 26 Birth of sullborn hydrops 1

Path  Typucal Eryshroblastosis
March € T 40 10
Apnl 1 1 40 10
November 26 1 8a s

* Father—A Rh, Rhy Hr posienne
Mother—A Rh negaune antt Rhy
Pregnancies 1 @ A Rh positive 3 years normal
2. ¢ Sullborn February 26 1945

Taste = —Value of Persodic Tests for Antsbodies

Weak anubodics duning lase weeks of High wter of anubodies throughout preg
pregnancy nancy Severe Icterus gravis

Normal child
Cas 31 Father ORh+Hr4 Casc 30 A Father ORhyHr—

Mother ORh— Mother BRh— anu Rh,

Pregnancies Pregnancies

1 9 1938 ORh— s} ycars 1 @ ORh+43 years normal

normal + @ BRb+ FEIG dicd 3 days

2 1939 Aboruon 1 months
2 transfussons from husband

3 1941 Aboruon 7 weeks
4 1943 Abortion 4 months
st | suncnm | kir | 3ot | sumesr [Semsluma] Do
7/11/44 o 4/25 8o 320 °
9/15/44 ° 6/5 8 L o
/12/44 o 7/15 40 20 °
11/17/44 +(1) 8/12 160 320 °
12/ 4/44 Normal 9/24 160 1280 °
| & ORh+ & BRh+t- born 10/12/46 Severe 1ceerus geavis
12/ 7/44 +(1)* recovered
12/16/44 +()* + 10/14 2560 s1z0 °
| 10/18 ‘ 1280 2560 ' ]

* Clumping only 1n undiluted serum

was Rh negative and had anu Rh agglutinins (utre 1 40) Two days later she
reported to her obstetrician that she did not feel movements of the baby Blood
examined on February 6 showed agglutinins present only 1n undiluted serum and 2
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agglutinins of low titre (only 1n undiluted serum) were found 1n mother s blood
few days after the delivery, and agamn 3 years later (December, 1944) Patient
retarned 10 September 1945 to be tested for Rh antibodtes She was then 3 months
pregnant The ucre of agglutinins was stll ac the same level as 1n December 1941
S1x weeks later (October 22) the titre of agglutinins was unchanged but the nere of
serum zlbumin agglucinas had risen to 1 160 On December ro the titre of serum
albumin agglunimns dropped to a level of 1 § and persisted at this level unul the
end of the pregnancy and beyond 1t There was a trace of blocking antibodies (only

3 Lne
AGEL TN NS

————EAUM L8 MK
soty S

two
15

L L L : L FE—
1026 43 I MOS. 6MOS 9MOS I2MOS. ISMOS IBMOS 21MOS. 24MOS 27MOS 30MOS. 33MOS 36MOS.
©RTH OF WRS

Fic 2 Pemststence or Rh AccrLurivins anp Concrommins Over Turee Yeans
Father O Rh positive Hr negactve Mother O Rh negative ant1 Rho agglutinins Pregnancies (1)
1941 aboruon 3 months (2) 1942 (Aug 30) Term ¢ Icterus graves Purpurz Lised 4 days (3) 1943
(Oct 26) Term @ Twins ORb+ ¢ ORh+ Icterus gravis Purpura Lived 3 days (4) 2945 (Dec)
Therapeutic abortion 5 weeks

1n undtluted serum) On February 6 1946 2 months after the precipitous drop of
serum alburin glutining was noted the patient gave birth to a hydropic stllborn
fetus

Was there any relation berween the drop of antbodies and the changes in the
fetus which led eventually to its death? The appearance of the fetus indicated that
1t had been dead 1 utero only about 7 days It may be that the process which
eventually destroyed the fecus may have started several weeks before delivery and
that the drop of the titre of anuibodies may have been due to some such changes

One more example of similar nature

Case 35 During a routne prenatal blood grouping test the patient s scrum was
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Dr Lerine Tenpoved hearing thes two very mneeresting papers A numbet of points 1 Dr Dizmond s
Paper could have been anniapated onthe basis of what we have known of ssosmmunization by pregnancy
and what the immunologsts know about minute quantittes of blood and their action as immunizing
agents Wath reference to Dr Davidsohn s comments on terminology T believe 1t 1s no sceret thac the
suttable authoritics 1n Washington are tryng to 12y down the standards for dragnosuc 2nt Rh scrum
Some of us have alreads «een the preliminary drafe ¥am quite pleased with Dr Davidsohn s teems by
drophilic  and  hydrophobic  antibodies for the so<called blocking tests and dicect agglutnarion
We have scen a few eases where women had bloching 2ntibodes at 2 moderate titre and I was of course
disturbed a5 10 the outcome 1n the 1nfant Howeser T was sery much surprised to find that the ifaat
%5 Rh positine and perfectly normal The facr chat the infans are Rh positsve may mndicate that pethaps
the blocking antibodies did not go through the placenta or perhaps the antibodics did go through the
FPlacenta and the titre was not high enough and there wasn t sufficrently long ntrautenine action to
affect the cells

Now thesc latter cases with blocking antibodies are 1n contrast to 3 cases we obscrved very carly 1
10 our course of study 1n 1940 2nd 1941 when we found women with agglutinins and mfants who wete
perfectly pormal At thas time I suggested that we would never get erythroblastosis uanl we had pro-
longed intrautcrine blood destruction At the same time it 15 very 1mportant from the public health stand
Ppoist to detect those mothers who arc already immuntzed 1n thae parucular pregoancy

We can ke certain that 1 subseqy s the will be severe enough for the
mothers 10 have an affected baby and since that wall be the fiest affected baby 1 am not quite certain
whether recommending longer interx als between pregnancies will be effective It wall be one of the only
things we can suggest at this ime to prevent severe reactions So far as the nonspectfic increases n ag
glutnns 15 concerned years 2go when Dr Landstciner and 1 were studying production of antt M and
a0t N sera we occasionally found curiously enough a very weak ant N response when we tjected
M Tcan also confirm Dr Davidsohn s remarks that we found 1n pregnancies nonspecific increases 10 the
ant1 A and ants B agglutinns when the affected iofants were i group O Now 0 regard to Dr Diamond s
Parer which I have been looking forward to hearing esp cially his comm nts on the siz of the 2 ants
bodics perhaps he can cell s his impression of their siz s and possibly assoctate this with th p rm 2
bility of che placenea of these 2 anubodies In our carly studies of the erythroblastosss of th first born
we made the guess chat these women may have been immunized by previous transfusion or by mtra
muscular mnjection of whole blood carly 10 life In a few cases we were able to demonstrare that the an
2mnestic reaction could persise for a long time berween the intramuscular 1njection and th pregnancy
We 2850 found evidence which confirms the findings that the number of transfusions prior to th- first
pregancy did not nfluence the seserity of the condition in the first 1nfant and I behese thar 1t 15 cor
Tect 10 assume that 2 single transfusion 15 lent to multiple pr

q
Soanafter we described the pathogenesis of ery throblastosts [ was puzzled as to the m chanism of the
immunization I dida ¢ commic mysclf for a period of a fow years and 1n the meantm low V itamin B
" o al
a5 suggested before we d d h with feeal blood on the maternal side

.
bod D L A Dumond s paper  Physicochemical and Immunological Characecristics of Rh Antt

tes  presented ac the Conference was planned for appearance mn chis yssue bur unfortunately was
not receved 10 tame for inclusion The Edirars
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high utre of blocking antibodies (1 80) The same day a stillborn hydrops was
dehvered (table 6) This case poses the same question as the preceding The relation
between the drop of the titre and the sullbirth 1s even mote suggestive The 1m
pression 1s supported by the usnal striking persistence of titres during pregnancy
with only slight variations readily explained by technical factors and by fluctua
tions 1n the sensiaavity of the Rh positive test cells

The value of pertodic tests for Rh anttbodies 1s also shown 1n the 2 cases recorded
1 table7 Incase 31 the mother had a bad obstetric history with 3 abortions and
2 transfustons from the Rh posttsve husband Repeated tests were negauve ull 17
days before delivery when for the first time agglutinins were seen, but only 1
undiluted serum Three and 12 days after delivery of a normal Rh postive child
the ntre was the same In additton blocking antibodies were detected for the
first time at the last examination (done later on a preserved frozen specimen)
It 15 possible that accumulated experience may permit us to draw fasvorable con
clusions from such 2 course

For comparison case 30A 15 recorded 1n the same table o show an enurely
different course of antrbodics 1n a pregnancy terminating in the birth of a baby with
severe 1cterus gravss The findings m the last 2 cases are 10 accord wich the recent
report by Page Hunt and Lucta® of a direct relationship between the duratton of
exposute to maternal antibodses and the occurrence and severity of ery throblastosis
1n the mfane

A sertes of patients in whom tests for Rh antibodies were done repeatedly during
pregnancy was studied recently from the same point of view as presented tn the
paper of Page and associates and will be reported ¢

SUMMARY

Rh antibodies were studied during pregnancy at frequent intervals 1n the blood
of 73 mothers of babies with fetal erythroblastosis The serums containing anty
bodies were divided 1 2 groups (1) scrums with blocking antibodies withoue
saline agglutinins  (2) serums with saline agglunmns and serum albumin agglu
unins but without blocking antibodies The correlation of these 2 groups with
clintcal findings 1n the newborn showed striking differences blocking antibodies
present 1n 85 per cent of mothers of babies with hydrops or stzllborn and only 10
g per cent of mothers of babies with 1cterus gravis

Predominance of saline agglutinins over scrum albumin favored survival and
vice versa

In a small group of women with a history of transfusions who gave birth to
ery throblastotic babtes blocking antibodies were found 1n g2 per cent

The number of cases used for this study 1s admittedly small and only very
guarded conclusions may be drawn The results however are in general agreement
with recent studies of Wiener on correlation of antibodies with clinical manifesta
tions and with results of Levine and others regarding the sensitizing nfluence of
blood transfusions

Periodic tests for antbodies during pregnancy may permit prognostic conclu

s1008
An anamnestic Rh antibody reaction 1s described
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Dr Porter 1ve been extremely intere red 1n the difference en the number of patients 1n whom agglu-
nnins have been determined an the Loghah group and the Amenican geoup 1 thunk Doorman an that groupr
reported agglutinins in 9y out of 9= Rh neganse women and I ve been curtous as to whether they are
vung eme mre wen stive technic which might have included blocking anubodics as an explanatron of
the difference beween the pescentage found by the Eaglich 20d Amcrican imvcetigators

Dr Rae Theonly explanation Teould offer ¢ that they must hase heen reporting the presence of very

mall traces of sgglutinins. This was dane hefore the Macking or incomplete antibody was deseribed
They found the € only 1n their fir ¢ tubes and they were really doing the so-called  conglutinations

Dr Lerme The te ts on the mother s «erum alone 13 not 2 very good crarerion of the outcome of 2 preg
marey J1as very amportant w est the cond Bloed todetermine the titse 1n the snfane s blood ac deluvery
and ta follcw the tire a0 order o chtain a true concept of the prognous In the slide T showed yester
day 2contra nogca es et tore by Or Stllman of the New York Hospital are shown In both cases
the mother had o stine albumin te ts with a titre of 1 512 In orc of them the infane had pracucally all
of the mother s anubodies and 1t could have Feen expected that the baby would noe survive In the other
ore there 13 onhy 2 bleching antbody of 14 and 2 good progaosis was anticspated and the nfant re-
covered wath only 1 tranvfuson T would Jike to find out the expericnce of the other workers here with
regard to following vp the infane 1t 1s difficult to obtan specamens of blood from infants and developing
te ts could be donc on a suspension of the infant s blood cells without obraining scrum 1 would like 1o
have the comments of r Race or Drs Hill and Haberman on this point

Dr Hill {want1othank Dr Diamond and Dr Dassdsohn for 2 very snteresung papers wereall so

dously d 1n these bodics and their nature I think thae there 1s one thing I would hike
to make perfectly clear concerming the developing test We used this term for comvensence and weclzim no
credie or responsibility whatsoeser for the development of ths test It s distactly a test of Coombs
Mourane ard Race The only responstbility of perhaps the word I should use 1s culpability 1s 1a the use
of this tc t1och thitd order anubodues (erypragg! ds) sf such exast We rather thial that
thercare cme 2nukcdies snl) which are detected by this Coombs test and which are not detected by the
albumin test I beliese howeser further work must be done along this hine We have scen some such
examples and Dr Race tells me of some examples over 1n England

In responsc to Dr Levine s question on the descloping test and the progress of the affccted infant I
€an state that we have found ¢hus test imnaluable By dasly or semiweekly tests on the chuld s erythrocytes
we have been able to follow the progress of recovery As the anubody and the adsorbed 1ofant cells are
disposed the dexcloping test becomes weaker unal finally 1t 15 negatine when the child has completely
recorered Tn one ca ¢ the test remained positise for onc month The chimical condition 1mproved as the

test became progressively negause

T'would like to menuon ane thing ta connection wieh the method of 1njection of the Rh posteuve cells
that Br Diamond mentioned We have been able to gine the § ec quite successfully to people with
tieres of esen 1/50 coo 10 1/100 voo with mmimal or no reactsons This was reporeed 1 July 1945 10
the Journal of the American Medical Assoctation It s true that some slight reactions have occurred a
Iitele headache or discomfore but the more scyvere reactions have not occarred even in those cas s where
wedid not gisca diluted blood We have usually diluted the § c¢ with an addirtonal 5 cc of salin~ caerar
taking care to use at least 10 menutes ume 10 giving 1t On one of ewo occasions we got a hittle curious and
Bave ut more raprdly  particalarly to some members of our own staff who happened to be Rh n gative
nd were recerving thesc injections and 1t seem d to give some more difficulty

Tn conncction wich this discussion of antibodies T chink 1t might not be 1nappropriate to bring up the
question of method of typing for Rh Dr Chown who will sp ak next has 2 beauuful Lirele ¢ st that we
are very enthustastic about for several reasons It 1s the capillary test We like 1e because 1 s stmple
requires very hirtle equipment and is both rapid and speaific The beautyrof 16 15 that of you have a potent
setum 5o that you can use 1e sahine diluted to avord false posittve reactions you can utilize th= third order
antibedies (ery pragglutinoids) To thar extent it 1s strular 1 s actron to the albumin tese We are using
fe routinely and ats specificity scems to be the same as the tese tube method Its SENSITIVILY IS very ex
cellent For the maller aboratory this 1 a beauiful rese
- ,:7:'“ ﬂa{z;‘d‘:: \Qcﬂdrls.t: mfp;:m( out that Dr DDavu‘i‘sohn s use of the rerm conglutnm varies
hat anesbody whach doc: nms:hr;“x chsam: term since Dr Wiener only applies the term conglutinin co

o the same tirre m saline Obviously of you use salin for typing of

albumin on 2 saline or hear labile agglunin 1t will also gine a positive tese and of the same utrable
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of the placenta I suggested thar 1sotmmunization begins at the fateer part of pregnancy wh n thete are
certata structoral changes tn the villtand the position of the fetal blood vessels would suggest char they
are scparated from the maternal by only one layer of cells We had calculated that 1t would require
on the basts of some experim ntal studics 1n rabbies only abouto o7cc of blood 1 the cours of the eaure
pregoancy to immunize the mother On the basis of this Iam pleased to not that Dr Diamond and Drs
Hill and Haberman found that minute amounts of blood will by 1atravenous 1nj-ction suffice to enhance
the immuntzacion 1 an aleady tmmuatzed woman T believe thac pregaancy offers very suteable con
dimons for immunization giving p chaps slow admunistration of a antig n over a long p riod of tim
1 would like to see someone attempt to tmmunize m mbers of a famtly to d termic wha at pres nt we
are only guessiag at chac s co explam the gencuc capacity and the vanations among mdviduals co re
spond to antigenic strmulus wich the production of anubodics If we could s lect individuals of 2 family
and smmunize the siblings of the 2 contrasting groups those that immunize readily and those thar do not
we could make a notable contribution to the problem of immuntzation by demonstrating ¢h zctualicy
of such 2n nhetited charactenistic Anyone having such an opportunicy could noc only h Ip produc
the rare sera but could al blish or disprove the inh of the respons to the Rhantigenic sum
ulus If this can be done aad resule 1a the production of the rarc antt He s ran suffiar ne quanaty th a
the proper genetic stadics among various races will determine the inherirance mvolsed 1n che Rh He sys
tem Until we have this we will flounder and be uncertain about our reeminology and will probably hav
to usc scveral terminologies
Dr Darmeshek 1find 1t dufficult to present a direct discussion of the pap es of Drs Diamo1d and Davad
sohn 1n that they deal mostly with termunology as applied to th Rh factor How ver 1t would b wis
to review some of the historical features and broader aspects of the problem As I panced out yest rday
we have gone 1nto thus problem from a more basic standpotat b causc crytheoblastosis f calis h molytie
disease of che new born 15 just onc type of h molync 20cmea Th re 2t¢ oth r typ s of h molyu
anemea which should not be forgotten even though this conference d als lacg ly with the Rh factor
The specraley of h ) was first duced by Chauffard 2 very emin nt French clinictan
who published and studsed hemolytic anemia during the p riod b tween 1905 aod 1916 Chaoffard was
the first 1o describe the pres nce of hemofysins of a p cultar typ-1acas sof hemofyrican mia following th
teports of Landsterner and h described cases of what he called hemolysimic an miz Simultan ously
with Chauffard Widal Abrami and Bralle descrtb d cas s of h molyric 20 mia 1n which th y found
autoagglutins As 2 result 2n active rivalry existed tn the French school b tw each adh rants of Chauf
fard and the adherants of Widal Abrami and Brulle as to who would d scrib which typ of cas  Chauf
fard ar that time sneroduced a concept of immuno-h matology and suggested that th re might som day
deselop a sprcralty 10 this pacuicular fi Id Thac 1dea lay dormanc for maav years unnl th tecent de
sclopments especrally the Rh factor This sprcralty 15 now coming 1o the forc csp cially as advanced by
this conference The developments which have taken place with reference to the Rh factor can b brought
over directly to the subjece of hemolytic ancmtas 1n general as I pointed our yestceday Dr Diamond s
development of the bovine albumin technic has been utiliz d by us successfully for th-determunation of
prculiar agglutmins and anubodics m various typ s of hemolynic anemua In 1957 when we first en
countercd these preulsar cascs of hemolytic anemia Dr Schwarez and I discovered these preutiac b moly
sins and agglueinins 1n various typ s of hemolyric ancmua This was priot to the developm nts 1 the
ficld of Rh antibodics and cheie determnations and when Dr Levine 1neroduced his theory that erythro
blastosss fetalis was duc t0 an 2nt1body antzgen combination 1t was casy for us to understand thae particu
tar mechanism because we had been working along stmitar lines with the hemolytic an mias 1 would
like to pomt out that we shouldn ¢ los track of the face that anttbodies have reference not only to the
Rb factor and hemolytic anemiz but also co hemolyerc ancmea e gea ral
Dr Raee 1 have only congratulations to offer to Dr Davidsohn and Dr Diamond for their excellent
prescatations The scope of their studies 15 on a larger scale than the work 1n England
T am very grateful to Dr Diamond for the extcac of bus technue for sumulatng the anubodics alrsady
present This proved very 1valuable 0 us tn getting enough of the  rate sera the antt ¢ and the ants
cwln the case of ant-Cw  the large amount of scrum obraned was the result of resumulzcion of the
\mmunized patieat 1 have never before appreciaced the very high mmeidence of immunizauon s Rb
gegative men who have been transfused In England our smedence of th detecuion of anubodses 13 ap-

proximarely 2 per cent
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Dr Porter 13¢ been extremel d 1 the diffcrence an the number of patients 10 whom agglu-
cnsns have been dercrmined in the Englich group and the Amerscan group 1think Boorman ia that group-
reparted agglutmins 1n 93 out of 97 Rh negatnne women and I ve beent curtous as to whether shey are
using ome mare scnsienne techme which might hase mcluded blocking antibodies as an explanaton of
the difference between the pescentage found by the English and American investigators

Dr Re e The only explanation Icould offer 15 that thes must have been reporting the prescnce of very

mall teaces of apglutins This was donc before the blocking or incomplete antibody was described
Thes found the ¢ only 10 thest firse tubes and they were really downg the so-called  conglutinations

Dr Latme The tests on the mother s <crum alanc 1s not 2 very good enterton of the outcome of a preg
parcy Tt us very smpertant to test the cord Beod to deermine the tire an the infant s blood at delivery
and to follow the utre 10 order to obtain a true concept of the prognosis Tn the shide I showed yester
dav 2 comrasting ca es ene to e by Br Sullman of the Mew York Hospital are shown In both cases
the mother had po 1 e albumin tests with a tre of 3 332 In one of them the infant had pracucally alt
of the mother s antitodics and 1t could hase been expected thar the baby would not survive In the other
are there 1s onh 2 blocking antibody of 1 4 and a good prognosis was antcipated and the infang re-
covered with only 1 transfusion I swould Jike to find out the expericnce of the other workers here with
regard to followsng up the snfant It ss difficult to obtaip specimens of blood from infants and developog
teses could be done on a suspension of the mfant s blood cells without obtaming scrum I would Iike to
have the comments of Br Race or Drs Hill and Habermaa on this point

Dr Hill 1want to thank Dr Diamond and Dr Dastdsohn for 2 very interesnung papers we re all so
tremendously interested an these anubodies and their nature I chink that there 35 one thing I would hike
o make perfectly clear concerning the developing test We used ths tertm for convenience and weclam no
credit or responsibality wharsoever for the development of ths test It s distinctly 2 test of Coombs
Mourant ard Race The only responssbility or perhaps the word I should use 15 colpability 15 10 the use
of this te s toc thitd order anubodies (ery praggl ds) 1f such exist Werather think that

thereare cme anttbedies st} which are detected by this Coombs test and which are not detected by the
albumin test I behierve howerer further work must be done along this line We have seen some such
examples and Dr Race tells me of some examples over 1n England

In response to Dr Levine s question on the developing test and the progress of che affected mfant 1
can state that we have found this test invaluable By dasly or semiweekly tests on the child s erythrocytes
we have been able to follow the progress of recovery  As the aptibody and the adsorbed infant cells 2re
disposed the deyveloping test becomes weaker unel finally 1e 1s negatne when the child has complerely

recorered Inoneca e the test remained posttse for one month The clinical condieion 1mproved as che
test became progressinely negative

T would like to mentron ope thing 1n connection with the method of 1ajection of the Rh postuve eclls
that Pr Dwamond mentioned We have been able to gine the § ¢ quite successfully vo people with
treres of exefl 1/50 €00 to 1/100 000 with mimmal or 1o reactons This was reported 1n July 1945 1o
the Journal of the Ametican Medical Associarron It s truc thar some slight reacttons have occusred a
little headache or discomfore but the more severe reactsons have not occurred even mn those cas s where
wedid por givea diluted blood We have usually diluted the 5 cc with an additional 5 cc of salin caerat
taking care 10 usc at least 10 mioures tme i grsing 1t On onc or two occastons w got a lirtle curions and
gar¢ 1t more fapsdly parniculacly 1o some members of our own staff who bapp ned o b= Rh n ganve
and were recenving these injections and 1e seem d to give som more dufficuley

Tn connection with this discusson of anubodies I thiak 1t mighe nac be inappropriate o bring up the
question of method of typing for R Dr Chown who will sp ak next has a beavuful liecle t st that w
are very enrhusiasuc about for several reasons It 15 che capullary tese We ltke st because 1t s simple
requires verv hirtle equipment and 1s both rapid and speaific The beauty of 1¢ ts that 1f you have 2 potent
serum 50 that you can we it sshine diluted vo avoid false positive feacnions you can utilize the third order
;ﬂulcdxcs (erypragglutinoids) To that exeene st 15 stmilar 101 s action to the albumin test We are asing

fiuuncly 2nd ats specificity scems to be the same as the test tube method s SENSIVILY 15 Very ex
cellene Fer the maller laboratory this 1s 2 beautiful rest
m,i'“}i:’('::n‘lti \’;l::,[,irl:l:g‘;i::’,n:,:f‘:l;l Dr DDaudsohn s use of the rerm congluunm vancs

since Dr Wener only applies ¢h* term conglutinmn to

that znubody which does not show the same titre 1 saline Oby 1otsly of you use salin for typing of
albuzun on 2 saline of heat labde agglunmn se will also grye 2 pounine test apd of the same E’mzbl‘
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value as with the saline The only time Dr Wiener has used the term conglutiun for 2 serum 1s whea 1
contains erther no saline 2gglutinin and posinive agglatination with his plasma or serum or whea 1t
contains a higher nitre of agglutination wich the plasma or serum thae 1¢ do s wich the saline So that
with these chares which Dr Davidsoha presented 1f we adhered strrcely to the Wiener nomenclarure
we would have to use the term saline or stmply agglutiuns for the cases 1n which th re was no difference
between saline aggl and albumin aggl and reserve the term conglunian for the cascs
where there was a difference escher complete or partral As to Dr Levioe s comments he has always
guarded 2nd supported us and 1 am delighted that he approved of our work tn the sense of having no harsh
criucisms since thae was my one fear 1n preseatiog some of these observattons 1a 2 ficld 1n which we are
complete novices and he and Dr Race 20d others ace truly the experts As to the face of the albumen
anttbody T suggested chat Dr Ockley and his group had found or at least had preliminacy observations
(and we hope that chey will carry these further) and the face that the albumm 2gglutinm tends to be 2
hczvlcr mol:cule Now whether or not this mezns that 1c cannot be a univalent antibody 1s 2gain bevond
ledge and logises like Dr Headelberger and Dr Cabor of New York may
posslb]y n:nmally dmd: this important theory Dr Cabot has been a great help 1 many of the dis
cussions We have preseoted him with some of the matcrial 2nd I hope 1 due time he will be able to
ptve us the answer as to wheeher the pure albumn antibodses ace muluvalent or univaleat and as to thar
true chemical structure and p larly there weighe 1 d thac we have at least 4 wom 1 who
have recesved muluple transfustons of Rh posictve blood and though chey were R neganve and had
pregnancics following 11 showed no anubody reaction at any time and had oo difficulty with theie
wfants In only 1 casc were we able to ¢ry any tests on a member of that famuly this c2se bewng 2 woman
whose father had been the donor of blood for her transfusion He was the only other liviog member of
h:r fanuly and he came 1n and subjeceed humself to 10jection with Rh positise blood 2gainse which he
d no anubodies again suggesting as Dr Levine mentioned that this may be 2 famihial char
acteristic that some humans sre Just poor guinea pigs 1n the sense of antibody producers and wich 2
relatively poor aneigen such as the Rh factor do not respond by 2nubody production So that despite
the real danger we all must rezlize that some humans will not develop anctbodies even though subjected
to the samc 1asults as others by the mjcction of Rh positive blood Dr Damesheb. mentioned that this
opens up z much wider field of study paretcularly 1n hemolytic anemia We have had thae broughe to our
ateention and I think De Warebsky will subscantiace this by the fact thar many of our allergists ace now
reviewing therr work oa anubody producrion and anubody protection m alleegic patients who arc
sensitsve 1o ordinary antigens better known and beccer studied like egg albumrn and rag weed pollens and
s0 on These investigators hase assured us that they find exactly comparable sates 1a such 1ndwviduals
1 that the heat stabile anubody develops at the multiple sensicuzation In face the whole theory of
of allergic 1odsviduals by repeated tnjections of very mimute doscs of the pollen or the
2augen to which they are sensittve 1s probably dependent not on desensitization but on the developm ot
of 2 more complete anubody which does not perme the symptoms of alletgy like hay fever or asthma
but protects the wodividual from such symptoms after 2 long series of 10jectrons Losel ss 1 1941 10
Nev York worked on the subj ct and Dr Ableson I think was the fiest to bring 1t to my attennion
Dr Loveless published a beauttful serics of papers on heat stable antbodies produced against one of the
common anugens aftct muluple mjecuons which wiped out the ska scosietvity 1 sensttrve indimiduals
who had previously been tested with the antigen and reacted violently with weals The wholc ficld of
allergy mmunology and cerrataly hemolytic discase will bear further srady and restudy 1a the light
of some of the newer rechnics
Dr Scherer questioned che usc of donors who had recerved transfusions and mught nor have been
recogntzed as cartying anubodies because they werc not tested by the more sensitive Coombs test or
albumin tese We have only one very good example of this 1n that & very patriotic woman who had givea
blood many stmes to the Red Cross came to scc us with the scory that she was iaterested 1 our work
because she had lost several babies with erythroblastosis This was the begianing of our alburmin tiera
ton technic 20d we demonstrated that she had 4 triee of 1 500 of albumin aggluanins She had given
blood at least 4 times to the Red Cross ber plasma having been used 1n various pools and at this time
e mixed 100 e of hee scrum with 20 times that amount of normal plasma and then tnjecred a small
sample of 50 o of the mistore i0t0 an Rh positise individual and demonstrated rhat theee was some
destruction of the reciprent s cells even from chus small amount becawse she had such a high cuere Cer
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rainly the use of 40 tndividual such asshe as a donor for an Rh posttive recsprent would have been ex
tremely dangerous and we therefore should add to our blood bank technic the question of the posuble
donats having s1gns of senutization erther from previous transfusions or from previous pregnancies
Iam sure Dr Hill and others who are e ponsible for blood banks probably do this because occasionally
2 donor of that tyfe would truly be dangerous af by mistake he or she were used for 20 Rh postuve re
cipient Of course 10 most anseances such an Rh negative donor would be used for an Rh negatnc re
aprent and therefore no harm would be done But if the plasma were pooled as 1t was 1n th* Red Cross
campaiga possbly that mighe explain some of the untoward effects from gving plasma that were
thought to contain pyrogens or noaspeaific disturbing antibody  We rounnely test the cord blood of
exery new born baby when we suspect sensitization and test 1t by 3 methods immediately That 1s the
Rh typing 1s done smmediately to decermine whether the child 1s Rh posiuve or Rh neganve and we
fourd both Dr Chown s very simple and cffectine test or our shide test 1s adequate for decermining within
10 muinutes whether the new born baby 1s Rh positine or Rh negative If the baby 1s positise and we do
not have the mother s bload available for cheching we also test the baby s scrum to determne whether
there are anubodies carried over from the mother Finally we also apply the reagglutination test of Dr
Ableson to demonserate whether the baby has antibody adsotbed red cells which will reagglutinate
other Rh positive cells when the ewo ate mixed Incidencally that s a good d of the danger
of using Rh positne blood for the transfusion of the babies wath erythroblastosis espectally durtag the
firstadaysoflifc Ifthe baby scells are envcloped of coated with the mother s antibodtes 2nd then more
Rh positine blood 1s put 1neo the baby s crrculation not only will that positive blood be destroyed more
rapidly but the baby s own coated cells wall be completcly aggluttnated 1n most 1astances I think thisin
vatro as well 25 10 @ few cases we have studied 1n vivo mechamisms 1s the reason for avoiding Rh positsve
blood 1n chuldren with ery throblastasis cereainly during these firsc 10 days or 2 wecks of Life when we
know such coaced cells may exist 1n arculation We have been forrunate 1n being able to follow up the
blood tests of anfants with ery throblastosis for 2 weeks or more We obtained sufficzent blood not by
sentpuncrure which 1s often dafficelt bue by using a Wrighe tube and collecting from a heel puncture up
tortozce of blood which 1s immediately mixed 17 the tube with heparin or oxalate By this method we
can prove that the mother s antibodtes may persise 11 the child s serum for as long as 10 days or 2 weeks
or more which 1s difficule to understand when we realtze thae the baby s Rh positive blood s there all
the tme and should theotetically be taking out of ncutralizing the antibody 10 the serum Some other
mechanism 1s probably operating 20d 1t 15 hoped that some laboratotics wotkeng on this will be able to
disclose why such antibodtes arc not removed by the Rh posttsve cells in the baby s blood stream
W persist 10 trying to substantrate Dr Hill s falk that there might be a third variety of anabodies
We have subjected the scrums which give a good Coombs test to the same principle and chemical de
structive agents as we have used for the anubodies detected by the albumia tests and have as yet found
no antibody which would give 2 negative albumin test and then give a Coombs test thac 1s positive
Possibly for thas expenience we can assume that thee 1s such an anubody or possibly further tests on the
part of Dr Hill and hus group or Dr Race will confirm our own findings Thercfore 1 wish to commend
Dr Chown for his deselopment of this beauufully simple and very cfficieat and zlso very saving test
Thas cconomical test 15 a very nice way of being able to handle the rarer serums rather than our very
wastcful method of using 2 wholé drop of serum and possibly obtaning only 15 to 20 tests from « cc
Dr Dassdrobn 1 want to express my appreciation to Dr Hill and the staff and admumiserarton of the
Baylor Hospural for the pravilege of being able to be here at this remarkable meetng 1 think it 1s truly
temarkable that we consider T thiok for the first ume histoty that wichin about 6 years after a
discorery of a new phenomena congress was called together and arranged so successfully A large
number of people snterested 1n one way or another have had an opportunity to hear first hand about the
oew developments Regarding the question that was brought up by Dr Diamond 1n his paper as to the
:;:itdn ;lalh;s(a:emem that only from 1 t0 4 per cent of Rh ncgauve individuals recerving Rh positive
Yy become sensitized 100 have been inierested 1n this statement and 1t scems to me the ume to
track 1t down This 1s one of those events which make up 2 medical mytholagy The best I could find
out was thar jewas first expressed by analogy to the frequency of feral erychroblastosts in Rh negative
::J;inl:::““:m;:‘?r;l) put 40 a5 2 fact which nced not have any furcher confirmanion I thiok you
D obsc?vm:n: ,m accepting such medical myths becausc they cannot be subseantiared Dr
re extremely valuable Dr Dameshek s discussion suggested to me that we ar
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thus conference may also take up here 1 Mexico City the question of terminology that of erythro-
blastosts versus hemolyuc anema  He refers to hemolyuc disease hemolytic anemias  as being 2 related
subject Suggestions have been made 1 the litcrature that erythroblascosis and the terms we applv to
erythoblastosis be discarded 1n favor of hemolytie dseasc of the newbora and fetus T am noc so sure
that 1t 45 the right thing to do although this term secms to be gaining an populanty I ehink thae s
probably 1s just 2s bad and just as indefinite as fetalerythroblastosts because at least aH of us know what
we mean when we say erythroblastosts and the term hemoly tic discase of the newborn may be misleading
unless we add o1t resulesng from Rh incompanibility  So for che present time 1¢ may b- desirable to
conunue to use the cerm erythroblastosis and to sce which term will eventually gain more populanicy
Dr Potter questioned Dr Race regarding the use of thus term by the Britush workers I reported 1n the
Amertczn Journal of Clinical Pathology in 1945 a study 1n Rh antibodies 1n which we mvestigaced 3
groups of cases One group where we had only 1 specimen of blood obeatn & sometmes long after the
baby with erythroblastosss was born And there the tncidence of aggluttnins was very Jow Then the
third group where the patieat was m our own hospieal where we could do repared tests and espcually
tests about 8 to 1o days after the birch of the child we went up to as high as 82 pr cent Now in this
table howcier you may recall that I had only 6z per cent and that 1s explained 1a the sam way as Dr
Race suggested for Briessh tesules thae we 1ncluded their low tieres of agglurims which actually we
1nterpree now as being heat stabile aggluunim and therefore th y v cre excluded from the pre ent list of
62 per cent 1 agree with De Levine regarding th advisibility of mvestigatng the antbolies an th
cocd blood as 2 prognostic finding We did 11 an some cases and we didn canclud e here because we did
ot have sufficient figures bur so far I must say that our tmpression has not been thae there 15 2 seriking
parallclism berween the titre chese passively transmuteed antibodies and che severiey of the disezs 1n the
chtld or even of the occurence of ¢h disease 1n the child So T shink that we must gather more 1nfor
mation of the fype of Dr Levine s reporr Recently when Dr Coombs and his assocrates firs published
their paper on the test and then whea Dr Hill published his we began using 1t and we kad recourse to
old precipiun serums produced years ago by myectton of the whole s rum And we found the titre of antt
globulin pretcy high We got into trouble probably because we at that time were nor concerned with the
usc of only old serum but we used a mixeure of all secums Tam trerested 1n the repore of Dr Race but
1t seems to me that tf one 15 to produce a good ant1 globulin seram with albumn then the adsorption of
that serom with albumin mighe also remove th globulin as well ss th albumn if thae 1s the homo-
logous antigen used for the tmmuntzation



ON CERTAIN VARIATIONS IN ERYTHROBLASTOSIS FETALIS*
By Bruct Ciown, M D

DURING the past 2 years my assoctates wnd 1 have invesugated 87 families
1n which 1 or more cases of erythroblastosis due to Rh sensitization have
occarred, or 1n which antt Rh antibodies have been found 1n the wife s blood but
with no discernable discase tn the chuldren From these we have sclected 6o cascs,
solely because our data on them arc faiely complete The following 1s a partial
analysis of the data

These familics came to our notice tn 3 ways Firse, during the past 2 years we
have done routine Rh typing on some 15,000 pregnant women During the first
year we atcempred to follow all Rh ncgative women so found to termnatron of
the pregnancy The babies were then examined for evidence of ery chroblastosts,
and when this dtagnosis was made the family was further investigated In che past
year we have followed only those women 1n whose blood we found anu Rh
antibodies at the time their Rh type was determined Al sera were tested against
4 Rh positive and 2 Rh negative cell suspensions 1n saline agamnst the same set of
cells by the albumen technic of Diamond and Denton as modified by Abelson and
by the Diamond and Abelson slide technic agatnst fresh O RiR cells Second we
have investigated families referred to us by phystaians because of 2 history sug-
gestive of erythroblastosss Third we have investigated families of children
admitted with ery throblastosis to the Children s Hospital of Winnipeg

Statistical results are bound to vary with the method of studying and collecting
data No stauistical study 1s valid unless 2 detailed history 1s obtained on every
family included 1n the study Without a foreknowledge of the presence of ant: Rh
antsbodies 1n 2 woman s blood a number of the babies we have seen would have
been passed 1n the ordinary way as normal Because of our method of collection
of data we have not attempted to compare our figures with those of others gath
cred 1n a different way We have included 1n our 6o families only 3 which we did
0ot interview outsclves and these 3 have been covered by detailed correspondence
with the family physicrans and with the families themselves We have sought
particularly for specral modes of sensitization namely transfusion, whole blood
tnjection and aboruon Where we have obtained such a history we have placed the
families 1n a separate group as will be seen later for this alters the prognosis

ANALYSIS OF DATA

In tables 1 to 6 are set out the pregnancy results for all 6o famulies, and a com
parison berween those families with and those without a history of abortion or
transfusion

From the Deparment of Pathology Children s Hospieal and D partment of Pediatrics Universiey
of Manitobs Winnipeg Canada
Read ar the L ! i and Rh Confe

Yo Dallas Texas Nov 15 1946

e work on which this report 1s based was supported by a geant from the Associate Commutece on
Medical Rescarch of the National Research Conncil Otrawa Canada 1am grateful to the Commutree
for this support and for permissson to publish this report
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Of the 17 women 1n table 3 5 admitted to 1 or more 1nduced premarieal abor
tions 3 had a premariral abortion and Rh positive transfusion 4 a postmarital
TavLs 1 —Pregrancy Results 1 All Sexty Famlres

287 pregnancies plus § twins = 92 ¢mbryos Subtrace 15 induced aborrions 23 miscarriages
29 known Rh negatve and g assumed Rb neganive total 76 leaving 116 viable Rh postrrve feeuses

NoEF* 12 Normal 37
— Lt 1ng 39 ————>

Rh+- 216

With EF 104 — Mengal* 2
Dexd 65

Morbidies 48 15
Mortahity of all Rh+ = 301 of those with EF = 6255
*In this and succeeding cables EF = erychroblastosts feralis of any degree Mental = mentally
defecerne
TaBLE 2.—Pregnancy Results sn Forty three Famlies withous Abortson or Transfusson
21g pregnancies plus 4 twins = 323 cmbryos Subirace 13 muscarriages 18 known Rh acgauve
g assumed Rh ncgauve total 4o Leaving 183 viable Rh posttive fetuses

rNo EF 101 Normal 32
Rh+ 183 Living 34 ——

L WithEF §2— — Mental 2

- Dead 48

Morbidits 44 8%
Mortaltzy of all Rh+ = 26 29 of thosc withEF = 58 5%
Tanis 3 —Pregnancy Results n Serenteen Famidses wath Abortion or Transfusion Al Pregnancies
68 pregnanaes plus 1 twin = 69 embryos Subtract 15 1nduced abortions 10 miscarnages 11

Rb negatne toral 36 Leaving 33 viable Rt postass e fetuses
NeEF u

Rh+ 33 —~ —Living 5 All normal
‘. With EF 22—

Dead 17

Morbidies 66 7
Mortality of all Rh4 = 51 5% of those withEF = 773%

miscarriage and Rh posinve transfusion 1 a postmarital Rh posiaive transfuston
for 1llpess 2 had premarital Rh posiaive transfusions for illness 1 had 2 premarital
transfustons for tllness but we were unable ro trace the donors We have included
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1 woman 1n this group who denied previous pregnancy, transfusion, or blood
injection, but who had an antt Rh antibody 1n her blood at the sixth weck of 2
reputed first pregnancy In our opinton she must have been presensitized 1n some
way

Table 3 guves the results of all postmarital sensstized pregnancies, without
reference to the time of sensitization by miscarriage or transfusion The resules of
pregnancy n these same women subscquent to abortion or transfusion arc sct out
sn table 4

Tanre 4 —Pregnancy Resslts sn Seventeen Famlses Preg Subsequent to Abortion or Transfs
34 Pregnancies less § miscarriages and 6 Rh negarne = 23 viable Rh posnve fetuses
NoETF 2
Rh+ 13 Liung 4 all normal

EF 1 ——

ead 17

Two transfused
Morbudiey 917
Mortality of all Rh+4 = 74 of thosc withEF = 815

Tante s —Pregnancy Results after Rb Sensitrzatson Became Mamsfest Tuenty Famlses wathont
Abortson or Transfuston

$9 Pregnancics plus 2 twins = 61 embryos Subtract 5 muscarrtages 1 monster dying at birth
s known Rb negatve 20d 2 assumed Rh negatve total 13 Leaving 48 viable Rh postive fetases

NoEF 13 Normal 7
Rh+ 43 Living & — l:
WithEF 35— !: Meneal 1

Dead 27

Two possibly theee alive due to transfusion
Morbidity 74%,
Mortality of all Rh+ = 58 of those with EF = 789

Abortton and Rh positive transfusion obviously actas sensttizing agents, making
it unlikely that subsequent pregnanctes will produce normal Rh posttive children
In familtes without abortion or transfusion what 1s the Pprognosts once sensitiza
tion has developed, as evidenced by the birth of an erythroblastotic child? The
data on this point are set out 1n table 5

From tables 4 and 5 1t appears that disease 1s more frequent after a transfusion or
aborton than after a first case of crythroblastosts but that the severity of the
disease 1s not definttely greater If however we examine the same data according to
the results 1n cach pregaancy as set out 1n table 6 we get a different 1mpression
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The disease 1f 1t occurs, appears about equally facal 1n the 2 groups but there are
no living children after transfusion or abortion, save 1 the first pregnancy No-mal
children may occur as late as the fifth pregnancy after the first case of ery throblasto-
sis 1n the absence of transfusion or abortion With vigorous treatment the child of 2
steth pregnancy survived and 1s normal, 2l previous § children having had the
discase and 3 of them dying of 1t We judge sensit1zatton by transfuston or abortion
to be more Icthal than 1 and perhaps more, sensitzing pregnancies

TABLE 6 —Results in Swaeeding Rb Posstre P after S by Pregnancy
or Aborteon

Pregn ncy after abort trans or EF

o [« [ 2 ] s | + T s | s
L1 ed or Died
LD[L plL|p|L|D(L
After first case of EF
Wich discase a5 |8 |3t|9 [38]4 [0 |6 ]
Without disease s 4 z 1
After abortion or trans
fusion
With disease 4*[8 |o |4 [0 [3 }o
Without disezse 2

* First p 1 which erythrot 1s belteved ro have occurred 1o 2bsence of sensinzz
tion by transfusion or aborrion Obviously this group cannot include any  without discase

t Two treared with intramuscular blood 1 with transfuston

1 One treated with lar blood 1 with Latter now mentally defective

§ Replacement teansfusion first day Well ac 18 months

** Two transfused

ON CERTAIN A B O RELATIONSHIPS

In table 7 ase set out the blood group frequencies of 1 oco unsclected pregnant
women from which population our cases were drawn and the absolute number
and frequency of the blood groups of 46 untransfused mothers of ery throblastottc
chldren and of their husbands

A sigmficantly greater number of Group AB women and 2 signtficantly smaller
number of Group B had erythroblastotic children than one would expect The
actual matings were (husband first 1n each casc)

OX0 13 AXO [3 BXO 1
OXaA 8 AXA 10 BXA o
OXB o AXB x BXB o
OXAB 1 AXAB 5 BXAB 1

BIRTH OF NORMAL CHILDREN AFTER DISEASED ONES OR AFTER
SENSITIZATION BY TRANSFUSION AND SOME FURTHER
OBSERVATIONS ON A B O RELATIONSHIPS

In table 6 1z 15 recorded that 13 children  without discase  were born to mothers
who earlier had had 1 or more babtes with erythroblastosts and 2 without dis
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ease to mothers who had been sensttized by transfusion In most cases we have
no postne proof erther that those reputed to have erythroblastosts actually
had 1t or that the Jater born children really were normal We have accepted as
probable cases of discase

t ChiMren dving 1n the first weekh with marked jaundice, or 1n the firse 2
weeks with marked ancmia

2 Children having a severe jaundice 1n the first week the jaundice persistng
for more than 2 month with ulsmate recovery

3 Children with severe jaundice 1n the first week with present mental defect,
all sn families 1n which the father 1s Rh positine the mother Rh negative and has
ant Rh anubodies 1n her blood or 1n one family the father negatise the mother
posine with anu Hr' (antic) anubody We have usvally had to accepr the
statement of the parents and physician for the normality of later children al
though we have scen a few oursclies The family records of the 13 chldren are set
out 1n table §

The first g families scem to us of great importance  Admitung the probability
that not every case sct down as one of ery throblastosts actually was that disease

TABLE ~ ~—B'eod Groxps of Parents of Enytéroblastotses

o | A | B AB
General Popuatat on YR K} 93 13
o | SNy No - o L
Mothers of erythroblastotics 20 1435 I 18 {391 1 21 7 15 -
Husbands of these womea ey ]l 47 6 ‘ 2. {476 2 8 o a

and that not every one set down as normal was absolutely normal we are left
with 2 suffictent body of fact to prove that chinically normal children may be
born after babues suffering from severe cven fatal erythroblastosss In the case
of Family Se we have complete proof because we found antbodies m the
mother s blood prior to during, and after the last pregnancy and the baby of
that pregnancy was entirely normal by every clinical and laboratory test up to
14days when 1t went home and has remamned normal, according to the mother
In the case of Family Ba we treated the 2 children for their erychroblastosss
the one between appeared normal to the mother And 1t 1s to be remembered that
cvery one of the abave women has antt Rh aatibodies 1a her blood today

The fact that normal babies may succeed babies with disease makes 1t diffi
cult £o assess the effect of any treatment given the mother during pregoancy
Apparent good resulrs 1n stngle cases prove nothing the baby might have been
normal anyway On the other hand Nature has 1n the above families carried out
asuccessful experiment and challenges us to discover how she did 1t and to devise
means to 1nutate her There mustbe factors thatcan modify theRh anugen anttbody
hemolytic reaction We have gathered no evidence as to what these ma) be
and do not think 1c worth while to bother you with our guesses We do
suggest that the solution will only come when the major investigation of this
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the last 4 they do not seem to play a part i the fist g To us this 1s a group of
great smportance, suggesting 1s 1t does, that other factors than blood incompat-
tbiliey play an tmportant a¢ times a deaiding role m the development or non-
development of ery throblastosis

DpIsCLssIoN

Dr Levine Some of these findings certainhy sake m complee Iy by surpras Thadnes neas sof char
sore 1d scen 1nfants perf~cely normal mfanes following th presence of anubodics 1 th moth ¢ buc
1 e seen the next infant affeceed The only suggestion I could possibly make 1s fatigu of th aneibody
producing cells 23 he mentioned ot p thaps some preuhiar conditions of the moth ¢ But 1a o1= of your
cases that would be excluded bcause the subscquene mfant was affecred So th affarr sull rematns 2
mystery What 1s stll more mysc rious tom  even though the series may be small 1s the relanionshup of
the blood group of the mother for which ac present I hate no information whatcver 1 have intend d to
comment also on the possible relationship of this to Dr Witcbsky s findings on the secrerors and non
sccretors but Isee Dr Watchsky 15 sull here 20d p rhaps h= would like to comment on tha

Dr Veszebsky The problem of sccrerion and nonsecretion of Rh soluble substances 15 a rather 1nsolved
one We have demonstrated Rh soluble substances sn amnuotic flud also 1a gastric jutces 20d 10 salina
but the best matersal co find 1t 10 15 2mntotrc flud and we have been workiag on that for several years
There are several dufficulics we are encountering It 1s difficult 1o get the matenial in sofficientd)y farge
amounts Tt 1s difficult to get the amatotsc flusd 1n amounts we would like to have And I talked abour
that to Dr Race yosterday Perhaps the difference lies 1n the sera used One zmarotic flurd will rabibie
one scrum bue will not the second or the third The second amasotsc flurd will not inhubie the first bur
maybe the third So 1t 15 rather confusing to us at the present um and we arc very relucraat to do more
about 1t as far as publ are d Wec d our amaotic fluid by dralysts and have
now concentrated the material about 10 times as strong as the original materal This matenal gives
us 1ery adequate results and [ hope to be able soca to repott 2 litle more about st As far as seeretion and

15 d there was one we used which demonstrated that 85 per ccor of the
people are Rh sceretors 15 pes ceat are non Rhb secretors About as simlar as i the AB siteanion bur
seeretton of Rh substances 1nto the ammotie fluid 1s independeat from the AB secrerion They are tnoen-
urely different things 20d 18 6 or 7 ammouc fluds we obtained from ery throblastotic children we could
not find any trace of Rh soluble substances T only report this fact withour making any further comments
T feel the number 15 too small but we found 85 per cent of amnionic fluds o have the Rh soluble sub-
stance Aod yet 1n those 6 or 7 onginanng from erythroblastotc children we could oot find 20y trace

Dr Datidsobn Dr Chown s paper was iaterestng Was my mmpression correce thae you found thae
among mothers the AB group had the higher incidence than the others chan one would expxct feom a
sormal control serics? Now that 1s interestng because our senies of 73 famslies reported here today when
analyzed from the sraadpotat show such an excesdingly hagh inesdence of AB that 1 was sumply reluctane
tonclude st 10 this repore I was just hoping to get more and to sce bow much chance played 2 pare bur
3t 15 interesnng that at s in agreement with Br Chown s repore
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disease passes from the hands of a serologist or pathologtst to those of the 1n
ternist endocrinologist psychiatrist bio-chemist and obstetrician It will require
well organtzed team work to find the solution to that essennal problem how to
present the discase

The fact that the 2 normal children 1n families 10 and 11 born subsequ=nt to
mcompatble transfusion, were both Group B and their mothers also Group B,
interested us All other families 1n which the mother or child was Group B and
1n which .ot Rh antibodies were present 1n the mother s blood 1n the last preg
nancy dare set out in tabl: 9

These families do not prove anything We do not know 1n which pregnancy
Mrs Gr first had antibodies whether Mr Dr 1s homozygous or heterozygous
(he 1s probably heterozygous Rir) whether Mr Ab 15 homozygous or heter
ozy gous (he 15 probably homozygous RiRy) what the blood groups wete of the
macerated fetuses Mes Dr was recetving endocrine therapy dusing pregoancy
and the baby received some after birth this may have affected the 1ssue In spite
of these doubts we suggest that 1t 1s worth analyzing more cases to see 1f blood
factor B 1n any way affects susceptibility to Rh-ery throblastosts The low maidence
of Group B woten with diseased children suggests this On the other hand
Group AB women with the exception of Mss Gr of table g did not fare well
Seven without a history of abortion or transfuston had 1n all 39 probably Rh
postirve pregnanctes Five of the pregnancies ended 1n muscarriage Of the re
matning 34 fetuses 19 died b-fore or after birth 2 mortality of 56 per cent twice
the general mortality of table 2 and equal to chat following abortion or trans
fuston (table 3) Agam this suggests the destrability of further study of the blood
groups as possible modify ing factors 1n the occurrence of Rh-ery throblastosts

SUMMARY

We have attempted first to show that raw  mass statstics on ery throblastosts
however valuable they may be 1n some resp.cts can lead to serious error Results
will vary with the mode of collection and with the care with which every famuly
ncluded 1 the staustics 1s studied The inclusion of mild often sub~linical cases
will make the prognosis appear better The inclusion of families 1n which un
recorded abortions or transfusions have taken place, will make the prognosts
appear worse Abortion and transfusion are most active agents 1n producing discase
1n later born children

We have further set out our observatons on certain blood group relationships
and their possible effect on the development of Rh-erythroblastosis These observa
rions we do not regard as more than indications for further study

Fnally we have given, so far as we have them the pregnancy summartes of
13 famultes 1 which anomalous results occurred namely 9 in which normal
children succeeded dseased children 4 10 which normal chiddren were bora to
mothers with ant1 Rh antbodies 10 their blood of whom 2 had received Rh
sncompauble transfusions one had antibodies at the sixth week of a first preg-
pancy and was therefore probably presensitized and 1 was sensttized by multiple
pregnancies only While 1t 1s possible that the blood groups may be a facror 1n
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higher degrees of ants A agglutinins thin ane B and that 1n group O mothers with
B children the sttuation was the opposite He suggested the possibility of sso-
immumzation through the placenta

Dr Levine® in 1943 reviewed the subject, establishing thae  the very suggestive
data offered are extensive enough to warrant further mvestigations

Let us now deal with the cvidence which can be obtained on the possibility of
1sotmmunization against the A and B factors

One of the evidences of the anugenic power of the A and B agglutinogens s
the nising utre of agglunmns which 1s observed following ncompatible blood
transfuston, for instance A or Bty pe mn a ty pe O patient Immeduately after blood
transfuston the titre 1s low due to the specific absorption of aggluunins by the
incompauble cells This negative phase lasts 2 or 3 days and afterwards the utre
15 increased several tmes 1ts orignal level reaching 1ts maxtmum between 7 and
10 days A second mcompatible blood transfuston will produce, 1n such conds-
tions a stronger reaction, as has been potated out by Thalheimer'® and Astrowe

The 1ncrease of aggluunin utre following an aborrion or the delivery of a sull-
birth 1s another observable fact In these conditions the incidence of abortions or
stillbirths 1n later pregnancres tncreases This 1s apparently the cause of the fact
observed by Hirszfeld, that the frequency of type A children 15 less 1n 2 maung
with A father and O mother 1n comparson with the cases of O fathers and A
mothers the difference being constdered due to the loss of type A children by abor-
tions or stillbirths These observations have been confirmed by the statistics of
Gardiner and Yerushalmy ' The antibodies produced by isotmmunization are
far more dangerous than the normal antibodies becausc of thetr higher titre

Furthermore we have been able to observe that 1n certain patients who receive
repeated blood transfusions there can be abnormal agglutimns as a result of 1so
immunization 1n such patents the use of the same donor or of another whose
blood contains the same agglutinogen produces a sevese hemoly tic reaction The
same phenomenon can be seen 1n cascs of mtramuscular tnjections of mcomparble
blood In cases of pregnancy atypical antibodies can be found as a resule of 1so
immunization even 1n patients who had never recerved a blood ttansfusion In
such cases the fetus 1n the uterus 1s the source of the antigen inhertted from the
father and when a blood transfuston 15 nceded the cross marching must be done
using different bloods and betng very careful with the weaker reactions checking
them until a completely compatible blood 1s found

Dufferent observations hase been published about incompaubthity cases agarnst
different blood factors as A, O M and P following blood transfusions, and
Hill and Haberman® have reported a case of senstization produced by the N factor
In some cases the aggluumns found do not correspond to any of the well known
blood properties 1n such cases we can guess that they are due to not very well
determined agglutinogens or to multtple sensitizations against several anugens In
all cases of 1soimmunization one must dentify the aggluunin by doing the teses
under different temperatures because there are some agglutintns which react hetter
at cold remperatures (ant1 M A and B) and others react better at 37°C (Rh)

In some cases even 1f isormmunizarion exists 1¢ cannot be demonstrated by the



THE A AND B FACTORS AS A POSSIBLE CAUSE OF
ERYTHROBLASTOSIS

By Arronso C Verez Orozco M D

INTRODUCTION

ECENTLY, ssoimmuntzation of the mother by the Rh factor of the fetus and
1ts mechantsm have been clearly demonstrated ?  On the other hand, only
vague references exist 10 medical literature regarding sensttization by other blood
factors Considering the fact that when red cells pass 1nto the maternal circulation
they carry not only the Rh factor but also the blood factors A and B the M N
P, Hr and other as yet unknown factors, 1t 1s not surprising that immunization by
other than the Rh factor may occur
Pregnancy offers a particularly favourable circu e to produce 1s¢

ton because of the slow adminsstratton of antigen during a lengthy period
Therefore this subject must be carefully studied because our lack of knowledge
of the causes of fetal death 1s striking

HISTORICAL DEVELOPMENTS

Dienst 3 1n 1905 was apparently the first to think about blood 1ncompaubiliy
as a cause of pathological alterations believing that eclampsia could be produced
by the conflicting antigen antibody between the mother and fetus In 1923 Mc
Quarrie* said that such a mechanism produced not only eclampsia but also the
gravidic toxemas and Ottenberg ® 1n the same year explained that the passage of
blood through the placenta was the mechanism by means of which these phenom
ena are produced

It was Hirszfeld® who 1n 19.8 clarfied these 1deas creating the term  hetero
spectfic pregnancy and applying 1t to the cases 1 which the mother and the
child had different blood groups In such cases the fetal 1njury was thought to
be caused by an infiltration of agglutinins through the placenta He also thoughe
that the mechanism of protection for the fetus would be the poor senstbility of
the erythrocytes to the agglutinis due to the incomplete development of the
feral agglutinogens and the presence of specific group substances in the latters
uissues and secretions Together with Zborowsks he presented cases 1 which the
babies weighed less than normally  as well as cases 1n which contrary to what was
to be expected according to the laws of heredity the blood type of the mother
was more frequent 1n the babtes than that of the father This was thought to be
due to the fact that 1 the already mentioned mcompatibilities stenlity or at
least a diminution in ferulity was present

Stnce then much research has been directed to determine the antigenic capacity
of the A and B factors Biancalana and Teneff” 1n 1930 were the first to prove the
antigenicity of the A and B agglutinogens 1n human species Jonsson® ta 1936 found
that mothers belonging to the group O who had group A children developed

he Insticute of Medical and Biological Research Mexico Crry Mexico
?::l] :t:thc 1 logy and Rh C Dallas Texas Nov 15 1946
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We must also take 1nto consideration that a placental defect which permuts che
passtng of the fetal blood s necessary although 1t should not be expected that a
considerable Iesion of the placenta must exist o produce 1soimmunizatron Dr
Levine? has demonsteated that 2 small amount of fetal blood acting during a
lorg period of time 1s sufficient to produce an effective degree of ssoimmunization
and Dr Gonzilez Guzmin'® insists upon the fact that we should take 1nto account
the destruction of fetal cells during sts normal processes of development, because the
stroma of such cells contasn the antigens and 1n such conditions the passage of cells
through the placenta 1s not necessary, but the products of the Iysis of the cells can
y1e1d a sufficient antgenic sumulus

On the other hand  there are constieutional fetal factors which must be taken
1nto account principally their characterisuc of being secretors or nonsecretors
These substances widely studied by Wirebsky 17 can be demonstrated as present an
fernl ussucs after the sixeh month As an important detail we will only pont out
that there are haptens consisting of 2 factors one soluble 1n alcohol and of Irpord
orign and the other onc soluble tn water These substances may be sought for 1n
saltva, because if they do not exist there they cannot be found 1 any other secre-
tron

According to our unpublished data, 82 per cent of our population are secretors
In the remaining 18 per cent ponsecretors the A and B factors are limited to the
erythrocy tes

The small number of cases we have studied scems to confirm our previous sup-
position that when the fetus belongs to the nonsecretor group 1t presents 2 more or
less typical prerure of erythroblastosts and when e s secretor the blood group
substances 1n the tissues cause a mote gencralized deleterious effect of the agglu
umns producing early abortions or stillbirths We have not been able to determine
the secretor or nonsccretor characeer of fetr or sullbirths, having deduced such
characeeristics through genetic studies of 1ts possible heredity  These staustical
data will be published later

Concerning this 1sormmumzation we have seen tn additzon to ty pical eryth
roblastosts subclinical anemia of the newborn repetitive abortions or death of
the fetus 1n the urerus Therefore 1t can be said as a general rule that these troubles
are not a perfectly defined unity such as fetal ery throblastosts or hemoly tic disease
of the newborn because we constder that 2 condttions must be fulfilled 1o order
to speak about typrcal erythroblastosts first the presence 1n pertpheral blood of
erythroblasts with the typical alterations pornted out by Dr 1 Gonzalez Guz
man and second the confirmauon of sensinzation by any test preferably the

developing test  using the Race Mourant and Coombs serum

The presence of erythroblasts tn the peripheral blood means a response to de-
struction of red blood cells from the bone marrow But 1t 15 mportant to distin
guish erythroblastemia from erythroblastosis In the first case we only have the
presence of normal erythroblasts 10 the blood stream and 1t can be taken as 2 shight
alteration of the haematoporests produced by anoxemia, while 1 the second case

the structural changes signify a profound attack on the reticuto-endothelial system
which produces ery throcy tes
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usual tests due to the fact that the technics are not very sensttuve or because the
patient 1s 1n the negauve phase Sometmes we must admut that we are dealing with
antsbodies present m the tissue cells having 1 such cases the biologic test as the
only resource

In other instances incompattbility can produce hemolysis instead of agglutinaton
1n the tests made 1 vitro This must always be taken 1nto account to avord mus
interpreting the results

About the 1sormmunization 1 pregnancy we can state the following the ag-
glutinogens have been demonstrated by Kempt tn the blood of a fetus of 37 days
This can be explamned 1f we remember that the first red blood cells are formed 1n
the yolk sac 1n the fourth weck of pregnancy having been found constantly after
the second or third month The agglutinins appear later, and when a child presents
them at birth 1t can be constdered, according to Hirszfeld and to our personal ob-
servations, that they are maternal, having passed through the placenta These

TabLe 1 —Fregnancees or Marrsages

Compatible Tncompatible
Flusbands or I'etus Wife or Mother Husband or Fetus Wife or Blother

o] X [o] A x o
o X A B X o
o X B A X B
A X A B X A
B X B AB X o
o X AB AB X A
A X AB AB X B
B X AB

AB X AB

agglutinins disappear 1n approximately 10days and the proper agglutimns are ther
origmated

InRhcases the first pregnancy almost always gives normal children even though
they be Rh positive due to the fact that a sufficaent degree of 1sormmunization has
not been developed We have scen 1n several cases that when a blood type 1ncom-
patibility 1s added the disease 1s presented in the first preghancies Many examples
have been observed of Rh negative type O mothers with Rh positive type A hus-
bands who 1n spite of never having had a blood transfusion had a stllbirch 1
the first deltvery

When the frequencies of the blood types of a cereatn populatton are known the
frequency of the mother fetus combination can be mathematically established
We see that this kind of sensitization 1s not so common as could be expected 1f
we consider the percentage of incompatible marriages Attempts to explata such a
difference by several mechanisms have been tried

In the first place we must consider the tncapacity of some mothers to produce
anttbodies as can also be seen 1o Rh cases There are some people who because of
certatn genetical or constitutzonal charactenistics are anergic to certain allergens
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We must also take 1nto consideration that a placental defect which permuts the
passing of the fetal blood 15 necessary although te should not be expected that a
considerable leston of the placenta must exist to produce 1sotmmunization Dr
Levine®® has demonstrated that a small amount of fetal blood acung during a
lorg period of time 15 suflicient to produce an cffective degree of 1soimmumization,
and Dr Gonzilez Guzmin!® insists upon the face that we should take tnto account
the destruction of feral cells during 1ts normal processes of development, because the
stroma of such cells contain the antigens and 1n such conditions the passage of cells
through the placenta 1s not necessary, but the products of the Iysis of the cells can
yield a sufficient antigemc stimulus

On the other hand  there are constitutional fetal factors which must be taken
mto account prancipally their characteristic of being secretors or nonsecretors
These substances widely studicd by Witebsky 17 can be demonstrated as present an
fetal ussues after the sixth month As an tmportane detail, we will only pornt out
that there are haptens consisting of 2 factors one soluble 1n alcohol and of Iipord
origin and the other onc soluble 1n water These substances may be sought for 1n
salina, because if they do not exist there they cannot be found 10 any other secre
tion

According to our unpublished daca, 82 per cent of our population are secretors
In the remaiming 18 per cent nonsecretors the A and B factors are limtted to the
erythrocy tes

The small number of cases we have studied seems to confirm our previous sup-
postton that when the fetus belongs to the nonsecretor group 1t presents a more or
less typical picture of erythroblastosis and when 1t 1s secretor the blood group
substances 1n the tissues cause a more generalized deletertous effect of the agglu
tmns produciag carlv aboruions or stidlbirths We have not been able ta determine
the secretor or nonsecretor character of fets or stllbirths having deduced such
characteristics through genctic studies of 1ts possible heredity These statistical
data will be published later

Concerning this 1soimmunization we have seen m addition to typrcal eryth
roblastosts subclinical anemia of the newborn repetitive abortions or death of
the fetus 1n the uterus Therefore 1t can be said as a general rule that these troubles
are not a perfectly defined unity such as fetal ery throblastosis or hemoly tic disease
of the newborn because we consider that 2 conditions must be fulfilled 1n order
to speak about typical erythroblastosss first the presence 1n peripheral blood of
erythroblasts with the typical alterations pointed out by Dr I Gonzalez Guz
man and second the confirmation of sensitization by any test preferably the

developing test  using the Race Mourant and Coombs serum

The presence of erythroblasts 1n the peripheral blood means a response to de
struction of red blood cells from the bone marrow But 1t 1s 1mportant to distin
guish erythroblastemia from ery throblastosis In the first case we only have the
presence of normal ery throblasts 1n the blood stream and te can be taken as a slight
alteration of the haematopotests produced by anoxemia while 1n the second case

the structural changes signify a profound attack on the reticulo endothelial system
which produces erythrocytes
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usual tests due to the fact that the technics are not very sensitive or because the
pattent 1s 1n the negatve phase Sometimes we must admit that we are dealing with
antihodtes present 1n the tissue cells having in such cases, the biologic test as the
only resource

In other instances incompatibility can produce hemolysis tnstead of agglutination
1n the tests made 10 vitro This must always be taken mto account to avoid mis
interpreung the results

About the 100 11 pr we can statc the following the ag
glutinogens have been demonstrated by Kempt! 1n the blood of a fetus of 37 days
This can be explained 1f we remember that the first red blood cells are formed 1n
the yolk sac 1n the fourth weck of pregnancy having been found constantly after
the second or third month The agglutinins appear later and when 2 child presents
them at birth 1¢ can be constdered according o Hirszfeld and to our personal ob-
servations that they are maternal having passed through the placenta These

Tanre 1 —Pregnancees or Marriages

Compable Incompat ble
M sba ds or Fetus Wide o Mother | Husband or Fetus Wile or Mother
[} X o A X o
o X A B X o
o X B A X B
A x A B X A
B X B AB X o
o X AB AB X A
A x AB AB X B
B X AB
AB x AB

agglutinins disappear 1n approximately 1o days and the proper agglutinins are ther
originared

InRhecases the first pregnancy almost always gives normal children even though
they be Rh positive due to the fact that a sufficient degree of 1soimmunization has
not been developed We have seen 1n several cases that when a blood ty pe incom-
patibility 1s added the disease 1s presented n the first pregnancies Many examples
have been observed of Rh negative type O mothers with Rh positive type A hus-
bands who 1n spite of never having had a blood transfusion had a sullbirth
the first dehivery

When the frequenctes of the blood types of a certain populacton are known the
frequency of the mother fetus combination can be mathematically established
We sce that this kind of sensitization 1s not so common as could be expected 1f
we consider the percentage of tncompatible marrtages Attempts to explain such a
difference by several mechanisms have been tried

In the firse place we must consider the 1nczpacity of some mothers to produce
antibodies as can also be seen 1n Rh cases There are some people who because of
certain generical or consututional characteristics are anergic to certain allergens
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A brief historical restew 1s presented, establishing some evidence for the anti-
genic capaaity of the A and B blood factors, such as the experimental production
of sctum 1n anmals, the ncrease of agglutinin titse following an incompauble
transfusion or intramuscular blood tnjection and heterospectfic pregnancies Some
fetal antigens are analyzed, as well as the possible pathogenic process of sensitiza-
tion Some factors of the antigen antibody conflict in the fetal organism are studied
The pregnanctes arc also analyzed from the view poine of the fetal maternal tncom
patbility explaining the low frequency of the observed cases, due to nonpermeable
placentas the anergy of the mother, and the fetal characteristic of being secretor
or nonsccretor, constdering that the clinical form of the fetal aleeraczon depends
upon the presence or absence of A and B substances in fetal cssucs The writer gives
as a basis to constder a truc 1soimmumzation the presence in the blood stream of
ety throblasts with nuclear alterations and a postetve  developing test

A clinscal case of twins 1n which the sick twin was of incompatible blood ty pe
10 respect to the mother 1s presented
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In most of the cases of A and B sensitizatton, hemolysis 1s not found tn spite of
the increased titre of agglutinins normally present It has been explained by some
tnvestigators as due to the existence of blood substances 1n the tissue cells and 12
the parenteral hquids and secrenions of the fetus We shall now study a very de
monstrative clinical case which we have chosen among 13 cases seen by us

Tante 2

Blood Type Secretor Other Factors
Mother B s MN Rh%
Father A s N Rho
First twin (stck) Ay s MN Rbh,
Sccond twin (mormal) B s MN Rh"g*

* The Rh subtypes were only determined recently because before we had only the 85% secum

REPORT OF CASE

E R a4 yearold woman had had 3 normal children with he first husband wich the sccond she had
female ewins The scrological characrersstics are studied 1n table 2.

The 3 children of the first martiage were B Rh positve

Whea the first twin 2 week old was seen by us she presented anemia of 3 200 000 R BC aod had
been jaundiced sioce che foutth day of ife In her perspheral blood 27 erythroblasts for 100 leucocytes
were found p g the same ch as 1n crythrobl. cascs She recerved four 50 €¢
blood transfusions of A Rh positve blood petfectly tolecated aad recovered complercly

The mother bad never had blood transfusions or abornions A week after delivery she prescated 2
titre of 1 8192 against Ay blood the ncre being acrually 1 256

Even though she was Rh o the existence of atypical agglutinins mainly anet Hr was carefully 10
vestigated They as well 2s tests for syphiles were negaerve

DISCUSSION

This 1s 2 case of isoimmunization duc to the A factor The A agglutinoges is
not a stmple substance but comprises 2. properties called A, and A, by Landstetner
and Levine Each one presents 1ts own agglutimins The proportion of A 15 25
per cent 1n reference to A; Some investigators think that they are the same anugen
varying quantitanvely If this 1s true 1t wall explain why we have only seen
sensitization against Ay fraction which seems to be the most antigenic

This case 15 of great nterest to us because 1¢ has 1ts own control the sick twin
1s the one who has the opposite blood type to the mother Also we can see the
clear increase of trre because the normal ones for Mexico according to our small
number of determunations are 3 to yhg with extreme values from £ t0 51z

We think according to the above mentioned case that we have demonstrated
that the A and B blood factors can 1n certain occasions and condictoned by cur-
cumstances which we do not as yet know be the cause of isormmunization which
can mantfest ttself by crythroblastosts repetiuve abortions or fetal death

SUMMARY

The author establishes that there 15 no reason to think that the isoymmunization
must be imited to the Rh factor especially 1o pregnancy cases because such a
conditton brings the 1deal means for 1ts presence



HARRY WALLIRSTFIN 171

filled with needle like brownish masses or fine brown granules of bile pigment'?
and biltary stasts ensucs Fatey degeneratton 1s noted and tn some areas the lrver
cells arc loaded with fat (figure 1) 1 Other liver functions become depressed

There 15 hy poproteinemta with attendant loss of circulaung fluid Anoxia becomes
more pronounced and the functions of the Iiver become more deficient Death en

sues 10 such cascs usually 1n 1-3 days Prevention of anemia only partially mitgates
agamnst this cycle The most promineat mitiatng cause s the hemolysts and this
15 not prevented by simple repeated transfusions

Fio 1a Liver—Marken Extramepurrary Ervrarororesis avn
Far Dzorrets 1v Heratic Cerrs

The Iiver changes described above have been repeatedly reported in the earlier
Jiterature 1337 Klemperer! suggested that therapy be directed at conserving hiver
function This was atrempted by Hart 18 who asked a surgeon to pcrformga sub
stitution on a baby with icterus gravis 1n 1925  before the liver cells have been
100 extenstvely damaged  The disregard shown 1n the subsequent literature to
Hart s experiment 1s fto mote astounding than the fact thatr Mitchell® in 1428
proved the bastc hemolytic origin of erythroblastosis fetalis by demonstract .
specific hemoly r1c antibody not assoctated wath normal 1soagglutinins ngha
scrum of mothers of jaundiced babtes This antibody was found 1n the s o ;
51 per cent of the mothers of jaundiced babies and 1n many of the cord blﬂ’“:l .
well and specsfically hemolyzed the cells of the infants 1n vitro When th::ols: Zsf



THE TREATMENT OF ERYTHROBLASTOSIS FETALIS
BY SUBSTITUTION TRANSFUSION

By Harry WarrerstoiN, M D

HE treatment of erythroblastosis fetalis by the substitution of Rh negative
blood for the baby s original Rh posterve ery throcy tes 1 a sumultaneous ex

sangunatton transfusion procedure was suggested!  because

1 Other methods of tranfusion therapy proved only partally effective Even
before the theory of 1soimmunization of the mother by an antigen 1n the fecal red
blood cells was postulated by Levine * 1 and the anugen 1dentified as stmular to
one experimentally produced by Landstener and Wiener,® blood transfusion was
the treatment of choice Blood was given by subcutancous 1ntramuscular or mntra
perstoneal injection but the repeated tntravenous administration was considered
best © Although 1t was noted that results followng transfusion were somewhat
better 1f nonfamily donors were used the father usually acted as the source of
blood It 1s now known that father s blood 1s entirely unsuitable because 1¢ 2lways
carries the same antigen as the blood of the affected infant This was also true 1
85 per cent of the cases 1n which professional donors were chosen at random
Many of the infants appeared to suffer the equivalent of a transfusion reaction with
increasing jaundice toxtcity and fever and 8o per cent of these infants died 1rre
specuve of the form of therapy 7 When Rh negative blood wasused to replace the
infant s hemolyzed ery throcytes the untoward reactions did not occur and anemia
was swiftly brought under control Nevertheless from 35-50 per cent of these
nfants sull died * Autopsy usually showed findings tdentical to those previously
reported even though anemta and transfusion reactions were no longer factors
The reasons arc obvious when one recalls that all or nearly all of the baby s Rh
posittve blood would frequently be destroyed ? and the infant actually became
temporarily Rh negative to the test 1

2 Postmortem examrnation of the infants who died despite repeated transfusion
with Rh negative blood revealed that death was usually due to overwhelming
toxtcity 1nduced by liver ssufficiency It 1s probable that kerniceerus occues only
after such liver damage " The role of the liver 1n the pathogenests of ery throblas
tosts has been schematcally shown by Davidsohn! and his description clearly
1llustrated the reasons why former transfusion methods were so often meffective
The destructzon of the Rh posttve erythrocy tes 1s the nttiating agent The liver
cells partially compressed by dilated sinusoids and by centers of extramedullary
hemopotests ate called upon to excrete the products of hemolysis If the excretory
function of the hepatic cells 1s not 1mpaired 1t 1s probable that even large amounts
of biltrubin can be excreted ! In a baby with excessive blood destruction and con
sequent anoxia this function can readdy deprecrate The bile canalicult become

From the Erythroblastosis Fetalis Clinic Jewish Memorial Hospieal New York Ciy New York
Read before the International Hematology and Rh Conference Mexico Ciey Mexico November 21

1946
170
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isoimmunization n the pathogencsss of erythroblastosts was proven atrention
was focussed upon the resulting anemia, and 1t was not tll simple transfuston
therapy proved ineffective thae the pare played by the liver was restressed by
Dasidsohn Substitution transfusion!  was then applicd 1n an attempt to prevent
the srreversible Iner changes A search of the literature subsequently disclosed che
work of Hart two decades eatlier

The purpose of the substitution procedurc 1s to remove the baby s Rh positive
erythrocy tes without subjecting 1t to the penls of shock and to provide 1t with
arculanng and functioning red blood cells which will survive Three methods to
accomplish this a1m have thus far been devised

Fia 2 Sacrrrar Swus Tecnvic
Rh posiusc blood withdrann through antcrior fontanelle as Rh negause blood 1s simultancously
admtnstered through medtan cephalic vein Note comparatise size of needle in insere

1 THE S$AGITTAL SINUS ROUTE

The substitution transfusion using the sagreral sinus as the route for bleeding
(figure 2) 15 simular to the method employed for Hart

Technsc
1 The infant 1s immobilized

2 A superficual vein 1s exposed a cannula nserted and an infusion of 150tontc sodium chloride or
compatible human plasma 1s gnen by gravity

3 Adanch 19 gage needle 15 insereed 10to the longiendiaal sinus through the anterior fonragelle and
wichdrawal 1s performed by syringe

4 The firse 20d last specimens removed are saved for differential agglunnauon eests The other
specimens are discarded but a count 1s kept of the amount of blood withdrawn
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isoimmunization 1n the pathogencsis of crythroblastosis was proven, attention
was focussed upon the resultng ancoma, and 1t was not ull simple transfusion
therapy proved mcffcctive that the pare plaged by the liser was restressed by
Davidsohn Substitution transfusion’ 2 swas then applicd 10 an actempt to prevent
the streversible fiver changes A <carch of the literature subsequently disclosed the
work of Hart two Jdecades carlier

The purpose of the substseution procedure 1s to remove the baby s Rh positne
erythrocs tes without subjecting at to the penls of shock and to provide it with
airculating and functioning red blood cells which will survive Three methods to
accomplish this aim have thus far been devised

1

Fic 2 Sacrrrar Sivus Tecunic
Rb positive blood withdrawn through anterior foncanelle as Rh negatise blood s stmaleancously
admimstered through median cephalic vein Note comparative size of needle 1n snsert

1 THE SAGITTAL SINUS ROUTE

The substteutron transfuston using the sagittal sinus as the route for bleeding
(figure 2) 15 simtlar to the method employed for Hart

Technic
1 The nfant 1s immobilized
2 A supecfictal vein 1s exposed 2 cannula mserted and
an infuston of
compatible human plasma 15 gisen by graviey rrisen of moom sodiem chloride or
3 ALinch 1ggage needle 15 1nserted 1nco the longs
b pe e e o 0 the longstudinal sinus through the antertor fontanelle and
4 The firse and lase specimens removed are saved for diffe

1
cpocimens are discarded bus o mon e e of the macne o rentral agglutinacon tests The other

lood withdrawn
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5 After 5o cc of blood have been withdrawn compaubl Rh n gatnve blood replaces the nfuston

6 When an estimated substicution of about 85 p r cent has been accomplished the needle 1s removed
from the sinus The esermate ts bas d upon the infane s weighe figuring cthe blood volurme as 10 pr cent
If 1 blood volume bas been removed and replaced 2 substitution of 63 per cene has been achiesed If .
volumes have beea exchanged a substitution of 86 per cent has been accomplished

7 The vsual procedure 15 to remove 500 c¢ of blood replacing with 575 cc of Rh n¢gative blood

8 During the procedurc 1o ce of 10 per cent calejum gluconate are ajected by syninge through the
cannula 10 the yem This tends to counteract th effects of the large amount of crerate 1a th  infused
blood® as v ¢l as to replace some of the caleium removed 1n the bleeding process

Stnce this method requires the 1nsertion of 2 needle tnto the sagiteal stnus some
pediatricians have expressed fear of posstble bramn mnjury It s agreed thac care
must be employed wich this or any therapeuric method but 1 our expertence
the use of a short needle and the imieing of the use of the sinus to blood with
drawal definitely preclude the chance of subdural hemorthage or lasting trauma
to the adjacent brain tissue

II THE RADIAL ARTERY ROUTE

The radial artery (figure 3) was first used for this purpose by Polayes !1n an
atrempt 1o find an alternative method The heparinization of the nfant was sub-
sequently suggested by Vogel”? who expertenced difficulty 1n bleeding from the
artery

Technee

1 The iofustion 15 set up 1n the vsual way

2 The tnfant s hand 15 excended at the weist and the radial areery exposed

3 The areery 15 cannulaced aod the blood permiteed to drip 1010 test tubes or oth ¢ recepracles for
testng and discard A count 13 maineatned of th amount of blood removed

4 Occasionally the vessel 15 too small to admir 2 cannula It may th 1 be ot hed and permuzeed 0
blecd dir ctlv 1nto the test tubes If bleeding slows gentle rubbing of the vessel wath a gavz sponge
will remove th clor and remitiate free flow of blood

s When the subsuutution has b cn accomplshed the artery may either be ligated or bl ding con
erolled by a pressure bandag

6 Calcium gluconarc ts used 1n ¢h usual way

Some objectrons can also be ratsed to thic techmc Anomalies 1n this region are
uncommon and there 1s usually a good anastomosis with the interosseous and ulnar
artertes to maintamn the crrculation tn the hand However 1f such an anomaly did
exnt there could be some imparrment of circulation This can be prevented by the
sumple precaution of tytng the artery before 11 15 cut ro see of there 1s any change
1n ¢olor or temperature of the hand If there is no apparent change the artery may
be used for bleeding If there 15 a change 1n the hand one of the other routes for
bleeding should be cho en

Objection has been rassed to the use of heparin n this procedure We have found
this drug unnccessary and have expertenced no greater difficulty without 1t than
with 1t In view of Potter s findings ? that silent mtracransal 1njury 1s common 1
the newborn 1t would appear that heparin 1s not only unnccessary but risky as
well Wiener ¢ states that hepartmzation 1s necessary to obtain free bleeding and
that 1t 15 not dangerous since 1t 1s washed out of the crculation 1n the process of

substitution
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Fic 3 Rapiar Axzerr Tecnnic
Cannulz 1 radeal arcery wath bleeding neo collecting test tube

111 THE UMBILICAL VEIN ROUTE
Recenely a third method of substitution has been devised (figure 4) The um
bilical vein has long been used for transfusion immediately at birth § ¢ but
Diamond 7 has suggested that the vessel may be used for alternate bleeding and



174 ERYTHROBLASTOSIS FETALIS AND SUBSTITUTION TRANSFUSION

5 Afier 5o cc of blood hase been withdrawa compatbl Rh negatne blood replaces the snfuston

6 When an estmated substitucion of about 85 p r cent has been accomplished the needle 1s removed
from the sinus The estimate 1s bas d upon the tnfant s wesghe figuring the blood volume a5 10 p r cent
If 1 blood volume has been removed and replaced 2 substrrurion of 63 p r cent has been achiesed If =
volumes have been exchanged a substrtution of 86 per cent has been accomplished

7 The usual procedure 1s to remose 500 cc of blood replacing with 575 cc of Rt negattve blood

8 During the procedure 10 cc of 10 por cent valctum gluconatc are 10y ceed by syninge through the
cannula 1n the vein This tends to counteracr th effeces of the large amount of cirrate 1 th 1afused
blood?® 25 well as to replace som of the calerum removed 1n the ble ding process

Since this method requires the tnsertion of a needle 1nto the sagiceal sinus some
pediatricians have expressed fear of possible bramn mjury It 1s agreed that care
must be employed with this or 2ny therapeuric method but 1n our experence
the use of a short needle and the limiting of the use of the sinus to blood with
drawal defimtely preclude the chance of subdural hemorthage or fasting trauma
to the adjacent bramn tissue

11 THE RADIAL ARTERY ROUTE

The radial artery (figure 3) was first used for this purpose by Polayes !1n an
attempt to find 2n alternative method The heparinization of the infant was sub-
sequently suggested by Vogel who expersenced difficulty 1n bleeding from che
artery

Technse

1 The nfusion 1 sct up 1 the usual way

2 The infane s hand 15 cxtended a¢ the wrst and the radial artery exposed

3 The arr 1y 15 cannulared and the blood permitted to drip into test eub s or oth ¢ recepracles for
testung and discard A count 1s maineained of th amount of bleod removed

4 Occastonally the vesscl 15 too small to admir 2 cannulz Tt mav then be nicked and permiteed to
bleed dir ctly 1nto the test tubes If blecding slows geatle rubbing of the vessel with a gauz  sponge
will remove th clor and rentuate free flow of blood

s When the substtution has becn accomplished the artery may cither be ligated of bl ding con
wroll d by a pressure bandag

6 Calcium gluconate 15 used 1 th usual way

Some objections can also be raised to thic techntc Anomaltes 1n this regton are
uncommon and there 1s usually a good anastomosis with the nterosseous and ulnar
artertes to maintan the circulation 1 che hand However if such an anomaly did
exist there could be some impatrment of circulation This can be prevented by the
sumple precaution of tying the artery before 1e 15 cut to see of there 1s any change
1n color or temperature of the hand If there 1s no apparent change the artery may
be used for bleeding If there 15 a change 1 the hand one of the other routes for
bleeding should be cho en

Objection has been ratsed to the use of heparmn 1n this procedure We have found
chus drug unnecessary and have expertenced no greater difficulty withour 1t than
with 1t In view of Porter s findings ? that silent mtracranial 1njury 1s common 1n
the newborn 1t would appear that heparin 1s not only unnccessary but rtsky as
well Wiener * states that heparinization 15 necessary to obtam free bleeding and
chat 1t 1s not dangerous since 1t 1s washed out of the circulation 1 the process of

substitution
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1n the newborn, and therefore extra precautions are needed  Antibiotic therapy 1s
given routinely after this method 1s used and occasional 1d1osy ncrastes may be
encountered The possibility of dislodging a parttally adherent thrombus with
subsequent embolizattan must also be hept an mind, although no such event has
set been reported

In consideration of the respectine merits of the 3 routes here deseribed, 1t 15
believed that none 1s completely without risk yet any one may be used with
safety of carc1s exceased Tt ts suggested that the pediatrician or hematologist who
may be called upon to perform subststuttons atcempe to famlarize himself wich all
3 methods, so that if therc 1s difficulty wath one route an alternative technic will
be possible

It appears wise to prohibir breast feeding 1 all of these cases It has been
shown™ that the maternal antibody can appear 1n the milk and 1z 15 assumed that
3f these substances are absorbed unchanged 1n the newborn digestive tract they may
add to the hemolysts

Occastonally an infant whose blood has been substituted may show a secondary
drop 1n hemoglobin 6-8 weeks later This 1s duc to the gradual exhaustion of the
transfused ery throcy tes and the retarded resumption of full blood formatton by the
bone marron A single transfusion, even of Rh positive blood, w1ll prove corrective
at this ume

INDICATIONS FOR TREATMENT

We do not belteve that substitution should be performed as a routine treatment
for erythroblastosis fetalis Certain criteria have been established which are pre-
sumptive of the imminence of severe erythroblastosts either 1n late pregnancy or
m the carly nconatal period

3 Before Birth

A Hustory of Pressous Eryrbrobl. Mulap 1s an 1mp predisposing factor This 15 the
most 1mportant single face 1 predetermining the fate of the current pregnancy Poteer® states thag
erythroblastos:s 1s tea times more frequent 10 mulaparous than 1o primeparous women Unless the father
15 hererozvgous the 1llness will reappear with increasing severity an cach suceessive pregnancy

B Serologsc Stwdses ‘The mete d of Rh pattbilety 1n 2 famuly 1s not sufficient indica
100 of tmpending discase 1n the fetus or newborn It 15 espectally important to demonstrate antibodies 10
the mother s serum during the pregnancy * These too have been found withoue subsequent tllness 1n the
offspring 3 ® 1 the cests arc repeated at regular intervals and the concenerasion of antibody fscs steadily
3t may be assumed thac the aggluemn 1s not residual from 2 prevsous immuntzzeion bu is related to the
currene pregnancy This should alers the o to the possibility of eryth
be prepared 1o have a substitution performed +f 1t 15 proved necessary

C Addisonal Cratersa (1) A hustory of repeated sullbrrths or late muscarriages 2 99 (1) Possible pre
+10us tmmunization of the mother by transfusion 34 (3) Increase 1n mother s uric acid and scterus 1ndex 3
(#) Excessive enlargemeot of the uterus 8 (5) Edema of the fetal scalp as visualized by x ray %

bl

so that he may

2 At Bt

A Physcal Exampatson Ietenic amnsouc flud large pale placeata golden yellow verarx case
splenomegaly 20d jauadice or 20¢mia 1n 2 baby whose mother gives a eypreal hustory or serologic e
may be taken as evidence of actual disease and indicatron for immedizte treatment gie preture

B Latotatery Findings The demonstration of maternal antibody 1n the umbtlical cord blood and the
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replacement or for bleeding while the transfusion 1s given through a superficial
vein We have found this technic effective and no more difficult than the other
methods The use of the umbilical vesn has shown that 1t and the ductus venosus
remainopen at least anatomically for constderably longer than formerly supposed
We have performed the substiturion by this technic as late as 36 hours after birth
with no appreciable increase 1n technical difficulty With this method too hepartn
has been suggested Again we have found 1t unnecessary and believe 1t to be risky

Fio 4 Usssiucar Ve Tecawic
A Catheer 1n umbslical vern B Tube to infusion botele C Tube to discacd bottle

Techree

1 The umbilical cord 1s cut at the tie and the vein located If there 1s a thrombus 1 the vem e s re
moved

2 A pliable plastic catherer with a bore just large enough to permic the passage of 2 19 gage necdle
1 duced 110 the vein O Iy there 1s some ressstance at the skin Jevel but with 2 mmmum
of manspulanion the catheter will pass casily through the wmbrlical vein and ductus venosus into the
1nfertor vena cava

3 When the catheter reaches the vena cava 2 show of blood appears at the ontler

4 A 19 gage ocedle 1s fitred snugly into che outler of che eatheter and actached o 2 three way valves
10 sctics To each valve a length of rubber cubtng 1s ateached one Jeading to the discard bottle the other
1o the 1nfuston bortle

5 Fify cc of blood arc withdrawn by syninge and then equal amouats alternanngly removed and
replaced noud the destred substitution has been accomplished

6 Calcium gluconate 15 then injected through the catheter which 1s then removed and the cord 1s

rened
We have cxpertenced no complications with this method One must remember
however that infection of the umbilical ven 1s one of the common causes of sepsts
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of the cord erythrocytes with blocking antibody are 1ndications of impending and actual
hemolysis These do not homever indicate the abiliey of the mfant to excrete the products of such
hemolysts: Thus function can better be demonstrated by changes 1n the icterus index and the number
of nucleated red blood cells In the absence of dizect evidence of tllness we repeat these tests every 2 hours
and treat the nfant only if the scterus 1ndex tises and the number of nucleated red cells fail to drop
or 1f clintcal evsdence of erythroblastosss begins to app ar If th se indications do not apprar within
the first 2.4 hours substtcution will not be needed and the tnfant will recover wich exp-crane treatment

The Rh ncompatibility 1s responsible for erythroblastosis 1n g2 per cent of the
cases The remaining cases result from immunization against the A or Bsoagglutin
ogens ¥ agamst the Hr facror’ or against subgroups of the Rh factor 3 Treat
ment 1s the same except that the blood should be chosen on the basis of com
patibility with the mother s serum Blood of the same group as the infant 1s
preferred but if not available group O cells suspended 1n compatible plasma may
be used

CONCLUSIONS

The bastc pathology of erythroblastosts fetals necessttating treacment by blood
substitutton 1s described The role of the liver 1n the pathogenests of the illness 15
1llustrated

The technics of 3 methods of blood substitution are described and illustrated

The 1ndications for therapy are enumerated

Twenty seven infants have been treated by substitution transfusion Stx of these
died but 4 of the 6 were not treated until past the 24 hour pertod and until jaundice
and toxicaty were marked Of the remaining 2 1 had 2 tentorial laceration with
massive hemorrhage as an obstetric acadent Among the 23 survivors there have
been no sequelac The oldest infant was born 1n May 1945
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tests capillary blood, occastonally a finger punceure that 1s not deep enough that
docsn tseem to produce a frec flow of blood will allow clotung of the drop of blood
a hittle more rapudly on the shde 1nd therchy make the reading of a positive test
unreliable or a negatin c test unreliable Ifcapillary blood is to be used, 1t 1s tmporeant
touse esther adeep fingerprick or a prick of the lobe of the ear with a sharp needle
and not squeeze too much or use another stab f necessary to get a free flow of
blood

There 15 one further question T would have in the record, and that 1s on the ques
tion of bor e marrou hypoplasta or exhaustion 1 an erytbroblastorsc anfant who bas ex
Iibsted Juse Jemolysss That T think we noted and described more than 15 years
ago 1n the onginal series of 20 cases of hemolytic ancmia tn the newborn or
erythroblastosis Bone marrow hypoplasia 15 almost a uniform complicauon of
any severe hemoly tic anemia 1n the newborn After the second week or third weeh
of Iife has passed, even with multiple transfustons the infant often goes nto a
relatnely aplastic state Sometimes this 1s associated wich actual hy poplasta of the
marrow cvidenced by marrow puncture and aspiration Quute often 1t 1s mercly an
instance of functional hy poplasia 1n that the marrow looks quite hy perplastic by
aspiration but the reticulocy tes remain very Jow, for a period of 2 3 or up to even
6wecks but the infant may not recover his marrow function efficiency unul after
the second month of Iife It 1s important to realize this and we feel thac we should
not overtransfuse the child during this ime unless the child exhibits sy mptoms of
blood want Itke diarrhea vomuting fatlure to gain or poor appetite Usually this
relative hy poplasia 1s attended by an otherwise good state of health Transfuston
should be resorted to 1f the 1nfant begins to show other symptoms or 1f the blood
level falls below 23 mullion cry throcytes or to §o per cent hemoglobin  Otherwise
1t 1s not necessary after the second or third week to keep the child s blood level
up to 5 mtllion by frequent transfustons and there 1s some suggestion n statistical
evaluauon of such cases that too frequent transfusion may prolong the period
of relatve hy poplasia

Dr Letzne Here 1s another for Dr Diamond or Dr Levine I thunk I wall give
1t to Dr Diamond

Dr Dtamond QUESTION  What 15 the possible fate of the Rb antrbody after bemoly
515 an 110 has occurred’ Can 1t be ltberated and reused to destray more blood” If not, bow
do you explam the long continued bemolysts occarring an some erythroblastotsc nfants?

Dr Diamond ANSWER These are all rather difficule questtons because they are
the subject of a lot of controversy and have been for some time Idon t belseve any-
one has the answer to the problem as yer I'shall be glad to hear any corrections or
suggesttons from any other members of this gathering There 1s evidence that the
Rh antbody at least 1 vitro can be detached from the red cells by either heaung
and vigorous shaking or by other mechanical means I think Dr Levine can tell
us about that That was onc of Landstemner s technics wasn ¢ 1t for separating
antibodtes from antigen even after the combination had raken place But we have
0o cvidence 1 vivo such antibody 1s neutralized 1n the usual cases that show pro
longed hemolysis for 3 or 4 weeks One occastonally sees a baby 1n whose serum one
can demonstrate the concinued existance of Rh antibodies usually of the so called
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Arrer Luncrson DiscussioN, Novemser 15 1946 INTERNATIONAL HEMATOLOGY
anD Rh Conrrrence Datas Texas Mexico Crty, Mexico

Dr Hill 1would like to introduce everyone at the table Most of them need
no introduction but we will run down the line Dr Dameshek editor of the Joutnal
of Blood and Professor of Medicine Tufts Medcal School, 15 at my righr and next
tohimis Dr W H Strother, Chief of our Obstetrical Service at Baylor Nextis
Dr Bruce Chown of Winnipeg, Canada next 1s Dr Race of London next 1s Dr
Louts K Dramond of Harvard, next 1s Dr Alfonso Velez Orozco of Mexico City
Secretary of the Mexican Transfuston Congress, next 1s Dr Watebsky whom you
heard this mormng Dr Philip Levine Mrs Levine Dr Uribe Guerola, President
of the Mexican Transfusion Congress and on my lefc Dr Davidsoha of Chicago
Dr Henry Winans Chief of our Medical Service at Baylor Hospital, Dr Gonzalez
Guzman of Mexico City whom you heard this morning and Dr Wong from far
away China Dr John Scudder of New York and Dr Sol Haberman of Baylor and
Secretary of this conference

I have asked Dr Levine because of his posteion 1n ths field, if he would serve
as chairman and moderator to assign these questions as he sees fit and to help out
1n every way possible to get these questions answered So Iwill call on Dr Levine
to come to the mucrophone and handle these questions, and he will asstgn them to
those speakers to whom they refer

Dr Levine QUESTION Is bovine albumn avaslable and of so where? 111 ask Dr
Dramond to anwswer that

Dr Diamond Bovine albumin can be manufactured far cheaper than human
albumin and in stable form consistently Bovine albumin 1s now being manufac
tured by the Armour Company of Chicago Illinots We should be carcful to ask for
albumin for Rh testing purposes since the salt content should not be neglected 1f
uniformly successful results are to be obtained It 1s put out 11 30 per cent solutton
It can be diluted to 20 per cent which ss correct for anet Rh testing but tt should
not be diluted beyond 15 per cent for 1t tends to be ineffective below that per
centage

The albumun should be diluted with saline solution because 1f one dilutes 1z with
water the salt content may become too low and there again the reaction won t
be entircly satisfactory Idon t know the exact cost at the moment some of you
probably know that better than I do but I think 1t 15 1n the netghborhood of two
dollars for 20 cc of about 30 per cent solution

QUESTION  Medscal Technologest Mr Galauay uants to knou of 2t ss true thar
caprllary blood 15 less relrable than venons blaod for Rb testing

Dr Diamond Possibly Dr Chown can answer part of that He uses not only
capillary blood but venous blood by a capillary tube method as you all know and
thereby, out comes the Scotch 1n him because tnstead of 20-30 tests from 1 cc of
ant1 Rh serum which 1s too wasteful he probably gets o-100 or more We find
no difference 1n capillary blood and venous blood the only difficulty 1s that 1f ene

180
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throblastosss with the mother s own breast mulh Maybe somebody clse s breast
milk

Dr Letsne Thank you, Dr Witchshy We have only about a half hour for a
the other questions, so T will have to sk everyone to be brief and concise There
are questtons 1n Spansh so T will ash Ir Urihe to read them and transiate

Dr Lrbe QUESTION [Is tlere a possibiirty of mewtralizing the Rb ar tibody?

Dr Lame ANSWER Neutralization of the Rh anubody analagous to the
neutralization of the AD substances 15 not possible 1n vivo In test tubes we can
of course, absorb the ant1 Rh agpluttmins by means of the proper Rh posiuve cells
However as Dr Wirehshy has found the Rh substance 1s present in small quantiry
1 the arnionc fwd  Possibly some isolated anugen m 3 b hoped for If such a
substance could be ssolted in suflicient quantiey as has been donc with the A and
B substances one might then hope for 1n vivo acutralization of the Rh antibody 1
the immunized Rh negatve prrson

QUESTION A Doctor from Mexico directs this question to Dr R R Race
Hate you applied ants £ antt ¢, ants d or ants ¢ to cases of dispured paterrty and if so
what 15 the status of such evidence tn court?

Dr Race ANSWER  In answering this question I should pomnt out that we have
none of the anti-d serum avatlable to us and therefore haven tused 1t We have not
applied these sera tosuch legal procedures 1n chat the Briuish government apposnted
2 commission to decsde whether paternity tests should be compulsory tn all cases
I believe they reported very favorably on having such a policy but during this
time the war was started and the subject has been forgotten I am sure that 1n the
near future this question will be revived and an offictal decision will be reached *

Dr Letne There are a few questtons directed to me and I'will attempt to dispose
of them raprdly

QUESTION  Can you grie some explanation for the possible use of typhord vaccine 1n an
attempt 1o prevent the formation of antr Rb anttbodies’ Thus 1s ashed by Dr Marcia

ANSWER  This suggestion has been made 1n the literature as 2 possible method
of diverting the reticulo-endothelial system to the production of antibodies other
than the Rk Ido not feel at all 1n accord with such a statement 1n that such 1njec
tions may well serve to stumulate further antibody response rather than to act as a
diversion An alternate approach might be that of blocking the reuculo-endothelial
cells as has been done through the use of finely divided carbon which acts to pre-
vent any anttbody formauon as has been done 1n the past m expertmental animals
However I would not like to start such expertments 1n humans because of the
abvious accompany ing dangers It would be far better to perform such experiments
first 10 experumental ammals Ideally we would waat to have a substance prefer-
ably the hapten of the Rh positive cell which could then be used directly 1n the
neutralization of antibodies 1n the pregnant mother

QUESTION  Miss Massey wants to know hou you explasn the presence of a blockng
antibody 1n a nonser sutszed mdisidual

* These tests have been successfully applied 1n cases of disputed faternity 3o the Umted Stares and
evidence regarding them has been admiteed in coure Eds
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blocking or 1ncomplete or hyper immune variety for 1 or 2 weeks or longer We
are usually reassured that the baby wall recover rapidly and not have too prolonged
an anemia 1f within the first few days the maternal anubodies are no longer
detectable 1n the child s serum I can ¢ offhand fecall any cases which showed pro

longed hemolysis after such antibodies had been used up or had disappeared from
the baby s serum n the second or third day 1d be very glad for a report on the
claboratton of the results 1 the interim

Dr Levne The antibody can be separated from the cell but whether 1t occurs
vivo 1s questionable If it can be separated this 1s more than I know Laboratories
have succeeded 1n separating all the blocking anttbodies they have to use ex
ceprionally low temperatures or 1n certamn cases they had to use heat You get of
course destruccion of the red cell and Idoubt whether 1e1s sphir off At least therets
no evidence Dr Diamond Im sorry we have another question for you Would
you come in Dr Dtamond

QUESTION  Why does an Rb tncompatibalsty vesultng tn transfusion reactron tn
adults gere evidence of intrarascular hemolysts hemoglob while one never sees ntra
ascular bemolysis in an erythroblastic 11 fant’®

Dr Diamond ANSWER Idon t know that Id agree that one never sees intra
vascular hemolysts or hemoglobinemia 1n the infant with erythroblastosis Cer
tainly one sees a high degree of jaundice and within the first 24 hours we have
often been able to find actual hemoglobinemia 1n the serum It may have something
to do with the metabolism of the tissues but the speed with which they are con
verted may cause the case to differ 1n the symptoms

Dr Leune 1 have 2 questions addressed to Dr Witebsky 7z Dr Scwdder wants 1o
know why Elt Lally bas grien up the manufacture of the AB substance where ean 2t be
be purchased and does 1t meet wath your specificattons?

Dr Werebsky 1don t know why El Lilly has grven up the production of AB
substance They produced 60 000 vials and they felt 1t wasn ¢ necessary for 2 while
but Sharp & Dohme have taken up the production of AB substance I get the im
pression that while they are domng a good job they are not quite ready yet for the
general distribution bue I believe they have quite 2 good preparaton Specifications
have been drawn up ar the Nattonal Research Counctl and the manufacturer 1s
expected to follow those spectficattons Of course the preparation of the A and B
substances 1s a relatively complicated chemical procedure and cannot be done 1
cverybody s laboratory We feel that some manufacturers should do 1t

Dr Levine Dr Ross asks Dr Witebsky Whar 15 the present opmiom with reference
10 the destrability of breast feeding of an erythroblastotsc mfant?

Dr Wisebsky Rh antbodies are present 1n the mother s milk especially during
the first few days and especially 1n che colostrum Colostrum 1s almost as rich 1n
Rh antibodics as serum  After a week or two the Rh antibody concentration drops
down However we feel these children should not be fed breast milk because the
antibodies can be transferred to the newborn child we and believe that the new
born ¢hild can abosrb these and that anubodics usually reach the blood via this
site But thac holds truc only for the first fow weeks of birth After that thar
phenomenon stops occurrng But I would not feed a child suffering from ery
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throblastosis with the mother s own breast milk Maybe somebody clse s breast
milk

Dr Letre Thank vou, Dr Witelsky We hate only about 2 half hour for a
the other questions <o I will hase to ask evervone to be brief and conaise There
arc questions tn Spanish so T will ask Dr Uribe 1o read them and translate

Dr Urbe QUESTION Is tlere a possibilsry of nentralizang the Rb ar tibody

Dr Teane ANSWER Neutralization of the Rh antibody analagous to the
neutralization of the AR substances 15 not possible 1 vivo In test tubes we can
of course absorb the antt Rh agplutinins by 1 cans of che proper Rb posieive cells
However as Dr Wiechshy has found the Rh substance 1s present in small quantey
1 the ammiotic flmd Possibly some ssolated antigen m s ke hoped for If such a
substance could be 1solated 1n sutlicient quantity, as has been done with the A and
Bsubstances onc might then hope for 1n vivo neutralization of the Rh antibody 1
the immunized Rh negative prrson

QUESTION A Doctor from Mexico dirccts this questton to Dr R R Race
Hate you applied ants I' antr ¢ ants d or ants ¢ 1o cases of duspused paters sty and if so,
uhar 15 the status of suth essder ce on court?

Dr Race ANSWER  In answering this question I should point out thac we have
none of the ant1-d serum av arlable to us and thercfore haven tused 1c We have not
applied these sera to such legal procedures 1n that the British government appointed
2 commussion to decsde whether patermity tests should be compulsory 1n all cases
T beliere they reported very favorably on having such a policy, but during this
time the war was started and the subject has been forgotten I am sure that 1n the
near future this question will be revived and an official decision will be reached *

Dr Levme There are a few questions directed to me and I will attempt to dispose
of them rapdiy

QUESTION  Can you geee sote explanaston for the passible use of typhard vaccine sn an
artempt to prevent the formation of ants Rb anttbodies This 1s ashed by Dr Marcia

ANSWFR  This suggestion has been made 1n the literature as a possible method
of diverting the reticulo-endothelial system to the production of antibodies other
than the Rh I do not feel at all 1n accord with such a statement in that such 1njec
tions may well serve o sumulate further anttbody response rather than to act as a
diversion An alternare approach might be that of blocking the retrculo-endothelial
cells as has been done through the use of finely divided carbon which acts to pre-
vent any anubody formarton as has been done 1n the past 11 expertmental antmals
However I would not like to start such experyments 11 humans because of the
obvious accompany ng dangers Tt would be far better to perform such experiments
first 1n experimental ammals Ideally we would want to have a substance prefer
ably the hapten of the Rh positive cell which could then be used directly 1n the
aeutralization of antbodies 1n the pregnant mother

QUESTION  Mzss Massey wants to know how you explam the presence of a blocking
antrbody sn g nonser sitrzed mditidual

* These tests have been successfully applied 1n cases of dus|
puted patermty 1n the Unired
¢vidence regarding them has been admiteed 0 court Eds P Y ¢ Uneed Sutes and
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ANSWER That 1s not posstble Ant: Rh antibodies whether agglutinins or
blocking anttbodies cannot be found 1n 2 normal Rh negative ndryrdual who has
not had 2 stumulus Now st 1s possible that the Rh substance may have a wide dis
tribution, say 1n some of our food products and that 1dea has been mentioned 1n
connection with the origin of the antt A and antt B antibodies buc so far there 1s
no evidence that that s correct

QUESTION I there any difference sn results from the use of salne suspension of red
cells and of crrrated whole blood 11 the caprllary rest for RE

Dr Choun We do our tests with the capsllary tube under two conditions First
of all the commonest one we do 1s a fast blood examination where the blood 1s
sent 10 1n a test tube In that case we always take off the cells and wash them once
1n saline and suspend them 1n saline but we can also do 1t drectly from the finger
using atrate and we never have any trouble with 1t under those circumstances
You can use erther citrate or saline but routnely we use saline washed cells *

Dr Lesme Dr Scherer asks Can the blocking antsbody be used successfully an the typ
ang of blood for transfustons?

Dr Chswn ANSWER The blocking antibody can be used 1n the slide test as
suggested by Dr Diamond ot tn the test tube when serum or albumin 1s used for the
suspension medium It ts preferable of course to use the saline agglutsnin for such
work

Dr Lestne Whar explanation do you offer for the fact that some symptoms of erythro-
blastosss especially jaundce sometemes do not appear for @ number of bours after birth?
Would Dr Diamond care to answer this question?

Dr Diamond At present I can offet no explanation 2s to why such conditions are
dclayed 1n their appearance We have found cases 1n which high titre antibodtes
were found 1n the mother and the child fails to show symptoms for 2 or 3 days
Sometimes 1n such cases the anemia wall not appear for as much as 6 days after
birth while however the jaundice may appear relatively early even before defintte
symptoms of active hemolysts 1s evident So many variables enter 1ato the pro-
duction of the vartous symptoms and laboratory findings that 1t 1s difficult to pre
dict the exact condition that will appear 1 the child The question as to whether
the child s hematopotetic system can rebuild cells rapidly enough 1s one we need
to evaluate constdering each of thesc factors 1 trying to explain the symptoms
I believe Dr Chown wall tell you tn his paper tomorrow of cases of hemolytic
anemta which did not appear even though high ntre anttbodtes agamst the infant s
red cells were found

Dr Levine Dr Edieh Potser asks me whether s# 15 safe ro transfuse usth Rb posttsee
Blood when the antsbodses bave disappeared from the baby s serum

Dr Lessne. ANSWER I think 12 15 pretcy safe to do that bue in practice I would
stll recommend continuing with Rh negattve blood I would do that merely on the
basts that what we detece 1n the test tube 15 actually 2 crude determunation of the
antibody, and docs not give you the real picture of what 15 happening 1 vivo

* Washingof R B C 15 not necessaty 1f saline diluted serum 15 used—that 15 scrum of sufficient potency
to permit 1 4 or better dilunica Eds
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Howerer, 1n theory onc may assume that when the antibody disappears from the
chnld s blood strcam, 1t 1s safe to adminster Rh positive blood One can further
check the results by watching for a rise in the hemoglobin and red ccll count

QUESTION Is s¢ possible 10 use the Rb negatee blood of the morher to transfuse the
Rb posstsse baby and bou should st be prepared’

Dr Lesme ANSWER The whole blood of the mother 1s never to be used for
transfusions to an cry throblastotic chuld This can be casily understood 1n that the
ctiology of the discase 15 duc to the antibodics which may be found i the mother s
Blood Consequently a transfuston of whole blood from the mother would add
further destructiv ¢ elements to the chuld s crrculation However of neather a blood
bank nor a suitable Rh negative donor 1s available I suppose one can remove the
plasma from the mother s blood, wash the cells, and substitute normal saline and
then give a transfusion with these cells Actually weshould never have to resort to
the usc of the maternal cells

QUESTION  In routine typing for Rb uhbar objecton 15 there to suspending the snds
vidual eells i their own seruns®

Dr Letsne ANSWER  There 15 no real objection to such a procedure By the use
of this method one can use bloching antubodies for the ¢y ping of human erythro-
cytes Of course, 1t 1s preferable to use the agglutinin for routine typing

QUESTION  What 15 the longest persod of 11me the Rb antibodies bave been found 10
perssst once ssormmunsZation bas occurred” Would Dt Chown care to answer this?

Dr Choun The longest period of sensttization I have observed s a case 1n which
35 years elapsed between the last antigenic stumulus and the detection of these
persistent anttbodies As far as I know there were no 1ntervening anugenic stum-
ulauons 1n this case

Dr Leune 1 believe 1t 1s safe to assume where women are concerned, that the
antibodies may not last as long as such exceptional cases However, 1t 15 good to
remember that to all intents and purposes these women are permanently tmmunized
and all further transfusions even after long periods of time have elapsed should be
done only with Rh negatve blood

QUESTION Dr Andujar durects these questions to Dr Velez Whar s the smes
dunce of Rb negatine blood 1n Mexican Indianst Does thes finding re enforce the theory that
the Mayan ctvilization 11 Mongolsan m orsgan, and that the Aztec and Tolrec are Asiatsc?

Dr Velex There will be a paper presented later 1n this mecting by Dr Salazar
Mallen about the 1ncidence of the Rh type among Mexican Indtans Itas our behief
that the American Indians came from migratory Asiatc peoples however the blaod
group studies do not bear this our We know that the B blood type ts not common
;;[m;;ng ourI }ndxans while B1s very common among the Asiatc peoples Dr Salazar

allen will probably discuss this problem when he presents his paper In my own
“’D;lk an R;}‘;"S““" pure Indian 1s an extremely rare finding I have yet to find one
suc! k““d e resules of such teses T believe are sedl 1nconclusive and much more
work needs to be done before a concluston can be reached

Dr Leune This question 1s directed

to Dr Dan Campbell by Dr Haberman
fzau t;m you e;rﬂam or what theoretscal explanation can be offered for the differences betucen
she salime agglutmn the blocking and third order antsbody phenomenon?
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ANSWER  That 15 not possible Antt Rh anttbodies whether agglutinins or
blocking antibodies cannot be found 1n 2 normal Rh negative wndividual who has
not had a stimulus Now 1t 1s posstble that the Rh substance may have a wide dis
tribution, say 1n some of our food products and that tdea has been menuoned 1n
connection with the ortgin of the ant A and ant1 B antbodies but so far there 1s
no evidence that that s correct

QUESTION Is there any difference an results from the use of saline suspenson of red
cells and of cstrated whole blood 1n the capillary test for RY

Dr Choun We do our tests with the capillary tube under two conditions Furst
of all, the commonest one we do 1s a fast blood examnation where the blood 1s
sent in1n a test tube In that case we always take off the cells and wash them once
1n saline and suspend them 1n saline but we can also do 1t directly from the finger
using citrate and we never have any trouble with 1t under those circumstances
You can use erther citrate or saline but routinely we use saline washed cells *

Dr Lewne Dr Scherer asks Can the blocking antsbody be used successfully m the typ
g of blood for transfussons?

Dr Chown ANSWER The blocking anttbody can be used 1n the slide test as
suggested by Dr Diamond or 1n the test tube when serum or albumen 1s used for the
suspension medium It 1s preferable of course to use the saline agglutinin for such
work

Dr Lessne What explanation do you offer for the fact that some symproms of erythro-
blastosss especeally gaundice sometemes do not appear for a number of hours after birth?
Would Dr Diamond care to answer this question®

Dr Diamond At present I can offer no cxplanation as to why such condrtions are
delayed 1n their appearance We have found cases 1 which high utre anubodtes
were found 1n the mother and the child fails to show symptoms for 2 or 3 days
Sometimes 1n such cases the anemia will not appear for as much as 6 days after
birth while however the jaundice may appear relatively carly even before definte
symptoms of active hemolysis 15 evident So many vartables enter mto the pro-
duction of the various symproms and laboratory findings that 1t 1s difficult to pre
dict the exact condition that will appear 1n the child The question as to whether
the child s hematopotetic system can rebuild cells rapidly enough 1s one we need
1o cvaluate considering cach of these factors 1 trying to explain the symptoms
I believe Dr Chown will tell you 1n his paper tomorrow of cases of hemolyric
anemia which did not appear even though high utre anttbodtes against the infant s
red cells were found

Dr Lessne Dr Edeth Potter asks me whether st 15 safe to transfuse usth Rb postrie
blood when the antibodies bave drsappeared from the baby s serum

Dr Levine. ANSWER I think 1t 1s pretty safe to do that but 1n practice I would
still recommend contsnuing with Rh negative blood I would do that merely on the
basis that what we detect 1n the test tube 1s actually a crude determination of the
antibody and docs not give you the real picture of what 15 happening 1n vivo

+ Washung of R B € 15 ot necessary of saline diluted serum 15 used—sbat 1s sceum of suffictent poteacy
to permic 1 4 of better dulurion Edr
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However, 1n theory onc may assume that when the anubody disappears from the
child s blood stream, 1t 1s safe to admimister Rh postave blood One can furcher
check the results by watching for 2 rise 10 the hemoglobin and red cell count

QUESTION  Is 12 posssble to use tl¢ Rb negatsse blood of the mother to transfuse the
Rb posstrse baby and Lo sl ould 12 be prepared’

Dr Letne ANSWER The whole blood of the mother 1s never to be used for
transfusions to an ery throblastotic child This can be casily understood 1n that the
etiology of the disease 1s duc to the antsbodies which may be found 1n the mother s
blood Consequently a transfusion of whole blood from the mother would add
further destructive elements to the child s circulation However of neither a blood
bank nor a suitable Rh negative donor s available I suppose one can remove the
plasma from the mother s blood, wash the cells, and substteute normal saline and
then give a transfuston wath these cells Actually we should never have to resort to
the use of the maternal cells

QUESTION  In routene ryping, for Rb whas objecrion 15 there so suspending the snds
ssdual cells i thesr oun serum®

Dr Letsre ANSWER  There is no real objection to such a procedure By the usc
of this method one can use bloching anubodics for the ty ping of human erythro-
cytes Of course, 1t 15 preferable to use the agglutinmn for routine typing

QUESTION  Whar 15 the longess persod of time the Rb antibodses bave been found to
Dersst once ssormmunizatson bas occurred’ Would Di Chown care to answer chis?

Dr Choun The longest pertod of sensitization I have observed 15 2 case 1n which
35 years elapsed between the last antigentc stmulus and the detection of these
persistent antibodies  As far as I know there were no intervening antugenic stm
ulations 1n this case

Dr Leune 1believe 1t 1s safe to assume, where women are concerned that the
antibodies may not last as long as such exceptional cases However 1t 1s good to
remember that to all intents and purposes these women are permanently immunized
4nd all further transfusions even after long pertods of time have elapsed should be
done only with Rh negattve blood

QUESTION Dr Andujar dicects these questions ta Dr Velez What s the tncr-
dence of Rb negatsse blood tn Messcan Indrans? Does this Sfinding re enforce the theory that
the Mayan csvslization g5 Mongolsan 1 orsgen, and that the Azpec and Toltec are Astarsc?

Dr Velez There will be 2 paper presented later 1n this meeung by Dr Salazar
Mallen about the mcidence of the Rh type among Mexican Indians It 1s our belsef
that the American Indians came from migratory Asiatic peoples, however the blood
group studies do not bear this our We know that the B blood type 1s not common
among our Indians while B 15 very common among the Asiatic peoples Dr Salazar
Mallen wili probably discuss this problem when he presents his paper In my own
:»'Drk an Rh negative pure Indian 1s an extremely rare finding I have yet to find one

uch case The results of such tests 1 believe are stll inconclustve and much more
work needs to be done before a concluston can be reached
Hﬂlzrmiumz 'I;hxs question 1s directed to Dr Dan Campbell by Dr Haberman
o Jalm;J:” t;cp a1 or what theoretscal explanation can be offered for the differences betueen

gglutinin, the blocking and third order antrbody phenomenon?
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Dr Campbell This 1s somewhat similar to the questton I wanted to ask Dr
Haberman I m likemost of you I guess I ve thought a lot about this problem but
as yet there 1s no clear evidence 25 to what the bloching astibody may be I think
immuno-chemists are beginning to change thetr opintons of antibodies and now
have decided that the problem should be re examined in the light of this newer
knowledge Antibodies are so heterogeneous that very seldom do we detect any
thing but the good reacting antibodies which fortunately the rabbit usually pro
duces We do find now 1n some cases rabbits will produce antt sera which are
cxtremely heterogencous and thus heterogenetty 1s due to a variery of things such
as the vartattons 1n valence of the antibody molecules A different case, of course
would be where antibody molecules have only 1 combining site other molecules
having 2 or 3 and the ones which are usually detected 1n serological reactions are
those which have 2 or 3 combning sites Bestdes this question of valence we have
all sorts of heterogenetty due to the strength of combining sttes of antigens with
antibodies and so 1t 1s within these classes of antibodies which are very difficult to
detect by the usual serological reactions I think we shall have to place the so
called blocking anttbody n this category In the case of adding serum to bring
about the serological reaction the result might be due to the fact that the univalens
antibody might conflict with the high concentration of protern which has many
combinng sites and therefore completes the serological reaction There are many
cases of blocking ant1 sera we have been working with recently 1 which the pro
tetns can be aggregated by a vartety of methods such as anu coupling reagents or
denaturation reagents which will cause complex aggregates to take on the property
of agglutinating cells

Dr Levine We will request that this discussion continue following the paper by
Drs Hill and Haberman



HISTORICAL REVIEW OF MENICAN BLOOD TRANSFUSION

Bangquir Appriss m Dr Entaroo Urint Guirota, Isvrrvatiovat Hrvatalocy
anp Rh Conrrrrncet Davvas Trxas—Mrxico Ciry Mixico November, 1946

Presidert D Hill Medieal Authersties of Dallas, Texas Dear Doctors Ladies and
Gentlemen
This conference takes place 1n affiliation with the Second Mexican Blood Trans
fuston Congress
Now allow me to state bricfly the outstanding points of Mexican Medical His
tory Mexico 15 2 name which, 1 the minds of many persons, has had connota
tions quite different from reality Forsome people 1t appears to be exotic, for others
1t 1s romanuc and for yet others it 1s an odd country What I want to say briefly 1s
that the first tnhabitants of Mexico the Aztecs, Mixtecas, Toltecas, Otomies
Chichimecas and Mayas practiced medicine according to their times, and the
Goddess Tzapotlaltenan presided over gencral medicine Blood was named  ezth
They noticed the circulation of blood by the beating at the end of the heart called
tetecutcalizeht  and by the radial beaung to which they attached the name
tlahuatl y tetecutcoca  However for them, medicine was considered a rrade
Traimng was gven as thar of 2 trade and knowledge was handed down from father
to son wich the fathers teaching thetr sons the correct names of the diseases and
how to cure them by means of hetbs Surgical inscruments were kept and used 1n
suttable cases
Ancient Mexicans obtained their medicines from the three kingdoms of nature
animal, mineral, and vegetable Of the three kingdoms the vegetable kingdom was
the onc to which they paid the most attention and the one which they came to
know best Taking advantage of their knowledge has made 1t easter 1o study the
several species of plants forming groups to be used according to modern therapeu-
tics
As you well know Christopher Columbus discovered the American continent
on the twelfth of October 1491 Later 1n the year 1519 Hernando Cortes arrived 1n
the c1ty of Mexico From that date to September 1821 when Mexican 1ndependence
was consummated “Mexican soil was 2 Spanish colony There are four transcen
dental facts related to that period of tme which are necessary to pornt out Mexico
was vested with the privilege to possess before any other country on the American
contnent the first hospital, the first prinung press, the first untversity,* and the
first book of medicine The first hospital on the American continent was founded
tn 1524 It was given the name  Hospiral de la Limpia Conceperon  and finally
the name Hospital de Jesus 2 name which 1t has up to the present ime This
b of e courey s snd handeom e e od of 22 yeus T 5
most angcxcn[ construction that the cit Ponrees o e of which s consudered the
'y possesses On the other hand the remaining

*Thus stacement mught be challenged both 1n Pera and 1n the Domuaresn Republic Eds
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pare 1s devoted to a most modern hospital having all up to date improvements 1n
hospital technic
The first printing press established on the American continent arrtved 1n Mexico
11 1539
The first university on the American Continent was founded 10 1553 Its name was
Real Universtdad de Mexico It 1s worthwhile to mention the curious factthat
the public ceremony announcing 1ts mauguratton took place 1n the church of the
school of 8n Pablo de los Agustinos This church rebuilt 1n 1570 and transformed
10 1932 1s today the audrtorium of Juarez Hosprtal and, 1n this auditorrum wall
take place one of the meetings of this Second Mexican Blood Transfusion Congress
In Mexico 1n 1570, was printed the first book on medicine that was published
on the American continent entitled Opera Medicinales by Francisco Bravo
During the seventeenth century medictne progressed Great progress tn surgety
was made during the eighteenth century On the tenth of April 1770 the Real
College of Surgery was 1naugurated
During the third and last persod from Mexico s independence up to the present
time we find that once Mexican independence was cc d 1n September of
1821, the twenty third of October 1833 the Mexican Faculty of Medicine was
founded It s today 113 years old and since 1854 has occupted the same butlding
This building was called the Inquisttton because 1a ¢ was held the terrible In
quisition Tribunal from 1736 unul 1820
' The Mexican Medicine Faculty during the nineteenth century progressed m
general form emerging from the metaphysical pertod 1nto the positive relying on
promunent directors and professors At present 1n the year 1946 the attendance of
students 1n the Faculty of Medicine 1s as high as 4 soo
Two hosptals cooperate fundamentally with the Faculey for the teaching of
clinic and surgery the General and the Juarez hospitals
The General Hospital had a predecessor the Sn Andres Hospttal, founded in
1779 which was replaced by the present General Hospital tnaugurated 1n 105
This hospital has always excelled as the leader of medicine 1n Mexico
The Juarez Hospital the place where we shall meet next weck has been con
sidered from 1ts founding up to the present time as the Mextcan School of Surgery
It was founded as a hospiral 1n 1847 Nexr year 1t will compl®te 100 years of con-
nnuous service The building which 1t now occupies had 1ts origin 1n the sixteenth
century Fray Pedro de Gante founded the Patish of Indtos de Sn Pablo which was
under the jurisdiction of the Franciscan priests In 1575 the Augustin religious
order took charge of the church and established there the Augustins school A
short time later part of the butlding was used as a multtary headquarters Later
st was transformed 1nto 2 hospieal On August23 1847 1t was mnaugurated with the
name of Hospital de Sn Pablo  Since that time 1t has been considered the munic
1pal hospital of the city It was under the charge of the Ststers of Charity and
changed 1ts name to Hospital Juarez n 1872 2 name which 1t keeps up to the present
ame During the nineteenth century and for a part of the twentieth century the
Hospital Juarez had undergone several improvements 1n construction in an attempt
o modernize 1t For those who do us the honor of eatering this old butlding we
take the liberty to remind you that the bouse 1s 100 years old and does not rely on
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modern nstallanons Our dear hospstal 35 old fashioned, modest, but, neverthe-
less, 1t 1s sl the leading surgery school in Mexico The Juarez Hospual Surgical
Soctery was founded 1n 1930 1 have the honor of being the President of this
stitution at the present wme 1ts motto s 20 betser surgery trough constart collaboration
In order to obtamn and give general hnowledge o surgery, 10 1932, the Surgery
Society founded the Institute of National Surgeons Assemblies Six assemblies
hate taken place, one every two years We are now celebranng the seventh one
and we consider 1t an extraordinary prisilege that this Internationat Conference
takes place 1n affdiation with the Seventh Assembly

Honored pentlemen with this brief summary 1 have tried 1o gise you anadea
of the listory of medicine 1n the country where we ate going to have the pleasure
to have you as our guests We are extending to you a most cordial welcome and are
ashing 1n a most handly manner to make yourselves at home

In the aspect of blood transfusions, 1t 15 convement to point out that Mexican
historians have found facts that give them assurance thar the first blood trans-
fuston performed on the American continent tooh place 1n the City of Mexico 1n
1845 1n a casc of hemmotrhage a face that has been jotted down 1n several publica-
uons at that time and that has been scruputously examined and analyzed by the
histortan, Dr Jose Alcantara The firse publication on blood transfusion appeared
1t Mexico 1n December of 1874 under the udde  Studtes of Blood Transfusion
Thus study 1s of particular interest since 1t expresses the 1deas of that time and since
some of them arc sull accepred today

Interest 1n blood transfusions mounted steaddy wnal 1025 In 1930 numerous
services were established and the work of publication and teaching was evident
By this means 1t was made possible for the Republic to enjoy 1ts benefits The
uarez Blaod Transfuston Center under my care has contnibuted 1n an 1mportant
measure ta the progress and knowledge of transfusion This center was founded
1 1932 and has published thircy six papers In 1937 the center was represented at
the Second I tonal Blood Transhy Congress which took place m Pans
France and at which so many 1mportant facts were dectded with regard to blood
groups preserved blood hematological and orgamization problems On the twenty-
fourth of April 1938 through the imitanve of the Juarez Hospieal the Mexscan
Blood Transfusion Sociery was founded In May 1938, 1t gave a postgraduate
course In November 1941 1t realized a great accomplishment the friendship of
the William Buchanan Blood Plasma and Serum Center and of 1ts Director Dr
Joseph M Hill Frum che begmming this friendship has been a solid one and has
made tc posstble chat Baylor and Juarez work together with the besy understanding

I render my deepest homage to Dr Hill for hus knowledge and extraordinary work,
a demonstration of which are the britluant results of these conferences and the suc:
cess which they have obtained through world acknowled,
Nor can we fail 1o recognize that all this has been made
vrgamzatton obrained by Chairman Dr Hill and his s
whom I dircct my enthustaste congrarulanons

Then 10 Augustaf 1942 1 the Juarez Hosprral was founded the
1n the Republic In November 1942 the firse Mextcan Blood Trans?::olﬁoco:n;:s,:

gement and recognition
possible by the exceptional
ceretary Dr Haberman, to
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was established  Its purpose was ro obtatn 2 general knowledge of transfuston prob
lems with specsal emphasts upon blood groups and the usage of plasma And we
have arrived at important conclusions Now, 1n November 1946 we ate celebrating
the Second Mexican Blood Transfusion Congress and this Internattonal Con
ference Baylor and Juarez wish to work together toward general ortentation 1n
the second of the greatest discoveries relating to transfusion 1n the present century,
te the discovery of the Rh factor We 1ntend to arrive at conclustons particularly
on those points

x Which technics should we frecommend for the routine 1mvestigation of the
Rh factor and 115 subty pes®

2 What nomenclature of the Rh and its subzy pes should be adopted?

3 Is 1t not 1ncumbent on us to explore the possibility of establishing an Inter
national Hematology Association possibly with biannual mecungs, taking into
consideration that air transportation brings all countries close together not only
1n space but 1n 1deas as well Such an organization could promote our scienufic
advancement

We want to hear your opintons 1n order that we may consider them from now
untl our last mecting on Saturday November 23, 1n Mexico City so that e wall be
possible to arrive at conclusions concerning these points which we have submrtted
to you

Baj lor and Juarcz wish to thank with all our compliments the offictal speakers
of the Conference and of the Congress for their very valuable cooperatton We do
not forget that they left their very 1mportant occupations and came to give us of
their knowledge We recognize too the presence of each one of the attendants
which contributes and gtves more significance to the meetings and we beg you to
jorn with us 1n expressing our gratitude for the great contriburions to human wel-
fare and scientific advancement made by the late Dr Karl Landsteiner

We arc dorng our best to do good work We are making our best effort to obtain
a good result And we shal! do 1t regardless of the truth about know ledge which 1s
50 beautifullv expressed 1a the wotds of the famous English poet

THOU knowest afl I scck m vain
What lands to tll or sow with sc d
The land 1s black with briac and weed
Not cares for falling tears or rain

THOU knowest all I st and wait
With blinded eyes and hands that fail
Till che last Lifring of the veil

And the first opentag of the gate

THOU knowest all T cannor see
Terust Eshallnot kve n ain
I kriow that we shall mees again
Ia some divine eceratey
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