b

University of Nebraska University of Nebraska Medical Center
Medical Center- . .
BREAKTHROUGHS FORLIF DigitalCommons@UNMC
MD Theses Special Collections
1946

Transfusion reaction

Richard Warren Kalmansohn
University of Nebraska Medical Center

This manuscript is historical in nature and may not reflect current medical research and
practice. Search PubMed for current research.

Follow this and additional works at: https://digitalcommons.unmc.edu/mdtheses

Recommended Citation

Kalmansohn, Richard Warren, "Transfusion reaction" (1946). MD Theses. 1394.
https://digitalcommons.unmc.edu/mdtheses/1394

This Thesis is brought to you for free and open access by the Special Collections at DigitalCommons@UNMC. It
has been accepted for inclusion in MD Theses by an authorized administrator of DigitalCommons@UNMC. For
more information, please contact digitalcommons@unmc.edu.


http://www.unmc.edu/
http://www.unmc.edu/
https://digitalcommons.unmc.edu/
https://digitalcommons.unmc.edu/mdtheses
https://digitalcommons.unmc.edu/spec_coll
https://pubmed.ncbi.nlm.nih.gov/
https://digitalcommons.unmc.edu/mdtheses?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F1394&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unmc.edu/mdtheses/1394?utm_source=digitalcommons.unmc.edu%2Fmdtheses%2F1394&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digitalcommons@unmc.edu

TRANSFUSION REACTIONS
by
Richard W. Kelmansohn
Senior Thesis Presented to College of Medicine, University of
Nebraska, Omaha, 1946



TABLE OF CONTENTS
Introduction
History
Fundamentzl Facts
Reactions--an Introductory Resumé
Reactions Due to Incompatibility
Symptoms
Etiological Basis
False Negative Reactions
Low Titer of Testing Sera

High Concentration of Red Blood
Cell Suspensions

Low Sensitivity of Agglutinogens
Temperature Factor

False Positive Reactions
Pseudoagglutination
Autoagglutination
Bacteriogenie Agglutination
Secondary Agglutination

False Agglutination by Umbilical
Cord Sera

Intragroup Incompatibility
Irregular Isoagglutinins
Anti-Ay
Anti-O
Anti-P

13
17
2l
2l
30
30
30

30
3l
3l
3l
3l

38
40

41
41
41
42

43
43



TABLE OF CONTENTS
Reactions Due to Incompatibility (Cont.)
Etiological Basis (Cont.)
Intragroup Incompatibility (Cont.)
Irregular Isoagglutinins (Cont,)
Anti-M
Anti-~-N
Eh
Universal Donor
Proteolytic Reactions
Pyrogenic Reactions
Miscellaneous Reactions
Nitritoid
Based on Temperature of Transfused Blood
Complicating Reactions
Cardiac Failure
Embolism
Thrombosis
Retinal Hemorrhage
Intracranial Hemorrhege
Disease Transmission
Syphilis
Malaris
Influenza
Measles
Smallpox

R e R ERERR

~
B



TABLE OF CONTENTS

Complicating Reactions (Cont.)

Delayed Post~transfusion Jaundice
Ideal Method

Ideal Donor

Ideal Recipient

Ideal Substance for Transfusion

Ideal Technique

96
100
100
106
106
109



CHARTS AND TABLES

Classification of Blood Groups 13
Blood Group Determinetions 15
Differentiation of Three Types of Agglutination 37
Incidence of Rh as Determined by Using Various

Types of Anti-Rh Sera 46
Phenotypes and Genotypes of Rh 49
Heredity of Rh 60

Manifestations Resulting from Action of Rh
Agglutinins from Mother on Rh positive
Cells of Infant 57

Racial Incidence of Rh and Erythroblastosis
Fetalis 68

Reactions Compared in Use of Homologous and
Conditioned O Blood 61

Incidence of Reactions After Cold Blood Transfusions 75

Incidence of Hepatitis in Transfusions with and
without Administration of Gamma Globulin 08

Incidence of Reactions Using Blood-~dextrose-citrate
and Blood-citrate Mixtures 107



INTRODUCTION

Since 1900 when Landsteiner pointed out the blood
groups and their import, the use of transfusions has
increased tremendously, Progress in preserving and
storing blood as well as development of technique of
withdrawing and administering the vital fluid have been
important additioneal factors in the ever-increasing
popularity of transfusions, The recent war emphasized
still further the needs for plasma and blood in large
quantities for immumerable transfusions, With these
few facts in mind it is not difficult for one to realize
that the problems of transfusion reactions are being
maltiplied in direct proportion to the increased utili-
zation of this life~saving procedure.

Such problems must be met and solved in every hos~
pital, To meet them one must be able to recognize them
when they arise, To solve these barriers in the path of
medical progress one must understand as well as possible
the underlying mechanisms responsible ror their occurrence.

It 18 the object of this paper to aid the aversge
practitioner or clinician in understanding the fundamentals
of transfusion procedures, in being able to recognize
symptoms which indicate the reactions, and in forming
an organized picture of the types of reactions to be

expected, It is also the aim of this thesis to point
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out the most desirable methods for coping with such re-
actions, and to make the reader realize that prophy-
lactic measures will considersbly reduce the incidence

of the reactions,



HISTORY

How far back the history of transfusions can be
dated is dirficult to answer because of the vagueness
of the litersture and because of the confusion of terms.
According to Zimmerman and Howell (1932) the discovery

of transfusions could be traced to mythology and be

attributed to Medea, wife of Jason, Jason begged his
wife to restore youth to his aged father, so Medea
gathered herbs from the world over and brewed a potent
mixture, Following this, "Medea unsheathed her knife
end cut the old man's throat; then, letting the old
blood all run out, she filled his veins with her brew,
When Aeson had drunk this in part through his lips
and in part through the wound, his beard and hsair
lost their hoary grey and quickly became black agseinj
went the pallor and look of negiect, the deep wrinkles
were filled ouv with new fiesh, his limbs had strength
of youth, Aeson was filled with wonder and remembered
that this was he forty years ago."

Transfusion of blood and taking of biood by mouth
were phrases used inierchangeably and to many had a
common meaning, It is thus almost impossible to say
that blood transfusions as we know them, 1.€., passage
of blood from one person'‘s circulatory system to another's,

and not through the stomach as an intermediary, started
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on such and such a date, Among the ti.st who used the
rerm "transfusion" was Pasquale Viliari in 1492 in
discussing & siroke of Pope Innocent VIII, A young
doctor, Abrshem Meyre, on the scene using & new in=-
sirument decided to transfuse the blood of a young
person to thepope; the story is told thet the old Pope’s
blood was passed Into the veins of ayouth and vice versa.
Three boys died in this venture snd the pope died in spite
of it, Another version of this same event declares that
the blood was zdministered by mouth rsther than intra-
venously, end HeM, Brown (191r) doubts that any "new
instrument" was on the scene, Brown also doubte the
validity of any trsnsfusions at this {ime,

Mention of blood transfusion ie credited to Hier-
cnymus Cerdsnus in the esrly loth cenuwury., On the other
hand, it is claimed that the idea of transfusions was
first evolved by Magnus Pegel and that these ideas were
printed in 1893 by Emperor Rudolphus II, Andreas Libavius
is one to whom credit for the first description of the
technique is given., Libavius wrote the details in 1615
and a quotation from his work is merited: "Let there be
a young man, robust, full of spirited blood, and slso an
old men, thin, emaciated; his strength exhsusted, hardly
able to retein his own soul, Let the performer of the
operation have two silver tubes fitting into each other,

Let him open the artery of the old man, and put the
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female tube into it, end then the two tubes being joined
together, the hot and spirituous blood of the young man
will pour into the old one, as ifit were from a fountain
of 1ife, and &ll of his weakness will be dispelled."
(Kilduffe and DeBakey) Historians very in their opinion
of Libavius?! attitude towerds transfusions, Some (Garrson,
1924) believe he was a staunch supporter of the practice,
others including H.M. Brown feel his extravagsnt

claims reflect hie contempt for the procedure,

In 1628 Jean de Colle of Padua suggested transfusion
as a life~prolonging method. But, 1628 is more reknown
for the announcement by William Harvey of the theory of
blood circulation which theory he had professed twelve
years earlier,

Dependable stories of blood transfusions start in
the early 17th century. Francesco Folli, a physician
from Florence, is another accredited with the first trans~
fusion on August 13, 1654, Folli proposed the use of a
silver tube inserted into the artery of the donor and a
bone cannmuls inserted into the vein of the recipient,

He connected the two with a hollow pipe made from an
animal s blood vessel, This tube had & side branch to
allow for escepe of air as blood poured in from ertery

to vein, PFrown gives Folli credit for being as well
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He had but 20 s, for his suffering it, and is to have
the same agein tried upon him: the first sound man that
ever hed it tried on him in Englend, and but one that
we hezr of in France, which wzs a porter hired by the
virtuosos."

In Paris, Jean Baptiste Denis, physician of Louis
XIV was performing the first authentically recorded
transfusion in humen beings in June, 1667, A youth
of fifteen with a fever made a rspid recovery after Denis
administered nine ounces of lamb!e blood, Denis repeated
the procedure successfully on a healthy individusl &as a
matter of experiment, By this time he was the object
of jealous opposition. 1his opposition started to e xert
pressure when Denis! next two transfusions caused death
probably due to incompatibility. So, Denis was on trial
for his life, He was dismissed of the gharges, but +trans-
fusions became prohibited by various and svndry Parliaments,
Societles, etec, Denis described a reaction in a pstient who
later died:

"his arm became hot, the pulse rose, sweat burst out
over his forehead, he complained of pain in the kidneys
end was sick st the stomsch, The next day the urine was

very dark, in fact black,"

Only the efforts of a few, Cantwell in 1749, Michel
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Rosa in 1783, Harwood in 1792, and Scheel i: 1802, spotted
an interval of over a century in which progress had come
to a stendstill,

In 1818 James Blundell, an English obstetrician,
stirred the interest in the now cold cauldron. He was stim-
ulated to action by the previous helplessness in fight-
ing puerperal hemorrhage., He experimented to see if eny
factor in the blood was lost by passage through instru-
ments-~he concluded that there was no loss, After four
unsuccessful attempts he succeeded in three cases and
finally had a batting av.rage of ,500 in a series of <
ten cases. (Jones, 1928) Blundell is to be given credit
for arousing interest in a problem of long-standing.
MUchvprogress dates from his work, A few of Blundell's
cases cited by Jones and Mackmull are quoted here:

"A woman with very severe hemorrhage during childbirth
was transfused with four ounces of blood by syringe
before respiration ceased, but being unable to secure more
blood she died,

"Dr, Doubleday assisted Blundell in injecting with
fourteen ounces of blood a women dying of uterine hem-
orrhage, She is reported to have said after six ounces

had been transfused thet she felt as strong as a bull,

She recovered.,"
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Handicaps at this time were the frequent reactions
due to incompatibility of blood, phlebitis, and coegulation
of blood,

In 1835 Bischoff defibrinated blood to overcome the
barrier of blood coagulation., At gbout this time the
attempt was being made to add chemicals to blood to pre-
vent coagulation; some of these were sodium bicarbonate,
sodium phosphete, and amronia, Hicks in 1868 suggested
a solution of '"phosphete soda mixed with blood of the
supplier whilst flowing" to prevent coagulation., At
this time he claimed success with the use of sodium
phosphate in lower animsls and in three cases of '"human
females during delivery,"

Channing in 1828 was among the first in Americe to
be influenced by Blundell, Channing felt that transfusions
should be reco-mended to the profession.

In 1825 the statement was made by the editors of the
Philadelphia Journal of Medical snd Physiological Sciences
that 2 Dr, Physci had performed the experiment of blood
transfusion thirty yesrs before, By 1859 the cases were
asccumulatings Edward Mertin collected 57 of them in which
transfusion was done for postpartum bleeding and in whceih
45 lived. By 1875 Lendois reported & total of 347 human

and 1292 enimrel trsnsfusions,
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Methods of transfusion now appearing included the
use of defibrineted blood, transfusion with pure blood,
transfusion from vein to vein, and t:ansfusion from artery
to vein., Technique was complicated anc the ability to
practice transfusions was limited to a few,

A humorous sidelight was the suggestion of Thomas to
use some vitzl snimsl fluid which would increase the .|ual-
ity and smount of blood and which would not give the
difficulties encountered by coagulation., He suggested
cow's milk, One firm believer in milk transfusion stated
that the new oreration would in a few years entirely
supersede the transfusion of blood, which latter oper-
ation "is even now being rejected as at once dangerous
and unavailing in meny parts of the country," Hutchine-
son (1879) reported marked improvement in a patient after
milk transfusions in 1878,

Gesselius in St, Petersburg pro:oted the use of lamb?ts b/!
blood, Fatzl and severe reactions followed and its use
died out. Cohnheim in 1882 discussed the danger of using
serum of one species which is a pdson for the corpuscles
of another, Agglutination and hemolysis of heterolgous
blood corpuscles became a common demonstration by the end
of the 19th century., The indiscriminate use of trans-

fusions took its toll and again they began to be set aside,
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The use of physiologic saline was demonstrzted as a safe
procedure in 1875, but was little tried.

The big milestone was reached in 1200 when Landsteiner
demonstrated the blood groups and their significeance,
Landsteiner mentioned three groups; Decastelle and Sturli
added a fourth, Jensky and Moss contributed their class-
ificetions and transfusions reached the point where tech~
nique was the remaining problem, In 1907 Ludvic Hektoen
first pointed out the possible danger in blood transfusions
from iso-agglutinstion.

Ottenberg in 1908 developed clinicel methods for
typing human blood and he was the first to apply agglutin-
ation teste in humen transfusions, He noted that accidents
in transfusion due to occurrence of hemolysis or agglutin-
etion of donor's blood cells by the patient's serum or
vice versa could be excluded with careful preliminery
blood tests, Ottenberg gave clinicel significence to and
showed the practicel application of Landsteinert!s discovery
of isoegglutination.

Early methods of preventing coagulation were by
direct vessel-to-vessel continuity between parties so as
to provide only an intimal wall to contact the blood and
by use of parsffin-lined apparatus, Hirudin ass an anti-

coagulant was suggested by Landois in 1892; toxicity
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caused it to lose populerity, Haustin of Belgium in 1914

used sodium citrete and established the present~day method,



FUNDAMENTAL FACTS

In order to understand the discussion which will
follow, it is essential to be acquainted with a few basic
principles underlying transfusion reactions, These
axioms will be stated briefly,

Two substances are responsible for the reactions
which follow transfusions, One of these, termed an
e-glutinin is present in serum; the other, called an
agglutinogen is present in the red blood cells. The
reaction between’agglutinin and agglutinogen results in
agglutinetion or clumping of the red blood cells, The
nature of the agglutinogen determines the blcod group-
ings discovered by Lendsteiner, The following table
illuetrates various nomenclstures used to signify the
specific a:z.lutinogens. The so-called "internstional

nomenclature" seems to be the most commonly used,

International Jansky Moss Cells Serum
Nomenclesture Numbering Numbering (Agglutinogen) (Agglutinin
0 I Iv - a&bdb
A IT I1 A b
B I1T I1I B a
AB IV I A& B -

The frequency of the blood groups in white people
is 43% O, 40% A, 10% AB, 7% B,

Any given blood has present a specific agglutinogen
in the red blood cells and a specific but not corres~

ponding agglutinin in the serum. Exceptions to this
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statement azre that O type blood has no agglutinogen and
AB type blood hss no agglutinins. The presence together
of an agglutinogen and its corresponding sgglutinin (e.g.
A sggltinogen and a agglutinin) results in clumping or
agglutination. Thus, in an individual's blood stream
there normally are present agglutinogens end aggiutinins
which do not correspond. Ordinarily only the sgglutinogens
need be considered in trensfusing blood since the agglut-
inins in the serum are so diluted by the recipient's
blood as not to be & fector in sgglutination, The red
blood cell retains its identity and integrity, and there-
fore cennot be diluted., When the agglutinogens of the
donor are not the same as those of the recipient reactions
necessarily follow, \
Transfusion of group O blcod can usually be given to
~ any recipient regardless of blood group since the O type
cells have no agglutinogens and thus cannot produce
agglutination resctions, On the other hand, group AB
can receive blood from anyone since group AB hes no
agglutinins and thus cannot be involved in esgglutination
reactions, The following table illustrates the theory
of blood grouping; four unknown bloods are reacted with
sera of groups A and B respectively (containing agglutinins

b and A respectively) end depending upon the agglutinogens
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present in the unknown blood, reaction will cccur with

one serum, both sera, or neither serum, As a result,

the blood group of the unknown blood is determined, and

is listed in the lest column. For exarple, the first
sarple shoved no agglutinsetion with a or b agglutinins;
consequently this sample must heve no agglutinogens pres-
ent and must belong to group O.

Blood Resction with Regction with Group

Sample A serum B serum
(b agglutinine) (& sgglutinins)
1. - - O
2. -- +4+ A
3e ++ ++ AB
4. ++ haded B

Occasionally if a very high iiter of agglutinins is
present in the donor's blood, the dilution of them in
the recipient will not be sufficient to prevent resctions.
Thus it is important in typing blood to do a cross-
matching test, Thie test involves mixing some of the
donor's red blood cells with the serum of the recipient
to see if the donor's agglutinogens correspond to the
recipient¥s (if they correspond, there will be no
agglutinins in the recipient's serum to sgglutinate the
donor's red blood cells); in addition, some of the donor's
serum is mixed with the recipient's red blood cells to
deterrine if the egglutinin titer in the donor's serum is

unusually high and thus capable of sgglutinesting the re-
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cipient's red blood cells, This test can be carried

out on & glass slide and be examined microscopicelly

or can be effected in a test tube and observed grossly.
Deteils of this procees will be found in the concluding
section of this paper.

Mention cshould be made that in addition to the major
groups aforedescribed, there are various other blood
typings clasesified as subgroups., Though thece ere not
common they are occasionally responsible for reactions
between two samples of blood which are or appear to be
of the same major grouping. Thus, on the basis of these
subgroups, transfusion reactions may follow when, e.Z.y
type A blood is transfused into a type A recipient,
These are called intragroup reactions or intragroup in-
compatibilities since the major blood types of donor and
recipient match, but subgroup sgglutinogens do not,

The definition of a fewterms is warranted, Iso=-
agglutination refers to the reaction between bloods
from animals of the same species., This term is used
interchangeably with the less specific "agglutinstion."
The eame is true of isoagglutinins and agglutinins,
Isoimmunization refers to the stimulation of agglutinin
formstion in one aniral in response to a trensfusion of

agglutinogens from another animal of the same species,.



THE REACTIONS
Before the reactions are discussed in detail, the
etiological factors should be mentioned in outline form.
As There are factors which might cause reactions
on the basis of incompstibility, that is, the tendency
towards agglutinstion between the donor's and the re-
cipient's bloods.

a. Beactions may occur because the tests
for compatibility ere falsely negative. The laboratory
methods used indicate that the matching is satisfactory,
but for some reason the agglutination which should
occur during the cross-match fails to do so, 7Then, when
the supposedly sefe donor's blood enters the actually in-
compatible surroundings of the recipient's blood streem,
arglutinetion occurs, Low titer of testing sers, low
sensitivity of agglutinogens, high concentration of red
blood cell suspensions, and a temperature fector fit
into this category.

b, On the basis of fallible technique or
for other reasons to be considred it is possible to ob-
serve in vitro agglutinations between donor's and recip-‘
ient's bloods which errongeously suggest certesin blood
groupings, Then, of course, when the the mismatched blocd

of the donor reaches the recipient, reactions occur,
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Included in this group of false positive reactions are
pseudoagglutination, autosgglutination, bacteriogenic
agglutination, secondary cosgulation, and false agglutin-
ation with umbilical cord sera,

c, Failure or neglect to properly test
for unmusual or irregulsr blood groupings or failure to
detect these unususl blood groupings may be a further
feetor leading to incompatible blood transfusions, In
other words, there may be compatibility as far as groups
A, By, Oy and AB are concerned, but consideration must be
mede also of subgroups Ay, Ao, A;B, AgB, and Rh, A
donor and recipient may appear to be matched in that they
are both, e.g., group A; however, proper testing for sub-
groups may demonstrate incompatibility. Such inccmpat-
ibility occurring in bloods of the same major grouping is
termed intragroup incompatibility.

d. Failure to realize that the so-called
universal donor of the O type does not provide a safe
transfusion in all cases mey also give unfavorable if
not disasterous results. Persons with type O blood have
been considered "universal donors" because their cells
contain no sgglutinogens, and cannot take psrt in agglut-

ination reactions. The basis for s "“universasl donor"
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is that in transfusing blood the agglutinins in the serum
are so diluted by the recipient's blood that they are

an inconsequential factor in producing =zgglutination.

On the other hand, agglutinogens cannot be diluted (the
agglutinogen in the red cell reteins its identity), and do
promote sgglutination reactions. ©Since O types contain
only "harmless" agglutinins which "cannot" cause agglut-
ination reactions, they hasve been called universal donors.
The fallacy of this idea will be unfolded later,

B, There are factors which cause reactions of an
allergic or anaphylactic nature in vwhich a sensitivity
present on the part of the recipient before transfusion
is lighted up by substances contained in the donort's blood.
Or, substances czpable in themselves of causing reaction s
of allergic nature may be passively transferred from
donor to recipient only to become menifest in the recipient.

C. Substances may be present in the donor's blood
or in the apparatus which cause febrile reactions in the
recipients--these are the pyrogens.

D. Finally, there are the complications of
transfusions, Some occur through poor foresight in the
choice of a recipient for the transfusion., This is true
in the cese of a cerdiac patient whose circulatory

volume ie incressed by the transfusion beyond the
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céﬁabilities of the volume output of the heart, There
are, too, the accidental type of complications which
cannot be readily foreseen, These include embolus,
retinal or intracraniael hemorrhege, etc, Faulty tech-
nique mey pley & role in producing complicetions via
disease transmission; the presence of such disease

in 2 donor should seldom be overlooked,
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SYMPTOMS

The reaction occurs during or just following the
transfusion, It may occur after a transfusion of as
little as ten cc., but more usually after 50 cc.

Generelized tingling with great discomfort; anxiety;
fullness in the head which makes the patient feel like
his head will burst; feeling of constriction in the chest;
difficulty getting breath; severe pain in the back of
the neck, chest, and especially in the lumbar region are
the early menifestations. Then, are noted signs of collapse
with rapid, weak pulse; clammy, cold skinj; flushed face;
dyspnea; cyanosis; low blood pressure; dilsted pupils;
end nausea and vomiting, Urticaria may occur, A chill
may be followed by a rise in temperature.

These symptoms occur in an hour and do not usually
last over an hour, Still leter manifestations are hemo-
globinuria, enuria, and jsundice, The fever may last a
few hours or a day and then subside, A week may pass
during which the patient appears to be progressing; he
sleeps well, ests well, and thinks in an oriented fashion,
Oliguria may continue and jaundice may become more
apparent along with a hemorrhsgic tendency,

One to two weeks later is merked by the terminal or

renal phase and includes restlessness, drowsiness, stupor
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with evidence of renal failure, and snuria, The blood
urea rise indicstes nitrogenous retention, Uremie is
ushured in by coma, muscle twitchings, and convulsions.
Death in the fatal cases occurs in about one to two weeks
after the transfusion, This one to two week interval is
the time needed for the damaged kidneys to shove the
patient into ureria,

Recovery is eermsrked by profuse diuresis and increase
in blood urea, both occurring before the uremic coma which
would indicate a& fatal prognosis,

Rensl insufficiency, then, is the important feature
of incompatible reactions, Bordley (1931) pointed out
the renal pathology responsible for the symptoms, He
described the kidneys as swollen and edemestous with
degenerstive changes in the tubuler epithelium, Tubules
are filled with red blood cells, desquameted epithelium,
blood rigment, and debris,

The mechanism of rensl damage is in debste, Possi=-
bilities include (1) mechanical blocking of the tubules
which renders them functionless as excretory passages;

(£) kidneys are sensitized to injected blood and loss
of function depends on a local snaphylactic resction in

the kidneys; (2) the immediate transfusion reaction



REACTIONS DUE TO INCOMPATIBILITY 23
causes metabolic disturbance which upsets renal function;
(4) transfusion reaction results in liberation of toxic
substances set free in the blood csusing damage to the
kidneys., DeGowin (1937) cites the possibility that renal
ischemia may lead to rensl insufficiency. This is ex-
plained on the basis of constriction or spasm of renel
vessels due to the presence of incompatible blood., It
is noted that transfueions of compatitble hlood sub-
sequently will relex the spastic rensl vessels, DeGowin
in this discussion is considering Herse's work in Len-
ingrad; esctually, he is not in favor of this theory,
but rether helieves the renal insufficiency to be on
a basie of precipitetion of hemoglobin in the tubules
with subsequent obstruction. EHe showed alsc that if
urine were made alkeline the possibility of hemoglobin
precipitating wes lescened as wazs the possibility of renal
insufficiency and uremis, He demonstrated that when a
dog's urine was made acid, nitrogenous retention immed-
iately developed after the hemoglobin had been injected
into the dog's blood stream whereas the same injection
of hemoglobin was followed without consequence in the
same dog if urine was elkelinized,

In 1938 DeGowin still believed that precipitation

of hemoglobin was the chief cause of renal insufficiency;
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however, he added the conclusion that tubuler necrosis
occurs and may be eznother factor in the mechanism of
producing malfunctioning kidneys, The necrosis is prob-
ebly on a toxic basis, DeGowin observed the two mech-
enisms he has propounded while dbing autopsies on human
beings; he suggests alkalinizing the urine as a prevent=-
ative measure,

Polayes (1931) cites the work of Bsker who experi-
mentzlly showed thet if the pH of a medium is six or less
and the NaCl content is 1% or more, the hemoglobin is
throwvn out in solution from the glomerulus and after con-
centration in the tubules, pigment is precipitated in the
form of hematin., He, too, suggests alkaline diuresis to
combat hematin formation and subsequent urinary depression.

Generzlly there is no adequate therapy to care for
a patient who has & reaction due to the transfusion of
incompatible blood. Some of the practices pursued in-
clude alkalinization of urine, renal decepsulation,
symrpathectomy, subsequent competible transfusions, etec,
Strumia (1944) believes that only maintenance of fluid
bslance is of velue, He has observed that the amount
of blood sdminicstered determines the severity of symptoms
to be expected, If 270 cc. are given the petient will

likely recover from a first transfusion of inconpetible
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blood, If 500 cc. sre sdministered once or if less is
given on a second occasion, the prognosis is poor,

A case history (Bordley, 1931) will illustrete amply
all the previous discussion:

"White woman aged 46 entered with complaint of
weskness, weight loss, insomnia. (Past history, etc.
are omitted becsuse they zre not pertinent to this dis-
cussion), Diagnosis of uterine psthology was considred
with tleeding from uterus, Trancfusions were decided
upon &8 supportive treatment., During introduction of the
first 200 cc, there wes a fall in pulse rate from 90 to
70/' and pt. complained of creepy sensations sll over
her body. ©She said thet her head felt full and tight es
though it were going to burst. The subjective change
seemed so definite that five minutes were allowed to
pass before injection was continued. A second 20 cc,
was introduced cautiously. Pulse rate had risen to 20
and the patient complained of & severe headache, Her
face became suffused; there was fullness of veins of
neck; respirstion became shallow and lsbored; she became
nauseated and vomited, The blood pressure at this stage
was 120/€0 where it had been the previous day, It was
decided to discontinue the trensfusion ané the needle was

removed from the vein, Aftér interval of 20 minutes the
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patient announced that she vss feeling fine. Confidence
in the bliood matching stimulsted resumption of the trens-
fusion, Five minutes were spent injecting the third 20 cc,

and during this period the pulse fell from 90 to 60, but
without change in the blood pressure or other symptoms,
After a2 psuse of five minutes the fourth 20 cc, was in-
Jjected and egein the pulse dropped from 920-70, having
returned to €0 in the previous five minute interval,.
There were no symptoms as the fifth 20 cc, were started,
Scarcely had ten cc., been injected then the petient sudden-
ly compleined of lumbzr backache, fullness of the hezd,
nausea, faintnecs, She became short of bresth, cyanotic;
the pulse rose repidly snd beats could berely be detected
at the wrist, The transfusion was discontinued efter
20 cc., had been injected,

"Fifteen minutes lster there was a violent chill

and the patient had en involuntary stool, Temperature
was 101.8, pulse was 128, respirations 26, Thirty
minutes leter the chill ended, but cyanosis wes still
marked and respiration was rapid end deep. There wes
considerable spontaneous bleeding from the venipuncture
wounds in both srms which could be controlled only'by the
application of pressure bandages. Chill ended at 5:18.

At 5:30 temperature was 105,86, pulse 142, respirastion 328,
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At 6:00 she szid that she felt warm and sleepy; she was
perspiring freely and temperature was 106. By 7:00, temp-
erature was 104,6, pulse 118, respirastion 283 cyanosis
was gone and bresthing was free, At this point moderate
vaginal bleeding was first noted; menstrual period was
not due for seven days. After a night's sleep, she

felt fairly well, At 5:00 the next morning she voided
100 cc., of coffee-colored urine with much Hb, 3 plus
albumin, a few RBC, no casts; this was on April 6.

At 6:00 A.M. the temperature was 100.8, pulse was 98,
respiration 22, At 8:00 A.M. she again voided 100 cc.

of dark brown urine, She complained of anorexia and
nausea and vomiting at noon, At 5:00 P.M, she passed

25 cc, of derk urine. In spite of the fact that temp-
erzture had risen to 102 she felt better in the even-

ing and ate well,

"On April 7-9 patient seemed to be recovering satis-
factorily from what was thought to be a hemolytic in-
compatible transfusion rezction, The hemoglobinurie,
Jaundice, and vomiting which had been striking features
on the day after trensfusion, subsided rspidly, and
finally disspresred, Trensfusions of 550 and 500 cc,
of blood were given on April 7 and 9 followed by mild

'ecitrate' reactions without additionsl symptoms,
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Urinary suppression which was marked on April 7-8 attracted
little attention at the time. A single small voiding

on each of these two ocrasions wes not measured,

"In the afternnon of April 9, four deys after the
transfusion, though she seemed to be improving in every
respect the patient displayed a peculiar apprehension.

She said that she had a "funny feeling" in her head and
thet there were films before her eyes, She announced
that she was going to die, and despite reassursnce per-
sisted in this opinion. On April 10, epprehension and
agitation beczme more marked; thet night she cerried on

a lengthy, rambling conversation with a neighboring
“patient which she did not remember on the following
rorning, She was continually telking of death. On the
night of April 11, she talked irrationally, end her hus-
band told us that she seemed to him entirely out of her
head, On the morning of April 12 she decided that she
did not wish to die in the hospital end insisted on being
teken home, Aside from these gueer and unexplained mentezl
reactions, the patient appeared to be doing well, At
4:00 P.M. on April 12, eight days after the transfusion,
she suddenly had a generalized convulsion lasting 15

minutes and passed into a state of semicoma. In the
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evening she became completely comatose and had frequent
generalized convulsions, At 7:00 P.M. large bruiselike
purple spots appeared on both arms and a small, fresh
hemorrhage was seen in the fundus of her left eye., A

few hours later a fine petechial eruption was noted at
the base of her neck, Studies of the blood &t this point
showed normal bleeding and clotting times. Platelets

were down to 110,000, however, There had been a remarke
able rise in blood NPN to 132 mg%. Early in the morning
on April 13 she regained consciousness. At 9:00 A.M. she
was oriented but drowsy and listless., The urine showed

a trace of zlbumin and a few RBC, Together with symptomatic

improvements on that dsy the urinary suppression gave way

to diuresis which on the next day amounted to 5000 cc,

of urine in 24 hours, As the diuresis progressed the
patient cleared mentslly and the blood NPN fell to normal.
By April 28 the patient hzd completely recovered from the
effects of the delayed transfusion resction. On May 9 she
seemed in fine condition for operation and was operated
successfully., Discherged May 15 with NPN at 30 mg%, urine
normal,"

Thus, is presented & cece in which a patient was
transfused with incorpatible blood and this was followed

immediately with shock, chill, fever, vomiting, hemoglobinuria,
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Jaundice, urinary suppression. Acute symptoms subsided,
but urinery suppression continued., Then, the delayed re-
ection occurred with the pesk at the eighth post-trans-~
fusion day; thies secondary reaction was chzracterized by
agitation, psychosis, hypertension, reduced phthalein
excretion, nitrogen retention, purpura, convulsions, and
coma, Merked diuresis on the ninth post-transfusion
day paralleled the beginning of recovery and in three
months the patient was perfectly well, Had not the
diuresis occurred and had anuria continued, deeth would
have resulted as is often the case,
ETIOLOGICAL BASIS

FALSE NEGATIVE REACTIONS

The following group of reactions are based on wrong
blood typing due to the failure of agglutinstion to occur.

If the titer of the testing serum is low--in other
words, the concentration of aggiutinins is low--no re-
action of agglutinstionwith the unknown red blood cells
may result, and a false impression is left as to the type
of the blood being dezlt with.

On the other hand, highly concentrated red blood
cell suspensions mey wesken or delay the reaction be-
tween agglutinogens and agglutinins, The red blood cells

sbsorb 21l agglutinins in the serum without agglutination
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occurring, This is noted especielly when blood is teken
directly from the petient and mixed with the serum with-
out diluting the red blood cells first,

Low sensitivity of agslutinogens in the blood of a
newborn or in preserved blood suspensions provides a
source of error in typing. Also, it is easy to mistcke
AB blood of subgroup AgB for group B because of the wesak
activity of the A agglutinogen in AcB. Sensitivity of
agglutinogens is decreased by storage.

If the temperature of the blood cell suspension
being tested is zbove E5C C, there is a good chance that
no agglutination will occur, especially if such a temp-
erature factor is combined with sera of low censitivity.
A better chance for agglutination to occur will be had
at termperatures below body temperature,

FAISE POSITIVE LEACTIONS

This group of conditions is responsible for false
blood typing because egglutination occurs when it should
not do so.

Pseudosgglutination is & process by which red blood
cells setile rapidly and tend to do this in piles like
coins--roulesux formation, When merked, this simuletes

the clumping of true agglutination, This form of asgglutination
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occurs in acute infections, It is favored by highly
concentrated serum and by high tempersture and dissappeers
on mild dilution of 1:2 or 1l:3. The latter fact serves
to differentiaste pseudoegglutinzticn from isosgglutination.
Routine 1:Z dilution when test tube tests are made avoids
pseudoagglutination, On slides roulesux-formation ie
even more likely becsuse the lzrge surface area of the
glides favors eveporztion end concentrestion of the serum.
Pseudo-clumps zre destrcyed by pressing them with a
cover €lip or by adding 1-2 drope of szline to the slide.
Pseudoagglutination is due to the change in viscosity of ‘
the "sick" serum. kouleaux formetion end fest sedimentation
occur concurrently with increase in plasme fibrinogen.
Red blood cells do not absorb the esgent responsible for
this phenomenon wherees red blood cells do absorb true
isoagglutinins., Pseudoagglutination will occur with any
red blood cells combined with the serum with a fast sed-
imentation rate.

Since the pstient's serum here csuses rouleaux form-
ation of patientt!s own red blood cells the process has
bteen termed sutohemagglutination; the term penagglutinstion
has also been designested, A phenomenon related to pseudo-

agglutination is the agglutinetion cesused by viscous things
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like gum scacia, gum tragscaenth, gelatin, etc. via change
in serum protein concentration. Coca (1231) has summar-
ized the main festures of pseudosgglutination as includ~
ing (1) clumping, (£) rouleaux formation especially
noteble st the periphery of the clumps, and (3) failure
of the cells to coalesce as do clumped cells in true
sgglutination; the cells azre not closely packed.

Wiltchire's observations as fer btack as in 1912
were complete in giving the characteristic description
of roulesux formetion:

1. The viscosity of fluid medium in which the
red blood cells are suspended exertis & slight influence,
An increase in viscosity occurs concurrently with an in-
crease in rouleaux formetion,

2. Colloids as gum csuse roulezux formation,

2.Serum or pathological fluids which promote
rouleaux formetion lose said power with dilution,

4,Blood serum locses power of rouleaux formation
with etending. The time of standing is quite variable.

5.Beating serum at 60° C, for 15 minutes in~
creases its power of rouleaux formstion, Heating it 7
thus allows it to stand longer tefore losing said power,
Once the power is lost, hovever, serum will not regein

it even with hesting.
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6.Inflammetory exudates are powerful roulesux
formers, This power remains with standing.

7.50ome becteria enhance the power of & serum
to produce roulesux,

8.Red blood cells lose this power if exposed to
temperatures as low as 38-45°,

9.A decrease in roulesux formetion in pernicious
aneris is due to chinges in red blood cells rather than

in the serum,

10.Rouleaux formstion is a constant occurrence
in normel shed blood.

Wiltshire believes that surface tension appears to
be responeible for roulesux formetion. Factors involving
serum and corpuscles are present and these factors lose
their power of action independently when blood stands.
The serum body responsible for kouleaux formetion is
not present as such in normel circulating blood, but is
formed imnedistely after blood is shed or in en ares of
inflarstion. The loss of power of serum to promote
rouleaux formetion upon standing is due to the production
of antibodies which form after blood is shed, and which
are sbsent before the blood is. shed.

Autoagglutination is sgglutination of one's red

blood cells by his own serum due to an ebsorbable agglutinin
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in his serum end to a corresponding agglutinogen in his
red blood cells. Some hsve shown thet this is 2 common
rhenorenon, but occurs at low temperatures only. (Land-
steiner and Levine, 1926) Sera with autoagglutinins

act on red blood cells of zll human beings regerdless

of the blood group., Thus, autoagglutinins are really
penasglutinins; the latter term is avoided to prevent
confusion with autohemagglutin: tion or penhemsgglutinstion
elreedy described. As mentionec the resction here is
enhanced by cooling and reversed by heating the serum.
Autosgglutinins mey be so increased in concentrztion

in certain pathological conditions that agglutination will
occur even at room temperature, Among these pathological
conditions are paroxysmal hemoglobinuria, syphilitic or
hypertrophic cirrhosis of the liver, hemolytic icterus,
Raynaud's syndrome, trypesnosomiasis, and severe anemiecs,
More recently other diseaces have been described in which
sutosgglutinin titers are present, A commission desig-
nated to study acute respirstory disea-es at Fort Eragg,
North Ceroline (Am, J. M, Sc., 1944) noted such titers

in primry atypicsl pneumonis, pneumococcal'pneumonia,
bronchitis simulsting primery atypicel pneumonia, ton-
sillitis, scerlet fever, and measles, Titers of auto-

agglutinins were most prominent among the cazses of primary
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atypical pneumonia and also tonsillitis with or without
exudative pheryngitis, This commission observed increases
in the titer of agglutinins as the disease became more
severe, Meiklejohn (1943) observed such titers in
influenza type A, lymphogrznuloma venereum, and in
coccidioidomycosis, The diagnostic value of autoagglut-
inins titers is in debate. (McCombs and McElroy, 1237)
Incorrect blood grouping occurs due to autosg: lutinins
which are active at room temperature., The error in
grouping is directed towards calling the blood type
AB because ag;lutination occurs with any serum. This
error can be checked and eliminzted by setting up a
control using the pstient's own cells and his own serum.
Since one with type AB has no sgglutinins, it can be con-
cluded that the agglutination is due to "autozgglutinius
and autoagglutinogens." Serum can be freed of autoagglut-
inins by separating it from the cells at about 0° C. At
this terperature the red blood cells absorb the autoagglut-
inins and removal of the red blood cells necessarily
removes the autoagglutinins, The following table adopted
from A.S. Wiener (Blood Groups and Transfusions, 1943)

serves to differentiate three types of agglutination:

Pseudo- Auto-~ Iso-
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Agglutination
Pseudo- Auto- Iso~
Absorption not
of active absorbable absorbable absorbable
principle
Affect of stronger at occurs Jjust little affected
temperature 37° C, than at low by temp. from
at low terp. terperature 0-37° C.
Affect of inactivated stands much stands much
dilution by slight dilution dilution
dilution
Specificity non-specific non~-specific  group specific

Wiener (1942) cites a case of autosgglutinstion in
a patient 16 months old., This baby was well until August
of 1941 when he developed fever, red throat, pallor,
and a palpeble spleen, The EBC was 1,200,000, Hb was 24%,
WBC was 15,8004 and a blood culture reveded Stsph. sureus,
The child was then transfused with the mother's blood of
the same type. This was followed by chills, vomiting,
and red urine which gave & positive test for blood. hke~
check of the blood metching revealed no difference in
blood groupings, but agglutinetion did occur between
the mother's red blood cells and the child's serum,
Further tests showed that the infant's serum agglutinated
all red blood cells at hand, regardless of the group, in-
cluding the patient's own red cells., Also, the titer

was high enough in the bsby's serum to agglutinste any
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red blood cells even at 37° C,--unusual for the typical
"ecold agglutinins" apparently present in this cese,

Wiener knows of no other sutoagglutination reaction which
occurred at room terperature except one unpublished case
of Dr., R. Kracke, What causes the sutoantibody production
is a mystery, but once such production occurs, survival

of the patient is impossible,

Bacteriogenic sgglutinstion is another cause of the
false positive resctions., This has been czlled the '"Hub~
ener-Thomsen phenomenon.'" It consists of changes in
serum and/or the red blood cells so as to cause agglut-
ination, Wiener was one of the first to note that
when blood is kept a number of days, e.g., menstrual
blood and postnortem blood, the stored blood beceme pan-
agglutinablej;then, the stored red blood cells could be
clumped by any serum, even that from the person who wss
the source of the red blood cells, Suspicion that bacteria
were responsible was aroused when it was found that the
property of psnagglutinsbility could be transferred to
fresh cell suspensions by adding e drop of panagglutin-
able blood to the fresh blood and waiting out an in-
cubztion period of 12-24 hours at about 37° C, Bacteria
were isolsted which were capsble of producing this phenom-

enon in fresh blood., Friedenreich cealled the microorganisms
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"M and J beeilli" due to their peculiar morphology; later
other bacteria were studied and Corynebacterium and some
of the vibrios were noted to heve the same property.
Davidson end Toharsky (1942) reported Corynebscterium as
responsible for bzcterizsl herhagglutination° This bscterium
they have celled Corynebzcterium "H", The latter are
responsible for the presence of "h" agglutinins in semum
and for the subsequent panagglutinsting property. Appar-
ently the baecteria produce an enzyme which changes 2
"latent receptor" in the erythrocytes into an active
agglutinogen czlled by Friedenreich the "I" agglutinogen.
Almost a2ll normal sera have ™" agglutinins with the
exception of that in young infants., Thomsen states that
all sera contain a "t" agglutinin capable of clumping the
"transformed" red blood cells whereas "h" agglutinins are
only present in sers conteining the bacteria, Coryne~
bacteria "H", Errors involved because of this phenomenon
ere due to s¥imulation of the AB group of red blood cells.
If it is noted that bacterial-influenced cells also sgglut-
inzte in the presence of AB serum, this source of mis-
typing will be removed, By using only fresh red blood
cell suspensions the bacterisl activity is practicelly
removed ss a2 fector to upset normal sgglutinating activity

of red blood cells., Bacteria can act by another method to
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cause red blood cell sgglutination. This is by the production
in the serum of bacterial substances which will of them-
selves sgglutinate the red cells, Thus, the bacteria can
change the nsture of the serum as in the latter cese or
cen alter the cherzcter of the red cell to bring sbout
the agglutination, In one cese the changed serum will
egglutinate all red cells whereas in the second phenomencn
the altered red blood celle will be agglutineted by all
cera, The lstter type of agglutinetion involving zltered
red cells hes been termed YT" sgglutination to differentiate
from the other form of "H" agglutination. The transformation
which occurs in the serum due to tecteris or their products
can be prevented by the addition of formeldehyde 1:100,000,
merthioclate 1:10,000, boriec =cid 1:1C0, acriflavine 0,1%,
brilliant green 0,1%, gentian violet 0.1%, and sulfonamide
drugs 0,08%, Vitemin B or yeast fevors the development of
the unknown substance. Heating plesma or serum at 65° C,
for ten minutes destroys the sbility of serum to form
becteriogenic hemegglutinins,

Secondery coagulation may simulate true agglutinstion,
If unwashed cell suspensions are tested with fresh serum or
plasma, secondary cosgulstion occurs. This happens when
the unwashed red cells are taken directly from the finger

as whole blood and used =s such, Microscopic examination
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reveals the clot and thus differentistes from the true
clumping of agglutination, Prevention of such phenomena

is by the use of washed cell suspensions or by use of stored
or inactivated sera,

Felse agglutinetion by umbilical cord sers was dis-
covered when such seia were tested a2geinst known red cells
of groups A end B on open slides, Apparent agglutination
occurred when the slide was tilted back and forth and the
clumps resolved if the slide were st rest, This occurred
beilween the serum from the umbilical cord and a suspension
of any type red celle even those from the umbilical cord
blood, It was evenuwually pointed ouc by Polayes euv al,
(1vzy) that Whartcen's jelly from the umbilical coid was
responsible for the phenomenon,

INTHAGROUP INCOMPATIBILITY

This classification includes the "irregular iso-
agglutinins' as well as the Eh factor,

Irreguler or atypical isoaggliutinins are uncommon
isoagglutinins for factors (egglutinogens) other than
A and B, Such isoagglutinins are wesk end act only in the
cold, thue the term "cold agglutinins,' They are confused
with’autoagglutinlns which also are zctive at low iemp-
erature, and ofien are present in the ssme sera. Distinction

here is mede in that autoagglutinins rezet with 21l humen
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bloods while cold isosggsiutinins act on group specific
bloods., Landeteiner and Levine found irreguler isosgglut-
inins sctive at 18° C, in 3% ot sera tesied; Thomsen £ und
less than 1% active vwhen tests were mede a2t room tempereauwure,
Blood groups A and AB sre subdivided invo four groups
depending on the quslitetive differences in the A sgglutin-
ogen. The sensitivity of these sgglutnogens asre in order
of least to greatest: Aj, AjBy Ay, &nd AgB., The & iso-
agglutinin will agglutinete all celds wich A agglulinogen
while the &; isoagglutinin asgglutinates only Ay agglut-
inogen. Now, & and a1 isoagglutinins aise found in sers
of biood groups O and B and are present in varying concen-
traiions, Thus, if such sera contain low concentrations of
isocagglutinins and ere combtined with weakly sensitive cells
of subgroups Ao and AoB, there msy be no agglutinstion,
Then, A, blood can be mistyped as group O (no sgglutinogens)
end AoB mistyped as group B (eggluiinat on having occurred
Just with b isoagglutinin), Herein is found a source of
error in biood grouping and a possiblie source of some in-
compatible resctions. Wiener noites that alihough agglutn-
ogens Ay 2nd A, csn in each other's sera stimulaie iso-
agglutinin produciions scldom is the titer of such iso=~
agglutinine high enough 1o csuse & resction, Also, these

immune anuvibodies or isvegglutinins azct like cold agglutinins,
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rescting only at termpesratures below 37° C,
0, tooy is a poor aniigen 1n snimels and man, The
eanti~-0 ggglutinins occurring in response 1o the presence
of sgglutinogen O do so in such low titer that the iso-
agglutinins can rarely be found either in man or in rebbits.
The four typee of irregular isoagglutinins found in
normal sera sere

a. Irregulsr isocaggluuivining reaciing with the
blood of subgroup Ay and AlB; these are called aj or anti-A;
isoagglutinins. They ere the most common of the irregular
isoagglutinins and ere found perticularly in indivaduals
with subgroups A, and AoB.

b. Irregular isoagglutinins reaciing with O
groups and less g0 witlh Ap are czlled ap or anti-O 1so-
agglutinins, They are found in groups Aj}B and Aj, butu
rarely in B,

¢, Irreguler isoaggluiinins reacting with blood
containing aggluivinogen P are found in so-czlled "P-negative'
individuels of all groups,

d. Unclassified irregular isosgglutinins,

Irregular isvagglutinine ordinarily do not interfere
with grouping teste, but some which zct et 37° C, may do su.
Here sgain the resction 1s weak and seitdom a source of

confusion,
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Agglutinogens M and N are antigenic ror rabbits and
other animels, but not for man, No convincing report has
been made where N blood in M individuals or vice versa
was followed by the appearance of specific antitodies or
irreguler isoaggltuinins, Thusy M and N irregular sgglut-
inogens zs well 2s P hazve no clinicel import in trznsfusion,
but are of value from hereditary and medicolegal aspects for
purposes of tracing blood. ILandsteiner and Levine dis-
covered M and N agglutinogens in 1926 and noted the follow-
ing distribution of them: 30% have M, 20% have N, and the
remainder have M and N, These figures concur with those
of Grayden and Simmons (1945) in a series of 400 Japanese.
Incidence of M and N in latter series was 28.£% (114) M,
20.5% (82) N, and £1% (204) WN,

The Rh factor is considered under intragroup incom-
patibility becsuse it is responsible for reactions regsid-
less of the fact that metching shows competibility with
reference to the major blood groupings. The kh factor or
Rhesus factor wes first discovered in 1540 in the blood
of Rhesus monkeys by Karl Lendsteiner and Alexender Wiener,
They injeéted hlood from rhesus monkeys into rabbits; then,
the serum from rebbit's blood was mixed with specimens
of the red blood cells of the monkeys and clumping was

noted. The same rabbit serum plus specimens of humen red
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cells resulted in clumping in 85% of the cases. It was
thus concluded thst a so-called Rh fector was present in
8% of humen beings, the Rh positive group, and absent in
15%, the Rh negetive group. Koucky (1243) asserts that
there is no definite informetion yet availsble on the phys=-
ical properties of the Eh factor, Presumably, it is,

like A end B substsnces, a carbohydrate fixed to the protein
of cells, In some Rh negetive people the kh substance is

a powerful antigen and stimulztes & high titer of anti-
bodies. In others, little or no reaction occurs., Anti-
bodies formed are in the serum and sre contzined in the
globulin fraction. There are several types of antibodies
formed, viz., agglutinins, hemolysins, precipitins, and
cytotoxins, These have not been separzted as yet.

The Rh factor is really e "mosaic composed of sev-
eral antigenie factors." Not 211 anti-Rh sera give
parellel resctions. The following table is the result
of experiment with anti-EKh sera of three women and then
the determination of the incidence of reactions of said

sera when combined with various red blood cells,
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Anti-Eh serum Incidence of Incidence of
from patient Rh positive Rh negetive
E.B. 87% 13%

M.F. 85 15
M, S, 73 27

Levine (1943) demonstrates by this table that the
incidence of reactions of the various enti-kh sera differs,
Work with the three types of anti-Eh sers has resulted in
the discovery of four types of bloods, viz., Eh;, Kh,, Rh',
and Rh~, This classification was suggested by Wiener and
Landsteiner, Levine compiled the following table of
agglutination reactions between anti-Kh sera of mothers

of erythroblastotic infants end the blood of 334 people
picked et random:

Red blood Incidence Anti~-Fh Anti-Rhl Anti-Fh'!
cell type M.F, M.S. E.B,

Rhy 71% _ + + +

Rho 14 + - +

Eh! 2 - + +

Rh- 13 - - -
Incidence of Rh~ reactions in % 8% 73 87
Incidence of Rh~ rezctions in % 15 27 13

From this table can be observed the fact that snti-RKh
and anti-Rh; sera contsin different agglutinins and that
enti-Rh' serum contains both the snti-Rh and anti-Eh;
agglutinins, Anti-Eh serum will detect most of the cases

with the Fh factor in the red cells; anti-FEh; will detect
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the exceptions. Apparently, anti-Eh serum is rare and is
not comronly used, Often, even though no agglutinins for
Eh sre found in Rh negstive serum, transfusions of kh
positive red cells subsequently cause reactions. To be
certain that no incompatibility exists test the red

cells of donor with anti-~-Rh serum, The safest policy is

to use only Rh negative blood in transfusing kh negative
petients.

Wiener cites as peculierities of kKh reactions the
facts that Rh sgglutination is easily reversed with shak-
ing and that only 2% of Rh negative individuals respond
to transfusions of Rh positive blood by producing isozanti-
bodies,

In connection with Rh should be considered the Hr
factor. Apperently certain Eh positive mothers ere cap-
eble of being stimulated to produce immune agglutinins
which then hemolyze the blood of the infant. These agglut-
inins react with all RKh negetive and Eho bloods., Levine
(1941) termed the factor or agglutinogen responsible "Hr"
because '"it is probable that the blood factor described
by this new agglutinin is genetically related to Kh,"

- The Hr factor can be suspected when & mother of an eryth-
roblastotic child is Rh positive and the father is Eh
negative or Rho. (Levine, 1943)
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The heredity of Kh can be described thus: there are
two types, genetics1lly, of Rh positive individuals, viz.,
RhRh or homozygous and Ehrh or heterozygous; there is one
genetic type of Eh negative, rhrh., The incidence of the
various genes hae been noted by Potter (1944) to be 36,9%
of the population Ehkh, 47.7% Rhrh, and 15.4% rhrh. Two
kinds of metings mey occur genetically in which isoimmun-
ization by the Eh factor cen result. In one, the father
is homozygous and the fetus must be Eh positive; preg-
nancy will then give the opportunity for immunization of
the Eh negative mother's blood stream by the Kh positive
fetzl red blood cells, In the other mating a heterozygous
father is involved, and 50% of offspring will be Eh positive
and 50% will be Eh negative, 1In either type of mating the
first one or two pregnancies with an Rh positive fetus
mey be required to produce a sufficient degree of immunization
in the mother to result in erythroblastosis fetelis, Once
the mother is immunized adequately, all subseguent kh
positive fetuses will be erythroblastotic, If one living
child is Rh negative, the father is probsbly Khrh or
heterozygous, Since in such a czse £0% of fetuses are ex=-
pected to be Rh negative further pregnancy can be recormended,

The following table is quoted from Levine (1943), and may
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be enlightening to the previous discussion.

Phenotype Genotype Reactions with
Anti-Eh  Anti-Khy  Anti-Hr
Rhy Rhy Khy + + 0
Rhy Rho + + +
Rhyrh + + +
Rho Rhokhg ¢ 0 *
Rhorh + 0 +
Rh- rhrh 0 0 *

Another system of nomenclature is given by Wiener (1944).

An accompanying chart illustrates the heredity of
Eh. (Gradwohl, 1944)

Rh sgglutinins act best at body temperasture snd lose 4
their reactivity repidly if the terpersture changes in either
direction, Thus a2t room terpersture kh sgglutination would
be difficult to detect and would be missed often, To de-
termine if an Rh negative pstient hes been immunized by
en Eh positive fetus or by repeated trsnsfusions of kh
positive blood it is necessary to do agglutination tests,
Always check the Eh stztus of a recipient before trans-
fusing Eh positive cells, For exerple, you give & patient
who is unknowingly Eh negative some EKh positive red blood
cells. Then, suppose you decide on another transfusicn
and choose thie time to do an Eh determination; the recently

received Kh positive cells in the patient will, of course,
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HEREDITY OF Rh

Mating Rhs and Rhd
Parents! genotypes Hhkh
Zygote Rh‘ﬁllr' R ‘-_ “““RnRK Ehkh
Children's phenotypes Eh+ Eh+ Rh+
@%«%m
+ Rh+ Rh+ th+
or
Roh. _Ruwh
FhRh Rhrk—-rhEh rhrh
Rhy R‘h+ Rht
Parent's genotypes rhrl\
Zygote @h thh"‘ ;11:7{; ‘Rhﬁ:
Children's phenotypes + I‘!h-\- ERh+ I£h+
Rhrh. __—rhrh

— s f N
thh thlr ““rhrh “rhrh

Mating Kb mﬁ Rh-gh i e -
= -
Parents' genotypes rhrh B )/I:gh \

S
L= e - .
Zygotes rhrh  rhrh-—  rthrh “rhrh

RL— Rh- Rh- Rh-
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agglutinate with the laborszstory anti-Rh serum and give a
fzlee impression that the patient is kh positive. Drummond
et 21. (1945) illustrete thie situstion well.

The relation of the Eh factor to erythroblestosis
fetalis hes been responsible in great part for elevsting
the kh factor to a position of prominence., Thst some
kind of antigen-antitody reaction between maternsl snd fetel
bloods was responsible for icterus gravis and anemia of
the newborn hes been rezlized for some time, Now, since
the presence of Eh can be determined, it hess been found
to be absent in 90% of mothere who deliver erythroblastotic
infents, In other words, 90% of such mothers are kh neg-
ative, The fetuses are Rh positive and ere so becsuse the
¥h positive father has tranesmitted the factor as a rendelian
dominant charscteristic., The fetal Eh positive factor
pesses through the placenta into the mother's circulation
and the mother becomes immunized to it. Thet is, the
rother!s Eh negetive blood reacts to the presence of kh
rositive factor by forming sntitcdies against the factor,
These antibodies can then pess back through the placenta
end hemolyze the fetal red cells which process is responsitle
for erythroblastosis, What about the other 10% of mothers
who bear erythroblastotic infants and yet 2re kh positive?

Apparently come other isocagglutinins ere present in these
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mothers' sers which give an erythroblastotic reaction in
the infant; such agglutinins aie still undetermined.
The manifestations of erythroblzstosis mey assume the form
of hemolytic snemia, erythroblsstemia (increase in nucleated
red cells as & result of incressed response of bone maiiow
due to hemolysis), icterus gravis, and congenitel hydrops.
Always check the mother's history of childbirth to see if
any children were stillborn, neonstelly died, were jzund-
iced, edematous, snemic, etc, Very likely these all indi-
cate an erythroblastotic condition.

The principles of the troubles due to presence of the
Eh factor can be surmarized thus: 85% of all humans are
Eh positive, that is, they possess the Eh sgglutinogen,
If blood from an Eh positive person is tiansfused into
one with Eh negative blood, the letter is stimulsted to
form antibodies or Fh sgglutinins, A first transfusion
of kh positive blood into an Eh negetive blood stream will
probehly give no resctiony but will build up an antibody
titer, The next transfusion of Fh rositive blood into the
Eh negative blood stream will likely give a severe hemo-
lytic reaction beczuse the previously formed egglutinins
in the Eh negative serum will now agglutinste the Ekh pos-

itive red cells,

If the child is the first snd mother has not had any
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previous transfusions, the chences esre good that the
resction between Fh negative blood of mother and kh positive
blood of fetus will permit & live birth even though severe
Jeundice may occur in the infent, A second pregnancy under
the same conditions, but with the added presence of anti-
bodies in the mother's blood, is likely to result in a
deead fetus, It is believed that 13 of every 100 merriages
are between a father with Kh positive bloocd and & mother
with Eh negative blood.

Kh negative btlood can be transfused into anyone with-
out reaction providing the mgjor blood groupings have
been checked. A danger, of course, is that the blood
of an Rh negative person which you intend to use for trans-
fusion may have been isoimmunized and contein anti~kh
egglutinins, These, when they enter an Eh positive blood
stresem, may cauce & reaction. Rh negative blood from a
donor not isoirmunized with Eh positive blood previously
is the tlood of choice for trancfusing erythroblastotic
infants, The mother's Rh negative blood could not be
used just as could not anyone else's Eh negative blood
which hed been isoimmunized and contained Fh agglutinins.
If no Kh negative blood is available, Levine suggests
using the mother's blood after weshing it, removing the

rlesma, reweching the red celle twice nore, and then
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resuspending them in normsl saline in volume equal to
the originzl blood volume., Thus the Eh egglutinins present
in the mother'!s serum will have been removed., Koucky ad-
vises transfusing of the infant early; he is opposed to
long searches for Eh negetive cells. Use Eh positive blood
if need be, but check first with crossmetching. Of course,
infent'!s tissues contain some of the Ekh sgglutinins
which become fixed to the tiscues and may be responsible
for reactions even though 2 crossmatch shows compatibility.
Harville (1945) suggests early trensfusion into the umbil-
ical cord as a desirsble procedure for initiating therapy
of an erythroblastotic infent,

Rh egglutinins were found by Fisk and Foord (1944)
in bresst milk samples of two mothers. In one case the
milk was obtained on the third day postpartum and it still
reteined & potency of agglutinins equal to thet of the
serum, The other case showed a weaker titer in milk than
in serum. Breast feeding of erythroblsstotic infants is
probably contrzindicated., No proof is aveileble, however,
to indicate that this source of antibodies contribues to
2 herolytic process,

The severity of erythroblsstosis fetzlis depends upon
the amount of isoirmunizetion of the mother's blood and

consequently uron the nurber of zgglutinins formed. 1In
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mild immune responses of mother's blood, the bsby may

have only a mild anemiaj in others, a jaundiced or

deasd fetus may result. No proof of the meesns by which

the red cells penetrate the placental barrier hes been
propounded, Levine has shown that only very minute amounts
of fetal blood are needed to produce sn immune response

in the mother., It has been czlculated that the aggluiinin
responses occur in the mother if as little as "0,0672 of
réd cell sediment" reaches her blood from the fetus--in

8 120 pound woman., This is based on experiments wherein
14 daily injections of wwo cc. of 1:5000 human red cells
(total volume of 0.0028 in iverms of "sediment", Levine,
1v42) into rabbite stimulated immune responses which were
demonstrable, It is conceivable that some sediment of

red cells mskes an entrance inito the plescente which has

an average exposed surface srea of 70squere feet and a
total length of villi of 1l.4 miles--even without placental
pathology.

Why the delayed response of newborn in becoming anemic
and jaund:ced? This has not been determined, but possibly
the agglutinins are stored in fetus! tissues. Of course,
if the taby is stillborn, there certeinly wss no delayed
reaction, but rather, such ieszction occurred in utero.

As previously mentioned 90% of mothers of erytrroblastoti
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infants are demonstrated as Rh negative. Potter (1944)
believes that the majority of the other 10% zre also kh
negstive, but that poor technique or error in tesiing
showed feslsely that the mothers were kh positive. Also,
e few of the 10% mey give birth to erythroblastotic infants
for ieasons other then Fh, Thus, erythroblastosis is con~
sidered as caused by Rh and other factors as well, Levine
believes there asre other isoimmune bodies in the 10%
not noted to be kh negative,
Potter emphasizes the need for accurate dizgnosis
of erythroblastosis on an Eh basis because in a series
of E£0 women whose fetuses died of erythroblastosis, =2
had 3¢ subsequcent pregnsncies and only three of said preg-
nencies yielded sn infant which survived. If proper diag-
nosis is made, wernings sgeinst future pregnancies may
prevent additional stillbirths. The accompanying diagram
taken in toiro from Davidsohn (1944) illustrates the events
and consequences of the resction of Fh agglutinins from
mother on Fh positive red blood cells of infant,
Erythroblastosis fetalis occurs in one of every 200
pregnancies. An Eh positive father is meted with an kh
negative mother 14% of the time, It is, then, difficult
to understand why only one case of erythroblastosis

occurs in 2U0 pregnancies., One answer is the tendency
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MANIFESTATIONS EESULTING FRO« ACTION
OF Rh AGGLUTININS FEOM #OVHERK ON
Rh POSITIVE CELLS OF INFANT
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towards small families so that the mother does not build
up enough agglutinins in one or two pregnancies to do
any harm to the fetus. Also, in the heterozygous mstings,
l.e.y 2 father who is Ehrh, 50% of the offspring cennot
immunize the mother since said number esre Eh negstive,
Finelly, it has been reported thet only 2% of kh negative
individuels are readily sensitized to this kh sgglutinogen.,
The racisl incidence of erythroblastosis fetelis is
directly proportional to the raciel incidence of kh neg-
ative individuale. Follo«ing is a teble based on testing
bloods of various reces with anti-kh serum es observed by

Levine (1943):

Race Number tested %Fh+ Z2Eh- Incidence of
Eryth, fetalis
White 334 =6 15 2.1%
Negro 204 V5,5 4.8 V.7
American 120 92.2 - 3
Indians
Chinese 180 99,3 0.7 very rare

Grayden and Simmons (1v45) noved 99.7v5% Eh+ in 400
Japanese, A very recent survey of 283 negroes by Tisdall

end Garlend (1945) showed 9.89% to be kh negative,
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UNIVERSAL DONCR

Ottenberg first noted that injections of incompatible
1soaggluiinins rerely caused rezctions, ‘this served as
& basie for "universel O donor', question of which has
been debeted back end forth in a maze of litersture, It
is true thet the so-called universal donor is not zlweys
a eafe one. The possibility exists that the agglutinins
in the donor's serum mey be ot such high titer that the
recipient's blood stream cammot dilute them enough and
that resctions between the sggglutinins of the donor end
agglutinogens of recipient occur, Ordinarily the agglut-
inins contained in transfused blood sre too few to affect
the red cells of recipient. Shemov (1941) has mede public
his opinion thast there ere no grest hazards in using &
universal donor, but Kilduffe and DeBekey are firm in
their opinion thet seriocus and fetel rescuiions have occurred,
The latter further believe that there is only one way to
ascertain without eny doubts the compatibility between
donor end recipient, This one way is a grouping test of
donor's celle and then a direct metching of donor's and
recirient's cells and sera.

It has been shown thet intrsvesculer sgglutinstion
and hemolysis occur in a significent number of cases

efter transfusion of "universal O" blood into recipients
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of group A in particular. Witebski et al (1942) have

shown thet the addition of group specific substances

A and B lowers the isoagglutinin titer of O blood for
transfusion end that in addition there are no untoward
reactions attributzble to these added substances. This

fact was demonstrated with 147 cases. . The same group of
Witebski et al. (1941) has pointed out that the group-
specific substances can be isolated in vitro and will
combine rapidly with isosgglutinins. Conditioning of O
blood supposedly permits universal donation thereof without
first typing the recipient's blood and even without pre-
liminary cross-matching. A series of 389 transfusions

of O blood with the group specific substances added has
been contrasted to a series of 1830 transfusions of homol-
ogous blood. (Klendshoj and Witebski, 1945) Five to ten:
cc. of a standard solution of these substances were added
to each pint of blood just before transfusion or at the

time the blood wss placed in the ‘blood benk. The 389 trans-
fusions were used without selection of recipients and especially
when emergencies arose where the time factor was important and
saving of time by not doing cross-matches could be
accomplished.
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or not sensitization of a person to "conditioned" universal
blood could occur; it is not known what type of biologic
response will be stimulated by the presence of the com-
bination of aggluiinins in O blood end the group specific
substances added. In summary, Witebsky et al, (1v42)
believes the process of adding purified group specific
substances A and B to O blood i1s a safe and desirable
procedure,

Repeated transtusions from the same donor may
eventually csuse incompetible reactions, The repeated
injection of donorfs antigenic eaggiutinogens may some-
time result in a high enough titer of amtibodies in re-
cipient so as to cause reactions, Such reaciion cen be
rrevented by tirmly adhering to a crossmatching previous
to every iranstusion, The Eh factor i1s an example of
a failure of the existence of a true universal donor,

The presence of Rh agglutinogen in some so-cealled uni-~
versal donors wiil by isoimmunization of the recipient's
biood eveniualiy cause a reaction, Here, repeated kh
positive red blood celi iransfusions stimulates in an

Rh negetive recipient the tormation ot agglutinmins or
entibodies, These will eventually agglutinate the donor's
red cells as they are received in the recipientts circ-

ulation., Other factors, the so-called irregular isoagglutinins
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infants as young as these cited,

Blalock (1926) exhidbits a case in which the patient
received a transfusion from a donor infected with smallpox.
Following this the recipient developed "variola sine
eruptione ®=-a mild form due probebly to a partiesl pro-
tection as evidenced by e vaceination scar on the recip-
ient!s arm, The donor came down with smallpox one day after
transfusion, Blalock is of the opinion that the donor
can transmit the disease if blood is given within the
period of incubation end within the period of prodromal
symptoms of smallpox, The organism is-supposedly present
in the blood stream ai least 24 hours before eruption
occurs.

DELAYED POST-TRANSFUSION JAUNDICE

Beeson (1943) reported seven cases of post-transfusion
jaundice end MNorgan and Williamson (1943) nine cases in
which jaundice followed by one to fotir months a blood
transfusion., No evidence of infection could be found,

The cases were characterized by sudden onset of jeundice,
malaise, nausea, epigastric discomfort, hepatomegaly
with tenderness, Such symptoms cleared in three to
twelve weeks, These patients were in an older age group
than those afflicted with the usual acute infectious

hepatitis, Also, the illness here was more severe and
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