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PART L.-EXPERIMIENTAL.
THE phenomena of haemagglutination ernployed by Land-
steincr, -Mosso, Hirsclhfeld, and otlhers as a means of
differentiatinlg hiuman individuals into different " blood
groups " have hitlherto been thought to possess only a

biological or evolutionary significance.
It is the object of this commnunication to slhow that the

facts concerning haemagglutination so far studied really
form links in a clhain of events in tlle life-hlistory of the
red corpuscle, and that they depend on certain biochenmical
and physical clhanges wlich take place in these cells in
healtlh and disease. Evictence will also be brouglht forward
to show tllat the blood serum and the red cells contain
bhaemagglutiuins and lhaemagglutinogens respectively,
wllich, although they resemble in some respects the
specific lhaenlagglutinins and haemagglutinogens already
known, differ from tllese in being non specific in cllaracter.

The Capacity of all Red Cells to form
Haemagglutinogens.

Human red blood corpuscles and those of the different
species of animals so far examitied all seem capable of
elaborating lhaemagglutinogen under certain conditions.
An examination of the red blood cells of more than fifty

slheep slhows tllat no auto-agglutination (that is, agglutina-
tion of the fresh red cells by the native serum) occurs in
the blood of healthy animals examined soon after death.
If, however, defibrinated sheep's blood be centrifuged or
allowed to sediment, tlhen after standing four 'to seven
days at room temperature the red cells become agglutinable
by tlheir own serum, although they do not show nmass
agglutination while standing in the tube. Tllis auto-
agglutinability ean be slhown in tlhe usual wav by placing
a drop of the clear supernatant serum on a slide and
-mixing witlh it a drop of tlhe spdimented red cells. Under
ordinary conditions well marked agglutination of the red
cells takes place in a few minutes or within half an hour.
Agglutination also takes place in red cells which have been
previouslv washed in normal saline. Certain conditions
favour tllis development of auto-agglutinability. Thus, if
different sainples of waslhed red cells from recently shed
defibrinated sheep's blood be added to (1) normal saline
containing 0.25 per cent. of gelatine, (2) normal saline, and
(3) native shieep's serum wlhiclh has been filtered tlhrouLglh
a porcelain filter candle, it will be found that the red cells
in the gelatine solution develop auto-agglutinability after
standing four or five days, and those in the saline solution
in two or tlhree days, whereas the cells which have stood
in the native filtered serum develop well marked agglutin-
ability witlh native serum in forty eighit hours, wlhile red
cells whiclh liave stood in unfiltered serum only beconme
agglutinable after six or seven days. Thle cells must be
tested in eaclh case by native serLum previously pipetted off
the defibrinated blood slhortly after bleeding. In this way
error due t-) the use of samples of serum of different
agglutinin content is avoided. Cold delays the change.
Tlhus defibrinated and sedimented slheep's blood, if kept in
an ice clhest, only sllows commencing auto-agglutinability
of the red cells after an interval of eight or nine days,
tlhouah tllecllange rapidly develops as soon as the blood
is restored to room temperature.

Tllese observations show, first, that washed red cells can

develop agglutinability when standing in normal saline in
the absence of blood serum; second, that the elaboration
of agglutinogen is lhastened by standing in filtered serum.

Now, serum wllich has passed tlhrougih a porcelain earth
filter is deprived of all haemagglutinins. This fact will
be considered later wlhen discussing the specificity of the
auto-a-glutination reaction. Thle absence of agglutinins in

the fi'tered serum culture medium in wlich the red cells
stand has probably some bearing on the rapid development
of agglutinability by those cells.
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The Nature of the Auto-aggylttination B?eactio-..)
The qulestion arises wlhetlher the agglutinabilitv which

occuLrs-slowly in waslhed red cells wlichl have stood in
native seruna and imiore rapidly in cells which have stood in
filtered serulm is a specific character; that is to say,
whether the reaction whlichl it pro(luces resembles that
whlichl ocCurs wlhen the freslhly drawn red cells of one
lhuminan individuLal arc miiixed witlh the serum of anotlher
individual belongin)g to a different " blood group."
Experimenit shows that the increased agglutinability

wlliclh slheep's red cells develop after standing, some days
in native serum is non-specific in clharacter. Suclh red

cells arc niot only agglttinated by native serum, they also
agg,lutinate witlh the serumii of otlher species of animals
witlh wlichl in the freshly drawn condition tlhey give no
reaction, tlhus: As the result of testing the mutual
reaction of the blood of fifty individual slheep of different
breeds with the blood of fifty individual guinea-pigs, it
was found tllat, while the blood serum of the full-grown
healtlhy slheep always agglutinates the red cells of the
adlult guiinea-pia, tlhe blood serum of the lhealtlhy adullt
guinea pig never agglutinates the freslh red cells of the
adult healtlhy slheep. We find, lhoNwever, tllat slheep's
"old" red cells-that is, red cells wliclh lhave stood for
sonme days in native sevumu or in lnornmal saline-are
agglutinated by a guinea-pig's blood scruim. Thley are
also agglutinated by the serum of other individuial slheep
which in the freshly drawn state hlave no agglutinative
effect upon tlhem. Tley also agglutinate witlh the blood
serum of certain human individuals with whiclh wlen
freshly drawn they are inactive. Thlis means that tlhe
agglutinogen formed by "old" sheep's red cells differs
from the agglutinogen formed by tlle same red cells wlhile
fresh or immediately after withdrawal, inasmuch as the
latter only responds to certain agglutinins while the formher
responds to all.
There is, however, a close association between the non-

specific and the specific type of reaction, for tlle capacity
of the red cells to undergo specific agglutination is also in-
creased by age. Thus cells whiclh in the fresh state give
no reaction, or only a partial reaction, with certain human
and anim'al blood sertums, when allowed to stand in native
serum for sonme days give a reaction, or a more complete
reaction, in proportion to their aaglutinophil affinity for
those particular blood serums in the fresh condition. This
may be due to the fact that a non-specific auto-agglutin-
ability lhas been superadded to the specific agglutinability
previously possessed by these cells.

This increase in ag-glutinability in old cells has a prac-
tical application. It emphasizes the desirability for using
freshly drawn red cells in testing for blood groups, and it
lhas a bearing on the length of time for which red cells can
be stored with safety for transfusion purposes.
The serum saturation method provides anotlher way in

wliclh we can demonstrate the fact that the non-specific
differs from the specific reaction.

If washed red cells which have stood for some days in
native serum, and htave tlhereby formed aaglutinogen, are
mixed with a small volume of native serum, saturation
of the non-specific agglutinin occuils which renders the
serum incapable of agglutinating a second dose of the
samne red cells. Serum so saturated, however, retains
unimpaired its power of agaluitinating fresh red cells
from otlher individuals or from otlher species of aniimals
with which it has specific affinities. This can be slhown
either by saturatingthe serum eni mnasse by the appropriate
red cells in a tube, or, more strikingly, by using a few
drops of the serum oln a slide. If a suspension of old
waslhed sheep's red cells is mixed witlh a drop of this
native serum the non-specific auto-agglutinin in tlhe serum
is saturated. After complete agglutination has taken
place a drop of tlle clear saturated serum is pipetted off
and placed on anotlher part of the slide; if this no lonaer
agglutinates a second dose of the same red cells saturation
is complete. A second drop of the same saturated serum is
now mixed with freslh lhuman red cells or those of an animal

In thus spealking of haemiagglutination as an interaction between
some substance forted by the red cells and a constituent in the
serum, it may bo that we are prejudging the real nature of the
reaction. It is quite possible, as Dr. Dale has suggested to me. that
the acquiremient of agglutinability by the red cells may be really due
to the loss of somc constituent by those cells. The red cells by losing
some protective aubstance mnay more readily a,bsorb and become
more easily %.sted on by the haemagglutinin present in the blood
serum.
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known to be specifically agglutinated by the same serum
Prompt agglutination occurs; the specific agglutinin'
present in the serum has not been saturated by the non-
specifie agglutinogen present in the old native shleep's red
cells used to saturate the serum.
With regard to -the reverse condition-namiely, the

noutralization of non-specific agglutinin by saturation
with specific agglutinog-en-the results obtained are niot
quiite so harmnonious.

sheep's blood eraun- is saturated wilath red cells of
certhin human individu%ls known to be agglutinable by
sheep's serum, serum so tceated, althouglh no longer capable
of agglutinatinga-second dose of the same humnan red cel Is,
retains its capacity to agglutinate wasled old sheep's red
cells.

On the other hand, if a humi'an serum known to hiave
developed auto-agglutinative capacity as tlle result of
disease be saturated with specific aggluitinoell fron the
washled -red cells from anotlher humnan individual- or by
guinea-pia's red cells the auto-agg,lutinative power of the
saturated serim seemns to be impaired or destroyed.

Jn lhuman blood apparently tlhe neutb.ralization of tlhe
specifiic agglutiuins present in the seru- also-brings about,
the neutralization of the weaker and1 muore evanescent
auto-aaglutinin. It would seem, therefore, that tlhCre is
some difference in potency or ilcutralizability between
huhuan and slheep's auto-agglutinin, and further investiga-
tion iss necessaLy to clear up this point. It s-corns to be
trueC, Ilowever, speakinig generally, that whtile saturation
of the strong"er spexcific agglutinins by the specific aggla-
tinogens saturates the weakcr n1oti-specific agglutinill,
saturation on the othlier had of the wealker uon-specific
aaclutinin by noni-specific agglutinogen. does niot always
neutralize the specific agglutinins, normiially present in thle
serum.

These, observations seem to prove thlat the aulto-aggla-
tinogen fornmed by red cells whvich lhave'stood in native
seruim is not ideentical with tlle specific agglutinogenls
whiclh the same red cells contain ill tlle freshly drawn
state, and the sami:e tlling, appare.ntly applics also to tle
relationship between the non-specific auito-agglutinin an(d
tthe specific hietero-agglutinins present in tlle serum.

Ilaewaaglutinogens (like hlacmagglutinilns) apparently
form a graded series. Starting with the basal non0-;pecific
agglutinogen, A, wlhicli comrbines witlh the linon-specific
agglutinin A present in eve-y serun, human and auitual
so far tested, -we pass to tlle specific agglutinogenjs B, C, D,
ete.,, eaQlj different in comlpositioni and each capable of

eombining v'ith its cdorrespondiDn agglutinin.
Thle non-specific auto-agglutinog,en A, unlike the specific

aEgglutinogens, is not found inl the freslly drawn healthiy
red cells. This is shown by thle fact tlhat bothl intact and
fL-agtnented freshly drawn red cells are not aaglutinated
by their owil native serum.
The bruising of the stroma and thle -upture of the

enveloping nembr e of the fresll cells does not cause the
liberatioon of any preformed aggutinogen. lThe lapse of
-time and certain degenerative changes in the corpuscles
seem to be necessary before tlis aggutinogen is formed by

the cell, and before it can permeate the outer membraue
and appear on the surface. If red cells, however, which
Jhave stood in lnative serumn be ruptured by grinding
wvith a. pestle and mortar, then the contained ag,glu-
tinoggen is liberated mnore quickly than by the intact
cells anid the auto-agglutinative reaction is consider-
ably hastened. On the otlher hand, non-specific auto-
agglutinin does exist ready formed in the fresh serums.

All old red cells whiclh lhave becomle agglutinable by
standing and fresh red cells which have developed auto-
agglutinability as the result of disease are agglutinated by
tihe non-specific agglutinin present in all varieties of freslhly
rawn; serLim so far exalmined. This gradina of specific

haemiagglutinability and the fact that specific agglutinogens
ale connected with non-specific agglutinogens is important
in relation to recently established knowledge concerning
the relation of specific to non-speci8fc immunity reactions
in general. It would seem tlhat whlile the specific ag,ilu-
-tinogens can permeate thie stroma envelope of the red ccli
immaiediately after tlle bloocl is 'shed, the non-secific
agglutinogons now described only reach the surface of the

corpuscle after it has stood for sonic days in blood serudi
or ot-her medium and after its envelope has become per-
meable to them. Thie specific grIlutinogens of biologica l
iterest seem to be capable of rapid mobilization, while

the non-specific agglutinogens which are produced during
the reaction of the organism to disease are mobilized more
slowly. Whether any aggluti-nogens or ag-utdni-s are

presejt in the blood in the cireuJatio" duqrjnq life au"l
before the blood plasma has become changed into blOood
serum by coagulation is a question of fundamental
inmportance which will be discussed later in Part- I.

O- (-A;e, wa in-bvwALkh Aggltlinogens a-rJcfo?-ed by t7A
Bed Cells.

Experiments have been carried out to ascertain whetllecL
agglutinogeni is formed on the surface only, or wliether it

is present also- in. the interior of- the red cells. If shieep's
red ce'lls are washled in saline, tthen g'round with a pestle
and mortar, and the fragmented cells again washed several
tines, the haemoglobin constituent is removed; and on

centrifuging thle broken cells form a yellowisi-whlite
sticky sedimuent. A suispension in saline of these washed
cell fragmuents agglutinates .vhcln mixed with- native
serLutm. This shows that thLe agglutinogen eonstituent ,is

not remloved with tlle lhaeemoglobin by washling,. It also
shows that thle cell fragments themselves contain agglu-
tinoaen, a thlat tis substance is not :merely held. it
solutionlwithin the coe'rpusele, likewatr in bag, ud

liberated whLien the enveloping membrane becomes per-
meable by it, or wlen it is ruptured by injury. ,

Attempts have also been made to obtain hlaeimaaiz'i-
tinogen in the frce state. Saline solution previouslyuisd
for washing agglutinable red cells was tested for tbe pre-
sence of agglutinogen in two ways: (a) Fresh red -cell-s
not yet agg;lutinuable .were. suspended, in the fluid, and thieso,
wveroe tested -later withi an agglutinating serumT.(b) Ih
saline fIlidi ,supposed to contain agglutinogen was added
in equaal volume to au agglutinating serum in which6 any
re(ductioni of agglutinative capacity would indicate soine
neutralization of free aaglutinin in the seruma so treated.
A considerable number of trials were 'made by bolt

liletlhods wvitlh various varieties of red cells, human and
animal. N-o constant or miarked.evidence of tlhe presnno'e
in. Such saline solution of free agalutinogen capable
of rendering red cells aaglutinable or of seturstiu

agglutinin in seruni has beenl obtained. In two or three

cases some netrtralization of tlle agglutinin in the seruim2
occurred; the inhibitory resuilts, hlowever, wvere not con-
stant and may have been due to the presence of lhae.m,o-
lysinis wlichl destm-oyed the red cells before the agglutina-
tion reaction could take place.
Further evidence that lagglutinogen can only exist in-

combination withi the stroma of the red cell is found in
the fact that agglutinable i-ed cslls can be wvashede sIX -01
eight timues in normal saline withiout losingi their surface
agglutinogen. MIoreover, as we have seen, fiagmentatiou
of thle corpuscles followed by washing fails to remove it.

Wihile, however, agglatinogen cannot 1i obtained in tlhe
ftee state, the linkage betlveen agglutinogen and agglutinin
can be separated by repeated washing. Red cells- whilich
liave been auto-aaglutinated by native serum can be sepa-
rated by washing and enabled to raglutinate with L
fresh dose of the same serum. This also applies, though
to a less extent, to the specific reaction,

Certaini Con 7itionslvh-haq,ffvect Agglut-inogen
Formation.

AWe lhave already found that filtered serum forms a better
ctulture mediumu for the elaboration of agglutinogen thlani
normal serum.

If tllis filtered seriium is sliglhly diluted witlh nornal
saline flutid still better results are obtained, The addition
of gelatine 0.25 per cent. to the saline solution delays
agglutinogen formation. In detibrinated slheep's blood the
red cells from the lower portion of the tube show more

agglutinability when mixed witlh native. serum than cells
takeni from tlle upper layer. This may depend on the fact
that the agglutinogen in the cells of tlhe upper layer is

partly neutralized by the agglutinin of the serum with
which tliey come in freer conta, or it may be due to a

readier access to the oxygen of the air in this situation.

The E1redt of , Lion oT Aggltntinoygent ormatio.-
Two sampls of dlefibrinated sheep's blood were

Sample (t) wvas sealed -in a tube; sale (b) wa placed in

an open tube and: repeatedly-oxygenated either by -agita-
tion or by bubbling air tllrough the blood. After seveial
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days both samples were sedimented and examined for auto-
tigglutinaibility. No great difference was detected in thie
two a0iiples. In general- the red cells fromn the oxygenated
blood became agglutinable a day or two before those in
fihe sealed tube.

The Effect of Heat.
The non-specific and thbe specific agglutinins resem'ble

each othier in being thermostable. If sheep's serum
capable of auto-agglutinating native washed red cells and:
of specifically agglutinating h-uman red cells be subjected
to a temperature- of 560 C. for lhlf an hour it retains its
capacity to agglutinate both kinds of ied cells.

the Remnoval of Agglutinins fromn Blood- Serum by
Filtration through-Porcelaii.-

*VWe have already seen thiat while agglu-tinogens ae 'only-
fottud 'in combinAtionwith the red cells, agglutinins, on
the other hand, exist in the sCe-um in- the free state. If
freshly drawn shieep's serum be filtered throu'gli a porcelain
earth filter candle under dimninisied atmosphteric pressure,

pale clear fluid of low specific grqvity is obtained free
fromn specific and non-specific agglutinins. Suchi fitered
serum lias- no agglutinative action on fresh ried cells whici
a control sample rapidly agglitinates, or-on old native red
cells in which the control sample -produices auto-agglutina-
tion. It is a -poiuitvof interest that- while flter eandles of' a
certin fineness of porosity block the passage of all haem-
aigglutinins, those -of a slightly m-ore porous character let
some tlhrouegh. 'i'he size of the agglutinin aggregate would
seem to corresnd, therefore, tothie diameterof the pores
of a-odderateay line lfflter candle. A-n attempt was made
by using candles of different degrees of porosity to ascer-
tain whiethier any-difference i-filtrability-tbat is, in the
size of the aggregrate-occurred between tile non-specific
and tile specific form. As far as can be ascertained, lhow-
ever, bothi seem to pass with equal readiness througi
candles of the same fineness of pore.

It may be tlhat 'the excellence of filtered native serium
as a medium for the formation of agglutinogen by red cells
'depends on the fact that filtered serum contains no haem.
'agglutinin, conseq-uently the agglutinogen is not leutralized
as soon as formed.

Conclvsion.
The subject of auto-haemagglutination in disease will be

considered in Part II. It is, however, desirable to sum up
the conclusion established in regard to tllis (in vitro) part
of the inquiry.
In the first place the phenomena of haemagglutination

have been shown to possess a physiological as well- as
a biological significance. 'All red blood corpuscles are
capable of forming haemagglutinogen under certain
conditions.

Agglutinogen, like agglutinin, .existt in the non-specific
forrm, agglutinogen A, and in a, graded series of specific.
forms, agglutinogen B, C, D, etc. Th'1ie specific and the
non-specific agglutinogens (like the correspoding aggla
tinins) althiough allied, are not identical in composition or
character.

Aggiltinogen has so far only been found in combination
withi or attachied to thle surface or stroma of the red cells.
It Apparentlf does not exist in thie serum in the free or
uncombined state.- The specific and non-specific agglutinins,
on the other liand, are present in the serum in the free
state, and both kinds are removed -by filtering the serum
through a porcelain filter.

THE Ministry of Pensions announces that officers and
nurses who -have completed a course of sanatorium. treat-
ment and are certified as likely-'to benefit by a further
couirse of treatment combined with training, will, it they
de6ide to undergo such course, be granted retired pay at
the -iate appropriate to''10 p6r cent. disablement during
suich curative training andl for a periodl- of six noliths
after its termination. Further, the retired pay will be'
continued at a rate not less; than that. for 54 per cent.
disablemuent 'for twvo years thei-eafter. 'TheSe special-
ext;ensions will be con:ditional on the o-ffeers presenting
thbmselvres for examination by the local tuberculosis
officer- froiti time to timne as flirected, anid-complying with
tinyhsttitiofls considered necessai-y for their treatmeit.

SOME1 POINTS IN MIDWIFERY-PRACTICE.
A PAPER- READ BEFORE THE CAMBRIDGE MEDICAL

SOCIETY.
BY

W. J. YOUNG, LR.C.P-, M.R.C.S.,
PRESIDENT.

THE doctor probably more than any man, and perhaps the
accoucheur most of all, desires that the generation whiich
succeeds him Shall emulate his,virtues, improve on his
methods and avoid his errors, a sentiment expressed in
the well-worn tag of the Sophoclean Ajax,

w,ra7, y6v'oo irarpor dv7yEevEOrepov.
Whlen we have become old enough to look back, when we
hsave grown candid enough to admit, even to ourselves, our
defects- and- our failures, we can still desire perfection;
hence it seemed to me,' Since in .this important branch of
our profession so much can be done for tbe gOOd Of the
patient, thI4t a profitable discussion might well result from
a paper on so'me points in midwifery practi&e

Duiring Pregnancy.
Taking thie first of the tliree gr'eat natuiral divisionis of

our subject, wie will look at a' feW matterS in relation t
Pregnancy concerning which: we are often- called on to give
advice-whrat to, do and to avOid, and so forth. My custom
is to tell the woman to lead a normal active life -'in all
respects, -avoiding tthree thiings-sh0ock, strain, and- fatigue.
I advise her also to turn a deaf, ear -to 'the counsels' of old
women of both sexes, and of certain books wliose clief
characteristics seem 'to be sticky sentiment and sloppy
moralizinlg.
In the absence of signs or symptoms, it is probably

needless to trouble tle prospective mother till thle expiry
of seven months, when external pelvimnetry should be done
and abdominal examination made to determine if there, is
likely to be plenty of room for the head. If there seems
any ground for fear, the examination should be repeated
every week and labour induced if -and 'when indicated.
By this 'means we can avoid wlhat may be fairly regarded
as a discredit to our art-tthe bad-forceps case with head
at or above the,brim. I fear that perhaps too many of us
can' look back on' such cases with mingled feelings. The
woman shouldalso' be instructed to report any,departure
from her normal health, and systematic rep>eated examin't-
tions of the urine should be made if there is previous
history of renal or toxaemic trouble, or any sign that all
is not well.
In preparation for the confinement, I thlink, that the

routine aedministration of quinine, gr. I twice a dav 'foi -a
milontlh before the event, with or without digitalis, acts as
a good uterine tonic. I shall refer to thlis a-gain.

I have always opposed, and I hope always to oppose,
the practice of mid wifery by midwives, sanctioned tlhough4
it is by the hoariest antiqutity, supported by widespred
prsejndice and ignoi?ance, and backed by tlhe LegaislturO.
Whlen we consider how muclh tlhe miedical man can do-
and, indeed, ought' to do-to taje hiis patient tlhrouglh hier
confinement expeditiouisly, safely, with a minimum of
pain, distress of miiind, discomfort,' and injury, we cannot
view witlh indifference tlhr denial of these advantages toto
large a proportion ccf mot.heis. Tr.ue, one sometimes lhears'
a doctor say that hle liates this branclh of lhis Work, and
we all know hiow very awkward 'its incidence can ho, but
such tlhings arc not good arguments for tlle employment
of midwives. What is wanted is doctors wlho love their
work.
A word on -tlhe thorny' question of- thle induction of

labour. My' view is tlhat this-dernier res8or sh1ould not be
postponed too-long. If the patient 'is wasted ad wasting,
if vomiting is severe and persistent in spite of treat;meirt,
if alburminuria and toxaemia are present,- or: eVIn an
obscuie 'condition 'of maifasmus, welb tdi ot -to Wait on
and on in the hope for a living clhild when every day
diminishes the miaother's chances. My mind- goes back to
suchl a case- in which' induction was postponed;! -thle womnAI
hadi a spontaneouls labour at seven m'onthis, thieeh-ild dying
in thirty-six' hsout's,' and' the' mothier some~hours': l'at6r.
iFranktly, I am nob in love wvithl -the dictdim of-Pinard con--
cerniing 'the righlt of thle fetuis to -it:s' life. IlHydrop-s amnii


