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0 -l-CM
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l ' ^ - ‘> o o .  ' (Û'âV- 4 l1 o %6l". M -V . IO C 5 0 0 . \ Wo4w (L{k

Y 6 \ - o ^ \ i^ u -C > o .
A>cO /̂w Y&V 

VvAw.^. 'IW i  C V u i

î€\-t.OA
I X - a o c x . 4^%,. ^ 1 » . l^lto. m .. S o o 3  WVwvO U ^ L w .  .. r  -.

% o . \ a \ .
1. ^

H - (.(X (otXD. i f H .
ü-^CZf. -  _ H-"* -

1 1 -cX. l l a . a o ^ . %'lfa, U - lV H - lV w V - 5 o o . lO ■W4-4»**- ‘* .. .. C - '  ■■

> * v a v .
 ̂i  o ^ i c ,

9 ' \ l .  W v .A ^  a ^ U / L w i i>V

%  O O O  OOO.

i
1



\a % oA- 6-
'■'iruoSji- VtAxW^ . y\f!j\~€KjL̂ ,

'^ ^ V v c /L v ^  -

^-CuLt. '■^-CwcoCt-\Vj2>5
l̂aica'Vi -Vtx»̂ , !Vx̂  aĵ 'ut-euŵ
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bhOâ . (o'U^d'OoO ^<oOOO 4 m.\> 6U-1. Soo fe«Ĵ i>Lt-"Voo-S”
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B l o o d  g o tj n t s i n  t h e  n e w b o r n .

I N T R 0 D ÏJ G T I 0 N.

These counts were made in the Glasgow I/iaternity Hospital 
from 1900, to 1901, on the blood of apparently healthy 
infants.

The results following^are based upon about two 
hundred and fifty examinations of fresh blood, and nu
merations of the red and white corpuscles* and thirty 
haemoglobin estimations. A hundred and fifty stained 
Specimens have been examined,and over a hundred differ
entiated.
The references to the weight of infants^are the conclu
sions come to from about two hundred weighings.
Tables with the result of each examinations are given, 
and when a number have been made in the same infant, 
the blood charts are also shown. As far as possible 
the examinations have been made at the end of each 
twenty four hours,counting from the hour of birth* and 
during the first and second days, when a number of ob
servations have been made on the same infant, the age in 
hours is stated with each. This of course gives no
constant relation ta food, but the time elapsed between - 
the previous feeding and the examination, is indicated 
with each case.
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As will be seen, in making up the normal averages of 
the white corpuscles during the first day, all the 
counts and differentiations made in infants delivered 
during the adminstration of chloroform to the mother, 
have been excluded on account of certain peculiarities 
presented by them alone.

The method employed in making the examinations 
and the precautions taken, were practically those de
scribed by Cabot, whose hook has been the reference on 
the subject.

The blood was invariably taken from the ear 
Of the child* and this proceeding is much more trouble
some than in the adult, on account of the difficulty 
of getting a free flow of blood,- especially at birth 
and for a few hours after,- and the movements of the 
child.

To Obviate this, attempts were made to take 
the blood from the umbilical cord, but the puncture 
being made into a vessel, the bleeding was so profuse 
and coagulation set in so rapidly, that it was almost 
inqpossible to suck up the exact amount of blood in the 
pipette. The haste necessary under the circumstances 
only added to the difficulties.

In preparing the fresh specimen, the effect 
of pressure upon the cover glass in destroying or 
modifying rouleaux formation, has been noticed on many
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occasions; and great care is necessary to prevent this,
The Thoma-Leitz counters were used. In es

timating the number of the red corpuscles, from 2 to 5 
fields of Î56 squares were counted in two successive 
drops; and if variation between the counts was great, 
a third and fourth were counted,and the average of all 
taken. With the white corpuscles, the number in the 
total ruled area of the slide was counted with the 
same precautions. As a rule the individual counts 
were more variable than those of the red corpuscles, 
and often five or six drops had to be examined, before 
an average could be taken.

For the Haemoglobin estimation, Gower's in
strument was used; but I had to give up the use of it 
altogether, as it was impossible to get enough blood 
(20.G.M.) from an infant's ear to fill the pipette, 
before coagulation set in; and on account of the fact, 
that the Carmine in the Standard tube changed colour 
after a time.

The majority of the blood films were stained 
with Ehrlich's triple stain,- a few with alcoholic 
eosin and methyl blue, the latter being fixed with 
alcohol and ether, the former by passing the film 
through the flame of a spirit lamp. The Triple stain 
gave better results than the other, after a little 
practice in the degree of heating necessary.
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In differentiating the varieties of the white corpuscles 
500 were counted and the averages taken. The number of 
the nucleated red corpuscles given,is in 500 leucocytes 
counted.

Literature.
The literature is scant and mainly in German.
An outline of the sub&ectt is found in the chapter on 
•*The Blood in infancy" in Rotch's Paediatrics 1896, main
ly a review of the continental writings

There is a similar article in Cabots 
"Clinical Examination of the Blood" 1900.
The only record in English of original wohk, thatl 

have come across, is a paper by Drs Elder and Hutchison in 
the Transactions of the Edinburgh Obstetric Society 1894- 
1895.

XI have found no reference to the condition of the 
blood etc, described under Chloroform.

When it has been possible, the original articles 
have been read and a list of those is given at the end of 
the paper. Articles referred to, but which I could not 
get, are given separately with the names of the Authors who 
qoute them.
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T H E  R E D  C O R P U S C L E S .

At the moment of, birth,the blood, of the child is 
richer in red corpuscles, than that of the adult.

The figures given by different observers, show 
great variation, and this is to be accounted for by the 
fact that the blood count begins to increase,shortly 
after birth.

Hayem, in seventeen infants at birth, found the 
counts to vary from 4,540,000 per C.M. to 6,262,000 per 
G.M. and gives the average at 5,568,000 per C.M;
Cadet (v.Hayem), from 4,500,000 per C.M. to 6,920,000 
per C.M. and gives the mean as 5,696,000 per C.M.

Elder and Hutchison, from examinations in six in
fants at the moment of birth, found the average to be
5.546.000 per C.M.- the extremes being 4,100,000 and
6.700.000 per C.M.

In thirty three infants within an hour of birth,
I found the average to be 6,450,000 per C.M; the lowest 
count was 5,200,000. and the highest 7,100,000 per C.M. 
both being made within five minutes of birth. The 
majority of the counts were between 5,800,000. and
6.400.000 per C.M. The counts made at the moment of 
birth averaged 6,159,000 per C.M.

Hayem found that early ligature of the cord made 
a difference of about half a million in the count.
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In children after early ligation, he found an average of
5.087.000 per C.M., and after late ligation 5,576,000 
per C.M. Helot gives the average for the former, as
5.080.000 per C.M.^and for the latter, 5,985,587 per G.M. 

Schiff has shovm that this is only a temporary
effect. In four infants in whom the cord was tied^early, 
and the blood examined within half an hour after birth, I 
found practically no difference in the number of red cor
puscles from those ligatured late, the average being
6.100.000 per C.M.

1st. ahd 2nd. Days.
After birth, the number gradually increases. The average 
of twelve counts,taken from six to twenty hours after 
birth, was found to be 7,690,000 per G.M. In twenty one 
counts all made twenty four hours after birth, the average 
was 7,676,000 per C.M., the minimum and maximum being
6,800,000. and 8,600,000 per C.M.

When a number of examinations were made in one in
fant, during the first day, a slight reduction in the num
ber of the red corpuscles was found, after the first feed
ing. (cases 4,51,etc.)

During the second day of life, there is again as a 
rule, a continued rise in the counts of the red corpuscles 

Six counts taken at the middle of the second day, 
averaged 8,177,500 per C.M. ; twenty one counts at the end,
8.425.000 per C.M., the extremes being 6,900,000 and
9.500.000 per C.M.
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In three cases (Nos,5,12,29,) the counts did not rise 
at all on the second day, but gradual!# fell from the latter 
hours of the first.

Succeeding Days.
From the end of the second day, the number of the corpuscles 
gradually diminishes, though daily variations still occur. 
This decrease is greater during the third and fourth, than 
during the later days, the average drop being about a 
million during the former, and about two or three hundred 
thousand per C.M. daily thereafter till normal is reached. 
This varies very much in different cases, but as a rule, 
the earlier the blood count reaches normal, the more con
stant is the daily drop in the number of the corpuscles.
Thus on the third day, the average of 25 counts was 7,684, 
000 per C.M. • on the fifth, of 20 counts 6,757,000 per C.M.: 
and on the sixth, of 18 counts^6,415,888 per C.M. From 
the seventh to the tenth day, 50 counts gave an.average of 
5,899,800 per C.M. The averages for the different days 
are tabulated beneath:-
Within Ihour of Birth, 55counts averaged 6,450,000.per C.M.

Extremes 5,2 and 7,1 
1st. Day. 55counts averaged 7,679,000.per C.M.

Extremes 6.8 and 8.6 
2nd. Day. 27counts averaged 8,558,000.per C.M.

Extremes 6.9 and 9.5
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End of 5rd. Day, Slcounts averaged 7,684,000.per C.M.
Extremes 6.7 and 8.4 

End of 4th. Day. 21counts averaged 7,204,000.per C.M.
Extremes 6.4 and 8.2 

End of 5th. Day. 20count» averaged 6,757,500.per C.M.
Extremes 5.4 and 7.4 

End of 6th. Day. 18counts averaged 6,415,888.per C.M.
Extremes 4.9 and 7.4 

End of 7th. Day. 14counts averaged 6,077,000.per C.M.
Extremes 5.2 and 6.8 

End of 8th. Day. 24counts averaged 5,855,000.per C.M.
Extremes 4.9 and 7.0 

9th.and 10th.Days. 12counts averaged 5,841,500.per C.M.
Extremes 4.9 and 7.0

The averages given by different observers show only 
a slight difference. Otto gives the average for the 
fourth day, as 6,165,000.per C.M. • Sôrensen for the fifth 
to eighth day, 5,769,000.per C.M.(my average for the same 
period, 76 counts, is 6,277,000.per C.M. ), whilst Schiff 
found the average of the first fourteen days,to be 5,825, 
000.per C.M.

Bouchut and Dubrisay (v.Limbeck) however, in i5 
infants of 2|- to 15 days old, give the very small average 
of 4,269,911,per C.M.

The red line in the following chart represents the



9.

average of 225 counts in healthy infants, during the first 
ten days of life.
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Of twenty one infants whose blood was examined daily, one 
reached normal (under 6,000,000.per C.M.) on the fifth 
day: three on the sixth: two on the seventh: seven on the
eighth: one on the ninth, and one on the tenth,. In the
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remaining six, the counts varied from 6 to 7 million.
One of these had Sickness and Diarrhoea from the fourth 
day, and on the tenth day the count was 7,000,000,per C.M 
From my personal observation of the children, the 
healthiest were undoubtedly those in whom the blood count 
reached normal limits earliest (relatively to the count 
at birth). It is interesting to note,that of the six 
children in whom this occurred before the eighth day, 
three were the only infants of the series who were fed 
with special care, these having been put to the breast 
night and day at regular intervals,(cases 6,7,12),
In the other three,and one of the above,the cord was 
ligatured early,— four out of five cases in the series in 
which this was doner-the fifth reaching a count within 
normal limits on the eighth day.

Daily Variations.
The number of the red corpuscles varies at different 
times of the day, in the same individual, counts taken 
after feeding, being less than those taken during a fast. 
Digestive disturbances, sickness, diarrhoea, etc., in 
this way raise the numbers of the red corpuscles per C.M.. 
Schiff instances a case,which on the first day of obser
vation, gave a count of 7,278,000.per C.M. On the 
following day the physiological decrease taking place, 
the count was from 6,6 to 6,800,000.per C.M.
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Diarrhoea began on the third day, atid owing to the loss 
of fluid, the count went up to 8,044,000.per C.M.

In one infant, whose blood I examined, (case 50) 
the count on the fourth day of life was 6,600,000.per C. 
M., anfl falling. On this day, sickness, vomiting, and 
slight diarrhoea began, and lasted till the eleventh 
day. On the sixth day the count was 6,480,000.per C.M.j 
on the eighth, 7,200,000per C.M.^and on the tenth
7,000,000.per C.M..

Premature Infants.
Judging from the examinations made on the blood of pre- 
aaigure children, the polycythaemia is as marked during 
the first few days of life, as in the mature: but the 
physiological decrease in the number of the red cor
puscles following is much slower. Thus three examina
tions at the end of the first day gave, 1st. 8,560,000. 
per C.M. 2nd. 8,860,000.per C.M. 5rd. 8,160,000.per C.M.;

!Ô Ü.on the sixth day* 1st. 7,200,000.per C.M, 2nd. 7,000,000 
per C.M, 5rd. 8,000,000.per C.M.• and on the eleventh 
day, 1st. 7,200,000.per C.M. an^ 2nd. 6,800,000.per G.M.

These children however were hand fed, and had more 
or less continuous digestive disturbances from time of 
the first feeding, which may account for the relatively 
high counts on the later days. In a six and a half 
month's infant, a count of (^,000,000.per C.M. was made 
at the end of the second day. The infant was
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exceedingly feeble, taking practically no nourishment 
from its birth, and died on the third day.(cases 42 to 45

Haemoglobin.
As regards the Haemoglobin, observers are much more 
unanimous. At birth the percentage is relatively much 
greater than in the adult, and continues so during the 
first fortnight of life.

Hayem gives the average as 110 per cent at birth, 
and states that it may be as high 150 per cent.
Elder and Hutchison in nine infants at birth, found the 
percentage to vary between 95 and 115, the average being 
105.6 per cent, using Gower's Haemoglobinometer.

In twenty-two examinations, at birth, with the same 
instrument, I found the extremes 98 and 120 per cent, the 
average being 106 per cent. A few examinations on sub
sequent days gave an average of 100 per cent, the in
dividual percentage being always less than that for the 
same infant at birth. The amount of the Haemoglobin 
present does not directly correspond with the number of 
the red corpuscles, as is shown by the following results 
at birth;- 1st. Red Corpuscles, 5,400,000.per C.M.
Hb. 100 per cent, 2nd. Red Corpuscles, 5,200,000.per C.M. 
Hb. 100 per cent, 5rd. Red Corpuscles, 6,000,000.per C.M. 
Hb. 110 per cent, 4th. Red Corpuscles, 6,400,000.per C.M.
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Hb. 105 per cent.- and the individual corpuscle is 
richer in Haemoglobin than that of the adult.

Schiff found 104 per cent the average at birth, 
and states that this gradually diminishes during the 
first fourteen days to 90 per cent, the decrease 
being relatively greater than that of the red cor
puscles during the same period. His observations 
were made with Von Fleischl's instrument.

Microscopic Appearances of the Blood.
The microscopic appearances of the blood during the 
first few days of life, present certain points of 
difference from that of the adult. These are;-
Variations in the size and shape of the red corpus-

\des, deficiency of rouleaux formation, the presence 
of "Shadows" and of nucleated red corpuscles.

The variation in size and shape of the red 
corpuscles, is most noticeable during the early days. 
The difference in size is decided, many very small 
cells being present. Hayem gives the measurement of 
the corpuscles as varying from 5.25m to 10.25m: and 
as he points out, those small cells are in the great
est numbers during the first two days.

Thereafter the red cells are much more uniform 
in size, though differences are still noticed even 
after the second week. The variation in shape is
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not nearly so decided, most of the cells showing an al
most completely circular outline. After the first week 
the difference in shape between the individual corpus
cles is slight.

©.Hofmeier drew attention to the fact,that the 
blood of the newborn seemed to have less tendency to 
rouleaux formation than that of the adult.
Occasionally in the early hours no rouleaux are to be 
seen in the fresh specimen, even after careful manipu
lation. In others the rouleaux, though present, are 
deficient in formation; in others again, abundant roul
eaux are present at birth. I have always found them 
present after the first two days.

Differences in the staining properties of the red 
cells are also noticed, some staining deeply a-nd evenly 
all over. Others are deeply stained round the circum
ference only, and have a more or less white centre; 
others again, in the same slide, show nothing but a very 
faint cell ivall and are evidently without colouring 
matter. These latter were first pointed out by Ponfick, 
and Silbermann found them present in greater abundance, 
where the child's condition during the first few days 
was much disturbed.

0 (Lancet. 1887. Vol 2. Page 776.)
@ (Lancet. 1887. Vol 2. Page 826.)
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The numbers present,vary greatly in different slides, 
but they are more numerous during the first two or three 
days than later. Occasionally a red ceèl is noticed, 
the protoplasm of which shows different depths of stain
ing, but this is most noticeable in the nucleated red 
corpuscles.

Nucleated Reds.
Much difference of opinion exists,on the question of the 
presence of these in the blood at birth. Hayem and 
Luzet could not find them, and hold that they disappear 
in the latter weeks before birth. Loos and Fischl 
state,that the large numbers are only found during 
foetal life, and that they are seldom seen at birth.
The latter in two cases, found in one, 5 in a hundred 
fields of the microscope, and in the other, none.
In four children, aged one, tiiree, ten, and twelve days, 
he found none. He states that Neumann and Kôlliker, 
Hock and Schlesinger, found them common in the blood at 
birth. Elder and Hutchison found them numerous in the 
blood of the umbilical cord^ My own examinations â gree 
with the latter opinions. In blood films from forty 
different mature children at birth, nucleated reds were 
present in all, though they certainly vary much as re
gards number, in different cases.

The highest count was 1169 in 500 Leucocytes, the
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lowest 1 in two cover glasses.
In eight of the cases the counts were high:- 1%9> 

116,100,56,85,50,50, in 500 leucocytes counted.
The average was about 9 in the remaining thirty two 
infants. In 15 films taken during the first day, all 
had nucleated red corpuscles present but one, the 
highest count being 25 in 500 leucocytes. They were 
found present in all examined on the second day, 15 in 
500 leucocytes being the maximum.

The following table gives the results of 106 
slides, examined,during the first ten days of life:- 
At Birth, 40 infants. Nucleated Reds present in all.

Extremes I160&1 in 500 leucocytes. 
1st. Day, 15 infants. Nucleated Reds present in 12.

Extremes 25&0 in 500 leucocytes. 
2nd. Day, 12 infants. Nucleated Reds present in all.

Extremes 15&1 in 500 leucocytes. 
5rd. Day, 8 infants. Nucleated Reds present in 6.

Extremes 16&0 in 500 leucocytes. 
4th. Day, 5 infants. Nucleated Reds present in 4.

Extremes 8&0 in 500 leucocytes. 
5th. Day, 4 infants. Nucleated Reds present in 5.

Extremes 6&0 in 500 leucocytes. 
6th. Day, 10 infants. Nucleated Reds present in 7.

Extremes 12&0 in 500 leucocytes.
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7th. Bay, 4 Infants, Nucleated Reds present in one
(1 in slide.)

8th. Day, 5 infants. Nucleated Reds present in 2.
Extremes 12&0 in 500 leucocytes. 

9th. Day, 5 infants. Nucleated Reds present in one
(2 in slide.)

10th. Day, 2 infants. Nucleated Reds present in none 
Woino-Oransky did not find any nucleated red 

cells present after the fourth day, and concluded that 
about this time they disappeared from the blood; and 
Elder and Hutchison agree, having found them present on 
the second and third days,§uid none on the fifth. As 
will be seen from the table above, I found them present 
as late as the ninth day; and in twenty seven examina
tions of the blood taken from 5th. to 9th. day, 
nucleated red corpuscles were present in(14, the great
est number being 12 in 500 leucocytes on the sixth day. 
The numbers diminish distinctly after birth, but in 
individual cases one occasionally fino-s in the later 
days, a greater count than in the earlier.

The great variation in the number of nucleated 
red corpuscles found in the blood of different infants 
at birth, has been explained by the supposition that 
the blood of some infants at this time, is more mature 
than that of others.
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In two premature inf a its 8 to 3^ months old, I counted 
72 and 60 respectively in 500 leucocytes, in the blood 
taken at birth, and have noted much larger counts in 
those at full term.

It seems more probable that the number varies 
(see cases 6,7,9,52) at different times in the same 
individual, than that there is a difference in the 
developement of two bloods at the same age, - some pro
cess taking place analagous to the "Blood Crises*,' de
scribed by Von Noorden (v. Cabot) as occurring in re- 
generating blood.

The prevailing type of nucleated red corpuscles is 
the Normoblast, and these cells are always to be found 
in the majority. The most common cell,is about the 
size of an ordinary red corpuscle, and has a circular 
nucleus more or less centrally placed, from f to ^ the 
size of the diameter of the cell, stained deeply blue 
with Ehrlich's stain. Occasionally a bright white spot 
is seen in its centre, and sometimes the nucleus seems 
to lie in a space, the edge of this showing as a light 
2i»j_22g around it. Other, and less common forms are seen. 
Sometimes the cell is larger than a c'ed corpuscle ana 
the nucleus proportionately big, or smaller than a red 
corpuscle, and with a very small nucleus. Occasion
ally they approach the Microblasts in appearance,hav
ing a very large nucleus and very little protoplasm.
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More rarely the nucleus is in two pieces, both deeply 
stained, and each surrounded by a light ring; or the 
two pieces may be connected by a lighter stained 
(green) band. The nucleus may be apparently resting 
on the cell Wall,or projecting partly beyond it.

When many Normoblasts are present in the in
fant blood, I have also' found a few Megaloblasts also, 
They are mostly larger than the Normoblasts, and have 
a larger and less circular nucleus, which stains a 
pale green with Ehrlich's triple stain, and sftows re
ticulations. Great variation in size and shape is 
seen in different cells.

Nucleated reds are occasionally found, that 
can hardly be classified as belonging to either type, 
as they present resemblances to both.

In one case 8 megaloblasts were present in 3^ 
nucleated reds counted, in another 4 in 14,and in a 
third 4 in 72;- all shortly after birth. They 
are less common in the later days.

Colours of the Skin.
Associated with those changes in the blood and circu
lation, which are taking place in the hours succeeding 
the birth of the child, are marked colouratios of the 
skin. At birth, and for a variable time thereafter, 
the entire surface of the child is of a dead pallor.
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and the mucous membranes purplish. Once the child 
has breathed freely a faint colouration is observed 
pervading the skin, and this gradually becomes deeper, 
until about the end of the second day when it reaches 
its maximum as a rule.

In some infants and, especially in the premature, 
the intensity of the colour is almost startling.
This was the case in an infant of 6|- months, which at 
the end of the first day was**like a lobster”, bright 
red all over (case 45). When the blood count falls 
during the first day, a distinct lessening of the 
depighs of the colour is observed, and during the 
second day a gradual deepening again. Prom the 
third day onwards the redness slowly disappears, till 
on the fifth to the eighth day the skin is practically 
normal in appearance.

The rapidity of onset of this colouring of the 
skin varies. It sets in early when the circulation 
is vigorous and the child cries readily and breathes 
freely, and when artificial respiration has been re
sorted to and the child much handled.

In weakly premature infants, the change is 
slow; and in one or two cases in which the circula
tion was faulty, and the child died in a few hours, the 
skin retained its original pallor till death.
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The colouration seems to be due to a congestion of the 
peripheral vessels, with a concentrated and partially 
aerated blood* and its increase and decrease, to in
creasing and diminishing concentration.

Diarrhoea, Sickness, and any disturbance of the 
general health,tend to prolong this congestion.

When the redness of the skin begins to lessen at 
the middle of the first or the end of the second day, a 
yellowing makes its appearance. This varies much in 
degree, from the faint staining lasting an hour or two 
seen in almost every infant, to a distinct Icterus 
Neonatorum w; th bile stained mucous membranes and urine, 
persisting for days.

Von Limbeck holds,that the decrease in the blood 
count is due to a lessening of the concentration of the 
blood, and in no way associated with the Jaundice of 
the newborn, as Hayem originally believed* but the com
bination of this colouring of the skin,with a reduction 
in the number of the red cells per G.M. is so constant, 
that it suggests that with the gradual dilution of the 
bloody a certain number of the corpuscles are being de
stroyed. The presence of the ”Shadows”, ( the Stroma 
of the red corpuscles only, the Haemoglobin having been 
removed ) already noticed as being present in greatest 
numbers at this period, tend to strengthen the idea.
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some of the urinary pigments are derived from altered 
Haemoglobin, which would require the daily destruction 
of many corpuscles. This colour, may thus be due to 
an exaggeration (relatively to the adult),of a 
physiological process in the first few hours of life; 
and the more marked colouration in some, to the dis
turbance of the process on account of digestive dis
order etc.

Of the forty five infants from whom these blood 
examinations were made, twenty six had Icterus more or 
less marked; and the ouset of this in all of them, was 
associated directly with the fall in the corpuscle 
count towards the end of the first, second, or third 
days. (Charts showing this with cases. 6,7,9,10,11,
Î51 etc). In three infants,the Icterus was very 
marked, and persisted so till the date of dismissal 
from Hospital (11th. Day). In two the yellowing be
gan during the latter hours of the second day;- in the 
third on the third day,- all after a considerable drop 
in the blood count. Two of them had apparently good 
health both before and after the Icterus set in, the 
third had a severe purulent ophthalmia and digestive 
disturbance. The following is an analysis of the 
Jaundice cases:-
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Of lo infants delivered during chloroform administra
tion, 10 had Jaundice. 76 per cent.

Of 4 infants born prematurely, 4 had Jaundice.

Of 5 mature infants after normal delivery, with cord 
tied early, 5 had Jaundice.

Of 216 mature infants,after normal delivery, with cord 
tied late, 7 had Jaundice. oO per cent.
Prom other observations I made in Hospital,of 

numbers of children whose blood was not examined, the 
above percentage gives a fairly correct idea of the 
prevalence of Jaundice amongst them; and espec$ially of 
its frequent association with chloroform cases.

The four premature children had sickness more or 
less continually during the first week of life. The 
infants whose cords were ligatured early, were all in 
apparently good health otherwise. Of the seven 
ligatured late, four had digestive disorder, and three 
were in good health before and after the Jaundice began.

The opinion has been held by some observers,that 
infants in whom the cord is ligatured late, are more 
prone to Icterus than those in wnom it is ligatured
early. According to Galabin, the observations of 

^ ( Arch. P. Gynaek. Vol XLVl. 1894)
Schmidi?show that exactly the opposite is the case.
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It certainly was so in these cases. The association 
also, of early ligation of the cord, with a comparative
ly early fall of the red corpuscle count to normal 
limits,is noteworthy, (cases 7,10,11,22,20).

Weight of the Child.
During the first hours of life, certain fairly constant 
changes in the weight of the child take place; and 
those are associated very closely, as Hayem points out, 
with the variations in the counts of the red corpuscles.

Haake found, from the careful weighing of 100 
mature infants at the Leipzig lying-in Hospital, that 
in every child weight decreased during the first few 
days of life; increase as a rule taking place on the 
third day, so that the birth weight was generally recov
ered by the ninth day.

Winckel gives the results of the weighing of 100 
children, in a paper to the Berlin Obstetric Society.
He found that all children diminished in weight soon 
after birth, the diminution continuing in most cases 
for two or three days; and that most of them had regain
ed their normal weight by the tenth day.

Von Siebold found that in the majority of the 
children weighed, a diminution of weight was observable tUL 
the second or third day, the weight then remaining the
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same till the fourth to sixth days. Prom fifth to 
seventh days (if well), the weight at birth was attain
ed, and then increased. In 14 children he found 
neither increase nor decrease till the sixth to eighth 
day. The average nominal increase he gives as -J-lb. in 
the first nine days.

Of Iti children whom I weighed frequently during 
the first two days, one gradually increased in weight 
from the time of birth, eleven lost on the first and 
second days only, and one diminished in weight till the 
fourth day. The average loss of weight during this 
period was *|lb. Daily weighings after the second day, 
showed as a rule a gradual increase taking place.
In 86 infants weighed at birth, and on the ninth or 
tenth day, twelve had the same weight as at birth; 
thirteen had gained -̂ Ib; eight ^Ib; and three -f-lb.
One weighed -f-lb. less than at birth (Diarrhoea etc.). 
The average gain during this period was ^Ib,

prom the above results, which agree pretty close
ly, it will be seen that the variations in the weight 
of the child are associated with the variations in the 
red corpuscle counts,- while the child is losing weight 
the count of the corpuscle increases, when the child 
gains weight again the count falls.
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During the first day when the weight of the child is 
gradually diminishing, a slight increase, or at least 
a maintenance of the same weight, is noticed for a 
time after the first feeding. At this time the 
blood count is less. The relation between the loss 
of weight and an increased number of red corpuscles 
per C.M., is so constant, as to suggest that the same 
causes account for both phenomena.

Polycythaemia of the Newborn.
The great increase in the counts of the red corpuscles 
occurring during the first two days of life, over 
those at birth and on later days, is held by some ob
servers to be a true polycythaemia, due to an actual 
increase in the number of red cells in the blood;and 
by others to be an apparent increase, on account of a 
concentrated condition of the blood. The bloofl of 
infants, is much more susceptible to both physiologi
cal and morbid influences than that of adults, and 
the changes consequent upon the action of such in
fluences much greater. It is probable therefore, 
that whatever the causes of this plethoric condition 
of the blood of infants are, they will produce a much 
greater effect,than they would on the blood of a
grown-up person.

Hayem believes that this increase in the red
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corpuscles, is mainly due to ”the very abundant pro
duction of new elements”, on account of the fact 
that when the increase took place, he found that it 
was associated with a greater number of corpuscles 
of very small diameter; and that when the count 
diminished, the corpuscles as a whole were larger.

The appearances of the blood at birth, the 
variation in size and shape, the presence of nu
cleated red corpuscles often in large numbers, and 
the association of the yellowing of the skin, or 
distinct icterus with the drop in the blood count, 
appear to denote that some degree of new formation 
or regeneration is taking place, during the early 
hours of life; but it does not seem probable that 
this alone can account for the great increase of
the red cells per G.M.

Schiff points out that during the first hours, 
when the infant is taking no food, there is a con
tinual loss of fluid from the body by perspiration, 
urine etc; so that the proportion of solids in the 
blood is increased by the blood becoming more con
centrated. The loss of weight which occurs in 
close connection with the corpuscular increase, in
dicated that a loss of fluid is taking place; so 
that the plethora, in the main,may be considered as 
analagous to that following profuse diarrhoea or
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fasting in older infants. It is probable, however, 
that other influences act more or less directly in 
increasing the blood count, before much fluid has been 
lost from the body.

The cold of the atmosphere acting upon the 
child's skin immediately after birth, will cause a 
general contraction of its capillaries, and raise the 
blood pressure. As the result of a large number of 
experiments, Oliver has shown recently, that any in
fluence causing an increase of blood pressure, will 
slightly concentrate the blood for a time, probably by 
forcing some of the fluid contents of the vessels, 
into the surrounding tissues. This contraction is 
succeeded in a variable time by a dilatation of the 
peripheral vessels and congestion of the skin. ihe 
very marked redness associated with this latter, the 
difficulty of getting the blood to flow freely from a 
puncture at this time, and its dark colour as it 
emerges from the capillaries,- "almost like venous 
blood”, (Hayem)- suggests that there may be a degree 
of stasis in these vessels in some infants.

The loss of fluid from the body by perspiration 
etc, and the gain hy feeding, seem to counteract each 
other about the end of the second day, as a rule, 
when the blood count is at its maximum, and the weight 
lowest. During the succeeding few days the weight
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gradually increases, the intake being greater than the 
output, and the corpuscle count falls; till about the 
middle of the second week,the normal equilibrium is 
established and the red corpuscle count within normal 
limits.

The Foetus during its life in utero, having 
little or no loss of heat to counteract, requires pro
bably only a small quantity of oxygen.

Experiments on animals have shown, that if the 
placental circulation be interrupted, the foetus 
shows signs of asphyxia in a few minutes; but is capa
ble of being restored after a longer duration of 
asphyxia, than an air-breathing animal would survive. 
(Zweifel).

After birth on the other hand, the loss of heat 
from the body, requires a greater.supply of oxygen; 
and the patency of the Ductus Arteriosus and 
Eustachian Valve, prevents a thorough aeration of the 
blood. The relatively greater amount of Haemoglobin 
and red corpuscles per G.M. at birth, compared with 
the adult, and the increasing number of the latter 
during the first forty eight houBB^ consequent upon 
diminished bulk of the blood, may be regarded as a
compensatory process.

In children with congenital heart disease, a 
great increase in the number of the red corpuscles per 
G.M, and of haemoglobin, has been found (Gibson'etc).
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T H E  W H I T E  C O K P T J S G L E S .

Relative to that of the adult, the blood of the new
born shows a much greater number of leucocytes 
present per G.M.

"The counts of the whites vary with different 
examiners^80 that our knowledge of the exact figures 
is by no means accurate” (Rotch). So great are the 
variations in a sequence of counts in one infant 
during the first few hours of life, that it is essen
tial in detailing the results of examinations, to 
note the age of the child and the relation to the 
taking of food.

At Birth.
As regards the number of leucocytes per G.M, at 
birth, the results vary greatly because observations 
were not all made under the same circumstances.

Thus Hayem gives 18.000per C.M., as the average 
of the first forty eight hours; and Cadet,(quoted by 
Hayem) 19.500per CM, for the same period; Bayer,
16.000 to 28.000per CM at birth, and Woino-Oransky, 
16.980per G.M.
In eighteen counts made in different infants within 
.an-hour of birth, after normal delivery and before 
food, I found an average of I9.055per G.M. The
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individual numbers varied from 16.400per G.M. to 
28.000per G.M, the majority being about 20.000per G.M.

Elder and Hutchison in twelve examinations at 
the moment of birth, gave an average of 17.884per G.M., 
the counts varying from 12,200 to 26.500per G.M.
They make no statement of the circumstances of the 
births, with regard to the higher counts (25.000 and 
26.500per G.M. ). As will be seen, some counts I have 
noted at birth were much greater; but these were so 
constantly associated with chloroform administration 
during delivery, that they have been excluded from 
the above counts. (See Page 4-6. ).

1st. and 2nd. Days.
Prom one hour after birth,till the taking of first 
food, 16 counts were made. These varied from 
18.600 to 22.000per G.M. the average being 18.525per 
C.M., or slightly less than that at birth. The varia
tion is greater than at birth, but the period over 
which the examinations were made, was from two to six
teen hours. Nineteen counts were made during the 
later hours of the first day, all after first feeding 
but without) near relation to a meal, (le.till 8|- hours 
after it), the average being 20.915,and extremes
15.000per G.M. and 28.000per G.M.

Under the same conditions on the second day, 21 
counts gave 2 2 .8 0 0 per G.M.^s the average, the counts 
varying between 14.800per G.M., and .^O.OOOper G.M.
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Succeeding Days.
After the second day, the variations between individ
ual counts are less marked, and the averages gradu
ally fall. Twemty counts on the third day gave an 
average of 15.585 per G.M. ; ten on the seventh, 
14.560 per G.M. ; and twenty on the eighth,ninth, and 
tenth days, 18.558 per G.M.

Hayem found a sudden diminution in the white 
corpuscles taking place on the third day, the counts 
falling from 18.000 per G.M, to 6.000 per G.M. or 
even 4.000per G.M., rising again to 7.000 or 9.000 
per G.M., and remaining so for an indefinite period. 
He makes no mention of the effect of digestion on 
the leucocyte counts. In some cases of my series 
the fall has been sudden on the third day, but the 
counts have never fallen below lO.OOOper G.M.

Denis found that the diminution in the white 
cells occurred on the fourth day, and observed that 
after food there was an increase in their numbers; 
and Sahiff calls attention to the daily variation in
consequence of digestion.

The above averages of 160 counts are tabulated 
below, and in the chart of leucocytes on page "5"o , 
are represented by the lower (blue) curve.
Within ^our of Birth, 18 counts averaged 19.055per 

^  G.M.
Extremes 16.400 and 28,000.
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Prom birth till first feeding, 16 counts averaged
. 18.525per G.M, Extremes 18.600 and 22.000.

1st. day, without food, 19 counts averaged 20.915per G.M.
Extremes 15.000 and 28.000.

2nd, day, without food, 21 counts averaged 22,800per C,M.
Extremes 14,800 and 80,000.

8rd. day, without food, 20 counts averaged 15,585per G.M.
Extremes 12,200 and 20,000,

4th, day, without food, 16 counts averaged 15,868per G.M.
Extremes 12,400 and 19,000,

5th. day, without food, 11 counts averaged 16,281per G.M.
Extremes 18,900 and 17,800.

6th. day, without food, 9 counts averaged 15,488per G.M.
Extremes 14,000 and 17,500,

7th, day, without food, 10 counts averaged 14,560per C,M.
Extremes 12,200 and 17,800,

8th, day, without food, 18 counts averaged 18,880per G,M,
Extremes 10,000 and 17,000,

9th, day, without food, 5 counts averaged 18,880per G,M.
Extremes 11,000 and 15,000,

10th, day, without food,2 counts averaged lo,500per C,M,
Extremes 12,400 and 14,600. 

Digestion Leucocytes.
The following examinations were made with a direct re
lation to food, ie.from f to 8f hours after taking of it. 
Thirteen counts after the first feeding,- which took
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place from 4 to 18 houiîs after birthj- gave an average 
of 29,480per G.M,, the extreme counts being 24,000perCM. 
and 89,000per G.M.both two hours after the feeding; that 
is to say, an increase over the birth average of 
10,000per G.M. In five cases the count was over
80,000per G.M. The greatest increase noticed in an
individual case, was 17,000per G.M. An hour after 
birth the whites were 16,400per G.M., f4ve hours later 
the child had its first food, and the count made tliree 
hours after this was 88,400per G.M. (case 10). The 
smallest increase was 4,800per C.M.: the count at birth 
being 22,000per G.M., and an hour after the first 
feeding (llhours later), 26,800per G.M.

Schiff records a case,in which the count an hour 
after birth was 19,500per G.M., after its first meal 
27,625per G.M., and after its fourth, 86,000per G.M.

The average of 6 counts at the end of the first 
day, all with relation to food other than the first 
feeding, was 26,200per G.M.,(22,000 to 29,000) and on 
the second day of 4 counts, 27,708 (25,000 to 85,000per 
G.M. ). On succeeding days the counts were as a rule 
lower, although from the' third to the tenth day, counts 
of 80,000per G.M. were occasionally made. These Be- 
sults are tabulated beneath, and in the chart of 
leucocytes are represented by the upper (red) line.
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After first feeding, 18 counts averaged 29,480per G.M.
Extremes 24,000 and 89,200.

1st. day with food, 6 counts averaged 26,200per G.M.
Extremes 22,000 and 29,000.

2nd, day with food, 4 counts averaged 27,708per G.M.
Extremes 25,000 and 85,000.

8rd. day with food, 2 counts averaged 22,600per G.M.
Extremes 15,600 and 29,600.

4th. to 9th. days with food, 85 counts averaged 21,564 
per G.M. Extremes 15,000 and 29,400.

The chart represents the averages of 220 counts; the 
blue line those counts without, and the red those with, 
food relation.
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ihe following counts have been excluded from the 
averages previously given;- on third day,IS,600per 
G.M. -|-hour after food-Sickness; on fourth day^ 14,400 
per G.M. Ifhours after food-Sickness. In a child 
with diarrhoea and digestive disturbance,18,SOOper 
G.M. was counted on fourth day,one hour after food;
14,000 on sixth,two hours after food; and 12,000per 
G.M. on eighth day, also two hours after food (case80)

The counts in premature children were too few 
to make any conclusion from.

The Leucocytosis of the Newborn.
Prom the above results it will be seen, that the 
variations in the numbers of white corpuscles present 
in the blood, during the hours succeeding birth and 
before first feeding, is slight compared with that 
of the reds. In 6 infants whose blood was examined 
on more than two occasions during this period, the 
leicocyte count increased in two (8,000 to 4,OOOper 
G.M.)* and diminished slightly in four (about 1,500 
per G.M. )* and this while the counts of the red 
corpuscles were increasing.

The average count in a number of examinations, 
has been seen to diminish slightly from birth till 
the time of the first feeding. The explahation of 
this is probably that two influences are at work,-
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loss of fluid from the body, and fasting,- both 
tending to increase the red corpuscles in the drop, 
while the former only has this effect upon the white 
cells. Pasting has been shown by many observers to 
lower the leucocyte cou.it in the adult blood. it 
would seem therefore, as if the one influence counter
acted the other,during the first hours of life. As 
soon as food is taken, the count rises and the average 
(without direct relation to food), on the first and 
second days, is higher than that at birth. During 
the succeeding days a gradual diminution in the 
numbers takes place.

These results, and those of the differential 
counts following, agree with the theory of Lepine,
Von Limbeck and others,who hold that the leucocytosis 
of the newborn is partly due to blood concentration, 
and partly to the influence of digestion. Gundobin 
and others, oppose this view, (see page 4̂ 1,).

In connection with the increased number of 
white corpuscles in the blood of the infant at birth, 
relatively to that of the adult, it is interesting to 
note that during pregnancy there is also an increase 
in the blood of the mother, and that a digestion 
leucocytosis does not occur over and above this. 
(Cabot). The same author suggests,thc^t the whole 
thing may be only a prolonged digestion leucocytosis, 
"the mother having to eat for two”.
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This only occurs during the latter months of pregnancy, 
when the child is increasing most rapidly in size, and 
presumably, requiring most nutrition. The child is 
taking nourishment constantly with the free inter
change of fluids going on between the two bloods, not 
intermittently as at the breast; so that it seems 
likely, that in utero there will be a larger number 
of leucocytes continually in the circulation, instead 
of the variations which are associated with the tak
ing of food after birth.

The effect of digestion of food on the leuco
cytes of the infant's blood, is muoh greater as a 
rule than in adults, and this is especially the case 
after the first feeding,- 10,OOOper G.M. being the 
average increase in the above counts. Increase in 
white corpuscles almost equal to this, has been notic
ed after the first msal by the mouth, in adults who 
have been fed for a time, completely by the rectum. 
Cabot found in a case of Gastric Ulcer, that after 
the first food by the stomach, the leucocyte count 
rose from 4,OOOper G.M. to 15,500per G.M.* and sug
gests the ’’novelty” of the food as an explanation.
This is borne out by the results of the examinations 
in infants. Of sixty counts in relation to food, 
those made during the first and second days of life 
(28), gave an average of 27,777per G.M. ; whilst those 
on the third to tenth days (87), gave only an average
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Of 21,708per G.M.
In a few of the counts included in the table of 

averages made in relation to food, the number of white 
corpuscles showed little or no increase, relatively to 
counts made in other infants of the same age, without 
food relation,- presumably no leucocytosis or only a 
slight one, was present. Some healthy adults show 
no digestion leucocytosis (Von Limbeck). The 
difficulty of getting accurate information with regard 
to the child's feeding, from the mother, may however, 
be the explanation, as the counts are as a rule, 
greater when a fast of some hours has proceeded the 
feeding, and less when the feeding is frequent. The 
leucocytosis is most marked from one to two and a half 
hours after food, and seems to be practically over (ex
cept on the first two or three days) in four hours.
This conclusion is come to on account of the relative 
equality of counts made after this period, and those 
without food relation in different infants on the 
same day* and the counts on subsequent days in the 
same infant. In no case have I noticed a count much 
above the average given (without food), later than 
three and a half hours.

Differentiation of White Gorpuscles.
It is very generally held that the blood in infants,
has a larger percentage of lymphocytes than that of
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the adults; 40 per Cent to 60 per cent in the former, 
and 20 per cent to 80 per cent in the latter: and 
correspondingly^the Polymorphonuclear Neutrophiles 
are less; 20 per cent to 40 per cent in the former, 
compared with 60 per cent to 70 per cent in the latter.A

In the following differential examinations, the 
percentages of the lymphocytes were as a rule within 
the above limits, and above that of the neutrophiles, 
where there vjas no relative increase in the count of 
the leucocytes* but almost invariably when there was 
a leucocytosis it was associated with an increased 
percentage of the neutrophiles, and a consequent de
crease in the lymphocytes. A few cases show a 
fairly constant percentage throughout.

Hayem found that at birth, there was relatively 
more lymphocytes than in adults. Loos and ethers 
hold that they exceed the Neutrophiles in numbers.

Elder and JJntchison found the neutrophiles in 
excess in every case examined (7), lymphocytes being 
from 85 per cent to 40 per cent, neutrophiles from 55 
per cent to 65 per cent, and Eosinophiles from Iper 
cent to 2.5 per cent (see page 4̂9. )• In 14
differentiations within five minutes of birth, I 
found the lymphocytes varying from 46 per cent to 66 
per cent, the average being 55 per cent: the neutro
philes from 27 per cent to 46 per cent, average 40per 
cent; and the eosinophiles from 1 per cent to 9 per
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cent, average 4.5 per cent. In every case but one, 
(the two varieties being practically equal), the per
centage of lymphocytes was greater than that of the 
neutrophiles.

In 6 cases, from an hour after birth till the 
first feeding, the lymphocytes varied from 84 per cent 
to 56 per cent, the average being 51 per cent: the 
neutrophiles from 85 per cent to 68 per cent, average 
44 per cent. With one exception the lymphocytes 
percentage was greater than that of the neutrophiles. 
(This exception should perhaps not be included in the 
normal averages, as the child was born in the open- 
air, and exposed for about an hour before being removed/ 
Blood examination made four hours after birth, gave 
17,OOOper G.M., lymphocytes 84 per cent: 68 per cent 
neutrophiles^and 2|- per cent eosinophiles,- possibly 
the of a leucocytosis; If excluded, the
averages of the five cases above would be practically 
as at birth). Thus from birth till first feeding, 
lymphocytes were in excess in all but one.

With the first feeding and the rise in the count 
of the leucocytes, differentiations show a relative 
and absolute increase in neutrophiles.

In seven infants, in whom the leucocytes were 
counted and differentiated, the average cou.it, one to 
three hours after feeding, was 80,OOOper G.M.;
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the average percentage of the lymphocytes was 86 per 
cent, and of the neutrophiles 59 per cent. In every 
case the percentage of the neutrophiles was greater 
thab that of the lymphocytes.

During the remainder of the first and on the 
second days, when the leucocyte count is still 
higher than at birth, there is a much slighter varia
tion in the percentages between the examinations with 
food relation, and those without* the majority of the 
counts both before food and after it, showing the 
neutrophiles in excess of the lymphocytes. In 6 
counts with food relation on first ahd second days, 
the average of lymphocytes was 87 per cent and the 
neutrophiles 56 per cent; and in 10 counts without 
food relation, lymphocyte average was 42 per cent 
and neutrophile 58 per cent. From the third day 
onwards, there is a gradual return to the condition 
at birth, the lymphocytes being in excess of the 
neutrophiles in examinations without food relation, 
and after food only a slight increase in the neutro
philes is found. Twenty tvfO counts were made from 
the sixth to the tenth day; - in 11 without food re
lation, the leucocyte count averaged 18,900per G.M., 
lymphocyte ave cage was 60 per cent, and that of the 
neutrophiles 87 per cent; while in 11 with food rela
tion, the count averaged 20,700per G.M., the lympho
cyte average was 44 per cent and the neutréphile 49
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per cent.
In four counts on the ninth and tenth days, two 

with relation to food, and two without, the lymphocytes 
were in excess in all. Only on the first day can I 
say that there was an absolute increase in the neutro
philes, as only then were a series of examinations 
made, of the blood of the same child.
The three following counts are excluded from the 
average s ab ove; -

N\On 2nd. day, Ihour after food, L.60 per cent,P.W.84 
per cent, E.6 per cent. Leucocytes 15,OOOper G.M.

- Sickness.
On 4th. day, Ihour after food, L.68 per cent,P.W.27 
per cent,E.4 per cent,Leucocytes 18,200per G.M.

- Sickness.
On the 6th. day 2hours after food,L.56 per cent,P.W.40 
per cent,E.4 per cent,Leucocytes 14,OOOper G.M.

- Sickness.
The above results agree with those of Gundobin, 

who found the neutrophiles from 60 per cent to 80 per 
cent during the first two days of life;and that after 
the second day there was a gradual diminution in 
their numbers, so that from the seventh to tenth days, 
there was an absolute and relative increase in the 
lymphocytes. He holds that the increase in the 
neutrophiles, is due to a diminished activity of the 
retrograde metamorphosis (see page )•
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The percentage of the Eosinophiles is relatively 
greater than that in the adult. The variations in 
numbers are great, but show no regularity in change 
like those of the other leucocytes, either to food 
or fast.

In the total (88) differentiations, they varied 
from 1 per cent to 17 per cent the average being 
about 5 per cent. These results are given in the 
following table:-
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Histology of White Corpuscles.
In those differential counts, no attempt has been 
made to classify the lymphocytes under the headings 
Small*' and "Large*'; as intermediates in size between 

the two are very common, and it has often been imposs
ible to draw any accurate line of distinction between 
them. Small lymphocytes with a deeply stained 
circular n^uclus, are most numerous; but many cells 
of the same size are seen with a pale (green) n^ucfus. 
Occasionally the n^ucfus is in two pieces lying side 
by side, both© being stained deep(^bluejas a rule.
**Transitional*' forms, the large lymphocyte with pale- 
stained horse—shoe n^ucl^us, are common, though in 
smaller numbers than those with the circular n6(ucfhs.

The Polymorphonuclear neutrophiles vary con
siderably in size and appearance. The majority 
have the centrally-placed n^ucfus or nuclei stained 
irregularly, deep blue in some parts, green in others; 
but many are found with evenly stained pale (green) 
nuclei. Occasionally the nuclei are at opposite 
poles of the cell, close to the cell wall. Rarely 
cells having all the appearances of the neutrophiles, 
but''eosinophilic granules also present are seen, the 
latter as a rule being clumped in one part of the 
cell.

A similar variation in size is noticed in the 
Eosinophiles, the large having the usual loosely
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connected, appearance, while the smaller ones resemble 
the neutrophiles more in shape. Between these latter 
and the small eosinophiles, are corpuscles having re
semblances to each variety, and whose granules are
neither typically neutrophilic, nor yet typically eosin
ophilic.

These variations from the typical forms are very 
numerous, and especially in blood films taken during 
a leucocytosis.
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C H L O R O F O R M .

During examinations of the blood at birth, and in 
the first few hours of life, that of infants de
livered during chloroform administration to the 
mother, showed much greater numbers of leucocytes 
per G.M., than was found in the blood of children 
born under normal conditions. The association 
between the use of the anaesthetic and the higher 
leucocyte counts at birth,urds so constant, that 
the following cases have not been included in the 
first days averages given (page "SO.).

Some of the deliveries were delayed (e.g.con
tracted outlet), in others there was no delay (e.g. 
Caesarean Section); and some infants were exposed 
longer than others, on account of artificial res
piration having to be employed. The only excep
tional circumstance common to all, was the 
anaesthetic, chloroform,or chloroform and ether,to 
the mother.

All the examinations referred to below, were 
made before any food had been taken.

The counts of the white cells in the blood 
of 1:6 infants, delivered during chloroform adminis
tration, taken shortly after birth, were found to 
vary from 17,000per C.M, to ^6,000per C.M.; and the 
average of 29 counts, from birth to first feeding
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was 26,140 per G.M.
In normal deliveries on the other hand, the 

counts varied from 16,400 to 2o,000per G.M. at birth, 
(the average being 19,o5&per G.M. )• and the average of 
29 counts from birth to the first feeding, was 18,690 
per G.M.

Ih the former cases, the number of white cor
puscles present, seems to be in direct relation to the 
time that has elapsed between beginning the chloroform, 
and making the blood examinations* and to the duration 
of the administration. In one infant ÿhe count was 
17,000per G.M., -Jhour after birth and -|hour after be
ginning the anaesthetic, but rose to 26,000per G.M. 
two hours later; in another 21,200per G.M. at birth, 
the anaesthetic having been given for half an hour be
fore delivery,- and rose to 27,600per G.M.three hours 
later; while in a third %6,000per G.M. was counted 
half an hour after birth, and one and a half hours 
after the chloroform. This increase in the leucocytes 
reaches its height in the majority from If to bhours 
after chloroform, and therefore a variable period after 
birth. The following are the highest counts made in 
each of the lb infants:-
Duration of chloroform. Time after birth. Time after be

ginning Chloroform
b6,000per C M . Ihour * fhour If hours.
b2,800per C M . Ihour Ihour 2hours.
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Duration of chloroform.Time after birth.Time after begin
ning chloroform.

24,000per CM.-|hour -̂ hour labours.
25,000per GM.-Jhour fhour Àour.
29,000per GM. -̂ hour Ihour labours.
50,800per GM.Ihour Ihour 2hours.
26,000per GM.^hour 2hours 2«Jhour s.
27,200per GM.20min. Ihour 80min.
50,000per GM.^hour labours 2hours.
55,OOOper CM.^hour 5hours 5^hours.
27,800per CM.20min. bhours 5hrs.&20min
29,OOOper CM.^hour 4^hours 5hours.
50,OOOper GM.Ihour Ihour 2hours.

After this the count gradually falls. Of eight
of the above whose blood was examined frequently, a nor
mal count (illative to the averages given under normal 
conditions), was reached in six, from four to seven 
hours after birth* in the two remaining cases, the high
est count was made 4f to 5hours, after birth. A great 
increase takes place again after the first feeding.(see 
charts 29 to b9).

The differential count also differs from that in 
the majority of children after a normal delivery, in 
that, as a rule, the neutrophile percentage exceeds that 
of the lymphocytes. In 20 differentiations after a nor
mal delivery,the lymphocytes varied from 55 per cent to 
66 per cent, the average being 55 per cent; and the
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neutrophiles from 27 per cent to 65 per cent, average
being 42 per cent. In all but two,the lymphocytes were
markedly in excess.

In 17 differential counts in chloroform cases, the 
lymphocytes vary from 25 per cent to 50 per cent, the 
average being 56 per cent; and the neutrophiles from 44 
per cent to 74 per cent, average being 60 per cent. In
all of those but one^the neutrophiles were in excess.
As has been noted before,Elder and Hutchison in 7 differ
entiations from the blood of the cord at birth, found 
the neutrophiles in excess in all. This differs from 
other observers. No statement as to the nature of the 
delivery id given.

The Eosinophiles show no regular change, the 
average in the 19 normal cases being 4,5 per cent and in 
the chloroform cases 5,5 per cent, both varying from 1 
per cent to 9 per cent. An increase in the polymorpho
nuclear leucocytes, is found in the pathological leuco
cytes of adults (Gabot).

The stained specimens in some cases, showed large 
numbers of nucleated red corpuscles; but whether more 
than in ordinary cases, it is difficult to say, as the 
numbers vary so much in both. Only here have double 
nuclei been seen in them. A few megaloblasts were pre
sent in all the slides examined.

The white corpuscles show to a marked extent, all 
the variations noted under Leucocytosis.
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The suggestion that the action of Chloroform circulat
ing in the child's blood, may be the cause of the leuco
cyte increase, is supported by the fact that various 
chemical substances administered to the mother, have 
been detected in the circulation of the child, and 
chloroform amongst them, freely (Galabin); and also by 
its other effects upon the child. The child at birth 
is more or less anaesthetised. Even when the adminis
tration to the mother had not lasted more than ten 
minutes, or more than a drachm of chloroform been ased, 
the signs were distinct.

In an ordinary delivery, when the head is born, 
in clearing the mouth of mucous, the lower jaw closes 
upon the finger. If an anaesthetic has been used, the 
finger can be put into the back of the throat without 
the reflex occurring.

At birth the respirations are slow and shallow, 
though the cord may be pulsating strongly; and artifi
cial respiration has often to be employed, the cutaneous 
reflexes being disturbed, and there being seldom the 
gasp or cry when the child is born. In performing this, 
the markedreTaxation of all the muscles is noticed, the 
limbs floping about in a way that contrasts strikingly, 
with the natural rigidity. In the cases examined, the 
conjunctival reflex has usually been absent, and occas
ionally the reaction to light also.
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Within'an hour of birth, most of these effects have en
tirely passed away; but in some of the cases there have 
been subsequent digestive disturbances; and in others 
(75 per cent), a mild icterus beginning during the 
first, second, or third days of life. In one of those 
cases (see chart 50), diarrhoea and sickness began on 
the fourth day, and continued till the eleventh; and 
there was a marked jaundice from the second day.
Though healthy enough in appearance at birth, the child 
was white and badly nourished when it left Hospital on 
the eleventh day, and had lost fib. in weight.

English records a case,in which chloroform was 
given in a normal labour, administration lasting one 
hour. The child was born motionless and apparently 
lifeless,except for the pulsating cord. Artificial 
respiration was employed for 15 minutes before the 
child gasped. More or less nausea and prostration 
lastedtill the tenth day.

The possibility of a more serious effect upon the 
child in utero, is suggested by the following case 
which occurred at the Maternity Hospital. The woman 
was admitted for induction of premature labour, at the 
seventh month. Just before chloroform administration, 
the foetal movements were felt, and the foetal heart 
rate counted. Patient was deeply under for fully an 
hour, owing to difficulty in inserting the bougies.
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After the chloroform the heart beat could not be heard, 
and the mother felt no further movements. The child was 
born dead 24 hours later. At Post-Mortem examination no 
lesion whatever could be found.
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S U M M A R Y .

!• The Red Corpuscles in the blood of the infant at 
birth, are relatively more numerous than in the adult.

Owing to loss of fluid from the body (concentration 
of the blood), and changes in the circulation/^the 
number per C.M. increases during the first two days of 
life.

During this period there is a loss of weight.
From the second day, a gradual fall in the numbers 

takes place, so that by the tenth day, these are less 
than at birth (fe-^00,OOOper G.M. ).

During this period the child is gaining Weight.
The variation in numbers between different infants, 

is greater than in adults.
Icterus is frequently associated with this corpus

cular fall, especially in premature infants, those de
livered under Chloroform,and when the cord has been tied 
early.

During the early days,the blood shows variations in 
shape and size of the red corpuscles, and deficiency in 
rouleaux formation. Nucleated corpuscles are present 
at birth (normoblasts and megaloblasts), the number 
varying greatly; they may be found as late as the ninth
day.
2. The Haemoglobin is relatively high at birth and in 

---------- - ,ooi‘the few succeeding days, usually overl, the individual
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cells being richer than those of the adult.
5. The White Corpuscles which at birth , are two or 
three times as numerous as in the adult, increase 
during the first two days owing to the effect of di
gestion, and change (ff volume of the blood. The num
bers per C.M. diminishes on the third day, and by the ten- 
th day it is considerably less than at birth, (4000 to 
eOOOper C.M.).

WDigestion leucocytosiâs marked, especially after 
the first feedingand when a fast has preceeded the 
feeding in the later days.

The Lymphocyte percentage usually exceeds that of
the neutrop&iles at birth. After first feeding there
is a relative and absolute increase in the neutrophiles 
o per cent to 80per cent). This gradually diminishes 
as the count falls, till on the second week, the 
lymphocytes are relatively and absoluteli^ increased a- 
gain as at birth. The Eosinophiles percentage,is as a 
rule^greater than in adults.

After delivery under chloroform, the leucocytes 
are more numerous for a few hours, than in normal 
children, and the percentage of neutrophiles is relative
ly increased.



55.

L I T E R A T U R E.   .. . ^ -----
Gabot.R. Aguide td) clinical examination of theblood.

1900.
Von.Limbeck. Grundriss einer Klinischen Pathologie des 

Blutes. Jens, 1896.
Hayem. Du Sang et de ses alterations anatomiques.Paris,

1 8 8 9 .

Gundobin.M. Ueber die Morphologie und Pathologie des 
Blutes bei Kindern.

Jahrb.P .K in d e r h .L e ip z ig  '9 5  XXXV. 
Schiff.E. J a h r b u c h . p . K i n d e r h e i l k .L e i p z i g . 1 8 9 2 . XXIV. 
Loos. Jarbuch.P .X in d e r h e i l k .  XXXIX.1 8 9 5 .

Kanthack and Hardy. Journal of Physiology 1894.XVll
Oliver. On concentration and dilution of the blood.

Lancet. June 27th.1896.
Rotch. Paediatrics. 1896.
Osier. Practice of Medicine. 1896.
Elder and Hutchison. "Some observations on the maternal
and foetal blood at birth".
Trans. Edinburgh Obstetric Society.1894-95.VolXX. 
Gibson.G.A. "The conditions of the blood in the cyanosis
of congenial heart disease. Lancet Jan.5th.1895. 
EnglisJt.W. T. "The effects of chloroform upon the child
administered during parturition.
Pittsburg Medical Journal. Nov.1882.
Playfair.W.S. The science and practice of Midwifery

1899.



56.

Galabin. Manuel of Midwifery.1900.

Iiuzet». Etude sur la anémies de la premiere enfance.
Paris 1891. (Rotch^tc),

Pischl. Zur Histologie des Kindï±chen Blutes.
Zeitsciirift.F.Heilk. imd.Berlin. 1892. Xlll.

(Various Authors) 
Lepine. Sur la numeration des globules rouges chez

1'enfant nouveau né.
Comp, rend.de la soc. Biologie.1876.(V.Limbeck) 

Sorensen. Deutche med.Wochenschr. 1878. (V. Limbeck).
Denis. Recherches expérimentales sur le sang

Paris.1850.(V. Limbeck).
Bayer. Ueber die Zabien verhàltnisse der rothen und 

weissen Zellen im Blute von Neugeborenen.
Dissert.Berlin.1881(Rotch.)

Woino-Oransky. Beitrag zur Morphologie des Blutes bei 
Neugeborenen.
Dissert. St Petersbtrgh. 1892 (Gundobinetc.) 

Helot.Etudes de Phys. exp. sur la ligat.du cotd.
Rouen 1877.(V. Limbeck.)

Zwéefel. Die respiration des Poetus.
Arch.B.Gynack. IX(Galabin).

Haake and Vfinckel. Monatschrift fur Geburtskunde.
VolXlX. (Medical Times and Gazette 1862.) 

Von Siebold. Monatschrift fur Geburtskunde.



57.

Vol. XV. (Medical Times and Gaxette 1862.)


