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The object of the investigation recorded herein
has been to enguire into the mechanism by which pneumococei
are removed from the blood stream of the rabbit after in-
travenoﬁs injection and to see how far this process is modi=
fied by immunizstion.

It has seemed most convenient to divide the text
into two parts. In the first will be described at length
the experiments thet have been made, reference to the
literature being made only where necessary to elucicate
the point discussed: in the second part these experiment-
al results are discussed and compared witin those reported
by other workers.

The literature upon fhis subject is very exten-
sive and widely scattered. An attempt has been made to
study all papers that one has been avle to find but refer-
ence is made only to tlose which have contributed something

which hes seemed germene to the problems under discussion.

METHODS .

The foilowing method has been employed throughout
the investigation. The ineculum has been & measured amount
of a 24-hour growth of a strain of pneumococcus (Type I.)
in broth containing 107 to 207 of rabbit serum. The stock

culture has been maintained in blood broth (507 defibrinated



rabbit's blood). « At first the organism was incubated in
thislmedium for 24 hours and then the culture was placed in
the refrigerator till required. ILater however it has ap-
peared that virulence is better maintained if the inoculated,
but unincubated medium is kept in tle ice box end incubated
when reguired. The bacterial coatent of the inoculum has
been determined by plate cultures from dilutions, the dilu-
ent used being normal saline containing gelatin and sodium
phosphate as suggested by Robertson, Sia & Woo (1¢24) to ob-
viate the destructive effect of sodium chloride upon the
pneumococcus.

Rabbits have been used for all the experiments
recorded.

The concentration of the organisms in the blood

of tihe animal at the time of inoculation cannet be accurate=-

ly deﬁermined beceuse of the rapidity with which they are

removed., In all cases this figure has been obtained by cal-

culation from the number of orgenisms injected and the blood

volume, taken ag five per cent of tue body weight. All

othier figures have been obtained by drawing blood from the
marginel vein into a small amount of concentrated solution of
sodiunm citrate and making plate cultures from appropriate
dilutions. In all cases where the blood has reguired dilu-
tion citrested rabbit blood hes been added to each agar plate.
Counts may be wmade with much greater facility after 48 hours'

incubation than after 24 hours'.



Bull employed heart puncture for the purpose of
obtaining blood for similar experiments. Some observations
showed thet the figures obtained using heart blood were sen-

sibly tﬁe same as those when the blood was drawn from the
ear. ' But there were certain cases in which the injury pro-
duced by the heart puncture occasioned or favoured the pro-
duction of pericarcitis and interfered with the experiment.

The accuracy of the counts obtained has been con-
trolled ag far as possible. ln the case of the cultures
inoculated the figures represent the averzge of three plales,

In the case of cultures from the blood the use of &
series of three dilutions permitted gross incongistencies
%o be detected. As a generel rule plates conteining from
100 to 1000 celonies have been more trustworthy than those
containing numbers outside these limits; further the larger
the bulk of the inoculum the better have been the results.
With all precautions taken it seems clear that reascnably
accurate results may be obtained but that differences, in
order to be significant, must be relatively large.

The results are recorded for the most part in
tabular form but in some cases in the form of graphs in
wiiich the ordinates represent the logarithm of the number
of pneumococei per cubic centimetre while the abscissae re-
bresent time in hours or days. The use of logarithus has
the disadvantege that it appeers to minimise the prelimin-

ary drop in the number of organisms while it tends to



exaggerate the succeding phases. It has however the dis~-
tinet advantage of permitting all the features to be record-

ed within a2 manageable compass.
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REMOVAL OF PNEUMOCOCCI FROM BLOOD OF
NORMAL RABEIT AFTER INTRAVENQUS INJECTION.

In chart I. (p.13) two curves will be found which
illustrate the course of the septicaemia in rabbits following
the intravenous injection of & non-lethal dose of pneumo-
cocel. Rabbits 177 and 178 received 1 c.c. of culture, the
injections being made on different days and with different
cultures of the same strain. The actual figures recorded

were as follows:-

TABIE 1.
After injection. Organisms per c.c. of blood.
1575 178
Immediétely 2,000,000 '2,500,000
10 mins. 650,000 1,370,000
3 400,000
2 hrs. | 43,000
9 hrs. 2,100 6,400
24 hrs. 64,000 16,300
48 hrs. 77,000 2,000
72 hrs. 60 b 30
96 hrs. : 52 0
144 hrs. U




These curves agree in showing
(1) the preliminary period of removal lasting 5 hours;
(2) the period during which the bacteria increase in
numbers;
(3) the final and more gradual removal of the organ-
isms .

A more detailed study of tae preliminary period shows that

in these cases the bacteria in the blood do actually reach
a minimum at 5 hours after inoculation the next counts at

6 and 7 hours showing a slight but progressive rise.

TABIE 2.
Raﬁ}t 325,
f
Organisms per c.c. of blood.
Immediate | 660,000
1 hr. ; 163,000
4 hrs. 33,800 I
5 hrs. i' 28, 500 |
6 hrs. 33,800 ;
7 hrs. 47,500 !
8 hrs. 52,400
9 hrs. 116,000
12 hrs. ‘ 608,000

For a very long time no exception was found to this state-

ment even in cases where the animals died within 24 hours



after inoculation. But finally cases did occur in wihich
the couunt at 5 hours was as high as that at the time of
inoculation, The matter was therefore reinvéstigated and
it was found that in certain cases the increasse in numbers
ocecurred at a much earlier period. The following figures
will illustrate this point:-
TABLE 3.

Organisms per c.c. of blood

Rebuit 432 454 504

Imnediate 385,000 1,580,000 | 3,000,000

1 hr. 86,020 370,000 | 1,100,000
3 hrs. 1.136,000 220,000 230,000
5 hrs. 630,000 670,000 610,000

In this experiment the increase apparently began
between 1 hour and three hours after inoculation in one case
and in the others between 3 and 5 hours. In all cases the
major part of th%removal is carried out during the first two
hours; after that period occurs in mostlcases a further slow=-
er diminution ian the numbers but they may remain steady or
actually increase.The exact course of events seems to depend
upon the condition of the culture used and upon certain
pecularieties of the individual rabbits. That the gize of

dose has little effect upon this part of the curve will be

seen from the following experiment. gix rabbits of varying



weight were inoculated with varying cdoseg of the same cul-

ture and their blood exanmined at intervals.

organisus found is recorded in Table 4.

The number of

TABLE 4.

e bbit 431 432 433 ‘ 434 435 354 |

leight 1,500 | 1,400 1,720 1, 700 1,800 1, 800
Dose i%c.c. fg ¢.cl £ 0.0 3 c.cj 1 c.c 1 esel;
Mo. of organisms per c.c. of blood !

Immediate | 360,000 | 385,000 [,570,010 |1,530,000 |3,050,000 | 3,000,000
1 hr. 44,000 | 86,000 | 360,000 | 370,000 660,000 | 1,100,000
3 hrs. 7,200 | 136,000 10, 600 220,000 130,000 230,000 |
5 hrs. 4,900 | 630,000 3,200 | 670,000 70,000 | 610,000 |
24 hrs. |5,280,000 4 6,300 + 2,480,000 | 3,030,000 |

Figure underlined = smellest number recorded.

It is clear that the minimum number of organisms at-

tained in the first five hours and the time at which the in-

crease in numbers occurs bears no direct relationship to the

dose injected.

Further

in

the rabbits inoculated

with similar doses of pneumococeci the result may vary very con-

= -1 3 - 3 » b} a1 I. >
siderably in & way which can only be referred to the pecu%gritles

of the individual snimal.

In spite of this observation it has

seemeC advisable in experiments where comparisons are being made

to use animals of about tlie same weight.

This hes not always

been possible but it has not appeared that there is any serious



disadvantage attached to the use of animals differing in
weight by as much as 500 grams. The ligiter animal (1,500

grams) has differed very little from one of 2,000 grams.

The gondition of the particular culture employed

has & very marked effect upon the early part of the curve.
As a general rule if the animal dies quickly it will be found
that the preliimianery clearing is less marked and of slorter
duration but this is not always the szme. If tie organ-

I
ism is allowed to grow under conditions which ¢o not favour
the maintenance of virulence the preliminary removal becones
mueh more effective and may be complete. This etrain of
pneumococcus was grown for a periocd of some two months, with
dsily subcultures, upon & phosphate broth medium containing
glucose but no serum. At the end of this time it showed a
slight tendency te become granular in the broth culture, un-
like the ordinary culture in this medium which is quite even-
ly dispersed. Suchi & culture which wés quite avirulent for
rabbits was inoculated intravenously in a dose of 1 c.c. into

gach of two rabbits with the results given below.
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TABLE 9.

Orgenisme per c.cC.

Rabbit S40 380

Imnediate &,900,000 7,100,000

50 mins. 4,800 294
2 hrs. 206 18
5 hrs. 20 <

24 hrs, 0 G

Here the removal of the organisms was almost immediate and was

very nearly complete in five hours.

It hes not been possible to predict the course of

the gecond part of the curve from what has happened in the

first few hours. As & rule the number of organisms present
in the blood after 24 hours is greater than that at the end
of the b-hour period, and tlhere appears to be some relation-
ship between the fTigures. If it is low at five hours it is
usually also relatively low at 24 hours; if high at 5 it is
correspondingly high et 24. But there are very many excep=
tiocas. Sometimes the increase is very great during this
period but in other cases it is sligikt or the number remains
about the same while in still others an actual diminution
oceurs. The rate at which increase occurs during this period
appears to depend on some factor oxr factors wiﬁhin the aninal

as it varies from animal to aninmal in a series inoculated with
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equal amounts of the same culture (see Table 4). It is also
dependent upon the virulence of the culture. If the number
of organisms at 24 hours is very high (hundreds of thousands
or millions per c.c.) the animal usually dies within three
days but if it is lower (tens of thousands or less) the rabbit
frequently recovers.

The process of recovery is evidenced by a gradual

disappearance of the orgenisms from the circulation, complete

as a rule in from four to six days. The exact course of
this part of tle curve is subject to wide variations. Some-
times there is little change in the numbers during the second
day and then a very sudden diminution occurs in the course of
the third day; 1in other ceses the process is a much steadier
one. The curve may however meke a second ascent which may
begin at any point and go on for varying periods. This has
usuélly meant that the animel has developed peritonitis or
endocarditis, or some other local lesion. Death may occur
on the fourth day or later although the actual number of
organisms 1is considerably less than on the third day. Some
fifteen or twenty animals developed iritis and ophthalmitis of
varying degrees of severity, usually well marked. In these
cases there seemed to be little, if any, effect produced upon
the bacteriaemia.

The foregoing summary of results obtained with normal
animals emphasises the very great variability observed in the

course of the bacteriaemia. The difficulty arising from
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inherent peculiarities of individual rabbits cannot be en-
tirely obviated in experiments involving comparison of the
effect of different procedures. 1 have attempted to reduce
them to a certain degree by including as many rabbits as can
conveniently be handled - nine seems to be about the maxinum
number . So far as the variations in the properties of the
culture are concerned exact standardization each day would
have left little time for the experiments so that one has had
to content oneself with using what appeared to be adeguate

controls.
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THE EFFECT OF I'MUNIZATION UPON
THE COUREE OF THE BACTERIAEMIA.

I a rabbit be given a gecond intravenous injection
of pneumococci immediately after it has completed the removal
of a2 similar dose from itz circulation it is found that the

curve is an eantirely different one.

CHART I.
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Rabbit 177 was given an intravenous injection of
1 c.c. of culture of pneumococci on 21.4.25. The course of
the bacteriaemia is indicated by the black continuoﬁs line.
Tne orgenisms had disappeared from the blood on the sixth
day after the injection was made. On the next day (28.4.25)
a similar.dose was injected into rabbit 177 and into a normal
rebbit 17&. The course of the bacterisemia in the coatrol
rabbit_(broxen line with squares) was similar in type to that
following the first injection into rabbit 177. But in the
case of rabbit 177, now an immunized animal, very few organ-
ismg (10 per c.c.) were found at the end of 10 minutes and
none at thie end of 5 hours. Further, the removal was per-
manent for no organisms could be found at the end of 24 or
4& hours. The effect of the firset injection was to increase
the preliminary rate of removal and, in this case, to prevent
any subsequent reapearance of organisms in the blood.

Similar phenomena (see Chart II.) were observed in
the case of a group of five rabbits (189 - 193) which receiv-
ed their first injection on 19.5.205, and the seconﬁ on 26.5.29,
after the first dose had been removed. The normal rabbit
(154) vehaved in such a way as to show that the difference

observed was not cdue to changes in the culture.
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his very striking result was somewhet unexpected in view of the

d¢ifficulty so freguently experienced in producing antibodies to

e
L

he pneumococcus in rabbits. Accordingly another series of

rebbits (184 - 188) which received a first injection on 14.5.25
were given a second injection on 23.6.25, five weeks after
tlie first and about & month after they had disposed of this

first injection.



16,

In Chart 111, are recorded the results following both in=-
jections, The results are entirely concordant with those
previously described. This increased capacity for clearing
the pneumococci out of the circulation is retained for at
least a month. The curve of the control normal rabbit (206)
indicates that the culture could not ke held to have sltered

sufficiently to account for the zltered result of the inocu-

lation.
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The effect of the prelimingry injection of a

killed (formslinized) culture of pneumococci upon the sub-

sequent removal of an injeetion of living organisms was

LA ="5

now tested (Chart IV,)

CHART IV,

CHART [V,

? *—=8 i, IZ0-D 1 cc. killed culture proume. 1 1 . 1E.
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Test incexlation T-19-25. -
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Rabbits 220, 221, &22 were given each 1 c.c. of
killed culture intravenously, while rabbits 223, 2z4 and
225 eéch received 5 e.c. of the same culturé on 1.10.25.

Six days later all theée animals, together with a normal con-
trol (226) were inoculated intravenously with 1 c;c. of the
usual liiing culture. The normal animal behaved in the

usuel feshion. Tlie blood of all the test animals exccpting
number 2<2 wes clear of organisms in 5 hours and remained so.
In the case of No. 222 the blood was clear in & hours but
there was a return of a small number of organisms (10 per c.c.)
in 24 hours and there were still 7 per c.c. preszent at the end
of 48 hours.

It is of course impossible toc test the clearing
power of the same rabbit both before and after the injection
of & killed culture as the effect of e first injection of
living culture could not be disentangled from the effect of
the subsequent injection of killed orgsnisms. The difference
between the curves of the treated and that of the untreated
enimals is sufficiently marked to be evidence that a suitable
dose of killed culture can iancrease the capacity of an animal
to remove organisms from its ecirculation,

In view of the apperently discordant results record-
ed in the literature tie course of eveants during the first
five hours was investigated a little more fully. The bescteri-
aemias procduced in the previous experiments were of a low

grade and all the snimels recovered from their inoculations.
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By the end of 1925 the virulence of the culture liad become
ennanced and the test dose of 1 c.c, proved fatal for most
normal rabbits. It was used to compare tie “elearing cap-
acity" of a normal rebbit (303) with that of an animal of
similar size which had been inoculated with 5 e.c. of killed
culture of pneumococci 6 days previously. The figures act--

ually observed were as follows:-

TABLE 6.
Orgaunisms per c.c. of blood.
R.292 (treated) R.303 (normal)

Inmediste 2,700,000 2, 500,000 |

10 mins. 80,000 1,800,000

3 134 1,340,000

2% hrs. 2 180,000 !

5 o8 6 76,000 |
o4 » ' 652 9,000

i85 - 40 46,000

72 " ‘ §) Died.
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The figures for the first five houre are recorded in graphic

[y

Log. Orgs.
per cc.

orm in Chart V.

CHART V.

Chart V.

—@ Immunlzad (292).

O-----00 lormal (303).

result of

ndicates

[

immunized

The difference in the form of the curves is very marked. The

Fi)

this experiment is also of importance in that it

that tle precise result of an iajection into an

animal will depend on the degree of immuanization
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and tlie virulence of the organism. Under certain circum-
stances the curve umay be of the type found in the normal
animal ﬂut at-a much Jower level - it differs in degree but
not in kind.

Finally it was found that a similar change may be
brought about by tle use of cultures which have been allowed
to autolyse by incubation for an extended period. 4 broth
culture of pneumococcus (without serum) wag incubated for
four cdays until 21l epecity had diseppeared and the clear
fluid removed from a slight deposit at the bottom of the
tube. This perfectly clear ligquid (free from visible organ-
isms) was inoeulated intravencusly into rabbits 294, 295 and
296 in a dose of D c.c. An equal awount of formalinized
(not autolysed) culture was inoculated into rabbit 293. A
week iater these together with & normal control rabbit were
inoculated with the test dose of living culture. The re-
sults are recorded in Chart VI. This dose which killed
the control animal is prectically completely removed in 5
hours and there is no subsequent return of organisms to the

circulation.



e

CHART VI.

\q
=]
e |
-

Chart VI.
£

—t0
O----
\\\

&——@  Innunized with form. whole cult, 7 dye. before (293)
o o " " form, autolysed ecult, (2945,
O~---4 Contral normal,

[l

= O 72




23,

By any one of these procedures then, preliminary in-
jection of living, killed or autolysed culture the capacity
of an animal.to remove the homologous type of pneumococcus
cen be considerably increased and subsecuent multiplication
can be prevented or diminisied. Immunity may be present in
experimentel animels in different degrees and it eppears that
the particuler type of curve obtained in a given experiment
depends on the conditions found ian that animal by the parti-
cular culture used. The difference between the curves of
naturally resistent enimels and those of artificially immuniz-
ed ones seéemsto be a matter of degree rather then kind. With-
in certain limite it ie possible to obtain almost parallel
curves from both series of animals though the cultures employ-
ed would of course be quite different. This suggests that the
improveument effected by the process of immunization is of the
nature of an increase of a normal function rather than the
estavlishment of & new one, & view of antipneumococecal immﬁn-

ity which is also suggested by Woo (1926).
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TIEE AFTER INOCULATION WITH KILLED
CULTTRE AT WHICH THE IMPROVED CLEAR-
- ING CAPACITY IS MANIFESTED.

In the experiments designed to settle this point
groups of three rabbits were in each case inoculated intra-
venously with 5 ¢.c. of formalinized broth culture of paeumo-
coceci, At various periods thereaiter these aniuwals were
given an intravenous injection of the test culture (1 c.c.
of serum broth culture). At the same time an egual number
of control normsl enimals was given an egual dose of the
same culture by the same route. Thie curves of the bacteri-
aemia in both groups of animals were then compared.

Effect of a dose of kxilled culture 5 hours before

the test dose. In this experiment in addition to the test

and gormal control animslg a further group of three animals
was given 5 c.c. of formalinized broth culture of B.typhosus
so as to test whetler any result procuced was specific. All
these animals suffered from severe diarrhoes, a factor which
mey have invalidated the figuregs beczuse of the loss of fluid.

The asctual results obtained were as follows:=-
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In Chart VII. these figures are recorded graphically. In

this case thiere is & fairly well marked advantage accruing

as compared botn witii the normals and with those treatet with

B.tyohosus.

CHART VII.

Laog:
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& further experiment on tle same lines but with a
culture in & more virulent condition was carried out at a
later date. The control animals treated with B.typhosus
vere this time given only 1 c.c. of killed culture. They
also suffered slightly from diarrhoea. Chart VIII. slows
the general result of the experiment. The only two aninals
which recovered were two of the tlree which had received
killed pneumococei 5 hours before. The curves of tile bact~-
eriaemia in these animals is at a lower level than those of

the others.
CHART VIII.

o+
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Still another experiment of the same kind made some

time later and recorded on page'ao also indicates that treat-
ment of this kind may in some aniwals produce a slight improve-

ment in the preliminary clearing of organisms from the blood.

In that case & still smaller dose of B.typhosus had & similar
effect in some of the animals.

Fron these experiments one can conclude that under
these particular conditions a slight benefit is obtained from
an injection of killed'organisms as early as five hours after
the injection. There is no indication of the occurrence of
a negative phase. The idea that such a phenomenon aoes oc-
cur is based upon the observation that antibodies may becone
diminished after such an injection. But Stevenson & Kapadia
(1925) in the case of B.pestis, Teague & McWilliams (1917) in
the case of typheid injections and Morgenroth and his col=-
leagues in the case of streptococcal and B.Gaertner infections
have noted the develorpment of slight degrees of immunity at
equally early periods after inoculation. Issaeff (1894) had
noticed also a non-gpecifiec increase of resgistence which ap~
peared 7 - & hours after inoculations of cholera vibrios.

Similar experizents 24 and 48 hours respectively

after the first inoculation gave the following results:-
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TABLE 8.

Injection 24 hours

after inoculation of killed culture.

im .
) Treated. w sl Normel.

Rabbit 247 248 249 250 251 252
Immediate 3,900,000 3,900,000|3,900,000|4,000,000|3,900,000|3, 750,000
5 hrs. 1,500 6,300 1438 33,500 24,300 10,800
24, = 5,000 f 678 502 5,500 888 1,174
| 48 " 0 f 24 74 1,338 6,800 15, 800
] 72 35 0 4 122 814 78
96 " 0 0 0 0l 8¢9 0
120 * | o | 0 0 0 0 SR

4l l
Chart IX. shows that the curves in the case of the treated

animals tend to lie at a slignhntly lower level than in that of

the normals though there is a slight amount of overlapoing;

the difference at the end of five hours is however fairly well

marked and might be regarded as indicating a slight improve-

ment in clearing capacity resulting from the treatment




Chart IX.
6 @@ Rs. 247-9 - 5 co. formalinized cult.
f Pnounococcus 24 hrs. before test
injection.

Or----01 Rs. 250-252 - Hormal controls.

Ry L O 72 96 IR0 TN



Injection 48 hours after inoculation of killed culture.

Kabbit
Immediate
5 hrs.
24 »
48 *
gz "
< T
20 *
144 "

Treated. Normal.

254 255 256 . 257 258 259 i

3,500,000 | 5,200,000 3,200,000[ 3,900,000 | 3,200,000|3,200,000

2,800 25,100 30, 900 964,000 567,000 765,000
1,260 6,400 12,600 32,600 1,616 18,8001

2 92 5, 746 16,700 5,098 2,732

0 14 1,398 3,660 1,100 84

0 1 36 248 1,334 182

0 0 - 1 4 30

0 0 0 0 0 24

The graphs are recorded in Chart X.

In this case there was a very striking difference in the pre-
lininary period of removal but the subsequent course of the
curves is not markedly different in the two groups. Two of
the curves of the treated animals fall distinctly below the

normal zone but the third lies practically within it.
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TABLE

TADLE 9.

L]

Injection 48 hours after inoculatioa of killed culture.

Rebbit
ediate
5 hrs.
4 0
& "

L]
6

: L]

"

Treated. Normal.

254 259 2566 =51 298 259
3,500,000 | 3,200,000 | 3,200,000 | 3,900,000 | 3,200,000|3,200,000
2,800 25,100 30, 900 964,000 56'%,000 765,000
1,260 6,400 12,60 38,60V 1,616 18,800
2 92 5,746 16,700 5,098 2,732
0 14 1,868 3,660 1,100 84
0 i o6 S48 1,334 l&2
o Q 4 Xk 4 30
0 0 0 o] - 0 24

The graphs are recordeda in Chart X,

In this case tliere wes a very striking difference in the pre=-
B g D

curves is not markedly different in the two groups.

lininary period of removel but the subsequent course of tie

Two of

the curves of the trezted animsls fall distinctly below the

normal zone but the third lies praclically within it.
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Up to this stage then the alteration in the type of
Ul L L4 0 B L LTI
in th irection of a
curve is slight but appears to be all in the direction oif

i1 ing capacity. The Tigures obtain-
slight improvement in clearing capacity g

snd dayv afte tument showed
ed from the experiment on the third doay sfter treataeat sl

he Pea 1 and un ated
much egr.ater differences between the treated and untres
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TABLE 10.

Injection 3 days after inoculation of killed culture.

Rabbit

Immediate | 5,200,000 4,700,000 4,800,000 | 5,300,000

Treated. Normal.

T —— [

261 262 263 264 265 266

5,000,000|5, 300,000

5 nrs. 822 244 356 701,000 807,000 459,000
24 " 36 424 62 21,656 |13, 500,000 ?

' (appr.)
48 " 0 4 0 25,600 Die d. 330,000
72 M 0 0| 0 3,000 f Dead.
96 " 0 0 ol 2,968,000 ‘

Chart XI. shows these results in graphic form. (See p. 34).

The effect of the immunising process upon the course of the
subsequent bacteriaemia is now very apparent. The preliminary
removal is very much more rapid and complete in the treated
animals without exception and the subseguent period of increase
much diminished or suppressed. The animal has at this date
entered quite definitely upon that period of immunity which is
characterized by marked increase in capacity to remove organ-
isms from the circulation.

Lxperiments bearing upon the same point were made in
which both the immunizing and the test dose consisted of 1iv-
ing culture. For the former the amount used was 0.1 c.c. of
culture; for the latter the usual amount of 1 c.c. 1t was in
some cases quite impossible to interpret the results in detail

in view of the fact that there was a bacteriaemia present at
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the time the second inoculation was made. In many instances
after ﬁhe second day the second dose of organisms apoeared to

be completely removed at once and to have little, if any, ef-
fect upon the course of the bacteriasemia. In some cases the
number of organisms in the blood five hours after tle second
dose was given was smaller than the number before the reinocula-
tion.

CHART XI.

;J_ng. urgs. F +
liales i Chart XI.

—=0 45, 081=3 = Freliminary injection 3 dvs.

bafore test dose.

/!
T 4 o+
Al /
I r'd '
\ S
.. ;
Oy f
--------- /
% o+ g
| LY ,‘
\
| D \ /
| ‘ *
\
bR j
'\\\ f
‘\\ ,i'
f X
[

o-----a g, 26&=0 - Normnl controls.

79I

0 2 L8 72 96 120 L
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DURATION OF TIE IMPROVEMENT IN

CLEARING CAPACITY.

It was seen above (p.l4) that one month after in-
Jection of a single gose of living culture the imyrovement
in clearing capscity could still be demonstrated. IExperiments
on a more extended scale have been employed to determine low
long such an improvement may exist. Six rabbites were given
5 c.c. of killed culture intravenously om .8-12-.5. Two of
these were given a test done on 18,1.26, two others a similar
dose on 18,3.26 and the remainder on 5.7.26. That is,the
capacity was tested after 1 moath, 3 months and 6} months re-
spectively. The results are recorded in thg following tables.

TABIE 11.

Injection One lonth after treatment.

Treated. Control.

Rabbit 297 298 305
Immediate | 5,700,000 | 5,702,000 | 5,8u0,000
5 hrs. 2 8 20,000
24 " 13 ¢ 53,000
48 ® 0 0 2,500
e 0 0 12
g6 * 0 0 0
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TABLE 12.

Injection Three Months after treatment.
Treated Control.
Rabbit | 299 300 247 248
i
Immediate | 1,000,000 |1,000,030| 8%0,000/1,100,000
5 hrs. 12 6& 1,300 5,000
24 " i 0 280| 142,000|1,953,00
48 " | 149 79 2,800| Innunmerable
96 * 0 0 DiedDied
TALDIE 13,

Injection Six fonths after treatment.

Treated. Control.
Rabbit 301 302 418 419
Immediate| 3,600,000| 3,900,000(8,400,000| 5,400,000
2 hrs. 100,000 2,400(5,500,020( 1,970,000
5 hrs. 10,700 206 | Innumer~ | Innuner-
able able
24 hrs, 14,200 944 D e a d Dead
72 hrs. 5,046 106!
120 hrs, 0 0

(In the last experiment the controls were much lighter than the
test animels and the dose therefore higher. Accordingly a fur-

ther experiment was nmade next day with e subculture from the
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one used on this ocecasion. The animals used were slightly
heavier than the test ones in this experiment. They both
died in less than 24 hours as daid the light controls).

In this series of experiments unfortucate veriatioans
in dosage and virulence render detailed comparison impossible
but the three experiments taken together show that et the end
of a month the improvement is still present practically un-
diminished; after three months it is also much in evidence
but by the end of six months the course of the bacteriaemia is
beginning to return to the normal type. There does appear
however to be distinct evidence that some degree of immunity
may last for as long as six months and the preliminary period
of clearing is still a very active one.

In connection with the investigation of antibodies
in the blood‘GXperimenta are recorded (p.bo ) indicating that
a single dose of living organisms may produce an improved re-
sistence and improved clearing cépacity which are still in

evidence 10 months later.
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TRANSFERABILITY OF IMPROVED
' CLEARING CAPACITY.

The next step was to determine if the improvement
in the rate of.clearing could be traasferred passively to
another rabbit.

Rabbit 298 received 5 c.c. of killed culture on
18-12-25. One month later it was inoculated with 1 c.c. of
-1iving orgaenisms. At the end of 5 days it was bled and its
gerum injected intravenously into two normal rabbits, 1 c.c.
into rabbit 309 and 5 c.c. into rabbit 310. One hour later
these two rabbits together with a normal control were inoculat-
ed witﬁ 1l ¢c.c. of serum broth culture with the result recorded.

in the table.

TABLE .14.
Rabbit 309 310 233
Serum 298 S o 5 egey Nil

i Orgenisms per c.c. of blood

Inmediate 2,600,000| 2,300,000 | 2,300,000

5 hrs. 52 2 43,000
ei2d .68 14 8| Dead.

48 " 1 0

06 " 0 0

The serum in this case agglutinated in a dilution

of 1 in & when tested at 5500. for 2 hours. The actual
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dilution in which it would be present in the rabbit would be
about 1 in 20 in the case of 310 and 1 in 110 in 309.

It is clear that the injection of serum previous
to inoculation of organisms does confer this capacity passive-
ly on other snimals.

In another experiment the source of the serum (rab-
bit 290) had been treated with 5 c.c. of killed culture one
month before the experiment. The serum did not agglutinate
the homologous strain even in & dilution of 1 in 2 when heat-
ed for 2 hours at 55°C. A dose of 5 c.c. was injected intra=-
venously into rabbit 306 and 1 c.c. into rabbit 307 and the
test dose given on the following day to both rabbits and one
control normal (308). In this case the rabbit which received
5 c¢.c¢c. had removed the organisms from its blood in 5 hours,
while in the other two casethey were found in considerable
numbers (13,700 per c.c. in rabbit 307, 16,000 per c.c. in
308). There was however a slight return of the organisms on
the following day. The effect was quite definite but was
much less marked than in the previous experiment.

The serum of a normal rabbit administered 1 hour be-
fore a test dose has no such effect.

Further protocols are given on p.58.



40 .

PEARANCE AND DURATION OF ANTIBODIES
IN THE CIRCULATION AFTER INDIUNIZATION

WITH KILLED  CULTURE.

The phenomenon under discussion has been so far
defined. It coasisgts in the fect thet a single iatravenous
injection of 5 c.c. of & killed culture of pneumococci con=-
fers on a rabbit a greatly enhianced capaeity to remove a
subsecuent dose of living orgaenisms from the circulation and
suppresses, coumpletely or in part the subsequent increase in
numbers of these organisms. This effect, present to a
slight extent within a few hours, becomes well establishied on
the third day after inoculation; it is still well marked at
the end of & month and may even be demonstrated after three
or even six months, though, apparently in reduced amount,

The power to behave 1in this menner may be transferred by
means of the serum.

The improvement in the first few hours is slight
and uncertain and apparently nonspecific. The really stfik-
ing and apparently regular change occurs on the third day.

An immunity phenomenon which lasts from 3 days to 6 months or
more after an immunising injection suggests at first sight a
cause which is different from the ordinary antibodies.

Agpglutination Bull ( 1914 - 1916 ) has studied
the phenomenon very thoroughly and at first attributed it

entirely to the agglutinating action of the animal's blood.
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The fact recorded above (p.38) that a serum can transfer
this power in a dilution (1 in 110 in the rsbbit) very much
less than that (1 in 8) in which agglutination occurs in vitro,
does not necessarily disprove Bull's theory. He suggests
that this is because the reaction occurs better in vivo than
in vitro enc supports this view with some experimental evidernce.
It is posesible that a similar explsnation might apply to the
other experiment on passive transference by means of serum in
which no agglutining could be demonstrated in vitro. The
matter will be discussed further below. Here it will suffice
to state that in response to & single dose of killed pneumo=
cocei agglutinins (as tested in vitro) are not always produced
and,if they are, appear in small amount on the fourth day, in-
crease to a maximum about the T7th to 10th day and disappear by
the end of three weeks.,

Complement fixing bodies have been studied but the

difficulty in regarc to them lies in the fact that they are
present in considersble amount in normal rabbit serum. They
are not greatly increased by this amount of immunizstion and
appear to run falirly parallel to the agglutinins but the al-
teration is so slight that the results did not seem to be
very reliable.

Opsonins. The serum of normal rebbits has been
found to have ﬂolopsonizing effect upon the strain of pneumo~
coccus used in these experiments. Four rabbits were given

5 c.ec. of formalinized broth culture intravenously and the
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opsonizing power of the serum tested before and at intervals
after this treatment. No enhanced asctivity of the serum
could be detected in any animal up to ten days after treatment.
Blood prevented from clotting by tlie addition of 1 pexr cent
heparin solution was inoculated with virulent culture and films
examined after incubation of the mixture. In animals recently
immunized with living culture (7 days before) following on pre=~
liminary treatment with killed organisme greatly enhanced phag-
ocytosis has been observed; at later periods_(one month and
upwards) the power has not been in evidence. The development
pf demonstrable opsonins is, therefore, irregular and uncertain
and does not psrallel tie development of active immunity.
Precipiting. These antibodies ére developed with
rather more consistency end may last much longer than agglutine-
ins or opsoanins, but in many cases they fail entirely to deve-
lop after a single dose of killed culture. If they do develop
they usually disappear by the end of one month after treatment.
~An animal may develop a marked increase in clearing capacity
without precipitins ever appearing in the serum and may continue

to retain it long after they have disappeared.
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LEFFECT OF WHOLE BIOOD UZON
PNEUMOCOCCI IN VITRO.

In view of the lack of correspondence between the
occurrence of the ordinary antibodies and that of the im-
proved cagaqity to deal with and remove organisms from the
circulation, it seecmed possible that some further information
might be obtained from a consideration of the capacity of the
whole blood to destroy or inhibit the multiplication of the
organisms in vitro. I

The first attempts were directed towards determin-
ing vhat nuwnper of organisms could be completely removed from
the blood, several saell (1 c.c.) samples being received into
meeasured guantities of sodium citrate or heparin solution.
Each of these was then inoculated witl a measured volume of
g2 dilution of culture, the series diminishing by multiples of
ten. The tubes were then incubated at 37° C. for 24 hours
at the end of which time they were exa@ined culturally and
mieroscopically to sece whether growth had occurred or not.

The number of organisms employed in each case was estimated
from plate cultures made from a suitable dilution. This
method suffers from two obvious disadvantages. In the first
place the actual number of orgenisms introduced into each tuhe
'is not aetuzally nmeasured. It is merely estimated. In the
second place it does not permit of the differentiation between
growth inhibition and actual destruction. What secmed neces=-

éary was a method by which not only the end result of the
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process but the intermediate stages wmight be studied. In

e

order that this might be done the quantity of bloocd would
need to be sufficiently large to permit of sampling at in-
tervals.-

The choice of tie form which the "wlole bloog"
was to take had to be considered. THeist & Solis Cohen (1919)
and Heist, Solds Colhien & Solis Cohen (1v1€) used whole blood
for sirilar experiments without asttempting to preveat coag-
ulation, This methiod would effectively prevent intermitient
sampling and further it leaves the whole yuestion unsolved be-
cause the factors of active bacterial destruction and the
physical effects of coggulation are inseparably intermingled.

It was founc that citrated blocd gave unsatisfact-

ory resultis. The mein reason for this seemed to lie in two
factors. In the first place the strength of sodium citrate
required to prcvent the elotting of rabbit's blood was in the
neigibohrhood of 0.3 to 0.4 per cent. There seemed to be
guite considerable variations in different sainmals. On the
other nand the growth of the pneumococcus was very definitely
delayed by as little as 0.2 per cent of this solution and
slightly inhibited even byIO.l per cent in btroth. There is
thus a very small margin between the amount which is antico-
agulant and what would be imhibitory to growth. Further the
results obtained in experiments were quite irregular and quite
disagreed with those obtained by other methods. In addition

sodium citrate has been shown to interfere with antibod;
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reactions in a most poweriul manner (Wright & MacCallum 1922) so tha
even a sumll excess might very readily invalidate any results
obtained.

Defibrinsted blood has becn recommended by Sir

Aluxrotin Wright and his co-workers as suitable for experiments
of tais kind. An objection to it is that during the process
of defibrination the blood is congidersbly altered and depriv-
ed of fibrinogen and a considerable proportion of leucocytes.
In-actual practice 1 have fouad that the activity of defibrin-
ated blood is distinetly less then that of the same animal's
blcod treated with lLeparin, This latter substance in a con-
centration of 0.2 per cent prevents clotting quite efiiciently
for 24 hours. Acting as it does upon the fibrin ferment it
does not alter the more important constituents of the plasma
(salts and proteins). There is however one point to be em~
phasized, I citrated blood be centrifuged at a moderate
speed the plasma still contains the platelete which are guite
discrete. If however heparinized blood be treated in the
same way the plasma is quite clear, the platelets being de-~
posited with the cells in relatively large clumps. To this
extent at least the blood is not whole blood. I have satis=-
fied myself that heparin has no inhibitory effect upon the
growth of the pneumococcus in broth.

The technique finally employed was to place 1 c.c.
of 1 per cent heparin solution ian normal saline, sterilized

by boiling, in & sterile tube and to blecd the rabbit from
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the car vein directly into this solutibﬁ the tube veing mark-

ed to indicate when 4 c¢.,c. of blood have been added. The
tube was vigorously shaken to ensure good mixing of the blood
and heparin.,

It wes essential to maintain the blood at the correct
temperature during menipulations. Incubation of the tubes
within a bath of water in the incubator was tried with the
idea that the large bulk of fluid would better retain its heat
- when outside the incubator. As the incubator was a dry one
iy wag soon found that evaporation produced a considerable
fall in temperature in the water bath as compared with that
of the sir in the incubator. It was found sufficient to in-
cubate the tubeé in théordinary way and then transfer them
rapidly from the incubator to a portable water bath at the
appropriate tempersture. While they were in this bath the
necessary manipulations were carried cut as guickly as poss-
ible, after which the cultures were removed from the bath and
replaced in the incubator, the excesc ¢f water being removed
from the outside. Thne method, thicugh not ideal, seemed to
be eifective.

The culture to be used was diluted in saline con-
taining gelatin and sodium phosphate according to the reguire~
men£s of the experiment, a meassured amount being then added to
the tube of heparinized blood which had besn incubated for a
gquarter of an hour to allow it to reach the ap ropriate temper-

ature., A sample was taken immediately after inoculation and
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plated. This was regarded as the imoculum. At selected
intervals thereafter further samples were taken and siudilar-
ly examined. Dilutions in the seme¢ diluting fluid were

made where necessary.



48‘

GROWTH OF PREUMOCOCCI IN
BLOOD OF NORMAL RABBIT,.

In this study attention was particularly directed
to two main points:=

(1) the capacity of the blood to destroy organisms
iniroduced into i%!

(2) the inhibitory action of the bluoal upon the growth
of organisms. In connection with this it secumed probable
irom the writer's previous work on sireptococei (Wright 1925)
and from earlier work upon the pnewmococcus (Blake 1917)
(Dochez & Avery 1916) that this would be found smst marked in
the early hours of growth. Accordingly it is the latent
period which has been meinly investigated.

A considerable smount of work was wasted before it
was realized how greatly the nature of the culture used affect-
¢ the results. Chesney ( 1916) mentions that the precise
form of the growth curve varies with tie bateh of medium em-
ployed. 1t seems that under certain conditions it also
varies very considerably with the culture. The two cultures
tested were both derived from one original culture - the same
ag used taroughout tlhese experiments. One had been maintain-
ed by subculture in broth and had become avirulent. The

) 3

other had been maintained in a viruleat condition in vlood

broth znc when used was subecultured in serum broth. The

following experiments sihow how these two factors, nature of

R g T e



medium and virulence of culture, influence the length of the
period of latency in the case of tie pneumococcus. Tubes

of broth and of serum broth (107 rabbit serum) in 5 c.c.

quantities were inoculated with organisms from 24 hour cul-
tures of virulent and avirulent pasumococci respectively and
samples platec at hourly intervals.

TAELE 15.

Organisms per c.c.

Virulent culture Aviruient culture

Hedia Serum broth j Broth | Serum broth| Broth
Immediate 66 86 e 44
1 hr. 86 92 42 32
2 hrs. 86 &6 38 20
S 112 94 78 28
4 * 296 56 132 18
5 N 908 il B . 4a8 36

In both cases the serum broth cultures seem to have
begun to grow at 3 hours after inoculation whereas tue broth
cultures have not given clear evidence of increase at 5 hours.
Other experiments have confirmed tiis and go to show thet in
in serum broth the latent period is about 2 - 3 hours while
ordinary broth it is between 4 and 5 hours. One of the

beneficial effects of serum on growth of the pneumococcus is
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evidenced in this teadency for growth to begin earlicr, a fact
which has, so far as 1 know, no adequate explanaticna. I have
failed to find any significant difference in this respect be-
tween virulent and avirulent cultures.

The results are however guite different if the ex-

periment be made in the blood of a normal rebbit. Three

rabbits were bled from the ear vein in the ordinary way into

tubes containing heparin solution ( 14 c.c., 12 c.c. and

16 c.c. respectively into 4 c.c. of 17 heparin.) Iach speci=

men was divided into two egual perts one of which was inoculat-

ed with 0.1 c¢.c. of 1 in 40,000 dilution of broth culture (avir-

ulent) and the other with tihe same smount of serum broth cul=-
(virulent)

ture/ the cultures in eacli case being 24 hours old.. Specimens

were drawn at intervels and plated out, with the result re-

cordéd below. Two tubes of serum broth were inoculated as

controls.
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%

Organisns per c.cC.
ulture Virulent. | Avirulent.
P I B T Y P P =y

Ianediste 512 461 506 530 | 165 | 221 | 220 - 209
1 hr. 440 452 530/ 317 132 |160 | 141 184
2 hrs. 450 580 528/ 418 | 90 (153 | 52 200
3 = 770 806 653 600 | 60 | 91| 55 274
4 " 1,140| 1,500| 1,320 905 | 60 | 64 | 3v 687
6 * 4,300| 5,700| 6,200] 5,013 | 14| | 5| 4,210
8 » | as,000| 38,600/ 43,000 20,300 | 14| 2| 10| 29,000
10 * |195,000 (201,000 |327,000]|177,000 | 30 | o | 40 | 153,000

¥ Refers to nurber of rabbit whose blood was used.

The behaviour of the two cultures was very similar in
serum broth = the avirulent organism beginning to incresse
slightly later though the differencé is more eapparent than real.
In &1l the blood specimens the virulent culture had begun to in-
erease in 3 hours after inoculation, number 2 vossibly slightly
earlier than the others. The avirulent culture however in the
blood of the same anirals showed, in two cases, no sign of in-
crease even after 10 hours, in the third there is a doubtful
rise in the number of colonies after & hours' incubation. Fur=-
ther than that there is considerable reduction in the numbers
of organisms inoculated. There would appear to be no good

evidence of any power on the part of the norzal rabbit's blood "\h
' i |

=\ ) i

f?_‘: g // s
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to destroy virulent pneumococci whereas an avirulent strain
mey be considerably diminished ia nuwbers or its lateat period
congiderably prolonged. it ig obviocus that observations of
this kind shiould be confined to orgenisas of the sauwe degree

of virulence as those used in direct experiment on the animel.

{NOTE. In cages where tihie avirulent culture has
finally grown in rablLit's blood it has been found that the
orgenism hes becn uncapsulsted wheress the virulent has

always been capsulated.)



93,

GROWTH OF VIRULENT PNRUMOCOCCI
IN I7HUNE RABBIT 'S BILOOD.

_ The effect of the bluod of imumnised rabbits on
the virulent strain was tested by the same nmethod. The
animals used had besn immunized with a single dose (5 c.c.)
of killeé culture 13 days before. ‘Iie blood was inoculated

with 0.1 c.c, of 2 1 in 40,000 dilution of serum broth cul-

ture,
TABIE 17.
QOrgenisng per c.c,
Imrune Rabbit No. 941 No. S42.
Imnediate 285 264 i
2 hrs; 75 125
4! ® & 21
(-3 S € 4
- 0 0
24 ° 0 0

Clearly the blood has been able to destroy this
nuilber of organisits entirely, the greater nuwber disappearing
in the first two hours. The next experiment showed that
this destructive action ig dependent on the presence of cells
in the fluid. Two rabbits recently immunized were bled into
heparin ané the blood mixed*. Part of this was used as such

(Whole Blood). The remainder was centrifuged and the plasma

* This was done as a large amount of blood was required
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fibrinated by shaking witll class beads

of these specimens was inoculated with

-

ed.
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A further speclmen was obtained from eachn and de-

This

HaE

ceatrituged and the

E).

1 eves

and tie specimens

serua taken off.

gfodidn

dilution of serum broth culture and the course of growth

No. of organismg per c€.C.
Elcod. Plasmea., Serum,
Immediate 358 375 544
& hrs. 122 42z 320
- B =% 362 &0
g 7 4 1,050 2,075
24 " 0 Tilm ++ Film ++

lach
40,000
follow-

Neitier the serum nor the plasms agglutinated the

y ; 0 : 3
orgenism in 2 hours at 55°C., but the growth which appeared

at 4% hours wasg ¢istinctly floccular,

well capsulated.

‘The organisms were

£

thie plasma nor the serum had any such effect.

The whole blood killed the organisms but neither

it would seem

clear that the delay in begianning growth noticed in this as

in previous experiments

1s

an effect of the fluids but destruc=—

tion of organisms ig not produced by the fluids-alone, though

it is in the whole blood.
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Conmplete sterilization of the blood is not observed
at all stages of immunizsetion and it would appear thet there
is considerable cdifficulty in comparing this killing power of

the blood of tiie came animal szt different times. Cuief
among the difficulties is the fact that the reduetion in nume-
bers eppears to vary considerably according to the size of
the inoeculwm. Four specimens of blood from rabbit 346 (im-
munized 6 wecks before) were incculated with varying amounts

of a virulent culture and ObEEIVbd in the usual way with the

following results:-

TABLE 19.
Orgenisms per e.c. ]

i 8 2 & &

Immediate | 1,500 100 28 ¢

2 hre: | 1;170 &0 ol 10

4 = 630 &2 18 &

G 470 40 15 &
The answer obviously varies with the inoculum. The

phenomenon here described is similar to that observed by
Wright, Colebrook & Storer (1923) who interpret it as due to
an epiphylactie response, the greater number of OrgaﬁlsLE
stimulating the cells to a greater production of active sub-
stances . I think it might equally well be attributed to a
phenomenon such as phagocytosis or agglutination in which

chance of incidence with some other particle or cell plays an



56.

irportant role.

< In this particular experiment the organisms actually
grew in the blood and attained large numbers. As the period
after the irmmunizing dose becomes longer the actuzl diminution
in the number of organisms becomes less marked and may disap-

pear. But for severzl months this effect of lengthening

the latent period remains recognizable.

In the folilowing experiments a group of five rabbits
which had received a single dose of 5 c.c. of killed culture
one month before were examined in some detail to see what cor-
respondence there wes between the various antibodies discussed
and their capacity to remove orgeanisms from the blood after

intravenous inoculation. The results obtained were as follows:-

TABLE 20.

Rabbits immuiized one month before.

1
! Antibodies in serum.

| Rabbit zon | 385 356 394 462
i Agglutinins | - - - = =
| Phagocytosis| - - - - -

(whole blood)

Precipitins | - 2 - = *
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TABLE 21.

Growth of orgenisus in whole vlood {(in vitro)

R, No. 877" Ga5 " 35e . Gea ez
Immediate | 240 | 228 | 170 | 216 182
2 hrs.| 234 | 240 | 138 | 124 112

3 o 192 | 196 56 92 90

4 @ 276 | 192 52 58 72

6 ° 430 | 190 6 36 84

At 24 lours marked growthh in all cases.
&

In all caeses there is deley in the appearance of
growth but the blooé of rebbit 377 is less effective than the
others. Two 03 the specimens show considersble cdiminution
in the nusber oi organisis during tiis period. Im only two

rm

cases are precipiting observed. 7o test the protective sction

of tie serum 5 e.c. from each rabbit were inoculated intravenous-
ly into & normal animal. t the same time 5 c.c. of normal
rebbit serum wereinjected as a control inte each of two normsl
rabbits. One nour leter thnese rabbits and an untreated con-
trol normal were each inoculatec withi & test dose of culture

and the blood was examined with the following results:-



Habbit 480 481 482 483 484 485 486 486
Serum froa U &S o84 N. {s 556 462 -

0r$anisms per cilcs of Hlood iy hundrgds.

Imsediate | 26,000]26,00018,000 |26,000 (22,600 28,000 |28,000 25,000

5 hrs, 259 1%0 88| 2,900 200 11 6 820
24 128 o9 238 Tn- 2,660 170 14 128,500
gount 4
able J
Tl Sd4 D D.48 | D.72 Tis S.| D72
5 days | |
V.= died. L.= developed lacal lesion. 8.= survived.

N,.,= norual rabvit,

All the enimals wnich received serum from & treated
rabbit showed more complete removal of the organisms in five
nours and less increase at 24 houre then those whicn received
normal rabbit serum or the control. The sera containing
precipitins (385 and 462) were more effective in preventing
lesions and death but not in both cases in produciag increased
preliminary clearing. Without prescing the result tooc far
there is some protective action present even after precipilins
disappear and there is also growth inhibitory power present in
the blood. The sctual capacity of the animals from Wwhich the
serum was derived to remove organisume was now tested in the
usual way. The rvesult is recorded in the following table, to=-
gether with the results of the other tests and the results in

two control normal rsbbite.




385 | 356. | 394 462 478 479

_Rabbit 377 |
! No. of organisms per c.c.
|

Imnediate l,OS0,0fOil,l?0,0JO 1,170,000|1,250,000 |840,00Q 950,000]1,070,000

2 nrs. zo,eool o | o | 0 o |210,000| 137,000

| 340 0 o | 0 0 25,000| 25,000
24 1 1,300 0 0 0 116 %goo,ooo 1,510,000
48 * | 1541 0 0 Q0 0 Dead|{ De ad
9% " | 0|
Precipit- I l i

ins | - | + - - +

Growth l .

delay i ¢ 2 ++ L2 ++ i

| hﬁtection\ + ' - } - + (slight) T+

The correspondence between active immunity and these
other phenomena is not exact but it seems to be better with the
capacity to delay growth then with the protection or precipitin
tests.

Finally, a similar experiment, with the exception of
the protection experiment, was carried out on a group of rabbits
which had hed one or two doses of killed or living culture or
both at varying dates preceding the experiment. Their sera
were tested for agglutinins and precipitins and the growth of
the organism in heparinized whole blood was also examined.

Finally they were all submitted to an inoculation of living



60.

virulent culture intravenously to test their clearing capacity.
In addition there were included two untreated rabbits. The
blood of one of these (489) had shown a certain amount of de-

leying effect on the growth of virulent pneumococci and it was

thiought desirable to test its clearing capacity as well.

This

is the only untreated rebbit so far examined which has shown
any sign of the delaying action of the blood upon growth. The
results are given in the following tables:-
TABLE 24.
Growth of culture in blood (in vitro)
No. of orgenisms per c.c.
R. No. 273 | =292 | 302 | 2313 | 342 362 | 489 Sor e
Imediate | 12,700/12,000(13,000| 9,800 10,605 10,100( 11, 800 10,900
| 2 hrs. £,300| 9,700| 8&,400| 9,200| 7,000 8,500| 6,500 12,000
| e ™ 22,100 9,103{ 5,800({10,100| 7,800 7,500 5,400 20,900
e 77,000|10,500| 5,200, 8,2001(13,500| 19,500| 5,600| 68,000
oL ¥ 553,000 22,000| £,900|28,900 |73,000]107,000(32,800 | 567,000
TABIE 25,
Immediatex Rg;eagimrgmpval of injectgq_g:ganisms from blood stream
2 hrs. 23,200 30| O 0 40| 71,800(18,400 | 340,000
5 ™ 250 01 0O 0 0 1,960 170 58,300
L 216 44| 0 & 218| 1,600| 354 120,000
e 0 o O 0 0 20 1 sz,gog.
e ;

* the dose was so adjusted for each animal as to give
e total inoculation of 4 million organisms per C.C.
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All the specimens show deley in growth of the cul-
ture inoculated intc blood excepting the normal control and
B, Simjilarly ill ghow 8 marked increase in clearing capacity
ineluding 273. How the serumn of thece aninals had besen examin-
ed Tor agelutining and precipitins two months before and none
had been present except precipiting in the case of No. 302. From
this serum they had azlso disappeared by the time of this experi-
"ment . The immunizing process had consistecd of the following

treatument ;-

273 5 c.c. killed culture and 1 c,c. living 11 monthg before
292 1 c.c. living culture . . ’ . 10 months *
302 B c.c. killed 10 micatis before and

1 e.c, Yiving : 5 s . . . o montls %
342 1 c.c. living ¢ 3 . ; . % _months "
262 b5 gug.s Xilled e L ; " . 4 months "
&a1% 1 e.c. living =~ A : 4 . & months "
489)

) Hoae

492)

The duration of the igmunity after so little treatment ié sur-
orisingly long. 1t is not considered justifiable to do more
than ¢raw sttention to the faet that these animals might have
been considered to be devoid of antibodies but there ié clear

ENHANCED ACTIVITY OF THE RBLooDd
evidence of the presence of & === in =11 but one case if the

growth experiment is carried out. Further the untrsated
rabbit whose blood had this capacity behaved like a slightly
immunized animal The relation between delaying power of the
blood and resistence iqﬁ%&antitative end in the case of 273

antibody effects cannot be detecled even by this delicate test.
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The capacity to delay growth clearly long outlasts
the presence of ordinary enlibodies. It has &liso been shown
that it may precede them ia its appearance, Four rabbits
used to test tlie course of opsinins following injection of
killed culture were also examined to determine the presence of
other antibodies in the serum and of growth inhibitory proper-
ties in the blsod. In none of them did agglutinins, precipi-
tins or opsonins appear up till the tenth day. By the third
day two showed quite definite evidence of increased inhibition
of growth in blood and by the fourth day the same power was

manifested by the blood of all four rabbits.
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DESTRUCTIVE POWER OF BLOOD COMPARED
WITH PRELIMINARY CIEARING CAPACITY

OF ANIVAL FROM WHICH IT WAS OBTAINED.

Thie capacity of the blood to destroy pneumococei
in vitro is certainly incrcesed by the process of immunization
but it is clear thet this ceapacity is by no means sufficient to
eccount for tie diaiﬁltion which takes place in the blood in
vivo either in the normal or the imsune animal. This will be
seen from the following examples.
TABLE 26.

Normal rabbits.

Organisms per c.c. 0f blood.

Rabbit 547 348
In vitro 1In vivo | In vitro In vivo.
Immediate 506 870,000 461 1,000,000
1 by, 530 452
& 8 528 ' 580
s " 653 £06
| 4 * 1,320 1,500
g ™ 1,300 3,300

In this case althougn the blood of the animsl is
practially devoid of power to reduce tie small nuumber of

organisms inoculated into it, yet the animal as a whole has
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& very remarkable ability to remove them from the circulation.

TABLE 27.

Immunized rabbits.

Organisms per c.c. of blood.

Rabuit 385 594
In vitro In vivo In vitro In vivo
Immedisate 228 1,170,000 216 &40 ,000
5 hrs. 180 G a8 0

The recuction produced in vitro is in neithier case
of anything like tlie seme order as that in & correeponding
time in vivo. In this experiment tle awmount of destruction
or reduction that occurs in vitro is very slight and the in-
oculum srall but even with larger inocula and much more high-
ly active blood the number removed is never very great (sever-
al thousand per c.c.) and does not approach that which dccurs
within the anizal when the orgenisms are introducec into the

cireculation.

It remains therefore to seek for some explanation

of this discrepancy.
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Tk RBFFECT OF TEUPERATURE UPON THE
DESTRUCTION OF ORGANIEMES BY BLOOD

IN VITRO.

The experiments up to this point had all been made
at a temperature of 37°C. Jow the normal temperature of
revbits is definitely higher than this though it certainly
varies considerably. 1 hiave selected the temperature of
399C. as representing a fair average (= 102.2°F.) Further,
f6¢lowing an inoculation of organisms there is freguently a
considerable rise of temperature which in the course of 4
or 5 hours mey reach 40°C. ( 108°F.) or 40.5°%. (105°7.)

Now the maximum temperature at which growth of
pneumococei will occur is given by Muir & Ritchie as 42° C.,
by Hiss & Zinsser (quoting Fraenkel) as 419C. The optimum
growth occurs at 37°C. Possibly the destructive action of
_the blood might vary with the temperzture. |

A preliminary experiment showed that the eifect
of the temperature varied with the medium employed. Two
tubes of broth, two of serum broth and two of normal rabbit's
blood were inoculated with & measured amount of viruleant cul-
ture of pneumococcus.l One of each pair was incubated at

399¢. and the other at about 40°C. The course of events is

recorded below:=-
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TABIE 28.

. Broth., | _Serum broth. | Blood.
29°¢8. 409¢. 379¢. 40°¢C 37°¢. 40°¢|,
st |
Imnediate © 28,000 [23,600 27,010 | 24,100 24,90 22,300
2 hrs. 33,000 7,100 50,000 | 8,400 60,000 19,600
4 " 36,000 396 741,000 | 4,700 792,000 61, 600
g 54,000 24| 8,050,000 | &,700| 8,100,000 575,000
g = 240,000 2| 97,800,000 |40,900 52,700,000 | 5,980,000
0 * 1,420,000 0 465,000,000 [96,500 [Too meny [16,380,000

to couant.
24 » Film +++ 0 S 2 10 +d ++

At the higher temperature tle organisms disappear

en-

tirely from broth, diminish and then multiply slightly in serun

broth, whereas in rebbit's blood good growth occurs, preceded

it is true by a slightly longer latent period than occurs in the

tube at 37°C.

Ixtension of these experiments indicated that

the results obtained varied very much from day to day and that

slight variations in temperature made rather large differences

. 3 0
in results round about 407C.

thermometers
were directed
alteration in

temperatures.

Accordingly accurately standardized
were employed for the following experiments which
to determining whether there was any significant

the destructive power of the blood at the higher
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TABIE 29.

Normal zabbits.

Growth in blood in vitro.

Number of organisms per c.c.

-

R.478 R.4%9
37%¢, 399C. 40.59¢. 399C. zg@cC. 40.59C.
Immediste | 10,300] 9,900 |9,800 | 13,400 | “o,300 | .70
2 hrs. | 11,900| 9,400 |7,000 |16,800 | 9,900 | 6,400
28 34,000 (11,600 |4,800 | 20,507 | 16,800 | 6,400
4 ® 60,000 |25,100 |2,300 p09,000 | 41,000 | 4,900
6 o 749,000 (226,000 | 4,500 47,000 {262,000 | 10,000

Ih this case the blood was drawn from two normal
rabbits eand inoculated with orgenismg in the manner previous-
1y employed. There is practically no evidence of any destruc-
tion of orgenisms at either 37°C. or 399C.:at 40.5°C. there is
what I take to be & significant diminution in the numbers but
srall compared to the numbers rémoved from the blood in a
c&rresgonding period after intravenous inoculation wlich may
be seen from the following table:-

TABLE 30.

478 479

Inmediately
after inoe. 950,00 | 1,070,000

2 hre. 210,000 137,000
5

¥ 29,000 25,000
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What does appear however is that at the higher tem-
peratures the commencement of active érowth is delayed; slight~
ly and uancertainly at 39°C., guite markedly at 40.5°C.

The blood of two slightly immunized rabbits was also
examined in the same way; they nadlbeen inoculatea 1 month
before the experiment with 5 c.c., of killed culture. Tue

figures obteined were:-

TABLE 31.

Growth in blo ¢ of immunized r=bbits (in vitro)

Orgenisms per c.c.

- BERoaL X JRatbRt B L
37%¢.| 39%c.| 4% ¢l  37%¢. 39%] 40% o,
Immediste |106,000 | 89,000 (91,00 [101,000 117,000 (109,000
2 nrs. 68,000 | 33,000 |29,0.0 | 40,60 | 28,800 | 34,600
6 * 120,020 13,400 6,800 | 34,500 | 14,300 8,760

Here there would apveer to be ratlier more destruction
of organisms at the higher temperature but the actual amount in
no way compares to what lheppened in the animal. The same aninm=-

1s were inoculated with 1 c.c. of culture and were able to re-

4}

¢uce the numbers in 5 hours frog 1l million per c.c. to O in the

case of rabbit 2 and to 340 in the case of rabbit 1.
The effect of the higlier temperatures would seem to
be not so mueh in increasing the activity of destructive agents

that may heppen to be present in the blood, the difference not
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being very marked in the first 2 hours, as in lengthening the

period during wiich they have sun opportunity of unhampered

" action owing to the fact that tlie organisim is not multiplying.
The conclusion seems justified that, whatever be the

value of the study of the blood in this way as an index of im-

munity or resistence, it is by no means a complete indicator

of the total capacity of the animsl.
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PHASE OF GROWTH OF THE ORGANISM AT
VARIOUS STAGES OF. THE SEPTICAEMIA.

Ia the earlier experiments it wes shown that during
the first two Lours after intravenous inoculation of organisms
from a 24-~hour culture, reduction in numbers goes onlat & very
rapid rate. The reduction may go on at 2 slower rate uantil
five hours from the injection when either & definite rise oc-
curred or the nuumbers remained fairly steady. Later it was
found that in some animals the organisms commenced to increase
in numbers at the end of two hours. I have never obscrved a
cage in which this increase has begun before that time. Tie
foregoing experiments upon the growth of virulent or.znisms
in vitro in rabﬂit's blood had shown that for a period of two
Liours after introduction the Z24-hour serum broth culture fails
io grow, that is, fails t& increase in numbers &s judged by
colony counts. The culture therefore was in the phase known
es the period of latency. It is gyuite possible that the or~
ganism at the time of the increase of numbers within the animal
was simply beginning to multiply after the ordinary period of
ingetivity. This was tested in the following experiment.

Two.rabbits (420 and 421) were each incculafed intra-
venously with 1 c.c. of culture. At the time of inoculation
& measured amount of the culture was inoculated into serum

broth and the course of its growth examined. The latent period
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wes Tound to be about 2 hours. One hour after tihe intravenous

injection blood was

drawn from the ear as quickly as possible

into heperin at & temperature of 39°C. and the tubes immediately

aced in a at the 1n SHMPETs (- Speecimens were J
placed in a bath at the same temperstur Specimens we ylated

&t once and at intervals of 1 liour thereafter. Similar speci-
mens were prepared at 5 hours and examined in the same way. The
following are the figures obtained: -

TABLE 3<.

£ :
Organisms per c.c.
Specimen of blood obtazined 1 hous after
inoculatioun.
R.420 R,421
|

Immediate| 1,040,000 260,000
B L 940,00 1,090,000
2 hrs.| 1,810,000 2,260,000
RN 4,490,000 5,250,000

During the first hour‘in the test tube no multiplica-
tion ocecurs, but during the next hour there is a very marked
increase.in numbers. That is, the organisms in tie blood of
the animel oune hour after an intravencus injection are still

in the latent phase and remain so for one hour instead of the

original two hours.
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TABLE 33.

Specimen obtained 5 hours after inoculation.

i #___J__gumber of organisms per c.c.
r_}-‘.a.‘ul;it 420, Eabuiflééi:‘MI“
Immediate 510,00 1,290,000
1 hour | 1,700,000 4,390,000
| 2 hrs. 9,440,000 9,500,000
3 10,100,000 21, 300,000

In this specimen it is evident that during tie first
hour in the test tube a great deal of multiplicstion has taken
place and that tle organism was, at the tive when this sample
was taken, iu tne phase of active growth. All experiments
directed to this point have given tihe saie result.:

A further experiment was done upon anothe% animal,
the blood being drawn upom the 3rd day after inoculaﬁion (the
gnimal died on the fifth day). The temperature of the rabbit
at the time the blood was taken was 39.6°C. IncubaﬁiOﬂ of
the sample was at 39.2°C. and the results were as given.

TABLE 54.

Specimen of blood on drd day after injection.

Number of organisms per c.c.

Imnediate 68, 700

1 hour 276,000

|
|
!
2 hrs. J’ 476,000

3 n 1.076.000
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Here too there was obviously no delay before multi=-
plication occurred and tie organism in the rabbit's blood at
this time was in the phase of active growth.

In these points the behaviour of the orgenisu within
the animal does appear to be analogous to what occurs in the
test tube. The ordinary 24 hours culture employed is in a
period of latency at the time of incculsticn. ~ One hour later
tiie organism is in the same phase but it is now of shorter dur-
ation - one hour. At the end of five hours the orgénism.has
no such latent pericd but is in the phasge of active growth.

This chamge of phase would account guite well for the
alteration from rapid reduction to relatively rapid iancrease
wiiiel occurs in a certain number of animals. But the time re-
lations are not the same in &ll cases. Is there any corres~
ponding variation in the length of the period of lateney? To
test this = series of six normal rabbits of different weights
were selected, samples of blood drawn in the usual way and the
course of growth of an inoculum observed. By choosing animels
of different weight it was hoped that the natural veriations
might be more readily observed. The following day the same
rebbits were inoculated imtravenously with & dose of culture,
graded according to weight, and the course of the bacteriaemia

followed by means of hourly specimens of blood.
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TABIE 35.

——

Growth curve in blood of series of six
rabbits at 39,4°C.

Number of orgenisms per c.c.

Rabbit 452 T 453; 454 455 396 397

I veignt (grams) 1950 1950 | 1400 1420 1000 1050

lmediate | 4,750 4,680! 4,500 4,600 4,200 4,200

e, 4,130 3,870 3, 830 4,030 3,630 3, 840

ohrs. | 4,300 3, 800 4,170 3, 890 3, 800 3,500

3 . 5,430 5.600| 6,500  5,400| 5,400| 5,100

4o 15,400 | 11,400 25,100 17,500 12,100| 13,800

5 32,200 26,500 | 62,000 50,700| 37,400| 34,200

6 93,000 116,000 | 218,000 184,000| 182,000/ 109,000

L_? " 323,000 254,000| 695,000 586,000 477,000] 342,000

TAELE 36.
Course of bacterizemia following injection
of 1 c.c. of loulture.

lmediate |3, 4€0,000 | 2,450,000 |3, 600,000| 3,500,000| 3,360,000 3,200,000

1 hr, 180,000 960,000 [1,030,000[ 1,220,000 1,490,000|1,130,000

2 hrs, 17,100 500,000 | 340,000 790,000| 650,000| 630,000

g 3,500 120,000 | 360,000] 1,000,000/ 410,000/ 500,000

o 300 | 130,000|D i e @ |1,640,000 [720,000| 210,000

e 200 80,000 3,800,000 1,310,000( 1,220,000

& < 100 | 150,000 11,100,000| 1,770,000|2,020,000

i 2 <100 | 230,000 b2, 900,000| 2,800,000| 3,270,000
M“"'--—-___
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I have underlined the figures which seem to indicate the
point at which growth had begun to occur in the test tube
and increase in numbers in the animal.

These are summsrised as follows:=

Period at which increase had begun.

452 453 454 455 396 397
In vitro| & hrs. 3 hrs. 3 hrs. 3 hrs. S hrs. S hrs.
I In vive [S7 hrs.*| € hrs.ﬂ Tudihrs. || 3 hrs. 4 hrs. 4 hrsl.

* Increase marked in 24 hrs.

§ except for the figure at 5 hrs. which is a
little anomalous ~ this might poesibly be
regarded as a stationary period from 3 - 6 hrs.

It is clear that in four cases there is a certain re-
lztionship between the figures but it is not a precise one.
The case showing the greatest disparity between the two sets of
figures is rebbit 452. It is to be observed that the rate of
reduction of the organisms in this animal is very mugh higher
and the level reached considerably lower in the three~hour

period then in the other aniuals. In the test tube growth

occurs and its progress is unhampered wlereas in the animsl the
eliminating mechanism is functioning actively. The rate of in-
crease in the test tube is in almost all cases much greater than

it is in the animel It would appear that multiplication in the

animal has some brake acting.ypon it. It is nett not gross -

the balance between total increase and elimination.
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If the rapid rate of removal in the preliminary period
is due to the fact that the organisms ere not at that time
multiplying, the course of the curvebof the septicaenia should
be considerably altered if the organism used for inoculating
the animal were in the phase of active growth. Three rabbits
were therefore inoculated each with 1 c.c. of an actively grow-
ing (6 hour) serum broth culture of virulent pneumococci, care
being taken at the tine of inoculation to avoid any serious
change in temperature in the culture from thet of the iacubator.
Cultures were made from the ear vein at intervels of one hour
with the following result:-

TABLE 37.

Course of septicaemia following injection eof
actively growing culture.

Habbit 252 468 490
Qrganisms per c.c. in millions.
Immediate 8 & 8
1 bhour 14,1 13.4 12.5
2 hours 217 27.2 23
3. ® 29 .5 41.3 4¢.7
4 " 54.6 71 94,9
S 79.5 94,6 321 6

The use of such a culture has the effect in these
cases of eliminating altogether the preliminary
period of decrease in numbers, the ilncrease being

evident at the end of one hour.
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CHANGEE IN TEIPERATURE AND THEIR EFFECT
UPON TEE COURSE OF THE BACTERIAEMIA,

Experiments on growth in vitro are necessarily carri-
ed out at & Tixed temperature. In the animel body, on the
other hand, the temperature undergoes considerable varistion.
1 have tried to determine if the course of the temperature in
the animal might account for the greater length of time which
elapses before increase in numbers cccurs in vivo as compared
with the test tube experiment. While the experiment recorded
in Table 35, p. 73, was in progress the course of the rectal
temperature in the animals was observed. Table 38 gives the
result of these observations.

TABLIE 38,

Rectal temperature of normal rabbits
gfter inoculation.

452 | 453 | 454 | 455 | 396 | 397
3
Jefore ineoc.| 36.5 | 39 39.1 | 38,5 | 38.5% 38.9
1 hr.after 38,9 | 38.9 | 39.1 | 38.2 | 39 | 38.9
“ hrs " 40 30,8 | 38.6 | £8.6 | 40.2 | 39.2
o " " 40,5 | 40.3 | 39.3 | 38.9 | 89.7 | 39.8
4 e n 40,1 | 40.6 | 39.3 | 40 40 .4 | 40.8
g ° » 1 40.4 | 40.6 | Dead | 39.9 | 39.9(:140.8
G . 40,2 | 40.5 40 40,14 41
- Tl 38.2 | 39.6 39.9 | 39.91140.8
|

During the first hour after inoculdtion the temper-
ature jie little altered.’ During the second hour a rise oc~
curs varying iﬁ amount in rabbits 452, 453 and 396. in the
remaining cases the rise 4is later. I have underlined in each

case the first record of a temperature of 4009,
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It is clear from this experiment that the greater

part of the removsa

L of vacteria from the circulation is done

at a time when the temperature of the enimals inoculated is

not greatly diffierent from that of the blood used for the

experiment on growth in vitro

w2
L T

ﬁ‘oc »

s

Accordingly the

difference between the destructive action of blood in vitro,

and the clearing capacity of the anix

accounted for in this way.

1f we

of temperature with the time at

numbers of organisns occurs

we get the following table.

al as a

which the incresse

in

whnole cannoct be

compare the time of tie first important rise

the

in the blood of the same animal

Rabbit no. 452 453 454 455 396 397
Time of rise of

Temperature 2 hrs. 2 hrg.|Never 4 hrs.| 2 hrs.|4 hrs.
Time of bacterizl )

increase. 27 hrs. |7 6 hrs.|? & hrs.| 3 hrs.| 4 hrs.|4 hrs.

Clearigg it is not possible

clocely.

to associate the two phencomena very

The exveriments upon the efifect of temperature on growth

in vitro showed that a tempersture of 40.5°C. had a marked ef-

fect in delaying the commencement of growth.

It is interesting

in this connection to compare the results of observations upon

temperature and bacterial growth in vive in the case of rabbit

397.



Temperature Bacteria per c.c. of

: i blood.

At time of inoculation 38.9 3,200,000
1 hr. 25.9 1,130,000

2 nrs. 29.2 630,000

a8 39,8 580,000

(¢ * : 40,8 710,000

gﬁ u 40,8 1,220,000

(6 41 2,020,000

E? o 40,8 5,270,000

Here there is clear evidence that during the & - 7
hour period the tempersture of the eniuml is at aboul 41°C.,
very close to the upper limit of growth of ihe orgsnism as
ordinarily described. Yet during the corresponding period
there is ®3Z¥XE a definite increase in the aumber of organ-
isms in the blood. Yow it is probable that in this animal
the orgenisms during the period of relatively low temperature
had entered upon the period of active Erowth. The following
experiment ghows tlet the effect of temperature upon growth
is greatly modified by the condition of growth in which the
organism happens to be at the time when it is inoculated.

Two specimens of heparinized blood from the same

Cp. and then inoculated with
normal rabbit were warmed to 40.5
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meeasured emounts of serum broth culture, in ome case derived
from & twenty four hour? in the other from & six hour culture
tie Tormer being in the phese of latency, tlie latter in the

phase of active growth, e observaetions upon tie course of

growth gave the following figures:-

TABLI, 40.
Growth at 40.5°C.
Ho. of organisms per e.c. {3 i
24 hr. culture. ¢ hr. eulture.
1muediate 3,890 13,400 ‘
|
s &1 £y oy . - i
& hrs. 1,230 79, 4C0 .
AL 420 421,000 ;
6 180 825, 000 "
|
% " 300 *

The inoculum consisting of organisms in tiie phase of
latency is kept in tiat phase for at least 6 hours in this
case, whereas the inoculum which is in a condition of zclive
growth at a temperature of 37°¢. is able to go on growing at
once at the higher temperature of 40.5%.

These results being somewhat inconclusive as to the
role of temperature in natursl resistence it was desirable to
see if rabbits with a high temperature at the tiume ﬁf inccula-
tion showed any distinct differences in the mode of dealing
with the inoeulum ag compared with animals of normal tempera-
ture, Three animals were inoculated intravenously with 1 c.c.

of formelinized culture of B.typhosus, three others with 5 c.c,
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of formalinized culture of pneumococcus and two others were un-
treated. The rectal temperature was observed hourly. All

(5 hrs. later)
eight rabbits were then/inoculated with 1 c.c. of living culture
of pneumococci. Rectal temperatures were recorded hourly there-
after and cultures made from the blood at 2 hours and 5 hours

after inoculation with the living organism.

| TABIE 41.

Inoculated with Typhoid. Pneumococci . Nil.

| Rabbit No. | 399 | 402 | 458 | 414 | 415 | 460 | 459 | 461

|Temp, at time of |
| inoculation. i 40.6 | 40,
|

|Organisms at time |

~1

40.1 40.5 40.7 41.3 38.7 38.3

i of incculation

| (thousands) 14,600 | 4,800 | 4,7C0 |4,9C0 [4.500 | 4,800 | 4,800 | 5.100

'?Temp. 1 hour 40.4 | 40.1| 39.6 | 40.2 | 40.4| 41.4| 38.5| 38.9
(Temp. 2 hours 40.3 | 40 39.2 | 40.5 | 40.8| 41.9| 39.7| 39.3

Jﬂranisms 2 hrs.

| %thousands) | 490 | 1,170 180 {1,120 640 | 1,080 630 | 960
‘Temp. 3 hours | 40.4 | 40.4| 39 40.2 | 40.9| 41.8| 40 40.53
Temp. 4 hours | 20.3| 40.7| 40 40 40,9 | 41.7| 40.1| 40.%
Temp. 5 hours | a0.2| 40.6| 40.6 | 39.7 | 0.6| 41.6| 40.6| 40.7

rgenisms 5 hours
%thousands) 100 | 1,050 66 930 82 82 440 | 1,880

This result does not appear to show any very marked constant
difference between the rabbits with an initial high temperature
and those with a low one. Certainly none of the animals with

an initial high temperature show any increase in numbers in the
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2 = 3 hour period whereas one of the normals does do so. No
final conclusions apsear to me possible but it does seem clear
that results obtained in experiments in vitro cannot be trans-
Iferred without further experiment te tie conditiocns as found
in the animal.

Attenticn is drawn to the figures for rabbit 460

in which the temperature is approaching thet of the normel
pigeon. Reduction in numbers is less marked in 2 hours in
this apimal then in ¥o. 458 whose terperature is nearly 2

degrees lees. It would seem to support Kyess view (1916)

trat in the case of the immnity of the pigeon to the pneumo~
coccus something more then the tempersture has 10 be consider-

ed though this may certainly play & pert.
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ROIE OF THE ILEUCOCYTES IN THE REMOVAL
OF BACTERIA FROM THE BLOOD.

The destructive functions of the blood drawvn from
the animal and examined in vitro are ranifestly not suffici-
ent to account for the phenomena of removal of becteria ob=-
served in experiments upon the living enimal. In the test
tube the conditions are relatively static and extremely
artificial; in the liviang animal they are liable to wide
variations and there are certain féctors which are not re-
presented at all in the test tube experiments. This is
perticularly the case with regard to the cellular elements.
The alterations whicl oceur in the peripheral blood in nor-
mal rabbits in the period following an iniravenous injection
of 1 c.c. of culture of virulent pneumococcus will be seen in the

following table.

TABLE 42.
Leucocyte counts in normal rabbits.
No. of leucocytes per c.um,
R.385 R.,371
Before inoculetion 6,200 5,400
10 mins. after 4,900 3,100
30 ” » 3,800 2,900
1 hour 2 2,800 2,400
2 hrs. i 3, 900 2,800
g9 i 5,400 3,400
6 * " 3,000 : 4,600
4 . 2,500 5,600
48 ® .. 3,800
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There was a well marked reduction in the peripheral
leucocytes in the course of 10 minutes followed by & gradual
return to normal or a maintenance at the low level for some
time. This punenomenonwas shown by An&rewes(l@lo) to be due
to redistribution of the cells within the wnimal, especially
& concentration of them in the lungs. The succeceding leuco~
cytosis that is usually described was not seen in these cases.

In aninels that are lightly imuunized the course of
the leﬁcocyte couut has been found to be somewhatvariable as

the following figures show:-

TABLE 43,
Leucocyte counts in immunized rabbits.
Nuxber of leucocytes per c¢. mui,
R.211 R.214.
Before iﬁoculation 4,800 4,100
10 mins. after 1,500 1,100
30 . ) 3,000 3,000
1 hour . 4,300 2,400
2 hours " 8,000 3,000
> Tt " 12,400 4,000
& » 12,800 3,500
24 " " 4,800 4,700
48 % " 5,400 .
|

The findings in the first rabbit (211) suggested
the occurrence of a specific leucocytosis such as is dis-
D

cussed by McWilliams (1916),Zinsser & Tsen (1917) and Gay

& Claypole (1914). But it was the only one of my swall



series which showed this. To avoid the variations occurr-
ing in different rabbits observations were made in the sam
aninal after a first injection of orgeanisus and after a se=-
cond injection a week later.

TABLE 44,

Leucocyte counts after lst and Znd
injections.,

Number of leucocytes per c. mm. !
lst injection 2nd injection. |
Count before |
inoculation 5,400 5,200 |

10 mins. after 3,100 1,400
20 * " 2, S00 2,700 ‘
1 hour 2 2,400 2,200 ;
2 hours . 2,800 2,600 1
4 * ¥ 3,400 3,400 i
6 " " 4,600 ' 4,000 .
A |

The only difference appears to be in the degree
of the preliminary cdimiaution. Apparently the factors
which bring this sbout are more active in the case of the -
immunized animal than the normal. Andrewesobserved this
difference and he a2lgo found the leucopenia to be loager
maintained as immunizatioun progressed. This greater tend-
ency of the leucocytes to aggregate in the lungs, particular-
ly, occurs just at fhe time when the maximum removel of or-
ganisms from the blood is also occurring. Anything in the
natufe of a leucocytosis is entirely lacking during the very

active clearing process in the immune animal.
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I have tried to test the iuportance of tie role of
the leucocytes by diminishing the nusbers of circuleting cells
by means of subcutaneous injeections of benzole. Three im~
mune and tiree normal rsbbits were given subcutaneous injec-

egqual parts of
tions of 2 c.c. of a mixture of /benzole and sterile olive oil
per kilo of body weight every day as recomuended by Selling
(1911). The action of the benzole was found to vary a good
deal in different animals, the course of the leucocyte counts
being somewhat irregular. Two animals, one normel and one
immune, died before the number of leucocytes was sufficiently
requced. he other animals bore the rather cdrastic treatment
very well as shown by the following observations on their

weight.

> 2 £ 5 . .
Weight of aninals tested with benzole (in grams.)

Rabbit 327 310 543 TS

Before treatment | 1,620 2,150 1,700 1,490

At end of treat- _
ment 1,620 2,100 1,720 1,320

Ap?arently if benzole is persisted with until the cells are com-
pletely removed death occurs in a large percentage of animals.

The experiments upon removal of bacteria were therefore made upon
animals whose leucocytes had been reduced to about 1,000 per c.mm.
or less. The animals, with an equal number of coatrols in as
nearly as possible the same condition regarding imrunity as the

test anirals,were inoculated with 1 c.c. of culture and the
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course of the bacterizemia recorded.

TABLE 45,

Removal of bacteria in normsl znd benzolized
Wninmunized rabbits.

R. No. 43 GIGES 340 336
Leucocytes | ;
per c. . 1,300 700 95,300 5,500

Bacteria per c.c. of blood (in thousands)

Inmediate 14,000 15,000 | 16,000 |16,000 |
2 urs. 2,351 2,142 2,898 | 2,142 ;
b . . 1,179 1,587 Too many| 1,764 |

s to count 1
TABIE 46.

——

Siniler experiment in immunized rabbits.

R, No. 3106 323 287 326
Leucocytes
per c. nm, 800 74200 400 5, 300

Bacteria per c.c. of blood.

Immediate 16 million 17 million|10 million| & million

2 hours 0 0 36 10
5 " 0 0 o) 8
Leucocytes
24 urs.
later 1,300 9,500

From this it appears that a very considerable reduc=-

tion in the leucocytes may be made without seriously affecting
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the capacity of the animal to clear its blood of bacteria in

the numbers here employed.
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EFFECT OF ATTEMPTS AT BLICKADE OF THE
RETICULO-ENDOTHELIAL SYSTEMN,

One important factor not represented in the test
tube experiments is the system of phagocytic cells lining
certain portions of tie circulatory system and forming part
- of what Aschoff hes called the reticulo-endothelisl system.
It is thought by many that the activity of this system may
be diminished if the animal is given injections of some sub=
stance which this system of cells is capable of absorbing -
the so-called "blocking®™ or "blockade" of the system.

I have tried to see if such treatment had any mark-
ed effect upon the removal of bacteris from the blood stream.

Four rabbits, two immunized and two untreated,were
given a series of injections of Indian ink. The preparation
used was Vatson's drawing ink which was selected because of
its marked stability in salt solution, a dilution of 1 in 10
in 0.85% sodium chloride solution showing no sign of precipita-
tion even after autoclaving and subsequent standing at room
tempersture for five days. In the doses used = 5 c.c. of
g 1 in 10 dilution in salt solution - it has appeared to be
quite non toxic for rabbits, provided the injection has not
been given quickly. The particles of which it consists are
- very fine and extremely even in size. Preliminary observa-
tions showed that it was readily taken up by Kuppfers cells

in the liver, cells of the spleen pulp and bone marrow, and
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after intraperitoneal injections by the cells of the taches
laiteuses of tle omentum and by the lining cells of the sinuses
of the lymph glands.

The experiment, to have much chance of success, has
to be carried out within & short time so that compensatory pro-
liferation of the cells of the system may be avoided. It was
found that a single injection of this preparation gave a good
demonstration of the system. Three such intravenous injections
end one intraperitonezl were given to each animal within a week
Two days after the last intravenous injection tue rabvits thus
treated, togetlier with four control animéls - two normsl and
two immunized - were given 1 c.c. of culture intravenously and
observations made upon tie septicaenmia.

TAELE 4%7.

Effect of injection of Indian ink upon
clearing power.

Unimmunized rabbits.

R. No. 520 Pl P 323

i
| Trested with ink, Untreated.
f
_|

Organisms per c.c. of blood.

Immediate 1,900,000|2,500,000 ‘ 2,200,000 (2,200,000

5 hrs. | 16,300 4,100 144,000 4,100

|
2q * 877,000 123,000 ! - 301,000 580
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TABLE 48.

X

Immunized rabbits. (Last dose 3 weeks before).

Treated with ink.  Untrested.

R. Ho. 296 297 310 298

Orgenisms per c.c.

Inmediate 1,700,000 |2,000,000 | 1,703,0.50| 2,200,000
5 hours 0 0 (¢ 0
24 ® 8 0 0 G

The experiment with the normel rabbits, while some-
what uansatisfaclory owing to the wide divergence in the ob-
served numbers ian individual animals, does not show any de=-
finite difference between the two sets of animals in the matter
of preliminary clearing. There does seem to be a slight tend-
ency for greater increase to occur in the mnext 24 hours in the
treated animals. The immunized animals showed no significant
difference in either respect. Similar experiments were next
made with injections of saturated solution of lithium carmine
(Grubler) given intravenously in doses of 5 c¢c.c. on four con-
secutive days. Twenty four hours after the last injection the

culture was injected intravenously.
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TABLE 49.
Effect of injeciion of lithium carmine.
Unimmunized rabbits.
Treated Untreated.
|
R. No. 331 383 375 i a7é
Organisms| per c.c. l
Imnediate (9,000,000 6,400,00| 7,300,000|7,000,000
2 hrs. |2,020,000 430,000 90,000| 420,000
Guoo® 1,950,000 1,700 860 | 34,600
R4 " Pegd 1,200 17,000 51,000
} |

This experiment again suffersg from the defect that
these normal animals varied so considerably in their power
of removing the organisms. The treated animals have however
not lost the power to remove pneumococci. To test the matter
further two rabbits were chosen which had been treated with
living pneumococeci4 months and 5 months before respectively.
These rabbits being in a relatively weak state of immunization
would be expected to show a considerable alteration in power

if blocking the system removed their main elinminating mechanisn.

TABLE 50.
Effect of lithium carmine injections.
S [T _ Iomminized rabbits.
Treated. Untreated.
290 261 sl4
R. No. I(sa"jg.) | (5 mos.) {4 mos.)
Organisms| per c.cC.
Immediate |1,300,000 1,400,000 1,350,000
£ hours 0 4,300 2
a. 0 102 0
24 * 0 1,352 32




Rabbit 290 removes the organisms just as readily
as reooit 314 which received no carmine. In the case of
rabbit 291 the power is not s0 marked but the process does
not differ markedly from what has been found quite commonly
in animals at tiis period after immunization.

Tiiese experiments seem to show that the amount of
treatment described did not seriously interfere with the ani-
mal's capacity to dispose of the injected organisms. Certain-
ly the results in unimmnized animalsg were irregular and too
much should aot he.deduced from them but where conditions were
much more standardized, gs in the immunized animals, it was
not possible to find any significant difference belween those
which received injections of ink or carmine and those which

did not.
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'ROLE OF TIIi BLOOD PLATELIETS.

Various workers Delrez & Gowaerts,(1918), Teale
& Paech (1920), had suggested that the platelete played &
predominant part in the vemoval of bacteria. Goveerts (1921)
and Bull & MeXee (192z) have however guite conclusively shown
that the elimination of the platelets by means of an anti-
platelet scrum liss no effect upon this activity. Bull's ex~
periments were done in part upon the pneumcoccus and it has
not secmed nécesaary to go into the matter any further.

Here tien we have thwee factorse, each of which can
be greatly modified independently without seriously prejudic~
ing the animal's powers - the leucocytes, the reticulo=-endo=
thelial system and the blood platelets. Does this nmeen that
none of these play eny part or is it thaet the phenousenon is
really a very complex one which inwolves all these factors and
perhaps others? The experiments whiclhi have been described all -
tend to show that the immunized gnimal differs only quasntita=-
tively from the unimmunized. There is apparently an improve=-
ment in the capecity to dispose of orgenisms, fairly abrupt in
its onset and gradual in its disappearance. Jhenomens observ-
ed in the immne animal are probably therecfore only an exagger-
ation of what occurs in the normal., With this lidea observa~
tions were made Lo see what factors did acturlly take part in
the removel of pneumococci from the circulating blood of an

immane animal.
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HISTOLOGICAL OBSERVATIONS.

The only two points to wihich I have devoted attén-
tion are (1) the factors concerned in the removal of organisms
in the immunized animal; (2) the chief pointe of difference
. between the normal aand the immunized rebbit.

1t secred advisable to make these observations early
in the period of elimination as at this.time the phenomena
mignt be expected to be at their height and desfruction of the
bacteria would not have assumed large enough proportions to in-
terfere with the results. Animels previously immunized with
at most two doses of pneumocecci, thie last dose having been
given a week before,were injected with 20 c.c. of virulent

pneumococci. They were killed by inhalation of chloroform

after 10 - 15 minutes and prepsrations made from peripheral blood,
blood from liver, lungs and spleen xmxx and pieces taken for
sections from the szme organs. In some cases blood films
from the ear vein were mede at short intervals during the time
between inoculation and the death of the animal,

The method of making films from the blood in
the organs has appeared to be of importance. If the blood
is obtained by puucture of the surface of fhe organ and col~
lected as it escapes the films are ?ractically devoid of
leucocytes and, in the immunized animals, of organisms as well.
In the normal animals there are also few white cells but the
cocci are very numerous. To obtain films containing cells

it is necessary to allow the organ to bleed freely after
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incision and to rub the cut surface upon the slide. It seems
as though the free bleeding of the organ, the blood presumably
coming from the larger vessels, does not lead to the removal

of either cocei or leucocytes in the immune animal, These are
apparently present only in the smaller cepillaries and require

ome force to dislodge them. Tone films prepared in this way

[#]

were stained with Leishman's stzin.

The preparations from the spleen did not give very
much information in any of the cases examined and it would ap=-
pear that little activity is to be expected in this organ at
this stage (10 mins. after inoculation).

The preparations from the lungs of the recently im=-
munized rabbits showed a most extraordinery phagocytic activity
on the part of the leucocytes. Both polymorphonuclears and
monocytes were engezged in this activity and in about tle same
degree, Practically all the bacteria seen had undergone soue
alteration in distribution; that is to say there were practical-
ly no isolated peirs of pneumococci, The changes consisted in

(1) phagocytosis by polymorphonuclears and mnocytes;

(2) aggregation into masses;

(3) inclusion of clumpe of organisms in masses of

platelets.

In one particularly good preparation a count wes made with

the following result:-
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Total number of orgenisms seen 803
Phagocyted by polymorphonuclears 287
. " monocytes 340
Total phagocyted 637
Total outside phegocytes 256
In unphegocyted aggregates associated
with platelets 203
In free sggregates 53

. It is not to be imagined that this degree of activity is to
be seen in all preparations but it serves to indicate how
quickly phagocytosis occurs and how extensive it may be.

The appearances seen in films from the liver are
very similar but here the counts suggested that mononuclear
cells were more active. This was because there were includ~-
ed four large cells of an obviously different type which con-
teined betweggﬁ?Sﬁ pairs of pneumococeci; one cell slone con-
tainea &2 pairs. These were, 1 thini, detached Kupffer's
cells.

The gections of the organg, though less beautiful
demonstrations confirmed these observations. In the spleen
there was little phagocytosis and organisus were much fewer
than in the liver and lung. In the latter masses of cocci
were to be seen both within the cells. in the capillaries and free
in these vessels. Hardly any organisms were seen in the
larger vessels. I could unot satisfy myself that there was

any phagoecytogis by the capillary endotielium. In the liver
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the most striking feature wes ag regation of the organisms in
the sinuses close to the well and for the most part apparently
phagoeyted by Rupffer's cells. It was often difficult to
decide if a given mass was within a cell or not especially if
tiie nucleus did not happen to be in the section.

In less highly immunized (up to one month after treat-
ment) enimals these appearances are not so clearly seen. Ag
the tire since the immunizing dose increases the evidence of
phagoeytosis becoumes less. One can however usually fiand some
evidence of it. And at the same time there seems less tend=-
ency'to form aggregates.

In the nermal animal at this stage I have not observ-
ed this phegocytosis or marked tendency to aggregate that is
seen in the imune. This does not mean,-z think, that such
phenomena do not occur. The dose employed here is an enormous
one. It needs to be in order that the organisms may be seen.
With the organisms are injected large amounts of the aggressin
like specific soluble substances whose deleterious action on
the activity of the leucocytes has been described by Sia (1926).
Conseguently a good deal of the activity of a normal animel
towards & small dose of orgenisms might well be paralysed by
the large doses here employed. It is possible that better re-
sults might be obtained at a later period.

In the films from the peripheral blood of immunized
enimals the phenomena of clumping of organisms and aggregation

in masses of pleatelets were both observed. Phagocytosis was
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not comuonly seen, I have however seen one or two polymorpho-
nuclear cells containing a few pairs of coceil,

Whether the platelet aggregations whieh occur in
these films actually occur in the body of the animal I am un-
able to say. In my films about 50 per cent of the aggregates
of platelets contained pneumococci while the others did not.

These observations then sliow that the removal of
bacteria from the circulstion in the imwunized animals is due
to their conceuntration withia tue cspillaries of the viscera
particularly the liver and lunge, partly in free aggregates,
partly phegocytosed. In this process of phagoecytosis the cells
of the blood and those lining the sinuses of the liver are both
concerned, ILven with tliese enormous doses & very considerable.
portion of the cells are still disengeged, sh&wing that there
is a considerable reserve of cells available even without the
intervention of any enh:nced production by the blood forming
OTgans. .Further, both: the granular cells and thqéells of the
reticulo-endothelial system take part. With so small a dose
as the test dose employed in the experiments ( 1 c.c. of culture)
the reserve avaeilable must be very great indeed. Ilaming of one
mechanism would leave the cther uniavelved, It is not surpris-
ing ‘therefore that the experiments with benzole and with Indian
ink and carmine failed tc produce any noticeable effect on the

clearing process.
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AGGREGATION OF PARTICLIS AND oF

BACTERIA IN BODY FLUIDE.

In the course of experiments upon the reticuloendo=-
thelial system the preparation of Iandian ink used was
Watson's drawing ink which was found to be extremely stable
in the presence of normal saline, But after intraperitoneal
injections it was common to find heavy precipitates in the
peritoneal cavity. Similarly after intravenous injections
-what aporeared to be precipitates were found in the lung capil-
laries énd the liver and spleen sinuses. It seemed that the

5
blackness 6f the lung varied with the rate of injection and
on cne occasion & rebbit which died immediately after an in-
Jjection was found to have & large precipitate of ink in the
right ventricle. It was soon found that this preparation
though remaining unaltered in sodium ciniloride was slowly pre-
cipitated by Ringer's soliution,more readily by serum and de-
fibrinated blood and almosgt instantanecously by whole blood and
plasma. Gum Acacia was guite incapable of protecting the sus-
pension against the action of the blood. With gelatin protec-
tion was afforded against the coarse precipitation produced by
mixtures of equal perts of wﬁole blood and protected ink. If
however the ink was mixed in vitro with whole blood in the same
concentration as it occurs in the animal after injection of
about 5 e.c. and the mixture was incubated at 37°C. for 1 hour

it was found that, tliough coarse precipitates were not formed,
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yet the very fine state of division seen in the original ink
had ceased to exist. The particles were sgeregated together
into microscopic masses. How the same protected ink prepara-
tion wien mixed with serum under the sawme conditions shows no
alteration in dispersion of the particles. The stability of
the suspension therefeore is much less in the whole blood than
it is in the seruﬁ. lan the film from such preparations the
small aggregates are partly independent and partly attached to
clumps of platelets. Hardly any phagocytosis of the ink by
polymorphs was observed tiwcugh it undoubtedly occurred to a
slight extent.

It is clear that the more nearly the fiuid epproximates
to what is found in the bloocd stream the more marked is the in~
stavbility of tue suspension and the greater its tendeaey to pre-
cipitate. Yet the most actively precipitating of these fluids
(plaswa) is much less unstable than the blood probably is in the
vessels with its capacity for clotting uninterfered with by
chemical agents.

Siwmilsar observations to this have been made by
Govaerts (1919, 1921) who also comments on the variation of ef-
fect of the blood of different animals, & matter which is also
considered in some detail by Pfeiffer & Standenath (1923).
In considering the fate of such particles introduced
into the blood stream the tendency has been to stress the phago-
cytic activity of the cells and neglect the phienomenon of pre-

cipitation. How many writers have observed the occurrence of
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massive deposits of ink, particularly in the lining capillaries
following sueh injections (lang (19¢26), Wisloeki (1924), Nissen
(1922), Boerner-Patzelt (1923), XKiyono (1¢14) and Westhues
(1922) ). Some suthors heve regarded tuese as simple nrecipi-
tates while others regerd them as having been brought to

the particular situstion by phagocytes which have subsequently
disappeared (Vesthues (1822) ). ¥y own preparatioans seenm to
suggest that the deposits are simple precipitates. The more
unstable the suspension and the more rapid the rate of injec~
tion the greater is the tendency for this to occur and the more
magssive are the deposits. Further, according to Wisloeki,

the gite in which they are found is determined to & certain ex-
tent by the route of injection.

I have injected into rabbits egual amounts of ink
preparations, one of which was protected by 5% gelatin, the
other being unprotected. The blood from the ear vein was col-
lected by Bedson's (1922) teclnigue for counting platelets. In
the films ink could be detected for at least 2 hours in the ecase
of the animal which received the protected preparation, whereas
in the other no particles could be seen after & minutes. Further,
the particles became much more rapidly aggregated into masses in
the latter case and at & much earlier point of time. In both
cases the aggrcgatcs adhered to the platelets whiech tended to
wase together. Apparently the more unstable tle suspension the
more rapidly it is eliminated from the circulating blocd.

Now a suspension of bacteria behaves in the main like
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an emulsoid as regards precipitation. According to Bordet (Iq2o0
the effect of agglutinins is to comvert the emulsoid suspension
into a suspensoid condition which should then behave like the
ink pa-ri.:iclcs. Govaerts (1920) has pointed out that staphylo-
coccl when suspended in plasma or unheated serum from a normal
raoit in the presecnce of platelets floecculate readily, the bac~
teria aggregating on the platelets in virtue of the action of a
"thigmophile" substance wiich le Fevre de Aric(1$20) identifies
with opsonins. Virulent pacumococei do not do this, but as le
Fevre de Aric (1920) slows the phenomenon is observed if an im=
mune animal's serum or plasma is ecmployed. On repeating these
experiments it was found that flocculation of suspensions occurr=-
ed much mere rapidly in the presence of platelets than in their
absence and that the flocculation was ecarlier in the less stable
fluids (plasma) than in the more stable (serum and heated serum).
In my experiments the reaction ultimetely occurred in &l1l1 but
whether this is observed or not depends on the activity of the
fluid used and the time during which the observations last.
‘The phenomenan.seens to be very gimilar to the increzsed preci-
pitation obser¥ed by Dean (1917) on the addition of globulin to
& non precipitating mixture. These observations would suggest
the possibility of zreater activity of antibodies in vivo than
in vitro, as suggested by Bull. It would also appear possible
that the platelets, though not an essential part of the mechan-
ism of removal of bacteria, may yet assist in it by helping in

the formation of ag:regetes which must help to reduce the
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numbers of organisms observed in the peripheral blood. It

is one of & group of adhesive peculiarities conferred upon
orgenisus by the blood of sn imuune sniual, adhesion to one
another (a2gglutinins). to leucocytes (opsonins), to endothe-
lial cells (endothelial opsonins) and to plateiets {(thigmophile

substance).
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DISCUSESION OF RESULTS.

With few exceptions previous workers heve found
thét bacteria introduced into the circulation have become
considerably diminisiied in numbers in a short space of time.
Govaerts (1 21, II) and Delrez &Govserts (1918) remark that
virulent pneumococeci are not reduced in numbers when injected
into rabbits. On the other hand Bull (1¢15, 1915, I., 1916 II.)
and Singer & Adler (1924) show quite clearly thet such organisms
may be removed in large numbers for a certain time. TVinternitz
& Kline (1515) state that the organisms begin to grow immediate-
ly after théir introduction but their observations as recorded
do not permit of any conelusion as to what happens during the
eritical period. Reichstein (1914) mekes a similar statement
regarding haemolytic streptococci but Bass (1925), Hopkins &
Parker (1918) and Bull (1917) report a marked preliminary eli-
mination as in the case of pneumococci. As has been mentioned
 above considerable variations from animesl to animel observed in
the course of a 1arée'series of experiments, may be apparently
due to individual peculiarities in the eanimal, as noted also by
Singer & Adler. The effect of fhe virulence of the organism
used has been found in these experiments to be gquite definite,
an avirulent strain being‘remnved more quickly and completely
than a virulent one. This agrees with observations made by

Bull (1%17). But with other orgesnisms other results have been

btained (Teale & Bach, 1920).
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The effect of immunization with either killed or
living cultureslis, according to my experiments, equally clear,
the highly immne animal removing the organisms at a greater
rate than the untreated onme. Bull (1915) and Kitagawa (1914)
egree that the immunized animal has the advantage in the case
of the pneumococcis. Singer & Adler think the power is con-
ferred only to a slight degrec by killed cultures as compared
with living.

Hopkins & Parker (1918) state that this improvement
does not oceur in animels immnized against streptococci and
Parker % Franke (1918) report that typhoid bacilli are not re-
moved better by imsunized animsls then by normals. Bull dis-
agrees with the latter finding but Bail (1905) has pointed
out that while immunized animals do not dispose.of typhoid
bacilli'more quiekly than normals, the cholera vibrio is re-
moved more rapidly if the animal has been iuomunized. Singer
(1925) has also shown that anthrax bacilli diseappear more
guickly from the blood of tle immunized animal.

Differences in this respect might very well be found
according to the organism that is being used and in comparing
thie results obtained it is necessary to know the exact condi-
tion of the bacteria employed s regards its virulence and the
exact stege of immunization of the animal. If the animal is
highly immunized removel is rapid and complete but if the im=-

munity has faded then the course of the septicaemia approximates
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more and more to that found in the normsl animal, differing
from it only in degree. . In the ordinary test for immunity,
ceath or survival after inoculation of a dose of organisms,
thiese fine shades are not seen. The result makesg it apoear
that the difference is a sharp one but in these experiments
it is seen at once thet in many cases the difference is real-
ly very small znd even two or three deys after an injection
it is quite impossible to tell what will happen. It takes
very little apparently to turn the scale one way or the other.
The solidly immunized animal is distinguished from
the normal by two main facts. The preliminary clearing is
wore rapild and more complete and the organisms once removed
do not return to the circulation. In what does this prelim-
inary improvement consist? Vhy is it that there is in the
normal a rise in the number of organisms following the prelim-
inery periocd of removal? In the answer to these two guestions
lies the solution of thie problem of immunity ageinst the puneu-
mococcus and of itse converse, the problem of the establishment
of pneumococcal septicecmia. Previous work upon the problem
of resistence against the pneumococcus has been almost entire-
ly confined to thaet period when the animal is highly imwuunized.
In this invesﬁigation I have endeavoured to see what is occurr-
ing at different stages, particularly when the resistence is
fading. In the stage of high grade resistence the phenomena

are exaggerated and therefore more easily observed;in the
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stages of low grade immunity one mey see if these ﬁhenomena
are still to be observed, and if not which of them tend to
survive. In other words in theearlier stages all the parts
of the mechanism are displayed while later one may see
whether 21l or any of these parts are essential.

To deal first with the mechenism; Bull in a long
series of papers attempted to explain the whole of the removal
of drganisms from tlie circulation on the basis of agglutination
or aggregation. If the aniral were naturally resistent it ag-
glutinated the organism (dog), if not it failed to do so (rab-
bit), unless the strain was an avirulent one. The improvenent
foiiowiﬂg immunization was due to the agglutinins produced.

The Penefit afforded ULy & protective serum was due to the ag-
glutination which it effectéd. Hopkins & Parker could not con-
firm this in the case of streptococei. Qther workers'have
fziled to find evidence for the dominating significance of the
ageglutinins. Ten Broeck (1917) for example points out that
Bull's conclusions are not applicable to the hog cholera bacil-
lus. As shown above, I can find no close relationéhip between
in vitro agglutination by éerum and improved clearing capacity
in the-aminal.l That aggregation of this kind does occur in

the highly imrunized animel can not be denied but that it is

the only or even the most important factor does not seem to be
true. If it were true the diminution in nuwmbers in whole

blood in the test tube should bear some relation to what happens

in the animsl and I have shown this not to be the case.
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Kitagawa (1915) experimented upon the reduction in numbers

of organisms within the blooed in a vein tied off from the
general circulation and found tiat no.reduction occurred there
at all comparable to what heppened in the circulating blood.

1 have shown that improvement in capacity to remove
organisms from the blood can be conferred passively upon a
normal rabbit. The problem is therefore intimately connected
witan the problem of transference of antipneumococcal immunity.
Now Eyre. & Washbourn (189&) were unable to find any relation-
ship between the agglutinating power of ‘2 serum and its pro-
tective action. Avery, Chickering, Cole & Dochez (1917) re-
port similar results. Neufeld (1902) records that highly
imemnized enimals o2y not have an agglutinating serum.

The only writer whom I have found to attech any im-
portance to bactericidal action in the cage of antipnewmococcal
sera is Romer (1902). On the other hand Eyre & Washbourn,
Neufeld & Rimpau (1905), Wadsworth (1¢12, I.) and Armstrong
(1925) agree in finding the bactericidal action of such anti=-
sera either avsent or of very slight account. -

Neufeld & Rimpau (1%05) and Neufeld & Hindel (1909)
find in the opsoning or tropines the explanation of the pro-
tective action of the izsune serum. They are supported in
this view by Boehrncke & Mouriz Riesgo (1915) and by Ungermann
(1910). It is suggested however by Nunokawa (1909) that the
assistance in phagocytosis is due to bacteriotropic influences

combined with an anti-aggressive action. This view of an
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indirect efiect upon phagocytosis is supported by evidence
brought forward by Tchistoviteh & Youreviteh (1908) who
describe the presence in virulent cultures of & soluble sub-
stance which hinders phagocytosis and which they term "anti-
phagine®.

Wadsworth (1912, II.) states that in the normal dog
there is practically no phagocytosis. I the animsl is active-
ly or passively lmmunized it can be observed; but in an animal
examined long after imwunization although still immune the phag-
~ocytosis may again be absent. These statements would appear to
be based upon examination of the peripheral blood.

Jearly all this work has been done upon sera from a
very highly immunized animal. Little work ap .ears to have
been done upon the animals possessed of low grade immunity
against the pacumococcus, S0 far as the ordinarily recogniz-
ed antibodies are concerned 1 have found their production ir-
regular and their duration short. At the fourth day after
immunization the agglutinins apgeaf, and they are gone about
the end of the third week. '~ Bult some animels do not produce
them at all after a single injection. In vitro phagocytosis
is not seen in normal rabbit's blood (if a virulent organisnm
is used); it is seen at the end of a week after immunization
but is not usually observed after a montih. Precipitias are
irregular in their production, sometimes having disappeared
by the end of a month, sometimes persisting as long as three
months after a dose of living organisms. But the animal

may still show a high degree of immmity long (moaths) after
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these have ceased to be demonstrable. Wassermann (1899)
reports the appearance of antibodies in the serum on the
3rd to 5th day and their disappearance on the 23rd day.
The course pf ordinary antibody production is then similar
to what is found in the case of other organisums and is by no
meansg coextensive with the duration of immunity. This con-
dition of-affairs, imm nity of the anirzal without the presence
of demonsﬁhéble antibodies in the serum (agglutinins, precipi-
tins) ismfrequently referred to as immunity in the absence of
antibodiég. Now the tests applied are very artificial and,
fron céitain points of view, somewhat coarse. The animal is
conqefﬁpd with the elimination and localization of the invad-
”iﬁéﬁorgénism and with the prevention or suppression of its
yﬁwer of multiplication. Armstrong (19225, I1.) by & refine-
ment of technigue has been abvle to show that the duration of
éntibodies within the animal, as evidenced by protection for
éice, is much longer than was usually supoosed. It appears
markedly increzsed three days after a single injection of
killed culture and is still high at the end of & month. £
nave not repeated these observations but have found that there
is still some evidence of protective power afforded to normal
rabbits by 5 e¢.c. of serum from en animal immunized a month
before even though precipitins and other antibodies are absent
from that serum.

It has been shown that the presence of antibodies

in very small amount, not demonstrable by the ordinary sero-
logical tests may be revealed if the organism be grown in
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the presence of the serum or blood (the thread reaction of
Pfaundler). This method has been utilized by Kinsells (1617)
for demonstrating the presence of antibodies to the infect~

ing streptotoccus in infective endocarditis. RKruse & Pansiail
(1292) observed that growth was irregulsr and often suppressed
in the blood of an immunized rabbit, while it was Jﬁhampered

in that of a2 normasl raﬁbit. Virulent organisms grew better

in the normal rabbit's blood and growth in the blood.ﬁf the
resisteng dog and guinea pig was less marked than in that of
the rabb&t. Neufeld (1902) found thet the serum of patients
who hgd recoverea from pneuﬁonia frequently contained no ag-
glutinins as ordinarily tested but that if pneumococci were
grp@h in such serum the organisms were in masses. + ESir Alwroth
--ss:‘fight (1914) pointed out that the whole blood was often bae-
.tericidal wihen the serum or plasma showed no such effect. In
1216, Dochez & Avery studying the matter in more detail found
that pneumococci groﬁn in immune serum showed a long latent
period andé a diminished capacity for preferidae certeain meta-
bolic sctivities usually associated with this organism. This
they considered as specific inhibition of these activiﬁies and
they termed it "Antiblastic Lmmunity". But Blake (1¢17) de-
monstrated that this phenomenon was simply due to the agglutin-
ating growth which occurred in immune serunm. Later Barber
(1019, I. & 11.) by meaﬁs of the single cell method showed that
there was no actual alteraticn in the rate of multiplication

but the organisms tended to adlere to one another and remain



in chainsinstead of breaking up in the ordinary way. Con~-
sequently colony counts by plate methods did not really re-
present the growth activity of the organism and the delay in
comnencement of active growth was only apperent. Blake found
that an amount of serum insufficient to produce agglutination
could produce this phenomenon which was type specific.

Heist, Solis Cohen & Solis Cohen (1918) and Heist
& Solis Cohen (1919) using ecapillary tubes coated with pneumo=-
coccl into which whole blood wés drawn without anticocagulant
claimed to have demonstrated a bactericidal action on the part
of the whole blood of an immunized animal, Further avirulent
orgenisms failed to grow in rabvit's blood and the blood of a
naturally resistent animal (pigeon) was highly active. Bull
& Bartual (1920) point out that the technique employed in this
investigation did not permit of a distinction between destruc-
tion and inhibition of growth aand further the varisbility in
the type and coasistency of the clot formed by the bloosd of
the different animals was not considered. They themselves
found that thefe wes considerablé variation in the growth in-
hibitory power of the blood of different animals as judged from
the time which elapsed before the orgenisms became sufficiently
numerous to be seen in films. They considered delay was to a
certain extent due to phagocytosis and was rougily proportional
to the amount of antibody present. TFurther the susceptibility
of the verious animels was indicated approximately by their

capacity to delay growth.



I have employed blood trcated with heparin as the pre-
paration most closely resembling whole blood and yet not
liable to cosgulate. | It appears from my experiments that
an avirulent strain is readily destroyed by the blood of &
normal rabbit or if it is not destroyed the growth curve
shows a long latent period. On the otherhand a virulent
strain of the same pneumococcus is capable after & latent
period of about 2 hours of multiplying actively in such blood.
If however tue animal lias been immunized the blood develops
bactericidal properties which are of a low order but quite
marked at ithe end of a week after immunization. The capeacity
to produce an apparent alteration of the latent period remsins
long after the ordinary antibodies have ceased to be demonstr-
able. I am not able to say if tie length of the latent
period is exactly proportional to the degree of immunity of
the anival. Fut if there is any evidence of such an exten-
sion then tue animal will be found capable of removing organ-
isms from the blood at a greater rate than a normal rebbit
_and if it is marked the animal will usually be found to be-
have like a highly immunized one in this respect. In only
one untreated rabbit have 1 so far found any such capacity
for delaying growth and that animal when submitted to the
test of an intravenous injection behaved 1ike an immunized
animal. This property of thelblood appears eaflier than
the ordinery antibodies and has been demonstrated as long as

10 months after a dose of living organisms. It is clear
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therefore that in the absence of the antibodies usually
described evidence can be obtained of an altered condition

of the blood resulting from the immunizing process. But it
does not appear that this power is exactly parallel to the
degree of immunity (capacity to dispose of bacteria injected
into the blood btream). For in one cage 11 months after
immunization I have found a complete zbsence of this inhibit-
ory power and yet the animal still showéd evidence of enhanc-
ed clearing capacity as compared with a normal control. One
experiment might be interpreted a#suggesting that a certain
amount of delay of growth due to immunization with a killed
culture is associated with less capacity for eliminating or-
ganisus from the blood than a similar delay resulting from
treatument with a liviag antigen, Are we then to assume that
thiere is some other type of antibody or is this residual im=-
munity which is found to exist to be attributed to an enhanced
activity of the cells? Wadsworti thougnhnt tiat there was in
21l probability some form of antitpxic immunity but admitted
that no toxin could be demonstrated. 0f the existence of a
toxin in the ordinary sense little evidence has been adduced.
Cole (1912) claimed to have demonstrated in lysed cultures a
toxic substance causing "anaphylactic symptoms® in guinea pigs.
I know of no confirmation of this. Kruse & Pansini (1892) re-
port the isolation of a similar substance from the blood of a
septicaemic rebbit. Ilennes (1897) described a fever producing

toxin whose offect is neutralized by antiserum; Julianelle
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& Reimann (1$26) find that lysed cultures produce purpura in
mice associated with diminution in the blood platelets.

Tchistovitch & Yourevitch (1908) as mentioned above
considered "antiphagines", substances interfering wit. opsonic
action, as one of the causes of virulence of tie orgasnisms.
liore recently Woo (1926) has shown that mixtures of serum and
cells from a normal rabbit are imhibitory to the growth of
avirulent pneumococci but not to that of virulent organisms.
Sia (1926) has shown that extracts containing the specific
soluble substance described by Dochez & Avery (1917) and
Heidelberger & Avery (1923) when sdded to such mixtures con-
fer on the avirulent organism the growth properties of a
virulent organismn. Certainly immunity can be conferred by
an autolysate free from wiwle bacteria, as Vadsworth describ-
ed and I have confiried. From the histological observations
made one cannot but conclude that phagocytosis is greatly in-
creased in the immnized animal. Even at a time wlen it is
not usually to be seen in test tube experiuwents the organs of
the immunized animel show clear evidence of inecreased phago-
cytosis as compared with an uatrested animal. It may bve
therefore that in these apparent cases of cellular immunity
soide such antibody_is present.

In any case the destructive activity of the blood
is by no means an accurate measure of the power of the animal
to remove bacteria from the blood stream and it 1is necessary

to teke into account the part played by tle tissues.
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Bardach (1889) found thet removal of the spleen dimin-
ished the natural resistence of the dog to anthrax and in
1891 he furtiher discovered that after splenectomy rabvits be=-
came suscepbible to the number one vaccine of Pasteur, which
they normally withstand. This finding Melnikow Reswedenkow
(1896) was unable to coafirm. Wyssokowitsch (1886) consider-
eé that organisms- injected intravenously were filtered out in
the tissues. Werigo (1894) studying anthrax septicaemia
found that phagocytesis was very active on the part of leuco~
cytes in the capillaries of the lungs and the RKupffer cells of
the liver. The suleen played a smaller part anc he consider=-
ed it to be the main focus for subsequent multiplication.
?hagocytosis, he considered, occurred.aﬁywuere in the circula-
tion where the bacteria were temporarily meclanically arrested.
Final destruction was effected in the liver. Levaditi (1901)
drew attention to the merked aggregation of polymorphs which
occurred in the lungs after an intravenous injection ofb acteria.
Bertlett & Ozaki (1917, 1918), working withstaphylococci in dogs
observed the marked phagocytosis by blood cells in the capillaries
of the lungs, liver and spleen. Tliey observe that the mononucle-
ars play a considerable part. Their view is that the bacteris
are first arrested in the lungs and then passed on to the liver
for final destruction. They express tﬁe view that in the fixed
tissue cells (Kupffer cells, spleen cellg) there is a mechanism
whieh is complementary to the leucocytes and which can compen=-

gate fpr any deficiences in these cells. Nggao (1920) obtained
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gimilar results with dead staphylococei. Ito (1817) ob-
serves the predominating activity of the lungs and liver and
remarks that killed organisms (streptococci) appear to be
dealt with by & normal animal in very much the same way as
iiving organisms are dealt with by an immune animal.

Arime (1911) and Bordet (1895) observed that organ-
isms were to be found by cultural methods in the organs in
greater numbers than in the heart blood, the former consider-
ing the spleen and liver to play the main part in removal,.
Hopkins & Parker (1918) found that in the resistent cat the

number of orgenisms (streptococci) isolated from the lung
was large and also frowm the liver. In the norqal susceptible
rabbit the liver yielded many more colonies than tlie lungs but
in the immunigzed rabbit the lungs were found to contain many
more than in the normal. Parker & Franke(1918) in the case of
the typhoid bacillus found 40 to 60 times as many organisms in
the liver as in the other organs. The lung was more active

in invune than in normal animals, iy own observations have
been confined to the first 10 minutes after inoculation. In
thst period the highly immune animal shows a most extraordinary
degree of aggregation of organisms and phagoecytosis Py poly-
morphonuclear and mononuclear cells in the capillaries of the
lung and in the liver. In the latter drgan Kupffer's cells
are éctively phagoecytic. The spleen shows little or no activ-
ity during this period. In the normal animal at this time

these phenomena have not been observed but it is quite probable
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that the mechanism is the same though slower in its action

and less complete. I have found that the number of leuco-
cytes in tle circulating blood may be considerably reduced by
benzole poisoning without any serious impzirmeant of the elimine-
ating power of an actively immunized animal, a fact which was
also observed by VYWinternitz & Kline (1%15). In the normal
animal the effect is very similar though Winternitz & Kline
find resistence to be diminished.

Similarly I have failed to meske any significant
alteration in the clearing power by means of injections of
either Indian ink or lithium carmine, wiich were given with a
viewlto blocking the reticulo~endothelial system. Singer
(1925) on the other hand was able to produce interference with
the leter part of tle élimination of anthrax bacilli by such
means and Singer & Adler (1924) found the resistence to Type
I111. pneumococci greatly diminished by such injections.

I have already referred to the experiments of Bull &
McKee (1922) and Govaerts (1921) showing that removal of the
platelets from the blood does not diminish the rate of removal
of bacteria subsecuently injected.

I-would apoear that the meclanism of removel is a
complex one and not confined as some authors maintain to any
one phenomenon. It_is suggested that the humoral part of
the process consisls in.ﬁhe production of an increased ad-
hesiveness of the bacteria as a result of which they tend bo

stick to one another, to leucocytes, to endothelial cells and
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to platelets. 1In addition active phagoeytosis by the poly-
morphonuclear and moaonuclear cells of the blood and the cells
lining the sinuses of the liver and possibly also of the spleen
plays its part. And it would seem that either of these groups
of cells moy make good very considerable deficiencies in the
other. In addition to whiechi it seecms highly probable that the
number of cells at tie disposal of the animal is much in excess
of reguirements. It nas & great 5ur51ﬁs on which to call.
So fer as the punewmococcus is concerned the factor which influ-
mos

ences the rate of removel/markedly is the process of specific
immupization, |

The question of tle occurrence of a purely cellular
imounity after the abviaus hunorsl antibodies have disapeared
lias been discussed above. Singer & Adler (1924) maintain
that the whole of the immunity to Type I1I. pneumococcus is of
this nature and can never be transferred by means of serum, a
statement which does not agree with the findings of other work-
ers. - But they were unable to cemonstrate any increased capac-
ity on the part of the periused liver of an immunized animal to
remove pneumococeci from the perfusate ag compared with livers
from normal animals. Haha & von Skrawlik (151Q)Iand von
Skramlik & Hunermann (1920) found that perfusion of the liver
witl B. coli antiserum conferred on that organ an increased
capacity to femnve the homologous organisms even after the
organ had been well washed out with perfusate, But Manwaring

& Coe (1916) attributed such results to traces of serun still
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remaining in the organ. They found that serum in a concen-
tration 100 times less than that which produced agglutination
wasg ablé to increase very markedly the capacity of the liver
cells to remove pneumococci from the blood (endothelial opsonins).
In discussing the existence of any such form of imwunity it
must be borne in mind that the amount of antibody reguired to
alter the state of resisténce is in all probability extraordin-
arily small and might well ecscape detection by our present
methods. I am not satisfied that any clear evidence for its
existence has beeﬁ supplied in the case of the pneuvmococcus.
Even in the case of a normal rabbit Arﬁstrong hag been able to
demonstrate & small amount of protective antibodies. in one
relatively resistent animel 11 months after imminization I have
failed to demonstrate antibodies in any greater amount than in
2 normal rabbit,

Some suthors have sought the explanation of slightly

enhanced resistence in a gpecific hyperleucocvtosis. I have

already shown that very marked alterations in the leucocyte

count in the peripheral blood may be produced without eny obvi-
ous effect on the capacity to remove nrganisms from the blood.
Further, my experiments revealed no evidence of the occurrence

of such a leucocytosis. The only difference observed was a
rather more rapid onset of leucopenis in immunized anizals

as was reported by Andrewvcs {1%10). This presurmably suggests
rether more rapid aggrégation of the 1eucocytes in the capillaries

of the internal organs, especially the lungs - & sort of vis-
ceral leucocytosis.
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Nor heve I observed any marked alteration in the
temperature reaction of the immunized as compared with the
normal rabbit. Both tend to show & rise of temperature after
&bout 2 hours. The experiments alrcacy recorded seem to
‘show that the pneumococcus is not merkedly interfered with in
growth by the temperatures ordinerily found in the rabbit but
may be slightly impeded by & marked hyperpyrexia.

But the capacity to get rid of pneumccocecl more
quickly is not the only nor even the most important point of
difference between the normel and the immunized rabdbit. 1In
the immunized animal the removal is definitive while in the
normal the reduction is only temporary and tends to be suc-
ceeded by an ineresmse. Bull (1916) has suggested that the
pneumococcl present during the period of increase are less
agglﬁtinable and less susceptible to opsonization than those
isolatedlduring the preliminary drop or tle second fall. ©&o
far as can be gatnered these observations were made upon cui-
tures of such orgenisms and not upon the actual organisms
present in the blood. Hopkins & Parker have questioned this
explanation and found that if septiecaemic blood is drawn off
and injected into a fresh animal the organisms are rapidly
removed from the circulation which they think could not happen
if the organisms were significantly modified. I have repeat-
ed this experiment ia the case of pneumococci with similar re-
sults but agree with Hopkins & Parker that the experiment is
nof conclusive as the dose administered is of necessity very

much smaller than what is usually used in inoculations of
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That tne clearing capacity of the animal is by no
means exhausted at the time when the septicaemia is present has
been shown for streptococci by Hopkins & Parker who injected
a dose of culture into an animel in this condition and found
it guickly removed, the grade of septicesemia being freguently
less, though not constantly so, a few liours after than it was
before the injection. Bull (1916) also noted this and I have
confirmed the result. The existing septicaemia goes on as
though no injection had been made., Bull suggests thet this
means thet the new orgenisms are readily removed but the organ-
isms constituting the septicsemia are registent to such removal.
Hopkins & Parker think that organisms are removed and destroy-
ed chiefly in the viscera = especially the liver - but in the
normal animal many orgenisms are to be found in cultures from
othef organs such as muscles in which they multiply. The
septicaemia is kept up by multiplication in these foci. Organ-
isms ere constantly being removed but they are also constantly
beiﬁg replaced by others. The balance constitutes the septi~
caemia. Bartlett & Ozaki (1918) observed thet in an animal
almost dead of stapﬁylococcal septicaenia marked phagocytosis of
a fresh injection still occurred though the lecucccytes seemed
to be less active than the fixed tissue cells. They also note
(1917) collections of unphagoecyted bacteria in certaiq ergans,
especially the kidney, which they look on as foci of multipli-
cation of organisms that have developed a special resistence;

the period of delay before increase occurs 1s a period of
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acaptation. Werigo had this same idea of foei of multiplica-

tion in regard to anthrax septicaemia. le considered them
to be located in the spleen. Heyer, Meilsen & Feusier (1921)

and Parker & Franke (1912) also mention such foeci in the bone
marrow in the case of experiments with B. typhosus and allied
organisus, Kruse & Pansini suggested the secondary rise in
the number of organisms was cue to growith of organisms through
the capillaries into the veins. Singer (1%25) and Singer &
Adler {(1924) suggest that the immune animal's cells take up
cells of the

the Drgmﬂlams and destroy them whereas the/normal animal may
teke up the organisms but fail to destroy them and are instead
demeged themselves and become foei in which multiplication may
ageur. Bull (1915) suggests that masses may be produced so
larwc as to be uanpaag ocytaole and thus be sources of renewal

of the septicaemia. In addition tiere are certain statements
in the liter&ture (Muir &.Ritchie] to the effect that in a
septicaemia the organisms are actually multiplying in the peri-
pheral circulation. There is, so far as 1 am aware, only one
referenée to the state of growth ip which an organism is found
in gneumococcal se¢pticaemia - Barber reumarks oﬁ'one strain with
which he worked that it was apparently not actively multiplying
in the blood of the patient from whom it was isolated.

The experiments recorded above upon the subject seem

to0 throw some considerable light on this point and to explain
certain features of the experimental septicaemia. Tie organ=-

smtin a twenty-four hour culture of virulent pnev mococecl as
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ermployed in these experiments are in the phase of latency.
In rabbit's blood or serum broth this latency lasts for a
period of two hours at 37°C. and sbout the sare time at the
temperature of the rabbit's body. low the samples of blood
é¢rawvn one hour after inoculation of a rabbit with such a cul=~
ture show that the organisms within it are still in the period
of latency and remain so for one hour. After that period the
orgeniems in vivo are in the stage of sctive multiplication
for et any rate 2 -~ & days.’ Duriné the period of active re~
Guction then the snimal is working upon & non-multiplying or
et any rate non-increasing organism, After two hours the
conditions are sltered. The rise in nuwbers in my series of
experiments with such cultures las never occurred before the
end of the two hour period. At the same time it ig frequent-
ly later, especially in the cases where the animals ultimately
survive, This seens to me to be due to the fact that the
measurement of the septicaemia is a measurement, not of the
actual amount of growth which cccurs but of the balance between
growth and elimination. The growth in the animal even during
the period of increasehs practically never at the same rate as
in the blood in the test tube. There is a definite brake on
3. Further, much of tie multiplication may be occurring in
foei in capillaries or cells in distant parts of the body and
tﬁefefore possibly secluded from the general circulation pro-

ducing its effects on the numbers of organisms only after some

time,
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If this be true it would be expected tlat the use of
an actively growing culture would result in & marked alteration
of the course of the experimental septicaemia. If such & cul-
ture is injected intrevenously the preliminary period of de=-
crease in numbers may be entirely suppressed the organisms
showing a fairly steady increase straight on from the time of
inoculation. It would be expected that in certain cases such
a2 steady iacresse from the beginaing might not be found. Pre-~
sumably even in these cases some organisms are being removed but
multiplication more than makes good the loss. In others the
emount of removael might be greater and the curve correspondingly
altered.

It is interesting to observe that thiere appears to
be a fairly close resemblance between the course of growth as
seen in the rzbbit's blocd in the test tube and that which is
found to occur ia the animal so far as these-two periods -
latency and active multiplication are concerned.

There would seem now %o be & clear basis for the ex-
plénation of the higher virulence for nmice of pneumococei in
the period of active growth than in that of latency (Felton
& Dougherty, 1924). The effective dose in the former case is
the number of organisms inoculated, in the latter it is the
number surviving the latent period, whatever that mey be in
mice.

The culture in the latent phase of growth when ino-

culated is to all intents and purposes an inoculum of foreign
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bodies and so far as possible dealt with as such, in a normel
anival rather like an extremely well protected suspension
somewhat slowly removed, in an immune animsl like an ill pro-
tected one susceptible like it to humoral influences andé sub-
sequently phagocyted. After the latent period has passed
the resemblance ceasces to exist. The organisme, if not des-
troyed, ere now multiplying and the septicacemia develops ac~
cording as there is a balance between rate of multiplicetion
end rate of destruction. Anything therefore which prolongs
the latent period increases the time during which unlampered
elimination may occur. A rise in temperature does this in
the test tube. It is possible it may do so in the animsl
thiough the evidence I have obtained is not conclusive. But
once multiplication has begun a rise of temperature appears
to be of little assistance.

Now it has been demonstrated above that blood from
an imunized animal also prolongs the latent period as judged
by colony counts. For reasons already discussed it is not
permissible to assume that this necessarily izplies an actual
suppression in increase in organisms. It may be simply a
prevention of dispersion. The cocel may be lncreasing in
numbers but not becoming detached from one another. The part
played by immunization ie probably much more related to its
capacity to enhance phagocytosis and favour localization.
Tsuda (1923) points out that histologically the characteristic

feature in the immune animel is that the organisms are localized.
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Such localized growth would provide the leucocytes with a .

fixed point of attack instead of an ever increasing, ever

moving one. Further increcese in size is up to a point fav-
ourzble to the chance of phagocytosis occurring.

As regards intracellular destruction of organisus,
as opoosed to ingestion or phagocytosis, practically nothing
certain is known. The latter doeg not necessarily involve
the former. It is possible that this might be enhanced in
the immnune animal and account for cellular immunity but I I
have no informetion to justify any such assumption,

I have pointed out (1925, 1926) that in the septi-
caenia occurring in subacute bacterial endocarditis in man
and in experimental endocarditis in rabbits the orgenisms are
incapable of multiplying in the blood of the patient and are
certainly in the phase of latency. Clearly then there are
two distinet types of septicaemia, and it would be interesting
to know whihh of these types is found in the various forms ‘
that occur in man. Such information might conceivably be of

value from the point of view of prognosis and treatment.
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SUMIZARY .

Virulent pneumocoeci inoculated into a normel rebbit
undergo rapid removal for a short period but subsequent=-
ly incresse in numbers.

Avirulent paeumococci are removed more rapidly and do
not . reappear in the blood.

Immunization enhernces the capacity of tue animal to re-
move virulent organisms end prevents their resp)earance.
Thig improvement can be detected to & slight extent five
hours after injection of killed culture, but becomes
markea three days thereafter. It has been observed to
last &s long as ten montus after immunization.

The outstanding effect of immunization with Type I.
paneumococci is the enhancement of activity of the body
fluids favouring phagoeytosis but the existence of a
glight residual purely cellular immunity cennot be al-
together excluded.

Agglutinins, opsonins, precipitins, complement fixing
entibodies do not appear to be essential as such to

this improvement.

The blood of a normel rebbit-is bactericidal to avirulent
pneumococel or inhibits their growth. It haes no such
action upon virulent pneumococci.

Blood of an immunized rabbit is destructive to viruleat
pneumococci or delays their growth. The property of
delaying the commencement of growth appears earlier and

lasts far longer than any other antibody activity tested.
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The destructive action of tle blood is of a much lower
order than thetl of tlie animal as & whole,

Tiie leucocytes may be congiderably reduced without inter-
Tering with the capacity of the animal to dispose of
organisms introduced into the blood.

"Bloeking" of the reticulo-endotlielial system has proved
sinilarly ineffective.

This is thought tc be due to the complexity of the clear=-
ing mechianism involving as it does & variety of phenomena
of adhesion and phagocytosis by mutually complementary
gystemg of cells. |

Virulent pneumococci injected in the phase of latency be=-
have in vivo as in vitro. The increasc occurring some
time after injection is due to their passing into the
phase of active growth,. -
Viruient pneumococei introduced in the active phase of

growth do not undergo the preliminary rapid removal.

I wish to acknowledge my indebtedness to Professor

.

A, E.Boycott, F.R.8., for many helpful suggestions in the course

of this investigation; to Dr. Hilda A. Channon for assistance

with the blood counits; &and to my lzboratory assistant, Mr., E.

P. Murrell, whose careful and efficient aid has besn invaluable

throughout.
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