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1. 

The object of the inveatigation recorded herein 

has been to enquire into the mechanism by which pneuniococci 

are removed from the blood stream of the rabbit after in- 

travenous injection and to see how far this process is modi- 

fied by immunization. 

It has seemed most convenient to divide the text 

into two parts. In the first will be described at length 

the exoeri_ents that have been made, reference to the 

literature being made only where necessary to elucidate 

the point discussed: in the second part these experiment- 

al results are discussed and compared with those reported 

by other workers. 

The literature u)on this subject is very exten- 

sive and widely scattered. An attempt has been made to 

study all papers that one has been able to find but refer- 

ence is made only to those which have contributed something 

which has seemed germane to the problems under discussion. 

,LTHODS. 

The following method has been employed throughout 

the investigation. The inaculum has been a measured amount 

of a 24-hour growth of a strain of pneumococcus (Type 1.) 

in broth containing 1M to 2070 of rabbit serum. The stock 

culture has been maintained in blood broth (507, defibrinated 
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iCobit's bl)od). At first the organism was incubated in 

this medium for 24 hours and then the culture was placed in 

the refrigerator till required. Later however it has ap- 

peared that virulence is better maintained if the inoculated, 

but unincubated medium is kept in tide ice box and incubated 

when required. The bacterial content 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 RobertsontSia & Woo (1924) 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 the ani,Aal at the time of inoculation cannot be accurate- 

ly determined because of the rapidity with which they are 

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

culation from the number of organisms in'ected and the blood 

voluAeL taken as five per cent of the body weight. All 

other figures have been obtained by drawing blood from the 

marginal vein into a small amount of concentrated solution of 

sodium citrate and making plate cultures from appropriate 

dilutions. In all cases where the blood has required dilu- 

tion citraLed rabbit blood has been added to each agar plate. 

Counts may be made with much greater facility after 48 hours' 

incubation than after 24 hours'. 
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Bull employed heart puhcture for the pur3ose of 

obtaining blood for stilar experiments. Some observations 

showed that the figures obtained using heart blood were sen- 

sibly the 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 occasioaed or favoured the pro- 

duction of pericarditis and interfered with the experiment. 

The accuracy of the counts obtained has been con- 

trolled as far as possible. In the cae of the cultures 

inoculated the figures reoresent the average of three plates, 

In the case of cultures from the blood the use of a 

series of three dilutions )ermittea cross inconsistencies 

to be detected. As a general rule plates containing from 

100 to 1000 colonies have been more trustworthy than those 

containing numbers outside these liits; further the larger 

the bulk of the inoculum the better have been the results. 

-ith all precautions taken it seems clear that reasonably 

accurate results may be obtained but that differences, in 

order to To 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 

which the ordinates represent the logarithm of the nuniber 

of pneumococci per cubic centietre while the abscissae re- 

preseht time in hours or days. The use of logarithms has 

the disadvantae that it apoears to -ini. ise the prelimin- 

ary drop in the number of organisms while it tends to 
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exaggerate the succeding phases. It has however the dis- 

tinct advantage of permitting all the features to be record- 

ed within a manageable corn ass. 
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REOVAL OF PNEUMOCOCCI FROM BLDOD OF 

NOFhrLAL RA13JIT AFTER INTRAVEMJS 

In cart I. (p.13) two curves will be found which 

illustrate tae course of the se,2ticaeia in rabbits followinE, 

the intravenous injection of a non-lethal dose of pneumo- 

cocci. Rabbits 177 and 17E; received 1 C.C. of culture, the 

injections beia made on different days and with aiffereat 

cultures of the sane strain. The actual fiGures recorded 

ere as follows:- 

TAL1L 1. 

After injection. Organisms per c.c. of blood. 
177 178 

Immediately 

10 mins. 

30 " 

2,000,000 

650,000 

400,000 

2,500,000 

1,370,000 

2 hrs. 43,000 

5 hrs. 2,100 6,400 

24 hrs. 64,000 16,300 

40 hrs. 77,000 2,000 

72 hrs. 60 30 

96 hrs. 52 0 

144 hrs. 0 
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These curves agree in showing 

t.l) the preliminary period of removal lasting 5 hours; 

(2) the period during which the bacteria increase in 

numbers; 

t3) the final and more gradual removal of the organ- 

isms . 

A more detailed study of the 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. 

TABLE 2. 

,-, 
Rabi.t 325. 

Organisms per c.c. of blood. 

Immediate 660,000 

1 hr. 163,000 

4 hrs. 33,800 

5 hrs. 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 
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after inoculation. But finally cases did occur in -which 

the count at 5 hours was as high as that at the tinie of 

inoculation. The matter was therefore reinvestigated and 

it was found that in certain cases the increase in numbers 

occurred at .a much earlier period. The following figures 

will illustrate this point:- 

TA3BT 3. 

Organismsper c.c. of blood 

Rabbit 432 434 354 

Immediate 385,000 1,580,000 3,000,000 

1 hr. 860)() 1,100,000 

7 ' 
,:, his. 136 0,:)0 220,000 230 000 

5 hrs. 630,0D0 670,210 610,0)0 

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 most cases a further slow- 

er diminution in 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 size of 

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

seen from the following experiment. Six rabbits of varying 
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weight were inoculated with varying doses of the LA"; cul- 

ture and tleir blood exailined at intervals. The nuber of 

organisms found is recorded in Table 4. 

TABLE 4. 

abbit 

Weight 

Dose 

Immediate 

1 hr. 

3 hrs. 

5 hrs. 

24 hrs. 

431 432 

1,500 1,400 

n n 
ID 
C.C. 10 .,..., 

360,000 

44,000 

7,200 

,L900 

5,280,000 

1,720 

434 

1,70u 

c.c 

435 

1,600 

1 c.c 

ffo. of organisms per c.c. of blood 

385,u00 1,570,0)0 1,530,000 3,0)0,000 

36Q0 360,000 370,000 660,000 

136,000 10,600 220,000 130,000 

630,000 3 200 670,000 7000J _.4......_ 

+ 6,300 + 2,480,000 

354 

1,80u 

i C.C. 

3,000,000 

1,100,000 

230,000 

610,000 

3,030,000 

'iure underlined number recorded. 

It is clear that the nujber of organisms at- 

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

crease in nu,:lbers occurs bears no direct relationship to the 

dose injected. Further in the rabbits inoculated 

with similar doses of pneumococci the result nay vary very con- 

siderably in a way which can only be referred to the pecul'arities 

of the individual animal. In spite of this observation it has 

seemed advisable in experiments where comparisons are being made 

to use animals of about the same weight. This has not always 

been possible but it has not appeared that there is any serious 
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disadvantage attached to the use of animals differing in 

weight by as much as 500 grams. The lig4ter animal (1,500 

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

The condition of the )articular culture employed 

has a very learked effect upon the early part of tLe curve. 

As a general rule if the animal dies quickly it will be found 

that the preliminary clearing is less marked and of shorter 

duration but this is not always the same, If the organ- 
, 

ism is allowed to grow under conditions which do not favour 

the maintenance of virulence the preli-inary removal becomes 

much more effective and may be complete. This strain of 

pneumococcus was grown for a period of some two months, with 

daily subcultures, upon a phosphate broth medium containing 

glucose but no serum. At the end of this time it showed a 

slight tendency to become granular in the broth culture, un- 

like the ordinary culture in this medium which is quite even- 

ly dispersed. Such a culture which was quite avirulent for 

rabbits was inoculated intravenously in a dose of 1 c.c. into 

each of two rabbits with the results given below. 
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TA1LL 5. 

OrganisAs )er C.C. 

Rabbit 

Imnediate 

349 

5,90 ,OJJ 

350 

7,100,000 

30 mins. 4,80, 294 

2 hrs. 206 18 

5 hrs. 20 

24 hrs. 0 O 

Here the removal of the organisms was almost immediate and was 

very nearly complete in five hours. 

It has not been possible to predict the course of 

the second Dart of the curve from what has happened in the 

first few hours. As a rule the number of organisms present 

in tl_e bi)od after 24 hours is greater than that at the end 

of the 5-hour period, and t_ere appears to be some relation- 

ship between the figures. If it is low at five hours it is 

usually also relatively low at 24 hours; if high at 5 it is 

correspondingly hiEh at 24 But there are very many excep- 

tions. Sometimes the increase is very 'reat during this 

jeriod but in other cases it ic sli _t or the number remains 

about the same, wiiile in still others an actual di laution 

occurs. The rate at which increase occurs during this period 

appears to depend on some factor or factors within the animal 

as it varies from anirnal to animal 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 organisms from the circulation, complete 

as a rule in from four to six days. The exact course of 

this part of the curve is subject to wide variations. Some- 

times there is little chanLe in the numbers during the second 

day and then a very sudden diminution occurs in the course of 

the third day; in other cases the process is a much steadier 

one. The curve may however make a second ascent which may 

begin at any point and go on for varying periods. This has 

usually meant that the animal 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 is 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 maximum 

number. So far as the variations in the properties of the 

cult-1re are concerned exact standardization each day would 

have left little time for taie experiments so that one has had 

to content oneself with using what appeared to be adequate 

controls. 
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THE EFEECT OF ITMUNIZATION UPON 

THE COURSE OF THE BACTERIAT-JUA. 

If a rabbit be Given a second intravenous injection 

of pneuniococci immediately after it has comDleted the removal 

of a similar dose from its circulation it is found that the 

curvt, is an entirely different one. 

CHART I. 

Chart :. 

R. 177 1st inns. 

ad. " 2E-4-2e. 

R. 178. 

3 

d 

0 a 
1-7.0 1)44 
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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 continuous line. 

The organiszis had aisap3eared from the blood on the sixth 

day after the injection was ade. On the next day (28.4.25) 

a siodlar dose was injected into rabbit 177 and into a normal 

rabbit 178. The course of the bacteriaemia in the control 

rabbit (bro&en 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- 

isms (10 per c.c.) were found at the end of 10 lAnotes and 

none at the end of 5 hours. Further, the removal was per- 

manent for no organisms could be found at the end of 24 or 

45 hours. The effect of the first injection was to increase 

the preliminary rate of removal and, in this case, to Drevent 

any subsequent reap_earance of organisms in the blood. 

Similar phenordena (see Chart II.) were observed in 

the case of a group of five rabbits (18; -13) whicii receiv- 

ed their first injection on h,.5.25, and the second on 26.5.25, 

after the first dose had been removed. The normal rabbit 

(14) behaved in such a way as to show that the difference 

observed was not due to changes in the culture. 
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CHART II 

j. 

7 
6 , , 6 
6 5 
)... ', 

3 1 

2 , 

I I, 0 d-- -0- - -- - - -.) 
14 1.8 TR (0) rxe 04 

Lor. ,T66. 
per cc 

R 

2 1, 

1 
(;) - - -r- - -0 

16% ha tit 

Lor. Orr.. 

pvr oc. 

3 
k 

I 
- - - - - 

4. 

2 

o 

0 

1.8 

per Co. 

qo 

111.0 i',il 
I - -. ; ll 

46 

1:: 

ri-t. 
pr oc. 

5 
if 

2 Ccotrct normal for .stc0o4 from. 

1 
pcqtInp4 oPth,OWItic. 

24. o rk Lib IA) Ho, 

This very striking result was somewhat unexpected in view of the 

difficulty so frequently experienced in producing antibodies to 

the pneumococcus in rabbits. Accordingly another series of 

rabbits (184 - 188) which received a first injection on 14.5.25 

were given a second injection on 23.6.25, five weeks, after 

the first and about a month after they had disposed of this 

first injection. 
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In Chart III. 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 tige circulation is retained for at 

least a month. The curve of the control normal rabbit (200) 

indicates that the culture could not be held to have altered 

sufficiently to account for the altered result of the inocu- 

lation. 

y° : A.RT III. CHART 

lire. 
Log. Orra. 
per eo. 

7 
o 
5 

o 

Chart III. 

Log. 

Rç 

Log. Org.. 
per oc. 

4.8 r2 ci6 IU) 
Hrs. 

Log. Orge. 
per ao. 

6? 

k 

2 
1 

O 
24. 

R. no. 206. 

formal control for 2nd root. 

1.8 7R 46 (20 
Hry. 

Curve following let Snot). (14- 5 -26). 

" 2nd " (23- C -25). 
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The effect of the .preiiminary injection of a 

killed (formalinized) culture of pneumococci upon the sub- 

se,uent relnoval of an injection of living organisms was 

now tested (Chart Iv.) 

T ZT IV. 

CHART IV. 
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Rabbits 220, 221, 222 were given each 1 c.c. of 

killed culture intravenously, while rabbits 223, 224 and 

2;.L5 each received 5 c.c. of the aNe culture on 1.10.25. 

Six days later all these animals, toget_ler with a norzal con- 

trol (,26) were inoculated intravenously with 1 c.c. of the 

usual living culture. The normal animal behaved in the 

usual fasilion. The blood of all the test animals excepting 

nufiber 2;,2 was clear of organism s in 5 hours and remained so. 

In tne case of No. 222 the blood was clear in 5 hours but 

there wae a return of a number of oil anisms (10 per c.c.) 

in 24 hours and there were still 7 oer c.c. jreeent at the end 

of 48 hours. 

It is of course impossible to test the clearing 

power of the same rebbit both before and after the injection 

of a killed culture as the efl'ect of a first injection of 

living culture could not be disentangled from the effect of 

the subsequent injection of killed organisms. The difference 

between the curves of the treated and that of the untreated 

animals is sufficiently marked to be evidence tiat a suitable 

dose of killed culture can increase the capacity of an animal 

to remove organisms from its circulation. 

In view of the apparently discordant results record- 

ed in the literature ti_e course of events during the first 

five hours was investigated a little more fully. The bacteri- 

aemias produced in tne previous experiments were of a low 

grade and all the animals recovered from their inoculations. 
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By the end of 1925 the virulence of t _e culture _Lad become 

enhauced and the test dose of 1 c.c. proved fatal for most 

normal rabbits. It was used to compare the "clearing cap- 

acity" of a normal rabbit (303) with that of an animal of 

similar size which le,(1 been inoculated with 5 c.c. of killed 

culture of pneuilococci 6 days previously. The figures act- 

ually observed were as follows:- 

TABU:, 6. 

10 .ains. 

0-1- hrs. 

5 

24 Pt 

ft 

9 

Orfe,Jis!,,s per c.o. of blood. 

1.2(j2 (treated) 

2,700,000 

80,000 

134 

.0U3 (normal) 

2,500,000 

1,800,01 

1, 340,OuO 

2 180,000 

6 76,000 

662 9,000 

46,000 

O D i e d. 



20. 

The figures for the first five hours are recorded in graphic 

form in Chart V. 

Log. Oro. 
per cc. 

CHART V. 

Chart V. 

3 

3 

2 

I 

o 

0---- ImmtwIzed (292). 

--- -.a Normal (303). 

I ," 

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

result of thiz experitient is also of iinJortance in that it 

indicates that the precise result of an injection into an 

iEmunized animal will depend on the degree of imiauization 
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and tl,e virulence of the organism. Under certain circum- 

stances the curve iiiaï be of the type found in the nor-Aal 

animal but at a inuch 13wer levul - it differs in degree but 

not in kind. 

Finally it was found that a similar change may be 

brought about by t:e use of cultures which have been allowed 

to auto]yse by incubation for an extended period. A broth 

culture of pneumococcus (without serum) was incubated for 

four days until all ooccity had disaopeared and the clear 

fluid removed from a slight deposit at the bottom of the 

tube. This perfectly clear liquid free from visible orLan- 

isms) ws.s inoculatec, intravenously into rabbits 294, 295 and 

296 in a dose of 5 c.c. An equal aLount of forcalinized 

knot autolysed) oniture was inoculated into rabbit 293. A 

wee:c later these together with a 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 practically coillpletely reoved in 5 

hours and there is no subseuent return of organisms to the 

circulation. 



Log. rgc / 
per cc. 

22. 

411 

Chart VI. 

Lmmur.ized with form. whole cult. 7 dyc. before (293) 

" form. autolysod cult. " (294_5). 
Control normal. 

21+ 4.8 72 96 
1 1: 0 
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Ey any one of these procedures then, preliminary in- 

jection of living, killed or autolysed culture the capacity 

of an animal to remove the hoyaologous tyoe of pneumococcus 

can be considerably increased and subsequent multiplication 

can be prevented or dildnished. Immunity may be oresent in 

experimental animals in different degrees and it ap)ears that 

the particular type of curve obtained in a given exoeriment 

depends on the conditions found in that animal by the )arti- 

cular culture used. The difference between the curves of 

naturally resistant animals and those of artificially immuniz- 

ed ones seemsto be a matter of degree rather than kind. 7ith- 

in certain limits it is 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 

LAirovent effected by the process of immunization is of the 

nature of an increase of a normal function rather than the 

establishment of a new one, a view of antipneumococcal immun- 

ity which is also suggested by Woo (1g26). 
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TIT: AFTER INOCULATION- WITH KILLIM 
C TILV Mil AT WHICH THE I 12ROVED CLEAR- 
LTG CAPACITY IS "IANI1E2TED. 

In the eAperiments designed, to settle this point 

groups of three rabbits were in each case inoculated intra- 

venously with 5 c.c. of formalinized broth culture of pneumo- 

cocci . At various periods thereafter these animals were 

given an intravenous injection of the test culture (1 C.C. 

of serum broth culture). At the same time an equal number 

of control normal animals was given an equal dose of the 

same culture by the same route. The curves of the bacteri- 

aemia in both groups of animals were then compared. 

Effect of a dose of ciiled culture 5 hours before 

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

and normal control animals a further group of three animals 

was given 5 c.c. of formalinized broth culture of h.tyohosus 

so as to test whether any result produced was specific. All 

these animals suffered from severe diarrhoet, a factor which 

may have invalidated the figures because of the loss of fluid. 

The actual results obtained were as follows:- 
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In C:,Ert VII. these figures are recorded gra.dhically. In 

this case t_cre is a fairly well mared advantage accruing 

to the ailitals w-ich _Lad received the dose of piimAococci 

as com,Jared both vdt the aorals and with t-ose trectet with 

B.ty)hosus. 

Laq- 
Or,.. 

6 

CHART VII. 

;U ": VII. 

V \ :s cu-ve un,cci 5 Ixs. aftsr 
cti,n r, cc. :;71,:li 

215-4 curve Coll-win.- inc. 
7 hrs. nfter injection 5 cc. 
enewn,ccccus cult. sfcrnnlin17ei'. 

corir .s. 

0 k 

i. 

3 

I 

o 

/ k\ / / O- 
\ / 

' \ 

4-6 9 6 
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A further -exi)eriment on the same lines but with a 

culture in a more virulent condition was carried out at a 

lcter date. The control aniimls treated with B.t)hosus 

ere this time given only 1 c.c. of killed culture. They 

also suffered sligitly from diarrhoea. Chart VIII, si,ows 

the general result of the exi)eriment. The only two aniFals 

which recovered were two of the thre(, 'which had received 

killed -1)neuecocci 5 hours before. The curves of tue bact- 

eriaemia in these ankoalc is et a lower level than those of 

the others. 

r co 

CLART VIII. 

I. ... ....... 0..... 

0 ..... 0 , Rs. 282-4. - Preitainary inoculation 1 

/ cc. Iyphold cult. (form,linized) 
- 

/ 5 hrs. later 1.7. injection pnellno- 
/ coccus cult. (livins). 

IF--411/ Rs. 279-281. - Preliminary inoculation 5 

cc. Pneumococcus cult. (forms- 
/ lini2ed) 5 hrs. later I.V. in- 

/ jection pneumococcus cult. (livinr). - 
i 0- - - --0 Rs. 255-7. - 7:or:sal controls. 

Chart /III. 

1. 

5 

2 

1 

o 
1,6 46 120 I 4.1, 

lire. 



Still another experiment of the same kind made some 

time later and recorded on page 80 also indicates that treat- 

ment of this kind may in some ani-a3s produce a slight improve- 

ment in the preliooinary clearing of orL;anisms from the blood. 

In that case a still smaller dose of B.tyohosus had a similar 

effect in some of the animals. 

Prom these experiments one can conclude that under 

these particular conditions a slight benefit is obtained from 

an injection of killedorganisms as early as five hours after 

the injection. There is no indication of the occurrence of 

a awatiVe phase. The idea that such a phenomenon aoes oc- 

cur is based on the observation that antibodies may become 

diminished after such an injection. But Stevenson & Kapadia 

(l=5) in the cL.L,,, of B.pestis, Teague (O17) in 

the case of typhoid injoctions and -arc,enroth and his col- 

leagues in the case of streptococcal and B.Gaertner infections 

have noted the devollpment of slight degrees of inunity at 

equally earl:7 periods after inoculation. Issaeff (lc-o4) had 

noticed also a non-specific increase of resistence which ap- 

peared 7 - 8 hours after inoculations of cholera vibrios. 

Similar experioents 24 and 46 hours respectively 

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

Injection 24 hours after inoculation of killed culture. 

Treated. Normal. 

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 6,300 148 33,500 24,300 10,800 

24 " 5,000 678 502 5,500 888 1, 174 

48 " 0 24 74 1,338 6, 800 15, 800 

72 35 0 4 122 814 78 

96 " o o 0 0 89 0 

120 " 0 ; o 0 0 0 0 

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

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

the normals though there is a slight amount of overlapping; 

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 
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CHART IX. 

Cheirt 

Rs. 247 -9 - 5 cc. formnlinized cult. 

Pneuriococcus 24 hrs. before test 
injection. 

Q-- -- - Rs. 250 -252 - Normal controls. 
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kirs. 
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TABLE 9. 

Injection 48 hours after inoculation of killed culture. 

Treated. Normal. 

Rabbit 254 Zoo 256 257 258 259 

Immediate 3,500,000 3,200,0)0 3,200,000 3,900,000 3,200,000 3,200,000 

5 hrs. 2,800 25,100 30,900 964,000 567,0::)0 765,000 

24 " 1,260 6,400 12,603 32,600 1,616 18,800 

48 " 2 92 3,746 16,700 5,098 2,732 

72 " 0 14 1,898 3,660 1,100 84 

96 " 0 1 36 248 1,334 182 

20 " 0 0 4 1 4 30 

144 " 0 O 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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TfiBIL 9. 

njection 48 hours after inoculation of killed culture. 

Treated. 

LLbbit 254 2ob 

n.::ediate 3,500,000 3,20J,0)0 

hrs. 

24 " 

4E 

72 " 

96 " 

20 " 

44 " 

2,800 25,100 

1,260 6,400 

92 

14 

256 2b7 258 

3,200,0J0 3,0,;6,000- 3,200,000 

30,.)0 064,000 567,0-)0 

12,6J 70 :- 
...4.,, 

,',a 
.L.1 ,1.,. 

-i r- 

3,746 16,700 

1,C,CE; 3,660 1,100 

36 . 248 1,334 

4 

259 

3,200,000 

765,000 

18,800 

2,732 

84 

182 

30 

24 

I. 

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 tte 
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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CURT X. 

Chart X. 

IRs. 254-6 - Injection 5 cc. Pneunocoocus 
culture (form.) 48 hrs. before 
test injection. 

Rs. 257-9 - Normal controls. 

I 

o 
21, 14.8 72 90 I0 14.4. 

Hrs. 

U2 to this stale t'.]en the alteration in the type of 

curve is slight but appears to be all in the direction of a 

slight improvement in clearing capacity. The figures obtain- 

ed from the experiment on the third day after treatment showed 

much gr ater differences between the treated and untreated 

animals. 
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TABLE 10. 

Injection 3 days after inoculation of killed culture. 

Treated. Normal. 

Rabbit 261 262 263 264 265 266 

Immediate 5,200,000 4,700,000 4,8u3,000 5,300,000 5,000,00015,300,000 

5 hrs. 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¡ D i e d. 330,000 

72 " 0 0 0 3,u00 Dead. 

96 " 0 0 0 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 subsequent period of increase 

much diminished or suppressed. The animal has at this date 

entered quite definitely uuon that period of immunity which is 

characterized by marked increase in capacity to remove organ- 

isms from the circulation. 

Experiments bearing upon the same point were made in 

which both the immunizing and the test dose consisted of liv- 

ing culture. r'or the former the amount used was 0.1 c.c. of 

culture; for the latter the usual amount of 1 c.c. It 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 the second day the second dose of organisms ap)eared to 

be co;Taoletely removed at once and to ha-,-e little, if any ef- 

fect upon the course of the bacteriaeJlkia. In some cases the 

number of organisms in the blood five hours after the second 

dose was given was srialler than the number before the reinocula- 

tion. 

L. iJrg3- 

1.Cf 00. 

6 

3 

o 

CTART XI. 

-- -- -0 1, 

, 

Chart XI. 

0+ 

261-3 - re1iinorY injection 3 d7s. 

bofore test dose. 

264-0 - r.ormql controls. 

72 16 120 1.1#1,_ 

s 
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DURATION OF T111 IriPROVMENT IN 

CILAhlJG CA)ACITY. 

It was seen above ().14) that one rionth after in- 

jection of a sinLle dose of livinL. culture tie imirove,,ient 

in clearing capacity could still be denoustrated. Ex.periments 

on a more extended scale halde ben employed to determine how 

1)ng such an Lilrovement may exist. Six rabbits were Liven 

5 c.c. of killed culture intravenously on . Two of 

these uere given a test done on 18.1.26, two others a similar 

dose on 13.3.26 and the remainder on b.7.26. That is,the 

capacity was tested after 1 month, 3 months and 64 months re- 

-s)ectively. The results are recorded in the following tables. 

TABLE 11. 

Injection One :ont.li after treatment. 

Treated. Control. 

'Rabbit 297 298 305 

immediate 5,700,000 5,70:3,000 5,800,900 

5 hrs. 2 ,.: 20,000 

24 " 13 0 53,000 

48 " 0 0 2,500 

72 " 0 0 12 

96 " 0 0 0 
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TABLE; 12. 

Injection Three Months after treatment. 

Rabbit 

Treated Control. 

299 300 247 248 

Immediate 1,000,030 1,000,0)0 870,0,3 1,100,0') 

5 hrs. 12 68 1,300 3,300 

24 " o 289 142,030 1,953 0)0 

48 " 149 79 2,800 Innumerable 

96 " o Died Died 

TA. LL 13. 

Injection Six Months after treatment. 

Treated. Control. 

Rabbit 301 302 418 419 

Immediate 3,600,030 3,90.),000 5,400,000 5,400,000 

2 hrs. 100,030 2,400 5,50,010 1,970,000 

5 hrs. 10,700 206 Innumer- 
able 

Innumer- 
able 

24 hrs. 14,200, 944 Dead Dead 
72 hrs. 3,026 106 

120 hrs. 0 0 

(In the last experiment the controls were such lighter than the 

test animals and the dose.therefore higher. Accordingly a fur- 

ther experiment was made next day with a subculture from the 



one used on this occasion. The animals used were slightly 

heavier than the test ones in this experiment. They both 

died in less than 24 hours as did the light controls). 

In this series of experiments unfortu_tate variations 

in dosage and virulence render detailed comparison impossible 

but the three experiments taken to ether show that at the end 

of a month the improvement is still ()resent 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 imnunity 

may last for as Mac, as six months and the preliminary period 

of clearing is still a very active one. 

In connection with the investigation of antibodies 

in the bloodtexperiments are recorded (p.60 ) indicating that 

a single dose of living organisms may oroduce an improved re- 

sistence- and improved clearing capacity which are still in 

evidence 10 months later. 
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TRANSFERABILITY OF IZAPROVED 

CLEARING CAPACITY. 

The next step was to determine if the improvement 

In the rate of clearing could be transferf ed iassively 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 

living organisms. At the end of 5 days it was bled and its 

serum 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 contro were inoculat- 

ed with 1 c.c. of serum broth culture with the result recorded 

in the table. 

TAbLif, 14. 

Rabbit 

Serum 298 

309 

i c.c. 

310 311 

5 C.C. Nil 

Organisms per c.c. of blood 

Immediate 2,600,000 2,300,0:0 2,300,000 

5 hrs. 52 2 43,000 

24 14 8 Dead. 

48 1 

L'Y 
The serum in this case agglutinated in a dilution 

of 1 in 8 when tested at 55QC. 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 animals. 

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 a 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. had removed the organisms from its blood in 5 hours, 

while in the other two casesthey 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. 
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APPEARANCE AND DURATION OF ANTIBODIES 

IN THE CIRCULATION AFTER I r:ITT 'IZATION 

WITH KILLED CULTURE. 

The jhenolenon under discussion has been so far 

defined. It consists in the fact that a single intravenous 

injection of 5 c.c. of a killed culture of pneLuTococci con- 

fers on a rabbit a greatly enhanced ca.)atity to remove a 

subseouent dose of living organisms from the circulation and 

suppresses, completely or in part the subsequent increase in 

numbers of these organisms. This effect, present to a 

slight extent within a few hours, becomes well established on 

the third day after inoculation; it, is still well marked at 

the end of a month and may even be demonstrated after three 

or even six months, though, apparently in reduced amount. 

The power to behave in this manner may be transferred by 

means of the serum. 

The im:rovement in the first few hours is slight 

and uncertain and apparently nonspecific. The really strik- 

ing and apparently regular change occurs on the third day. 

An immunity phenomenon wnich lasts from 3 days to 6 months or 

more after an immunising injection suggests at first sight a 

cause which is different front the ordinary antibodies. 

Elfitowlinktiorj 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 rabbit) very nuch 

less than that (1 in 8) in which agglutination occurs in vitro, 

does not necessarily disprove kull's theory. He suggests 

that this is because the reaction occurs better in vivo than 

in vitro and supports this view with some experimental evidence. 

It is possible that a similar explanation might apply to the 

other experiment on passive transference by means of serum in 

which no agglutinins could be demonstrated in vitro. The 

matter will be discussed further below. Here it will suffice 

to state that in response to a single dose of killed pneumo- 

cocci 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 7th to 10th day and disappear by 

the end of three weeks. 

Comoleelent fixing bodies have been studied but the 

difficulty in regard to them lies in the fact that they are 

present in considerable amount in normal rabbit serum. They 

are not greatly increased by this amount of i.munization and 

appear to run fairly parallel t) the ayglutinins but the al- 

teration is so slight that the results did not seem to be 

very reliable. 

Oosonins. The serum of normal rabbits has been 

found to have no opsonizing effect upon the strain of ?neumo- 

coccus used in these experiments. Four rabbits were given 

5 c.c. of formalinized broth culture intravenously and the 
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opsonizing power of the serum tested before and at intervals 

after this treatnent. No enhanced activity of the serum 

could be detected in any animal up to ten days after treatident. 

Blood prevented frole clotting by the addition of 1 per 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 organisms greatly enhanced phag- 

ocytosis has been observed; at later periods (one Lonth and 

upwards) the power has not been in evicence. The development 

of delrionstrable odsonias is, therefore, irregular and uncertain 

and does not parallel the development of active immunity. 

Precipitins. These antibodies are developed with 

rather more consistency and may last mUch longer than agglutin- 

ins or opsonins, but in any 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 retiin it long after they have disap)eared. 
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EFFECT OF 'WHOLE BIO OD TPON 

PNETIOCOCCI IN VITRO. 

In vie,; of the laci <.. of correspondence between the 

occurrence of the ordinary antibodies and that of the im- 

proved capacity to deal yvith and re,nove organisils from the 

circulation, it seemed possible that some further information 

might be obtained from a consideration of the capacity of the 

whole blo)d to destroy or inhibit the multiplication of the 

organisms in vitro. 

The first attempts were directed towards deter,in- 

ing what number of or6anisms could be completely removed from 

the blood, several seiall (1 c.c.) samples being received into 

measured quantities of sodiuL citrate or heparin solution. 

Each of these was then inoculated with a measured volume of 

a dilution of culture, the series dizinishing by multiples of 

ten. The tubes were then incubated at 370 C. for 24 hours 

at the end of which time they were examined culturally and 

microscopically to see whether growth had occurred or not. 

The number of organisms employed in each case was estimated 

from plate cultures ,Iade from a suitable dilution. This 

method suffers from two obvious disadvantages. In the first 

place the actual nulAber of organisms introduced into each tube 

is not actually raeasured. It is merely estimated. In the 

second place it does not permit of the differentiation between 

growth inhibition and actual destruction. What seeeled neces- 

sary was a method by which not only the end result of the 
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procec s. but the interh&diate stages -i,ght be studied. In 

order that this Aight bu done the quantity of blood would 

need to be sufficiently large to ,)ernit of sanpling ut in- 

tervals. 

The choice of the for which the %laic blood" 

was to tsuie had to be considered. Heist 6. Solis Cohen (1919) 

and Heist, Solis Cohen Solis Conen (1::18) used whole blood 

for sindlar experirlents without attepting to prevent coag- 

ulation. This lc,ethod would effectively prevent inter.dttent 

sax:piing and further it leaves the whole ,,uestion unsolved be- 

cause the factors of active bacterial destruction and the 

physical effects of coagulation are inseparably intermingled. 

It was found that citratcd blood gave unsatisfact- 

ory results. The main reason for this seemed to lie in two 

factors. In the first -lace the strength of sodium citrate 

required to prevent the clotting of rabbit 's blood was in the 

neigbourhood of 0.3 to 3.4 per cent. There seemed to be 

quite considerable variations in different animals. On the 

other hand the growth of the pneumococcus was very definitely 

delayed by as little as 0.2 per cent of this solution and 

slightly inhibited even by 0.1 per cent in broth. There is 

thus a very small margin between the amount which is antico- 

agulant and what would be inhibitory 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 antiboaL 
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reactions in a most powereul manner (Tri ' 
t 8/: .T,lacealleezi 1922) so thz.1. 

even a sall excese -light very readily invalidate any results 

obtained. 

Defibriaated blood has be(a recommended by Sir 

Aleiroth Wright and his co-workers as suitable for experiments 

of this kind. An objection to it is that during the process 

of defibrination the blood is considerably altered and depriv- 

ed of fibrinogen an a considerable proportion oÍ leucocytes. 

In actual practice i have found that the activity of defibrin- 

ated blood is distinctly less than that of the same animal's 

blood treated with Leparin. This latter substance in a con- 

centration of 0.2 per cent prevents clotting quite efficiently 

for 24 hours. Acting as it does upon the fibrin ferment- it 

does. not alter the more i7oortant constituents of the plasma , 

( salts and proteins). There is however one point to be ern.- 

phasized. If citrated blood be centrifuged at a moderate 

speed the plasma still contains the platelets which are quite 

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 uDon the 

growth of the pneumoeoccus in broth. 

The technique finally employed was to place 1 c.c. 

of 1 per cent heparin solution in normal saline, sterilized 

by boiling, in a sterile tube and to bleed the rabbit from 
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the car vein directly into this solution the tube being 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 was essential to Maintain the blood at the correct 

temperature during manipulations. 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 ohe 

ip was soon found that evaporation produced a considerable 

fall in temperature in the water bath as compared with that 

of the air in the incubator. It was found sufficient to in- 

cubate the tubes in th(=ordinary way and then transfer them 

rapidly from the incubator to a portable water bath at the 

appropriate temperature. While they were in this bath the 

necessary manipulations were carried cut as quickly as poss- 

ible, after which the cultures were removed from the bath and 

replaced in the incubator, the exces cf water being removed 

from the outside. The method, thoui not ideal, seemed to 

be effective. 

The culture to be used was diluted in saline con- 

taining gelatin and sodium phosphate according to the ree,uire- 

ments of the experiment, a measured amount being then added to 

the tube of heparinized blood which had been incubated for a 

quarter 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 re,Larded as the inoculuzi. At selected 

intervals thereafter further samples sere taken and siilar- 

ly exa,ined. Dilutions in the sane diluLin,s fluid were 

made where necessary. 
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GROWTH OF PNETT.00OCCI IN 

BLO)D OF NOR AL RABBIT. 

In this study attention was particularly directed 

to two main points:- 

(1) the capacity of the blood to destroy organisms 

introduced into it: 

(2) the inhibitory action oÍ the blood upon the growth 

of organisme. In connection with this it secured probable 

from the writer's previous work on streptocucci (Wright 1925) 

- and from earlier work ujon the pneumococcus (Blake 1917) 

(Dochez & Avery 1916) that this would be found Idust marked in 

the early hours of growth. Accordingly it is the latent 

period which has been mainly investigated. 

. A considerable amount of work was wasted before it 

was realized how greatly the nature Of the culture used affect- 

ed the results. Chesney ( 1916) mentions that the precise 

form of the growth curve varies wit# the batch of medium em- 

ployed. It 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 

as used throughout these experiments. One had been maintain- 

ed by subculture in broth and had become avirulent. The 

other had been maintained in a virulent condition in blood 

broth and when used was subcultured in serum broth. The 

following experiments show how these. two factors, nature of 
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medium and virulence of culture, influence the length of the 

period of latency in the case of the ,,newaococcus. Tubes 

of broth and of seru.. broth (W rabbit serum) in 5 c.c. 

quantities were inoculated with orLanisLs from 24 hour cul- 

tures of virulent and avirulent 1.)newiococci respectively and 

sazr,)les plated at hourly intervals. 

TAVL 

Lledia 

Organisms per c.c. 

Virulent culture Avirulent culture 

Serum broth Broth Serum broth Broth 

Immediate 66 86 44 44 

i hr. 86 92 42 32 

2 hrs. 86 86 38 20 

3 " 112 94 78 28 

4 " 

......._ 

296 56 132 18 

5 " 908 72 448 36 

In both cases the serum broth cultures seen to have 

begun to grow at 3 hours after inoculation whereas the broth 

cultures have not given clear evidence of increase at 5 hours. 

Other experiments have confirmed this and go to show that in 

in serum broth the latent period is about 2 - 3 hours while 

ordinary broti, 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 tendency for growth to begin earlier, a fact 

which has, so .far as I know, no adequate explanation. I have 

failed to find any significant difference in this respect be- 

tween virulent and a. virulent cultures. 

The results are however quite different if the e_- 

periment be ride in the blood of a normal rr: bbit . Three 

rabbits were bled from the ear vein in ts.e ordinary way into 

tubes containing; he_a.rin solution ( 14 c.c., 12 c.c. and 

16 c.c. respectively into 4 c.c. of 1,9 heparin.) Each s Jeci- 

men was divided into two equal carts one of which was inoculat- 

ed with 0.1 c.c. of i in 40,0,)0 dilution of broth culture (avir- 

ulent) and the other with t :e same amount of serum broth mil- 
(virulent) 

tux*, the cultures in eacï, cese beine: 24 hours old. Specimens 

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

corded below. Two tubes of serum broth were inoculated as 

contrais. 
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TABLE 16 

Culture 

Organisms oer c.c. 

V 

Lanediate 

1 lar. 440 

2 hrs. 450 520 

3 ° 770 806 653 

4 1,140 1,500 1,320 

*1 

512 461 5061 

452 530 

6 " 4,300 5,7Ti 6,20) 

8 29,000 38,630 43,000 

10 " 195,000 201,0P0 327,000 

Avirulent. 

Serum 
broth. 3 broth. 

530 165 I 221 220 209 

317 132 160 141 184 - 

41F 90 153 52 200 

600 60 91 55 274 

905 60 I 64 37 687 

5,013 14 8 5 4,210 

30,300 14 10 29,000 

177,000 30 0 40 153,000 

* Refers to nu.i:J:Ier of rabbit ..ze bio e wa2 used. 

The behaviour of the two cultures was very similar in 

serum broth - the &virulent orb bet to increase 

sli1tly later though the difference is more apparent than real. 

In all the blood specimens the virulent culture had begun to in- 

crease in 3 hours after inoculation, number 2 possibly slightly 

erlier than the others. The avirulent culture however in the 

blood of the same anials 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 6 hours' incubation. Fur- 

ther than that there is considerable reduction in the numbers 

of organislis inoculated. There would appear to be no good 

evidence of any power on the part of the noral rabbit's bloo-d7-' 
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to destroy virulent pneumocooci whereas an avirulent strain 

Lia, be considerably diainiehed id 4.abere or its latent period 

considerably proled. It obNious that observations of 

this kind should be confined to organis_is of the same degree 

of virulence as those used in direct exoerivdent on the 'animal. 

(NOTE. - 
In cases where tiLe avirulent culture has 

finally grown in rabLit's blood it has been found that the 

oruanism has be uncapsulated whereas the virulent has 

always been capsulated.) 
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GRMTH OF VIRULENT Pai:UMCOCCI 

IN 1.....-711TIE RABBIT 'S BLOOD. 

The effect of the bl,od of i.,,:unised rabbits on 

the virulent, strain was tested by the same method. The 

animals used had been immunized with a single dose (5 c.c.) 

of killed culture 13 days before. TLe blood was inoculated 

with 0.1 c.c. of a 1 in 40,//10 dilution of serum broth cul- 

ture. 

TABTE 17. 

organisms per c.c. 

my5lune Rabbit 

Clearly the blood has been able to destroy this 

ni,berof o1ganismf3 entirely, the greater number disappearing 

in the first two hours. The next experiment showed that 

this destructive action is dependent on the presence'of cells 

in tile fluid. Two rabbits recently iLmuaized were bled into 

heparin and the blood mixed.*. Part of this was used as such 

(;!hole Blood). The remainder was centrifuged and the -plasma 

* This was done as a large amount of blood was required. 
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removed, A further s,)eci2Len was obtained from each and de- 

fibl'inated by ,lass beads and tne specihens 

poold. This; was oezitrifuged and t.e erum taken off. Each 

of these specimens was inoculated with O. 1 c.c. of 1 in 40,000 

dilution of serum broth culture and the course of growth follow- 

ed. 

TAThLL 18. 

of organisms per c.c. 

Llood. 21asma. Serum. 

Immediate 358 375 344 

2 hrs. 122 422 320 

4 it ,,,2 
,):, 36..,T: 310 

6 4 1,050 2,075 

24 " 0 Film -1-+ 

Leitor tIc. serum nor tne plasma agglutinated the 

organism in 2 hours at 55°G. but the growth which apeared 

at 4E hours was distinctly floccular. 'The organisinz zere 

well caisulated. 

The whole blood killed the organisms but neither 

the plasma nor the serum had any such effect. It would seem 

clear that the delay in beginning growth noticed in this as 

in previous experiments is an effect of the fluids but destruc- 

tion of organisms is not produced by the f:uids.alone, though 

it is in the whole blood. 
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Complete seerilization of the blood is not observed 

at all stages of imIeunization.and it would appear ti .t there 

is considerable difficulty in ewe:paring this killing jower of 

the bleed of t:ie eame animal at different times. Chief 

aleong the difficulties is the fact that the reduction in 

bers appeare to vary considerably according to the size of 

the inoculum. Four Feiecim.ens of blood from rabbit 346 (lire- 

munized E weeks before) were inoculated with varying amounts 

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

following reeultz:- 

TABLE 

OrzaniseLS pof c.c. 

i 2 e 4 

II e_ediate ,500 103 ,L. 7 

2 hrs. 1,170 85 31 10 

4 " 630 CO le 6 

e 0 470 4:3 15 3 

The answer obviously varies with the inoculum. The 

phenomenon here described is similar to that observed by 

Writ, Colebrook Storer (1923) wIle interpret it as eue to 

an eeiphylactic reseonse, the greater nuelber of orbanisEs 

eti allating the cells to e greater production of active sub- 

stances . I think Ìt might equally well be attributed to a 

phenomenon such es -;feegocytoeis or agLJutination in which 

chance of incidence with some other particle or cell plays an 



56. 

iì portant role. 

t In this particular experiment the organisms actually 

grew in the blood and attained large numbers. As the period 

after the immunizing dose becomes longer the actual diminution 

in the number of organisms becomes less marked and may disap- 

pear. But for several months this effect of lengthening 

the latent period remains recognizable. 

In the fog lowing 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 was between the various antibodies discussed 

and their capacity to remove organisms from the blood after 

intravenous inoculation. The results obtained were as follows:- 

TABLE 20. 

Rabbits immu.:ized one month before. 
r 

Antibodies in serum. 

Rabbit 377 385 356 394 462 

Agglutinins - - - - - 

Phagocytosis - - - - - 

(whole blood) 

Precipitins 
i - + - - + 
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TABLE 21. 

Growth of orsanisms in whole blood (in vitro) 

,Tr) of or-raisns ,er c.c. 
R. No. 377 385 356 394 462 

Immediate 240 228 170 216 182 

2 hrs. 234 240 138 124 112 

It 192 196 56 92 0 0- 
.y. 

4 a 276 192 32 ,)8 72 

6 " 430 190 6 

At 24 hours. marked growth in all oases. 

In all oases there is delay in the appearance of 

growth but the blood, of rabbit 377 is less effective than the 

others. Two of the specimens show considerable diminution 

in the nuber of organisMs during this period. 'In Cnly two 

cases are precipitins observed. T. test the protective action 

of the serum 5 c.c. from each rabbit were inoculated intravenous- 

ly into a normal animal. At the same time 5 c.c. of normal - 

rabbit serum wereinjected as a control into each of two normal 

rabbits. One hour later these rabbits and an untreated con- 

frost normal were each inoculated with a test dose of culture 

and the blood was examined with the following results:- 
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TABIT 22. 

Protective action of E..erum. 

Rabbit 480 481 482 433 4E4 485 406 488 

Serum from. 377 385 394 N. . 356 4-C, - 

Or,.anisms per c.c. of blood i hundr;ds. 

ILediate 26,0j0 26,0028,000 26,000 22,600 28,0)0 28,0.;0 25,000 

5 hr. 259 170 88. 2,900 c!00 11 6 820 

24. " 128 99 238 In- 
count- 
able 

3,660 170 14 28,500 

L. S. D. D.48 D.72 L. E:. D.72 
5 d. -e 

died. developed lcal leF,ion. S. survived. 

norilal rabbit, 

All the ani-mals which received serum from a treated 

rabLit showed iiiore co.,aplete removal of the organi, in five 

hours and less increase at 24 hours than those wJdc_i received 

normal rabbit serum or the control. The sera containing 

precipitins (33.5 and 462) were more effective in preventing 

lesions and death but not in both cases in producing increased 

preliffinary clearing. Without pressing the result too far 

there is some -irotective action present even after precipitins 

disappear and tere is also Growth inhibitory power present in 

the blood. The actual capacity of the animals from uldch the 

serum was derived to remove organisms was now tested in the 

usual ,1y. The result is recorded in the following table, to- 

gether with the results of the other tests and the reults in 

two control nor.lal rabbits. 
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TABLE 23. 

Rabbit 377 385 356. 394 462 478 479 

No. cf organisms er c.c. 

Immediate 1,030,01ì0 1,170,030 1,170,000 1,250,000 840,000 950,000 1,070,000 

2 hrs. 20,800 0 0 0 0 210,000 137,000 

5" 340 0 0 0 0 25,000 25,000 

24 " 1,300 0 0 0 116 .,400,000 1,510,000 

48 " 134 0 0 0 0 D e a d D e a d 

96 " 0 

Precipit- 
ins - + 

1 

- - + 

Growth 

delay + +t +t ++ ++ 

Protection t ++ + + (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 than 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 had 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 
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virulent culture intravenously to test their clearing capacity. 

In addition there were included two untreated rabbits. The 

blo:)d of one of these (489) had sÌ_own a certain amount of de- 

laying effect on the growth of virulent pneumococci and it was 

thought desirable to test its clearing capacity as well. This 

is the only untreated rabbit so far examined which has shown 

any sign of the delaying action of the blond upon growth. The 

results are given in the following tables: - 

TABLE 24. 

Growth of culture in blood (in vitro) 

No. of organisms per c.c. 

R. No . 

Impediate 

2 hrs. 

3 " 

4 " 

6 " 

273 

1,700 

8,300 

22,100 

77,00() 

553,000 

292 

12,030 

9,700 

9,100 

10,500 

22,000 

302 

13,030 

8,400 

5,803 

5,200 

2,900 

313 

9,800 

9,200 

10,100 

8,200 

28,900 

342 

10, 600 

7,000 

7, 800 

13,500 

73,000 

362 

10,100 

8,500 

7,500 

19,500 

107,000 

489 

11,800 

6,500 

5,400 

Normal 
492 

10,900 

12,000 

20,900 

5,600 68,000 

32,800 567,000 

TABLE 25. 

Immediate* 

2 hrs. 

5 " 

24 " 

72 " 

RateRQf removal of injected organisms from blood stream 

23,200 

250 

216 

0 

30 

0 

44 

0 

0 

0 

0 

0 

0 

0 

8 

0 

40 

0 

218 

0 

71, 800 

1,960 

1,600 

20 

18,403 

170 

354 

1 

340,030 

58, 300 

120,000 

24,000 
D i e d. 

the dose was so adjusted for each animal as to give 
a total inoculation of 4 million organisms per c.c. 
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All the s.decimens show delay in growth of the cul- 

ture inoculated into bloJC cycelytinE the normal control and 

273. similarly li e a narked increase in clearing capacity 

including 273. Now the seru,1 of these anii:als Lao been examin- 

ed for aglutinins and precipitins two months before and none 

had been resent except precipitins in the case of No. 302. Fro 

this serum they had also disa.):eared by tLle time of this experi- 

ment. The ta,unizing process had consisted of the following 

treatment : - 

273 5 c.c. killed culture and 1 c.c. living 11 months before 

292 1 c.c. living culture . 10 months 

,,, c.c. killed 10 lAunthE before and 
1 c.c. living . 

i c,c. living 

362 b c.c. Allied 

months 

7 months 

4 month 

313 1 c.c. living e .:Ionths 

459) 
) None 

492) 

The duration of the ifunity after so little treatment is sur- 

prisingly long. lt is not considered justifiable to do more 

than draw attention to the fact that these animals idigt havc 

been considered to be devoid of nt.1dtes but there is clear 
EttHartcca, ACTIviTy OF THE (31_0033 

evidence of the presence of:=7 i J.J. but one case if the 

growth exIieriment is carried out. Y.Uther the untreated 

rabbit whose blood bad this capacity behaved like a slightly 

immunized animal The relation between delaying power of the 

not 
blood and resistence isxquantitative and in the case of 273 

It 

11 

antibody effects cannot be detected even by this delicate test. 
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The capacity to delay growth clearly long outlasts 

the presence of ordinary antibodies. It has also been shown 

that it may precede them in its appeaLnce. Four rabbits 

used to test the 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 bi)od. In none of them did agglutinins, precipi- 

tins or opsonins apjear 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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DESTRUCTITI POWER OF BLOOD CO1PAR.,,D 

WITH 2R-LI'FIAEY CLI:ARING CA-JACITY 

JF A'. AL FRO. LIM' IT WAS OBTAI:MD. 

The capacity of the blood to destroy pneumococci 

in vitro is certainly incr(ased by the process of ia,.unization 

but it is clear that this cajacity is by no means sufficient to 

account for the diinit ion which taxes place in the blo)d in 

vivo either in the normal or the la une animal. This will be 

seen from the following examples. 

TABLE 26. 

Normal rabbits. 

OrEenisids per c.c. of blood. 

Rabbit 347 

In vitro in -vivo 

346 

In vitro In vivo. 

Immediate 

1 hr. 

7 a 

4 Hi 

6 

506 

530 

528 

653 

1,320 

670,000 

1,30G 

461 

452 

580 

LOG 

.1;JUk.,, 

1,000,000 

3,300 

In this case although the blood of the animal is 

practially devoid of power to reduce the snail number of 

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

TABIL 27. 

laaunized rabbits. 

Rabbit 

Organisms per c.c. of blood. 

Immediate 

hrs. 

3E5 

In vitro In vivo 

elJ 394 

In vitro in vivo 

228 

iO 

1,170,000 

0 

216 

38 

840,000 

0 

The reduction produced in vitro is in neither case 

of anything 1L-ze the same order as that in a corresponding 

time in vivo. In this experiment the amount of destruction 

or reduction that occurs in vitro is very slight and the in- 

oculum small 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 occurs 

within the animal when the organisms are introduced into the 

circulation. 

It remains therefore to seek for some explanation 

of this discrepancy. 
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TEE EFFECT OF TLJPERATURE U2Og THE 

DJJSTIIJCTION OF ORGANISTTS BY BLOOD 

IN VITRO. 

The experiments up to this point had all been made 

at a temperature of How the normal temperature of 

rabbits is definitely hiLher than *Lis though it certainly 

varies considerably. I have selected the temperature of 

39°C. as representing a fair average (= 102.2°F.) Further, 

fo_llowing an inoculation of organisms there is frequently a 

considerable rise of temperature which in the course of 4 

or 5 hours nay reach 40°C. ( 104°F.) or 40.5°C. (105°F.) 

Now the maximum temperature at which growth of 

pneumococci will occur is given by Muir & Ritchie as 42° C., 

by Hiss & Zinsser (quoting Fraenkel) as 41°C. The optimum 

growth occurs at 37°C. Possibly the destructive action of 

the blood might vary with the temperature. 

A preliminary experiment showed that the effect 

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 a measured amount of virulent cul- 

ture of pneumococcus. One of each pair was incubated at 

370C. and the other at about 40°C. The course of events is 

recorded below:- 
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TABLE 28. 

Broth. 
37°C. 40 °C 

Serum broth. Blood. 

40 °C. 37 °C. 40 °C. 37 °C. 

Ime dia.t 28,000 23,600 27,0 )U 24,100 24,900 22,300 

2 hrs. 33,000 7,100 50,000 8,400 60,000 19,600 

4 " 36,00) 396 4,70) 792,000 61,600 

6 et 54, 0?0 24 8,050,0J:J 6, 703 8,100,000 575,000 

N 240,000 2 97,800,0.- ; 40,900 J2,700,00,_; 5,980,000 

10 " 1,420,0.;u 0 465,000,000 96,500 00 many 16, 380, 000 
to count. 

24 " Film t-rt ttt 10 -r-t t+ 

At the hi her temperature t. , organises disa,)ear en- 

tirely from broth., di: inish and then lizaltiply slightly in serum 

broth, whereas in rabbit's blood good .growth occurs, 2receded 

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

tube at 37 °C. Extension 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 

in results round about 40 °C. Accordingly accurately standardized 

thermometers 'were e =.,ployed for the following experiments which 

were directed to determining whether there was any significant 

alteration in the destructive power of the blood at the higher 

temperatures. 
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TABLE 29. 

:Tormal rabbits. 

Growth in blood in vitro. 

Nuinber of organisms per C.C. 

R.478 

370C. _39°C. 40.50C. 

R.479 

370C. 39°C. 40.5°C. 

Immediate 10,300 9,900 9,800 13,4X '9,3C,0 9,700 

2 hrs. 11,900 9,400 7,000 16,800 9,900 6,401 

3 11 600 4,800 20,50) 16.800 6,400 

4 

.34,000 

60,001) 25,100 23J0 10,00 p 41,0-0 4,900 

6 " 749,000 228,00) 4,500 947,000 262,000 10,000 

Ih this case the blood was normal 

rabbits and inoculated with organisms in the manner previous- 

ly employed. There is practically no evidence of any destruc- 

tion of organisms at either 37°C. or 30C.:at 40.5°C. there is 

IrL,at I tasce to be a significant dilAn,tion in the nnibers but 

small compared to the numbers removed from the blood in a 

corresponding oeriod after intravenous inoculation wI.i cï nay 

be seen from the following table:- 

TABTa 30. 

478 z:-/ 

Immediately 
after inoc. 950,0)0 1,070,000 

2 hrs. 210,000 137,000 

5 " 25000 25 000 
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What does apoeLr however is that at the higher tem- 

peratures the comi.lencel,lent of active gro-Ah is delayed; slight- 

ly and uicertainly at 39°C., quite markeuly at 40.5°C. 

The blood of two slightly ilunized rabbits was also 

exaildned in the same way; they had been inoculated 1 month 

before the experiment with 5 c.c. of killed culture. The 

figures obtained were:- 

TABLE 31. 

Growth in bio d of imPmnized rbbits (in vitro) 

Organisms per c.c. 

Rabbit 1. Rabbit 2. 

37°C. 39°C. 4095 C 37°C. 39)C. 4095 C. 

Immediate 106,000 89,030 91,J 3 101,000 117,0J) 109,000 

2 hrs. 68,000 .33,000 29,00 40,60) 28,800 34,600 

II 5 120,0 )0 13,400 6,800 34,500 14,30 8,700 

ITA)re there would ap)ear to be rather more destruction 

of organisms at tne higher temperature but the actual amount in 

no way compares to what happened in the animal. The same anim- 

als were inoculated with i C.C. of culture and were able to re- 

duce the numbers in 5 hours from 1 million per c.c. to 0 in the 

case of rabbit 2 and to 340 in the case of rabbit 1. 

The effect of the higher temperatures would seem to 

be not so much in increasing the activity of destructive agents 

that may happen 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 which have an opportunity of unhanpered 

action owinL to the fact that the organis is not multiplyin.. 

The conclusion seems justified that, whatever be the 

value of the study of the blood in Uds way as an index of iL,- 

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

of the total ca»acity of the animal. 
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PHASE OF GROWTH OF THE ORGANISM AT 

VARIOU STAGES OF THE SEPTICAni1A. 

In the earlier experiments it was shown that during 

the firot two Lours after intrevenous inoculation of orgenisms 

from a 24-hour culture, reduction in numbers goes on at a very 

rapid rate. The reduction may Ea on at a slower rate until 

five hours frolo tie injection when either a definite rise oc- 

curred or the nu-bers remained fairly steady. Later it was 

found that in some animals the organisnis commenced to increase 

in nunbers at the end of two hours. I have never obs rved a 

case in whic:i this increase has begun before that time. The 

foregoing experiments upon the growth of virulent or anisms 

in vitro in rabbit's blood had shown that for a period of two 

hours after introduction the 24-hour serum broth culture fails 

to grow, that is, fails to increase in numbers as judged by 

colony counts. The culture therefore was in the phase known 

as the Ileriod of latency. It is quite possible that the or- 

ganism et t4e tine of the increase of numbers within the animal 

v,as simply beginnine, to multipl:y after the ordinary period of 

inactivity. This was tested in the following exoeriment. 

Two rabbits (420 and 421) were each inoculated intra- 

venously with 1 C.C. of culture. At the ti.P.e of inoculation 

a measured amount of tee culture was inoculated into serum 

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

injection blood was drawn from the ear as quickly as possible 

into heparin at a tem)erature of 39 o C. and the tubes iediately 

placea in a bath at the same temperature. Specimens wer- plated 

at once and at intervals of 1 hour thereafter. Ei.ttuiinn seci- 

mens were orepared at 5 hours and exalAned in the s.a,le way. The 

following are the fiLres obtained - 

TABLE 32. 

Organisms per 
Specimen of blood obtained 

inoculation. 

c.c. 
1 hout after 

' R.420 R.421 

Immediate 1,040,000 960,000 

1 hr. 940,0)0 1,090,000 

2 hrs. 1,810,000 2,260,000 

3 " 4,490,0730 5,250,000 

During the first hour in the test tube no multiplica- 

tion occurs, but during the next hour there is a very named 

increase in numbers. That is, the organisms in tie blood of 

the animal one :lour after an intravenous injection are still 

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

original two hours. 
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TABI2, 33. 

Specimen obtained 5 hours after inoculation. 

Number f organisms per C.C. 

Rabbit 420. habit 421. 

Immediate 510,0,0 1,290,000 

1 hour 1,700,0 4,390,0(10 

2 hrs. 3,440,0 9,500,000 

L", 10,100,0)J 21,300,0J0 

In this s)ecimen it is evident that during t_o first 

hour in the test tube a great deal of lqultiolication 1Lks taken 

place and that t_e organism was, at the ti e when this sample 

was taken, in tne phase of active growth. All experiments 

directed to this point have given tie sa,e result.' 

A further experiment was done upon another animal, 

the blood being drawn upon the 3rd day after inoculation (the 

animal died on the fifth day). The temperature of the rabbit 

at the time the blood was taken was 39.6°C. Incubation of 

the sample was at 39.2°C. and the results were as given. 

TABLE 34. 

Specimen of blood on 3rd day after injection. 

Number of organisms per C.C. 

Immediate 68,700 

1 hour 276,000 

2 hrs. 476,000 

n 1,076.000 



Here too there was obviously no delay before multi- 

plication occurred and tLe organism in the rabbit's blood at 

this time was in the phase of active growth. 

In these points the behaviour of the organis,a within 

the animal does apoear 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 inoeuti::. dine hour later 

the organism is in the same phase but it is now of shorter dur- 

ation - one hour. At the end of five hours the organism has 

no such latent period but is in the phase of active growth. 

This change of phase would account quite well for the 

alteration from rapid reduction to relatively rapid increase 

which occurs in a certain number of animals. But the time re- 

lations are not the same in all cases. Is there any corres- 

ponding variation in the length of the i)eriod of latency? To 

test this a series of six normal rabbits of different weights 

were selected, samoles of blood drawn in the usual way and the 

course of growth of an inoculum observed. By choosing animals 

of different weight it was hoed that the natural variations 

tight be more readily observed. The following day the same. 

rabbits were inoculated intravenously with a dose of culture, 

graded according to weight, and the caurse of the bacteriaemia 

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

Growth curve in blood of series of six 
rabbits at 39.4 °C. 

Number of organisms per c.c. 

1 

Rabbit 45. 453 454 455 396 
- 

397 

Aeight(grams ) 1950 1950 1400 1420 1000 1050 

Immediate 

I 1 hr. 

2 hrs. 

Z " V 

4,750 

4,130 

4,300 

5,430 

4,680 

3,870 

3,800 

5.600 

11,400 

26,500 

116,000 

254,000 

4,500 

3,830 

4,170 

6,500 

4,600 

4,030 

3,890 

5,400 

4,200 

3,630 

3,800 

5,400 

4,200 

3,840 

3,500 

5,100 

n 15,400 

! 5 " 32,200 

6 " 93,000 

7 is 323,000 

25,100 

52,000 

218,000 

695,0 0 

17,500 

50,700 

184,000 

586,000 

12,100 

37,400 

182,000 

477,000 

13,800 

34,200 

109,000 

342,000 

TABLE 36. 

Course of bacteriaemia following injection 
of 1 c.c. of culture. 

Immediate 

i 

1 hr. 

2 hrs. 

3 11 

4 11 

5 
n 

6 " 

7 
II 

3,480,000 

180,000 

17,100 

3,500 

300 

200 

<100 

<100 

3,450,000 

960,000 

500,000 

120,000 

130,000 

80,000 

150,000 

3,600,000 

1,030,000 

340,000 

360,000 

D i e d 

3,500,000 

1,220,000 

790,000 

1,000,000 

3,360,000 

1,490,000 

650,000 

410,000 

720,000 

3,200,000 

1,130,000 

630,000 

500,000 

710,000 1,640,000 

3,800,000 

11,100,000 

22,900,000 

1,310,000 

1,770,000 

2,800,000 

1,220,000 

2,020,000 

3,270,000 230,000 
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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 cuaiarised as follows:- 

Period at which increase had begun. 

452 453 454 455 396 397 

L n vitro 

In vivo 

3 hrs. 

-T;7 hrs.* 

3 hrs. 

6 hrs. § 

3 hrs. 

? 3 hrs. 

3 hrs. 

3 hrs. 

3 hrs. 

4 hrs. 

3 hrs 

4 hrs 

* Increase marked in 24 hrs. 
except for the figure at 5 hrs. which is a 
little anomalous - tis possibly be 
regarded as a stationary period from 3 - 6 hrs. 

It is clear that in Lour cases there is a certain re- 

lationship between the fiures but it is net a precise one. 

The case s:howing tee greatest disparity between the two sets of 

figqres is rabbit 452. It is to be observed that the rate of 

reduction of the organisms in this animal is very mush higher 

and the level reached considerably lower in the three-hour 

period than in the other animals. In the test tube growth 

occurs and its progress is unhampered wiereas in the animal 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 animal it would aepear that multiplication in the 

ani-al has some brake acting,goon 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 are not at that time 

multiplying, the ceurse of the curve of the se Jticaemia should 

be consic,erably altered if the organise_ 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 pneunococci, care 

being taken at the time of inoculation to avoi6 any serious 

change in temperature in the culture from that of the incubator. 

Cultures were made from the ear vein at intervals of one hour 

with the following result:- 

TABLE 37. 

Course of septicaemia following injection of 
actively growing culture. 

Rabbit 

Immediate 
1 hour 
2 hours 
3 " 

4 " 
tt 

252 468 490 

Organisms jer c.c. in millions. 

8 a 8 
14.1 13.4 12.5 
21.7 27.2 23 
29.7 41.3 46.7 
54.5 71.6 94.9 
79.5 94.6 121 6 

The use of such a culture has the effect in these 

cases of eliminating altogether the preliminary 

eriod of decrease in nuLbersIthe increase being 

evident at the end of one hour. 
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CHANGES IN TILiPERATURE AND THEIR EFFECT 

U207 TT COMM OF THE BACT-RIAE11A. 

Experiments on growth in vitro are necessarily carri- 

ed out at a fixed te4,)erature. In the animal body, on the 

other hand, the temperature undergoes considerable variation. 

1 have tried to determine if t.:.0 course of the temerature in 

the aninal might account for the greeter length of time which 

elajses before increase in numbers occurs in vivo as compared 

with the test tube experiment. While the ex)erinent recorded 

in Table 35, D. 73, was in ,)rogrese the course of the rectal 

teq,lerature in the animals was observed. Table 3E gives the 

result of these observations. 

1. U) 38. 

P.eotal temperature of norrel rabbits 
after inoculation. 

........._ 

452 453 454 455 396 397 

refore inoc. 38.5 39 39.1 38.5 38.8 38.9 
i hr.after 38.9 38.9 39.1 38.2 39 '38.9 
2 hr e " 40 39.8 35.6 38.6 40.2 ]39.2 
T. ft 0 3 40.5 40.3 39.3 38.9 39.7 39.8 
4 ta o 40.1 40.6 39.3 40 4Q.4 4,-.0.8 

5 0 0 
' 40.4 40.6 Dead 39.9 39.9 40.8 

6 8 n 40.2 40.3 40 40.1 .ell 

7 0 0 . 38.2 39.6 39.9 39.9740.8 
......s.J...".oraro 

During the first hour after inoculation the temper- 

ature is little altered. During the second hour a rise oc- 

curs varying in amount in rabbits 452, 453 and 396. In the 

remaining cases the rise is later. I have underlined in each 

case the first record of a temperature of 40°C. 
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It is clear from this experiment that the greater 

part of the removal of bacteria from the circulation is done 

at a time wnen the temerature of the animals inoculated is 

not greatly different from that of the blood used for the 

experiment on growth in vitro (3.4°C.). Accordingly the 

difference betwen the destructive action of blood in vitro, 

and the clearing capacity of the ani Li as a whole cannot be 

accounted for in this way. 

If we com,)are the time of .Le first iportant rise 

of temerature with the time at which the increase in the 

nw:bers of organisLis occurs in the blood of the samc: animal 

we get the following table. 

Rabbit no. 452 453 454 455 396 397 

Ti_e of rise of 
Teerature 

Time of bacterial 
increase. 

:' hrs. 

7,7 hrs. 

2 hrs. 

? 6 hrs. 

Nrever 

3 hrs. 

4 hrs. 

3 hrs. 

2 hrs. 

4 hrs. 

4 hrs. 

4 hrs. 

Clearilg it is not possible to associate the two phenomena very 

closely. 

The exT3erimeats upon the effect of temperature on growth 

in vitro showed that a temperature 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 u,)on 

temperature and bacterial growth in vivo in the case of rabbit 

397. 
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TABIL Zc. 

Tellt:)erature recteria per c.c. o 
- ()C. - blood. 

At tie of inoculation 3,20G,0);) 

1,130,000 

630,0:J 

40.8 710,010 

40.8 1 

41 

40.8 7,0,1 

,220,000 

2,020,000 

27 

flere there is clear evidence ti]at duria, the 4 - 7 

hour )eriod the teuerature of the ahi al is at about 41°C., 

very close to tae wider limit of growth of the organici as 

ordinarily described. Yet during the corresponcin: ieriod 

there is IPLXXX a definite increase in the ausnber of organ- 

in the blood. -ow it is probable that in this ani_al 

the organisms durinL, the period of relatively low tellerature 

had entered upon the period of active growth. The following 

excerir.lent shows tat tl,e effect of temperature uoon growth 

is greatly modified by the condition of growth in which the 

organism happens to be at the tine when it is inoculated. 

Two specimens of heparinized blood from the same 
()C. and then inoculated with 

nor,m1 rabbit were warmed to 40.5 
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measured amounts of Seru26. broth culture, in one case derived 

front a twenty four hour, in the other from a six hour culture 

the former being in the phase of latency, the latter in the 

phase of active growth. The observations upon tie course of 

rottll gave the following figures:- 

TABL 

-',h at 46.3°-C. 
of organisms.oer c.c. 

1.1n4ilediate 

2 hrs. 

4 " 

24 hr. culture. 6 hr, culture. 

3,590 13,403 

1,23u 79,400 

,120 421,0)0 

le0 825,000 

300 

The inoculum consisting of organisms in the phase of 

latency is kept in t,,at phase for at least 6 hours in this 

case, whereas the inoculum which is in a condition of active 

growth at a temperature of 3700. is able to go on growinr: at 

once at the higher temerature of 40.5°C. 

These results being somewhat inconclusive as to the 

role of temperature in natural resistence it was desirable to 

see if rabbits with a high temperature at the tize of inocula- 

tion showed any distinct differences in the node of dealing 

with the inoculum as compared with animals of normal tempera- 

ture. Three animals were inoculated intravenously with 1 c.c. 

of formaiinized 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. 

TABLE 41. 

Inoculated with Typhoid. Pneumococci. Nil. 

Rabbit No. 399 402 458 414 415 460 459 461 

i Temp . at time of 
inoculation. 40.6 40.7 40.1 40.5 40.7 41.3 38.7 38.3 

Organisms at time 
of inoculation 
(thousands) 4.600 4.900 4.700 4.900 4.500 4.800 4.500 5.100 

Tenp. 1 hour 40.4 40.1 39.6 40.2 40.4 41.4 38.9 38.9 

Temp. 2 hours 40.3 40 39.2 40.3 40.8 41.9 39.7 39.3 

Or anisms 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 40.3 

Temp. 4 hours 40.3 40.7 40 40 40.9 41.7 40.1 40.7 

Temp. 5 hours 40.2 40.6 40.6 39.7 40.6 41.6 40.6 40.7 

Or anisms 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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ROLE OF THE LEUCOCYTES IN THE iiI:MAL 

UF BACTERIA FRO ::% THE BLOOD. 

The destructive functions of the blood drawn from 

the animial and examined in vitro are rmanifestly not suffici- 

ent to account for the phenomena of removal of bacteria ob- 

served in experiments upon tie living ani2.A.1. In the test 

tube the conditions are relatively static and extremely 

artificial; in the living anis al they are liable to wide 

variations and there are certain factors which are not re- 

presented at all in the test tube experiments. This is 

particularly the case with regard to the cellular elements. 

The alterations whici occur in the peripheral blood in nor 

l.al rabbits in the period following an intravenous 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 ..:mc1. 

R.355 R.371 

Before inoculation 6,200 5,400 
10 rains. after 4,90) 3,100 
30 " " 3,800 2,900 
1 hour " 2,800 2,400 
2 hrs. " 3,900 2,800 
4 " " 3,400 3,400 
6 Ir It 3,000 4,600 

24 " " 2,500 5,600 
48 " It 3,300 
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There was a well marked reduction in the peripheral 

leuccytes in the course of 10 minutes followed by a gradual 

return to normal or a maintenance at the low level for some 

tire. This ohenomenonwas shown by Andrewes(1910) to be due 

to redistribution of the cells within the ,nimal, especially 

a concentration of them in the lungs. The succeeding leuco- 

cytosis that is usually described was not seen in these cases. 

In animals that are lightly im,unized the course of 

the leucocyte cou..,t has been found to be somewnatvariable as 

the following figures show:- 

TAME 43. 

Leucocyte counts in immunized rabbits. 

Number of leucocytes per c. laiii. 

R.211 R.214. 

Before inoculation 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 
4 " 

# 12,400 4,000 
6 " " 12,800 3,500 

24 " 
# 4,800 4,700 

48 " 
If 5,400 

The findings in the first rabbit (211) suggested 

the occurrence of a specific leucocytosis such as is dis- 

cussed by McWilliams (116),Zinsser & Teen (1'..17) ,and Gay 

Claypole (rt,14). But it was the only one of any small 
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series w:ilich showed this. To avoid the variations occurr- 

ing in different rabbits observations were made in the same 

animal after a first injection of organis_s and after a re- 

cond injection a week later. 

TABLE 44. 

Leucocyte counts after 1st and 2nd 
injections. 

Number of leucocytes per c. mm. 

1st injection 2nd injection. 

Count before 
inoculation 5,400 5,203 

10 mins. after 3,100 1,400 
30 " 

tt 2,00 2,700 
it 

2 hours " 2,800 2,600 
4 " 

tt 3,40 3,400 
6 " 

ft 4,60 4,000 

The only difference ap-oears to be in the degree 

of the preliminary diminution. Apparently the factors 

which bring this about are more active in the case of the 

immunized animal than the normal. Andrewesobserved this 

difference and he also found the leucoenia to be longer 

maintained as immunization progressed. This greater te:-d- 

ency of the leucocytes to aggregate in the lungs, particular- 

ly, occurs just at the time when the maximum removal of or- 

ganisms from the blood is also occurring. Anything in the 

nature of a leucocytosis is entirely lacking during the very 

active clearing process in the immune animal. 
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have tried to test the il,,portance of twee role of 

the leucocytes by dirlinishing the n ....bers of circulating cells 

by means of subcutaneous injections of benzole. Three im- 

mune and three normal rabbits were given subcutaneous injec- 
equal parts of 

tions of 2 c.c. of a mixture of/benzole and sterile olive oil 

per kilo of body weight every day as recommended 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 normal and one 

immune, died before the number of leucocytes was sufficiently 

reduced. The other aninels bore the rather drastic treatment 

very well as shown by the following observations on their 

weight. 

eight of animals -Crated with benzole (in grams.) 

Rabbit 327 310 340 33.8 

Before treatment 

At end of treat- 
ment 

1,620 

1,620 

2,150 

2,100 

1,70:.) 

1,720 

1,490 

1,520 

Apparently 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 !fade upon 

animals whose leucocytes had been reduced to about 1,000 er c.mm. 

or less. The animals, with an equal number of controls, in as 

nearly as possible the same condition regarding imunity as the 

test anials,were inoculated with 1 c.c. of culture and the 
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course of the bacteriaeLlia recorded. 

TABLES 45. 

Removal of bacteria in normal anc. benzolized 
lAY\immunized rabbits. 

R. No. 

Leucocytes 
:per c. mm. 1,300 

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

Immediate 14,000 

2 hrs. 2,331 

5 in 1,179 

TA= 46: 

16,0 ) 16,000 

2,298 2,142 

Too many 1,764 
to count 

SL.ilr experiment in immunized rabbits. 

R. iio. 310 323 327 326 

Leucoc:ytes 
Der c. mm. 800 7,200 400 300 

Bacteria per c.c. of blood. 

Immediate 

2 hours 

5 .1 

Leucocytes 
24 hrs. 
later 

16 million 

0 

O 

1,300 

17 million 

0 

0 

9,500 

10 million 

36 

0 

8 million 

10 

E 

From this it appears that a very considerable reduc- 

tion in the leucocytes may be made without seriously affecting 



the caacity of the animal to clear its blood of bacteria in 

the numbers here employed. 
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EFFECT OF ATTEMPTS AT BI3CKADE OF TT 

RETICULO-Ll\TDOTTIELIAL SYSTEM. 

One imporeant factor not represented in the test 

tube experiments is the system of ohaLocytic cells lining 

certain portions of the circulatory system and forming part 

of what Aschoff has called the reticul;-endothelial system. 

It is thought by many that the activity of this system may 

be diminished if the animal is given injections of so:Lie sub- 

stance u:;,ich this system of cells is capable of absorbing - 

the so-called "blockinL" or "blockade" of the system. 

- I have tried to see if such treatment had any mark- 

ed effect upon the removal of bacteria from the blood stream. 

Four rabbits, two im_unized and two untreated,were 

given a series of injections of Indian ink. The preoaration 

used was '»atson's drawing ink which was selected because of 

its marked stability in salt solution, a dilution of 1 in 10 

in O.85 sodium chloride solution showing no sign of precipita- 

tion even after autoclaving and subsequent standing at room 

teenerature for five days. In the doses used - 5 c.c. of 

a I 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 Kuppfert 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 

1aiteuses of the 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 a short time so that compensatory pro- 

liferation of the cells of the syste_ - may be avoided. It was 

found that a single injection of this preparation have a good 

demonstration of the system. Three such intravenous injections 

and one intraperitoneal were given to each animal within a week 

Two days after the last intravenous injection the rabbits thus 

treated, together with four control animals - two normal and 

two is _united - were given 1 c.c. of culture intravenously and 

observations made upon the septicaemia. 

TAETF 47. 

Effect of injection of Indian ink upon 
clearing power. 

Unimmunized rabbits. 

Treated with ink. 

Rio . 320 321 

Untreated. 

322 323 

Organis,as per c.c. of blood. 

Immediate 1, 90C , 000 

" hrs. 16,300 v 

24 " 877,000 

2,500,000 

4,100 

123,000 

2, 200,00J 

144,000 

. 301, 0'30 

2,200,00C> 

4,100 

580 
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TABLE 48. 

Immunized rabbits. (Last dose 3 weeks before). 

Treated with ink. Untreated. 

R. No. 296 297 310 298 

Organisilis per C.C. 

Immediate 1,700,300 2,000,0 1,70j,0J0 2,2JL),000 
5 hours 0 

J 
0 0 0 

24 " E 0 0 6 

The e:,:Jerilent with the nor_ml rabbits, while some- 

what unsatisfactory owing to the wide divergence in the ob- 

served nubers in individual aiLia1s, does not show ay de- 

finite difference beteun the two sets of aniLvls in t.Le matter 

of orelluinary clearing. There does seem to be a slight tend- 

ency for greater increase to occur in the next 24 hours in the 

treated animals. The i:unized anLils showed no significant 

difference in either res,)ect. Similar exoerillients were next 

_lade with in» ctions of saturated solution of lithium carmine 

(Grubler) given intravenously in doses of 5 C.C. on four con- 

secutive days. Twenty four hours after the last injection the 

culture was inj:,ctec, intravenously. 



9l. 

TABLE 49. 

Effect of injection of lithium carmine. 

Uni,munized rabbits, 
Untreated. Treated 

R. No. 331 333 375 376 

Organisms per c.c. 

Immediate 9,000,000 .,400,0 .0 7,300,000 7,009, 000 
2 hrs. 2,020,000 430,000 90,000 420,000 
5" 1,950,000 1,700 860 34,600 

24 " D e a d 1,200 17,000 51,000 

This experiment again suffers 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 pneumococci4 months and 5 months before respectively. 

These rabbits being in a relatively weak state of iimunization 

would be expected to show a considerable alteration in power 

if blocking the system removed their main eliminating mechanism. 

TABLE 50. 

Effect of lithium carmine injections. 

Immunized 
Treated. 

rabbits. 
Untreated. 

R . .RTo . 
290 

(4 mcc.) 

Organisms 

1,300,00) 
0 
0 
0 

291 
(5 raos ,) 

per c.c. 

1,400,0'00 
4,300 

102 
1,352 

14 
3 s . ) 

1,350,000 
2 
O 

32 

Immediate 
2 hours 
5 " 

24 " 
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Rabbit 290 removes the organisms just as readily 

as rabbit 314 which received no carmine. In the case of 

rabbit 291 the power is not so marced but the process does 

not differ Markedly from what has been found quite cornrionly 

in animals at t._is eriocä after immunization. 

These experi :.dents seem to show that the amount of 

treatment described did not seriously interfere with the ani- 

mal's capacity to dispose of the injected organises. Certain- 

ly the results in unirwi united animals were irregular and too 

much should not be deduced from the:.a but where conditions were 

much more standardized, as in the immunized animals, it was 

not possible to find any significant difference between those 

which received injections of ink or carmine and those which 

did not. 
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ROIL OF Ti E BLOOD PLATELETS. 

Various worizers relrez & Govaerts,(10.8), Teale 

Dach (ro20), had suuested that the platelets played a 

prudoninant part in tne reneval of bacteria. Govacrts (121) 

and Bull & 1TcKe (12n) have however quite conclusively shown 

that the elimination of the olatelets by means of an anti- 

platelet scru3ahza3 no effect upon this activity. Bull's ex- 

nerients were done in part upon the pneumococcus and it has 

not seemed necesoary to Lo into tne matter any further. 

Here -Len we have three factors, each of which can 

be greatly olodifioa independently without seriously prejudic. 

ing the animal's powers - the leucocytes, the retienlo-endo- 

thelial system and the blood platelets. Does this mean that 

none ,f these play any part or io it that the phenonenon is 

really a very colvleY one wnich involves all these factors and 

perhaps others? The exoeriments which nave been described all 

tend to show that the imnunized aninal differs only ouantita- 

tively from the unimmunized. There is aooarently an improve- 

ment in the capacity to dispose of ortoanis is, fairly abrupt in 

its onset and gradual in its disappearance. Phenomena observ- 

ed in the ilonune animal are probably therefore only an exagger- 

ation of what occurs in the normal. ith this idea observa- 

tions were Aade to see what factors did actually toe part in 

the removal of paeomococci from the circulating blood of an 

ir6, awe animal. 
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HISTOLeGICAL OBSERVATION-S. 

The only two points to wi.ich I 2ave devoted atten- 

tion are (1) the factors concerned in the removal of organisms 

in the i eAnized animal; (2) the chief points of difierence 

betwetn the normal and the ieheunized rabbit. 

It se ed auvisable to ma.f.e these observations early 

in the 2erioa of elimination as at this time the phenomena 

might be expected to be at their height and destruction of the 

bacteria would not have assumed large enough proportions to in- 

terfere with the results. Animals previously immunized with 

at most two doses of pneumococci, the last dose having been 

given a week before,were injected with 20 c.c. of virulent 

loneumococci. They eere killed by inhalation of chloroform 

after 10 - 15 minutes and preparations made from peripheral blood, 

blood from liver, lungs and spleen xxkg and pieces taken for 

sections from the same organs. In some cases blood films 

from the ear vein were made at short intervals during the time 

befeeeen inoculation and the death of the animal. 

The method of making f il.s from the blood in 

the organs has appeared to be of importance. If the blood 

is obtained by puncture of the surface of the organ and col- 

lected as it escapes the films are practically 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 thou the free bleeding of the organ, the blood dresulriably 

coming from the larger vessels, does nit lead to the removal 

of either cocci or leucocytes in the ì1me animal. These are 

ae)parently °resent only in the smaller capillaries and re,uire 

some force to dislodge them. The flans prepared in this way 

were stained with leish_mn's stein. 

The ,,)reparations 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 

'bids stage (10 mins. after inoculation). 

The preparations from the lungs of the recently im.- 

munized rabbits showed a most extraordinary phagocytic activity 

on the part of the leucocytes. Both jolymorphon clears and 

monocytes were engaged in this activity and in about tie same 

degree. Practically all the bacteria seen had undergone some 

alteration in distribution; that is to say there were practical- 

ly no isolated pairs of pneumococci. The changes consisted in 

(1) phagocytosis by polymorphonuclears and .1,-ocytes; 

(2) aggregation into masses; 

(3) inclusion of clumps of organisms in masses of 

platelets. 

In one particularly good preparation a count was made with 

the following result:- 
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Total number of organisms seen 

Phagocyted by polymorphonuclears 

ft 
" monocytes 

893 

297 

340 

Total phagocyted 6,37 

Total outside phagocytes 256 

In unphagocyted aggregates associated 
with platelets 203 

In free aggregates 53 

lt 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 ap)earances seen in films from the liver are 

very similar but here the counts sug-ested that mononuclear 

cells were more Letive. This was because there were includ- 

ed four large cells of an obviously different type which con- 
them 

tamed between/185 pairs of pneumococci; one cell alone con- 

tamed 82 pairs. These were, I think, detached Kupffer's 

cells. 

The sections of the or 'ans, though less beautiful 

demonstrations confirmed these observations. In the spleen 

there was little phagocytosis and organisms were much fewer 

than in the liver and 1R2E. 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 not satisfy myself that there was 

any phagocytovis by the capillary endothelium. In the liver 



the most striking feature was ag,regation of the organisms in 

the sinuses close to the wall and for tne most part cpJarently 

phagocyted by Kupffer's cells. It was often difficult to 

decide if a given mass was eitlin a cell Jr not especially if 

t-e nucleus did not happen to be in the section. 

In less highly imsunized (u) to one month after treat- 

ment) animals these aslearances are not so clearly seen. As 

the tise since the immunizing dose increases tee evidence of 

phagocytosis becosies less. One can however usually find some 

evidence of it. And at the same time there see_es less tend- 

ency to form aggregates. 

In the norual animal at this stage I have not observ- 

ed this phagocytocis or marked tendency to aggregate that is 

seen in the imune. This does not elean, I think, that such 

phenomena do not occur. The dose employed nere is an enormous 

one. It needs to be in order that the organisms may be seen. 

itb the organisms are injected large amounts of the arrgressin 

like specific soluble substances whose deleterious action on 

the activity of the leucocytes has been described by Sia (1926). 

Consequently a good deal of the activity of a normal animal 

towards a small dose of organisms slight 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 blosd of iunized 

animals the phenomena of clumping of organisms and aggregation 

in TIlsses of platelets were both observed. Phagocytosis was 
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not comonly seen. I have however seen one or two polymorpho- 

nuclear cells containing a few pairs of cocci. 

Whether the platelet aggregations which occur in 

these films actually occur in the body of the anieal I am un- 

able to say. I y fiir$ about 50 per cent of the aggregates 

of platelets contained pnemococci while the others did not. 

These observations then sLow that the removal of 

bacteria from the circulation in the iateunized animals is due 

to their concentration within the capillaries of the viscera 

particularly the liver and lunge, partly in free aggregates, 

partly phagocytosed. In this )rocese of phagocytosis the cells 

of the blo)d and those lining, the sinuses of the liver are both 

concerned. Even with these enormous doses a very considerable 

portion of the cells are still disengaged, showing that there 

is a considerable reserve of cells available even without the 

intervention of any enh.ìiced production by the blood forming 

organs. Further, both the granular cells and tnecells of the 

reticdlo-endothelial system take .)art. With so small a dose 

as the test dose employed in the experiments ( 1 c.c. of culture) 

the reserve available must be very great indeed. Laming of one 

mecLanisei would leave the ether uninvolved. It is not oureris- 

lug-therefore that the ex*oeriments with benzole and with Indian 

ink and carmine failed to produce any noticeable effect on the 

clearing process. 
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AGGREGATIOfl. OF PARTIC1IA7 AND OF 

BACT-JelaA IN BODY FLUIDS; 

In the course of experiments upee the reticuloendo- 

thelial system the preparation of Indian 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 apeeared to be precipitates were found in the lung capil- 

laries and the liver and spleen sinuses. It seemed that the 

blackness of the lung varied with the rate of injection and 

on one a rabit which died after an in- 

jection was found to have a large preci-eitate of ink in the 

right ventricle. It was soon found that this preparation 

thozi remaining unaltered in sodium chloride was slowly pre- 

cipitated by Ringer's solution,more readily by seru.A and de- 

fibrinated blood and almost instantaneously by whole blood and 

olasma. Gum Acacia was quite 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 parts of whole bled 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 c.c. and the mixture was incubated at 37°C. for 1 hour 

it was found that, thou r coarse precipitates were not formed, 



yet the very fine state of division seen in the original ink 

had ceased to exist. The particles were aggregated together 

into zlicroscoiic masses. Now the sae protected ink prepara- 

tion beLea elixed with serum under the saz,e conditions shows no 

alteration in dispersion of the »articles. The stability of 

the suspension therefore iz much less in the whole blood than 

it is in the serum. in the film from stch preparations the 

el m11 aggregates are partly independent and partly attached to 

clumes of olatelets. hardly any pha6ocytosis of the ink by 

polymorphs was observed though it undoubtedly occurred to a 

slight extent. 

It is clear that the more nearly t_e fluid aeoroximates 

to what is found in the blood stream the more marked is the in- 

etability of the sus)ension and the greater its tendency to pre- 

cipitate. Yet the most actively ereci,itating of these fluids 

(plasma) is much less unstable than the blood probably is in the 

vessels with its capacity for clotting uninterfered with by 

cheedcal agents. 

Si-ilar observations to this have been mace ID, 

Góvaerts (1:)19, 1921) who also comments on the variation of ef- 

fect of the blood of different animals, a matter which is also 

considered in some detail by Pfeiffer & Standenath (le2.3). 

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 phenomenon of pre- 

cipitation. Now many writers have observed the occurrence of 
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massive deposits of ink, earticularly in the lining caeillaries 

following such injections (Lang (1e26), "dslocki (1024), Nissen 

(192), Locrner-2atzeit (1923), Kiyono (I:AA) and V:estnues 

(1922) ). Some authors have regarded these as si.Yole )recipi- 

tatez while others regard teell as having been brought to 

the particular siteetion by ehee=ocytes which have subseevently 

disappeared (-esthues (1922) own oreearations seem to 

suggest that the deeosits 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 

massive are the deposits. Further, according to ':islocki, 

the site in which they are found is deter lined to a certain ex- 

tent by the route of injection. 

I have injected into rabbits equal amounts of ink 

preparations, one of which was protected by 57; gelatin, the 

other being unprotected. The blood from the ear vein was col- 

lected by Bedson's (i922) technique for counting platelets. In 

the films ink could be detected for at least 2 hours in tee ease 

of the animal which received the protected preparation, whereas 

in the other no particles could be seen after 8 minutes. Further, 

the particles became much more rapidly aggregated into masses in 

the latter case and at a much earlier point of time. In both 

cases the aggregates adhered to the elatelets which tended to 

mass together. Aeearently the more unstable the suspension the 

more rapidly it is eliednated from the circulating bloid. 

Now a suspension of bacteria behaves in the main like 
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an eAulsoid as reL:ards orecipitation. According to Bordet tigto 

the effect of agelutinins is to convert the emulsoid snspension 

into a cuepensoid condition which ehould then behave like the 

inn particles. Geyaerts (1920) has oointed out that staphylo- 

cocci wen suspended in p1ose2a or unheated serum from a noriaal 

r-,Lbit in Le oresence of platelets flocculate readily, the bac- 

teria aggregating on the platelete ih virtue of the action of a 

'thigplophile" substance which le Fevre de Aric(1e20) identifies 

with opsoniee . Virulent pnennococci do not do this but as le 

Fevre de Aric (1S20) sio tne .ehenomenon is observed if an im- 

mune animal's serum or plasma is emloyed. On repeating these 

experiments it was found that flocculation of suseensions occurr- 

ed much more rapidly in the presence of platelets than in their 

absence and that the flocculation was earlier in the less stable 

fluids (plasma) tan in the more stable (serum and heated serum). 

In Lay experiments the reaction ultimately occurred in all but 

whether this is observed or not deoends on tne activity of the 

fluid used and the tine during which the observations last. 

The phenomenon-series to be very sled-Jar to the increased preci- 

pitation observed by Dean (1cz17) on the addition of globulin to 

a non precieitatine mixture. These observations would suggest 

the -possibility of ereater activity of antibodies in vivo than 

in vitro, as suggested by Bull. It would also appear possible 

that the platelets, t:ecugh not an essential part of the mechan- 

isu of removal of bacteria, may yet assist in it by helping in 

the formation of ageregates which must help to reduce the 
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nu'Sbers of organisms observed in the 2,-,riphera1 blood. It 

is one of a group of adhesive peculiarities conferred upon 

orgt-qis_s by the Llo )d of an La _une aniiJ, adhesion to one 

another (agglutinins) to leucocytes (o¡Jsonins), to endothe- 

lial cells (endothelial o)sonins) and to platelets (thigmophile 

substance). 
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Discussioa OF RESULTS. 
ONE.40..1819.~. 

With few exceptions previous borkers have found 

that bacteria introduced into the circulation have become 

considerably dininis,.4ed in numbers iii a short s)ace of time. 

Govaerts (1 21, II) and Delrez&Govaerts (118) remark that 

virulent pneumococci are not reduced in numbers when injected 

into rabbits. On the other hand Bull (1915, 1915, I., 1916 II.) 

and Singer & Adler (L24) show quite clearly that such organisms 

may be removed in large numbers for a certain time. Winternitz 

& Kline (1915) state tat te organiss begin to grow imA.ediate- 

ly after their introduction but their observations as recorded 

do not permit of any conclusion as to what ha )pens during the 

critical period. Reichstein (1914) makes a similar statement 

regarding haemolytic streptococci but Bass (1925), Hopkins & 

Parker (1918) and Bull (1917) report a .arked preliminary eli- 

mination as in the case of pneumococci. As has been mentioned 

above considerable variations from animal to animal observed in 

the course of a large series of experiments, may be apparently 

due to individual peculiarities in the animal, as noted also by 

Singer Adler. The effect of the virulence of the organism 

used has been found in these experiments to be 4uite definite, 

an avirulent strain being removed more (Aiciciy and completely 

than a virulent one. This agrees with observations made by 

Bull (lc.17). But with other organisms other results have been 

btained (Teale & Bach, 1920). 
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The effect of immunization with either killedl or 

living culture is, according to my experimente, equally clear, 

the highl, iaune aninal removing the orn'anisms at a greater 

rate than the untreated one. Bull (1915) and Kitagawa (1914) 

agree that the imeunized anieal leas the advantage in the case 

of the oneumococcus. Singer a Adler think the power is con- 

ferred only to a slight degree by killed cultures ac compared 

with living. 

Hopkins & Parker (1918) state that this improvement 

does not occur in animals LaNunized against streptococci and 

Parker & Franke (1918) report that typhoid bacilli are not re- 

moved better by ineunized animals tnan by noneals. null dis- 

agrees with the latter finding but Bail (1905) has pointed 

out that while Immunized animals do not dispose of typhoid 

bacilli more quickly than normals, the cholera vibrio is re- 

moved more rapidly if the anieal has been ineunizea. Singer 

(1Y25) has also shown that anthrax bacilli disappear more 

quickly from the blood of the imeanized animl. 

Differences in this respect might very well be found 

according to the organism that is being used and in comparing 

the results obtained it is necessary to know the exact condi- 

tion of the bacteria employed as regards its virulence and the 

exact stage of ILL,unization of the animal. If the animal is 

highly immunized removal 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 normal animal, differing 

from it only in deLree. In the ordinary test for iL-unity, 

death or survival after inoculation of a dose of organisms, 

these fine shades are not seen. The result makes it ap)ear 

that the difference ìs a shard one but in these el:periments 

it is seen at once that in many cases the difference is real- 

ly very small and even to or three days after an injection 

it is qiiite impossible to tell what will happen. It takes 

very little apparently to turn the scale one way or the other. 

The solidly im».unized animal is distinguished from 

the norei by two main facts. The preliminary clearing is 

-ore rapid and more complete and the organisms once rtmoved 

do not return to the circulation. In vilhat does this nrelim- 

inary in-roveJent consist? Thy is it tat t, ere is in the 

normal a rise in the number of organisms following the prelinc- 

inary period of reiaoval? In the answer to these two questions 

lies the solution of the problem of in.s.munity against the pneu- 

mococcus and of its converse, the problem of the establishment 

of pneumococcal septicaemia. Previous work upon the problem 

of resistence against the pneJmococcus has been almost entire- 

ly confined to that period when the animal is highly ira_unized. 

In this investigation 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 slay see if these phenomena 

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 Aecnanism are displayed while later one may see 

whether all or any of these parts are essential. 

To deal first with the mechanism; Bull in a long 

series of papers attempted to explain the whole of the removal 

of organisms from the circulation on the basis of agglutination 

or aggregation. If the anisal 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 im2rovement 

following inlmunization was due to the agglutinins produced. 

The benefit afforded y a protective serum was due 

glutination which it effected. Hopkins & Parker could not con- 

firm this in the case of streptococci. Other workers have 

failed to find evidence for the dominating significance of the 

agglutinins. Ten Broeck (1A.7) 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 relationship between 

in vitro agglutination by serum and improved clearing capacity 

in the ani al. That aggregation of this kind, does occur in 

the highly ins, unized animal 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 numbers in whole 

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

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

of orania:i itJir the blood al a vein tied off froa the 

general circulation and found t;,at no reduction occurred there 

at all comJcrable to what happened in the circulating blood. 

I have shown that improvement in capacity to remove 

orgaaisals from the blood can be confereed passively upon a 

normal rabbit. The problem is therefore intinately connected 

witn the problea: of transference of antipneumococcal immuaity. 

Now Eyre t7: ashbourn (189) were unable to find any relation- 

ship between the agLlutinating power of a serum and its pro- 

tective action. Avery, Chicaering, Cole & Dochez (1:a7) re- 

port similar reaults. Jeufeld (1902) records that highly 

immunized aniicals .y not have an agglutinating serum. 

The only writer whom I have found to attach any im- 

portance to bactericidal action in the case of antipneumococcal 

sera is Romer (1902). On the other hand Lyre z Washbourn, 

Neufeld -Ripau (1905), 7adsworth (1.(;12, I.) and Armstrong 

(1925) agree in finding the bactericidal action of such anti- 

sera either absent or of very slight account. 

Neufeld RimAlu (1905) and Neufeld j: Handel (1909) 

find in the opsonins or tropines the explanation of the pro- 

tective action of the iaaune serum. They are supported in 

this view by Boehncice -rouriz 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-aggreesive action. This view of an 
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indirect efZect upon phagocytosis is supported by evidence 

brought forward by Tchistovitch Yourevitch (1906) who 

describe the presence in virulent cultures of a soluble sub- 

stance which Linders phagocytosis and w-ich they term "anti- 

)hagine". 

Wadsworth (1912, II.) states that in tee normal dog 

there is 7Jractically no phagocytosis. II' the animal is active- 

ly or passively immunized it can be observed; but in an animal 

examined long after im_unization although still immune the phag- 

ocytosis may again be absent. These statements would appear to 

be based upon examination of the oeripheral blood. 

Jearly all this work has been done upon sera from a 

very highly immunized L:drzl. Little work ap.ears to have 

been done upon the animals possessed of low grade immunity 

against the pnewdococcus. So far as the ordinarily recogniz- 

ed antibodies are concerned I have found their production ir- 

regular and their duration short. At the fourth day after 

immunization the agglutinins apjear, and they are gone about 

the end of the third week. But some animals do not produce 

them at all after a single injection. In vitro phagocytosis 

is not seen in normal rabbit's blood (if a virulent organism 

is used); it is seen at the end of a week after immunization 

but is not usually observed after a month. Precipitins 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 immunity long (months) after 
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these hale ceased to be demonstrable. Wassermann (1899) 

reports the appearance of antibodies in the serum on the 

3rd to 5th day and their disaopearance on the 23rd dey. 

The course of ordinary antibody production is then similar 

to what is found in the case of other organisms and is by no 

means coextensive with the duration of immunity. This con- 

dition of affairs, 1mm nity of the animal without the presence 

of demonstrable antibodies in the serum (agglutinins, precipi- 

tins) is_ireeuently referred to as immunity in the absence of 

antibodies. Now the tests applied are very artificial and, 

from certain points of view, somewhat coarse. The animal is 

concerned with the elimination and localization of the invad- 
- 

ing organism and with the prevention or suppression of its 

power of multiplication. Armstrong (1925, 1.) by a refine- 

Oent of technique has been able to show that the duration of 

antibodies within the animal, as evidenced by protection for 

mice, is much longer than was usually sop)osed. It apoears 

markedly increased three days after a single injection of 

killed culture and is still high at the end of a month. 

_aye not repeated these observations but have found that there 

is still some evidence of protective power afforded to normal 

rabbits by 5 c.c. of serum from an 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 



the presence of the serum or blood (the thread reaction of 

Pfaundler). This method has been utilized by Kinsella (191?) 

for demonstrating the presence of antibodies to the infect 

ing streototoccus in infective endocarditis. Kruse & Pansiai 

(LF:92) observed that growth was irregular and often suppressed 

in the blood of an immunized rabbit, while it was unhampered 

in taat of a normal rabbit. Virulent organisms grew better 

in the normal rabbit's blood and growth in the blood of the 

resistent dog and guinea pig was less marked than in that of 

the rabbit. Jeufeld (1902) found that the serum of patients 

who had recovered from pneumonia freqUently contained no ag- 

glutinins as ordinarily tested but that if pneumococci were 

grO'Wn in such serail. the orLaaisms were in masses. Sir Alaroth 

lright (1co14) pointed out that the whole blood was often bac- 

tericidal when the serum or plasma showed no such effect. In 

1916, Dochez & Avery studying the matter in more detail found 

that pneumococci crown in immune serum showed a long latent 

period and a diminished capacity for zmelxxicbot certain meta- 

bolic activities usually associated with this organism. This 

they considered as specific inhibition of these activities and 

they termed it "Antiblastic Ilolounity". But Blake (l17) de- 

monstrated that this phenomenon was simply due to the agglutin- 

ating growth which occurred in imaune serum. Teter Barber 

(1919, I. & II.) by n.eans of the single cell method showed that 

there was no actual alteration in the rate of multiplication 

but the organis o tended to adaere to one another and remain 
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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 

commencement of active growth was only apparent. Blake found 

that an amount of serum insufficient to produce agLlutination 

could produce this phenomenon which was type specific. 

Heist, Polls Cohen & Solis Cohen (191, ) and heist 

& Solis Cohen (1A9) using capillary tubes coated with pneumo- 

cocci into which whole blood was drawn without anticoagulant 

claioled to have demonstrated a bactericidal action on the part 

of the whole blood of an imlunized animal. Further avirulent 

orgeois-s failed to grow in rabbit's blood and the blood of a 

aatarally resistent animal (pigeon) was highly active. Bull 

Bartual (1920) point out that tue technique employed in this 

investigation did not permit of a distinction between destruc- 

tion and inhibition of growth and further the variability in 

the type and consistency of the clot formed by the blond of 

the different animals was not considered. They themselves 

found that there was considerable variation in the growth in- 

hibitory power of the blood of different animals as judged from 

the time which elapsed before the organisms became sufficiently 

numerous to be seen in films. They considered delay was to a 

certain extent due to phagocytosis and was roughly proportional 

to the amount of antibody present. Further the susceptibility 

of the various animals was indicated approximately by their 

capacity to delay growth. 
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have employed blood tr.ated with heparin as the ore- 

paration most cloFely resembling whole blood and yet not 

liable to coagulate. It appears from my experiments that 

an avirulent strain is readily destroyed by the blood of a 

noral rabbit or if it is not destroyed the growth curve 

shows a long latent period. On tile otherhand a virulent 

strain of the cane pneunococcus is capable after e. latent 

period of about 2 hours of multiplying actively in such blood. 

If however tie animal has been immunized the blood develops 

bactericidal properties which are of a low order but quite 

mariced at the end of a week after immunization. The capacity 

to produce an apparent alteration of the latent period remains 

long after the ordinary antibodies have ceased to be demonstr- 

able. I am not able to say if tile length of the latent 

period is exactly proportional to the degree of immnity of 

the aniaal. But if there is any evidence of such an exten- 

sion then the animal will be found capable of removing organ- 

isms from the blood at a greater rate than a normal rabbit 

and if it is marked the animal will usually be found to be- 

have like a highly im,,unized one in this respect. In only 

one untreated rabbit have i so far found any such capacity 

for delaying growth and that animal when submitted to the 

test of an intravenous injection behaved like an immunized 

animal. This property of the blood appears earlier than 

the ordinary 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 bl)od resulting froPI the immuoiizing process. But it 

does not ospear that this power is exactly parallel to 1e 

degree of immunity (capacity to dispose of bacteria injected 

into the blood btreson). For in one case 11 months after 

immunization I have found a complete absence of this inhibit- 

ory power and yet the animal still showed evidence of enhanc- 

ed clearing capacity as compared with a normal control. One 

experiment might be interpreted aJsuggesting that a certain 

amount of delay of growth due to immunization with a killed 

culture is associated with less capacity for eliminating or- 

ganis from the blood than a similar delay resulting from 

treat:sent with a liviaL antigen, Are we then to assume that 

there is some other type of antibody or is this residual iri- 

Aunity which is found to exist to be attributed to an enhanced 

activity of the cells? Wadsworth thought that there was in 

all orobability some form of antitoxic iso,unity but admitted 

that no toxin could be demonstrated. Of 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 rabbit. hennes (1897) described a fever producing 

toxin Whose effect is neutralized bj antiserum. Julianelle 
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& Heimann (1926) find that lysed cultures produce purpura in 

mice associated with dilainution in the blood platelets. 

Tchistovitch Cc Yourevitch (1908) as mentioned above 

considered "antighagines", substances interfering wit. opsonic 

action, as one of the causes of virulence of te organisms. 

Tore recently Woo (1926) has shown that mixtures of serum and 

cells from a normal rabbit are inhibitory to the growth of 

avirulent pneumococci but not to that of virulent organisas. 

Sia (1926) has s_oun that extracts containing the specific 

soluble substance described by Lochez ,7:; Avery (1'.,17) and 

Heidelberger & Avery (1)23) when added to such mixtures con- 

fer on the avirulent organism the growth properties of a 

virulent organism. Certainly im:_unity can be conferred by 

en autolysate free from whole bacteria, as ',adsworth describ- 

ed and i have confirAed. From the histological observations 

made one cannot but conclude t/lat phagocytosis is greatly in- 

creased in the i.c;:_udized animal. Even at a time w-en it is 

not usually to be seen in test tube experieents the organs of 

the immunized animal show clear evidence of increased phago- 

cytosis as compared with an ultrested animal. It may be 

therefore that in these apparent cases of cellular la:unity 

some 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 is necessary 

to take into account the part played by tLe tissues. 
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Lardach (1889) found that removal of the s)leen diealin- 

ished the natural resistence of the dog to anthrax and in 

1891 he furtJer discovered that after splenectomy rabbits be- 

caAe susceptible to the n,yeber one vaccine of Pasteur, which 

they normally withstand. This finding :Telnikow Reswedenkow 

(1690 was unable to confirm. Wyssokowitsch (1886) consider- 

ed that organisms -injected intravenously were filtered out in 

the tissues. Terigo (1c94) studying anthrax seeticaemia 

found t-at phagocyte,s1s was very active on the part of leuco- 

cytes in the capillaries of the lungs and the Kupffer cells of 

tee liver. The sileen played a seialler part arid he consider- 

ed it to be the main focus for subseLjuent multiplication. 

2hagocytosis, he considered, occurred anywhere in the circula- 

tion where the bacteria were temporarily mecanically arrested. 

Final destruction was effected in the liver. Levaditi (1901) 

drew attention to the marked aggregation of polymorphe which 

occurred in the lungs after an intravenous injection ofb acteria. 

Bartlett & Ozaki 1918), working withstaphylococci in dogs 

observed the marked phagocytosis by blood cells in the capillaries 

of the lungs, liver and spleen. They observe that the oiononucle- 

ars play a considerable part. Their view is that the bacteria 

are first arrested in the lungs and then passed on to the liver 

for final destruction. They express the view that in the fixed 

tissue cells (Kupffer cells, spleen cells) there is a mechanism 

whicl, is complementary to the leucocytes and which can compen- 

sate for any deficiences in these cells. Naga° (1920) obtained 
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similar results with dead staphyl)cocci. Ito (1917) ob- 

ervß the predominating activity of te lungs and liver and 
remarks that killed organisms (streptococci) appear to be 

dealt with by a normal animal in very much the same way as 

livirk, organisms are dealt with by an imteune animal. 

Arima (1_11) 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 fancier consider- 

ing the spleen and liver to play the main part in removal. 

Hopkins e Parker (1c,1_) found that in the resistent cat the 

number of organisms (streptococci) isolated from the lung 

was large and also from the liver. In the normal susceptible 

rabbit the liver yielded any more colonies than the lungs but 

in the inieunized-rabbit tne 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 tiles as many organises in 

the liver as in the other organs. The lung was more active 

in iieeune than in normal animais. My own observati)ns have 

been confined to the first 10 minutes after inoculation. In 

that )eriod the highly ireune animal shows a most extraordinary 

degree of aggregation of organisms and phagocytosis by poly- 

morphonuclear and mononuclear cells in the capillaries of the 

lung and in the liver. In the latter organ Kuoffer's cells 

are actively phagocytic. 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 _lave found that tale number of leuco- 

c:ytes in te circulatin blood Lay be considerably reduced by 

benzole poisoning without any serious iL_ -t of the elimin- 

ating power of an actively illmnized ani a1. a fact which was 

also observed by '"internitz & Kline (1(v15). In the normal 

animal the effect is very sinner though 7internitz Kline 

find resistence to be diminished. 

Similarly I have failed to make any significant 

alteration in the clearing power by means of injections of 

either Indian ink or lithium carmine, were given with a 

view to blocking the reticulo-endothelial system. Singer 

(1925) on the other and was able to produce interference with 

the later part of tie elimination of anthrax bacilli by such 

means and Singer & Adler (1924) found the resistence to Type 

III. pneumococci greatly diminished by such injections. 

I have already referred to the experiments of Bull 

7cKee (1922) and Govaerts (1i)21) showing that removal of the 

platelets fro,i the blood does not diminish tne rate of removal 

of bacteria subseuently injected. 

Iovould ao)ear that the mec4anism of removal 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 consists in the production of an increased ad- 

hesiveness of the bacteria as a result of which they tend to 

stick to one another, to leucocytes, to endothelial cells and 
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to J21,telets. In addition active phagocytosis by the poly- 

IlDr)honuclear and mononuclear cells of t:le blo )d and t-e cells 

lining the sinuses of the _liver and possibly also of te spleen 

plays its part. And it would see:.1 that either of these groups 

of cells ir-y Jake zood very considerable deficiencies ia the 

other. In addition to whicn it secrs hiELly probable that the 

number of cells t the disposal of the animal is much in excess 

of re,uirements. It has a great surplus on which to call. 

So far as the pneumococcus is concerned the factor which influ- 
most 

ences the rate of renoval/man:edly is the :?roces of specific 

The question of the occurrence of a purely cellular 

immunity after the obvious hu-oral antibodies have disap eared 

has been discussed above. Singer Adler (1924) maintain 

that the whole of the immunity to Type III. pneumococcus is of 

this nature and con never be transferred by means of serun, a 

statement which does not agree with the findings of other work- 

ers. But they were unable to dezonstrate any increased capac- 

ity on the part of the periused liver of an immunized ani,a1 to 

remove pneumococci from the perfusate as compared with livers 

from nonlIal animals. Hahn & von Skramlik (191) and von 

Srad,dik & Hunermann (120) found that perfusion of the liver 

wit. coli antiserum conferred on that organ an increased 

caflacity to remove the homoiogous organisms even after the 

organ had been well washed out with perfusate. But Ee.nwaring 

Coe (1916) attributed such results to traces of serum, still 
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remaining in the organ. They found that serum in a concen- 

tration 100 times less than that which produced ag,lutination 

was able to increase very markedly the caeacity of the liver 

cells to remove pneunococci fro,' the blood (endothelial opsonins). 

In discussing the existence of any such form of ia.unity it 
must be borne in mind tnat the amount of antibody required to 

alter the state of resistence is in all probability extraordin- 

arily small and might well escape detection by our present 

methods. I am not satisfied that any clear evidence for its 

existence has been supplied in the case of the pneumococcus. 

Lven in the case of a normal rabbit Armstrong has been able to 

demonstrate a small amount of protective antibodies. In one 

relatively resistent animal 11 months after ieleunization I have 

failed to demonstrate antibodies in any greater amount than in 

a normal rabbit. 

Some authors have sought the explanation of slightly 

enhanced resistence in a soecific hyperleucoc7rtosis. I have 

already shown that very marked alterations in the leucocyte 

count in the peripheral blood may be produced without any obvi- 

ous effect on tie capacity to remove organisms from the blood. 

Further, my experiments revealed no evidence of the occurrence 

of such a leucocytosis. The only difference observed was a 

rather more raoid onset of leucopenia in immunized ani 

as was reported by Andrewes (1 10). This presumably suggests 

rather more rapid aggregation of the leucocytes in the capillaries 

of tne internal organs, especially the lungs a sort of vis- 

ceral leucocytosic. 
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Nor have I observed any Larked alteration in the 

to i;erature reaction of the imieunized as compared with the 

norm =!al rabbit. Both tend to shoe a rise of temperature after 

about 2 hours. The experiments aì.r,_ady recorded seem to 

show t ct the pneemococcus is not markedly interfered with in 

growth by the tem eratures ordinarily found in the rabbit but 

may be slightly i ceded. by a marked hyperpyrexia. 

But the caw,acity to get rid of pneumococci more 

quickly is not the only nor even the most important point of 

difference between the normal and the immunized rabbit. In 

the imeunized animal the removal is definitive while in the 

normal the reduction is only temporary and tends to be suc- 

ceeded by an increase. Bull (J.6) has suggested that the 

pneumococci present during the aeri.od of increase are less 

agglutinable and less susceptible to opsonization than those 

isolated during the preliminary drop or the second fall. So 

far as can be gatnered these observations were emde upon cul- 

tures of such orb, aniseis and not upon the actual organisms 

present in the blood. Hopkins & Parker have questioned this 

explanation and found that if septicaemic 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 re_oeat- 

ed this experiment in the case of pneumococci with similar re- 

suite but agree with Hopkins Parker that the experiment is 

not conclusive as the dose administered is of necessity very 

:.uch smaller than what is usually used in inoculations of 
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That the clearing caoacity of the animal is by no 

means exhausted at the tìne when the septicaemia is present has 

been shown for streotococci by Hopkins &. Parker who injected 

a dose of culture into an animal in this condition and found 

it quickly removed, the grade of septicaemia being fre,uently 

less, though not constantly so, a few hours 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 that this 

means that the new organisms are readily removed but the organ- 

isms constituting the septicaemia are resistent to such removal. 

Hopkins & Parker think that organisiîs are repoved and destroy- 

ed chiefly in the viscera - especially the liver - but in the 

normal animal many organisms are to be found in cultures from 

other organs such as muscles in which they multiply. The 

septicaemia is kept 17.3 by multiplication in these foci. Organ- 

isms are constantly being removed but they are also constantly 

being replaced by others. The balance constitutes the septi- 

caelnia. Bartlett & Ozaki (1918) observed that in an animal 

almost dead of staphylococcal septicaemia marked phagocytosis of 

a fresh injection still occurred though the leucocytes seemed 

to be less active than the fixed tissue cells. They also note 

(l917) collections of unphagocyted bacteria in certain organs, 

especially the kidney, Ihhich they look on as foci of multipli- 

cation of organisms that have developeo a special resistence; 

the period of delay before increase occurs is a period of 
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adaptation. Werigo had this same idea of foci of multiplica- 

tion in regard to anthrax septicaemda. lie considered them 

to be located in the saleea. Heyer, aeilsen Cf: Feusier (121) 

and Parker Franke (1).also mention such foci in the bone 

marrow in the case of experiments with-B. typhosus and allied 

organisms. Kruse & Pansini suggested the secondary rise in 

the number of organisms was due to growth of organisms through 

the capillaries into the veins. Singer (125) and Singer & 

Adler (1924) suggest that the immune animal's cells take up 
cells of the 

the oraaniams and destroy them whereas the/normal aniaal 

take up the organisms but fail to destroy them and are instead 

damaged themselves and become foci in which multiplication may 

occur. Bull (1915) suggests that masses Maa be produced so 

large as to be uaphagocytable and thus be source of' renewal 

of the seati.caemia. In addition there are certain statements 

in the literature (Muir & Ritchie) to tie effect that in a 

septicaemia the organisms are actually multiplying in the peri- 

pheral circulation. There is, so far as J. am aware, oaly one 

reference to the state of growth in which an organism is found 

in oneumococcal septicaemia - Barber remarks *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 

to throw some considerable light on this point and to explain 

certain features of the experimental septicaemia. The organ- 

ismcdn a twenty-four hour culture of virulent pneuaacocci as 
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eelelyed in these exoeriments are in the phase of lat e ricy 

Ii rabbit's blood or serum broth this latency lasts for a 

period of two hours at 37°C. and about the aaae time at the 

temeerature of the rabbit's body. -.ow the samples oi blood 

drawn one hour after ieoculation 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 

organisms in vivo are in the stage of active multiplication 

for at any rate 2 - Z days. During the period of active re- 

duction then the animal is working upon a non-multiplying or 

at any rate non-increasing organism. After two hours the 

conditiona are altered, The rjse ii numbers in my series of 

experiments with such cultures has never occurred before the 

end of the two hour period. At the same time it is frequent- 

ly later, especially in the cases were the animals ultimately 

survive. This seems to me to be cue to the fact that the 

measurement of the septicaemia is a measurement, not of the 

actual amount of eTowth which occurs but of the balance between 

growth and elimination. The growth in the animal even during 

the eeriod Di ioareasels oractically never at the same rate as 

in the blood in the test tube. There is a definite brake on 

it. Further, much of tae multiplication may be occurring in 

foci in capillaries or cells in distant parts of the body and 

therefore possibly secluded from the general circulation pro- 

ducing its effects on the numbers of organisas only after some 

time. 
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If this be true it uoulo be expected that ti,e use of 

an actively growing culture would result in a marked alteration 

of the course of the experimental septicaemia. If such a cul- 

ture is injected intravenously the preliminary period of de- 

crease in numbers may be entirely suppressed the organisms 

showing a fairly steady increase straight on from tie time of 

inoculation. It would be expected that in certain cases such 

a steady increase from the beginning 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 

amount of removal might be greater and the curve correspondingly 

altered. 

It is interesting to observe that there appears to 

be a fairly close resemblance between the course of growth as 

seen in the rabbit's blood in the test tube and that which is 

found to occur in the animal so far as these two periods - 

latency and active multiplication are concerned. 

There would seem now to be a clear basis for the ex- 

planation of the higher virulence for mice of pneumococci in 

the period of active growth than in that of latency (Felton 

& Dougherty, 1i24). 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 may 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 normal 

ani el rather like an extremely well protected suspension 

somewhat slowly removed, in an LaLune animal like an ill pro- 

tected one susceptible like it to humoral influences and sub- 

se:uently phagocyted. After the latent period has iassed 

the resemblance ceases to exist. The organisms, if not des- 

troyed, are now multiplying and the septicaemia develops ac- 

cording. as there is a balance between rate of multiplication 

and rate of destruction. Anything therefore which prolongs 

the latent oeriod increases the time duria,:5 which unhampered 

elimination may occur. A rise in temperature does this in 

the test tube. It is possible it may do so in the animal 

though the evidence I have obtained is not conclusive. But 

once multiolication has begun a rise of temperature appears 

to be of little assistance. 

Now it has been demonstrated above that blood from 

an immunized animal also prolongs the latent period as judged 

by colony counts. For reasons already discussed it is not 

per insible to assume that this necessarily implies an actual 

suppression in increase in organisms. It may be simply a 

prevention of oispersion. The cocci may be increasing in 

numbers but not becoming detached from one another. The part 

played by immunization is 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 animal is that the organisms are localized. 
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Such localized growth would provide the leucocyte s with a 

fixed point of attack instead of an ever increasinL, ever 

moving one. Further increase in size is uo to a point fav- 

ourable to the chance of phagocytosis occurring. 

As regards intracellular destruction of organisms, 

as op)osed to ingestion or phagocytosis, practically nothing 

certain is known. The latter does not necessarily involve 

the former. It is possible that this might be enhanced in 

the immune animal and account for cellular immunity but 

have no information to justify any such assumption. 

I have pointed out (l_25, 1926) that in the septi- 

caemia occurring in subacute bacterial endocarditis in man 

and in experimental endocarditis in rabbits the organisms are 

incapable Of multiplying in the blood of the patient and are 

certainly in the phase of latency. Clearly then there are 

two distinct types of septicaemia, and it would be interesting 

to know which of these types is found in the various fonts 

that occur in man. Such information might conceivably be of 

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

1. Virulent pneumococci inoculated into a normal rabbit 

undergo rapid removal for a short period but subsequent- 

ly increase in nuLtbers. 

2. Aviralent pneumococci are removed more rapidly and do 

not reappear in the blood. 

3. Immunization enhances the capacity of the animal to re- 

move virulent organishis End prevents their reapjearance. 

4. This improvement can be detected to a slight extent five 

hours after injection of killed culture, but becomes 

anced three days thereafter. It has been observed to 

last as long as ten months after I, munizatioh. 

5. The outstanding effect of iv.munization with Type I. 

pneumococci is the enhancement of activity of the body 

fluids favouring Inagocytosis but the existence of a 

slight residual purely cellular immunity cannot be al- 

together excluded. 

e. Agglutinins, opsonins, precipitins, complement fixing 

antibodies do not appear to be essential as such to 

this improvement. 

7. The blood of a normal rabbit-is bactericidal to avirulent 

oncumococci or inhibits their growth. It has no such 

action upon virulent pneumococci. 

Blood of an immunized rabbit is destructive to virulent 

?neumococci 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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9. The destructive action of the blood is of a:cauch lower 

order than of the animal ati E . whole. 

l:.î . The leucizcytes imy be cone. id.erc üly reduced without inter- 

fering with the ca.ea.city of the a.zliïzal to disl)ose of 

organisms a.zztrrad,,,cea into t le blood. 

12. "Blocking" of the ret:í.eulo-en.dotJ.ielir.l eyste:r has proved 

si.-_Ail.arly ineffective. 

12. This is thought to b-. due to the m.zele«_i..ty of the clear- 

ing z.echanisl1 involving as it does a.. variety of phenomena 

of adhesion and phagoc;;Jtositi by mutually complementary 

systems of cells. 

13. Virulent pneunococci injected in te ohase of latency be- 

;:za.ve in in vivo as in vivitro. x The increase occurring some 

time after injection is due to te.eir parsing into the 

phase of active growth. 

a 

14. Virulent ynez.r._1ococci introduced in the active lase of 

growth do not undergo the preliminary rapid removal. 

i wish, to acknowledge my indebtedness to Professor 

A. ..:Boycott, I.R.S., for many helpful suggestions in the course 

of this investigation; to Dr. Hilda A. Chann zn for as istance 

with the blood counts; and to my laboratory assistant, `''r. E. 

:?.carrel l , whose careful and efficient aid has ben invaluable 

throughout. 
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