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A Search fo r  Pneumococcidal Agent Daring C ris is  in  Pneumonia*

(Thesis presented in  p a r t i a l  fu lfilm en t of the  requirements 
fo r the Ph.D. degree.)

Bernice E laine Eddy.

Department of B acteriology and Hygiene, U niversity  o f C incinnati,

P ro tec tiv e  substances in  the serum. That the  serum of convalescent lohar

pneumonia p a tie n ts  would p ro tec t animals ag a in st otherwise f a ta l  doses of pneumococci
G. and  H.

was f i r s t  demonstrated "by flaad Klemperer ( B erlin  k l in .  Wchnschr. 1891. XXVIII
A

833-835), l a te r  hy Romer (Arch. f .  Opthal. 1902 LIV. 99-200), Doche? (J . Exper. 

lied. Lanchester Pa. 1912 XVI, 665-679) and Clough (Johns Hopkins H ospital B u lle tin  

. ,1913 XXIV 295-306)

V  ' •
vr B oettscher and E in le itung  (Deutsches Arch. f .  k l in .  lied. L eip iz , 1910. XCVTII

93-121). Seligmaun and Klopstock (quoted hy Clough, Johns Hopkins H ospital B u lle tin  

1913; XXIV 295-306) and Strouse (J . Exper. lied. Lanchester Pa. and U. Y. 1911 

XIV 109-115) were unahl9 to  demonstrate any p ro tec tiv e /su b stan ces in  the serum o f 

pneumonia p a tie n ts  a f te r  c r i s i s .

Clough (Johns Hopkins H ospital B u lle tin , 1913, XXIV 295-305) found th a t  serum
* *

during the acute stage of the  disease or serum from f a ta l  cases showed no p ro tec tiv e
k' . s '

• power# ' "•

Phagocytosis. I s s a e f f  (Ann. d l ’In s t .  Pasteur, P a r i^1893. VII. 260-285) was 

the f i r s t  to  discover the  p a r t  played by leucocytosi3 in  pneumococci in fe c tio n . Ifennes 

(Z tschr f .  Hyg. n. Infektionskiankh. L eipiz 1897., XXV 413-437) f i r s t  s tud ied  the 

phagocytosis of pneumococci in  immune serum in  v i t r o .  His work was repeated  by Huber 

(B erl. k l in . Wchnschr. 1903 XL 359-360), Wright and Douglas. ( quoted by Jordan. 7th 

e d itio n  p . 167, 1903-4) discovered the  opsonins and independently lleufeld and Rimpeau 

(Deutsch Med. Wchnschr. 1904. XXV 1458-1460) discovered b ac te rio tro p in s  in  strep tococc i 

and pneumococci immune serum. Foa (quoted by Clough, Johns Hopkins H ospital B u lle tin  

1913 XXIV. 295-306) i s  th e  only in v e s tig a to r  who has observed in . the serum of pneumonia
. V
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p a tie n ts  a f te r  c r i s is  the phagocytosis of v iru le n t pneumococci notphagocytable in  

normal serum.

Boettscher (Deutsches Arch. f .  k l in .  lied. Leipiz XCVIII 193-121) and Boni 

(quoted by Clough, Johns Hopkins H ospita l B u lle tin  1913, XXIV 295-306) reported  find ing  

increased phagocytic a c t iv i ty  w ith the serum of pneumonia p a tie n ts  a f te r  c r i s i s

Strouse, however, (Jour. Exper. MSd. Lanchester Pa and'll. Y. 1911. XIV 

109-115) obtained negative re s u lts  w ith  the  serum of pneumonia p a tie n ts  a f te r  c r i s i s  

w ith the homologous and stock, s t r a in  of v iru le n t non phagocytable pneumococci.

Wolf (quoted by Hektoen, Jour. Am. lied. Assn. 1914 LXII 294-257), Eosenow,

(Jour. In f . Dis. 1906 I I I  683-700) P o tte r  and Krumweide, (Jour. A.M. Assn. 1907 LXIX 

1815-1824) and T u n n ic liff  (Jour. In f . Dis. 1911 XIII 302-315) found th a t as a ru le  

there  is  a  low opsonic index during the height of the  pnsumococcus in fec tio n , a r i s e  

above normal a t  the time of c r i s i s ,  and a  re tu rn  to  normal during convalescence.

In f a ta l  cases the opsonic index may f a l l  much below normal.
•

Eosenow (Jour. In f . Dis. 1911. VIII 500-503) examined lung exudate obtained 

by lung puncture and found th a t the amount of phagocytosis is  never very g rea t. Before 

c r i s is  th e re  i s  no phagocytosis; a f te r  c r i s i s  there i s  a  moderate amount of phagocytosis 

However, phagocytosis occurs only a f te r  the  pneumococci have undergone degenerative 

changes to  such an ex ten t th a t they no longer take basic  dyes. He also  found th a t 

the number of colonies of pneumococci obtained from cu ltu ring  the exudate on blood 

agar decreased gradually  a t  the time of c r i s i s  in  cases th a t recovered and increased in  

f a ta l  cases.

A gglutin ins. Bensajon and Griffon'(Ann. d ’l ' I n s t .  Pasteur. Par. 1900. XIV 

449-463) demonstrated agg lu tin ins in  the blood of pneumonia p a tie n ts  in  1900.

Chickering (J . Exper. Med. 1914 XX. 599-606) found agglu tin ins in  the blood o f  

pneumonia p a tie n ts  a f te r  c r i s is  in  73.8 per cent of the  cases due to  pneumococci types 

I ,  I I  and IV. Clough (Johns Hopkins Hospital B u jle tin  1919 XXX. 167-176) found
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agg lu tin in s in  79 p sr cent of the pneumonia p a tie n ts  examined a f te r  c r i s i s  He 

found no agg lu tin in s in  the serum of pneumonia p a tie n ts  before c r is is

Ba c te r ic id a l a c tio n * Much and Dold (quoted hy Clough, John3 Hopkins Hospital

B u lle tin . 1913. XXIV. 295-306) found th a t normal human serum had a s l ig h t  b a c te r ic id a l 

a c tio n  on v iru le n t pneumococci. They did no t find  th is  a c t iv i ty  p resen t in  suscep tib le  

animals l i l ts  t&e mOuse, rab b it and the  horse.

Clough repeated Doldfs experiments w ith severa l specimens of rab b it serum

and plasma and w ith the  serum and plasma of four pneumonia p a tie n ts  a f te r  c r i s i s .  His

re s u lts  confirmed Dolds. The reduction  of the  number o f colonies o f pneumococci was 

not g re a te r  in  the pneumonic serum than in  normal serum and was not g re a te r  fo r the 

homologous s t r a in  than fo r  a  heterologous s t r a in .

V irulence. That there i s  no decrease in  the v iru lence  of pneumococci during 

the course of pneumonia has been demonstrated by Hosenow, (Jour. In f . Dis. 1904. I  

280-312) awdrby Graham ,(Jour. In f . Dis. 1908. V. 273-278 ) and by Leutscher (Jour.

In f . Dis. 1911. IX. 287-323)

Sen s i t iz in g  3ubstance3. Weil and Torrey(Exper. lied. 1916. XXIII. 1-10 ) found 

th a t the serum from pneumonia p a tie n ts  before c r i s i s  con tains substances which s e n s itiz e  

guinea pigs p assiv e ly . P a tie n ts  serum a f te r  crisisjdxsne f a i le d  to  give th is  reac tio n , 

as £&% also  normal in d iv id u a ls .

Weiss and Kolmar (Proc. Path. Soc. P h ila . m .s. 1918. XXI. 10-11) u sing  pneumotoxin 

washed pneumococci d isso lved  in  sodium choleate, as an an tigen , did sk in  t e s t s  on pneu­

monia p a tie n ts  and got p o s itiv e  r e s u lts  as ea rly  as the f i f t h  and as la te  as fiv e  days 

a f t e r  c r i s i s ,  negative r e s u l ts  were obtained on c h ild ren  immediately or a day or two 

a f te r  c r i s i s .  P a tie n ts  w ith broncho pneumonia or w ith  acu te  o r chronic in fec tio n s  no t of 

pneumonic o rig in  as w ell as healthy  adu lts  and c h ild ren  got no rea c tio n .
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Ferment changes in  se rum. Other changes in  the serum a t the time of c r i s i s

a re  ferment changes. Aseoli (B erl. k l in . Wchnschr. 1903. XL. 392 ) in v estig a ted  a n t i -

ferment changes during c r i s i s  and noted an early  r i s e  in  antiferm ent t i t e r  with a 

decline  a f te r  c ris is*

Dick (Jour. In f . Dis. 1912. X 383-387) in  1912,found th a t  p ro te o ly tic  ferments 

develop in  the "blood during pneumonia about the time of c r i s i s .  These ferments s p l i t  

pneumococcus p ro te in s  and the d ig estiv e  product could "be detected  "by means of the  

po lariscope.

Rosenow (Jour. In f . Dis. 1912. XI. 94-108) found th a t  the ro ta ry  a c t iv i ty  w ith 

po larized  l ig h t  of a d is in te g ra te d  s a l t  suspension of pneumococci, and the  amine ac id , 

determined by formol t i t r a t i o n ,  increased  as to x ic i ty  appeared and then disappeared.

In  an immunized guinea p ig , he found the  undigested p ro te in s  to  be very rap id ly  s p l i t  

in to  non tox ic  m a te ria l, so th a t the p ig  showed few or no to x ic  symptoms. In  a 

normal guinea p ig  the d ig es tio n  went on a t a  much slower r a te  so th a t  the tox ic  symptoms 

la s te d  longer. A fter d igestion  o f  th e  pneumococcic p ro te in s  proceded fa r  enough 

the to x ic i ty  disappeared fo r both normal and immune guinea p ig s.

Vaughn (Boston lied, and Surg. Jour. 1906. CLV. 243-247) found th a t p ro te in

d ig estio n  products may cause many of the general symptoms present in  pneumonia. The 

c r i s i s ,  he b e liev e s , may be due to the  large  q u an tity  of tox ic  p ro te in s  se t  free  a t 

th is  time and ra p id ly  broken up in to  non tox ic  products.

Jo b lin g , Peterson and Eggstein  (J . Exper. lied. 1915. XXII. 568-589, 590-595, 

597-602, 603-611 ) did  th e i r  work on ferments in  the serum in  1915. They found th a t  the 

c r i s i s  in  pneumonia was u su a lly  accompanied by a decrease in  the  serum an tiferm ent, 

the  appearance of non sp e c if ic  p ro teoses in  the serum, an increase  in  the  serum lip o se , 

and a decrease of non coagulable n itro g en  and of p ro teoses in  the serum.
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They cane to  the  conclusion tha t the "beginning of ac tiv e  a u to ly s is  assoc ia ted  w ith 

c r i s i s  depends on the a lte re d  an tiferm en t-fem en t "balance. The f ib r in  and leucocytic  

debris was considered as one of the  p o te n tia l sources of tox ic  substances;w ith rap id  

au to ly sis  proceding only non tox ic  m ateria ls are absorbed.

Kline and W intam it2 ( j .  Exper. lied. 1915. XXI. 311-319, 320-329) believe  th a t  the 

c r i s i s  in  pneumonia is  la rg e ly  lo c a l.  They found th a t there  was a narked impairment of 

the c irc u la t io n  in  the lung in  pneumonia due to  re la t iv e  uniform c a p illa ry  thrombi. This 

impairment of c irc u la tio n  is  of importance in  bringing  about re so lu tio n . Only enough 

blood is  allowed to  seep through the  v esse ls to  nourish the a lv eo la r w a lls . Consequently 

vary l i t t l e  serum escapes in to  the a lv e o li ,  and the o u to ly sis  of the  exudate i s  un­

hindered by the leucocytes.

O rnstein and Braunstein, (Hew York l l .J ,  1923, CXVII. 456-468) also  b sliev e  th a t 

c r i s i s  i s  brought about by the formation of fib rinous plugs and thrombi in  the  blood 

vesse ls of the involved a rea . UTith the  cessa tio n  of c irc u la tio n , absorp tion  of tox ic  

substances from the involved pneumonic lung ceases, and the c r i s i s  occurs. Lysis i s  

a  mors gradual in te rfe ren ce  w ith the  c irc u la tio n  in  the  pneumonic a rea . Toxemia is  

probably caused by a so luble  substance absorbed in to  the c irc u la tio n . The symptoms 

are  shown from the incep tion  of the d isease  u n t i l  the  pneumonic area  becomes avascu lar.

Tongs (Jour. Inf* Dis. 1922. XXX. 323-332) working with type I pnaumococcu3 

in je c te d  in to  ra b b its , found th a t  the leucocytic  reac tio n  i s  somewhat dependent on the 

viru lence of the  organism. A pnerumococcus w ith  low v iru lence  producing leucocytosis 

and a  pneumococcus o f high v iru lence produces leucopenia. A fter the  in tra p e rito n e a l 

inocu la tion  of guinea pigs w ith  v iru le n t and non v iru le n t pneumococci the leucocytes 

as a ru le  show phagocytosis. In  c e r ta in  instances the  f a i lu r e  of leucocytes to  take 

up very v iru le n t pneumococci seemed to  be due to  tox ic  changes in  the leucocytes as 

evidenced by the  degenerative changes. The v iru le n t pneumococci seemed to  produce 

achemotactic substance, fo r  although the  leucocytes f a i le d  to  ingest v iru le n t pneumococc 

they were u su a lly  surrounded by them.
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Hiss believed th a t the leucocytes contained a substance which was responsible fo r  

immunity reactions and used aqueous ex tra c ts  of leucocytes, obtained by in je c tin g  

al9ronot in to  the p e rito n ea l cav ity  of animal3, against a  number of in fe c tio n s . The 

re s u lts  seeni9d q u ite  promising but fu r th e r  in v es tig a tio n  proved th a t th e i r  use could 

not be ju s t i f i e d .

W illiams and Youland (Jour. lied. Res. 1914-1915 XXXI. 391-407) repeated Hiss* 

work on the  treatm ent of lobar pneumonia and likew ise got negative therapeu tic  r e s u l ts

Opid*(Amsr. lied. 1905. IX. 1028-1029) in  1905 obtained exudates by in ­

je c tin g  suspensions of a lerono t in to  the p leu ra l c a v itie s  of dogs and ra b b its  and 

allowed them to au to ly se . The Keldohl method was used to determine the n itrogen  of 

coagulable p ro te in  converted by d igestion  in to  soluble form.

He found th a t  the inflammatory exudates removed one o r two days a f t e r  in je c tio n  

of the i r r i t a n t  underwent very l i t t l e  change, while those removed th ree  or four days 

a f te r  the onset of inflammation ex h ib it appreciable though s l ig h t a u to ly s is . There 

was no re la t io n  found between the  amount of d igestion  and the number of c e lls  which 

were p re sen t. Job ling , Peterson and Egg3tein also found th a t  the  leucocytic  curve 

lias no r e la t io n  to  the serum ferment changes. I f  the  c e l ls  w9re separated by 

c e n tr ifu g a l!z a tio n  from the  serum and suspended in  normal s a l t  so lu tio n  w ell marked 

a u to ly s is  was demonstrable. By recombining c e lls  and serum i t  could be shown th a t the 

serum in h ib its  a u to ly s i3 . TShen th is  in h ib ito ry  ac tio n  i s  prevented by heating  serum to 

100 degrees c . leucocytes ac tin g  upon the  coagulated serum may cause very ac tiv e  

d ig es tio n . The anti-enzym atic ac tion  of the  serum i s  unaffected  by a  tem perature of 

65 degrees C, but i s  destroyed a t 75 degrees C. The p ro te o ly tic  ferments of the 

leucocytes ac t in  weakly and a lk a lin e  medium but are most e f f ic ie n t  in  the  l a t t e r .

The antienzym atic ac tio n  of the serum is  favored by an a lk a lin e  rea c tio n  but i s  

completely lo s t  in  ac id  medium.

The serum of the exudate contains a p ro te o ly tic  ferment which is  a c tiv e  only in  

811 ac id  medium.
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The antienzym atic power exh ib ited  by the  serum of the inflammatory exudate is  

possessed by the  serum of the blood from which i t  doubtless passes in to  th e  exudate.

In  the  l a t e r  stages of inflammation produced by a leronot and in  exudates caused by 

b a c te r ia  there  is  some dim inution of the antienzym atic a c tio n .

This i s  e s s e n tia lly  what Lord, in  1919,(J . Exper. lied. 1919. XXX. 379-388} 1921 

XXXIV 199-200, 201-205) found in  pneumonia exudates. Lord obtained from the  lung, 

in  pneumonia, a  p ro teo ly tic  enzyme d ig estin g  coagulated blood serum a t  hydrogen ion 

concentration  of Ph 7.3 to  6.7 and in  a c tiv e  a t higher concen tra tions. A p ro teo ly tic  

enzyme s p l i t t in g  peptone to  amino acids a t  hydrogen ion concentra tion  Ph 8.0 to  4 .8  

but most ac tiv e  a t  Ph. 6.3 to  5 .2  were ,also^ found to be p resen t.

This p ro teo ly tic  enzyme was ac tiv e  a f te r  eighteen months p reserv a tio n  and was 

ac tiv e  a t  incubator tem perature before and a f te r  heating  to  65 degrees C. fo r one 

hour. I t  was s l ig h tly  ac tiv e  a t room tenperatu re  and in ac tiv e  a f te r  heating  to  75 

degrees C. fo r one hour. D ialysis o f the  enzyme was not demonstrable. This a c t iv i ty  

p e rs is te d  when the enzyme was mixed with concentra tion  of sodium chloride varying from 

normal to  th ir ty  two tim es normal.

C e llu la r m ateria l from the pneumonic lung in  an ea rly  stage of lobar pneumonia 

f a i le d  to  erode the surface of L oeffler*s blood serum u n t i l  washed with normal sa line  

so lu tio n . Mixtures of washed c e l lu la r  m ateria l and normal human serum fa ile d  to  erode 

L o e ff le r’s blood serum when the amount o f c e l lu la r  m ateria l was lass  than  one p a rt o f 

c e l ls  to  approximately th ree  p a rts  of serum. Erosion occurred when th e  c e llu la r  

m ateria l exceeded th is  amount in  the ra t io n . Opie, i t  w ill  be re c a lle d , likew ise found 

th a t  the serum prevented enzyme ac tio n .

Almagia {Centralb.Biochem. n. Biophys. 1913-1914. XVI. 283- ) found th a t  th e

growth of pneumococci were completely in h ib ited  by au to lysing  f ib r in .

Lord and Eye, (J . Exper. lied. 1922. XXXV. 699-701 ) in  1922,found th a t pneumococci
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types I ,  I I  and I I I  undergo d isso lu tio n  when mixed w ith  c e llu la r  m ate ria l from the 

pneumonic lung a t  Ph 6*9 and 5 5, hut not a t  Ph. 4 .5 .

That enzymes are  lib e ra te d  from the pneumococci on d is in te g ra tio n  has been demon­

s tra te d  by Avery and Glenn (J . Exper. Med. 1921. XXXIII. 547—569) , Tilfith acetone extractiox 

they obtained an enzyme which would hydro lize  saccrose, sta rch ,and  irru lin  a t Ph. 5.0 to  

8.0 but best a t Ph. 7 .0 , and in  a sodium choleate so lu tio n  o f pneumococci, they got a 

p ro tease  and a  peptonase in  Ph. 7.0 to  7 .8 . At Ph 5 .0  the acid death point o f  the 

pneumococcus, the  a c tio n  of the enzyme was suspended,but was re s to re d  by ad ju s tin g  to 

optimum Ph. value. A ttenuation of v iru lence had no measurable q u an titiv e  e ffe c t on the 

enzyme a c t ic i ty .

This b i le  so lu tio n  of pneumococci ,also,showed marked l ip o ly t ic  a c t iv i ty  as shown 

by i t s  a c tio n  on t r ib u ty r in  a t the optimum hydrogen ion concentra tion  fo r growth of 

pneumococci.

Lord (J . Exper. Med. 1922. XXX7 689-701) stud ied  the d isso lu tio n  of pnsumococci a t  

varying hydrogen ion concen tra tions. Suspensions of liv in g  pnsumococci in  approximately 

iso to n ic  bouillon  w ith a  Ph. varying from about 4 .0  to  8.0 a f te r  incubation  show d is ­

so lu tio n  of organisms in  these  so lu tions having a  Ph. 5.0 to  7*0. Some d isso lu tio n  took 

place towards the a lk a lin e  end of the scale* The ad d itio n  o f fre sh  human serum to  the 

suspensions o f pneumococci a t  varying Ph. prevented d isso lu tio n . Lord ascribed th is  

d isso lu tio n  to  enzymes derived from the b a c te r ia  them selves.

Lord (J . Exper. Med. 1921 XXXIY. 207-209) obtained a sp ec ific  p r e c ip i t in  te s t  when th e  

pneumonic exudate was mixed w ith the homologous antipneumoooccus serum.

Specific  a g g lu tin in s , according to Lord, (J . Exper. Med. 1921. XXXIII. 211-216) were 

lack ing , or p resen t only in  small amounts, in  th e  pneumonic exudates due to  the fixed  

types of pneumococci. Suspensions of fixed  types of pneumococci in  th e  supernatent f lu id  

obtained a f t e r  cen trifug ing  the  mash of the pneumonic lung gave p o s itiv e  r e s u l ts  not higher
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than equal p a rts  of suspensions and supem aten t f lu id .  The pneumonic lung contained a 

soluble substance which in h ib ite d  ag g lu tin a tio n  o f  the fixed  types by the homologous a n t i ­

pneumococcus serum.

While the enzymatic a c t iv i ty ,  agg lu tin in s and p re c ip it in s  of the exudate have been 

stud ied  I have found no l i te r a tu r e  on th e  presence or absence of a  bacteriophage fo r 

such exudates or the  presence or absence of a  p ro tec tiv e  value of such exudates fo r  animals
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10.

Experiments on the Presence or Absence 
of a Bacteriophage in  Pneumonic Sputum.

Experimental .

Judging from the  course of cases of dysentery, barbona e tc . as discussed by 

d ’Heulle (The Bacteriophage -uTilliams Wilkins Co. 1922) i t  seemed possib le  th a t  the  

c r i s i s  in  pneumonia might be due to the sudden development o f a  h igh ly  v iru le n t 

bacteriophage fo r  the pneumococcus.

A case of lobar pneumonia was se lec ted  and the f i r s t  specimen of sputum 

was obtained January 26, 1925. This was cu ltu red  in  meat in fu sion  bro th  for 6 

hours and the b a c te r ia  iso la te d  on blood agar. Thereafter, specimens of sputum ware 

obtained almost every day, ground in  a m ortar, mixed with about four to  f iv e  p a r ts  of 

meat in fu sio n  bro th  Ph 8 .0 , incubated over n igh t a t 37.5 degrees C. ,and f i l t e r e d  through 

a  s t e r i l e  Berkefeld f i l t e r .  The s t e r i l e  f i l t r a t e s  were then s to red  in  an ice  box 

u n t i l  ready fo r use .

The f i l t r a t e s  fo r each day were t r i e d  out on blood agar s la n ts  w ith the homologous 

pneumococcus (type IT) The re s u l ts  were d i f f ic u l t  to  rea d . I f  a  bacteriophage was 

p resen t i t  did not seem to be very a c tiv e .

January 30, 1925 the f i r s t  t e s t  was c a rr ie d  out in  vivo. The pneumococci were 

grown on blood agar s la n ts  and suspended in  2 cc. o f meat in fu sio n  broth Ph .8.0 ju s t  

"before in je c tio n . D ilu tions were then made in  b ro th  so th a t  the dose of pneumococci was 

contained in  0 .2  cc. This suspension of pneumococci w ith 0 .5  cc. o f bro th  Ph. 8 .0  

fo r  the  co n tro l s e r ie s  and 0.5 cc. of January 22nd. f i l t r a t e  (the f i r s t  f i l t r a t e  a f te r  

c r i s is )  fo r  the t e s t  se r ie s  was in je c te d  in tra p e r ito n e a lly  in to  w hite mice. The re ­

s u lts  a re  given in  Table I .

Table I .
Eo. Dose of pneumococci. Survival in  hours Survival in  hours of

o f b ro th  con tro l mice. Jan . 22 f i l t r a t e  mice.
1 0 .1  cc 20 20
2 0.01 cc 20 25

3 0.001 cc 20 40
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I X .

Table I (continued) 

Ho.

4

5.

6

Bose of 
pneumo cocci.

0.0001 cc.

0.00001 cc

0.000001 cc

Survival in  hours 
of b ro th  contro l mice.

20

30

36

Survival in  hours of 
Jan. 22 f i l t r a t e  mice.

20

40

Saved.

(Hotej In  th is  and follow ing ta b le s  th e  f ig u res  a re  the  time of su rv iva l in  hours.)

January 31, 1925 th is  experiment was repeated using  a  b ro th  con tro l se r ie s  January 

16 f i l t r a t e  ( a  f i l t r a t e  before c r i s i s )  and January 22 f i l t r a t e  ( a  f i l t r a t e  a f te r  c r i s i s )  

The re s u lts  a re  given in  Table I I .

Table I I .

Ho. Pnaumococci
dose

Broth
contro l
mice

Jan. 17 f i l t r a t e  
mice

Jan. 22 f i l t r a t e

1 0.1 cc 20 20 30

2 0,01 cc. 20 30 40

3 0.001 cc 20 30 Saved.

4 0.0001 cc 20 31 ft

5 0.00001 cc 31 40 ft

In  th is t e s t  the  Jan 22 f i l t r a t e , the f i l t r a t e  a f te r  c r i s i s , seemed to  exert more

te c tiv e  power than the f i l t r a t e  before c r i s i s ,

February 2 th is  experiment wa3 repeated using  Jan. 23 f i l t r a t e ,  another f i l t r a t 9  a f te r  

c r i s i s .  The re s u l ts  a re  given in  Table I I I .

Table I I I .  
.. Ho.

Pneumococci
dose Broth co n tro l. Jan . 23 f i l t r a t e

1
2
3
4

5

0.1 cc 20 20
0.01 cc 20 32
0.001 cc 20 96
0.0001 cc 30 Saved.

0.00001 cc 36 9 5

*̂ hn 23 f i l t r a t e  a lso  exerted  some p ro tec tiv e  power.
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January 5, 1925 the experiment was repeated using bro th  co n tro l s e r ie s ,  a  broth cu ltu re  

of the  homologous pnsumococci f i lte re d *  Jan. 19 f i l t r a t e ,  Jan. 22 f i l t r a t e  bo iled  and not 

to ile d , Jan . 23 f i l t r a t e  and Jan . 28 f i l t r a t e .  The r e s u l ts  are  given in  Table IV.

Table IV.

Ho Pnsumococci
dose

Broth
contro l

Broth cu ltu re  
f i l t r a t e

Jan 19 
f i l t r a t e

Jan  22 
f i l t r a t e  
bo iled

Jan 22 
f i l t r a t 9

Jan  23 
f i I t r a t 9

Jan 28 
f i l t r a t e

1 0.1 cc 20 20 20 20 20 20 20

2 0.01 cc 20 26 22 20 20 43 42

3 0.001 cc 22 20 42 20 76 Saved 42

4 0.0001 cc 26 42 26 42 50 it 22

5 0.00001 cc 42 42 42 42 Saved it Saved

6 0.000001 cc 42

th is  experiment the  f i l t r a t e  from th e  Jan 23 specimen showed the most p ro tec tiv e  ac tion  

bo iled  f i l t r a t e  of Jan  22 showed le s s  p ro tec tiv e  power than the f i l t r a t e  which was not 

foiled.

caae 2.

A c u ltu re  of pnsumococci was obtained from the h e a rts  blood of a mouse in je c te d  with 

sPutum January 31, 1925.

The c r i s i s  occurred and a  second specimen of sputum was obtained . A f i l t r a t s  was 

s p a r e d  from th is  specimen as in  the previous case -

The c u ltu re  from th is  case was lo s t  and p ro te c tio n  experiments were c a rr ie d  out 

^  mice w ith th is  f i l t r a t S  and th e  pneumococci type IV from case 1. The re s u l ts  a re  given 

ln Table V.
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Table V.

Ho. Pneumococci dose Broth cu ltu re . Feb.2 1

1 0.1 cc 20 20

2 0.01 cc. 20 20

3 0.001 cc 22 42

4 0.0001 cc. 26 42

5 0.00001 cc. 42 42

6 0.000001 cc. 42

There was almost no protective power exhibited hy this one f iltra te  after c r is is  

.for the pneumococcus from Case 1.

Case 3, was due to  a type I pneumococcus in fe c tio n . The pneuraococci were iso la te d  from 

the h earts  blood of a  mouse in je c te d  w ith Feb. 10, 1925 sputum. The f i l t r a t e s  were 

Prepared as usual from sputum specimen obtained Feb. 12, 13, 14, 15, 16, and 17. The 

temperature in  th is  case f e l l  by ly s is .  I t  began fa l l in g  Feb. 13 and was normal Feb. 15. 

ttarch 4, 1925 mice were in je c te d  w ith  the f i l t r a t e s  and the homologous pneumococcus. The 

ro su lts  a re  given in  Table VI.

Table VI.

Ho. Pneumococci
dose

Broth
con tro l

Feb.11 
f i l t r a t e

Feb.12 
F i l .

Feb.13• 
F i l .

Feb.14
m .

Feb.15 
F i l .

Feb.15
S a lt
F i l .

Feb.16 
F i l .

Feb.17 
F i l .

1 0.1 cc 6 20 20 20 20 20 20 20 20

2 0.01 cc 20 20 20 20 20 20 20 20 20

3 0.001 cc 20 20 20 20 20 20 44 20 30

4 0.0001 cc 20 20 .20 30 22 20 20 24 64

5 0.00001 cc 20 44 30 96 Saved Saved 20 Saved Saved

6 0.000001 cc 26

A feeb le  p ro te c tiv e  power i s  shown by the  f i l t r a t e s  obtained from the sputums a f te r  the 

temperature had gone down.
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14.

Cases 4 and 5. TSTP9 I .

The sputum specimens of Case 4 before c r i s i s ,  A pril 15, 16,and 17,1925 were 

combined with one sputum specimen of Cas9 5, a lso  before c r i s i s .  The sputum was 

ground in  a mortar and the following portions were added to  broth  incubated and f i l t e r e d  

-  pure sputum (no b ro th ), 75$ sputum in  b ro th , 50$ sputum in  b ro th , 25$ sputum in  

broth and 12$ sputum in  bro th .

The sputum specimens from Case 4 a f te r  c r i s i s ,  A pril 20, 21, 22, 23, 24, 25, 26, 

27, 28, 29, and 30 were a lso  combined and f i l t r a t e s  were obtained a f te r  incubating- 

100$ sputum, 50$ sputum in  b ro th , 25$ sputum in  bro th  and 10$ sputum in  b ro th .

Also to  82 cc. of the combined la te  sputum 164 cc. of e th e r was added ,mixe<3, and 

placed in  the icebox fo r te n  days. The e ther was then  removed and placed in  a  t e s t  tube 

with a  co tton  stopper. By May 16 the e th er had evaporated. May 8, 1925 mice were in ­

jec te d  w ith the la te  f i l t r a t e s  and a heterologous type I pneumococcus. The re su lts  

are given in  Table VIII.

Table V III.

No Pneumococci
dose

Broth
contro l

10$ sputum 
f i l t r a t e s

50$ sputum 
f i l t r a t e

100$
f i l t :

1 0.1 cc. 20 - - -

2 0.01 cc 24 20 20 24

3 0.001 cc 24 20 44 20

4 0.0001 oc 44 44 44 44

5 0.00001 cc 44 - mm mm

6 0.000001 cc 50 mm mm

There was no p ro tec tiv e  power exh ib ited  by the  la te  f i l t r a t e  of th is  oase fo r 

another type I  pneumococcus.

May 11, 1925. The e a rly  f i l t r a t e s  from the two cases were in jec ted  in to  mice with the  

type I pneumococcus used above. The re s u l ts  a re  g iven in  Tal>le IX.
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15.

Table IX.

No. Pneumococci Broth 100$ sputum 50 and 75$ sputum
dose contro l f i l t r a t e .  f i l t r a t e  combined.

1 0.01 cc. 44 20 44.

2 0.001 cc. 44 44 44.

3 0.0001 cc 44 44 44

4 0.00001 cc 44

There wa3 no p ro tec tio n  shown by the ea rly  f i l t r a t e s  from th is  case.

The residue of the e ther ex tra c t was mixed w ith 5 cc. of b ro th  and 0.5 cc. of th is  

was in je c te d  in to  mice w ith cu ltu re  of pneumococci d ilu te d  to  0 .2  as u su a l. A type I  

Pneumococcus was used but i t  was a heterologous s t r a in .  The re s u l ts  a re  given in  Table 

X.

Table X.

No. Pneuraococci dose. Broth co n tro l. E ther e x tra c t mixture.

1 6.1 cc. 20 20

2 0.01 cc 20 20

3- 0.001 cc 44 46

4 0.0001 cc 46 46

5 0.00001 cc 46

This e x tra c t was very concentrated. Therefore the p ro tec tiv e  substances in  the  

sputum of lobar pneumonia fo r mice not a l ip in  ex trac tab le  by e ther or e lse  th ere  were 

ho p ro tec tiv e  substances in  th e  sputum of th is  p a r t ic u la r  case fo r the pneumococcus used. 

Cases 6 and 7. Types I I I  and I I .

Nrom Case 6 two specimens of sputum were obtained the f i r s t  and second day a f te r  c r i s is ,  

f i l t r a t e s  were prepared from these specimens in  the usual way and combined.

Case 7 was a f a ta l  case of lobar pneumonia due to  a t y p ^ I  pneumococcus. One sputum 

specimen was obtained the day before death, A pril 16, 1925. A f i l t r a t e  was prepared in  

the usual way.
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A pril 21, 1925 the f i l t r a t e s  from the two cases were in jec ted  along w ith a type I I  

pneumococcus in to  mice The re s u l ts  are g iven in  Tahle XI.

Tahle XI

No. Pneumococci dose. Broth c o n tro l. F i l t r a t e  from F i l t r a te  from
case 7. case 8.

1 0.1 cc 17 17 17

2 0.01 cc 23 17 17

3 0.001 cc 34 17 34

4 0.0001 cc 34 23 47

5 0.00001 cc 34 44 47

There was no p ro tec tio n  hy the  f i l t r a t e  from a f a t a l  case of s im ila r type of 

pneumococcus. N either was th e re  any p ro tec tio n  from the sputum a f te r  c r i s i s  fo r the 

pneumococcus of another type.

Case 9 . Type I I .

Pneumococci were iso la te d  from the  h ea rts  hlood o f a mouse in je c te d  w ith  sputum 

A pril 18, 1926. F i l t r a te s  were prepared in  the u su a l way from sputum specimens obtained 

on A pril 20, 21, 22, 23, and 24.

A pril 26, 1926 These f i l t r a t e s  were in je c te d  w ith the  homologous pneumococci in to  

white mice. The re s u l ts  a re  g iven in  Tahle XII.

Tahle X II.

No. Pneumococci
dose

Broth
co n tro l.

A pril 20 
& 21 f i l t r a t e s

A pril 23 
f i l t r a t e

A pril 24 
f i l t r a t e  ho iled .

A pril 24 
f i l t r a t e .

1 0.1 cc 15 18 18 15 37

2 0.01 cc 23 37 37 20 37

3 0.001 cc 37 - 62 37 41

4 . 0.0001 cc 37 37 62 37 44

5 0.00001 cc 41 44 62 37 45

The c r i s i s  in  th is  case occurred A pril 20 hut th e re  was a s l ig h t  r i s e  in  tem perature
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A pril 21. There was a p ro tec tio n , i f  i t  could "be c a lled  th a t ,  of a few hours from the 

f i l t r a t e s  made the next two days. There was not th is  la tency  in  the death of the mice 

in je c te d  w ith the "boiled f i l t r a t e .

Case S .. Type I .

Pneumococci were iso la te d  from the h ea rts  blood of a  mouse in je c te d  w ith sputum 

October 16, 1926. F i l t r a te s  were prepared from sputum specimens obtained Oct. 16,

17* 18, 19, 20, 21, and 22.

October 26, 1926 mice were in je c te d  w ith the f i l t r a t e s  and homologous pnsumococci.

The re s u lts  a re  given in  Table X III.

Table X III.

No. Pneumococci
dose

Broth
con tro l

O ct.16 
f i l t r a t e

O ct.17 
f i l .

O ct.18 
f i l .

Oct.20 
f i l .

O ct.21 
f i l .

O ct.22 
f i l .

1 0.1 cc 12 14 12 12 17 12 15

2 0.01 cc 12 16 13 11 13 16.5 16

3 0.001 cc. 17.5 17 16 18.5 14.5 14.5 36

4 0.0001 cc 14 19 17 18.5 17 , 36 36 .

5 0.00001 cc 16.5 36 36 36 19 21.5 36

6 0.000001 cc 20 <

The c r i s i s in  th is  case occurred October 20. There is almost no evidence

te c tio n  exh ib ited  by the f i l t r a t e s .  Every mouse was autopsied  soon a f te r  death and 

smears of the  h e a rts  blood and p e rito n ea l f lu id  were sta in ed  w ith Crams and Hiss capsule 

s ta in . There were no s tr ik in g  d ifferences noted between the  con tro l mice and those which 

received f i l t r a t e s ,

• Case ID, Typo IV.

Pneumococci were iso la te d  from the  h e a rts  blood of a  mouse in jec ted  w ith sputum 

October 27, 1926* F i l t r a te s  were prepared from sputum specimens October 27, 28, 29, 

and 30.

November 4, 1926 the f i l t r a t e s  and homologous pneumococci were in je c te d  in to  mice. The

re s u lts  a re  given in  Table XIV.
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Table XXV.

No. Pneumococci Broth Oct. 27 Oot.28 Oct,29 Oct,30
dose contro l f i l t r a t e f i l . f i l . f i l .

1. 0 .1  cc 11.5 14.5 16.5 11 36

2. 0.01 cc 36 36 11 36 19

3, 0.001 cc 36 36 11 36 36

4. 0.0001 cc 36 36 36 36 36

5. 0.00001 cc 36 36 39 96 Saved

The c r i s i s  in  th is  case occurred October 27 and 28. There was very l i t t l e  

p ro tec tiv e  a c tio n  exh ib ited  by th e  l a te r  f i l t r a t e s .

November 8, 1926. The bro th  fo r  con tro ls  and the f i l t r a t e s  were mixed with th e  

graduated doses of the homologous pneumococci one hour before in je c tin g  in to  mice. 

The re s u l ts  a re  given in  Table XV.

Table XV.

No. Pneumococci
dose

Broth
con tro l

O ct.27 
f i l t r a t e

0ct*28
f i l t r a t e

Oct. 20 
f i l t r a t e .

Oct. 30 
f i l t r a t e

1 0.1 cc 17 15 12 17 12.5

2 0.01 cc 25 15 18 20 12.5

3 0.001 cc 19 19 25 24.5 24.5

4 0.0001 cc 20.5 25 25 24.5 35

5 0,00001 cc 25 12 35.5 35 35

6 0.000001 cc 25

Mixing the  f i l t r a t e s  and pneumococci an hour before in je c tin g  did not cause the 

p ro tec tiv e  a c tio n  o f  the  f i l t r a t e s  to  be exh ib ited  in  a  more s tr ik in g  way.

Case 11. Type I I I .

Pneumococci were iso la te d  from the h ea rts  blood o f a  mouse in jec ted  w ith 

sputum November 20, 1926. F i l t r a te s  were prepared from sputum specimens November 

21, 22, 24, 26 and 27.
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December 5# 1926 The f i l t r a t e s  and homologous pneumococci were in jec ted  in to  

white mice. The re s u l ts  were given in  Table 16.

Table XVI.

No. Pneumococci Broth Nov.21 Nov.24 Nov.26 Nov.27
dose con tro l f i l t r a t e f i l t r a t e  f i l t r a t e

1 0.1 cc 17 24 18 17

2 0.01 cc 17 24 36 36

3 0.001 cc 23.5 36 36 36

4 0.0001 cc 36 36 36 36

5 0.00001 cc 36 36 36 36

6 0.000001 cc 36

Saved.

The c r i s i s  was November 20. With th e  exception of the  one mouse there  was 

almost no p ro te c tio n  shown.

Case 12. Type IV.

Pneumococci were iso la te d  from the  h ea rts  blood o f a  mouse in je c te d  November 

20, 1926. F i l t r a te s  were prepared from sputum specimens A pril 20, 21, 22, 23, 24, 

and 27.

At th e  beginning th is  case seemed to  be a  ty p ic a l lobar pneumonia due to  

pneumococci. L ater (Nov. 24) the  ch arac te r of the  sputum changed -  became in stead  

o f tenaceous and ru s ty  sputum, very th in  and w h ites . On d ire c t smear many small 

Gram negative b a c i l l i  were p re sen t. November 24 a  mouse was in je c te d  w ith 0 .5  cc. 

of the sputum and Gram negative  b a c i l l i  as w ell as pneumococci were cu ltu red  from th e  

h e a rts  blood. The p a t i e n t 's  tenpera tu re  went up and down. He signed him self out 

of th e  h o sp ita l November 26,

November 30. The f i l t r a t e s  and homologous pneumococci were in je c te d  in to  mice.

The r e s u l ts  a re  given in  Table XV.
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20.

Table XVII

No. Pneumococci
dose

Broth
con tro l

Nov.20 
f i l .

Nov.21 
f i l .

Nov.22 
f i l .

Nov.23 
f i l .

Nov.24 
f i l .

Nov.26 
f i l .

Nov.27 
f i l t r a t e .

1 0.1 cc 14.5 21 14 18 17.5 14.5 17 17

2 0.01 cc 36 36 36 36 36 24 36 20

3 0.001 cc 36 36 36 36 36 36 20 23.5

4 0.0001 cc 36 36 36 26 36 36 36 36

5 0.00001 cc 24 36 36 36 36 36 36 36

6 0.000001 cc 36

There was no p ro tec tiv e  substances in  the  sputum f i l t r a t e s  from th is  case .

There i s  in  the m ajo rity  of cases a constant la te n t  period  in  the  time of 

death of the mice receiv ing  the sputum f i l t r a t e  a f te r  c r i s i s  as compared to  the  

time of death of the contro l mice One would expect some ind iv idual v a r ia tio n  in  

the re s is tan c e  of th e  mice to  pneumococci but such d ifferences would appear in  the 

con tro l mice and in  the mice receiv ing  f i l t r a t e s  made bdfore c r i s i s  as  w ell as in  

the mice receiv ing  the f i l t r a t e s  a f te r  c r i s i s .  This la te n t  period  in  the time of 

death of mice does not appear fo r  mice in je c te d  w ith sputum f i l t r a t e s  made before 

c r i s i s  or fo r mice in je c te d  w ith f i l t r a t e s  made a f te r  c r i s i s  and a pneumococcus of 

another type. I t  does not appear when the f i l t r a t e s  of sputum a f t e r  c r i s i s  i s  

b o iled  or when the f i l t r a t e s  a re  made from the sputum of f a ta l  cases.

In  th is  feeb le  p ro tec tiv e  power due to  a weakly v iru le n t bacteriophage, is  

i t  due to  some substance l ib e ra te d  upon th e  d is in te g ra tio n  of the  polymorphonuclear 

leucocyte, or the pneumococci, or i s  i t  due to  some o ther substance in  the exudate. 

The method used to  demonstrate th i s  p ro tec tiv e  power was a  pu re ly  a rb i tra ry  one. 

Could some o ther method be used to  demonstrate a g re a te r  p ro tec tiv e  power.
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The bacteriophage. 1 cc. of October 30 f i l t r a t e  from CaseiO which had shown some 

p ro tec tio n  fo r mice against th e  homologous pneumococcus was added to  9 cc. of the 

same pneumococci suspended in  b ro th , incubated 20 hours and f i l t e r e d  through a s te r i l e  

B erkfeld f i l t e r ,  lcc  of th is  f i l t r a t e  was added to  another 9 cc. of a fresh  sus­

pension of the homologous pneumococci, incubated and f i l t e r e d  as befo re . From 

December 9 to  December 22, 1926 f i f te e n  f i l t r a t io n s  were made w ith incubation  periods 

of 8 to  20 hours* A fter th a t number of f i l t r a t io n s  i f  a  bacteriophage were present 

i t s  v iru lence should be enhanced. The f in a l  f i l t r a t e  was then in je c te d  in to  mice w ith 

the pneumococci iso la te d  from the case from which the f i r s t  f i l t r a t e  was made 

The re s u l ts  are  given in  Table 18.

Table XVIII.

No. Culture Broth con tro l Last f i l t r a t e .

1 0*1 cc 21 20

2 0.01 cc 28 30

3 0.001 cc 72 72

4 0.0001 cc -  72

5 0.00001 cc 96 96

There was no p ro te c tio n  shown by the  la s t  f i l t r a t e .

Lord found th a t p ro te o ly tic  enzymes are  in  the pneumonic exudate and th a t  the  

enzymes w il l  erode the surface of a L o effle r  blood serum s la n t .  Could these  enzymes 

have anything to  do w ith  the p ro te c tio n  of mice ag a in st the pneumococcus?

A pril 27, 1927 1 cc. o f each of the f i l t r a t e s  from the  follow ing cases were placed

on L o effle rs  blood serum 3 lan ts and incubated .

Case 2? F i l t r a te s  Oct. 16, 17, 18, 20, 21.

Case 10. F i l t r a te s  Oct. 27, 28.

Case 11. F i l t r a te s  Nov. 21, 24, 26.

Case lSU F i l t r a te s  Nov. 20, 21, 22, 23, 24, 25, 26, 27.

Case 13. (No p ro tec tio n  experiments c a rr ie d  out) F i l t r a te s  Nov. 2 ,3 ,4 ,5

Case 14. tl " " F i l t r a te s  Nov. 9,10
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Case 15. (No p ro tec tio n  experiments c a rr ie d  out) F i l t r a te s  Nov. 20, 21, 22, 24,

26, 27.

Case 16. (No p ro tec tio n  experiments c a rried  out) F i l t r a te s  Nov. 23, 24. This was

a  case which term inated f a ta l ly .

Case 17. (No p ro tec tio n  experiments c a rr ied  out) F i l t r a te s  Nov. 22, 24, 26, 27.

There was no erosion of L o sffle rs  blood by th e  f i l t r a t e s  e ith e r  before or a f te r  c r i s i s .

As w ill  be noted there  was q u ite  a  period  of time between the  p rep ara tio n  of these 

f i l t r a t e s  and the  t e s t  fo r p ro te o ly tic  enzymes. However, Lord found th a t  the  pro­

te o ly t ic  enzymes were s t i l l  a c tiv e  a f te r  e ighteen  months p rese rv a tio n . I t  i s  evident 

th a t the  manner in  which these  f i l t r a t e s  were prepared i s  not su itab le  fo r  demonstra­

tin g  the presence of p ro te o ly tic  enzymes.

Enzymes. That such enzymes as Lord described are  present was demonstrated 

in  two cases;

Cast 18. The method was as fallow s. Sputum specimens before c r i s i s  were 

obtained, ground in  a mortar and divided in to  equal q u a n tit ie s . One volume was mixed 

w ith four volumes of physio log ical s a l t  so littio n  and cen trifuged . The suspended s a l t  

so lu tio n  was removed and one volume of fre sh  s a l t  so lu tio n  and a few drops of chloro­

form was added. A few drops of chloroform was a lso  added to  the supernatant f lu id .

The o ther po rtio n  was ground with an equal volume of physio log ical s a l t  so lu tio n  and 

a few drops o f chloroform were added. The e n tire  sputum specimens a f te r  c r i s i s  were 

ground and added to  an equal volume of physio log ical s a l t  so lu tio n  in  the  same way.

I f  any of the s a l t  sputum m ixtures did not tu rn  brom -..thymol-blue a green co lo r 

5$ sodium bicarbonate so lu tio n  was added u n t i l  i t  d id . A loop of each m ixture was 

then p laced  on L oefflers  blood serum s la n ts  from which the  w ater o f condensation
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had "been removed. The re s u lts  a re  given, in  Table XX.

Sputum washed D igestion.

" not washed No d ig estio n .

Supernatent l iq u id  from washed sputum No d ig estio n .

" " and washed sputum ” ”

Sputum washed D igestion.

" not washed No d ig es tio n .

Supernatent l iq u id  and washed sputum . No d ig estio n .

Sputum not washed. D igestion.

tt It tt II

Sputum not washed. "

The c r i s i s  occurred March 28. There was no p ro teo ly s is  of L o affle rs  blood 

serum before c r i s i s  except when the sputum was washed. A fter c r i s i s  th e re  was pro­

te o ly s is  w ithout washing the  sputum.
t

Case 20 was a f a ta l  case . Washed and unwashed sputum s a l t  m ixtures on the  two 

days preceding death were prepared as in  Case 19. The washed sputum m ixture caused 

the  e ro sion  of a L oeffle rs  blood serum slan t while the  unwashed did n o t.

D iscussion: While p ro tec tiv e  substances, a g g lu tin in s , opsonins e tc . have been

shown to  be in  the  serum of pneumonia p a tie n ts  a f te r  c r i s i s ,  and to  some extent- in  the

lung exudate a f te r  c r i s i s ,  i t  i s  w ell known th a t  s im ila r an tibod ies occur in  th e  conval­

escent serum o f p a tie n ts  su ffe rin g  from o ther in fe c tio n s , during the course of which 

no c r i s i s  occurs* The cause o f c r i s i s  cannot, th e re fo re , be due to  the  foim ation o f ......

such an tib o d ies . Rather such an tibod ies must make th e i r  ra th e r  sudden appearance be­

cause of some o ther fa c to r  which must be p re se n t. About the  only d ifference  between xo 

lobar pneumonia and o ther d iseases , in  which no c r i s i s  occurs, is  th a t  the important
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March 27.

I t  t t  

ft ft  

t t  «

Uarch 28.

Tt tt

March 30.

" 31
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foci of in fec tio n , the  lungs,"become avascular, due to  the  formation o f uniform c a p illa ry  

thrombi (Kline and W internitz -  and O rnstein and Braunstern] a t  the event of which the 

phenomonen known as c r i s i s  occurs. Then tox ic  symptoms are m anifest in  the  "body the 

serum exh ib its  i t s  in h ib itio n  e ffe c t on agg lu tin in s and enzymes (Lord). I t  i s  a t th is  

time th a t the  lung i s  vascu lar. A fter the lung becomes avascular so many to x ic  substances 

cannot be absorbed the serum cannot exh ib it i t s  in h ib ito ry  a c tio n , and d isso lu tio n  of 

the exudate by enzymes presen t are free  to  take  place as a re  a lso  other antibody reac tio n s.

Conclusions.

1. In  the m ajority  o f cases of lobar pneumonia th e re  i s  a la te n t  period  in  the time of 

death or p ro tec tio n  of mice in je c te d  w ith sputum f i l t r a t e  a f te r  c r i s i s  with a f a ta l  dose 

of pneumonocci as compared to  con tro l mice,

2. P ro tec tion  or a la te n t  period in  the time of death o f mice does not occur with 

sputum f i l t r a t e s  before c r i s i s ,  w ith sputum f i l t r a t e s  from f a ta l  cases, w ith sputum f i l ­

t r a te s  £ f te r  c r i s i s  in je c te d  w ith a pneumococcus of d if fe re n t type from th a t in fec tin g  the 

p a tie n t ,  or w ith the sputum f i l t r a t e  bo iled  and in jec ted  w ith the homologous pnsumococci.

3.A Bacteriophage which might account fo r c r i s i s  was not recovered from the  sputum.

4. P ro teo ly tic  enzymes which would erode L oefflers blood serum as Lord described were 

demonstrated in  the  sputum of two pneumonia p a tie n ts .
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