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Report of Drs. Cole and Avery (assisted by Drs. Dubos, Goebel, Goodner,

Horsfall, Hotecnkiss, .acleod und Stillman)

1. The chenical and specific properties of pneumococcus enti-
bodies.,

2. Antipneuasococcus rabbit serun as a tnerapcutic agent in Lober
pneumonia.

3. Tne autolytic system of pneuwnococci and its reaction to the
antigenicity of tne ceiis.

4. The action of tissue enzymes upon bacteris.

5. Thne production of specific enzyaes by bacteria as a tool in
biochemical analysis.

6. The transformation of specific types of pnecumococcus.

7. The antigenic mosaic of pnewnococcus - the so-calied Z sub-
stance.

8. Compsrative virulence of pneumococcus implanted on the mucous
membranes of mice by the inhaiation method.

9. Conjugated carbohydrate-protein antigens containing giucuronic

and galacturonic acids.

’ 1
Tne cnemicai and specific properties of antibodies and of tne fac-

tors wnicn condition tneir benaviour. (Goodner ana Horsfali) A. The pro-.

tective action of entibodies. The work on this subject nas been great.y

stimulated by the recognition that immune sera from animals of different
species, although produced witn the same antigen and reacting specificaliy
with tnis antigen, may differ greatly in their immunological properties.

For instance, the antibodies present in antipneumococcus norse serum differ
in size, solubllity, and degree of specificity from tnose in anti-pneumococc-

us rabbit serum. The optimum physicel conditions for the interaction be-
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tween antigen and antibody differ for the two kinds of sera and the immune
precipitates formed witn the specific poiysaccnarides are distinctive in
appearance. Evidence has been presented waicnh suggests that the antibody
in norse serum is & lecithoprotein, wnile tnat in imnune rabbit serum is
possibly a cuphaloprotein. Indeed, it hus been shown that tnese antisera
differ in at least thirty respects.

An intensive study has been carried out as to the mouse protective
value of nine antipneumococcus sera with reference to their apparent anti-
body content as determined by in vitro methods. The amounts of "antibody
nitrogen" were determined by the method of Heideiberger und Kendall. The
mouse protective values were obtained with the method of Kirkbride end
Hendry, the results being snalysed according to the Meunch 50 per cent end-
point system. From the date summarized in Tabie T it will be noted that
the results lend themse.ves to an srrangement by groups.

Tebie I

The Protective Vaiues of Antipneumococcus Sert. with Reference to Antibody

Content
Group |Serum | Nature of Serum Protective Specificaxiy Protective
units per | precipitabie funits per mg.
cc., of nitrogen precipitabie
serum | mg/ec ~ [nitrogen.. .;
I 1 Horse - raw 440 0.894 550
2 " " 555 1.02 550
3 " v 760 1.50 510
4 "  concentrated | 3145 - 5.75 550
11 1 " raw 1000 1.167 860
2 " concentrated | 8100 7.125 . 855
111 1 |Rabbit - raw 1070 0.938 1140
2 i " 1830 1.40 1300
3 " " 1910 1.51 1265
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In each of these groups are inciuded sera wnich have simiiar pro-
tective properties with reference to the amount of antibody nitrogen. Taus
Group I comprises those horse sera whicn snow approxianatesy 55U protective
units per mg. of specificasly precipitabie nitrogen. In our experience tne
majority of norse serwu, botn raw una concentrated, rais into tnis grouy.

The two horse sera of the second group suow a reiativesy aign protective
index and are to be regarded as exceptionai and atypicar. Tne imamune rabbit
sera form a group unto themseives &and &are characterizea by uigh protective
index.

It seems therefore, that the amount of protein precipitated by
means of the specific polysaccharide is not an accurate index of the amount
of specific antibody. The amount of protein precipitated is dependent to
some extent on physical conditions such as time, temperature, diiution, etc.
Furthermore, just as it has been shown that iipids are readily edsorbed by
these immumne precipitates, so too is it possible that various proteins, oth-
er than the specific antibody, msy zlso be adsorbed. It has been shown thut
precipitates frequentiy contain not oniy the specific antibody but siso
other antibodies wnich happen to occur in tne serua. -

" The higner protective ratios in the case of rubbit sers efre pear-
tiaiiy expiicubie on éne basis that the untibodies in iiamune norse serum
are seversl times iurger than those in imoune rabbit seruan end consequent.iy
the proportion of surface to mass is much sme.ier.

The immune sera mey contuin mixtures of untibodies of verious cap-
abiLiﬁiés. This possibility is supported by tne foilowing points:

a. From antipneumococcus horse serum there nus been isoiuted in
a stute of immunological purity, i.e., complete precipitability upon the
addition of the capsular polysaccharide, & substance of the ncture of o

lipo-protein which gives a protective vuaiue of 1550 units per mg. of
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specifically precipituble nitrogen. Tnis wsteriui contuing 4..3% per cent
lipid, has the properties of &n eugiobulin end reucts repidiy witn the poly-
saccheride in the formation of immune precipitutes. It wiil be noted tnat
this protective value is about twice that of the antibody of the best un-
purified horse serum &nd taree times thut of tne usuai immune horse serum.
b. In addition, a second form of antibody hus been obtained.
Its precise nature is as yet uncertain because in the form now at hand it
is only 92 per cent precipiteble. Howcver, the properties of this material
are very different from those of the first isoleted entibody. Tnis second
substance is water soluble (except et its isoetectric point), beneves es a
pseudo-giobuiin toward ammonium suiphute, reucts siowsy with tae poiyscc-
cheride, in contrast to tne first described antibody, t¢nd nus & 1ipid con-
tent of approxiauteiy 3 per cent. usoreover its protective qua.ities are
iow, about 30UV units per ug. of precipitubie nitrogen.

B. Antipneumococcus rebbit serum &8 & therspeutic agent in .ober

pnewnonis. (Horsfail end Goodner) With increased knowieage of the con-
trasting properties of antipneumococcus horse und rubbit sers, it beceme
apparent that the latter might prove the more usefui therspeutic ugent in
humen lobar pneumonie. The indications for its use were as foliows:

1. The specific antibodies in antipneuwnococcus rabbit serum are
much smaller than those in antipneumococcus horse serum us judged both by
ultrefiltration and by ultracentrifugution. Since tne infective processes
of lobar pneumonia and many of its complications ure cherccteristically of
en extra-vascular order, it is necessary thet the antibodies pass thrcugh
the vascular membranes. Other factors constent, the smeiler the antibody
tne iwnore effective shouid be its penetrztion into the tissues.

. Under certuain circumstences antipneumccoccus noerse serwn con-

fers no protection to mice. Tnus with messive infectiuns, if eacunts of
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serum in excess of a definite optimum are used, the antiboaies are in-
effective. In proportion to body weight these amounts of serum are not
greater than nave occasionaily been administered to patients. This prozone
effect is not obtained with antipneumococcus rabbit serum. Secondiy, thne
Jrotective action of immune norse serua is compietesy aborished by the ad-
dition of smait amounts of either cnoiesteroir or cepus.in. Tnese .ipids do
not effect the protective action of tne rabbit sntibouy. It seened possible
tnat this situation amight be operative in the specific theragy of .obar
lpneumonia in certain types of patients.

5, Iomune rabbit sera are muci more easisy produced. For any
given type of pneumococcus an effective serum wsy be produced in rabbits in
as short a period as four weeks wnereas amany months ure required with the
horse. Furthermore, the cost of producing rebbit serum is mucnh less, (about
one-fifth) than that of producing concentrated horse serum. Because raw
immune rabbit sera possess high protective potencies, concentration is not
so impprtant as in the case of horse serum. Practiceily all rsbbits wiil
produce serum of high potency wnile meny horses will not produce effective
serum.

Since there seemed to be no obvious contraindication to the use
of type-specific antipneumococcus rabbit serua in nuamun lobesr pneuaonis,
this tnerapeutic agent was first used in those types witn wiich a consid-
erable experience had been obtained with tne corresgonding horse lamune
serum. Twenty-two patients with lobar pneumonia have now been trestea. by
types these ure divided cs foliows: Type I, 10 putients; Type II, 4 pe-
tients; Type VII, 3 patients; e&nd Type VIII, 5 patients. In tweive of
the 22 patients, pouitive blood cultures were .btained before serum was

sdministered, in seven there was consoildution of two or more iobes, und
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in three, pleural exudates containing large numbers of pneumococci were pre-
sent.

Of these twenty-two patients, twenty-one recovered. In the fatal
case, death occurred following rupture of tine aorta five weeks after the onset
of the disease. Crisis occurred on an average <6 hours after the institution
of serum therapy. With improvements in the techniyue of serum adininistration
this time interval has become much snorter, the average for the .ast five
cases being J nours.

The average totai amount of immune rabbit serum aduinistered,ir-
respective of the type, was ibY cc. per case. It is of interest that the
average dosage in tne ten Type I patiiunts was 14 cc. wnereus in the iast
437 patients treated with unconcentrated Type I horse serum, the aversge dos-
age was 440 cc.

In the first cases treated, chill reaction not infrequcntliy followed
the administration of rabbit serum. It was found, nowever, that the frequen-
cy and severity of these reactions viere much less if the serum employed h d
been heated to 56° and adsorbed with sterile kaolin. Finally it has been
found that the chills may be entirely prevented if acetylsalicylic acid be
administered simulteneously with the first injection of this hested and ad-
sorbed serum. On the other hand acetylsalicylic acid is not able to prevent
chills following the use of untreuted serum. In no cases have angphylactoid
reactions occurred.

Br combination of the procedures mentioned, it has been possible to
entirely eliminate any untoward symptoms in the recent cases.

Recovery witnout operation occurred in two patients with grossiy
infected pieural exudates, and it was possibie to demonstrate that tne fiuid

from these cases contecined type specific antiboudy of .abbit origin. In one
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patient, antibody was not demonstrable in the pleural fiuid, and eupyema sub-
sequently developed.

Thnis brief summary of the results obtained in a short series of
severe cuses does not adequately convey the favorable ciinicai imgression
which the use of antipneumococcus rabbit serum nus created. It is noped tnet
additional experience will confira tne impression now neid taat the empioyment
of rabbit serum marks &« distinct udvence over tae use of norse serum in tne
treatiuent of lobur pneumoniwu.

The autolytic system of pneumococci. (Dubos) (a) Reietion to the

entigenicity of the ceils. Under upproprizte conditions, the immunization of

rebbits with suspensions of virulent, encapsuicted pneumococecl brings about
the production of type specific antibodies directea zgainst the capsular poly-
saccharides of the organisms used &s antigens. However, it is known that when
pneumococci are disintegrated by autolysis, by treutment with bile salts, or

by freezing and thawing, they fail to incite rabbits to produce these partic-

ular antibodies. It has been found that, to be soluble in bile, or to be

liable to disintegration by repeated freezing end thawing, pneumococci, living

or dead, must still possess in an active form some, at iecst, of their auto-
iytic enzymes; furthermore, the disintegration cun teke plice only when con-
ditions are fevorable for enzymatic action. It appears therefore thaf asl
methods comasonly used to achieve a dissoiution of pneusococci invoive as a
necessary step the action of at least one or u few of tne enzymes whicn con-
stitute the sutoiytic system of thne cells.

A study nas been nude of the action of purificd preparations of the .
autolytic enzymes uppn pnewsococcl and other substrates. It hus been found
in particular that thuse enzyme preparations are capable of inactivating the
capsular polysaccharide antigens of virulent pneuwococci. To achieve this

inactivation, it is not mecessary to bring tbout & complete dissolution of
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tne bacteriaL ceils; it is mereiy sufficient to cause a .imited aiteration
of the ceiiu.ar structure sucn tnat tne iutter nas .ost its abi.ity to re-
tain the Gram strain, but stiii retsins its essentie. morpnoiogica. char-
scteristics. The structure wnich carries tne capsuiar posysacchnaride anti-
gen wnich deteraines tne Gram positive reaction or tne cei. nhas been found
to be destroyed by the bacterioiytic enzyie but to be resistant to cowmaon
proteolytic and lipolytic enzymes. It nus & 10w nitrogen content (about 8%)
and accounts for less then ¥5 per cent of tne originai weignt of the ceil.

The bacteriolytic enzyme aiso possesses tne property of reieasing
reducing sugars from acetyl anino glucose giucuronides of animal and buc-
terial origin wnich are otherwise very resistunt to enzynatic action.

It is hoped that a continued study of the inechanisa of action of
bhe bacteriolytic enzyme may reveal information reiuted to tne antigenic
structure of pneumococci. But in eny case, tne fact that tnis enzyme is
capable of destroying the type specific antigenicity of tnis group of micro-
organisms does empnasize tne iamportance of minimizing tne cnences of e.ter-

ations duuv to enzymatic action in tne course of preparation of bacterias

antigens.

(b) Tne action of tissue enzymes upon bacterip {Dubos) The

immunization of rebbits with neat kiiled pneumococci by the intraderuma.
route fuils to incite the production of tne type specific carbohydrate
antibodies which would follow immunization by tae intravenous route. Tais

lack of antigenic response suggested the existence in the skin of a mech-

anism capable of inactivating the capsular polysaccharide antigen of pneu-
mococci.

In fact it has been possible to isolate from different tissues
and from leucocyteé an r.gent endowed with the foliowing activities; &) it

decomposes yeast nucieic acid without, nowever, releasing free phosphoric





































