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Report of Dr, Avery with Drs, Stillmnan, Goebel , Dubos;
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VI. Punlications.
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I. The decomposition of the capsular polysaccharide

of Type III Pneumococcus by a specific bacterial enzyme.

(Drs. Avery, Dubos, Goodner and Francis.)

1. Methods of purification and concentration of

enzyme. In previous revorts we have described the isolation
of a microorganism capable of decomposing the capsular poly-
saccharide of Pneumococcus Tywne III, and the extraction from
cultures of this bacillus of the active enzyme resmonsible
for this action on the polysaccharide. This enzyme 1is not
in _vivo as demonstrated by the protective action afforded
mice infected with Pneumococcus Tyve IIIX,

The work of this year hns been concerned chiefly
with a study of the action of the enzyme on the course of
an experimental disease induced by infecting rabbits intra-
dermally with a rabbit virulent strain of Pneumococcus
Type III.

However, before describiﬁg this study, modifica-
tions in the technique of preparation of the enzyme will be
given, It will be recalled that the yields of enzyme were
much increased 5y the addition of small amounts of yeast
extract to the synthetic mineral ﬁedium originally used.
Unfortunately, the preparations thus obtained eihibited a
definite primary toxicity expressing itself dy a sharﬁ rise
in temperature of the injected animals and at times death
within a fev minutes after injection. The production of

non-toxic preparations has been attempted along three
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éifferent lines: (a) tne amount of yeast extract in the
mediur has been reduced to the minimum concentration comnat-
ible with good yields of enzyme (.03 per cent): (b) toluene,
which had been a.ded to some cultures in order to achieve a
more rapid and more complete extraction of the enzyme, has
been completely eliminated from the operation; (e¢) the auto-
lysate 18 now purified by a process of differential adsorption
on aluminum hydroxide: this process is such that, under well
defined conditions, the toxic princinle is adsorbed on the
aluminum gel wnile the enzyme remains in snlution,
Concentration of the enzyme prenarations has been

achieved by two different tecaniques: (a) distillation under

reduced pressures at temperatures not exceeding 35°C;
(b) ultrafiltration through a cellulose acetate ultrafilter;
in this case the enzyme remains in the filter while most of

tnhe irrelevant material is eliminated with the filtrate.

Throuzhout the stens of preparation, purification
and concentration of tae enzyme, the operations have been
controlled by quantitative determinations of activity by the
titration method described in the previous report. We have.
found it convenient to express the potency of the premarations
in terms of units. The unit is defined as 100 times the
minimal amount of enzyme required for the decomposition of
.01 mg. of chemicd 1y purified capsular polysaccharide 1in 18
hours at 37¢ C.

The purified, concentrated enzrme preparations

exhibit little if any toxicity for normal rabbits when in-

jected intravenously. Wormal monkeys which received very
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large amounts of these prewnarations by the intravenous route
exhibited no reaction recognizable by change in the temmera-
ture or behavior of the animel. However, the study of the
blood picture revealed a sharp rise 1iIn the white cell count

for a few hours following injection, Whatever the nature of
the leucocytic reaction, we are inclined to consider it as
beneficial in view of tne essential part played by nhagocytosis
in the course of events following enzyme treatment of infected

animals.

2, The protective action of tue snecific enzyme in

dermal infection of rabdbits with Type III Pneumpcoccus. In a

previous report it has been shown that the enzyme waich snec-
ifically decomnoses the capsular polysaccharide of Tyne III
Pneumococcus has a mar'zed protective action in mice infected
intraperitoncally with this organism and is capable of bdbring-
ing about tne recovery of these animals waen given even after
the infection is already esta®lished. The intraveritoneal
injection of ﬁice with pneumococci leads quickly to a general—
ized infection. On the other hand, the dermal infection of

the rabbit, previously studied by one of uS»in detail, gilves
rise to a disease wnich is primarily localized and in which

the infecting organisms‘in tahe local lesion are‘less accessi®le
to the action of an agent administered intravenously: However,
the spvecific enzyme has a mar'ed curative action in the

disease brought about by infecting rabdbits intradermally with
a highly virulent strain of Tyne III Pneumococcus. The use

of this enzyme in sultable amounts in the infected animal

promntly frees the blood stream of bacteria, leads to a
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sterilization of the focal area of infection, and a conseguent
complete cessation of t.e disease process. A mortality rate

of 5 per cent in treated animals 1is in sharp contrast to &
mortality rate of 95 per cent in untreated rabbits. The
curative action of the enzyme is type-svecific. TIts activity
is destroyed by heat. The results of thls study yield further
evidence that the capsular substance is an immortant condition-
ing factor in pneumococcal infection, since, in so far as
known, the only action of which the snecific enzyme is capabdle
i{s that of decomposing the capsular polysaccharide,.

Animals which have recovered following enzyme
injections within 24 to 48 hours after infective inoculation
show no active imrunity against subsequent massive reinfection,
On the other hand, animals wnich were treated remeatedly over
a period of days with small amounts of enzyme and in wnich the
disease was not arrested until the fifth to ninth days, show
a high degree of active imﬁunity agalnst reinfection.

An elaboratien of one phase of these sgudlies has
dealt with the question of the minimal amounts of enzyme
necessary to bring about recovery of the infected rabbit and
with.the correlation of certain factors involved in these
quantitative relationsanips,

Drs. Dubos and 4Avery have shown, by in vitro
experiments, tnat, after a definite incuhation neriod, the
total amount of specific substrate decomposed bears a
quantitative relationship to tae concentration and activity

of tne enz /me mreparation used. If it were mwossidle to anply




232

H 42

this finding to the experimental infection, tze minimal amount
of enzyme necessary to bring abvout recovery should have a
guantitative relationship to the amount of specific capsular
polysaccharide in the animal bocy. This substance is of course
associated with the mneumococci but may also be present in
soluble form entirely free from tae microorzanisms. It is
technically impossibdle to deteruine the total amount of the
specific polysaccharide in the infected animal or even to esti-
mate the total. number Bf aneumococcl. The nearest amnroxima-
tion is the determination of t -e number of viable pneumococci
in tne circulating blood. Other factors the same, tnls index
should, on theoretical grounds, bear some guantitative relation-
ship with the amount of enzyme necessary to bring abdbout
recovery. ’

A series of 85 rabdbits has glven definite evidence
that tais is actually the case. TFor examnle, 2,5 units of
enzyme were sufficient to bring adout recovery when the
bacteriemia amounted to 3 pneumococecl per cc. of »lood, 6.6
units sufficed with 15 organisms per cc., 20 units were re-
guired with bacteriemias between 100 and 1,000, 50 units
sufficed with bacteriemias between 1,000 and 5,000. However,
100 units falled to bring about récovery when the number of
pneumococci per cc. of blood exceédqd 20,000.

The results indicate that as the bacteremia in-
creases the amount of enzyme reguired to bring about recovery
is greater although the two ratio between the two factors is
not »roportional.

Studies of the snecific action of the enzymes on
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Type III infections in mice and radbits have furnisned con-

vincing evidence that tlhls agent exerts a fravorable influence

on the course of the 6isease in these animals, Interesting

as these results are, it is at once a»parent, however, that ‘-fﬁ
the experimental conditions under waich the enzyme has thus , %
far been tested are not entirely compnaradble to those nrevailing I
in pneumococcus pneumonia. A crucial experiment has therefore
been undertalken to determine whether with this particular tyvpe QV Gl
of Pneumococcus an exnerimental pneumonia can be produced in " 5% ﬁ
menkeys which in clinical course and prthology more closely
resembles the syontaneous disease in man; and finally, whether
the enzyme would be effective under tne more somnlicated con-
ditions of an actual consolidation of the lung.

For this study, tre Java (I'. Cynomologos) monkey was
selected; since other workers in attempting to »nroduce exper-
imental pneumonia, have found the more common !¥. Rhesus and
the Cebus species ratner unsatisfactory. In addition, the
Java monkey nas proven to be somewhat hardier and rarely 1in-
fected witn tuberculosis. A strain of Tywe IIl1 Pneumococcus,
virulent for rebbits, was chosen for the original exveriment;
and this strain as recovered from an infected monkey has been
reinoculated serially into the succeeding animals. The use
of morphine, suggested by Robertson and his co-wnrkers in the
production of experimental pneumonia in dogs, has been
adopted, for it was thought that morphine would abolish
coughing, perhaps reduce the resistance of the animal temp-
orarily and hence allow tae organisms to gain a foéthold in

the lung. The drug is administered 2~3 hours before inocula-




tion. Roentgenogrédms of tae chest are talten before inoculation

as control, and at least once daily thereafter,

The tecnnique of the inoculation is as follows: The
animal 1s anaesthetized with ether. While the jaws are held
widely open, the tongue 1s drawn forward with lingual forcewns,
the eniglottis grasped with plaln forcepvs, and the larynx thus
made clearly visidle. A hard rubber catheter is passed into
tihe trachea until resistance is encountered. The organisms

centrifugated from a fresh culture and resuspended in 0.5 cc.

of soluble starch solution are introduced from a syringe fitted
into an adaptor in the end of the cataeter. The material 1is
allowed to flow into the trachea while the animal is held up-
righf. An equal volume of air is then slowly injected to
ensure the emptying of the catheter. Care 1s taken at all
times to avoid contamination with material from tne mouth.

FTollowing the inoculation, daily bdlood cultures,
blood counts, and temperature records are made in addition to
the x-rays.

By this method it has been possible to produce a
pneumonia which is distinctly lobar in distribution and tends
progresaivelj)fo {nvolve ﬁbre’thaﬁ'bne'lobe. ~the ‘spread of
the lesion has been clearly followed by means of the
roentgenograms, Ab autopsy the gréss pathological findings
are gquite comparadble to tie typical lobar pneumonia in man.
This similarity has been further confirmed by the microsconic
exaxination of histological sectlons.

Although the demonstration of lobar pneumonia in

monkeys has been successfully accomplished, certain obstacles
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have been encountered which have delayed the study of the
therapeutic capacity of the enzyme. These are primarily the
variations in the resistance of t.e individual monkeys, and,
consequently, tue difficulty in estadlishing a nredictable
course of disease with a minimal standard dose of micro-
organisms. Within a narrow range of dosage, 0.2 - 0.4 cc.,
one animal may develon pneumonia and die in 48 hours, with
massive pulmonary involvement and overwhelming septiceria,
whereas another may survive a vwell-develoned, progressing
pneumonia, with or without septicemia, after 7 -~ B darys.
With the repeated passages of the culture and tie use of
morphine, howvever, it is possible to produce a fatal pneumonia
in practically all cases.

Since the purvose of the experiments is to attemvt
an evaluation of tne effect of enzyme treatment on the
pneumonia, it is highly desirable to be able to induce infec-
tion whiceh will run a uniform course of 4 to 5 days, termin-
ating fatally when untreated. This would enable one to have
fairly accurate information of tze anital's condition before
any therapeutic iﬁtéfference was‘attempted. At present, thé
effort is directed toward bYalancing the host factors and
those of the invading organism to this end, It is thought
that thnese factors can be faifly well controlled and that the

study may soon be carried to a definite conclusion,
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I1. Isolation of microorganisms decowposing the

cansular nolysaccharide of different tynes of Pneumocnccus.

(Drs. Dubos and Goodner.) The search for other microorganisms

decomposing tse specific polysaccharides of Pneumococcus
Tynes I and II is being continued.

In principle, the method remains the same as that
elaborated two years ago for tiie isolation of the dbacillus
capable of decomposing the Tyoe III capsular nolysaccharide.
The method consists in tihe use of very snecific media contain-
inz the substance to be decomposed as sole source of energv;
these media are 1ncuba£ed under a great varlety of conditions
so as to bring out as many as possible of tie organisms
potentially capadle of decomposing tiec subdbstance in question.

In fact, scveral cultures (at least 5) have dbeen
obtained tnus far which are canable of decomnposing the Tyve II
specific substance, but none of thew has been sufficiently
purified to warrant a statement as to the nature of the active
organis:i. The work has dYeen rendered difficult by the fact
that all these cultures decompoege the polysaccharidernly very
slowly in liquid media, although some of ther are quite active
in sand and soil media. An interesting lead has been the
successful preparation during the past few weeks of catalysts
wahich, when added in small amounts to the liquid medium,
greatly increase the rate of decowmposition. Concerning the
nature of these catalysts, we have no real knowledge, but
there is some suggestion that they may be soluble organic

compounds of iron.
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III. Chemo-~immunological studies on_conjuzated

carbohydrate-proteins, (Drs. Avery, Gocbdcl and Babors.)

1. The swocificity of antigens prenarcd by conmhining

jyiand;§ zlucoside of <lucose with protein. The study of

antigens prepared by chexlcally combining sugar Cerivatlives
with protein has revealed tre fact that carbohydrates exert a
deter-ining influence on tae immunological specificity of
compounds of which they form a part. In prcceding studies
evidence has becn acquired that mere diffcrences in the
structural configuration of relatively small grouns in the
hexose molecule may deteraine the serological smeclificity of
two sugaer derivatives identical save in this one raspect, As
proviously snown, thef?—glucosides of glucose and galesctose
differing from each otner only in tho interciange of the B and
OH groups on a single carbon atonm, exnibit an individual
specificity irrespective of the protein to witich they are
attached.

These earlier etﬁdies concerned themnselves with the
snecificity of similar glucosides of two different hexoses,
glucose and galactose.. A pdper now in press deals with the
specificity of different glucosldes of the sane sugar, namely
the Y and ﬁ,forms of glucose couvled to globulin. In doth
tae "(Xand {5 antizens" thus formed the glucosidic linkages to
the protein differ from each other only in their snafial
relations to tae rest of t.:e éntigenic molecule. Since the
ultimate couvposition of both antigens is the same, tiae
differences observed in their immunological specificity are
referable only to known differsnces in the molecular structure

of cach. The results show that the mere change in the snatial
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arrangenent of the grouws on tne {irst carbon aton in thesé two
derivatives of glucose suffice to confer on cach antigen a
marked degree of differcential swecificity. These structural
changes are so sharply reflecteda in serological smecificity
that it is possible by means of i-une serum to differentiate
selectively between the two isomecric glucosides of the sare
sugar. However, tne antibodies present in both O and ﬁ
antisera crnss react with the hcterologous test antigen.
Recognizing the difference in tae chemical structure of the
two glucosidcs it becomes necessary to account for the over-
lapping specificity of the two substances. The chernical basis
for the immunological crossing aonears to lie in the fact that
the spatial arrangement of the vpolar grouns on the reralining
five carbon atoms is 1dentical in both glucosides. This
partial sinilarity of molecular groupings might then account
for thé degree of imnunological likeness exhibited dy the two
substances. Although in a portion of the wolecule of both
glucosides the structural relationship is identical, neverthe-
less they behave chemically as separate chenical entities and
poésess serologically a separate and distinct specificity.
For, if coﬁplete reciprocal inhibition of precipitins is
accepted as the criterion of serological identity, then
the failure of bdoth zlucosides to exhibit this cavacity may
be taken as further evidence of differences in the immunological
specificity of each.

The lack of reciprocal absorption of agglutinins by

two organisms mutually agglutinable in the imrune serum of




gach is generally conceded to indicate a lack of i2xmunologicnl

iderntity. Relationships of tais order are known to exist
botwecn Pneurvococcus Type II and Friedldnder bacillus Type 3.
In bYoth instances the rcactive substance has been identified
caenically as tac specific polysaccharide weculiar to the
capsule of cacn organism. While tize structural constitution

of these cownlex sugars is not as yet fully known, considerable
%nowledze has becen gained concerning their che-iceal proverties.
For exarple, it is known taat the Type II polysacchnaride is
built up of zlucosc units and that cheaically it bears a close
resemblance to the wolysaccharide recovercd fron the Tyve 3
Friedldnder Yacillus. However, the two substances are not
che:'ically identical, although the similarity between themn is
suificient to result in a certain likeness in im-unological
specificity. 1In the absence of precise knowledge of tae
structural relations of tie two polysaccharides, it seems
reasonable to assure tnat both contain in a portion of the
conplex molecule tue sare or a closely similar configuration
of atoms. This sirmilarity of molecular grouping night then

accouﬁt for tiae im-unological sinilarity of the two substances.

Considerable evidence for this point of view is found

in the results of the presenﬁ study concerning the snecificilty
of the O and ﬁ'glucosides of glucose. A comnparison of the
serological relationships between the two isomeric defiVatives
of glucose and the capsular polysaccharides of the two organ-

isms in question is presented in the following Tanle.
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Analogous relationshios extehding even to the cross
irmunity reactions and tae lack of reciprocal absorntion and
inhibition of antibodies are evident in both the zrounms of
simple and complex carbohydrates. While the comparison is
instructive it 1is not necessarily valid in the case of tue
capsular nolysaccaarides, for tze final internretation of
these relationsaips must await further “nowledge of the
structural relations of tie more comnlex bacterial sugars.

A possible explanation of the cross relationshivns
between the Ty-ne II Pneumococcus and the Tyne B Friedldnder
bacillus has been advanced by Enders 1in his recent study on
the presence in Pneumocéccus of a type-specific agglutinogen
unrelated to tne smecific carboaydrate.

In the case of the synthetic antigens containing
"X and Ff compounds oi glucose alone, the evidence indicates
that the immunological specificity of tae reactive zlucosides
is determined by known varlations in chemical constitution
and is independent of tne wrotein to which they are attached.
In view of these findings it seems not unli%ely that in the
case of the polysaccharides because of taelir more complicated
structure and the greater vossibility for variation in
molecular configuration, taere may be found many instances
of a simllar overlapping specificity among carbohydrates of
unrelated origin.

In atﬁempting to intervwret the relationship between
the chemical constitution and tuze serological smecificity of
carbohydrates, especially those of bacterial origin, it is of

obvious advantage to begin with a study of the more simple
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mono and disaccharides. 1In tiese sugars both the chemical

composition and the smatial arran:zement of the grouvps within 7?
the molecule are definitely ¥nown. Vith this end in view the

fnllowing study of disaccharides is 1in progress.

2. The synthesis of zlucosides of tae disacchnarides,

cellobiose and waltose. (Drs

Goebel and Babers.)  The
oppvortunity for inter-molecular differences in structure is
almost infinite in complex polysaccharides such es the tyne-
specific cansular polysaccharide of pneumococci. These mnoly-
saccharides are made un of disaccharide units which are in

turn composed of a simple hexose and a hexose uronic acid.

Very 1ittle is Ynown concerning the manner of linknge of these
disaccharides or the units cownosingz them, Stiil less 1is
known of tae effect w.ich internal differences in linkage may
have on tae immunologlical specificity of the polysaccharide,

It seems, therefore, quite important to determine
ihat effect differences in‘linkage of tne hexose units would
have on tnerimhﬁnological relat ionsains of tﬁo disacenarides
of kﬂown‘structﬁre.

Mélt&éé,‘the disacciaride obtained by the partial
hydrolysts of starch, and celloblose, that obtained in a
similar manner from cellulose, have been shown to be composed
of two glucose units, tne aldehyde groun of one being linked

to the fourth cardon atom of the other hexose. Thus maltose

and cellobiose are each glucosides of glucose linked through
the same cardbon dtom. These disaccharides differ, however,

in that maltose is an alpha glucoside of glucose wille




cellobiose 1s a beta glucoside. Tais difference is best

shovn by tae following structural formulae:

TH.OH (H,0H

,m-__7)H H /Lm___zjon w v

’ m \'- /ou

H
I/
OH| 0"-'l {
H CH,08

Naltose Cellobiose

I ---

The free reducing group of each disaccharide is indicated
ny an asterisl*,

The para aminnphenol glucosides of maltose and
cellobiose havebeen prevnared, diazotized and coupled to
protein and the resulting antigzens used to imrunize rabbits.

The im:unological worl: is now beinz carried out.

IV. Studies on tae interconvertibility of the

specific tyves of Pneumococcus. (Dr._ Alloway.) Studies have

been made during the nast few months on .the nature of ﬁhe
phenomenon first described by Griffith in 1928, and subée-
quently investigated by Neufeld, Dawson, and Sia, dealing with
the transformation of R organisms derived from one type of
Pneumococcus into S forms of a different type. Thess in-
vestigators induced the change through the use of intact
bodies of heat-killed S pneumococci either injected sub-
cutaneously into mice, - together with a suall inoculum of
living R organisms, or used in_vitro together with anti-R
serum in a medium inoculated with R forms. The R cells
assumed the properties of tae heat-killed S organism used in

the culture medium,
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The phenomenon is of unusual biological significance,
for it is a unique example of a complete transformation of the
biological characters of a microorganism by means of a
specific stimulus. An organism thus transformed not only
acquires a type-specificity not present in the R cell, but it
undergoes definite mornhological changes, develops a high
degree of virulence, and possesses antigenlc properties which
differ markedly from those present in tiae original bacteriun.
These properties, once acquired, are retailned by the organisn
indefinitely under suitable conditions of growtn. The
acquisition of these new characteristlics is always assoclated
with the regaining of tae function of producing the specific
capsular polysaccharide.

It seemed worth wnile to attempt an analysis of the
substance present in tue heat-killed organism essential in
the reaction, and to learn more of its general nature, Afjten-
tion has been directed, therefore, towards the separsation in
a filtrable, cell-free state, of the substance active in
effecting transformation. Studie; already published have
established several facts. Cell-free.extracts which are active
in causing transformation in type may be obtained from §
pneumococci disrupted by repeated freezing and thawing. Such
extracts under suitable conditions may be filtered thrbugh
Berkefeld candles, and thus'separatéd from all intact organ-
isme. Avirulent R pneumnococci derived from S forms of a
snecific type may be changed by growth in broth containing

anti-R serum and the filtered extract of S nneurococci of a




different type into virulent S organisms identical in tywe
with that of the bacteria extracted. The constituents of the
extract suwply an activating stimulus nf a smecific nature
in that the R pneunococci acguire t2e canacity of ela%orating
th1e capsular material peculiar to tae organismns extracted.

Subsequent studies have shown thnt still further
purification can be accownplisied by tie adsorntion of pneumo-
coccus extracts on aluminiuigels. lMost of t e »nrotein and
1ipoid constituents in the extract are carried down with the
aluniniun, the active substance rermaining in the sunecrnatant
fluid. This supernatant, a water-clear fluid, is snecifically
as effective in inducing transformation in tyme as are the
suspensions of whole, heat-killed organismns.

It 1s hoped that by furtner procedures such as
selective adsorption, selective dialysis, and caenical
analyses, more exact knowledge of tihe active substance may
be acquired, and an explanation provided for a phenomenon

which possesses wide biological significance.

V. The Degree and Duration of Active and Passive

;Qmuﬁity to Pneumococcuys in Rabbits, (Dr. Ernest Stillman.)
The exﬁérimeﬂés,\ﬁréfiéuélyAreported; bn the persistence of
pneumbcoccﬁs antibodies in the‘serayﬁf rabbits fbllowing‘
various imnmunization procedures 1s still in progress. The
trend of this work is illustrated by the fact that the serum
of one rabbit, last exposed to inhalation of virulent Type I
pneumococci 6 years ago, still contains sufficient anti-

bodies to protect mice against large doses of pneumococcli.




In coladbornt ion wit.: Dr. Good-ecx, & lorie series of

rabbits have been given identical courses of injections of a
suspension of heat-killed pneumococci, containing a mixture of
equal amounts of Pneumococcus Types I, II and III. At monthly
intervals groups of tnese animals are being examined as re-
gards the agglutinin titer and mouse nrotective value of their
serum, and as to actual active 1mmunity or-susceptibility to
infection by the dermal ronute. The dermal infection vpermits
of & thorough evaluation of the active immunity since the
results do not depend so much on survival or death as they do
on the clinical findings.

This investigation has now been under way for four
months., While 1t is yet too early to predict the duration of
jmmunity it has becéme apparent that it persists beyond the
time of the disavpearance of circulating antibodies. TFurther-
more, it has been found that the immunity against the Tyve III
Pneumococcuslis the first to disapnear, and the 1indicatlons
are that the immunity to Type I will have the longest duration.

Production of éxperimental“pnéumonia in animals.

The;devélopmentfog:aﬁtechﬁic'forithe nroduction of exverimental
lobar pneumdnia%iﬁ 1ab&§atof??animaie’1s:stiiifbéiﬁgfétﬁéﬁﬁfédf
Although by the inhalation ‘method pneumonia mgy occaéionallfﬁ‘
be produced in partially immunized mice under the influence of
alcohol, these ahlmals are too small for detailed study. Ex-
periments have shown that partially immunized rabdbbits, whether
infected by inhalation or by nasal inoculation, fall to local-
ize the infection in the lungs. Although guinea plgs are

suhject to spontaneous epidemics of pneumococcus lobar pneu-
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monia, they are highly resistant to exnerimental infection
with this organism. Numerous attemots to raise'the virulence
of pneumococci for guinea plgs have failed. Varlous methods
for lowering the natural resistance of guinea wnilgs are now
being emnloyed with the hope that these animals majy become

more susceptible to pneumococcus infection.
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