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report of Drs. avery tnd Horsfull (ussisted by Drs. acums, Binkley,

turnen, Goebel, meCurty, wmirick, Poerlman, dtillman, and Ziegler).

otu.y on the chemicnl nuture of the substince incucing trunsforme-

‘tion of sbpecific types of pnewmococcus (Avery wnG sfcCurty). Biologists, es-

peciclly the geneticists, have long uttehptea by chenicul meuns to induce in
higher organisms precictible anc specific chenges which thercafter could be
transmittec in series as hersdituary churccters. Among microorginisms the
most strilking ané perhups the only krown exiaple of inheriteble and specific
wlturvtions in cell structure und function thut cen be uxperimentilly inocuced
unu thit wre reprouucible uncer well wefincu end dequLtely controllec. con-
citions is the trensformution of specific types of Pneumococcus. This phen-
omencn was fArst wesceribed oy Griffith who succecstceu in trensforming an
sbttenucted and non-encepsulutuce () verisnnt cerived from one specific type
into fully ence.psuletca enc virulent (o) cells of « hetercloguus specific
type of Pneumococcus. a typiccl instunce will sufTice to illusirite the
techniques originally used znd serve te incicute the wide vuriety of trens-
formetions thut ure possible within the bucteriel species. For exumple,
Griffith found thut mice injectaed subcutunevusly with o small amount of a
living R culture cerived frum Pneumccoccus Type II together with « large
inoculum of heat killecd Type III (8) cells frequently succumbed to infection
&nt that hewrt's bloud of these enimuls yiolded Type III pneumococei in pure
culture. The fect that the k strein was avirulent und incapable by itself
of causing futal septicemiz &nd the adcitionzl fact thut the hetted suspen~
éiun of Type III cells centulned no viwble orgenisms brought convincing
evicence thut the R forms growing uncer these conditiuns had newly acquired
the cupsulur goructure ana biovlogicul specificity of Type III pneuwmococci.

Grirfith wisely rofruined frum offering uny explanution of the phenumenon



beyune suggesting that the dewd bucteriu in the incculum might furuish some

gpecific protein that encbles the K forms to manufucture & capsuler curbo-
hydarate of the suume specific type «s thot of the $ cells which serveu us
initi:l scurce of the incucing substunce.

nlthough the experiments in mice were successful, Griffith ves
unuble te reprocuce the phencacnon without mouse passege wna on the bosis
of negutive results concludcG that incubation of the bucterial mixture
in vitry feiled to induce tronsforwition.

Thuse originel cbuervations were luter confirmed by Weufeld and
Levinthel @r.ce uwne by Duwsen cno alloway in this laberstory. Subsequent-
ly Lewsen wes the first to succeec in incucing trunsformation in vitro. This
he accumplisheu by groving nocclls in o fluic medium containing unti-g sorum
and hewt killea enczpsuliatea § colls. in the test tube us in the enimul
budy he shewed that tr&nsfurmatiun can be sclectively uetermined wepending
on the type specificity of the & cells uscd in the reacting system. Luter
allovay wus uble t¢ ctuse specific urunsformution in vitro using sterile
gxtracts of o cells frum which wll formed elements und cellular cebris had
been remuveu by Berkefelc filtrutiun. He thus shuwed that crude extracts cun-
taining the uctive muteriul in soluble furw.ure effective! 1nuucing'the sSaune
specific trunsformetions us do the intect cells froum which thé extracts were
PreperoeG.

The present repurt is cuncerned with & muro uetailed snalysis of
this phenomenon. Jur wajor interest hes centered in gttempts tu isvlute the
wctive principie from erude extracts wna to iuentify if pussible its chemicel
n££ure or ot lesst tu cheracterize it os belunging tu & general group of
knuwn chemicual substances. Fur purpose of study, the typicul exumple of

trunsfurnation chusen s « working mouel wus the rescting system with which
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we huve hiu most experience wnu which consequently seemed best suitec for

further wnalysis. This purticular exumple represents the trinsformetion of
Type II to Type III pneumoccccus through the intermeciury s form. E.ch
constituent of the rewcting systen éresenned probiens which requirec cluri-
ficction vefore it was possibic to obtuin consistent enc reproaucible re-
suits. The various componints of the system will ve ricfly wiscussed in
the fullowing order: L) Culture wedium; ) The n-struin; 3) Prepuration
of trunsforming extracts of Type III cells; 4) Purificection of the active
material; 5) Chemicel nuture enc biologicul wetivity of the purified sub-

stunce.

culture meaium: The besic medium consists of the stundurd meut

infusion oroth routinely usecc in the cultivation of pneunococei. Eurlier
stuuies revewlec that in oruer to ovtiin trensforu:tion it is necessary to
LCG surwa Lo the busic meuimk. anti-n rebbit serum wus uscu in tho first
successfui experiments in vitro. It soon bvecene cvi@ent, however, thet the
ef'fectiveness of «ifferent lots of serum vurieu wund thut the cifferences
observet were not necessurily cependent upon the content of R pntibudies,
since muny sera of high titer were found to be incapable of supporting
trunsforaation. This suggestea thut fuctors other then R antibodies ure
involved in the system.

MacLeod first showed that usere from various unimal specles ir-
rusgective of their immune properties, &nd inceed normul sera of diverse
origin cuntain'an enzyme -cupable of destroying the trunsforming principlé in
potent extracts. (The nuture of this enzyme &nd the specific substrute upon
which it acts will be referred to later in this report). It was found that
this enzyme was inuctiveted by heuting the serum at 60°-65°C, and thut sera

previcusly heated ut temperiturcs known to cestroy the cnzyme were then
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erfective in the trensforwing systenm. Purther enclysis hes shovm that
certein sers in wnich i wntibudies ure present ena in which the enzyme hus
ocen inuclivitew wey nevertheless fuil to support transformetion. This
fuct suggesls thet still enother scrum factor is eesentiul. The content of
this lectur veries in ciifcerent sere, «nc ot present its icventity is un-
[iSeL91 1) ¢

nitugnition o) these Twetors enc their role in the itrunsforuwing
system hes preutiy fucititatew the Stanatrdizatiun of the medium requirced
for cvotuining consistent wnd roprouucible results.

The n strein (i 36 a): The H variunt used in present experiments

wes werivea trut Rncumocuccus lype II. Irrespective of their type werivi-
tion the n veriwnts of pneumoccoccus »re churscturizeu vy the luck of cupsule
foruwtion una the consequent luss ol type specificity anu virulence. The
designation of these verisnts us "a" forms rofers merely to the fact that on
srtiricial mecia the colony surface is "rough® in contrust to "smooth" sur-
face of coloniecs of encapsuleted "o" cells. The R strain referrec to zbove
as "H30A" wuas derived by growing un "U" culture of Pnouwmccoccus Type II in
bruth containing Type II antiserum for 36 sorial pussuges and isuvluting the
K vuriunt thus induced. The struin (#36s) hus lost the type-specific charuc-

teristics of the parent culture anc consists only of uttenuuted, non-encep-

o o 2 . e

R cells wre not too fur "degraded". The reversion of the h form to its
briginul specific type nuy frequently be wccumplished by successive unimil
pLssupes or by repcutud growth in anti-n serum. Under these conuitions,
huwever, the R culture invuriably reverts to the sume specific type ws thut
from wnich it wue derived. wotrain n3ba hus becume relutively fixed in the
n phas? &nu has never veen focunc to revert spontaneously to the Type I1 &

Tovrm.
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“Conversion of o—>r uno vice versz within the limits of o given
type is quite w «ifferent ic.tter thin is the tronstormetion of organisms of
one specific type into those of wnother specific type. 'tThe lutter hes never
peen obbervew to occur spontecneously anu inceed can e induced experimentelly
onky by the specici techniques outlined euriier in this report. Uncer these
conuitions, the enzymetic s;nthesis of & chemically and lmmunologically
Girferent copsUiul polysucchurice is specificeliy orientea anu selectively
cetermined cepending on the type specificity of the o cells used as the
source of the trunsforming principie.

In the course of the present stuay it was notea that the stock
cuLture ol 136 on seriul trunsfers in blooc broth undergoes spontaneous
civsociction anc gives rise to « nuwber of other it veriunts which cun be
Cistinguisheu one from anotiher oy cosuny i'orm. The significunce of this in
the prescat insteance iies in the ruct thaet of 4 aifferent vuriunts isoleted

1roin the purent cwiture only one strain, cesignatea n30s, is susceptible to

the trenslorming action of poient extructs, while the others tuiied to

resyont anu have since remainec insctive in this regard. The knowledge of
uifferences 1n the responsiveness of Gifferent K veriants to the seme spec-
ific stimulus emphasizes the cure thut must be exercised in the ‘selection of
4 suitubdle n variant for use in trensformetion experiments.

Klthough the significance of the following fuct will become
apparent later on, it must be mentioned here that pneumococcel cells possess
an enzyme capuble of destroying the activity of transforming extracts. In-
deed, sutolysetes of n36i sre highly active in this respect. Eurlier workers
found that it is essential to use u small inoculum of young und actively
growing it cultures in trunsformation tests. This requirement may best be ex-
pluined on the assumption that when large inoculu ure uwsed envugh enzyme maj

be relewsed by autolysis to inactivite the trensforming principle present in
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the system.

Prepervtion of tr&nsformiggﬁextr#cts from Type III gneumoéocci:
The prosent umethod of prepurztion of éxbracts from pneuniococcal cells repre-
sents the end resulis of numervus experimentat wpprouches carried out over
« period of yewurs. The procedures used in oxtruction ena purificetion have
been evolved gruduaily os evicence has been obtuined cuncerniné the nuture
unc properties of the tctive substince.,

Type III coils erc grown in lurge quntities (50-75 liters) wind
cuilsctea by centrifugation in . stewm driven sharples cenirituge.  The
pocKea celis wre resuspended in physiologicul saline wna heat xillea ut 659C.
This temwporwture is chosen in oruer to inectivite the enzyme cupuble of
Gestruying the wctive substunce since Type I[1I paoeunocucci, as well to sirain
n36s, pussess such un enzyme. the heitoG cells are recovered by centrifuge-
tion anc weshea three times with physiclogicul sulinc'which resulis in the
rewcvel ot much of the type-specific cipsular pulysicchuride wua large
quentities of protein wna ribunucleic wcia (yeust type). The luss uf uctive
muterial 1n¢urreu in the washing process is slight coupured to the purifice-
tivn &chieveu. The wushzd cells ure then ektructed twice by shuking in saline
containing 0.5 per cont soaium desoxychulate. Extracts prepured in this
manner zfter remuval of the daaoxychulabe by ulcochol centuin the mejor por-
tion of the active principle us meusurec by ﬁheir cupucity to incuce trans-
foruwetivn. . '

Purificetiun of sctive substunce: neprecipitation of the cruce

extract with 3 velumes of slcchel procipitetes the uctive meterial wnd re-
" muves the lust traces of desoxychivlate which reuwtin soluble in the wicohol.
fhe precipitute is reuissclved in seline wnd the great bulk of protein is

rauved vy the chlurofurm methou ot Seveg. The process of deproteinizution
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is repeitea Severus times. The SyuCific onzyle prepirea Lrom o suil
bucillus capuble of aecumposing Type III polysaccharide is then employed
tu digest the capsular pulysaccharide remaining in the extract. After di-
gestion of cupsular polyseccharice is completed us uetermined by loss of
recctivity with Type III antibody sulutiun; the cxﬁruct is aguin tredted
by the be
mococcal protein. This process is repeated until the supernatant fails to
give the biuret reucticn. The finul step in puritication i thé fe;eated
Vprecipitation of the extract Sy the dropwise acdition of 0.9 - 1.0 volume

of ebevlute ethyl alcchol with constunt stirring. Af this criticul concen-
trution of slcohol, the active mutericl sepurutes cut in long, extremely
fine fibers which cullect on the gtirring rod. Digestion procucts of the
capsuler polysacchiride together with the sumutic C carbohyérate, ribo-
nucleic ucid and remaining traces of protein tre left in the residus. after
several reprecipitatiuns, the materiul is finully aissolved in distilled
water and dielyzed against distilled water to remuve frece sults and other

aiffusible substances.

Chemical nature end biological uctivity of the purified substance:
In the oourse of chemical fractionation of uctive muterial it wes repeatedly
found that biologicel activity was ulweys associated with thet fraction which
gave & stroungly positive reuction in the diphenylumine test, suggesting
that the active substence might be Gesoxyribonucleic acid (thymue type).
Further evidence for this view wes found on elementury anulysis of several
prepareations isolatec by the procecdures outlined above. In the following
teble snalytical figures un two highly purified preparutions are compared
with the theoretical values for the sodium salt of desoxyribonucleic acid

on the basis of the tetrunucleotiae structure of the molocule.
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Theory for desoxy-

Prepurution #37 Precerction j42 ribotetrunucleotide
Phosghorous  8.57 por cent  9.U4 per cent 9.05 per cent
Nitrogen 14.21 per cent 15.36 per cent 15.32 per cent
N/P ratic 1.66 1.69 1.69
Carbon 34.27 per cent 35.50 per cent 34.40 per cent
Hydrogen 3.89 per cent 3.76 per cent 3.21 per cent

The observud valuwss currespond fairly closcely tu those calcula-
ted frum theory. These figures Ly themsclves vo not esteblish that the
substance isolated is u purc chemicul entity. However, on the basis of the
N/P rutio it woula sgpear thut little protein or other substances containing
nigrugen or ghesphorous are present as imgurities since if they were this
rutiv would be consiuverabiy ultered.

Un enzymutic anulysis of the active muterisl it wus found thut
crystalline trypsin or chymotrypsin end combinutiuns of both caused no
upprociable loss in activity. Moreover, uigestion with crystulline ribo-
nuclease Gues not impair blologicul zctivity. Amung various crude prepera-
tione of enzymes derived from svurces such us bone, kidney, pneumucoccal

cells, pencreutin and sera only thuse which attuck authentic samples of

‘desoxyribonucleic acid have been.fuund to cause any detecteble loss in the

activity of putent preparationa of the transforming principle. This ;é
further evidence of the chemical relationship suggested by the analyticel
figures above. ‘

Preliminary investigaﬁiuns in collaburation with Dr.. Ruthen
incicute that'the substeénce in highly purified form is probably hiéhly
golymefized and hus a molsculur weigh§ of nyyroxiﬁately 0.5 - 1 million.
Other stucies of the yhysical chemicel yruperties of the active substance

ure now in progress.




It should ulso be pointed out that as the crude extracts are puri-
fied, serological activity with Type III antiserum progressively decreases.
Solufiona of thg purified substunce itself give only faint trace reactions
with high titer Type III antipneumococcus rabbit serum. In view of the fact
thut the Type III capsular polys&ccharide and the sbmatic C carbohydrate
react with homologous antisera in dailutions &8s high ¢s 1 part in 5 million,
this loss of serologiczl activity reflects the almost complete removal of
all serologically.reactive substunces from the final preparations.

The fuct thet the transforming substance in purified state ex-
hibits little or no immunological reactivity is in striking contrust to its
biologicul function in inducing highly specific chunges in 1iv;ng pneumo-
coccal cells. A8 little as 0.02 pgr., representing u final dilution in
the reucting system of 1 psrt in 100,000,000 has sufficed to bring about the
trunsformation of the k variant (H36a) into cncupsuluted Type III pneumococci.

Assuming thut the sodium desoxyriobonucleic acid nnd thé active
principle are vne and the sume substunce, thoﬁ the trunsformation from
R~} SIII represents a chunge thot is chewicaully induced und specifically
directed by a known chemical compound. Woreover, this subatancé selectively
determines a differentiation of cellular function and strncture.corrgaponding
in type to thut of the § organisms from which the agent was derived; The
interaction between the R éell and the transforming principle initiates a
series of'complex reactions which culminate in the synthesis of the TypeblII
capsular polysaccharide. Thus, the transforming principle - & nucleic acid -

and the end product of the synthesis it evokes - the Type III polysaccharide

' - are each chemicully distinct and both are requisite in the type specific

differentiation of the cell of which they form a purt. The former has been
likened tu & gene, the latter to a gene product, the accession of which is

mediated through enzymatic synthesis. The genetic ihterpretution of this
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phenouenon is’suppofted by the fuct thut once tfansformation is induced,
thereafter without further uddition of the inciting ugent both cupsule forma-
tion &nd the‘gene-like substunce cre reduplicated in the deughter cells.

The cit.nges induced ure therefore not trensient moaificutions but are
trunsmicted ihrough innumerable trunsfers in ordinury cuiture media.

‘If the present studies ure confirmed nnd the biologicully uctive
substence isolated in highly puritied form us the sodium sualt of desoxy-
ribonucleic acid actuully proves to be the transforming pfinciple, us the
uvuiluble evidence now suggests, then nucleic acids of this type must be
reguracd not merely us structurally important but as functionally active in
determining the biochemical activitics and specific characteristics of
pneumococcul cells.

Leaihes hes pointed out that in the chemicul make up of p:oto-
plusm proteins are not the only essentiil substences. Among the other con-
stituents he renks the nucleic ucids es preeminent, und referring to their
occurrence us major compunents of nuclecr chroumusomes he reises the questibh
"ﬁhether the virtues of nucleic wcids may not rival the amino &cid chains
in their vitel impurtanca." )

Studles on primsry etypicel pneumonis (Horsfall, Curnen, Mirick,
end Ziegler). Im 1930 it was first recognized cleurly that there»qyiated &
common clinical ferm of pneunvnia which differed from the usual bactefial
pneumcniss. In the intervening yeurs this illnéss, nuw termed;"prima;y
utypicel pneumonia®, has been encuuntered with ipcreasing frequency. ‘Intér-
est in the conditicvn stems from the-fucts thi.t it is, «t the present time,
sbout as often seen us is bucterial pneumonie und that the cuuse or causes
of it have not bech definitely esteblished.

There is good reason to believe thaot this clinical syndrome is




153

not a& new disease. It was probably recognized occasionally during the sec-
ond half of the last century and undoubtedxy was observed not infrequently
during each of the first three decatues 6f this century.

The recent murkea incresse in the use of the x-ray in acute
respirutory aiseuuves, the establishment of active full-time heulth units in
some schools, colleges and vamps &nd the ineffectiveness of sulfonemide
chemotherapy in the illness seem to heve been the most important fuctors
in bringing thls syndrome into cloar relief.

There cen ve no doubt that this condition, during the past threce
years, has been increusing in incicence more rupidly than cuh be accounted
for on the nasis_merely of increused uwsareness and recognition of it by
physiciuns. In certuin Army cemps in the continental(United btutes ﬁhe
incidence of the illness has been &8 high s 1.3 per cent of the total
ComnLNa . Ip is recognized both by the Army cnd the Navy as respohsible for
more mun~days lost from duty than «lmost eény other acute infectious diseuse.
The froquency with which the illness occurs wmong civilisns cunnot now be
estimated due to the fact thut, with the exception only of-New York City,
the disease is not reportuble.

Almost ell lnvestigatora'who have studied cuses of primary atypicgl
pneumonic think that the illness is not the result of bsctorial infection.
Some workers huve suggested the possibility that the syndrome was caused by
& virus end as & result the term "virus pneumoni&“ ﬁas come into common
usuge. |

There is evidence thut the syndrome is not a single discuse en-
tity. At leust three different infecticus agents have euch been shown'to

be ctiologicelly reluted to certein smull groups of cdses. Those are the

psittucosis group of viruses, Rickettsis diuporicu, and & virus infuctious
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for the mongouse. Additionui infectious agents have been suggested us
posscbsing & causel relutionship to other cuses although the cvidence upon
which thesu suggestions hwve been bused seens insufficien£ to permit of
crilical asscssment.

A compr;h¢n§ive study of primary atypical pnehmoniu wus begun in
this hospitul one yeur &go. The primery objoctives of the étudy were two-
fold; firstly, u detuiled stuay of all the clihical manifestutions of the
illness, und secondly, un investigution of the nuture of the infectious
egents responsible for the syndrome. During this ycar 112 puticnts were
aduitted tu this hospitel with ncute respirutory diseuses. Of these putionts f
80 were found to have primury utypicel pneumeniu. Specimens obtained from
these putients cuhstituted the suurce matoriul fur the lgborutory studies.
in rcdition, spuciiens were wlso obtained from zll petients with the syn-
drome in uther hospituls, both civilien and militery. All specimens have
been stored at -70°C. unc cunsequently are cunstuntly wvuilable for study.
This large library of potentially infectious svurce muterial hos ulreuay
pruven of groeut velus.

~ The laburutory studies were facilituted by funds made uveilable
through & contract be;ween.tho Uffice of Scienﬁific Research and Déve;ap—
ment und The Ruckefeller Institute. Cumplete luborutories end animdl quart-
ers suituble for the study of virus diseuses were fitted cut and speciully
. squipped for this investigation. Additionul technical ussistents were
kenguged.

Clinicel studies. As « result of the detailed studies of 80

patients with primary utypicul gmeumunic it wes pussible to furmulate &
fairly uccurate clinical plcture of the syndroume. The illness uifferecd

strikingly from the bucteriul gnewsvnius. The clinicul histury, physicul
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examination, chest x-rey, and clinicel course had but iLittle in common with
those encountered in the bacterizl pneumonias. The most cormmon findings wéré
fever, relative tradycardia, cough, heudache, slight glteration in the phys-
icul signs over the chest, definite x-rey eviceﬁce of consolidution, a
norusl leucocyte count unc normul urine. Four characteristic observations
were common; (1) the patient seloom tppeured as ill ns the chart would leed
one tc expect, (2) the pulse rute wus scldom 8 rupic &6 the temperature
would indicute, (3) the plhiysical cxuminetion rurely suggested thut consoli-
Gution of the extent demonstruble by X-riy was presont, and (4) the clinicul
soverity of the illness wus often uareluted to the extent of pulmonery in-
volvunent.

an énalysis of the clinicil dute reveuled the following evorage
findings; {uver persistea for 10 duys wnd reuchcd.103.5°F., the pulse rete
was <3 oeets per ninute SLQWur thun the tempoerature indiccted, the respira-
tory rute wis 25 per minute, lsucocytes were. 7,800 per cu. ma. tnd the
erythrocyte sedimentution rute wus 38 mm. per hour; In 75 per cent of
instences the consolidution occurred in the lower lobes, wnG more coumonly
on the left thin the right side. In 70 per cent of instences only one lobe
was consoli&ated. Evidence of beginning resciution of the pneumenic process

could be discerned by x-rey on the 10th cuy but complete rescluticn did not

. veeur until the 4i7th Gey. Cumplicaticns were uncommon, ulthough recrudes-

cence of fever wes noﬁ infrequent. Either extenslion of the consulication or
recurrcnce of it uccurred in some cuses. Pleuriﬁis wssociated with smull
cullsctions of fluid and & nild furn of meningismus, or trunsient cncephul;tis,
eunch vecurred in wbuut 5 per cent of cuses. Slight splenumegely, arthrulgia
and transient alterations in tho electrocardisgranm wore euch found in soue

czses. This group of unusuzl phenuiena icé to the hyputhesis that the
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syneroae might in certuin instonces be ussuciated with ¢ generalizea infec-
tion. ocuilviawdide chemotherupy sceizeé nut to ulter the clinical course of
the illness. The mortelity rote wus zeru.

Biuchemical stucies on primury stypical pneunvnia (Emerson, Houg-

lund, Curnen, iirick und Ziegler). Through the cooperhtion of other services
in the hospital numervus biochemical stuuivs were curried out on selected
patients. It wus found that the icteric indices, proturombin levels, serum
002 end serum chloride levels were within normel limits. Plasmé carotene
and vitumin A levels were reduced but only to an extent commonly encountered
in meny other uscute infectious diseuses s well. Plasma g amino acids were
within normal limits and chluride balance studies indicatec that there was
no striking wbnormelity in chloride metubolism. These lutter findings ere
notuworthy since they serve acditionelly to cifferenticte this syndrome from
thosc usseocluted with the bacterial pneumcnies. As 1s well known, the
plasma g amino acia levels are cefinitely roduced in bacterial pmeumonia and
chlorice metubolism is distinctly abnurmal in most cases.

Bacteriologicul studies on primery atypicsl pneumonia (Curnen,
Mirick, Ziegler, and McCarty). The bucterial flora of the nose, throat and

sputum was studied in each case and an'effort wes made to obtain both quali-
tutive and qunnfitative data. The spute usunlly contained relatively feow
bacteria'and in no instance wus it possible to determine the type of pneu-
mococcus by the direct Quellung technique. However, by mouse inoculation

one or another type of pneumococcus was obtained from 60 per cent of the

.sputa. It is noteworthy that neither Type I nor Type II Pneumococcus was

isolated. The Qistribution of pneumococcus types was not dissimilar to
that which has boen found in the throats of healthy individusls. B hemolytic

streptococel, heuwolytic staphylococci and H. influenzae, though occasionally
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found were not encountered with sﬁffibient frequency or in numbers sufficient
to make them secem of etiological significance. None of the strains of H.
influenzae isolated were smooth and none could be typed. Numerous other
species of bacterial micro-organisms were also isolated from speciméns ob-
tained from the reSpirutory tracts of patients. All of these organiéms
are known to be present commonly in the upper respiratory tract of healthy
persons. In no instance was any evidence obtuined which suggested that any
of the bucterial species isolated-were causully reluted to the illness.
Blood cultures were done on &li patients and none showed bacterial growth.
Moreover, pleurul fluic and cerebrospinal fluid obtained from patients

fuiled to roveul the presence of bucteriz on culture.

berological studies on primury atypicul pneumonia (Horsfall,

Thouns, Curnen, mirick and Ziegler). Acute phuse und convulescent sera from
patients were tested for the presence of antibodics against a number of
viruses known to be capcble of inciting acute respiratory disease in human
beings. The agents selected for these tests were, psittacosis virﬁs,
lymphocytic choriomeningiéis virus, influenze A virus, influenza B virus and
swine influenza virus. In no instunce was a significant increase 1ﬁ specific
antihbdies against any of these viruses demonstrable duriﬁg convalescence

of putients admitted to this hospital.

Acute phase and convalescent sera from pationts were also tested
for the presence of the so-culled C recctive protein. It will b;‘reqallad
thut notubly in pneumococcus pneumonie but also in other acute infectious
diseases there is present in the serum ¢uring the acute phase of the ill-
ness en abnormal protein which has the peculisr property of reacting with
the C or somatic polyseccharide of pneumococcus to form & precipliate. It
was found that this protein wus almost invariubly present in the acute

phuse sere of patients with primary atypiccl pneumonis and thet it disuppecred
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during early convilescence.

In the course of certain serolqgical tests a peculiar znd unex-
pected phenumenon wus encountered. It wus found thut approximutely 35 per'
cent of patients with primery ctypical pneumcnia weveloped in their serum
during early convalescence the caprcity to fix complement with a wide varlety
of acpperently ﬁnrelated tntigens. The cunvulescent serum in high dilution
of some patients reccted with meny cf these untigens zlthough the acute phuse
serum from the same pztionts did not. Similur reesctions were not observed
when convalescent sere from other ucute infectious cisenses, either of bac-
terial or virus etiology, were tested. The reuction could be demonstrated
with antigens preperec frem a variety of argdns obtuined from & numbér of
unreluted species anc it is not yet upparent what compunent common to these
antigens wmay explain the phenomenun. In general, tissues intectec with
one or uncther virus proviced more wctive untigens then dia normal tissues.
This phenomenon seriously complicates the interpreétatiun of cumplement fixe-
tion tasts)in this syncrome. uaoreover, it serves to cast sume doubt on the
significance of certain studies which have been based wholly or largely upon
the results obtzined with the complement fixation technique in this illness.

Etiological studies on primary atypical pneumonis (Horsfall,
Curnen, Mirick, Thomas, Ziegler). Specimens of sputum, throat washings,
plasma, pleural fluid ;nd.cerebro-spinal fluid obtained during the acute
phase of 11ineés from & number of patients with primary atypical pneumonia

were tested for the presence of infectious agents. In nmumerous instances

these specimens were inoculated in mice, guinea-pigs, hamsters, rabbits,

cotton rats, white rets, hooded rats and monkeys by a variety of routes
including the intranasal, intrutracheal, intraperitoneal, Intravenous, sub-
cutaneous und intracerebrel. Muny specimens were &lso inoculeted in chick-

emtryos of various sges by the following routes; intre-.
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allantoic, intraamniotic, and on the chorio-allantoic membrane. oerial

passages were carried out in all species with the exception of monkeys. In
no instance were obvious signs of infection produced which could be repro-
duced on transmission in series. Indeed in only two of 21 sputa tested wus
pulmonary consolidation produced repeutedly in cotton ruts following prim-
ury intranasal inoculation. However, it was not possible ln either instence
to reproduce this lesion on serial passuge in this species despite many
varistions in experimentul procedure.

Although no obvious signs of infection, transmissible in series,
wero encountered in any of the species tested, it wus discovercd that ani-
mals inoculeted with certain spocimens or with passage material derived
from these specimens subsequcntly‘developed in their serum, antibodies which
were cupable of specificully nsutralizing a heterologous virus. This hetero-
logous virus was pro&iously shown to be present, though lutent, in the lungs
of many apparently heulthy mice and hus been termed "pneumoni: virus éf mice".
Becuuse of this unexpected observation that animels inoculated with speci-
mens obtained from cases of primary atypical pneumoniu produced antibodies
which completely n;utralized large amounte of a heterologous viius derived
from the lungs of mice, the possibility arose that there might be in the
agent recovered from patients and in the "pneumon;a virus of mice" minor
common antigens. Ildoreover, if such un acéidental antigenic relationship
actuslly exlsted, means would become available Qf detecting the presence of
the humun agent even though it wers not capuble of producing obvious signs
of infection in availuble wunimul specles. This hypothesis has proven fruit-
ful und has mede pussible the developuent of’ererimental procedureé, based
tlmost entirely upon specific immunologicel tests, by weans of which cert;in

characteristics of the human ugent have been defined.
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Evidencé has veen obtained which incicates that 15 streins of a
virus huve been rescovered from specimens obtuined from a total of twenty-two
putients. Two struins were recovered frou throat;washings, eight from g, uta
and five [row citrated piusma. all 15 strains eppeered to possess minor
sntigenic components wlso present in the heterologous pneumoniz virus -of
mice, hereinuiter referred to as PVMi.  Although none of thesc struins wuas
cupudle of proaucing obvious signs of infection on serial passuge in eny
enimcl species tested, neverbheless, immunologicul eviuence has been ob-
teined thut the ugent could be pussed in series in both chick embryos and
cotton ruts. It could clso be pussed serially in chick embryo solld tiusue
culture, was untigenic for rabbits vna crused an inuppurent infection in
mice. The virus was filteruble through Burkofeld V candles, dia not lose
activity «fter sﬁorage ot -709C. for more then eight wonths, withbtoo&'rupid
freezing wund thaewing 10 times, und wis inwctiveted by 56°C. for 30 minutes.

Evidence indicuting the presence of this agent in specimens from
petients with primary wtypicil pneumoniL has been obtuined in e veriety of
ways. CLotton rets were inoculuted und robbits were injected with sputum,
throat-wushings, or plusmu from putients wus well &s with unimel or tisgus
culture passage m.terizl derived from these specimens. Seru obtsined from
these animals before und at intervals uwfter inoculstion were tested for>thb
presence of neutrulizing antibodies zgiinst PVM. Mice inoculuted with
gimilur specimens were subsequontly tested for uctivé immunity ugéiﬁbt in-
fection by PVM.

Une of three fiitered throut washings tested contnincd an sgent
which following serial passage in chick embryos wes capable of stimulating
the production of specific ngutralizing untibodivs &gginst PV in rabbits.

Of 15 ucute phuse plaSma tested 5 were found to countein an wgent which wus

ki -
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cupuable of stimulating the prowuciivn of neutralizing uwntibudlies uwguinst
PV either fullowing intravenous injection of rebbits or intruncsul inocu-
lutiuﬁ of cotton rats. Uf i8 specinmens of sputwn tna une throut wushing
tested by the inceulution of cottun rets 8 sputn ond the throet weshing were
rouna to stinulete the procuctiovn of neutr:lizing antibuﬁieb «geinst PVM.
It shoulu ve pointod cut thet ;urmnl ribbit seru ond nﬁrmul cutton fut
scr.. ¢id not contain untibudices ugﬁinst the hetervloguus mouse virus.

iice which nhed ocen inuvculated intronesully with asuny of ihe
positive specimens were r'vund on subsequent test te have ceveiscpod cetive
immunity «g.dnsc infection by smell but_significant guuantities of PVki. nmice
simiturly incculsted with such speeliens provicusly inccetivatean wt 56°C. {ur
30 mwinutes ur with nogutive bpuciﬁuns feiled to dovelup resist.nce wgeinst
inrectivn with Vi,

When ruvbits were injeoctuw or cotton rots were lﬁcculucaa with
PVid Ltslld it wes found thet this virus stiauleted the production of neu-
treiizing entiboaies ugzinst iisoelf wuch nure quickly znoe in far higher
titor then aiu the humin virus. sioreover, mice incvcwlatec with sublethul
Guses ol PV ueveloped uctive immunity ageinst fur grenter gquuntities of the
uouse virus thun did vther amice which were given the humen wgent. The
quuntitutive wnu temporal aifferences in the munifestutions of immunity pro-
duced by these twu viruses incicated thut wherewus they pussessed untigens
in common they were not untigenicelly iaenticul.

A gamber of struins uf the hunun virus were pussed in series
either in cotton rut lungs or in chick embryos us well as on the chorio-
allun@oic wembrsne or in tissue culture. Hricence for the presence of the
apent in pussuge mutericl wus obbeineu by the aumohstrution uf.nautrﬂliiing
cntibouies against PVd in the sere of incculetew cutbton ruts. The virus wes

capuble of cwusing contect indection in cottun rets os wes shown by the luct
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vhat normal rats placed in the sane cuge with previoubly infected rats
ueveloped in most instances cntibocies ugainst the heterologous mouse virus.
This Cinaing was o oome interest since it seems probuble that the humsn
iniection iilcelt is transmissible tvr contact. f[Histolegicel sections of
iniectea rot sungs unc inlected egg wembranes stuined by the Giemsc method
anu lmpression Iilms stuined by the mucchiuvello or Grum methou falled to
reveal the ﬁraScnce of elementury nouies, inclusion bodies, Hickeitsice or
bucteria. |

The fuct that the agent recovered from current ﬁases of pﬁimary
atypical pneamgnia agpearcd Lo possess antigenic components «lso present in
the pnewnonia virus of mice surved to confirm unpublished experiments
curriced out {jjorsfeil) in the Luboretorizs of the Internutionnl Heulth
bDivisicn o1t The hockeleller Founuabidn auring 1939. At that time it wus
round that rubbits immunized wilh chick cmbryo tissue culture pusstge muter-
iui uerived from ¢ Berkesi'vld V filtrate of « throwt wuashing ouwained rrom a
prtient uigh primary alypicel pnoumonis proaucea wntibodles cupubls of
Specificux;y neutratizing rvu. 1t scems of significunce to polnt out that
this particulur iiitered throut wushing, studied 3 yeurs ago, wus &lso the
sowrce of the first recovered strain of tha umongoose infectious virus. In
the iight or the present findings it wus considered or importance to restudy
this latter agent. 4 suspension of Intected mongoose lungs whichjgﬁ,béen

. .

stored at -70°C. for over 2@ years wus available. It‘waa found thet the
agent present in this suspension could be pussad in series both in cotton
ret iungs and on the chorioulluntoic membrane. doreover, cottoﬁ rats inocu-
lated with passage meterial produced neutralizing antibodies against PVM
indicating that the mongoose infectious virus also pussessed antigonic

components present in the virus of wouse origin.
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Although these studies suggested that the agent recovered from cur-

rent cuses was similar to the agent recovered from other cases three years
ago it was of importunce to determine whether following atypicel pneumonia
there occurred in human beings o specific antibody response to this égent.
Neutralization tusts with patients! sera and the human virus were difficult
to devise since the virus foiled to produce signs of infection on passuge
in availeble animcls. However, advantage was taken of the fuct that one
sputum known to contein the agent produced pulmonury consolidation on
primary inoculution in cotton rats, though it did not do so on serial pas-
sage. When mixtures of this sputum and either acute phase or convalescent
serun from patients with atypical pneumonia were inoculuted in groups of
cotton rats, it wus found thut an increase in sntibodies was demonstrable
in the convalescent séra of 11 of & total of 18 patients tested. It seems
noteworthy thut ell 18 convalescent seru completely neutrclized the cgent.

Convalescent human sera not only neutralized the zgent respons-
ible’for pulmonary consolidation but also neutrélized the agent responsible
fpr.the stinmulation of untibodios'against PVM in cotton rats. Morecover,
rats inoculuted with the human virus prbduced antibodies which neutralized
not only PVM but also the agent in the sputum reaponsible for consolidation
in rats. ’This evidence strongly suggested that pulmonary consolidation in
the cotton rat and the development of antibodies against PVM were the
result of infection by one and the same ugent.

Acute phase and convalescent serz from these sume patients were

‘tostea against many heterologeus viruses some of which wre known to be

capable of inciting scute respiratory diseuses in human beings. In no
instence was s significant increuse ngainst any of these other agents demon~

strable. The availuble evidence suggests that the uongouse infecticus virus
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which eppeared to be etiologicelly related to certain ceses of primery abypi-

cal pneumonia sﬁudied in 1939 is reluated antigenically to the heterologous‘
virus of mouse origin, the "pneumonia virus of mice". Since &ll 15 strains
of the agent recovered from current cases of atypical pﬁeumonin appear also
to be antigenically related to PVM, it seems reasoneble to think that they
&re either identical with the mcngoose infectious virus or are very closely
related to it both in untigenic composition and biologicel characteristics.
iloreover, serologicul studies carried out with current cuses indicute that
in @ lurge proportion of instances there was & demonstrable increase in
antibpdies ugainst the human virus during convalescence. This is strong
evidence that the agent actuslly hud produced infection in these patients
end suggests thet it ney have been causully relzted to the illness.

Most surprising perhaps wuis the fact that in some cuses the
ugent wus recovered from the plusme. This indiceted that‘tha infection was
not confined to the respiratory tract but instead wes in certain instances
generslized. It is well known thut in almost all virus diseuses in which a
systemic infection occurs, the immunity which follows su#h illnesses is
persistent. By analogy, it ulso seems possible.thut in primary atypical
pneumonis immunity may be enduring. In this connoction it may be of in-

terest that so far ©s is known, there have not yet been reported instances

of two attacks of this syndrome in one indlividusl. If, as seems possible,

immunity foilowing this infection does persist in time, the implications

in relation to the possibility of developing effective prophylactic-measurea
ere obvious. Experiments designed to test the feusibility of actively
immunizing susceptible unimals using infected chick embryo materisl as a
vaccine are now under way.

Mumerous attempts huve been mude to devise a rapid und reliable

]
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seroloéical test for the prescnce of antibodies against the human virus in
order that an eticlogical diaénosis could be made more readily. Although
some suggustive preliminary results huve been obtained by meuns of a care-
fully controlled complement fixction technique there are as yet insufficient
detsa to indicate that this procedure will actuzlly serve to be useful in
solving the present‘diagnostic problem.

Studies on the interference phencuenon (Ziegler, Mirick and
Horsfall). It is well known that certain viruses sre cupable of rendering
an infected animal insusceptible to infection by & second and scmetines
entigenically unrelated virus. This is termed the interference phenomenon.
andrewes hus recently reported thet & neurotropic strain of influenzu 4
virus and the parent pneumotropic struin from which it wus derived were
capable of reciprocclly inﬂerfcring with each other when tested in tissue
culture. The possibility thet influenza A 2nd influenzs B viruses, which
do not possess common antigenic components, might interfere reciprocally
with each other in the chick embryo seameé worth investiguting, particu-
larly since it was considered possible that one or the other might be
capable of intorfering with the virus recovered from current cases of pri-
. mary atypical_pneumonia. thould the lattor phencmenon be demonstrable ;
metns would become available of testing readily.and rapidly not only for the
prosence of the human virus but also for antibodies ugainst it. It has
beun .found that influenzu a virus sctunlly does interfore in chick embryos
with éubsequent 1nfect;on by influenza B virus. ©Similurly, it has been
found that influenze B virus in the chick emtwyo interfervs with subsequent
infection by influenza 4 virus. Smell quantities of either virus inoculated
in chick embryos are cepeble of rendering such embryus almost if not en-

tirely resistant to subsequent infection with the other virus even though
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very laurge amounts of the latter are given.

So far it has n&t been possible to demonstrate conclusively that
the virus recovered from cases of primury atyplcal hneumonia is cepable of
interfering with the infcction of chick embryos by either of the two in-

# tluenzu viruses. However, it hus been found that the humen virus possesses
the capucity of interfering in mice with subsequent intection by the pneu-
monia virus of mice. The avuailable svidence indicates thut this is un
adéitional instance of true interference, even though there exists an anti-
genic relationship between these two viruses, since when they are both
inoculnted simultancously the phenomenon still is repeatedly demonstreble.

Anticens of the Flexner group of dysentery buacilli (Goebel,

Binkiey and Perlmen). Epidemic dysentery among members of the armed f&rces
and civilian populetion is at present & problem of specisl concern to
public heslth officials and to military authorities. Since the outvreak of
the world conflict c¢linicel bucillary dysentery hus be;n'controlledAlargely |
through the use of the newer sulfonamide drugs. The probiem of procuring
an efficacious prophylactic agent for the prevention of the disease among
closely grouped peoples where the general sanitury conditions cannot be
adequutely controlled, hus not been effectivelx solved. The reusons for
this are manifold. There is no wesurance thut the immunization of humané
with‘sﬁspensions of dead dysentery organisus will prevent the disease. The
use of such vaccines is dangerous due to their great toxicity and the re-
actions to which they give rise. Furthermore, the number of different types

of enteric organisms which can csuse the disease 1s considerable and any

effective vaccine must include organisms of w«ll the known types of dysentery.
Dysentery bacilli isolated from the stools of patients in the j

epidemics studied in this country during the past few years belong for the
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most purt to the Flexner group although Sonne, Newcastle, and Sehwitz in-
fectiuns are frequerntly encountered. The mure virulent Shige bacillus hus
been acmonstrated only infrequently us the causel agent of dysentery out-
brecks here in‘ our temperite zone.

There are sume nine well dcfined types of orgunisms in thc;
Flcxncr.group. These typus urce interrelated immunolngically wnd it is
currently believed thit this relutiunship can be attributed to u.ccmMUn
sntigen., The indivieuw:l specificlties e#hibited by wembers of this group
arce thought to be dus Lo un wdaitiuvnel specific antigen peculizr Lo ewch
serolugicul type.

We have uncuertoiken a study of the entigens of the Flexner purt-
Cysentery group with the ulbiluete objective of using these substunces us
immunizing wgents four the prevention of the diﬁeasé in men. Vie huve chusen
the V strain {Buyc I) for study beciuse of the broec serulugicai crussing
which this strain cxhibits witn other auabers of’ the Flexner group.

The antigen prepured with alethylene glyeol: &. Prepuration of

the untipen from the V strain of Shige peradysenterise (Fiexner). The type

specific antigen of the Flexner V strain can be ubtained in erude form by
extrgction of the orgunisms with diethylene glycol following the technique
used by Morgan. Further fracfiunation by various progedurea has yiilded

a sufficient quantity of & highly purified muaterial to charucterize end to
learn much of its immunologicsl und chemicel properties. We are fortunate

in haVing at vur céisposzl the modern technigues of electrophoresis und the .

.phctometric quantitative precipitin titration which have buen used very

¢ffectively in following the purification of the antigenic fractioms. 1.6
gus. i the specific antigen, derived from 300 gms.of dried dysentery
orgunisms, has been obtzined in neerly purec form. The following is &an

account of the chemical end immunological propertiss of this materiul.
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b. Properties of the entigen. The specific antigen of the V

struin of'paradysentery vaciilus is a carbohyarste-protein-lipid complex
containing 4.5 per cent nitrogen, l4 per cent bhospholipid, and approximately
60 per cent carbohydrate. When exuuined by electrophoresis-ihe antigen is
essentially pure. The substance is powerfully antigenic in rebbits. Three
intravenous injections of %0 micrograms each on alternate days suffices to
evoke potent précipitgting and sgglutinuting antigera in rabbits. The intra~
derncl and subcutencous routes of inoculution nre equully cffactive in
giving rise to antibodies.

The purified entigen is highly toxic, about 1000 microgruaus
suffice to kill both rzbbits and mice. On the basis of body weight the
rubbit is one ﬁundred times umore susceptible thun is the mouse to the toxic
action of the antigen.

We have wccumuluted . greut deal of evidence which indicates that
toxicity is &n inherent quality of the antigenic molecule and that its toxic
properties cunnot be attributed to un accompanying substance which is seper-
cble by chemical fructionation. Nor can the toxicity be attributed to the
phospholipid constituent for when the latter is removed, neither the pre-
cipitability, untigenicity nor toxicity of the resultunt carbohydrate-
protein complex is ultered.

Proliminery sttempts to alter or impair the toxicity of the anti-
gen by chemical means have been made, but thus far without success. Deemin-
ation of the protein constituent with nitrous acid fuils to destroy toxicity
nor does treﬁtment with formaldehyde. Substitution in the tyrosin moleccule
with diazonium salts likewise does not impair the toxic pfqpaﬁties of the
antigen nor do mild oxidizing agents. The toxic antigen is singularly

resistant to chemical manipulation und only dr.stic procedures appeur to

T e R



L]

169

destroy its toxicity and at the same time its capacity to elicit santibodies.
Because of the differential between the immunizing and toxic doses in exper-
imental eanimuls we aic of the opinion that the entigen us such muy be safely
used as u prophylactic agent und we are prepuring to conduct cxperiments on

human beings with this end in view.

c. Isolation of « type specific polysccchuride. Thes extraction

of the V strain of dysentory bacilli with diethylene glycol yiclds not only
the phoupholipid-earbohydrate-protein complox but ¢« second immunologicully
uctive constituent ws well. The latier has been identifiéd as & polysecchear-
ide ond is highly rcactive in homologous antiserum. This polysuccheride con~
teins nitrogen probubly huxostmine nitrogen and tlthough specificully rsuc-
tive in high dilution in V cntiscrum, it feils to evoke antibodies or tb
exhibit toxic properties when injected intu r«bbits and mice. It is ve-
lieved thut the polysuccharide is identicsl with the cerbohydr:ite moiety

of the untigenic complux und mey occur frce and uncbmbined in the bacteriel

cell.,

Prepurations of the cntisera by tryptic digestion. The extrac~

tion of dysentery bacilli with diethyldne glycol is not the most efficient
means to procure the type specific untigen. Cells which have been extracted
with this solvent yield on tryptic digestion large amounts of an antigenic

and serolegicelly reactive pmoduét. This material is toxic and evokes

" specific precipitins and ugglutinins when injected into rabbits. Frection-

ation-of the substance yields two maujor products which ure essentially pure
when examined by electrophoresis. OUne fraction is & non-nitrogenous end
non-toxic polysaccharide which is immunologically inert. The other is a
toxic protein-curbchydrate complex, free of lipid which evukes in rabbits

type specific sgglutinins «nd precipitins. The lntter substance has both
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chemical znd immunological properties which lesa us tu believe that it is
very similur to the type specific antigen obtained by diecthylene glycol ex-
traction. The tryptic antigen is less toxic than the latter, however, and
when injocted into rabbits evokes precipitins und wgglutining. The unti-
bodics are nol quuiitatively nor quuntitatiyely icenticul with thouse evoked
cither by the untreuted cells or by the diethylene glycol Qntigen. It is
our upiniun that the antigen obteined by the‘enzymutic procedure reprosents
a qegradation product of the naturzl wntigen in which the phuspholipid has
been removed by the lipuse or crude prepuration of the trypsin cmplo&ed and

in which the protein muiety hes becn purtially degraded by hydrolysis.

Antigcnicity end toxicity of the V strein sntigen. As puinted
sut cbyve, toxicity sppeurs te be wn inherent qu%lity of the V strein cnti-
gen. The most convincing eviaence in suppert of this view 1s the fact that
u lysogenic (VK) strain of the purent orgunism obteined by secondury growth
from phuge lysates fuils to synthesize any trace of the type specific toxic
antigen. The organisms themselves exhibit no toxic properties when injected
inﬁo experimental &nimals. Quentities &s great us 30 mg. can be given to
mice intraperitoneally without effect, whereus 1 mg. of the parent strain
kills. B | |

When the spocific antigen derived from the V strainm is adminiaterod%
intradermelly in rabbits in amuﬁnts of 2000 microgroms (two lethnl doses by |
the intraven.us route) the aniumels do not die. However, there is consider-
able locel reaction characterized by edeme, hemorrhage and central necrosis.
This lesion persists for some ten days. At the end of this periodlthe sera
Qf.such animals contain & high concentration of antibodies.

If the animels ure reinoculated at the end of the ten day period,

the dermal reaction is much more intense than at first, The freshly inocu-

/
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lated urea shows far greater indurution and necrosis than the originul.
Furthermore, the site of the first arca flures up znd the reaction persists
for seversl days.

‘Lie wifects of subcutaneous inoculation of this antigen in rub-
oits is less dramatic. When <020 uicrogrums wre injected, there is no
locelized reaction. Taere 1s & systemic reaction in the form of genersl
nalaise und & trensient rise in temperature. On subseQuent'inoculution
these phenomenu do not menifest themselves. The animels immunizad by this
route develop in their scrum poworful specific agglutinins end precipitins

in high titers.

Iscolution of & polystccharide from the lyuogenic (Vh)‘str&in.
The tryptic digestion of the orgenisms derived from T culturés of the
lysogenic (VR) struin followed by chemical fractlonation of the digest feils
tu revesl any trace of the tyée specific antigen. Furthermore, the VR
organisms do not agglutinate in'vvantiserum nor do the V organisms react in
anti VR serum. From the enzymatic digest of the VR strain u polysacchuride
hes been isolated which conti.ins neither phosphorous nor nitrogen, and which
possesses no immunological activity. The significance pf this substance is
not known. It appears to be identical with the inert polysagcharide isola-
ted in larger quuntities from the tryptic digest of the V strgin ainée both
substances have identical specific rotations and yleld the same percentage
of reducing sugars on hyarolysias.

Immunologicel relutionship of Shiga paradysenteriue. As indicated
previously in this report members of the Flexnor group are immmologically

interrelated and it is believod that their serological crossing can be
attributed to at lexst one common antigen, whorees their type specificities
are caused by an additional specific untigenic constituent. Even the moust

mocern work, that of Boyd in Indiz, has not m&terially moGified the hypothe-




sis propouncded by Inmens end Andrews over twenty years ago.

During the past few months we have prepared in highly purified
form the antigens from Flexner Z and Newcustle strains. Tﬁese substunces
are analogous to the antigen derived from the V struin 1.e., they sare
lipocarbohydrate-protein complexes which precipitete in homologous antiserum.
The entigens exhibit serological crossing in the sera of rabbits immunized
to other Flexner typus. When measurcd quentitatively by the photomciric
method the extent and degroe of crossing is almost identical with that
obsurved by the agglutinution reaction of heat killed organisms. CUross
absorption exporiments with the pure V end 2 polysucéharides end their
ruspsctive antiscru.ahow a reletionship which is exactly enulogous to the
cross resction of Types ILI and VIII pneunccoccus. For example, when V anti-
seruls is wbsorbed with homologous polysucchuriae, voth precipitins and
ugglutinins for the homnloguus und heterologous untigens cre removed. When
the sbsurption is curricd out with the heterologous Z polysaccharide, the
homologous antibodies remzin end only the heterologous agglutinins und pre-
cipitins are removed. Since these cell free antigens represent pure or
nearly pure chemical entities, Lt scems not unlikely that their immunological
crossing and that of the orgenisms from which they are derived is not caused
by & multiplicity of antigenic constituents but mﬁy be attributed to sim-
1larities in the chemical constitution of the polyseccharide portion of the
respective bac;erial antigens. We hope to estublish this hypothesis by more

extensive work and tu explein the immunologicul relutionship of the orgtnisms

" of the Flexner group strictly on the basis of chemical similurities of the

type specific antigens.

Studies on the bactorisl flora in scute respiratory diseuases

(5tillman). In the lnst panoemic of influenza the high mortality rate was




largely due tc the frequent occurrence of highly fatul pneumonias coused
by pathugenic microcrgunisms which the patient had newly acquired c¢r hap-
pencd to be carrying at the time in the upper respirutory tract. These
oppurtunistic pathogens, notably the various types of influenza bacilli;
hemolytic streptococci, und pneumococci, ere ulso frequently found us
secundury inveders in the purulent ccumplications associcted with the common
coid. If infiluenza &nd the common cold wre in fazct due to virusea, it seems
not unlikely thet these primary sgents may so clter £he defense reections of
the patient us tc permi£ secondury invusion by microorganisms which can be
carried with impunity by the healthy individual for considereble periuvus of
time. If this hypothesis is correct then the bacterial pneumonias.&ﬁd the
éuppurativc lesiuns Gescribed ubove must be regurded not as primary diseasés
but us secondery complications of the initial virus infection.

In a study made in 1920-21 on the occurrence of H. influ.nzue
in cases of pneumcccccal lobar pnewaonia, this orgunism was isolated from 85
per cent of the putients studied. Although hemophilic beeilli are only
rarely present in nasal cultures from healthy individuals, they have been
found in similar cultures in 23 per cent of cases of lober pneumuhia. At
the time these studies were made the uifferentiation between the encapsula-
ted () und the non-encapsuluted (k) forms of this group of orgunism had not
been recognized und no serclogical classificativn of spécific types hec been
deyelopad.' When it was found that & large number of patienﬁs with atypical

(virus) pneumoniu also harbor in their nasopherynx H. influenzze our in-

terest in this orgenism was reawakened, particularly since it is now

‘pOSSible by means of ilmmune sera to classify strains into known specific

types. Type specific immune sera have been preparec by the immunization

of rabblts with stréins of H. influenzae of known specific types. A study




174
of the bocterizl flors of patients suffering from various mila upper respir-

atory disesses is being continued with the hope thit the results may serve

as o vackground in the event of un epicemic of respiratory infection of virel

origin, complicated by secondury bacterial invesion os occurred in the last
pencemic of inrluenza. Special attention is directed towerd the occurrence

of type-specitic strains of H. influenzce.

Studies ore now in progreés on experimentcl pnewnonia induced
in mice by the method of inhulaution which simuletes more closgely the naturel
pathway of infection. It has been found that pulmonery consolidation

occusionelly ocecurs in mice sprayed with H. influenzue follcowed by inhalation

of pneumococei znd thut this lesion does not occur when cither orgenism is
ussC ¢lone. Experiments are being curried out to uveturmine whether the
combination of these Lwo orgenisms is the esscntiul fuctor or vhether in
essociction together they serve «s u provocetive stimuius to the pneumonia
virus of mice which is known to be hurbored In i iatent state by many

aninals of this species.
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