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INVESTIGATIONS ON THE BACTERI-
OLOGY OF EPIDEMIC INFLUENZA1 

EPIDEMIC influenza has been recognized for  
centuries, now under one designation, now 
under another. According to the exigencies of 
the period it  has had a wide or  a more restrict- 
ed distribution: in early times human transport 
carried the pestilence slowly and over limited 
areas; in modern times, in a rvorld knit closely 
together with frequent and rapid transport, i t  
passes qmclilg- from continent to continent. 

The source of origin of the epidemics 1s still 
under discussion, and it remains for  fuiure 
study to determine mhe:her tlie spread takes 
place from a single focus or from many foci 
of epidemicity. History trace: the outbreaks 
of many epidemics to regions of Eastern Russia 
and Turkestan; but indications are not wanting 
that influenza smolderecl in many endemic cen- 
ters preceding the pandemic of 1918. Which-
ever of these divergent sources of origin proves 
to be the true one, certain undiscovered but es- 
sential conditions must be regarded as combin- 
ing to convert endemic inactivity into epidemic 
spread." 

THE EPIDEMIC O F  1918 

The epidemic outbu~vt  of 1918, which ivas 
of unparalleled severity, coincided with the 
exigenc.es of tlie G1.eat E a r  so that the full 
weight and force of modern methods of clinical 
and bacteriologjcal study could not quiclily be 
brought to hear upon the disease. I n  many 
instances a130 investigatoi*s were further handi- 
capped throngh failure to distinguish the pr i-  
mary infection from the frequent secondsry 
pneumonias of common bacterial origin, o r  were 
prejudicecl in their views by the general accept- 
ance of I'feiger's bacillus as the bacterial in- 
citant of influenza. 

1 From the Laboratories of the Rockefeller 
Institute for Medical Research, S e w  York, N. Y. 

2 Pearl, R., 77. S .  P .  H .  S .  Report  No. 548, 1919, 
xsxiv, 17'44. 

3 Fie-uer, S., SCIENCE,1, 317. 
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Early in  the course of the epidemlic, discord- 
ant  findings cast doubt on the par t  played by 
Pfeiffer's baciZlus as the incitant of the disease. 
The doubt arose through the failure of certain 
competent investigators to fincl Pfeiffer's 
bacillus regularly in  the blood or nasopharyn-
geal secretions of early cases, although, like 
other ordina2.y bacteria it  isas frequently foiind 
in the pneuinoniaj that supervened on  the pri- 
mary infection. This organism was also re-
ported as a secondary irivacler in  other diseases, 
such as  measles, whooping cough and tubercu- 
losis, and occnrred as often in nor~mal throats 
as in the presence of respiratory infection. 
Snbihodies against Pfeiffer's bacilln.; Rere not 
found, or could be demonst,rated only with 
puzzling irregularity in the blood of recovered 
influenza patients, and  serological variations 
among the pathogenic strains were so g:ea'c 
that no singlc type coulcl be identified as  com- 
mon to the majority of cases, although the 
rapid spread and common character of the epi- 
demic ~vjulcl postulate a single incitant. Final-
Iy, vaccines containing Pfeiffez's barillus ancl 
other ordinary bacteria cannot be saicl materi- 
ally to have affected the incidence of influenza 
among those vaccinated. Apparently a certain 
protection against the secondary pnenmonias 
could he effected by their use.'$ 

Simila~.ly, studies of other common bacteria 
(such as 2Iicrococczrs cntar~izalis ,or  organisms 
of the streptococcus or pncumococcus groups) 
frequently Pound in the na3opha~gngeal secrr- 
tions o r  pathological exudates cf inflnenza vic- 
tims, failed to discover the primary infectioni 
agent i n  the epiclemic disease. 

DEFINITIOS OF EPIDEMIC INFLUESZl 

The bther factor contributing to the confn;ion 
that existed during the early periocl of the €pi-
demic was a frequent failure to recognize ia- 
fluenza as a epecific primary disease, and to 
relegate the vario~ls bacterial pnenmonias that 
developed in influenza-injured Itiags to the r61r 
of secondary infections. Unless this distinction 
was clearly recognizecl, and the influenza1 in-
citant songht only in the early hours of the 
disease, before it was masked ancl perhaps conl- 

4park ,  w, IS,, Jour. Iqnmun., 19") vi, 103 ;  
xccoy, G. \lr.,A W ~ T . Xed. 1919,doul. Assn., 
lxxiii, 401. 

pletely supplant'ed by associated organisms, 
IittIe hope could be entertained of its reeove1y. 

It, ii; therefore impoi-tant. to define epidemic 
influenza ia !its ea1.1y stages, before secondary 
infections oi)scure its specific characters. Our 
investigations vere based on  the uncomplicated 
disease within 36 hours after onset. Un-
complicatecl epidemic influenza is usnally a mild 
affection. On the fringes of a n  epidemic it is 
not always easy to make an assured diagnosis 
from other indefinite ailnlents of the upper 
respiratory tract. I n  the midst of a n  epidemic, 
hornever, when many similar cases may he seen, 
its manifestations are wore obvious a11d uni- 
form. The onset is usually sudden with a chill, 
or chilly sensations, and fever. FIeadache, 
frontal or general, develops, wit,h pains in  the 
back, joints and extremities. I n  the severer 
cases the prostration that accompanies these 
sgmptonl<, forces the patient to bed. The eyes 
become :.inilnlnetl and be~ihitiv~to 'light,. The 
face is suffused; the throat edematous and raw, 
a thin irlAitat,ilnmg secretion flows from the nose, 
and the progress of the infection is denoted by 
hoarseness and a dry and distressing bronchial 
cough. Examination of the c.hest, however, re-
veals no certain signs of lung involvement. 
Other organs are not usually ob~riausly affected. 
Pulse and respiration are only slightly accel- 
erated. The temperatnre remains fairly con-
stant, between 101.5 to 103" F. f o r  two to four 
days and 'then, after a 'profuse perspiration, 
it falls rapidly to normal with the onset of con- 
vnlescence. 
;i pecnliar feature of the dise,ase is a n  early 

drop in the circulat,ing white blood cells to less 
than 5,000 cells pe? cubic millimeter. This 
diminution may per& through the acute stages 
of influenza and into convalescence. The mono- 
linclear cells are  part,icularly affected, but con- 
valescence mag witness a compensatory rise 
aboi-e the normal. 

The duration of uncomplicated influenza is 
usrislly one to thl~ee days; in  the severer cases 
four to six clays. When symptoms persist be- 
yond this period a secondary pneumonia or 
some other sequel is to be suspected. 

Variants of the typical- - disease hare been 
observed, with signs and s y m ~ h m s  referable 
to the gastro-intestinal tract, the nel-vous sys- 
tem and the heart. &filcl and aboi*ti~e cases 

http:Simila~.ly
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also occur-cases that may be missed but that 
probably are capable of spreading the infec- 
tion. These patients may experience the typical 
syndrome and show tlie eharac:eristic changes 
in  the blood plcture, but are not so severely 
stricken as  to be driven from their daily tasks. 
The presence of the influenza1 injury is indi- 
cated, nevertheless, i n  an incidence of complica- 
tions out of proporlion to the apparent inno- 
cence of the primary ~iilment. 

The striking features of a n  epidemic, the 
features that give influenza its evil reputation, 
are the rapid spread, coupled with a high in- 
cidence of infection; so that more than half a 
population nlay be attacked i n  the first %are;  
the frequent occurrence of severe and fatal sec- 
ondar y pulmonary infections l o  which influenza 
makes its victims liable; and the recurrence of 
successive waves of diminishing extent and  
sevel<ty until, in  the course of three or four  
pears, the epidemic dies out. 

EXPERIMENTAL INOCULATIONS 

I n  September, 1918, when it  was decided to 
undertake a n  etiological investigatioil of epi-
demic influenza in  the laboratories of the Rocke- 
feller Institute it  v a s  thought fruitless to at-
tack the problenz by the comnlon cultnral 
methods of bacteriology. Animal transmission 
esperiment,~were considered first with a view 
to initiatilzg ail experimental infection of an 
influenza1 character. Among the characteristic 
signs of the hnnian infection, the typical changes 
ill t,he blood picture seemed to promise a meas- 
urable diagnostic criterion. I t  also appeared 
probable illat some patkologieal basis might 
1)e found for  the i 'zil~ing defect i n  resistance 
to secondary infectiolz? which so often opened 
tile way to pneumonias of bacterial origin. 

Tl2e first esperime~lts ;;we nnder.telicn with 
tile unii!:ereii nasophn:-yngeal secretions of pa-
ticilcs r~ i t l i  nncomplicatecl epide~nic influenza, 
as  iliagnosed from the k a i n  of symptoms and 

(Mnraclcs ~ k e s u i )were iound to be unsuitable, 
because of their searcity and the frecluent pres- 
ence of p u l m o n a r ~  infections (especially tn-
berculosis) in  the stocli. These prelitninary ex-
periments served, however, to orient us in  
methods of inoculation. Injections of influ-
enzal nasopharyngeal secretions into the nose 
and throat, the conjunctiva, the circulat~on and 
under the skin produced no distinctive effects. 
On the other hand, vlien the injections were 
~ n a d e  intratracheally into the lungs, the animals 
showed a subsequent decrease i n  the mhite cells 
of the blood, a change affecting chiefiy the 
mononuclear cells. But this suggestive sign 
could not he correlated with local lesions in the 
lungs because of the frequence of pathological 
conditions clue to other causes. Our results were 
essentially different from those obtained by 
Bradford, Bashford and TTilson5 who obtained 
broncho-pneumonia and nephritis under similar 
esperimental conditions. Nor could we culti-
vate from the monkey's lungs or from the naso- 
pharyngeal material the "globoid bodies" de-
scribed by  them or by Gibson, Bowman and 
C o n n o r . V l l e  rabbit was then chosen as the 
experimental animal. 

inoculations thl.ough the trachea into the 
lungs of nortnal adult rabbits of the naso-
pharyngeal washings of patient,s in  the early 
hours of influenza were found to be followed by 
clia~acteristic effects. On the first or second 
clay after injection the rabbits appeared ill, 
x-ilh rufiied fur, conjunctivit,is, and, usually, a 
degree or two of fever. The constant feature 
was a clefinite and often s t r i l~ing numerical dc-
pressioil of the circulat,ing white hloorl cor-
puscles, affecting. chiefly the mononuclear cells, 
which often fell belolr- 2:000 and sonletin~es be- 
lor;. 1,000 per cubic millimeter. I n  the natural 
course o.f ecenls these signs endured for  t,;vo 
or three d a y s a n d  the animal then retnraed to 
normal. I f  the rabbit mas liilled a t  the height 
of the altacii-for in the absence of secondary 

signs narrsted above. These ~ iasopi~n~yngea linfection by ordinary lsacteria none died-an 
secretions, obtai~-iecl I>?; n saline lavage of the 
]lose anc! tliron:, of conrse contained an es-
iecsive bacterial flora. It rvas expected, horv- 
ever, that in favora.l~le inst,ances orclinary Eac- 
leria miglit be suppressed by animal passage 
and that the specific effects of a n  extraordinary 
microorgnnisrn might thereby be revealed. 

Tn a short series of experimeats, monkeys 

ui111.snd pathological picture was discovered in 
the lungs. Tlie respiratory organs alone were 
visibly affected. The 11ulgs were distended by 

2 Dladford, J. R., 13ashforc1, G. P., and  Wilson, 
J. A,, Q u a r t .  J o u ~ .Xed., 1919, sii, 239. 

GGibson, B.G., Bowman, F. B., and Connor, 
3. I., Brit. Z e d .  Jour.. March 28, 1919, 331. 



a n  exudation of fluid (edema) into the inter- 
alveolar ~vaIls and by a large emphysematous 
space due to their rupture. On surface view 
and on cut section they were mottled with nu-
merous large and small hemorrhages in  the sub- 
stance of the lung. Macroscopically, besides 
the edema, ruptures and hemorrhages, a scanty 
cellular exudate of mononuclear and, to a less 
extent, of polynuclea~ cells n-as found. The 
bronchii and bronchioles also were ofcen filled 
with serous fluid and showed necrosis and ex-
foliation of their epithelium. Thus, while the 
lung structure was severely injured and disor- 
ganized in certain areas, there was a comp!ete 
absence of the fibrinous and cellular consolida- 
tion of the lungs which characterizes pneu-
m o n i a ~  of ordinary bacterial origin. I n  many 
instances no o:.clinary bacteria could be re-
covered flwm the lesions either in stained im- 
pression films or by erobic or anerobic methods 
of culrivation. We concluded that the elinkal 
and pa~hological effects incluced by the intra- 
tracheal injection of the influenza1 washings 
-irere independent of the presence of commonly 
recognized microorganisms. 

By the intratracheal injection of a saline sus- 
pension of gronnd lung tissue from a previously 
affected rabbit, the typical syndrome just de-
bcrihecl could be indnced sucoessively in a series 
of animals. I n  one instance 1 5  successive pas- 
sages w r c  obtained before the experiment was 
discontinued. Becaube of the persistence of 
these characteristic effects, in spite of the re-
peated dilntion of the original material between 
passages, me were led to believe that we were 
(lealing isith a self-perpetuating agent; a liv-
i ng ~ i r u sor microorganism. 

I t  was soon founc! that t,he elements of this 
virns mere of such minute proportions that 
they readily passed thiwugh earthenware fi!ters 
impervious to ordinary bacteria. I n  this way 
it could be separated from other microorganisms 
in the nasopharyngeal secretions or in  affected 
rabbits' lungs. The filtered material produced 
the typicai train of clinical and pathological 
eEects in rabbits and so proved that ordlnary 
bacterla weye not involved in the process. The 
lnicroorganisrn was a filter-passer. 

Now although very few filter-passing micro- 
organisms have been identified, the group, in  
general, has certaln well-known chalacters 
~~-1lichthis virus was found to share. F o r  ex- 

ample, although i t  was readily killed by heat 
a t  56" C., i t  was resist,ant to drying or  freez- 
ing, and could withstand the action of 50 per 
cent. glrcerol for  periods u p  ,to nine months. 
IS-hen animal tissues containing it were coa-
taminated by molds o r  bacteria the virus still 
survi~ecl. 

Another noteworthy effect of this aetive 
agent early claimed our attention. When un-
filtered nasopharyngeal secretions from influ-
enza patients were intratracheally injected in  
rabbits, other microbic residents of the upper 
respiratory tract were likewise deposited in the 
animal's luilgs. Ordinarily such bacteria do 
not produce leeions under these conditions, but 
are o.irerpowered by the active protective 
mechanisms of the body. But in the presence 
of the primary injury caused by the influenzal 
agent these bacteria were sometimes able to 
mu,tiplg and cause severe pneumonias. We 
have already referred to the frequency of such 
a train of events in human cases, and the simi- 
larity of these accidental infections in the ex-
perimental animals led to a series of experi-
ments to put  this significant sequence of events 
to further test. 

Thus it was found that a decrease in pul-
monary resistance to such conlnon bacteria as 
the pneumococeus, streptococcus, and Bucillus 
pfei.feri was a characteristic result of infection 
with the filterable virus. I n  some experiments, 
after the lungs had been damaged by the in- 
flaenzal agent, the other organisms were in-
jected into :he trachea, since this is the route 
they are supposed to follow in man. I n  other 
experiments, as a severer test, small doses were 
injected into the circulating blood. Uniformly 
the common bacteria invaded the injured lungs 
and tliere induced a typical pneumonia. To 
the normal lungs of control ailimaLs [he same 
doses of theve microorganisms were harmless. 

One mole effect of the influenzal agent may 
be mentioned here before passing on to itts 
identification. Rabbits a.llo\i~ed to recover from 
a primary infection with tile virus *were found 
to ba immune to a s~vbsequent inocula~ion. 

I n  all, thirteen specimens of the a c h e  
agent rvere recorered from the nasopharyngeal 
secretions of influenza patients in t,he first 36 
hours of the disease. Five strains were ob-
tained in 1918-1919, two during the recurrence 
of 1920 and six i n  1922. During the same 
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periods, three similar transmission experiments 
failed. On the otl.er hand the active agent 
was not obtained from 1 2  influenza patients, 
the onset of ml~ose illness had occurred more 
than 36 hour.; previously, nor from 17 persons 
free from influenza during the epidemic and 
inter-epidemic periods. 

ARTIFICIAL CULTI\'AT'ION 

I n  the beginning of this investigation, while 
the first animal transmission experiments vere  
in  progress, attempts were made to isolate the 
active agent in  artificial cultures. For  this 
purpose ordinary methods of cultivation were 
discarded in favor of the particular methods 
which Dr. hToguclli had de~eloped in the course 
of his successf~rl cnltivation expo'i~nents n ~ i t h  
various highly parasitic treponemata, and with 
the filtereble '+globoid bodies" of poliomyelitis. 
These methods, in turn, were basecl oil the earlier 
esperiments of Dr. Theobald Smith. The Smith- 
Koguchi culture medium consists of sterile 
ascitic fluid or diluted serum, to which is 
added a small fragment of fresh, sterile, tissue 
-usually rabbit kidney. The peculiar attri-
butes of the tissue fragment are not completely 
understood, but i t  seems to combine special 
nutritive or growth-promoting properties with 
a reducing actirity whicll establishes anerobic 
conditions in  the depth of the tube. Tlle choice 
of this medium f o r  the cultivation of the active 
agent of the transmission expzrimeiits proved 
to be a fortunate one. 

I n  November, 1918, certain extremely minute 
but characteristic bodies ?irere observed i n  
strictly aneroble cultures of the filtered naso-
pharyngeal secretions of a n  influenza patient 
in the early hours of the disease. They ap-
proached the globoid bodies of poliomyelitis i n  
size, but were sonielrhat longer in one asis than 
in the other. They stained with difficulty with 
the usual basic dyes and decolorized by  Gram's 
method. That was about all that the sparse 
growths of the initial cultures revealed. Soon, 
however, other cultures were obtained, both 
from the filtered nasopharyngeal secretions of 
other influenza patients and from the whole o r  
flltered lung tissue suspensions of rabbits which 
had been tjpically affected by these secretions, 
a s  has been described. As bhese minute micro- 
organisms were carried through sixccessive gen- 
erations of culture, they became better adapted 

to artificial cultivation and multiplied more 
luxuriantly, so that the cultures could be used 
in animal experiments with unequivocal results. 
These experiments proved beyond question the 
identity of the active agent obtained £]*om in- 
fluenza cases and the bodies obtained in culture. 
Both were derived from the same sources. Both 
were filterable. Both produced identical clinical 
and pathological effects in rabbits, and from the 
pulmonary lesions produced by either, further 
animal passages, or cultures, could be obtained. 
Both, protected by bits of affected lung tissues, 
&hstood 50 per cent. glycerol for  periods of 
months. Both had that curious property of 
damaging the lung in such a way as to lover 
its resistance to secondary inrasion with ordi- 
nary bacteria. It was from this character that 
the microorganism, objectively, received its 
name. We called it Bacterium pneumosimtes- 
a bacterium that injures the lung. Finally, 
conclusive evidence of the identity of the virus 
and Bacterium p~zeunzosintes was furnished by 
a series o i  esperin~ents which showed that  a 
previous infection with either one of these path- 
ogenic agents rendered an animal immune to 
attack by the other. 

I n  many infeotious diseases, the immunity 
conferred by a n  attack i.: associated %;it11 the 
appearance i n  Ihe blood of specific pr~nciples, 
o r  antibodies, which can be demonstrated by 
~erological tests. Our efforts were thereto13e di- 
rected toward the observation of antibodies in  
the bloocl of experimentally infected rabbits, 
and of influenza patients, from which the strains 
of Bacterium p~zcumosintes ultimately had been 
derived. But it was found that cultures of 
Bacterium ptzeumosintes i n  the Smith-h'oguclchi 
medium were unsuitable fo r  serological esperi- 
ments. The sparse growth of the earlier genera- 
tions was mixed with protein precipitate that 
interfered with agglutination and precipitation 
reactions and had antigenic properties that pre- 
cluded its use. It was therefore necessary to 
devise special methods of cultivation, and before 
these methods mere available the first oppor- 
tunity was lost to test fo r  antibodies in  the 
blood of influenza patients and of affected 
rabbits. 

We found later that if the Smith-Noguchi 
medium was enclosed i n  a collodion sac, snr-



rounded by distilled water or physiological ~a!t 
solution, anerobic conclitions were shortly es-
tablished throughout the system and the nu,tri- 
tive ancl grovv~11-p~omotingsubstance of the 
medium diffniiecl tlirongh the menibrane in  auffi-

ty  was finally afforded by a recurrence of epi- 
dealic, influenza in Sew Porli City in  January 
and Febrnary, 1922. 

With material obtained from a numhe:. of 
early cases of influenza in  this outbreak uve 

cient quantities to support a luxuriant g:.o~~~tIi repeated all of the essential steps of the former 
i n  the surronnding liclnid. The protein-pre-
eipitate that collecred around the tissce frag- 
ment retained within the sac. 

Sfhen it  was possible to cultivate Bacteri~lnt 
pneuinosi~ztes by this nlet~hoci in q ~ a n t ~ i t i e s  sui'ti-
eier~t fo r  use, rabbits were repeajtedly injected 
intravenously with small closes of live cultures, 
o r  of heat-killed organisms. After a suitable 
interval, their blood serum Tvas found to possess 
specific antibodies against Bcccte~izun pli,ezd?no- 
sintes which could be demonstrated by agglut-
ination, pyecipitation, complement fixation and 
phagocytic tests. A significant feature of the 
immunological experiments and also of these 
serological tests v a s  the fact that  all the strains 
tested had  similar antigenic properties and re-
acted iclentically with the specific antibodies 
produced b r  any one of them. This is what 
~voilld be expeetcd if they were all derived from 
a common source. 

investigation, so that this seiies of experiments 
served to checli ancl confirin the results of the 
earlier work. I n  brief, from the naso-
pharyngeal rvashings of eight patients in  the 
early hours of uncompiicatcd influenza, the 
pathogenic agent was transmitted to animals 
in  six instances. One of the two failures may 
p o j a l b l ~  be attributed to the Pact that the naso- 
pharyngeal secretions jtooci fo:. 24 hours at  
loom temperature before injection. From these 
aritmal~or their aucceszors, three new strairis of 
Bacterizm pnezwzo~~z~ltes aridx~ere iiolateci, a 
Your~h strain was recoxred by direct eultiva- 
tion fronz a ninth patient whose fiilerecl secre- 
tions were not injected into rabbits. 

Since Ilie clinical and pathological effects pro- 
duced in rabbits by the new strains of the 
active agent appeared to us to be identical with 
those observed during the former epidemic 
waves, it is not necessary to clesodbe them 
again in detail. The new strains of Bucteriurn The development of immunity i n  e ~ p c ~ i m e a -  -

tal animals as a result of previous infection, 
and the appearance of serum antibodies after 
intravenous inoculation of living o r  killed cul- 
tures led ns t,o infer that the mechanism of pro- 
tection against Bucteririnz pnelcmosinfcs does 
not differ from that which comes into play i n  
the case of infections ~v i th  erobic pathogenic 
bacteria. Two important deductions, both 
susceptible of experimental proof, may be 
drawn from this conclusion. 

One has already been ~ilentioned-that the 
immunity conferred by a n  attack might be asso- 
ciated with the appearance of specific protective 
principles i n  the blood. The ather is that these 
specific antibodies might be developed as a re-
sult of prophylactic snbcntaneous injections of 
heat-killed organisms. 

But in  the zhsence of recent cases of influ-
enza, or of fresh, pathogenic strains of Bac-
terium pizeumosi~~tes-(for the strains obtained 
i n  1918-1919 and 1920 hacl become saprophytic 
from long cultivation) we were fo r  some time 
~lnahlero test these hypotliess~. The opportuni- 

pl~ezbczosintes, hen isolated in artificial cul-
tures, also had properties identical with those 
of rhe olcl strains obtained in 1918-1919 a11d 
1920. 

F o r  example, they had the same morphology 
and cultural characters. Tlrey mere filterable. 
They resisted the aciioa of 50 per cent. glycerol. 
They were typically pa.thogenic for  rabb:ts and 
reduced the resistance of the pulmonary tissues 
lo ~econc la~yinvasion with common bactei-ia. 
The new strains were specifically agglutinalerl 
by immune serum made mith the old strains, 
and vice versa. Rabbits immunized bsr intra- 
tracheal injection of the old strains weye sub- 
sequenlly resistant to the new. 

I n  the earlier trailsmission experiments Bac- 
terium ?~ne~~mosin tes  not been identifiedhad 
mith certainty in  microscopic sections of affected 
rabbits' lnngs, but cluring these recent studies, 
by special methods of staining, we demonstrated 
the presence of minute bodies, morphologically 
identical with Ructe,+izcm pneumosintes, i n  the 
pulmonary lesions of six rabbits injected with 



the active agent from 1922 cases of influenza. 
From 'three of these animals pure cultures of 
the organism were subsequently obtained. 

With the 1922 strains of Bucteriunz pneumo- 
siwtes we \yere now able to carry out (the tests 
for specific antibodies in  the blood of recovered 
influenza patients, and also the study of pro-
phylactic vaccination which had long been post- 
ponecl. I11 the first experiments specimens of 
serum from 19 persons ~ h o  had recovered from 
influenza from 10 daj-s to five months previou.;l~ 
and from 22 othey persons who gave no history 
of influenza since 1920 were studied in agglu-
tination tests. The method used was one re-
cently developed i n  the lalboratory of Lhe Rocke- 
feller Institute, by Dr. Noathrop and Dr. De 
ICruif7 that increases the sensitiveness of the 
reaction without impairing its specificity. I n  
the control tests no agglutinins or preoipit,ins 
were fonnd in the serum of 22 persons who hacl 
never had influenza o r  had not ,been recently at- 
Caclred. We concluded that  the blood of nor-
mal persons does noi contain denlonjtrable anti- 
bodies against B a c t e ~ i z ~ mp~zeumosifites. On 
the other liand, the serum specimens from 1 7  
of 19 persons who had influenza during the re- 
currence of 192% specifically agglutinated both 
old (1919) and new (1922) strains of Bacterium 
pnezcmosintes, and in 1 2  of 1 5  sera tested pre- 
cipitins we14e also discovered. 

One of t.he persons chosen as  a control sub- 
sequently had clinical influenza. It was inter- 
esting to find that his blood serum, previously 
negative, contained agglutinins fo r  Bacterium 
pneztmosintes when tested on the tenth and 
eighty-ninth days after recovery. I n  other in- 
stances demonstrable agglutinins persisted in  
the blood for  a t  least five months folloiving an 
attack of influenza. 

The second series of experiments that  were 
made possitble by the acquisition of new and 
pathogenic strains of Bacterium pneumosintes 
dealt mith the immunizing effects i n  rabbits of 
subcutaneous injections of appropriate closes 
of the heat-killed organisms. When a number 
of rabbits had been prepared by three injections 
of the killed bacteria the protective effects of 
the vaccination mere clemonstraied i n  two ways. 
B y  serological exam,ination it  was foun:l illat 
I1 among 1 5  vaccinated animals hacl developed 
'iNorthrop, J. IT., and De Kruif, P. H., Jour. 

Gen. Physiol., 1909, iv, 639, 655. 

specific agglutinins against Bacterium pneumo- 
sintes. Their resistance was then tested to doses 
of the living organisms which were pathogenic 
fo r  nolmal, unvaccinated animals. I n  all bat 
two instances the protection was complete. Not 
oilly dlcl the ~acc ina ted  rabbits fail  to show the 
characteristic signs of infection wit11 Bacteriunt 
pneuv~osi~ztesbut, with the two exceptions noted 
abovc, they were normally resistant to secondary 
infection mith a pneumococcus, a streptococcus, 
or Bacillz(s p fe i fer i .  Incidentally, i t  was ob-
served that the doses of vaccine were n ell borne 
and did not even temporarily reduce the rabbits' 
resjatance to other infections. These expe17i-
ments therefore poiiited the Tvay to a qimilar 
series of obserrations in man. 

At  the invitation of Lieutenant Colonel 
Charles F. Craig, a number of officers and en- 
listed men a t  the Army Nedical School in  \17ash- 
ington, D. C., volunteered to submit to vacclna- 
tion mith Bucteriz~m p~teumosinles. They mere 
accordingly given three subcutaneous injectioils 
of killed culture in  a manner similar to that 
employed with antityphoid vaccine. The doses 
chosen did not cause any severe local or general 
seactions, the subjective effects being somewhat 
milder than those experienced after a~~t i typhoid  
vaccination. Bnt on the tenth or eleventh clay 
after the final injection the blood seruin of seven 
among nine men examined contained specific 
agglutinins for Bacterium p?neumosintea, thus 
indicating the formaltion of protective anti-
bodies as a result of the injection of raccirie. 

On the basis of these obsers~ations the vaccine 
is being offered to much larger groups of men 
in the United States Army. I t  is not possible, 
of course, to determine the protective effects of 
these injections directly. I n  the eveill of a le-
eurrence of epidemic influenza in the near 
future, however, the efficacy of vaccination with 
Bncterizim pneumosintes as a preventive measure 
may be pu t  to test. Meanwhile methods are a t  
hand for  the production of large amounts of 
vaccine if its widespread use should be in-
dicated. 

Before summarizing briefly the results of 
these experimental studies of the nasopharyn- 
geal secretions of influenza patients mention 
may be made 01(the fact that Bacterium pfzezc- 
mosiiates is not the only anerobic, filter-passing, 
Gram-negative microorganism to be found in 
the human respiratory tract. From the naso-



pharyngeal secretions of one influenza patient, 
and of a considerable number of other persons, 
normal or suffel~ing from vanious mild respira- 
tory infeotions; other filterable organisms, not 
Bacteriufiz pnezcmosintes and not pathogenic for  
rabbits, have recently been cultivated. V h a t  
the importance of these microorganisms may be, 
o r  whether they have any pathogenic signifi- 
cance, remains !to be determined. They indi- 
cate, ho~vever, that the cultural methods re-
cently employed in these studies mag lead to 
the isolation of a group or  groups of hitherto 
undescribed bacterial inhabitanits of ithe upper 
respiratory tract and so they point to interest- 
ing opportunities in  this field of bacteriology. 

CONCLCSIONS 

I n  conclusion, Itre have isolated from the naso- 
pharyngeal secretions of influenza patients in  
the early hours of the epidemic disease a hith- 
erto undiscovered organism, Bacterium pneztmo- 
sintes, filterable, anerobic, resistant and patho- 
genic fo r  rabbits, in which i t  indnces a typical 
infection comparable will1 epidemic influenza in  
man, The sigi~ificanit features of this experi- 
mental infection are the incidence of a leuco-
cytic depression chiefly affecting the mononu-
clear cells, and the production of a characteristic 
lesion in the lungs associated ~ v i t h  a defect in  
t;llcir resistance ito secondary invasion with com- 
mon pathogenic bacteria. 

,211 our strains of Bclcteriunz pnezr,mo~intes 
]lave similar antigenic properties, indicating a 
conimon source. Animals subjected lo a pri-
mary infection, o r  injected with living or killed 
organisms are immune to subsequent injection. 
The killed bacteria induce specific antibody 
formation even hen injected subcutaneously 
i n  doses well tolerated by man. The blood 
serum of reco~erecl influenza patients contains 
agglutinins for  Bactcrizc?n p~zezcmosintes, where-
a? that of normal persona does not. 

On the basis of these experimental observa- 
tions, reported i n  detail i n  Tke Journal of Es-
perime~atal J fed ic i t~e ,~  especially vielr~and in 
of the source of the cultures, their clinical and 
pathological effects i n  rabbits, itheir antigenic 

8 Olitsky, P. I<.,and Gates, F. L., Jouv. Bspev. 
Xed., 1921, ssxiii, 125, 361, 373 and 713; ibid., 
1921, xxxiv, 1; ibid., 1922, xxxr, 1, 553 and 813; 
$bid., 1922, xxxvi, 685. Papers X I  and XI1 in 
press. 

identity, and the presence of specific agglutinins 
in  the blood serum of recently recovered in-
fluenza patients, i t  might seem justifiable to 
claim Bacterium pneumosimtes to be the bac- 
terial incitant of epidemic influenza. At pres-
ent, as already stated in an earlier report, such 
a course does not seen1 desirable. Apparently 
rve are a t  the threshold of knowledge of a 
group or class of minute microorganisms which 
the anerobic Smith-Nognchi technique and more 
recently developed methods of cu!tivation have 
thrown open to exploitation. I t  has seemed 
wiser, Illerefore, merely to report the experi- 
mental facts, end to defer decision of the 
precise relation which Bacterium p+aeumssi~tes 
bears to epidemic influenza nntil further ex-
perience is obtained. 

PETERK. OLI'PSKY 

FREDERICKGATESL. 

TEE ROCICEFELLER
~ ~ T S T I T U T B  

FOR ~ ~ E D I C ~ LRESEARCH 

GARDEN FOR THE PROPAGATION 

OF TROPICAL AND SUBTROPICAL 


PLANTS 


UXDERa revocable license, which i t  is be-
lieved insures a sufficiently long tenure to secure 
useful results, SecTetary TfTeeBs ha8 just turned 
over to Secretary Kallace the Chapman Field 
air station of 850 acres, located on Biscayne 
Bay, 12  miles south of Miami, Florida. This 
tract has a coast line of: 12/5,miles and is eom-
posed of about 195 acres of pine land and  rock 
reef and 655 acres of low land and mangrovcs, 
more or  less subject to overflow during the 
high ~ a k r s .  Of this latter, 80 acres have been 
filled above high water level and will be made 
available fo r  use as soon a s  the salt  has been 
w a ~ h e d  out of it. 

The ~ t r i k i n g  feature of this tract of land is 
that i t  is lomted in one of the warmest spots 
on the ~vhole peninsula of Florida, which means 
that  i t  is less liable to cool winter temperatures 
than alnlost any other spot i n  continental 
United States. T7egetatiori vhich is strictly 
tropical, such as  thait of the mango, coconut 
palm, and West Indian avocado can be g r o a n  
here in perfect safety. I t  is not commonly 
understood that in  such a station can be propa- 
gated to advantage a wide range of those valu-
able food and othemise useful plants upon 


