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Friday afternoon was devoted to division meetings, 
a t  which about eighty papers were read and discussed. 
Also the new Psychological Laboratory of DePaum 
Vniversity Kac: dedicatecl with an address by Archie 
G. Rills, of the University of Cincinnati. 

The annual dinner was held on F r i d a ~  el-ening with 
one hundred fifty in attendance after which tlie presi- 
dent's address was given by Paul  Weatherwax, In -  
dianil Univcmity, on "The Indian as a Corn Breeder." 
The fol lo~i~ing oEccrs were then cliosen for  the coining 
year : President, 11. G. Illellon, P n r d ~ t e  University ; 
Vice-prerident, Theodore Just,  Notre D a n e  Univer- 
sity; Secretnry, Winona H .  lTTelch, DePauw Univer- 
sity; Treaszire.r, J%Tilliaix~ P. Norgan. Indiana Central 
College; Editor of t71e Proceedings, P. D. Edwards, 
Ball State Teachers College: Prcss Sec.r~tar?y, C. M. 
Palmer, Butler LTniversity; illember of Research 
G+-n9~1Con~w~ifiee,A. L. Foley, Indiana University; 
Divisio~a Chnirme?a: Archeology, C. P. Voegelin, Tn- 
diana University ; Eacteriology, L. S. BfIcClung, 
Indiana University; Rotnny, Ray C. Friesner, Butler 
University; Cheinistry, I<.N. Campbell, Notre Ilaine 
University; Geology and Geography, G. T. TT7ic>kli-ire, 
EIanover College; hlathernatics, Will E. Edington, 
DePauw University; Physics, 0. H.  Smith, DePaum 
University; Zoology, T. 31. Sonneborn, Indiana Uni- 
versity. J. L. Riebsoiner, DePaurv University, was 
elected a fellow of the academy. 

Saturday was devoted to meetings of the Indiana 
Society of Taxonoiniats under the chairmanship of 
M. R. Narlcle, Earlhain College, and thc Indiana So- 
ciety of ICntomologists, with George E. Gould, Purcluc 
linirersity, as chairman. 

The Jnnior ,Ic:lderny of Seienee, composed of forty 
high-school scienre clrtbs, also held its meetings and 
exhibits on Sntlurday under the sponsorship of IIow- 
ard E. Enders, 1'11rdue Unibersity. About three hon- 
drcd higli-school students and teachers vere  in  attend- 
ance and a nunlbcr of papers were presented on their 
program. A special feature was a lcctufc and demon- 
stration of liquid air by F. ;I.Allen, Purdue Univer- 
sity. The following officers were chosen for  1942: 
Precicle+at, Janies Sarasien, Elmhnrst IIigh School, 
For l  JITayne ; Vice-pre~ident ,  Jack Moseley, Green-
castle IIigh School; S ' e c r e ~ ~ t ~ y ,  Selma IIeaton, hlisha- 
waka High School. Honorary ii~einberships in  the 
American ,Issociation for  the Advaneenlent of Science 
were awarded to Don Courtney, Snllivan High School, 
and Jean Ross, IIarlnnond High School. 

The next annual meeting of the acadeniy and the 
junior acaderny ui l l  be held a t  Notre D a ~ n e  University 
as  a part  of the Centennial Celebration of that univer- 
sity. 

WII~LE .  EDINGTON, 
Press Secretary 
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SPECIAL ARTICLES 

E X P E R I M E N T A L  AIR-BORNE INFECTION 


W I T H  POLIOMYELITIS  VIRUS1  


TFTE~ ' ~ r k  T e l l s  and his associates"as of TIT.I?. 
shown the inlpovttrnce of transnlission of both bac- 
terial and virus infections by dried droplet nuclei, 
such as  are  forrned by evaporation in the air  of moist 
droplets expelled from the no5e and month. These 
minute nuclei reinnin suspended in air fo r  consider- 
able periods of time, during which they constitute a 
potential source of infection by inhalation. d s  f a r  
a s  we are  ari7are, the possibility of poliotrlgelitis being 
transrriitted in this rnanner has never been put  to ex- 
perinlental tcst, probably because the apparatus and 
technique developed by Wells hare not been widely 
available. Dm-ing the past year we have constrllctcd 
a n  apparatus based on that of Wells3 but modified in  
some respects, with ~ i ~ h i c h  have made numberwe a 

1 From the Department of Pediatrics, Stnnforil Univcr- 
sity School of Medicine, San Francisco, California. Spoa-
sorcd by the National Fonndatiou for Infa~ltile Paralysis, 
Tn r .  

2 (8) TO. F. Wclls, Am. Joqrr. Ilyg., 20: 611, 1934. (h)  
W. F. TVclls and TI. TV. Brcswa, Am. Joz~r.ayg., z4: 4077 

1936. (e) W. 3'. Wclls and If. W. Wclls, Jour. Am. N e d .  
ASSTL.,107: 1698 a ~ i d  1803, 1936. 

of experinients and obtained some positive results. 
These, we believe, justify a prelilninary report. 

Appnmtzts. The infecting chamber consists of a 
llonel rnetal box 18" x 18"x 24" with four port holes 
with rubber diapllragnrs through which the heads of 
the ~nonkcy:, arc inserted. The atoinizinq apparatus 
used in the first two selfies (32 monkeys) was found 
to give a poor delivery of material into the infecting 
chaniher and v-as replaced by a better one designed 
for  us by Xr. F. TI. Osborn of this city. Cornpressed 
air niixed with 5-10 per cent. CO, (to increase the 
clepth of respiration) ~ x ~ a spnsseci through a flow 
meter into the atoniizer a t  an average rate of about 
6.6 liters per minute. run  continuously tliroughout 
each experinlent. Test runs with suspensions of Chr. 
p~*odipioslxmshowed an elcn distribution of colonies 
on plates placed in the position later oceupiecl by the 
animals' heads -evidence of satisfactory formation 
and dispersion of droplet nuclei and absence of large, 
llloist droplets. 

Animals used. A total of 48 rhesns nlonkeys ( M .  
yttulaf$a) and of 13 cg~nornolgus monkeys (X.irzts) 
llnve been c.iposed. Of these, 31 rhcsus nrltl 6 ryno-

3 W. I?. Wells, SCIEKCC, 91: 172, 1940. 
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molgus were subjected to preliillinary blockade of the 
olfactory mucosa with 1 per cent, zinc sulfate solu- 
tion; and 1 6  rhesus and 7 cynomolgus were not so 
treated. 

Bisus used. The first tests were made with the old 
NV strain (illixed with the Armstrong strain), kindly 
supplied by Dr. E. W. Schultz. A11 other tests in  
rhesus mere made with the 0-H strain in  the second 
and third passages (kindly supplied by Dr. James D. 
Trask). The tests with cynonlolgus were made with 
a recently isolated strain (designated Sab) in  the 
sixth and eighth passages, kindly supplied by Dr. 
Albert I?. Sabin. Supernatant fluid from 20 per 
cent. suspension of cord was used i n  aillounts vary- 
ing from 25 to 85 cc fo r  each series of monkeys; the 
nlaximum amount available to each monkey based on 
a n  assumed even dispersion of nuclei, ranged from 
1.6 to 12.1 cc. The actual amount inhaled can not 
a t  present be estimated, but was undoubtedly ~ n u c h  
less than this, since much of the slirus in the air must 
have been evacuated through the exhaust outlet. 

The animals, under nembutal anesthesia, were ex-
posed in groups, usually of four, fo r  individual 
periods of 1-2 hours; repeated in soille instances on 
two or three successive days. 

The experiments and the results obtained are  sum- 
marized in Table 1. 

cynomolgus monkeys in which the olfactory mucosa 
was not treated with zinc sulphate, six developed 
poliomyelitis proved by typical histological lesions. 
The seventh, which escaped, had a severe diarrhea f o r  
four  weeks after exposure. A fairly uniform syillp- 
toniatic pattern occurred in all the positisle cases of 
the last series: fever a t  4 to 7 days after exposure, 
follon7ed by tremors and varying amounts of weakness 
or paralysis, the latter in all cases being in the ex-
tremities without apparent involvement of the cranial 
nerves. Exaillination of serial sections of the olfac- 
tory bulbs showed lesions in  all;  but in a t  least two 
of the cases, these were superficial and slight and no 
destruction of the mitral cells was found. Such 
lesions resemble those described by Howe and Rodian4 
in some of their human cases, in  which the writers felt 
that the lesions were secondary rather than primary 
and probably not indicative of entry through the 
olfactory portal. 

I n  4 rhesus nlonkeys with, and in 4 rhesus without 
olfactory blockade, transient rises of temperature 
occurred from 6 to 1 7  days after exposure, without 
other evidences of infection except in a few of mild 
malaise, treillors o r  ruffling of the fur.  One of these 
was killed; subinoculations from various parts  of the 
central nersrous systeill were all negative; histological 
examination showed no cellular infiltrations or neur- 

TABLE 1 

Olfactory blockade No olfactory blockade Exposure 
> , < .  - a , -

series Pirus  nTg$r g:Ei Total Virus 
Number Polio. , Fever Number Polio. P:$oo. Fever Number .v iry  per 

Rh I . . . . . .  RIVA 
Rh I1 . . . . .  0-HZ 
Rh 111 . . . .  0-Ha 
Rh IV . . . .  0-Ha 
Total rhesus 
Cyn I . . . . .  Sabe 
Cyn I 1  .... Sabs 
Total cyno- 

molgus . . 

16 
16 

8 
8* 

48 
7 
6 

8 
8 
8 
8 
32 .. 
6 

0 
0 
1 
1 
2 .. 
2 

8 
8 
4 
5 

25 

.i 

0 
0 
3 
1 
4 .. 
0 

13 6 2 4 0 

* One mon1:ey killed immediately after exposure. 

I n  all, u p  to the present time, 10 monkeys of the 
60 tested have developed typical polioillyelitis, proved 
by the presence of typical lesions, by subinoculation, 
or by both. Of these, four had had olfactory block- 
ade and six had not. Of the four  with olfactory 
blockade, two were rhesus and two mere cynomolgus. 
I n  the positive rhesus experiments, weakness first ap-  
peared in the legs, on the seventeenth and eighth days 
after exposure, respectively, and no bulbar disturb- 
ances were observed. The incubation periods i n  both 
cynoillolgus monkeys were I1 and 1 4  days to the ap-  
pearance of paralytic signs. One of these had right 
facial paralysis and some respiratory difficulty. The 
other had sesrere respiratory difficulty, probably of 
the central type, but no other paralyses. Of seven 

n,onkey 
or  - -  

8 0 7 1 1 1 25 1.6 
8 0 5 3 1 1 37 2.3 .. .. 
16 

. . 
, . 
0 

,. . . 
12 

.. . . 
4 

3 
2 

3 
3 

75 
7 5  

9.4 
9.4 

7 6 1 0 2 2 85 12.1 .. .. .. .. 1 2 40 6.7 

7 6 1 0 

onophagia; in the anterior horns at  various levels of 
the cord, a rather marked satellitosis was noted and 
a number of ganglion cells showed vacuolization of 
the cytoplasm. The significance of these changes is 
not, clear. The fever and occasional slight symptoms, 
howesler, suggest a n  abortive type of the disease which 
can not a t  present be considered as  proved, Xore 
coillplete histological examinations are  in progress. 

We feel that the successful infection of two rhesus 
monkeys by inhalation has a special significance in 
relation to the portal of entry. The olfactory route 
in  both was excluded by the previous blockade of 
the olfactory mucosa with zinc sulfate and by the 

4 H. -4. Howe and D. Bodian, Bull. Johns Hopkias 
Hosp., 6 9  : 183, 1941. 
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absence of lesions in tlie olfactory bulbs as  deter-
mined by serial sections. The oropharyngeal and 
gaslrointestinal routes can also, i n  all prob:~bility, be 
consiciereci as excluded on the basis of general ex-
pericncc witli the rhesus rnonkey extending over 
more than thirty years during which i t  has been the 
standarci test anirnal in  poliomyelitis research, show- 
ing that animals of tliat species can only be infected 
non-traumatically by the olfactory route. Several ex- 
tensive studies. of \vhirh tliose of Clarli, Roberts and 
Preston' anil of FlexnerQliay be cited, testify to the 
uniformly negative results of fec.ding virus to rhcsus. 
I t  therefore sceins highly probable that in the positive 
inhalation experiment.; with rhesus here reported, in- 
fection entered through the lo~vcr respiratory nlucosa, 
a t  or below the epiglottis. The character of the syrtlp- 
tonis in the two positive cynonlolgus expcriliicnts with 
olfactory blockade, on the other hand, suggest entry 
through the orophaiynx. 

Furlher worlr along the same lines is in progress. 

Infection has bcen obtained in both rhcsns and 
cynornolgns monkeys by inhalation of poliomyelitis 
virus in the form of droplet nuclei. The olfactory 
roule nTas excluded i n  part  of the anilnalc; succcss- 
fully infected. T l ~ cgastrointestinal route is believed 
to have been exc.1uded in the rhesus ~nonlceys. I t  
seerns most probablc that the portals of entry were 
the lower respiratory mncosa in  the case of the rhesus 
monlreys and the oropharyngeal mucosa in the casc 
of the cynonlolgx~s inonlicys. Fever and occasional 
niild syinpto~ns in  8 other rhesus illonkeys suggest 
that a n  abortive forill of poliornyrlilis may have re- 
sulted froin inhalation, but this can not a t  present be 
considcrcd as proved. The cxperiinents open u p  the 
possibility that hnnxln poliolnyelitis may, a t  least 
soinetin~es, be an air-borne irifection and that the 
lungs may be  a portal of entry. Scithcr of these 
aspects of the disease has hitherto, so f a r  as we are 
am-are, been studied experimentally. The prcserlcc of 
virus in  the hurr~an aasopharyns, which has been re- 
peatedly dernonstrslcd,'~ provides an obvious source 
of air contamination by patients and carriers; and di- 
rect contavt has been traced during epidemics i n  a 
considerable fraction of cases,9 amounting to about 
one tliiud in  the report of Top and T a a p l n ~ n . ~ @  The 

6 I?. F. Cl;trk, D. J. Roberts and 11'. S. I'resion, Jour. 
Prfv. Xed., 0: 47, 1933. 

6 S. Flexner, Jour. Ezp. Xed . ,  63: 157, 1936. 
7 S. D. Icramer, B. Hoskmitlt and 11. 11. C+rossmau,Jaw. 

E.rp. Afcd., 69: 49. 1939. 
8 A. 33. Sabin and R. Ward, .Tour. E T ~ .Xed. ,  73 : 771, 

1941. 
9 Survey by Tliternational Cornrnittee for the Study of 

Infantile Paralysis Organized by Jercmiah Milbank. 
R-illia~ns alld Wilkins Conipar~v, 1932, pp. 370 e t  heq .  

relative inrportance of transnlission by air and by in- 
gested materid renlains to be dcterniined. I t  would 
seeill probable, however, tliat both modes of infection 
n ~ u s t  be taken into account. 

IT2inor,n T<. PARER 
B ~ S ~ I L I EJ. SIL~ZRRERG 

INHIBITORY EFFECTS O F  SULFONAMIDES 

O N  CULTURES O F  ACTINOMYCES 


HOlVIINISl 

PRACTICALLYno information is available on the pos- 

sible effects of itz i ~ i l r osulfonainidcs on fungi, although 
there have bcen several report.; of clinical beneiits 
frorn the use of sulfonainidc drugs i n  fungous infec- 
tions.* This has resulted in  a n  uncertainty as  to  
whether the effect of the sulfonan~ides iq on the fungi 
thernsel~~esor on secondary bacterial invaders. Thie 
paper reports the dcinonstration of direct inhibitory 
effects of sulfonarnidc drugs on cultures of dcti?ao-

A stock strain (S) of ilctinot)z!~ccshominis was 
'ultured on Rrainsky's glucose agar, and thioglycol- 
late r n ~ d i u i n . ~  Another strain (&I)v a s  isolated on 
the thioglycollate niedinni from a draining sinus from 
the jaw of a patient and thereafter grown on veal agar  
rsicdiurn. It differed fronr the fornler strain in that 
f he organisms IT-ere shorter, selrlorn branched and often 
clubbed. The following drugs and concentrations 
were used : snlfanilarnide, sulf athiazole and sulf adia- 
zinc,"n concentrations of 10, 50 and 100 ing per  cent. 
incorporated in thc media before autot:laring. The 
results obtained inay be surnmarized according to 
aerobic and anaerobic conditions. 

The S strain grown aerobically on I<rainskyts 
nicdiurn was delayed in groxi~th by concentrations of 
bulfanilarnide of 10 and 60 mg per cent. but a t  the end 
of one nlonth the growth in both concentration.; 
equalled that of the controls (10 cultures) . A concen-
tration of 100 nlg per cent., however, coinpletely 
inhibilerl grolvtll in  soiiie instances anil allowed only 
slight growth in others by the end of one rrionth (7 
cultures). Sulfathiazole allowcd rt~odcrate growth in 
10 rng per cent. concentration, slight growth i n  60 nlg 
per ccnt. concentration, and no growth in 100 nig per 
cent. concaentration (9 cultures). The obiervations in 
each case extended over one month. The results with 

10F. 11. Top and 11. 1'. Vangl~an, Special 12cpor.t of tile 
Detroit Dept. of IIealtll on 3:piclemiology of Poliorngelitiq 
in Detroit in 1939. 

Ididea, in part, by the Rockefeller Plr~id Besrarelr 
Fund of the Stanford Uni~rersity School of Medicine. 

2 L.- .G. I)obs~n.E. 3'. Tiolman and W. C. Cutting,- J o t ~ r .  
Am. .Wed. dssoc*., 116: 372, 1941. 

3 We ~vislito  tliaiiB the Bnltirnorc Biological Laboratory 
for supplies of tliiogl~eollatc niedinm, and the Leclerlc 
Laboratories for sulf acli:l~inc. 


