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tioii with 1% HCI solution), thus indicating that the material ex- 
tracted from the I-iarcieriau glands was yrotoporphyrin. Conipared 
to a standard o f  col)rol)orpliyriii there was ap1)roxiniately 25 % more 
protoporpliyrin in the f eniale Harcleriaii gland than in a gland from 
a male of the same age (75 days) and straiii (CnH).t If a cor- 
rection for body size be niade, this sex difference is even more pro- 
nounccd. 

;It 250 clays tliere appeared to be 110 significant sex difference in 
the content of 1)rotoporpli~riiis as iiidicated by the intensity of 
fluorescelice. 

1. Tile Harderian glands o f  female mice of CJ3 
strain at 7.5 chq-s o f  life appear to differ in at least two ways from 
the I-iartlcriaii glands of inale mice of the same age and strain, as 
follows : ( a )  'They appcar to contain under iiornial light a greater 
degree o f  gray pigmentation ; ( 11) they contain approximately 25 % 
inore proto!)ory)liyriiis, in spite o f  the fact that the glands are smaller 
atid the lmdy weights are also smaller tlian in males. 2. These 
differences bctween sexes arc mow prc~iiounced at 75 days of age 
than they are at 2-30 days. 

Coizcliisious. 
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Experimental Transmission of St. 1,ouis Encephalitis Virus 
by Czclex pipiens Linnaeus." 

Lunisdeii' and Case?; and I h u n  ,' on the hasis of  epideniiological 
investigatioils, saggwted that the virus of St. I,otiis encephalitis is 
inosquito-horne. Ilitaiiiura anc! associates" in Japan first reported 
successful transmission of St. Louis virus by a mosquito, Culex 

t Wc :ire rlccply incl~1)ted to Doctors (;. P. lil~oztds and K. Dohriner for their 
1;indncss in doing this quu1Itit:itive dct~~~riiiii:irion for u:3. 

+ AirlZcd by :I grant from the K\;ation:il Fowdat ion  for  Inf:intilc! Parnlysis, h e .  
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pipim.7 var. ptrlleizs Coq. This has long awaited confirmation and 
has been regarded with skepticisni by many, since various ..4nierican 
workers, Leake, Musson and Chope4 and Fulton, Gruetter, Muether, 
Hanss and Brotiii,5 reported negative results with Culcx pipicits Linn. 
Leake ancl associates4 and Webster, Clow and Bauer6 reported nega- 
tive results with Atzoplzclcs cliratlrirrtarulntus Say ; however, the latter 
found the virus to persist in this mosquito for 42 days, though less 
than 3 days in - i t ~ / c s  trc-//ypti ( L i m .  ). Fulton and associates' found 
it to persist fo r  not inore tliaii 10 (lays in Cirlcx pipieits. Haniinon, 
Reeves, Brockiiiaii, Izunii and ( ~jiilliii '  reported the isolation of St. 
Louis virus f rc)m naturally i i i  ivcted Ci i l cx  tirrsdis Coq. and later 
confirnied this with 2 other isolations froni C. tnrsalis caught in the 
same area.' 

Elattner and H e y 9  have recciitly transmitted the St. Louis virus 
under laboratory coiiditions with 1)tvwtrcettto.r vnvinbilis ( Say), the 
American dog tick. Ho\vevei-, there has been no epidemiological 
evidence implicating ticks as 1" )tctitial vectors. 

Further iniportant evidencc supporting transniissioii by some 
artliropod is the deinonstratioii o f  circulating virus in the blood of 
the monkey ( Howittl*). the horse (Hainiiion, Carle and Izumi,"), 
the chicken ant1 the guinea pig ( 1 Iaiiinion and Izurni12). Thus, virus 
is availalde for infection oi n 1,Iood sucking vector. Seruni neu- 
tralization tests on animals f rc  ,111 the Yakiiiia Valley, Washington 
(Hanimon, Gray, Evans, Izunii and Lundy13) showed that a nuni- 
ber of domestic and wild hircls and nianinials had high antibody 
titers to this virus. I t  appears probable, therefore, that the potential 
reservoir for infection of an artliropod vector is large. 

A serious difficulty is encountered in any attempt to transmit this 
4Leake, J. P., Musson, E. K., and Chope, H. D., J. A. M. A., 1934, 103, 788. 
5 Fulton, J. D., Gruetter, J. E., Muether, R. O., Hanss, E. B., and Broun, G. O., 

6 Webster, L. T., Clow, -4. D., and Eauer, J. H., J. Exp. Xed., 1935, 61, 479. 
7 Hnmmon, W. McD., Reeves, W. C., Brookman, B., Izumi, E. M., and Gjullin, 

8 Haninioii, W. RlcD., Reeves, IT. ('., Rrooknimi, B., and Izumi, E. M., J. Infect. 

9Blattner, R. J., and Heys, F. 31., PROC. SOC. EXP. BIOL. AND Mm., 1942, 

PROC. Soc. EXP. BIOL. AND MED., 1940, 44, 255. 

C. M., ScimCC, 1941, 94, 3'78. 
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Mm., 1942, 49, 335. 
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disease experimentally since the usual laboratory animals fail to de- 
velop a fatal encephalitis following subcutaneous inoculation of such 
a dose of virus as might be expected from a mosquito bite. This 
probably explains some of the negative results obtained by others. 
To  circumvent this difficulty we have used special methods including 
isolation of the virus from the brain or blood of the vertebrate host 
during the course of the inapparent infection, and virus neutralization 
tests on a preliminary and post-experimental serum specimen. 

Cztlex pipiens, collected as adults, were infected by feeding on a 
10% brain suspension of St. Louis virus in 5% sheep serum in- 
fusion broth mixed with equal parts of whole defibrinated rabbit 
blood. A cotton pad was soaked with this suspension, sprinkled 
with sugar, and the mosquitoes were allowed to engorge upon it. The 
virus was a strain which had been through relatively few mouse 
brain passages since isolation from naturally infected mosquitoes.' 
A11 mosquitoes which had engorged on the infective suspension were 
held until used at 23" to 27°C. 

Four experiments were performed, 3 of which yielded positive 
results. In each of the first 2,  infected mosquitoes were allowed to 
feed repeatedly on a pigeon whose blood had been demonstrated to 
be free from antibody. Feedings were begun 5 days after the in- 
fective meal. In one experiment there were 111 feedings and in 
the other, 30. Fifteen days after the last mosquito fed each pigeon 
was found to have developed a high titer of serum neutralizing anti- 
body. All mice used in the neutralization test survived both dilu- 
tions of virus used.'" A normal pigeon kept in the same cage as the 
2 experimental birds, but not subjected to mosquito feeding, did not 
develop protective antibodies during the experimental period. Neither 
of the pigeons showed visible clinical signs as a result of infection. 

In the next experiment, the results of which are presented in 
Table I, lo0 blood-virus-engorged mosquitoes were employed. They 
were permitted after various intervals to feed 011 doves and on baby 
mice of less than 8 days of age. Virus was isolated from the blood 
of one dove 24 hours after feeding and from the brain of one mouse. 
Antibodies were demonstrated to have developed in the serum of 
3 doves and not in the control. Several of the doves appeared to be ill. 

Baby 
mice were used, but a total of only 25 mosquito feedings occurred. 
No virus was demonstrated in the brains of these mice, or from the 
mosquitoes tested. 

In all experiments samples of mosquitoes were removed at varying 

In a fourth experiment only 30 mosquitoes engorged. 

14 Hammon, W. McD., and Izumi,,E. M., J .  Immunol., 1942, 43, 149. 
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TARLE I. 
Results of Third Transmission Experiment with CuZez pipiens. 

Days after 
infcctive meal Virus test. Virus tvst on Neutralization Virus test 
when fed on on dove ' 8  txihy mouse's tcst on dove's 011 mosquito 
vertebrate blood* bixint blood suspension 

"Blood testcad 24 ai ic l  48 flours :iftc r iiiosqiiitow fed. 
tBs1)y miw wew rctuiwcd tct iiiotii(8r af te r  mosquito feeding, then sacrificed 

$ (  ) Number of mosquitoes w t i i c - l i  f d .  
6 I 1 Suniber of rnosquitocls giwiind up in siispt?nsioa. 

5 days later and hrain tcstcd f o r  \-i i .oq. 

intervals o f  from 3 t o  18 days aftcr tlic infective nieal, and virus was 
isolated at 3. 6 ,  7. 0,  11.  I,... a i i t l  1 .i days. Only one sample was 
tested aftcr ;I Ioiigcr period Oi iiic.tib;ltioii ( 14 mosquitoes at 18 days) 
and this was negative. - 4  ~ c . \ v  s:tinyles taken earlier were also nega- 
tive. 

Lt appears that certain species of 
Culc.i- ~i ios~~~i i tocs  1iia~- act ~3 \.cctors o f  the virus of St. Idouis en- 
ccl~lialitis. This is s i i p l )~ r t~ ( l  1))- the following evidence : 1. In cer- 
tain areas C*:t/c-r moscluit( )CS 11;i~e fitted into the epidemiological pic- 
ture to the cstcrit that scvcral \vorl.rers have stressed their probable 
imprtance as vectors. 2. \-inis is avai1al)le to mosquitoes in the 
blootl of doves and a iiuinl~-i- ( I f  other spccies o f  experimentally in- 
fected vertebrates. Eviclc.iicc. o f  natiirally acquired infection has 
been dernoiistratt.d in the sc1-11111 ( )  f iiiaiiy vertelmte hosts. 3. Infected 
Cdcx tarstr/is have been cc )Ilc.c.tetl in nature. 4. Czilcn- pipiens has 
been shown to act as ail cxl)t.riinental vector, transmission having 
been demoiistrntcd to occiii- Iwtbveeii the 4th and the 1 l t h  day after 
an iiifectivc. iiieal. V~I-IIS 1)crsists in  tlw mosquito f o r  at least 13 days. 

Suiiiiittrry t i r i d  C'orrc.lit.sioirs. 


