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test w~ carrie~ out on the 7th and 8th passaged 
stoc~ with ant1-Echo 23 monkey serum•. The test 
c?nSI~ted ess~ntial_ly of mixing equal volumes of every 
dilutiOn. of vrrus m phosphate-buffered saline (10-t-
10-6) With every dilution of tminactivated serum 
(1 : 1,024-1 : 256,000) in phosphate-buffered saline. 
The mixtures were incubated in a 37° C water bath 
for 1 h. 0·1 ml. of each mixturp, was then inoculated 
into each set of six tubes devoid of growth medium 
and washed with phosphate-buffered saline. This 
was followed 15-20 min later with 1·5 c.c. of 
Sabin's maintenance medium. Incubation of the test 
was at 37° C and tubes were examined microscopically 
for cytopathogenicity daily for seven days. 

The cytopathic lesions of Echo 23 are typified in 
the early phase by rounded or ovoid cells in grape-like 
clusters and with clear cytoplasm and refractile 
edges usually at the periphery of the cell sheet. As 
more virus is produced the whole periphery of the cell 
sheet shows this typical degeneration, and occa
sionally similar clusters of rounded cells are found in 
the centre of the cell sheet. The cytopathic effect 
usually begins 24-36 h after infection. Cellular 
destruction is usually not complete. 

Table 1. FINAL DAY (7) READING OF AN OPTIMAL DILUTION NEU
TRALIZA~ION TEST WITH Echo 23 IN MONKEY KIDNEY TISSUE 

CULTURE 

Virus Antil!erum dilutions • 
dilutions 1,024 4,096 16,384 65,536 

10-1 0/6 0/6 0/6 6/6 
10-' 0/6 0/6 0/6 6/6 
J0-3 0/6 0/6 0/6 2/6 
IO-• 0/6 0/6 0/6 0/6 
J0-5 0/6 0/6 0/6 0/6 
1o-• 0/6 0/6 0/6 0/6 
PBS 0/4 0/4 

Inoculum 0·1 c.c. of virus-serum mixture. 
• Reciprocals of dilutions . 

Controls 
PBS NMS 

262,144 1,024 

6/0 3/3 4/4 
6/6 4/4 4/4 
6/6 4/4 4/4 
6/!i 2/4 4/4 
0/6 0/4 2/4 
0/6 0/4 0 /4 

0/4 

Numerator, No. showing cytopathic effect; denominator total 
tubes per dilution mixture. ' 

NMS, Normal monkey serum; PBS, phosphate-buffered salinr. 

The results of a typical opt,imal dilution neutral
ization test with this virus are shown in Table 1. By 
this method it has been posRible to determine the 
TOD 50 of the virus and the neutralizing titre of the 
serum without first resorting to a separate titration 
test for the virus, and then determining the neutral
izing titre of serum in another test. Conventional 
neutralization test on Echo 23 using the same serum 
as above and 100 TOD 50 virus gave an SDE of 
I : 65,536. So far we have been able to maintain 
serial passages (11 passages) of Echo 23 in monk<':\' 
kidney tissue culture without loss in infectivity. 

The Echo virus (Williamson) was kindly supplied by 
Dr. Albert B. Sabin. 

This work was supported in part by a U.S. Public 
Health Service research grant 0-6006, from t.he 
National Institutes of Health. 
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Monkey Pox Disease in Irradiated 
Cynomologous Monkeys 

A POX-LIKE infection was obRe.rved in a female 
eyno~ologous monkey (B-39) approximately 45 clays 
followmg exposure to whole-body irradiation of 350 r. 
Monkey B-39 had been maintained in the same area 
for approximately ten mont.hs and was one of the 
eight survivors of a group of monkeys used in a series 
of irradiation studies. All were apparently free from 
any noticeable infection until the appearance of the 
pox lesions. Similar pox lesionR were seen in one 
other irradiated monkey (B-44) in an adjacent cage u 
few days later. · 

Clinical lesionR similar to tho~>e. described by von 
Magnus et alJ and Prier and Saner2 were observed. 
These lesions included pox-like ~c;kin eruptions, severe 
facial and cervical cedema, hll"morrhagic ulcerations. 
dyspncea, and bloody diarrhcea. Both infected mon
keyR died twelve days following the outbreak of the 
disease. Only one non-irradiated monkey (0-302) 
became infected with the agent. This monkey had 
cervical cedema and ulcerated areas on the arms and 
forehead similar to the lesions seen in tho other two 
animals (B-39 and B-44); however, this animal 
survived the infection. No sign~> of infection wore 
seon in t.l10 remaining survivors of the irradiation 
study, nor in the 19 other non-irradiated monkeys 
that were housed in the same room. 

Virus isolation was attemptocl. from scabs obtained 
from the thigh area of monkey H-39. An agent which 
produced a cytopathogenic effeot. in monolayers of 
monkey kidney opithelial cells was isolated. Trans
missibility was established by serial passage of tho 
isolate in monkey kidney tisRue culture and in rabbit 
kidney tissue culture. The appearance of a typical 
cytopathogenic effect (Figs. I and 2) was used as tho 
criterion for viruR rnHltiplication. First, monkey 

Fig. 1. Cell destruction in monkey kidney Ppithclial cells iurectcd 
with 'nwnkl'y pox agent• four day:-:. po~t iufection. ( x 104) 
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]!'ig .. 2 .• Cell destruction in rabbit kidney epithelial cells infected 
with monkey pox agent', five days post infection. ( x 104) 

kidney tissue fluid containing the isolate when inocu
lated on the chorioallantoic membrane of 13-day-old 
embryonated eggs produced lesions with considerable 
necrosis and hromorrhage. A 20 per cent suspension 
of the infected membranes in physiological saline 
solution hremagglutinated susceptible chicken red 
blood cells with a titre of 1 : 128. Two hromagglutin
ating units of antigen were inhibited by 1 : 640 
dilution of hyperimmune vaccinia rabbit serum which 
had been adsorbed with chick red blood cells. The 
agent was then classed as a member of the variola
vaccinia group. This agent was not neutralized in 
tissue culture by herpes B (Herpes simae) hyper
immune serum. 

Animal inoculation techniques differentiated the 
isolate from variola. Death resulted in 3-week-old 
mice when inoculated intracranially, but not when 
inoculated intraperitoneally as reported previously by 
Prier et al. 3 • The agent was successfully passed 
serially in the epidermis of adult rabbits, thus 
differentiating it from variola4 • 

A serological survey of our monkey colony was 
conducted at this time to determine the number of 
monkeys with detectable hremagglutination-inhibi
tion antibody to the isolated agent. The results are 
given in Table 1. 

The room in which the monkey pox disease occurred 
showed 89·3 per cent of the 28 cynomologous monkeys 
to have a significant hremagglutiuation inhibition 
t,itre of 1 : 80 and higher. The highest hremagglutina
tion inhibition titres, 1 : 2,560 and 1 : 1,280, were 
found respectively in the serum of the non-irradiated 
eage mate (B-38) and in the convalescent serum of the 
non-irradiated infected monkey (0-302). In contrast 
only 11 per cent of the 45 cynomologous monkeys 
caged in other separate rooms showed significant 
hremagglutination inhibition titres. One cynomo
logous monkey out of this total had a high (1 : 1,280) 

Table 1. SEROLOGICAL SURVEY OF MONKEY COLONY FOR MONKEY 
Pox VIRUS 

Species 
of 

monkey 

No. ex
posed to 

irradiation 

Cynomo- Irradiated 8 
logous Not ir-

radiated 22 
Cynomo- Not ir
logous • radiated 45 

Rhesus Not ir-
radiated 67 

African Not ir-
green radiated 14 
N.D., Not done. 

No. with 
clinical 
monkey 

pox 
disease 

2 

1 

0 

0 

0 

Hmmagglutination inhibition titres 
1 : 10- 1 : 80- 1 : 1,280 

0 titre 1 : 40 1 : 640 and 
higher 

2N.D. 1 5 0 

1 1 18 2 

30 10 4 1 

9 6 46 6 

4 4 6 0 

*Monkeys not in area of occurrence of monkey pox disease. 

!Hemagglutination inhibition titre, while 30 were 
without titres and 10 had titres of 1 : 40. It is interest
ing to note that 77·5 per cent of the 67 rhesus monkeys 
had hremagglutination inhibition titres of 1 : 80 and 
higher. 

From the results obtained, it would appear that the 
monkey pox virus may be carried by some species of 
monkey~ as a latent virus. Irradiation, by decreasing 
host resiStance, may lead to the appearance of clinical 
disease. Other monkeys can then acquire the disease 
clinically or, more likely, sub-clinically. 
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Airborne Transmission of Influenza Virus 
Infection in Mice 

THE mode of transmission of influenza has been tho 
subject of great controversy'. Human volunteers 
can be experimentally infected by dropping infected 
fluids into the nasopharynx2, by inhalation of finely 
atomized liquid suspension3 , or by inhalation of room 
air into which virus has been introduced by aerosol 
spray4• However, there is no direct evidence to 
prove whether epidemic or pandemic influenza is 
spread by direct contact by large droplets, or by 
finely dispersed airborne droplet nuclei. 

Indirect evidence of airborne transmission was 
found by McClean5 , in an examination of a hospital 
unit equipped with ultra-violet irradiation. The 
incidence of influenza was lower among patients 
housed in the irradiated unit than among patients 
housed in a non-irradiated unit. 

Direct experimental evidence showing that ferrets 
could transmit influenza virus infection by the air
borne route has been given by Andrewes and 
Glover•. 

A model has been developed in this laboratory for 
the study of transmission of influenza virus infection 
in mice. Mice are infected with influenza virus bv 
exposure to an aerosol spray of A2 (Asian) virus. w'e 
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