
component parts for the flowmeter cost 
less than $100, it Is extremely sensi­
tive (about 3.5 cy/sec per millimeter 
of flow velocity per second), and zero 
flow level can be easily determined 
without interfering with actual flow 
through the vessel ( I ) . 
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ROBERT F. RUSHMER 
Department of Physiology and 
Biophysics, University of Washington 
School of Medicine, Seattle 
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Eastern Equine Encephalomyelitis 

Vaccine Prepared in Cell Cultures 

Abstract Protection tests in guinea pigs 
indicate that vaccines prepared from virus 
propagated in chick embryo cell cultures 
are as effective as the purified whole 
chick embryo vaccines which are currently 
used for human immunization against 
eastern equine encephalomyelitis. 

The extensive distribution of the vi­
rus of eastern equine encephalomyelitis, 
and the occurrence of an increasing 
number of human cases of this disease, 
have caused a renewed interest in the 
preparation of a vaccine for the immuni­
zation of those individuals who are ex­
posed to this agent. In 1940, Randall 
described the preparation of a chick 
embryo vaccine, inactivated by 0.4 per­
cent formalin, for the immunization of 
Army horses and mules located in 
known infected areas (I). Considering 
that for human use it was desirable to 
reduce the high content of chick tissue 
and egg components in this vaccine, 
Randall, Mills, and Engel, in 1947, de­
scribed a method for purifying this vac­
cine involving a two-stage differential 
centrifugation and concentration (2), 
Since 1957 the purified chick embryo 
vaccine has been produced by the De­
partment of Biologies Research, Walter 
Reed Army Institute of Research, for 
the immunization of laboratory person­
nel and exposed field workers. Most lots 
of this vaccine, freeze-dried for maxi­
mum stability, have been shown to pro­
tect a majority of guinea pigs against a 
challenge of 100 to 1000 intracerebral 
LDso doses of virus. Serum neutralizing 
antibody response of humans to an in­
itial series of vaccine inoculations has 
varied from poor to good. 

The use of cell culture methods for 
the cultivation of arthropod-borne vi­
ruses has suggested the possibility of the 
production of a vaccine against eastern 
equine encephalomyelitis from virus 
propagated in chick embryo fibroblast 
monolayers, rather than in the whole 
chick embryo. Such a system would re­
sult in a relatively pure vaccine without 
the need for differential centrifugation, 
a procedure which undoubtedly results 
in the loss of a considerable amount of 
viral antigen. This report presents the re­
sults of studies on the preparation of 
experimental vaccines from chick em­
bryo cell cultures (5). 

Primary cultures of fibroblasts from 
chick embryos 9 to 10 days old were 
prepared by seeding Povitsky bottles 
with 150 ml of trypsinized chick em­
bryo cells (2 X 10e per milliliter) sus­
pended in mixture 199, containing 2 
percent calf serum and 100 units of 
penicillin and 50 ^g of streptomycin per 
milliliter at /?H 7.4 to 7.6. Uniform 
monolayers were obtained after in­
cubation at 36°C for 44 to 48 hours, 
The spent medium was decanted, and 
the monolayers were washed with 100 
ml of Earle's solution containing anti­
biotics. After thorough draining of the 
wash solution, the cells were overlayed 
with 150 ml of a 10"* dilution of chick 
embryo suspension infected with 
eastern equine encephalomyelitis in 
mixture 199 (containing no serum or 
antibiotics); the bottles were then re­
turned to the incubator. Disintegration 
of the cells as a result of viral action be­
gins to occur after approximately 20 
hours of incubation and is complete 
after an additional 6 to 10 hours. Since 
the maximum virus titer (10TS mouse 
intracerebral LDso doses per 0.03 ml) 
appears in the culture fluid after 20 
hours of incubation, harvesting of the 
fluids at this point minimizes the con­
tamination of the culture fluids by ma­
terial from the damaged cells. 

The pooled culture fluids were 
centrifuged at low speed (2000 rev/min 
for 30 min) to remove suspended tissue 
cells, and portions were then filtered 
through a Millipore filter (HA) to re­
move particulate matter. Viral titrations 
in mice indicate that these procedures 
can be accomplished with less than 0.5 
log reduction in virus titer. The virus 
is inactivated by the addition of neutral 
formalin to a final concentration of 
0.05 percent and by storage of the mix­
ture, with frequent shaking, at 22 °C 
for 4 days and then at 5°C for an 
additional 10 days. Studies on the rate 
of inactivation by formalin demon-
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Fig. 1. Inactivation of chick embryo cell 
culture propagated eastern equine ence­
phalomyelitis virus by 0.05 percent for­
malin at 22°C, as measured by intra­
cerebral inoculation of white mice, 

strated that no active virus could be de­
tected after 48 hours at 22°C when 
0.03 ml of the undiluted vaccine was in­
oculated intracerebrally into each of 
20 mice (Fig. 1). 

For those preparations which were 
freeze-dried, the formalin was neutral­
ized with sodium bisulfite after the in­
activation period and the product was 
freeze-dried in a chamber dryer. Inocu­
lation of 0.03 ml of the fluid or rehy-
drated final product intracerebrally into 
each of 50 white mice failed to detect 
any live virus. Sterility and toxicity tests 
were also satisfactory. Potency tests in 
guinea pigs demonstrated that the cell 
culture vaccines are at least as effective 
as the chick embryo vaccines in pro­
tecting the animals against an intra­
cerebral challenge of 100 to 1000 LDso 
doses of virus (Table 1). 

Sufficient encouragement is derived 

Table 1. Protection of guinea pigs immunized 
with eastern equine encephalomyelitis vaccine 
against intracerebral challenge with 100 to 
1000 intracerebral LDm doses of virus (S/T, 
number of survivors per total number chal­
lenged). 

Type of 

Lot Fluid 

S/T %S 

vaccine 

Dried 

S/T %sT 
Whole chick embryo vaccine (purified) 

R-A 3/6 
R-B 5/6 
R-C 4/6 
R-D — 
R-E 9/15 

Total 21/33 

Cell culture 
-CC-A 6/6 
CC-B 5/6 
CC-C 9/10 
CC-B . 6/6 
CC-B 5/6 • 
CC-F 5/6 

Total 36/40 

Celt culture 
CC-B 4/6 
CC-E 4/6 
CC-F 5/5 

Total 13/17 

50 
83 
6? 
_ • 

60 
64 

vaccine 
100 
83 
90 

100 
83 
83 
90 

vaccine 
61 
67 

100 
76 

2/6 33 
4/6 67 
,— —~' 
4/6 67 

11/21 52 
21/39 54 

funfiltered) 
— —• 
5/6 83 
9/10 90 
— .—. 
4/6 67 
5/6 83 

23/28 82 

(filtered) 
— ,— 
4/6 67 
5/6 83 
9/12 75 
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from data for laboratory animals to 
justify further study of a vaccine pre- 
pared from virus propagated in chick 
embryo cell cultures, for use in the ini- 
munization of humans against eastern 
equine encephalomyelitis. 

SANFORD BERMAN 
EARL W. GROGAN 

Depaitunent o f  Biologics Research, 
Division of Cotntnunicahle Disease and 
I~n~nzlnology, Walter Reed 
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Washington. D.C. 
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Calcification of the 
Permanent First Mandibular 
Molar in Rhesus Monkeys 

Ahstiact. Evidence suggests that in 
rhesus monkeys calcification in the man- 
dibular permanent first molar commences 
much earlier than has been previou.jly 
reported This tooth is the first secondary 
dental element to calcify, as it is in man. 

T o  my knowledge there are no studies 
relating directly to the calcification of 
either the deciduous or permanent teeth 
in the rhesus monkey. Perhaps the only 
exception to this is in the widely used 
Ancltonzy of the Rher~ts Monkey (1933), 
which has recently been reprinted (I). 
In the chapter on the teeth, Marshail 
discusses rather briefly the complex 
problem of tooth calcification. Because 
of the obvious importance this subject 
has for the dental researcher. and since 
there are several inconsistencies in Mar- 
shall's presentation, it seems appro- 
priate to present some new observations 
on the calcification of the permanent 
first mandibular molar. 

In his study of the development of 
the deciduous and permanent teeth, 
Marshall made the following comments: 

1 )  In still-born animals of a gesta- 
tion period ranging from 153 to 169 
days, x-rays indicated, "The calcifica- 
tion of the deciduous second molars 
and of the permanent first molars is just 
beginning" ( I ,  p. 85). 

2) In 14 animals between 1 and 2 
nlonths old, "There was no evidence at 

this age of even the beginning of cal- 
cification of the permanent teeth" ( I ,  
p. 85).  

3) "The calcification of the second 
set of teeth was not demonstrated ro- 
e~ltgenographically until after the sixth 
month. At this time the permanent up- 
per central incisors are just beginning to 
be formed" ( I ,  p. 86). 

It seemed advisable, therefore, to re- 
examine these statements in the light of 
our observations in the developing de- 
ciduous and permanent teeth of rhesus 
monkeys. 

To date, 13 animals have been born 
in our colony at Charleston. Of these 
13 animals, four had x-rays taken on 
the day of birth, whereas the initial x- 
rays of the other animals were taken 
at various ages (see Table 1). One male 
rhesus fetus of approximately 129 days 
gestation (170 days average gestation 
period) (2) was dissected, cleared, and 
stained with alizarin red S ,  the method 
of Noback and Noback (3) being used. 

Table 1 presents the findings on the 
live animals via roentgenography For 
two animals the lower molar is listed 
under "questionable." because the iden- 
tification was not posit i~e.  I believe 
that the crown tips are present: how- 
ever, I prefer to record the animals in 
the "not sure" category. Animal ~ ~ u m -  
ber 109 did not have jaw films taken 
again until he was 1 year old, at which 
time the permanent first mandibular 
molar was well formed. Number 119 
was 1 day old at the time this report 
was written. It should be mentioned that 
No. I 13 has a large, well-formed crown 
which is clearly visible on the x-ray 
film. It is evident, therefore, that the 
present x-ray evidence does not sub- 
stantiate statements 2 and 3 of Mar- 
shall; on the contrary, it suggests a 
much earlier calcification time for the 
permanent first mandibular molar, more 
in line with Marshall's first pronounce- 
ment. Incidentally, I have never ob- 
served calcification occurring in the 
permanent maxillary central incisors 
earlier than in the permanent first man- 
dibular molars, as noted by Marshall 
in his statement 3. The present findings 
indicate that the permanent first man- 
dibular molar is the first permanent 
tooth to calcify, and in this respect the 
rhesus monkey is similar to man. 

The fetal monkey that was dissected 
would seem to confirm this. While all 
the deciduous teeth were present and 
well developed morphogenetically, the 

Table 1. Calcification of permanent first 
mandibular molar. In column three, zero 
indicates that the first x-ray was made at 
birth. 

Animal Sex Postnatal age 
No. at first x-ray Lowet molar 

(days) 

Present 
Present 
Present 
Present 
Present 
Present 
Questionable 
Present 
Present 
Present 
Questionable 
Present 
Present 

crypts for the mandibular and maxillary 
permanent first molar were cliscovered. 
The crypts for the upper molars con- 
tained only a membranous dental or- 
gan at a stage preceding the forma- 
tion of hard structures, whereas the 
mandibular crypts had the membranous 
dental organ with two of the four crown 
tips beginning to calcify. X-rays were 
unable to detect this early formation 
of calcified material but alizarin red S 
was absorbed by these minute cusp tips. 
(For a more elaborate comment relat- 
ing to this question, see 4.) These pri- 
mordial dental organs were character- 
ized by their bilophodont appearance. 
two li~esial and two distal cusps con- 
nected by a transverse ridge ( 5 ) .  The 
two calcified cusps would correspond to 
the mesial buccal (protoconid) and 
distal buccal (hypoconid) cusps of 
dental terminology. It is interesting to 
note that Kraus found the mesial buc- 
cal cusp the first to calcify in his in- 
vestigations of human teeth (6, 7).  

DARIS R. SWINDLER 
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Medical College of South Carolina, 
Chlrrleston 
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