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The type 3 strains of attenuated poliovirus 
available fail to maintain their genetic mark- 
ers after passage through the human intes- 
tinal tract (1 -5 ) .  Although no epidemiologi- 
cal evidence has been adduced so far for re- 
version of these strains to agents virulent for 
man( 6,7), the fact that in vitro markers may 
change to those frequently indistinguishable 
from virulent virus makes it more difficult to 
monitor the live virus vaccination program. 
As changes in genetic character of type 3 
strains are occasionally accompanied by an 
increase in pathogenicity for monkeys, public 
health authorities have expressed concern for 
the safety of contacts of subjects fed the live 
attenuated type 3 strains presently available 

The reproductive capacity of type 3 vi- 
ruses isolated from feces of vaccinated sub- 
jects in tissue culture systems incubated at 
40°C (rct/40"C marker)+ has been used 
most frequently as a test of vaccine strain 
stability, since a fair correlation has been es- 
tablished between the rct/40°C marker and 
other markers, including pathogenicity for 
monkeys(3). In  Tables I and 11, respec- 
tively, are summarized the rct/40°C charac- 
teristics of virus strains representing the first 
human intestinal passage of the 2 attenuated 
type 3 strains that have been used most 
widely in mass immunization programs: Leon 
KP-34 (9) and W-Fox( 10). Both strains 
grow relatively poorly in tissue culture sys- 
tems kept at 40°C and are therefore classi- 
fied as rct/40°C-; however, when fed to 
man, both strains tend to induce excretion of 
viruses which were found to replicate equally 
well at 37°C and 40°C and are therefore 
classified as rct/40°C+. 

*This work was supported in part by grant E. 
1799 from U.S.P.H.S. 

t Reproductive capacity at temperature 40°C. 
Determined by dual titration of a virus at 40°C in 
comparison with control titration at 37 " C. 

(3,8) 

As shown in Table 11, results of 4 studies 
of the Leon KP-34 indicated that a majority 
of subjects fed this strain excreted rct/ 
4OoC+ virus. Similarly, it has been found 
that children fed W-Fox strain (Table I ) ,  in 
16 out of 16 cases excreted strains which 
were rct/4O0C+. 

Because of the instability of these viruses, 
an attempt was made to develop an attenu- 
ated type 3 strain which would remain gene- 
tically unaltered after passage through the 
human intestinal tract. 

Materials and methods. Tissue culture 
systems. Freshly harvested explants of Rhe- 
sus monkey kidney tissue were used through- 
out the study. Cultures were prepared from 
either one million kidney cells dispersed in 
petri dishes or 200,000 cells in culture tubes 
which had been incubated at 37°C in growth 
medium consisting of Eagle's medium in 
Earle's solution with calf serum to a 10% 
concentration. After 6 days' incubation in 
presence of 4% COs in air inflow, the growth 
medium was replaced by maintenance me- 
dium consisting of Eagle's medium in Earle's 
solution without serum. At  the same time 
the cultures were exposed to type 3 virus 
preparations. Cultures in tubes were used 
for virus passage purposes and for titration 
of virus preparations at  different tempera- 
tures of incubation, whereas plates were used 
for cloning the virus at different passage lev- 
els and for titration of stools at several tem- 
peratures. For passage in tube culture? 3 tis- 
sue culture tubes were exposed to 0.1 ml of 
undiluted virus from the previous passage. 
After one hour's incubation at room tempera- 
ture (25°C) the virus was removed, the tubes 
washed once, and fresh maintenance medium 
added. The tubes were incubated at 23 or 
37°C until 50% cellular degeneration was 
noted, or until cells in the non-infected con- 
trol tubes began to degenerate. This latter 
period varied between 1 2  and 16 days at the 
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TAHIJE: 11. Hepro(luc.tirc ('ii1):icit.v :it 4(1"(: (rct/40"C imrkerj  of Type 3 Leoii KP-34 Attenu- 
ated Str,iiii of SaiJiii after Human Intestinal Passage. 

Properties of fecal virns. KO. of specimeiis 

(;endon et d ( 2 )  
Melnick & Rcn?.~sh-h3eliiic.k~:~ 
Verlinde & Wilterdink(4) 

Total 
~~~~ 

* Viruses isolated fro111 eoiitwts. 

23°C temperature of incubation. The con- 
tents of the tubes were then rapidly frozen 
and thawed 3 times and p l e d :  this material 
was then used as seed virus for the next tis- 
sue culture passage. 

In the case of the plate cultures the virus 
was adsorbed for one hour, the excess re- 
moved by washing, and the monolayers cov- 
ered with 5 cc of an agar overlay mainte- 
nance medium consisting of qua1 volumes of 
2% Noble's agar and of a nutrient solution 
(1 1). On the second day post-inoculation the 
plates were covered with a second overlay 
containing neutral red and the appearance of 

rv t/$O " ('+ sct/4O3Ck rct/40 "G 

15 20 7 
2 6 1 0 

3 4 8 
12 2 9 
6 3 4 

64 30 2s 
- - 

plaques determined on the 3rd to 7th day of 
incubation. 

Plaque passage was performed by exposing 
kidney monolayers to virus at terminal dilu- 
tion, and by selection of one of the plaques at 
random, which was aspirated with a Pasteur 
pipette and inoculated onto other monolayer 
cultures if further plaque passages were de- 
sired. 

Temperature control. Incubators (Ass- 
mundsm Aktiebolag-Assab Bacteriological 
Cabinet T-200) equipped with fans to insure 
the most uniform temperature throughout 
were kept a t  23, 37, and 40°C for incubation 
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of plate cultures. Internal thermometers 
were used to check the temperature which 
varied by tO.l"C. Culture tubes were kept 
in mergotherm water baths (H. Struers 
Chemiske Laboratories, Denmark) , main- 
tained at  23, 37 and 40°C and equipped with 
an agitating apparatus to maintain a uniiform 
temperature (variations of k0.02 "C). 

Monkey virulence tests. Cynomologous 
monkeys weighing 2.5 to 4 kg were inocu- 
lated with 0.5 to 1 ml of virus suspensions 
into one or other of the cerebral hemispheres 
by means of a No. 24 (1") needle. The ani- 
mals were then observed daily for evidence of 
paresis or paralysis and after 18-211 days were 
sacrificed. Histological examination of the 
formalin-preserved brain and spinal cord tis- 
sue began with sectioning of the thalamus to 
demonstrate the needle tract. If the tract 
was found, blocks were removed from the 
midbrain, medulla, cervical enlargement, and 
lumbar enlargement, and embedded in cel- 
loidin. After being sectioned and stained with 
thionine, every 10th section was examined 
microscopically for the presence of inflamma- 
tory lesions and neuronal destruction or other 
histological evidence of poliomyelitis infec- 
tion. 

Experimental. History of passages. Fig. 
1 summarizes the schedule of tissue culture 

Asyniptomatic natural infection 
3- 

1 TCP 37°C 
3. 

6 PP 37°C 
3. 

4 TCP 37°C 
(W-Fox vaccine pools) 

J 
Human intestinal passage 

J 
22 TCP 23°C 

3- 
1 PP 23°C 

J 
1 TCP 23°C 

.1 
3 PP 23°C 

.1 
10 TCP 37°C 

(the WM-111 strain) 
TCP = Serial passages in monkey kidney tissue 

YP = Serial single plaque passages on monkey 
culture tubes. 

kidney tissue culture plates. 

FIG. 1. Passage history of the WM-I11 strain. 

passages leading to development of the new 
type 3 strain (the WNI-I11 virus). Material 
used to initiate the present passage series r e p  
resented the currently used W-Fox vaccine 
strain (W-Fox vaccine p l s  in Fig. 1). It 
will be recalled that originally the W-Fox vi- 
rus was isolated in tissue culture from an 
asymptomatic child in Louisiana by Dr. John 
P. Fox, and found to be of low pathogenicity 
for monkeys(l0). In this laboratory (Fig. 
1) the Fox strain was passed on monkey kid- 
ney monolayers for 6 serial single plaque 
passages: the sixth plaque passage was made 
into a monkey kidney pool for seed material, 
and as shown in Fig. 1 was used in the course 
of 4 further kidney tissue culture passages 
for preparation of live virus vaccines em- 
ployed in vaccination programs of man in the 
United States, the Congo, Poland, Switzer- 
land, and Croatia( 1,2,7,12,13,14). 

Although W-FOX replicated relatively 
poorly in cultures kept at 40"C, results of 
comparative titration conducted at  3 7 O C and 
40°C indicated that the difference in repro- 
ductive capacity never exceeded the figure of 
2.0-3.5 loglo TCDBo (Tables I and 111). 
Usually after one human passage the virus 
changed to a strain which grew as well at  
40°C as at  37°C (Table I ) .  

On one Occasion, however, growth of an 
excreted virus was impaired when the cul- 
tures were kept at 40°C and this virus strain 
was used to start a series of culture passages 
at  23°C following the technic originally sug- 
gested by Dubes and Wenner( 15). During 
the first 2 passages no cytopathic effect was 
noted in tissue cultures and the material was 
passed blindly at  12-day intervals. On the 
3rd tissue culture passage the virus produced 
a cytopthic effect 3-5 days after inoculation. 
Virus representing the 22nd tissue culture 
passage was plaqued on monolayers incu- 
bated at 23"C, and the clone grown for one 
passage in tissue culture tubes kept a t  23°C 
(Fig. 1). Following that, 3 more plaque 
passages on monolayers were made at  23°C 
and the resulting strain passed for 10 tissue 
culture passages in tubes incubated this time 
at 37°C (Fig. l ) ,  to provide the final ma- 
terial, which was named the WM-I11 strain. 

The WM-IT1 strain replicated equally well 
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TABLE 111. Reproductive Czyacity of WM-TI1 in  
Culture Tubes Incubated at 23, 37 and 40°C. 

Logl0TCD, at 
Virus 23°C: 3 7 0 c  4(10(? 

---I___- . . 
4.; W-FOX < .O I . 1  

H-24 <.O 8.2 8.0 
<.o WM-TI1 7.5 I ..) 

r -  

c -  

in cultures kept at  23 and 37OC but did not 
grow a t  40°C (Table 111).  'In contrast, 
growth of the virulent type 3 H-24 strain was 
unimpaired by incubation temperature of 
40°C whereas the titer of the attenuated \V- 
Fox was lower at  40°C than at  37°C; but 
the difference in titers, as mentioned before, 
did not exceed 3.0 logslo. Both H-24 and 
W-Fox failed to grow at 23'C. 

Infect iv i ty  of Will-111 strain for man and 
stabili ty a f t e r  h u m a n  intestinal passage. Nine 
infants, 4 premature and 5 full-term, at ages 
ranging from 3 days to 3 months were fed 

the WM-I11 strain by dropper in the 
amounts of 104e2 to 107e7 TCDSO (Table IV) . 
Stools were collected twice weekly and proc- 
essed as described previously(5). All in- 
fants excreted virus for one week or more. 
Fecal virus strains isolated 2 to 42 days 
after ingestion of the vaccine were titrated 
in cultures kept at  37 and 40°C, respectively, 
and on one occasion at 23°C. Virus in the 
original stool and after the first tissue culture 
passage at 37°C was used as inoculum. The 
results, summarized in Table IV, indicated 
that none of 9 feedings resulted in excretion 
of an rct/40"C+ virus, in contrast to the 
results obtained with 1F7-Fox virus (Table I ) .  
The virus did not grow at all or grew rather 
poorly in cultures kept at 40°C. The rct/ 
40°C- character was retained by the excreted 
WAI-I11 strains regardless of the time inter- 
val elapsing between virus administration 
and its isolation from the feces. In one case 

TABTdE IV. Riq~rodiictivo C:ipac.ity at 37 and 40"(! of Fecal Virup Isolates from Infants Fed 
the  lY31 -I I I Strains. 

Vi 1'11s iso- Log*,TCD, LoglGTCD, 3 7 " C 

40°C Log,oTCD, 40°C 
Subjecat, Dose fed hted post- RIaterid minus 

1 I . 4  f i  S t  4.4 <1.4 >3.0 
IT('* 8.2 5.2 3.0 

30 St 1.7 <1.5 > .2 
1 'I1( ' 7.2 <2.5 >4.7 

2 7.5 2 St 2 . i  <1.5 > 1.2 
I ' l Y *  1 . 1  < 2.5 >5.2 

9 St 3.5 <l.5 >2.0 
3 6.5 9 St 4.5 <1.5 >3.0 

I 'I1( * 7.5 3.7 3.8 
19 Rt 2.5 <1.5 > 1.0 

4 6.5 9 St 3.7 < 1.5 > 2.2 
IT(: 7.5 <2.5 >5.0 

23 R t, 4.2 < 1.5 >2.7 
ITC! 7.2 <2.5 >4.7 

5 ;).;J 10 St 2.5 <1.5 > 1.0 

G 5.5 4 St 2.2 <1.5 > .7 
11": li.7 <2.5 >a2 

7 5.5 18 St  2.2 <1.5 > .7 
1 TC 8.2 4.2 4.0 

42 St 1.7 <1.5 > .2 
1'1" ; 6 . i  <2.5 >4.2 

8 4.5 ) St r) I. ;j <1.5 > 1.0 
11" : - 1 .L 6) <2.5 >4.7 

9 4.2 5 s t, 5 2  < 1.5 >3.7 
1TC 7.7 <2.5 > 5.2 

NO. log TCD;,) V:IW. t1:iy testid 37OC -- - * 
r -  

" F  

- -  

-~ ~~~~ 

* Gave ;t titer of 107.2TCDw at  23°C. 
St = Stool. 1TC = First tissue ciilture p ~ s a g e  i n  monkey kidney cells. 
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TABLE V. Monkey Neurovirulence (Intracere- 
bral) of WM-111 Strain and Its Human Passages 

in Comparison to W-Fox. 

Ratio of monkeys 
Dose 

Virus Log,,TCD, Paralyzed With lesions 

W-FOX 7.2 3/10 4/10 
0/5 

11/5 
WM-I11 6.5 0 / 5  
A* 7.9 0 / 5  
B* 7.5 0/5 0 / 5  

* First tissue culture passage of straiiis isolated 
from subjects fed WM-111. 

sages in tissue culture tubes, and 4 passags 
by plaquing and clone selection at 23OC. TO 
insure its infectivity for the human gastror 
intestinal tract the finaI virus pool was made 
after 10 tube culture passages at  37°C. This 
material had no ability to grow at 40°C and 
was not neurovirulent for monkeys injected 
intrxerebrally, in contrast to the original W- 
Fox strain. The results obtained with other 
sub-lines of W-Fox strain, as well as studies 
on the mechanism of cold adaptation will be 
reported separately ( 1 7 ) . 

in which a titration was performed at 23OC The genetic stability of WM-III virus was the WM-'I1 virus retained its demonstrated through its study after pasage 
to at that The through the intestinal tract of a limited num- 
viruses isolated 9 days after vaccination from ber of infan& fed different quantities of the 
infants and were by a "- strain. The extracted virus showed poor ca- 

test viruses are incubated in presence of 0.35 bated at 40°C (rctJ400G character), which 
HC1 for hours at 23"c* W-Fox and in 2 cases tested, retained their acid sensi- 

WM-111 are both highly susceptible to the ac- tivity. In addition, fed virwm tion of acid, whereas the virulent H-24 main- from vaccinated caSeS w ~ r ~  found to be 
tains its titer in acid at the same level as at non-pathogenic for monkeys injected intram 

mitted to this test showed acid resistance in ers makes the WM-III strain quite different 
4 cases, intermediate resistance in 2 cases, the other type 
and susceptibility only in one instance. Two investigated in the same way, as pointed out WM-I11 fecal strains wlkh  were tested, how- in Tables I II( l -5) .  In addition to 

changes in in vitro markers, the excreted vi- ever, remained acid-susceptible. 
Monkey neurovhlence test. Table V ruse  derived from feeding of Leon KP-34 

summarizes results of clinical and histologic and W-Fox were found to be more virulent 
observation of monkeys injected intracere- for monkeys injected intracerebrally ( 1-5). 
brally with the WM-111 virus and with ma- Melnick and Beny&-Melni&(3), for ex- 
terial representing passage of the strain ample, reported paralysis and histologic le- 
through the human intestinal tract. NO c h i -  sions of poliomyelitis in 26 out of 52 monkeys 
cal signs of illness were noted in 5 monkeys inoculated with virus isolated from subjects 
injected with WM-111 virus or in 10 monkeys fed the Leon KP-34 strain. The vaccine 
inoculated with material obtained from 2 vi- strain itself consistently produced a sympb  
rus-fed subjects. Examination of over 150 matic infection. 
SectiollS Of Central nerVOuS System from each More trials in man are required to evalu- 
monkey faiIed to reveal histologic changes in ate fully the antigenicity of the ~ ~ - 1 1 1  
14 Of 15 monkeys. Only in the w e  of one strain, but the results obtained so far sug- 
monkey were scattered inflammatory lesions gest that the high infectiousness of the W- 
with an occasional loss d neurons observed. F~~ for human intestinal t r x t  has been re- 
These results differ markedly from those ob- tained. 
h.hed with the W-FOX strain, which are in- view of the dissatisfaction with the sk- 

Discussion. This paper reports the devel- been expressed(3,8,18) and in view of a 
opment of a new type 3 attenuated polio- statement by the Committee on Live Polio- 
virus, named WM-111, which was derived virus Vaccine of the Surgeon General of US. 
from the W-Fox vaccine strain after 22 pas- Public Health Service(l9), and assuming 

covered marker, acid semitivit~ ( 16) In this pacity to replicate in tissue cultures incu- 

PH. Excreted strains Of W-Fox sub- cerebrally. Stability in relation to 3 mark- 

cluded in Tab1e V for PurPses* bility of the available type 3 strains that has 
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later studies confirm our results, the WM-I11 
strain is the type 3 virus of choice for pro- 
duction of attenuated poliovirus vaccine. 

Swmmary. Development of a new type 3 
attenuated poliovirus (WM-111) is described. 
Starting with the W-Fox strain. passage and 
clone selection a t  23'C were employed to de- 
velop a strain with improved stability after 
human intestinal passage. The end result 
was a virus which had no capacity to grow 
at 40°C and was not virulent for monkeys in- 
jected intracerebrally. The results of tests 
of fecal virus strains isolated from infants 
fed the WM-I11 strain did not show the in- 
stability in relation to laboratory markers 
that has been reported with other attenuated 
type 3 viruses. 

We wish to thank the following individuals for 
help in obtaining infants for vaccination, and super- 
vising their care: Donald Cornely, M.D., Paul Gyor- 
gy, M.D., Jane Sitnek, R. S., Walter Omans, M.D., 
and Elizabeth navies, R. S., Philadelphia General 
Hospital ; and Agnes Flack, M.D., and Ruth Lorenzo, 
R. N., Clinton Farms. Toby Goldschneider and Su- 
zanne Richardson assisted with laboratory work. Dr. 
George Jervis performed histological examinations of 
the monkey central nervous system. 
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Studies of Inhibitory Effect of Ammonium Ions in Several Virus-Tissue 
Culture Systems. (26770) 

E. ill. JENSEN AND 0. C .  LIU 
Research and Development Division, Smith Klinp and French Laboratories, Philadelphia, Pa. 

It was observed(1) that ammonium ions 
in trace amounts caused a very marked sup- 
pression of influenza virus replication in a 
dog kidney tissue culture system. This sup- 
pression was accompanied by a complete pro- 
tectiun of the cells from the cytopathic ef- 

fects of the virus. Siniilar results have been 
observed independently by Eaton and Scda 
( 2 )  with both influenza and Newcastle dis- 
ease virus in Krebs 2 ascites tumor cells. 
Since this unique inhibition may have a sig- 
nificant effect on many types of virus-host 




