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Isolation and Characterization of Prototype Viruses ECHO-26, ECHO-27, 
Coxsackie H-6.” t (25446) 
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Dept .  of Epidemiology and Microbiology, GvadualP School of Public Health, Univ. of Pittsburgh 

In December 1955, the Committee on 
ECHO Viruses of the Kational Foundation 
described common properties of the first 13 
ECHO prototype viruses ( 1 ) . Subsequently 
the scope of the Committee was expanded to 
include Coxsackie and polioviruses and was 
renamed Committee on Enteroviruses ( 2 ) . 
This Committee presently recognizes 3 types 
of poliovirus, 28 types of ECHO viruses, and 
6 types of Coxsackie B. As yet no action has 
been taken on Coxsackie A group. This re- 
port describes the recently accepted enterovi- 
rus prototypes. ECHO-26 and 2 7  and Cos- 
sackie B-6, which we isolated from rectal 
swabs collected in the Philippine Islands dur- 
ing a longitudinal epidemiological study of 
enteroviruses a t  Clark ,4ir Force Base 
(CAFB): Luzon. in l953(3).  

illaterials and inrthods. 1. Sources. Es- 
sential details of source of each prototype vi- 
rus are presented in Table 1. L411 came from 
normal persons. 2 of whom were children, and 
1 an adult; 2 were Americans and 1 was a 
Filipino. All viruses were isolated from rectal 
swabs collected in 1953. 2 .  Cell culturc. 
Trypsinized rhesus monkey kidney cell cul- 
tures (RhMKCC) were grown in 0.5% lactal- 
bumin hydrolysate in Hank’s (LAH) balanced 
salt solution (BSS) containing 2% calf serum. 
Prior to use in neutralization tests the cells 
were changed to 0.5% lactalbumin hydroly- 
sate in Earle’s BSS (L.\E) containing 0.57; 
calf serum. For preparation of stock virus 
pools for immunization of animals and 
for use in complement fixation (CF) 
tests, the cells were changed to Eagle’s 
Basal Medium (EBRI) in Earle’s BSS with- 
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out serum. Hamster kidney was grown in 
LAH with 45% calf serum according to method 
of Diercks and Hammon (4) .  The transplant- 
able cell lines HeLa (Gey)S, HeLa (Puck 
S-3) , / I  H. Ep. #2 ,‘I and K.B.** were carried 
in EBM with 10 to 20% pooled human serum 
or 107; calf serum. Cytopathogenic tests 
with these cell lines were conducted in EBM 
containing 5yc inactivated calf serum. 3. 
Playuc mzrthods. RhMKCC grown in 3 02. 

bottles, described by Hsiung and Melnick ( 5 )  , 
were used in plaque studies. Occasionally, for 
comparative studies, the final NaHCOH con- 
tent was reduced from 3 ml to 1.25 ml of a 
7..57& solution/100 ml of overlay. This modi- 
fied overlay also contained 10 ml of 3% Tris 
buffer solution (pH 7.4) ’100 ml. The final 
agar concentration was also occasionally re- 
duced from 1.5 to 1%. 4. Purification of vi- 
1’u.s. Each of the 3 viruses was purified by 
either the plaque picking method (3 serial 
passages) or, if the agent did not folrm plaques, 
by terminal dilution (3 serial pasages). These 
“purified” agents were used for immunization 
of animals and as seed virus in all serological 
tests for typing. 5. Product ion of antisera. 
“Purified” virus seed grown in RhMKCC in 
EBN without serum was harvested, extracted 
once with equal volume of fluorocarbon (6) ,  
lyophilized and reconstituted to] 1/10 original 
volume. Two ml of this material and 2 ml of 
Arlacel-Bayol F adjuvant were emulsified and 
injected intramuscularly in to monkeys. Injec- 
tions of this same material and same dose 
were given at 7 to 14 day intervals for 3 to 5 
months, length of time being dependent on 
titer of test bleeding. 6. Serologic tes ts .  
Neutralizing antibody (NA) tests were per- 
formed as described previously, using serial 

9 Cell line obtained from Microbiolcgical ASSOC., 

‘ Cell line obtained from Dr.  Jonas Salk, Pitts- 

** Cell line obtained from n r .  Joseph Leightan, 
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burgh, Pa. 

Pittsburgh, Pa. 
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TABLE I. Source, Method of Isolation a n d  Ccrtain Cteiicral Characteristics of Prototype 
ECHO-26, RCEiO-27 and Coxsackie R-6 Viruses. 

7 r ~ - ~ - - - - -  __-_ \-ii.us __- _ _  _____ 
1 L-3-(id 1-3(i--CX 1-51-21 y- 

ECHO - 26 1; C HO-2 7 C’oxsackie J 3 - 6  

Ruman source C o r o riel 
Age arid sex 
Race E ilipino 
Location Kear CAFE, t Luzon 
Disease None 

Specimen Rectal swab 
Da te collected 9/17/23 

Isolntion(s) RhMKCC 4/ 1/55 

Additional None 

1:. 3 

Reisolation Q.X.S.: 

T g p e  of GPE 
T’iter/O.l mln 1 OF 

Passages 12  
End point 4-6 days 

Plaquc type Sniall, hazy 

Poli o-like (complete) 

J’urifical ion Plaque$ 

Raeon 

American 
CRFB, Luzon CAFE, Luzon 
None None 
Rectal swab Rectal swab 

8/17/53 11/24/53 
12/16/55 10/13/55 

Sol ie  8-H;inimori feces 

Polio-like (complete) Polio-like (complete) 
106 1 0 s  
13 10 
7-9 clays 4-6 days 
Terminal dilution Plaque 
None I~arge,  clcar 

S c hm i t t 

Ainerican 
25, 8 10, 9. 

12/20/57 Srg .  (12/58) 

2-Humnieler feces I /  

.* Firs t  2 numbers iclciitify group aiid iiitlividual, last i i i m l ~ c r  reprcscnts particular. sp~cimmi 

t CAFB = Clark Air Force Base. 
$ Q.N.S. = Quantity not sufficieiit. 
$ Plaques produced u r i d ~ r  Tris buEcr overlay oiily. 
/I Personal communication f rom Dr, Klaus I-lumiiieler, Children’s Hospital, Phila., Pa.  
7 Pool used for  identification studies. 

of tha t  individual. 

serum dilutions and an estimated 10’0 TCIDso 
inoculum of virus(7). CF tests were per- 
formed in 13 x 100 mm test tubes using 0.2 
ml of each reagent. Virus folr CF antigens 
was grown in RhMKCC in EBM without se- 
rum and routinely extracted once with fluoro- 
carbon. Antisera were diluted 1 : 5, inactivated 
for 30 minutes a t  60”C, adsorbed with equal 
volume of 10% RhMKCC suspension for 1 
hour a t  37”C, then centrifuged for 30 minutes 
a t  2,000 rpm. Undiluted antigen and dilu- 
tions of antiserum plus guinea. pig comple- 
ment were incubated a t  37°C for 1 hour; 
sensitized sheep red blood cells were added 
and the test incubated another hour at 37°C. 
The endpoint was taken as highest dilution of 
antiserum which showed less than 50% he- 
molysis in presence of 2 full units each of com- 
plement and of hemolysin. 7. Animal  patho- 
genicity tests.  Baby mice, 24 hours old or 
less, received either 0.01 ml of undiluted virus 
intracerebrally (i.c.) or 0.03 ml subcutane- 
ously (s.c.). Each virus was tested by both 
routes. Blind passages in mice were made a t  
least twice, using 20% moluse brain and car- 
cass suspensions. Monkeys received 0.5 nil 

i.c. and some 0.1 ml intraspinally (i.s.); rab- 
bits were given 0.5 ml i.c. and adult guinea 
pigs,, hamsters, and mice 0.1 ml i.c. Seven to 
8-day-old embryonated eggs were inoculated 
with 0.1 ml of undiluted virus into! the yolk 
sac. 8. Hemagglutination tests. These were 
performed according to method of Goldfield 
et  al . (8> at 4, 25 and 37”C, with both 
chicken and human “0” cells. 9. Desoxy- 
cholate test .  This was a modification of the 
method of Theiler(9). Equal volumes of 
1 : 500 sodium desoxycholate and undiluted 
virus were incubated 1 hour a t  37°C and then 
titrated in 10-fold dilutions in RhMKCC. 
Results were compared with control titrations 
of virus treated in the same manner but with- 
out desoxycholate. 

Resul ts .  1. Isolations. Dates of isolation, 
results of reisolation attempts and the isola- 
tion of additional strains are presented in 
Table I. 2.  C o m m o n  characteristics. The 
following characteristics were common for the 
3 viruses: (1) They produced a cytopatho- 
genic effect (CPE) in RhMKCC similar to 
that produced by polioviruses. ( 2 )  No CPE 
was noted in HeLa-Gey, HeLa S-3, H. Ep. #2, 



166 EC'HO-26. 2 7 ,  ~ ' O X S A C K I E  B-6 

" ( ' 1  I).,,, of \-inis i iscvl i i i  t"st ;is ~ l ~ ~ t ~ ~ ~ ~ t i i i t ~ ~ v l  

t l < ~ ~ c i ~ ) r ( 1 ( ~ ; 1 1  of 5('1'11111 t l i l r i t i o l i  c;ilciil:it(vl t o  
Ho~~iologoiis \..\. tit(.] o f  F I ( ' H 0 - 4  \ \ : I <  1 

(hil t1 tt'st 1 .  

K.  B. and primary hamster kidney and cat 
kidney cell cultures. ( 3 )  They were not in- 
activated by desosycholate. ( 4 )  ('hicken and 
human "0" red blood cells were not agglu- 
tinated at 4, 2 5  and 37°C. ( 5 )  The 3 viruses 
passed gradocol membrane filters of 36 m p  
porosity but were retained completely (Cox- 
sackie B-6 and ECHO-27) or almost com- 
pletely (ECHO-26) by a 28 mp porosity fil- 
ter .++ (6) No significant immunologic rela- 
tionship to any other human enterovirus pres- 
ently known to propagate in Rh l lKCC was 
established by reciprocal testing in NA tests 
(Tables TI, 111). Further exclusion of iden- 
tity with ECHO-4 virus was demonstrated in 
reciprocal CF testing. ( 7 )  A human anti- 
serum known to yield a group reaction in CF 
tests with adenoviruses did not react with 
these viruses. (8) Serologic rises and per- 
sistence of specific NA's a t  1 : 8 to 1 : 32 serum 
dilution were demonstrated for each of the 3 
viruses in human sera collected in the Philip- 
pines (Table IV). 

3. Specific characteyistics. ( a  j Coxsackie 
23-6 virus (1-51-21) produced paralysis, death 
and typical Coxsackie B pathology in suck- 
ling mice upon direct passage from R h l K C C ,  
Dr.  Klaus Hummeler of Children's Hospital 

__ 
t t  Tests kindly performed by Dr. Albert Sabin, 

Cincinnati, 0. and results made available to us. 

of Philadelphia reports that he has recently 
isolated 2 strains directly in suckling mice 
from feces of children with aseptic meningitis 
(personal communication). These were iden- 
tified by sera sent to him by this laboratory. 
Coxsackie B-6 killed embryonated eggs in- 
oculated by the yolk sac in an irregular man- 
ner: however, the virus could not be passed 
serially in eggs. Chick embryo pathogenicity 

Ti\ IZLE 111. Xeutrslizing Antibody Tests in 
KliJIK('t with Antisera to ECHO-26, KCHO-27 
: t i l t1  ('oxsackip C 6 Tiruses against Known Entero- 

viruses. 

Monkey antiscra 
T( 'TDsIl ECHO- ECHO- Coxsackip 

Virus  1.;111ge "6 27 B-6 

E('HO-2ki 2 0 
-2 7 100 

('oxsackie B-6 320 

( 'oxwckie A-7 10 
A - 9  50 
R-1 30-500 
B-2 l 0 U  

200 

ECHO-1 to 25 3.2-500 

13-3,4,5 16-160 
Poliovirus I, 50-320 

2, 3 

- 2 0  uiiitb of ttiis serum represent a 1 : 750 dilii- 
ti o n-r(wi1 t with low dilntion used not significant, 
f o r  ty1)iiig. 

t 20 units of this serum represent a 1 :2,000 diln- 
tion-result with low dilution used not significant 
f o r  typing. 
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TABLE IV. Keutraliziiig Antibody Tests i n  RllMKCC with Ilum:iii Sera arid Gauim:t Globulin 
against ECHO-26, ECHO-27 and Coxsackie €3-G Viruses. 

Vi nx s 
11-34? 1 - 3 6 - 4 1-51-21 

Sc.runi s o i i i ~ e  (ECHO-26) (ECHO-27) (Coss;ickie 13-(5) 

I) ri(Ji?ml I? ost KO Serulll <4”-A4 No serum 
0 111 P?’ : 

With titer rise <4-8 
TYith persistiiig titer (1 : 8 o r  > 1 in serial 1)lerd- 3 

iiigs of iiiclivicluals possessing antiboil? 

<4-128 t 
2 3 

(ianinia gtobiilitL: 1 lot Airirricaii <25 > 50 < 25 
” J apanese , 1 9  , I  

_I____- 

* Reciprocal of serum dilutioii calculated as 50% eidpoint. 
t Ih. Klaus Hiimmeler has obtainrrl serologic rises in 2 patients with aseptic meningitis f rom 

wlioin were isolated agents iilentified as (’oxsackie 13-6 with antisenmi supplircl by this 1abor:r- 
tory. 

is compatible with results occasionally ob- 
tained with other Coxsackie viruses( 10).  
Coxsackie B-6 virus did not produce CPE in 
several human cell lines, HeLa, K.B. and H. 
Ep. #2 ,  known to support growth of certain 
strains of Coxsackie B-1 through 5 (10).  This 
characteristic, therefore, differentiates it from 
the first 5 Coxsackie B viruses. Three of 8 
strains of Coxsackie B-6 isolated were neu- 
tralized by very low dilutions of Coxsackie 
B- 1 antiserum while 5,  including 1-5 1-2 1, 
were not. No antisera prepared against the 
new strains neutralized Coxsackie B-1 virus. 
Furthermore, a 1-51-21 C F  antigen, which 
reacted with homclogous antiserum at a dilu- 
tion of 1:128, did not react with antisera to 
Coxsackie B-1 to 5, or to ECHO viruses 1-9, 
11-20, 24-27, to all 3 polioviruses, and to Cox- 
sackie A-9. :: :: 

( b )  ECHO-26 v ims  (11-3-6) produced no 
clinical illness in mice, hamsters, rabbits, 
guinea pigs or monkeys by routes previously 
described. Sections of the colrd and brain of 
the monkey sacrificed 2 7  days after inocula- 
tion, revealed no significant pathology. An 
interesting characteristic of this virus is that 
it produces plaques under 1% agar overlay 
with low NaHC03 content but not under agar 
containing high NaHC03 (See Materials and 
methods). Under the former conditions very 
small hazy plaques with ragged edges are 
formed . 
-_-I 

S S  .4 portion of these tests was kindly performed 
bj- Dr. Leon Rosen, Nat. Inst. of Allergy and Infect. 
Dis., U.S.P.H.S. and results made available to us. 

( c )  ECHO-27 virus (1-36-4) was not path- 
ogenic for suckling baby mice and embryo- 
nated eggs. I t  did, however, produce ques- 
tionable clinical signs of central nervous sys- 
tem involvement in one monkey inoculated 
i.c. and i s .  The monkey, which had been ir- 
ritable and tremulous prior to inoculation, had 
a single convulsion 4 days after inoculation. 
The animal survived but was sacrificed on 
2 7 th day. Sections of brain and cord revealed 
no significant pathology except for a mononu- 
clear inflammatory reaction involving a por- 
tion of the choroid plexus of the lateral and 
fourth ventricles. A 1:20 dilution of ECHO- 
2 7  antiserum with homologous titer of 1 :40,- 
000 neutralized 100 TCID50 of Coxsackie B-2 
virus (Tacible 111). Such a reaction is not in- 
terpreted to indicate identity or even close 
antigenic relationship. Furthermore, proto- 
type ECHO-2 7 virus, in addition to1 being non- 
pathogenic for suckling baby mice as men- 
tioned previously, does not produce plaques 
in RhMKCC and doles not produce CPE in 
human cell lines. These 3 characteristics fur- 
ther differentiate i t  from recognized strains of 
Coxsackie B-2. 

Summary. Herein are described the anti- 
genic specificity and biologic properties of 3 
new prototype human enteroviruses, ECHO’S 
26 and 2 7  and Coxsackie B-6. All 3 fulfill 
the necessary criteria descriptive of their re- 
spective enterovirus group and have been as- 
signed numbers by the Committee on Entero- 
viruses. All 3 were isolated from rectal swabs 
taken from healthy persons living in the 
Philippines in 1953. 
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Perphenazine and Reserpine as Antiemetics for Staphylococcal 
Enterotoxin.* (25447) 

H. SGGIYAJIA, 11. S. BERGDOLL AND R. G. I~ILKERSON 
(Introduced by G. 31. Dack) 

Food Rcsetrrrh Ii ist  . 17iiivilPssity o f  Chicago 

Vomiting is one of the most characteristic 
reactions in staphylococcal food poisoning. 
The  only laboratory procedure now available 
for detection of the etiological agent, staphy- 
lococcal enterotoxin, is the provocation of 
emesis in monkeys or cats following suitable 
challenge(1). Recently a number of anti- 
emetics have been reported effective against 
various types of emetic agents or which con- 
trol vomiting in various disease states. S o  
specific study seems to have been made on 
use of these agents as antiemetics against 
staphylococcal enterotosin induced emesis. 
The  present communication reports on effec- 
tiveness of 2 tranquilizing drugs in inhibiting 
emesis in monkeys fed enterotoxin. Anti- 
emetics effective in dogs against one or more 
of the emetics whose site of action is the 
chemoreceptor trigger zone( 2 )  were tested: 
chlorpromazine (3,4) ~ perphenazine ( 5.6), and 
cyclizine lactate( 7 ) .  Reserpine was included, 
although reports on its ability to protect 
against apomorphine induced vomiting in dogs 
are contradictory( 7.8). Son-specific protec- 
tion by depression of the medullary reticular 
emetic center was evaluated by determining 
change in sensitivity of monkeys to orally ad- 

* This wcrk supported by contributions from vari- 
ous companies and associations of food industries. 

ministered copper sulfate which evokes vom- 
iting by peripheral action on the gastro-intes- 
tinal tract (9 ) .  

,lIuter.ials and me thods .  Monkey feeding 
tests were essentially that previously de- 
scribed ( 10). Macaca nzulatta were selected 
in to groups of approximately equal sensitivi- 
ties to enterotoxin. The  paired groups whose 
response to the toxin was to be compared 
were alternated. wherever possible, as control 
and drug treated groups to compensate for 
variations in  reactivities to enterotoxin. Com- 
plete control of this variable was impossible 
due to development of tolerance to the emetic. 
Each drug was tested in different sets of ani- 
mals. Enterotoxins were partially purified 
preparations derived from S-6 and 196E 
strains of Staphylococcus and are antigeni- 
ca11y different. Dosage was increased with 
each feeding of same animals to overcome de- 
velopment of immunity. For intravenous 
challenge an S-6 enterotoxin of high purity 
(90% purity) was used. Monkeys were in- 
jected intramuscularly with perphenazine 
(Trilafon) immediately before and with chlor- 
1)romazine (Thorazine) and cvclizine lactate 
(Marezine) 30 min before oral administration 
of enterotoxin. Since these animals seldom 
vomit within 1 hr of feeding enterotoxin, seda- 


