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Association of Echo Virus Type 6 with Aseptic Meningitis.* (22630) 

DAVID C. DAVIS+ AND JOSEPH L. MELNICK. 
Section of Preventive Medicine, Yale University School of Medicine, N e w  Haven, Conn. 

A number of viruses shorn to be outside 
of the poliomyelitis, Coxsackie, and adeno- 
virus groups, have been isolated from stool 
specimens of caws diagnosed as nonparalytk 
poliomyelitis, as well as from specimens ob- 
tained from normal children. Labelled echo 
(enteric cytopathogenic human orphan) vi- 
ruses, they have been fouind to fall into a t  
l a s t  14 distinct antigenic types( 1).  The eoi- 
ological relationships of the echo viruses to 
disease remain to be esbblished. Evidence is 
presented here to show that one virus of the 
group, Type 6, seems capable of producing 
the aseptic meningitis syndrome. Suspicion of 
an etiological relationship was aroused when 
the virus was first recognized in 1954, for the 
first 3 strains isolated came from 3 cases of 
aseptic meningitis in Providence( 2) .  We 
have found it only once m n g  212 enteric 
viruses isolated during a longitudinal study 
of healthy children (3,4). 

Methods. Viruses were isolated and iden- 
tified in monkey kidney cultures, and anti- 
body determinations made, by m & d s  al- 
ready described (4) .  Specimens were collected 
as widely as possible in 1955 from patients in 
Connecticut hospitalized with the diagnosis of 
poliomyelitis, as a part of a study on the 
evaluation of poliomyelitis vaccine. They in- 
cluded a stool and serum sample obtained 
from each patient as m n  afiter onset as pos- 
sible and a seoond serum a few weeks later. 
Complement-fixing (CF) and neutralizing 
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(Xt)  antibodies against the polioviruses were 
determined on all sera collected. N t  antibody 
titrations were carried out using 4-fold dilu- 
tions of serum against 100 TCD50 of virus. 

Results. Virus isolations. Fecal specimens 
were collected and tested from 58 paralytic 
and 137 nonparalytic patients. All but 4 of 
the specimens considered here were collected 
within 3 weeks af onset. In  the nonvac- 
cinated group of 144 cases, the ratio of para- 
lytic to nonlparalytic cases was 1 to 1.8, simi- 
lar to that of previous years in this area, but 
markedly different from the ratio d 1 to 7.5 
among the 51 vaccinated cases. 

The results of the tests (Table I ) ,  may be 
sumlmarized as follows: Poliovirus, chiefly 
type 1 ,  was isolated from 39 of 52 nonvac- 
cinated paralytiic cases (75% positive) and 
from 3 of 6 vaccinated paralytic cases. In 
contrast, poliovirus was isolated in only 23 
of 92 nonvaccinsted nonparalytic cases (25% 
positive), and in only 5 of 45 vaccinated, non- 
paralytic cases ( 1  1% positive). There was 
no significant difference in the isolation of 
echo viruses or Coxsackie viruses in the vac- 
cinated and nonvaccinated groups. 

Of 45 viruses lisolated from paralytic pa- 
tients, 42 were poliovirus (39 type l ) .  Type 
6 echo virus was isolated from a paralyzed pa- 
tient. who probably had a mixed polio-echo 
infection. Even though poliovirus was not 
isolated. the Nt  and CF antibody responses 
were those characteristic of poliomyelitis in- 
fection ( 5 ) .  Another paralyzed patient also 
was considered to have had a mixed infec- 
tion. polio and Coxsackie A9. Although polio- 
virus was not isolated from this patienk, it was 
isolated from hlis brother, and in addition, the 
patient gave N t  and CF antibody responses 
of polliomyelitis. A third case yielded only 
Coxmkie B4 virus, but as only a single acute 
phase specimen was obtained, the serum 
studies are incomplete. 

Of 69 enteric viruses isolated from the non- 
paralytic cases, 28 (41%) were polioviruses 
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TABLE I. Viral Isolations Obtained in  Specimens Submitted from Cases of Poliomyelitis” in Conn. 
during 1955. 

Nonvaccinated Vaccinated Total  
Non- Non- Non- 

Paralytic paralytic Paralytic paralytic Paralytic paralytic 

Total  cast’s studied (specimens col- 
lected within 3 w k  of onset) * 

S o .  yiclcling virus 
Poliovirns Type 1 

2 
3 

Evlio virus Types 1, 2, 3,4, 5 
6 
i ,  8,9 ,  10, 11, 12,13,14 

S o t  typed 
Cossnckie virus Type A9 

B l  
BB 
B3 
B4 
Bi5 

92 

45 
22 

c) 

1 
0 
9 
0 
1 
1 
0 
5 
2 
4 
0 

6 

3 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

45 

21 
5 
0 
0 

0 
12 

0 
3 
0 
0 
1 
0 
3 
0 

58 

45 

39 
2 
1 
0 
It 
0 
0 

1; 
0 
0 
0 

137 

69 
27 

0 
1 
0 

21 
0 
4 
1 
0 
6 
2 
7 
0 

* Stool specimens f rom 10 p;iralgtic cases collected bcativecii 22 : i d  115 days yielded 3 positives: one, 
a type 1 poliovirus isolated from R noiivacciiiated case 50 days a f te r  onset; one, a type 2 poliovirus iso- 
lated from a nonv:icc.iiinted case 35 days a f te r  onset; and one, a type 1 poliovirus isolated from a vac- 
ciiiatccl case 29 days a f te r  onset. Of 8 stools from nonp:iralytic cases collected between 22 and 45 days, 
oiic iionvnccinated case yielded type 1 poliovirus 22 t1;igs a f te r  onset. Of the late specimens, only these 
4  arc^ iiiclucled in  the results above. 

t Prohably mixed polio-echo type 6 infection. Although poliovirus was iiot isolated from the patient, 
t‘F :ind St antibody responses were cliaracteristic of :L polio-infection. 

Probably iiiised polio-Cossackie A9 infection. Although poliovirus was not isolated from the  pa- 
tient, it was isolated from his brother. Furtliermorc, the patient gave a C F  and  N t  antibody response 
characteristic of polio-infection. 

Only Cossackic I34 virus was isolated. An acutc sc’riiin, the only oiie collected, failed to  show polio- 
C F  antiboclics. 

(2 7 type 1) ! 2 5 (36% ) were echo viruses, and 
16 (23%) were Coxsackie viruses. Of the 
Coxsckie viruses, 6 were B2, 2 were B3, 7 
were B4, and only 1 was A9.t Of the echo 
viruses, 21 were type 6. and 4 were unrelated 
to any of the 14 recognized types. Thus with 
the exception of poliovirus type 1, echo type 
6 was encountered in this series more than 
any other virus. 

When the nmparalytic cases are separated 
by age groups (Table 11), the results may be 
summarized as follows: In the 5-10 age group, 
the only group vaccinated in 1955 in Connec- 
ticut, poliovirus was isolated from 5 of 45 
vaccinated cases ( 1 1  76 positive), all type 1: 

In early spring 1936. ho\vevcr, when only 3 
viruses were isolated in Conn. irom the first 9 cases 
of aseptic meningitis seen. all 3 proved to be Cossack- 
ic. A9. This virus was isolated again in August from 
another patient with aseptic meningitis, Type A9 be- 
ing obtained both from the stools and from the cere- 
brosDinal fluid. 

and 6 of 22 nonvaccinated cases (27% posi- 
tive). In the same age group, type 6 echo 
virus was isolated from 12  of 45 vaccinated 
cases ( 2 7 %  positive) and 6 of 22 nonvac- 
cinated cases ( 2  7% positive). Coxsackie 
viruses were isolated from 4 of the vaccinated 
cases (970 positive) and 2 of the nonvac- 
cinated cases (9% positive). Poliovirus was 
isolated from all of the age groups studsied 
(with the exception of the 5 patients over 30 
years). Similarly, Coxsackie viruses were 
found in all the age groups. However, the 
type 6 echo viruses were all isolated fm 
children aged 5- 13 years. The paralytic cases 
are not considered by age groups because most 
of the cases were positive and yielded polio- 
virus. 

Mu1 t iple collections 
of serum were taken from the echo type 6 
excretors, and N t  antibody titers were deter- 
mined against the patient’s own virus as well 

Serologicnl findings. 

as against the D’Amori strain, the prototype 
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TABLE 11. Viral Isolations from Nonparalptic Cases in  Relation to Age. 

Agegroups 1-4 5-10 5-10 11-20 21-30 >30 Total 
Non- 

vaccinated Vaccinated 

Cases studied 11 22 45 25 22 5 130 
Poliovirus isolations 5 6 5 8 4 0 28 
Echo-6 0 6* 12 3 0 0 21” 
Coxsackie ” 2 2 4 4 2 2 16 

9 9  

* Not included in this table are 3 additional cases from Providence, R.I., studied in  1954, 
which yielded echo-6 virus. 

strain of echo type 6 virus. As similar 
homologous and homotypic titers were found, 
hereafter only the titers against the prototype 
strain are considered. The results of the tests, 
as shown in Table 111, may be summarized 
as follows: Echo-6 excretors produced homo- 
typic antibodies more slowly, and at lower 
titer than the poliovirus excretors produced 
homotypic polio-antibodies. Polio-antibody 
titers were essentially unaffected in excretors 
of echo-6 virus. 

Specific examples giving vaccination status, 
poliovirus N t  and CF, and echo-6 N t  anti- 
body titers are listed in Table IV. All of 
these cases were excreting echo-6, the stool 
being collected at  the time the first serum was 
drawn. The first two patients listed were not 
vaccinated. Each demonstrated poliovirus 
Nt  antlibdies to a single poliovirus type, with- 

TABLE 111. Neutralizing Antibody Titers” in  
Aseptic Meningitis Patients (Age 5-13 Years) In- 
fected with Echo Virus Type 6 or Poliovirus 

Type 1. 

Convales- 
Acute, cent, over 

7 days t 1-7 days t 
Echo-6 donors 

Sonracciiiated sera tested 
Echo-6 serum titers 
Polio-1 ” ” 

Vaccinated sera tested 
Echo-6 serum titers 
Polio-1 ” ” 

Polio-1 donors 
ATonvaccinated s t m  tested 

Polio-1 serum titers 
Vaccinated sera tested 

Polio-1 serum titers 

9 pairs 
< l o  100 

50 50 
11 pairs 

< l o  50 
256 256 

4 pairs 
150 200 

3 pairs 
100 200 

* Geometric mean. 
t Interval in  days between onset of illness and 

collection of serum. Only paired sera in which the 
acute specimen was drawn during first week are 
included. 

out a change in titer being noted during the 
course of the disease. As the CF tests were 
negative, the N t  anltibodies are assumed to 
represent a past subclinical polio-infection, 
for no hisltory of poliomyelit~is was obtained. 
Other patients failed to have any detectable 
antibodies against any of the poliovirus types. 
Two patients listed had been vaccimted, each 
having received 2 doses of formaliaized vac- 
cine, about 2 months prior to infection with 
the echo virus, which probably accounts for 
their elevated levels of poliomyelitis N t  anti- 
bodies. Again the polio-antibodies remained 
constant during the course of the illness. In 
contrast all 4 patients demonstrated a rise in 
antibodies to echo-6 virus, as did all of the 
echo-6 excretors from whom adequately 
spaced serum specimens were collected. 

Clinical data were 
obtained from the patients studied. Only the 
results of the study of asqt ic  meningitis cases 
associated with echo-6 virus, the Coxsackie 
group B viruses, and paliovirus-1 are shown 
in Table V, where the cell counts of the cere- 
brospinal fluids are also noted. It may be 
seen that the symiptomatology among the 3 
groups was not significantly different. Fever, 
malaise, headache and stiff neck were most 
commonly encountered. Stiff back, back 
pains, muscle pain, vomiting and sore throat 
were occasionally encountered, and abdominal 
pains and constipation were infrequently 
found. An increased n u m k r  of cells in the 
spinal fluid was noted in all excretors of 
echo-6 virus in which a lumbar puncture was 
performed. The number of cells ranged from 
12 to over 300 with about 75 cells per c. mm. 
being the average count. Eight of 11 Cox- 
sackie excretors showed increased cells in the 
spinal fluid. Twenty of 23 poliovirus-1 ex- 
cretars showed increased cells in the spinal 

Signs and symptoms. 
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TABLE IV. Titers of Polio-Types I. I1 aud I11 and Echo-G Antibodies in Paired Sera of Asep- 
tic Meningitis Patients Excreting Echo-G Virus. 

-Poliorirus antibody titer-, ~ ~ h ~ - g  
Complement neutralizing 

D:IYS a ftclr Sc .11  t ril li  z i ~  tioit fixation antibody 
onset 1 I1 I11 I I1 I11 titer 

6 (nonriicc4iiated 1 3 
4 5 

6 1 
31 

8 (vaccinated) 1 

12 
6 ” 4 

18 

,* 

<4 
<4 

<4 
<4 

1024 
1024 
1024 
1024 

64 
64 

<4 
<4 

1u24 
1024 

16 
16 

0 0 0 
0 0 0  
0 0 0  
0 0 0  
0 0 0 
0 0 0  
0 4 0  
0 4 0  

fluid. Here again, by use of the cell count, no 
significant differences were present between 
the 3 groups. 

Discussion. Even though it has long been 
known that aseptic meningitis may be caused 
by a variety of agents(6.7). a large propor- 
tion of cases are still of unknown etiology. 
IYith the increasing use of tissue culture tech- 
nics. a number of new agents have been iso- 
lated from patients manifesting this sjm- 
drome. This might well be merely a reflec- 
tion of the type of case studied. Before a 
newly recognized agent can be said to be the 
etiological agent of a disease. it must be 
shown to have a high correlation with the oc- 

TABLE V. C‘1inic;il Fc i tuws of Ascq)tiv Jlrnin- 
gitis Patients Associated with Eclio-fj, Cossackic 

t: :inti Poliol-iriis 1Sscrction. 

C‘ossackica Polio- 
Signs and symptonis Echo-G B virus 

Ferer and malaise 
Headache 
Stiff neck 

’ *  h c k  
I h c k  1):iiii 
~ I l l s c l ~ ~  ” 

Voiil i t i ng 
Alxloniina 1 pn i 11 
Sow throat 
Diarrhea 
constipation 
CSF pleocytosis (LP per- 

formed 1-10 days a f t w  
onset with the majority 
being done on 211d day) 

Less thaii 10 cells 
10- 24 cells 
25- 99 ” 

100-300 ” 

Over 300 ” 
Jiore than 10 cells 

21/21 
17/21 
1 x/2 1 
8/21 
4/2 1 
4/2 1 

15/21 
3 / 2  I 
5,’: 1 
0/21 
0/2 1 

0/18 
1/18 
9/18 
5/18 
3/18 

18/18 

11/13 
11/13 
12/13 
3/13 
3/13 
3/13 
3/13 
0/13 
4/13 
0/13 
1/13 

3/11 
0/11 
4/11 
1/11 
3/11 
8/11 

19/20 
17/20 
1 i/2O 
l0/20 
8/20 
7/20 

10/20 
0 / 2 0  

10/20 
0 / 3 J  
3/20 

3/23 
3 /23 
8/23 
8/23 
3/23 

20/23 

ciirrence of the illness. The situation is not 
simple in the case of a syndrome having a 
diverse etiology and a virus which does not 
produce disease in laboratory animals. Nev- 
ertheless. the present report of echo virus type 
6 as the only agent associated with 24 cases 
of the disease lends strong support to the view 
that this virus is one of the etiological agents 
of aseptic meningitis. Infections produced 
with the virus in this series of c a m  were of 
the classical type, in that antibody rises were 
readily demonstrated in paired sera. At the 
recent Conference on Viruses in Search of Dis- 
ease, 3 different laboratories(8,9,10) also 
commented on finding a high degree of asso- 
ciation of echo-6 virus with aseptic meningitis 
cases, including the isolation of the agent 
from the cerebrospinal fluid in some of the 
patients studied (9).  

In a study of vaccinated and 
non-vaccinia ted “poliomyelitis” patients in 
Connecticut during the summer and fall of 
1955. 78% of the paralytic, but only 50% 
of the nonparalytic, cases yielded viruses cy- 
topathogenic for monkey kidney cultures. 
Of the 45 agents isolated from paralytic pa- 
tients. 93% were polioviruses, chiefly type l .  
Two patients had mixed infections: echo-6 
and polio-1, and Coxsackie A9 and polio-1. 
Of the 69 enteric agents isolated from the 
nonparalytic cases, 41 % were polioviruses 
(type 1, with a single exception), 23% were 
Coxsackie viruses (B2, B3, B4, A9), and 
36% were echo viruses. Of 25 echo 
viruses, 2 1  belonged to echo-6 and 4 were un- 
related to any of the 14 recognized echo types. 

Summary. 
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In addition. echo-6 was recovered from 3 
cases of aseptic meniingitis in Rhode Island 
during the summer of 1954. Together with 
evidence being obtained in other laboratories, 
these data strongly support the view that 
echo virus type 6 is one of the etiological 
agents of the aseptic meningitis syndrome. 
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Epinephrine-Chlortetracycline Induced Arrhythmia in the Isolated 
Rat Heart. (22631) 
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(Introduced by C .  H. Hine.) 

The effect of antibiotics on the host has 
received considerable attention. Their p s -  
sible effect on cardiac action has been empha- 
sized. One of the authors, with another 
worker ( 2 ) found that epinephrine-chlortetra- 
cycline induced arrhythmia can be demon- 
strated in isolated frog and turtle har t s .  
This led ,to the experiments reported here on 
the effect of epinephrine-chlortetracycline on 
the isolated mammalian heart.* 

Methods. A white rat was killed by a blow 
a t  the base of the skull. The heart was ex- 
cised and the coronary arteries were perfused 
through a modified Straub cannula in the 
aorta. The heart was allowed a 10-15 minute 
stabilization period and its contractions were 
recorded kymographically. After an addi- 
tional 10 minutes, the drug was administered 
by injection into the perfuate and in ap- 
proximately 20-25 minutes following this a 
challenge dose of epinephrine (1 pg) was 
added to the perfusate. 

The temperature for each experiment was 

kept to within t 0.5"C and ranged between 
34-37OC in different experiments. The per- 
fusaite was well-oxygenated Lockes' solution ; 
a glucose concentration of 0.2% strength 
rather than the lower limit of 0.1% aided in 
reducing irritability and in stabilizing the 
heart (Fig. 1 ) . The elapsed ,time per experi- 
ment averaged 1.9 hours although a normal 
record without irregularity of beat for up to 
3.4 hours was made. 

Results. An isolated rat heart treated with 
100 mcg of chlortetracydine-HC1t followed 
by 1 pg of epineph,rine developed bath in- 
otropic and chronotrapic irregularities (Fig. 
2) in which the normal beat was interrupted 
for from 5-30 minutes, usually 15-20 minutes, 
by one or more of several different kinds of 
arrhythmia as follows: 1. Cyclic variation in 
amplitude; 2. Penids of increased amplitude 
followed by 2-20 dropped beats or by con- 
tractions of smaller amplitude; 3. Series 
(2-5) of beats irregular in rate and ampli- 
tude; 4. Complete cessation of beat (Fig. 5 ) .  

*With the aid of a grant from the San Francisco t Through the courtesy of the Lederle Laboratories 
Heart Assn. Division, American Cyanamid Co. 




