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Persistence of Antibodies to ECHO-16 Viruses Following Boston Exanthem
Disease.* (25203)
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Of the diseases now considered to be of
ECHO virus etiology, Boston Exanthem dis-
ease(1,2) was the first to be recognized as a
clinical and epidemiologic entity and associ-
ated with its causative agent. Immunological
relationship of Boston Exanthem viruses to
ECHO-16 virus has since been demonstrated,
although their antigenic patterns are not iden-
tical(3,4). Reports on the ECHO viruses
have dealt with clinical associations, epidemi-
ological studies, or antigenic relationships. In-
formation on the immunological status of man
several years after infection with ECHO
viruses has not been available. Serum samples
were obtainedt from patients of the 1951 Bos-
ton Exanthem disease epidemic, and also from
cases of the Pittsburgh outbreak of 1954.
This report provides results of studies on com-
plement fixing and neutralizing antibody
levels 3 to 6 years after original infection.

Materials and methods. Neutralizing Anti-
body (NA) Tests. Explant type roller cul-
tures of embryonic human skin-muscle tissuet,
grown with medium containing bovine embry-
onic fluids as described elsewhere(4), were
used. Prior to inoculation the nutrient was

* This work supported (in part) by grants from
Nat. Inst. of Allergy and Infect. Dis, N.ILH., by
Lederle Laboratories of Amer. Cyanamid Co., by
Parke, Davis and Co., and United Fruit Co.

t Dr. Henry E. Gallup of Dedham, Mass. kindly
furnished some specimens from his patients.

I We are grateful to Dr. Kurt Benirschke and staff
of Bostcn Lying-In Hospital, and Dr. Harold Rosen-
field and staff of Beth Israel Hospital for coopera-
tion in obtaining tissue specimens.

changed to 909% bovine embryonic fluids and
the Hanks component omitted. Seven days
after inoculation one additional fluid change
of the same medium was made. Pools of virus
in the 4th to 7th in vitro passage were used—
2 of the Floyd strain which originated from a
Boston patient, and 2 of the Pittsburgh Mc-
Grew strain. Serum samples were stored at
—15°C, thawed on the day of use, and inac-
tivated at 56°C for 30 minutes. Except as
noted in Table I, all serum specimens from a
patient were tested simultaneously. Two- or
4-fold serum dilutions were mixed with virus,
held at 5°C for 134 hours, and 3 cultures each
were then inoculated with 0.1 ml of the mix-
ture. In each test 3 or more control cultures
were inoculated with an equivalent virus dose.
Serum NA titers were determined 3 days after
the virus controls showed unequivocal and
generalized cellular degeneration. Titration
of the virus inoculum was performed concur-
rently with each test. NA titers are expressed
as that dilution of serum, before addition of
virus, which effected neutralization of 2 or
mere of the 3 cultures inoculated. If all 3
tubes at one dilution were neutralized and 2
or all 3 tubes of the next highest dilution
failed to be neutralized, an arbitrary inter-
mediate dilution was taken as the titer. Com-
plement-fixation (CF) tests. Methods of an-
tigen preparation and the micro-method CF
test procedure are reported elsewhere(5). The
antigens were concentrated from infected cul-
ture fluids and heated at 56°C before use.
Three antigens, from the same strain (Mec-
Grew) of exanthem virus, were used; a few
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TABLIS T CIF and Neatralizing Antibody Titers
i Boston Exanthem Disease Patients at. Varions
Intervals afier Tliness.

Neutralizing antibody
titert

Patient, es Wlovdi vs MeGrews
age at Time CF  (Boston) (Pittsburgh’
onset  after onset titer* strain strain

MroWoo 20 days 128 64 32

26 vr o 2 yr,2mo 64 v 16
4yr 64 >32 nt
G yr. 3 mo 64 nt 128 or >
Mrs. W, 20 days 4 16 2
26 v 2 vE 2 mo 32 16 N
4y I 16 nt
6 v, 3 mo 16 nt N
Lell Wo o 23 days 64 32 16
3 vy 2vr 2 mo 32 >128 128
+r 16 128 or > 64
6 vy, 3 mo 16 nt 128
Lin. W, 4 er 32 128
2 vy 6vr 3 mo 32 h
M. F. 11 days 128 G4 64
2vr 2y 16 nt >128
Byrollmo 128 > 128 256
Gyvr, 3mo 32 nt 128
Vo 2vr, Lmo ti4 128 or >
6y 4vr 128 >128
6 vr. 3 mo 4 128 or >
CUF. 2yvr, 1 mo 8 128
+mo 4yr 16 "
Gyr,3mo <16
Mrs. D 23-26 days anticomy. 32 0r >
24 yr  6Gyr,3mo 16 32
L. D. 23-26 days 64 16
2yr 6 vr, 3 mo 16 32
Mr.MeG. 23 days 128 16 a2
29 vy 1T mo G4 " v
2yr, l0mo 32
D. MeG. 27 days 128 64 128
+yr 11 mo 32 > 64 236
2yr,10mo 16 v 128
R. We, 20 days 128 32
5vr 1T mo N2 64
2wvr, 10mo 16 >32

K. We. 20 days 64 32 0r >

Gyr 11T mo 16 64
2yr, 10mo 16 32 0r >

Mrs, We. 17 days 64 128
30yr 11 mo 16 "

2vr, 10 mo 8 16

Mr.Du. 18 days 256 64
35yr 1l mo 64 <32
2yr,10mo 32 32

* All titers expressed as veciproeal of serum (iln
tion before virus or antigen added.

t Neutralized for 3 days after virus control cul
tures showed degeneration,

1 Virus dose varied from 20 to 350 1D,

§ Idem 25 to 250

nt = not tested.

ANTtIBODIES TO ECHO-16 VIRUSES

tests were done with an antigen derived from
another strain (Clauss). Two units of anti-
gen and 214 1o 345 units of complement were
employed. A positive control serum was in-
cluded in each test and reacted to comparable
degree with each antigen used(5). Available
serum samples from any one patient were
tested simultaneously at least once. Dupli-
cate tests showed good agreement in titers.

Results. The level of CF antibody usually
showed a 2- to 4-fold decline in titer within
one vear after infection, but little change
thereafter for as long as 6 years. One Boston
patient (M. Flo) exhibited a distinct second-
ary rise in CF antibody titer between the sec-
ond and fourth years. However, no significant
increase in level of NA was evident over this
same interval. CF and NA values for the 15
patients studied are summarized in Table I.

With one possible exception, no decline in
NA level was found 3 to 6 years after the
original infection. However, unexplained
fluctuations in titer of NA were recorded for
sera obtained from one family (Will.). This
variation was not associated with correspond-
ing changes in CF titer, and in only one pa-
tient (Lel. Will.) was the fluctuation in NA
titer demonstrable with both test strains of
virus.

Discussion. The results indicate that in
man after infection with ECHO 16-like vi-
ruses, CF antibody titers fall moderately
within 1 to 2 years, and then persist at detec-
table levels for periods of at least 3 to 6 years.
This contrasts with the more rapid drop in
CF antibody levels following infection with
polio viruses(6). Evidence was also obtained
that a secondary rise in CF antibody may oc-
cur. presumably because of reinfection with
the same or an antigenically related agent.

Levels of NA showed no significant decline
3 to 6 years after the exanthem infection; in
fact, apparent increases in titer were regis-
tered in several cases. However, the signifi-
cance of these changes in late convalescence is
difficult to evaluate. The individuals with
unstable antibody levels were all members of
the same family. In 2 instances the rise in
titer may have represented a gradual increase
in antibody after the original infection, since
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no samples were tested between early conval-
escence and 2 years. The absence of a con-
comitant rise in CF antibody would support
this hypothesis. If the changes in antibody
levels were the result of infection with anti-
genically related viruses, a discrepancy in
booster antibody response between neutraliz-
ing and CF antibodies would have to be postu-
lated.

It is possible that the levels of antibody in
the patients studied were maintained by in-
apparent infections with antigenically related
enteroviruses. Detection of changes in anti-
body titer resulting from such a mechanism
would require more frequent sampling of sera.
Further investigation will be necessary to de-
termine whether the pattern of immunologic
response found in Boston Exanthem disease is
also applicable to other ECHO virus infec-
tions.

Nucleic Acid Content of Various Areas of the Rat Brain.*
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Summary. Persistence of complement fix-
ing and neutralizing antibodies to ECHO 16-
like viruses was studied in 15 patients conval-
escent from Boston Exanthem disease. CF
titers fell moderately within 1 or 2 years after
infection, but remained demonstrable for 3 to
6 years. Levels of neutralizing antibody per-
sisted without significant decline for a similar
period of time.
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The present investigation was initiated to
provide control values of NA concentrations
in local areas of rat brain. Previous reports
have, for the most part, concerned themselves
with NA content of the whole brain ignoring
the differences between the various areas of
the brain. Since these areas differ from each
other functionally, morphologically, metaboli-
cally, and in chemical composition, and since
physiological stresses or agents are known to
act differently on these various cell groups, it
becomes necessary to establish regional con-
trol values.

Methods. Adult, white, male rats (300-
450 g) were used. The rats were decapitated
after receiving a stunning blow on the head
and the brain dissected on a cold surface. The
tissue was washed with ice-cold distilled water
to remove surface blood and hlotted on filter

* This work was partially supported by grant from
Nat. Inst. of Mental Health and by Contract between
U, S. Air Force and Univ. of Md.

paper. More reproducible results were ob-
tained if the tissue was blotted to remove sur-
face water (Table I). The excised tissue was
then placed in 10% trichloracetic acid (TCA)
or stored in the deep-freeze. A maximum pe-
riod of 15 minutes elapsed between sacrificing
of the animal and the storage or treatment of
the tissue with TCA. When tissue weight was
100-200 mg, the homogenates were prepared
with a close fitting stainless steel pestle in
16 X 150 mm test tubes. When the hypo-
thalamic and thalamic tissues (20-50 mg)
were analyzed for total nucleic acid (TNA),
the tissue was homogenized-in a 12 ml cen-
trifuge tube using a plastic pestle prepared
according to the method of Darbé(1l). It was
necessary to pool these tissues from 5 animals
to obtlain enough material for analysis of de-
oxyribonucleic acid (DNA) using the stand-
ard procedure. Enzymatic assays were made
following the procedure of McDonald(2) ex-
cept that it was run at 37°C and different



