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and increase the F;. Second, the removal of
proteins from the suspending medium lowers
the density of the medium, increasing the
density gradient between the cells and the
medium and thus favoring cell packing. Al-
though this change in density gradient could
play a part in bringing about the difference in
plasma trapping between Ringer suspension
of cells and whole blood in a given species
(goat), it is not the factor causing the dif-
ference in plasma trapping of whole blood
among the species studied. As shown in
Table I, the densities of cells and plasma
do not exhibit striking species differences, and
the small differences observed cannot be cor-
related with variations in F,. The amount of
albumin in albumin-I3! solution added to the
Ringer suspensions was sufficient to avoid
adsorption of albumin-I*3! onto glassware(6).
If a significant degree of adsorption had oc-
curred, the Ringer suspensions would have
had lower, instead of higher, F; values than
the corresponding whole blood.

For a given species, F; is greater with the
micro-method than with the macro-method.
Since a shorter duration of centrifugation was

used in the micro-method, the lesser plasma

trapping or better cell packing is undoubtedly
due to the greater force of centrifugation
employed.

Summary. With the use of albumin-I'31,
the volume of plasma trapped in the packed
cell column of hematocrit tubes was deter-
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mined for blood samples obtained from 5
animal species. The volume of plasma trap-
ped was least in blood samples obtained from
elephant, man and dog (MCV 112 to 72 p?),
larger in sheep blood (MCV 37 %) and
largest in goat blood (MCV 18 yx?). Increas-
ing the force of centrifugation or removal of
plasma proteins reduced the volume of fluid
trapped in the packed cell column, and the
reduction was most pronounced for goat
blood.

The authors wish to thank Dr. Henderson and
Mr. Hugo Schmidt of the Ringling Brothers, Bar-
num and Bailey Circus for their generous cooperation
in obtaining the elephant blood. The authors are
also indebted to Dr. Gandal of the Bronx Zoo for
his kind supply of goat blood and sheep blood.

1. Gregersen, M. I., Schiro, H., Am. J. Physiol.,
1938, vi21, 284.

2. Chaplin, H., Jr.,, Mollison, P. L., Blood, 1952,
v7, 1227.

3. Chien, S., Gregersen, M. I, in Physical Tech-
niques in Biological Reséarch, W. L. Nastuk, Ed.,
New York, Academic Press, 1962, v4, 1.

4. Gregersen, M. I, Peric, B., Chien, S., Sinclair,
D., Chang, C. Taylor, H., Proceedings 4th Inter-
natidnal Congress of Rheology, Symposium on
Biorheology, John Wiley, N. Y., 1965, p613.

5. Natelson, S., Microtechniques of Clinical Chem-
istry, 2nd ed., Thomas, Springfield, Ill., 1961, p229.

6. Reeve, E. B, Franks, J. J., Proc. Soc. Exp.
Biol. and Med., 1956, v93, 299.

Received May 14, 1965. PS.E.BM, 1965, vilo9.

Antigenic Relationship Between Strains of Echovirus Types 6 and 30.*
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Minor antigenic relationship between the
prototype strain and one prime variant of
echovirus type 6 and 2 strains of echovirus
type 30 has been reported from this labora-
tory(1). -This relationship was discussed at

* Support of this study was by research contract
PHA43-64-529 with Nat. Inst. of Allergy and Infect.
Dis., N.L.LH., Bethesda, Md.

a recent meeting of the Panel for Picorna-
viruses; further study of the above problem
was suggested.! This communication reports

t Meeting held Jan. 18-19, 1965, at University
of Kansas Med.. Center, Kansas City, Kansas with
the participation of J. L. Melnick (chairman), D.
M. Hamre, David T. Karzon, M. A. Mufson, A. M.
Webb, H. A. Wenner.
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TABLE I. Cross Neutralization Tests with 3 Strains of Echovirus Type 30 and 3 Strains of

Echovirus Type 6.

I Antisera \
E-30 E-30 E-30 E-6 E-6 E-6”

Virus (Bastianni)  (Frater) (Giles) (¥ Amori) (D-1) (Burgess)
B-30 (Bastianni) 6400*(550)t 4000 (550) 25 (550) <25 (550) <25 (550) <25 (550)
E-30 (Frater) 250 (316) 1000 (316) <25(316) <25(316) <25 (316) <25 (316)
E-30 (Giles) 250 (176) <25 (176) 6400 (176) <25 (176) <25 (176) <25 (176)
E-6 (D’Amori) <25 (550) <25 (550) <25 (550) 1600 (550) 3200 (550) 4000 (550)
E-6’ (D-1) <925 (316) <25 (316) <25 (316) 3200 (316) 1600 (316) 6400 (316)
E-6” (Burgess) <25 (550) <25 (550) <25 (550) 6400 (550) 1600 (550) =6400 (550)

* Reciprocal of serum dilution.

that: (a) major antigenic relationship could
not be detected between strains of echovirus
types 6 and 30 either by serum neutralization
or hemagglutination-inhibition; and (b) one-
way crosses were obtained between strains of
echovirus 6, and three representative strains
of echovirus 30 by complement fixation.

Materials and methods. Viruses. Four
strains of echovirus type 30, namely Basti-
anni (the prototype), Frater, Giles and PR-
17(2) were selected for this study. Three
strains showed consistent hemagglutination at
this laboratory. Echovirus type 6 strains,
namely D’Amori (6), D-1 (6’), and Burgess
(6”) were from our reference enterovirus
stocks.

Antisera. All antisera were prepared in
rhesus monkeys according to the method
described earlier(3).

Monkey kidney (MK) cell cultures. Kid-
ney cells from rhesus monkeys were grown
and maintained, unless otherwise stated, as
described by Melnick et al(4).

Serum neutralization (SN) test. The neu-
tralization tests were performed in MK tubes
with 100-5006 TCDj;, of virus and 4-fold
serial dilutions (1:25 to 1:6,400) of antisera
‘(inactivated at 56°C for 30 minutes). Serum
endpoints were determined after 7-9 days
of incubation by the method of Reed and
Muench(5).

Hemagglutination (HA) and hemagglutina-
tion-inhibition (HI) tests. HA antigens were
prepared in MK cells inoculated with ap-
proximately 10 TCDj;o of virus and main-
tained on medium 199 without serum(6). As
recommended by Kern and Rosen(7), all

'strains of echovirus types 6 and 30 were

tested for HA with human O erythrocytes at

t TCDg, in parentheses.

pH 5.8, 6.9 and 7.4, and at temperatures
4°C, 25°C and 37°C. HI tests were per-
formed by the microtiter system(8) with 4
units of HA antigen and 0.5% human O
erythrocytes. All sera were treated with kao-
lin and absorbed with erythrocytes prior to
testing. Antigen-antiserum mixtures were in-
cubated at 25°C for 1-2 hours before addition
of erythrocytes, after which the plates were
incubated at 37°C for 90-120 minutes. The
HA and HI tests were read by the pattern
method.

Complement-fixation (CF) test. CF tests
were done by the microtiter system using 2
units of antigen and 5 C’Hjo of complement
with overnight fixation at 4°C. CF antigens
consisted of centrifuged harvests of infected
MK tubes showing 44 CPE. Antigen unit
was determined by box titration and generally
1:8 to 1:16 dilutions of antigen harvests con-
stituted one unit. . All sera were inactivated
at 56°C for 30 minutes. Veronal buffer saline
was used as diluent in all tests.

Results. Cross neuiralization tests. Re-
sults of cross neutralization tests with Basti-
anni, Frater, and Giles strains of type 30
and D’Amori (6), D-1 (6’) and Burgess (6”)
strains of type 6 and their respective antisera
are presented in Table I. In all tests, the
presence of a sufficient number of infectious
units (TCDj5) was established by simul-
taneous virus titrations. While considerable
crossings occurred among the 3 intratypic
strains of each type, no crossings were en-
countered between strains of the 2 distinct
serotypes. However, in the course of daily
microscopic examinations of the neutraliza-
tion tubes, it was often observed that some
sera delayed the appearance of CPE of heter-
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TABLE II. Cross HI Tests with Frater, Giles and
PR-17 Strains of Echovirus Type 30 and  E-6
Strain of Echovirus Type 6.

- Antisera

..
Virus Frater Giles PR-17 E-6’
Frater 640* 10 160 10
Giles 10 640 =1280 10
PR-17 <10 80 =1280 10
E-6’ (D-1) <10 <10 <10 640

* Reciprocal of serum dilution.

All tests performed by the microtiter system
using 2-4 HA units and 0.5% human O erythro-
cytes at pH 5.8. Antigen-antiserum mixtures were
incubated at room temperature for 2 hr pnor to
addition of erythrocytes.

otypic strains, but break-throughs always oc-
curred and CPE was complete by the seventh
day of the observation period.
Hemagglutination-inhibition tests. All 6
strains of echovirus 30 available at this lab-
oratory (Bastianni, Frater, Price, Giles, PR-
17, and 1733) and the prototype and 2 prime
variants of echovirus 6 were grown and tested
for hemagglutination under optimal condi-
tions as described above. Only 3 strains of
type 30, namely, Frater, Giles, and PR-17

(the last 2 hitherto reported as non-hemag-

glutinating viruses), and one strain of type
6, namely D-1, showed significant hemagglu-
tination titers. The highest HA titers for all
4 viruses were obtained at pH 5.8 and 37°C.
These 4 viruses and their antisera were then
tested by cross HI tests; the results obtained
are presented in Table II. No significant
heterotypic crossings were detected with the
3 strains of type 30 or the D-1 strain of
‘type 6. With regard to intratypic strains of
type 30, the data disclose that while PR-17
antiserum showed significant crossing with
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Frater and Giles viruses, antisera to Frater
and Giles strains showed either considerably
less (Giles antiserum against PR-17 virus) or
insignificant crossing with other intratypic
strains.

Complement-fixation tests. Antigens and
antisera encompassed in cross CF tests in-
cluded three strains of type 30, and the
prototype and prime variants of type 6 echo-
viruses. Uninoculated MK culture fluid over-
lay served as antigen control in all tests.
Results of these tests are recorded in Table
III. Type 6 antigens failed to fix comple-
ment with the type 30 antisera; conversely,
the type 30 antigens fixed complement with
type 6 antisera. Similar results, confirming
the one-way cross were obtained in two in-
dependent tests using either frozen or lyo-
philized reference antisera.

The titer values obtained with type 6 anti-
sera and type 30 antigens were often equaled,
but never exceeded the homotypic titers of
type 30 echoviruses, thereby indicating sig-
nificant relationship between the pairs. The
echovirus 6’ (D-1) with generally lower titers
in CF tests than the prototype or 6”, also
reacted in a corresponding manner in serum
neutralization tests.

Discussion. No major antigenic relation-
ship between strains of echovirus types 6
and 30 was detected by SN tests. However,
certain sera representing both types delayed
the appearance of CPE in heterotypic SN
tests, but as mentioned above, break-throughs
occurred by the end of the usual observation
period. The minor antigenic relationship be-
tween certain heterotypic strains of echovirus
types 6 and 30, reported earlier from this

TABLE IIL Cross CF Tests with 3 Strains of Echovirus Type 30 and 3 Strains of Echovirus

Type 6

, Antisera —
E-6 E-¢’ E-6”

Virus Bastianni Frater Giles (D’Amori) (D-1) (Burgess)
Bastianni =1024* 512 =1024 =1024 64 =1024
Frater 128 1024 32 128 64 64
Giles =1024 256 =1024 1024 32 =1024
E-6 (D’Amori) <8 <8 <8 256 8 64
E-6’ (D-1) <8 <8 <8 128 64 64
E-6” (Burgess) <8 <8 <8 128 64 256

* Reciprocal of serum dilution.

All tests performed by the mierotiter system using 2 units of antigen and 5 C'Hg, of comple-

ment with overnight fixation at 4°C.
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laboratory (1), may be attributable to such
delays in CPE in neutralization tests. On the
other hand, results of HI tests performed with
3 strains of type 30, two of them (Giles and
PR-17) hitherto reported as non-hemagglu-
tinating viruses, and our only hemagglutinat-
ing strain of type 6, namely D-1 (6’), showed
a complete lack of cross reactivity.

The CF tests, however, revealed significant
crossings between antisera to the 3 strains
of echovirus type 6 and antigens derived from
Bastianni, Frater, and Giles strains of echo-
virus type 30. Furthermore, with D’Amori
and Burgess antisera, the heterologous titers
were at least 4-fold greater than the homolo-
gous titers. No crossing was observed be-
tween antisera to strains of type 30 and anti-
gens of type 6. Heterotypic CF crossings
among enteroviruses using sera from patients
infected with these viruses have been re-
ported by many workers(9,10). Such find-
ings, usually without corresponding heterolo-
gous’ neutralizing antibodies generally have
been considered as anamnestic responses to
prior infection with the heterotypes. With
specific monkey or mice antisera, however,
. little heterologous CF cross reactivity has
been observed(11,12,13).

The prototype (D’Amori) and the 2 prime
strains (D-1 and Burgess) of echovirus type
6 were isolated from cases of aseptic menin-
gitis and diarrhea(14,15). The prime strains
were originally defined as viruses producing
antisera which neutralized the prototype
strain at high dilutions but themselves were
poorly neutralized by antiserum prepared
against the prototype virus(16). Later
studies, however, showed that considerable
crossings, as detected by neutralization test,
existed among these strains(3). Preliminary
results of work now under way at this labora-
tory have shown a similar heterogeneity
among various strains of echovirus type 30
(17). In the type 30 group, strains Frater
(18), 1733(19), Bastianni(20), Giles(21),
and Price(22) were all isolated from pa-
tients with CNS disease and strain PR-17
(23) from a Puerto Rican infant with
diarrhea.

Types 6 and 30 echoviruses, among all
other echovirus serotypes, show the widest
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ranges in antigenic heterogeneity. This is
possibly another resemblance in their pro-
pensities as human pathogens, but heretofore
these characteristics have not suggested anti-
genic relationship. Only now, with the de-
monstrable one-way serologic relationship do
these properties seem to emerge as of some
importance not only in immunology, but also
pathogenesis and epidemiology.

The significant one-way CF crosses be-
tween type 6 antisera (prepared several years
before strains of echovirus type 30 were
recognized) and echovirus 30 antigens require
further study. At this time type 30 antigens
appear to share common components (per-
haps soluble antigens) with echovirus 6
strains; it is not clear why echovirus 6 strains
do not reciprocate. Possibly 2-way crosses
may be demonstrable with recent human
isolates of type 6, for it is possible that dur-
ing many serial passages in tissue culture,
they have lost the reacting antigen. A corol-
lary proposition exists: antisera produced
against strains of echovirus type 6 not only
identify intratypic strains by CF test, but
strains of echovirus type 30 as well.

Summary. The minor antigenic relation-
ship between the prototype and one prime
variant strain of echovirus type 6 and 2
strains of echovirus type 30, reported earlier
from this laboratory, was further investi-
gated. It was found that whereas no signifi-
cant antigenic relationship between the vari-
ous heterotypic strains of these two types
is detected by serum neutralization and hem-
agglutination-inhibition tests, significant one-
way crosses occur in complement fixation
tests with antisera to the 3 strains of echo-
virus 6 and antigens derived from 3 repre-
sentative strains of echovirus 30. The sig-
nificance of this relationship and its appli-
cation in determinative virology is discussed.

The authors are indebted to Mrs. Hsing-Hua Smith
for her excellent technical assistance in this study.
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An Immunologic Classification of Heterotypic Antibody Responses to
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When human beings are infected or im-
munized with an adenovirus, neutralizing and
hemagglutination-inhibition (HI) antibody
responses to other adenovirus serotypes fre-
quently occur(1-12). Antigenic relationships
between several serotypes have been inferred
from the fact that previous exposure with one
type is followed by a significantly increased
frequency of responses to other types; name-
ly, between types 3, 7, 11 and 14(8,9), and
between types 26 and 27(11). More com-
monly, however, the responses are distributed
in an apparently random fashion among the
various serotypes. The term ‘“recall” has
been used to indicate that such heterotypic
responses may represent a non-specific evoca-
tion of antibody to serotypes with which the
host has had prior contact(9).

* Inst. of Hygiene & Microbiol., Univ. of Saarland,
Homburg, Germany.

Recently, studies in volunteers in this lab-
oratory have suggested an explanation for
heterotypic antibody responses to adeno-
virus type 26 and type 27 infections in man
(13). The results presented in that study
and the findings reported herein indicate that
these responses are specific and reflect the
hitherto unrecognized existence of 3 major
immunologic groups among the adenoviruses.
These groups were delineated when it was
noted that heterotypic antibody responses in
man separate into 3 groups which coincide
with an earlier classification of human adeno-
viruses by Rosen which is based on’ the
agglutination of rat and rhesus monkey eryth-
rocytes(14). »

The present report will describe the studies
which relate the proposed immunologic classi-
fication of human adenoviruses to the hemag-
glutination (HA) groups and will assessthe



