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JOSEPH L. MELNICK & BETTYLEE HAMPIL
On Behalf of the Participating Virus Laboratoriest

This paper summarizes the results of co-operative studies undertaken by the WHO
International Reference Centre for Enteroviruses and a number of WHO Regional
Reference Centresfor viruses, WHO Virus Collaborating Laboratories, or other laboratories
in a comprehensive testing programme of enterovirus equine antisera. The studies were
designed to appraise the specificity of immune serum prepared in horses against five repre-
sentative prototype enteroviruses (poliovirus 1, coxsackieviruses A9 and B3, and echoviruses
4 and 11). Testsfor neutralizing antibody were performed not only against the homologous
viruses, but also against a battery ofheterotypic picornaviruses, comprising 63 enteroviruses,
several rhinoviruses, and three reoviruses. Each serum sample represented a pool of the
individual bleedings taken from groups offive or six horses before and after immunization
with each virus antigen (except echovirus 4, for which three animals were immunized).
The results showed that, whereas the homologous titres of the antisera (poliovirus 1,
coxsackieviruses A9 and B3, echoviruses 4 and 11) were found to be within a useful range
(700-8000), heterotypic antibodies ofsignificant titre were not detected. All corresponding
pre-inoculation sera were negative. The specificity of the haemagglutination-inhibiting
antibody of the coxsackievirus B3 and echovirus 11 antisera was also demonstrated. This
accumulated information played a major role in a decision to prepare in horses antisera to
the rest of the enterovirus group. Co-operative testing of the other enterovirus equine
antisera is now in progress.

Early in 1963, a number of WHO Regional
Reference Centres, WHO Virus Collaborating
Laboratories, and other laboratories undertook a
collaborative study in which tests for homologous
and heterotypic antibodies were performed on
immune sera prepared in horses against five repre-
sentative prototype enteroviruses (poliovirus 1,
coxsackievirus A9, coxsackievirus B3 and echo-
viruses 4 and 11). The laboratories, whose full
designations are shown in the annex, were situated
in Canada (Dr F. P. Nagler), Czechoslovakia

* From the WHO International Reference Centre for
Enteroviruses, Department of Virology and Epidemiology,
Baylor University College of Medicine, Houston, Tex., USA.
These studies were supported in part by a grant from the
National Institutes of Health of the United States Public
Health Service (Grant No. AI-03718) to the World Health
Organization, and in part by United States Public Health
Service Research Contract No. 43-63-1174 from the National
Institute of Allergy and Infectious Diseases, National
Institutes of Health.

t See Annex for full designations of the participating
laboratories.

(Dr K. Zacek), Denmark (Dr H. von Magnus),
Japan (Dr I. Tagaya), South Africa (Dr J. H. S.
Gear), the USSR (Dr M. Vorosilova), the United
Kingdom (Dr C. M. P. Bradstreet), and the USA
(Dr J. L. Melnick and Dr B. Hampil, Dr R. M.
Chanock, Dr L. Rosen, Dr R. W. Brown).
Although the information derived from the study

has been circulated among the various member
laboratories at meetings of the Directors of the
WHO Virus Reference Centres, the WHO Inter-
national Reference Centre for Enteroviruses was
requested to summarize the findings for publication
in order to have the data freely accessible for reference
and general interest. This is especially desirable
since these sera will be made available to WHO and,
in limited amounts, to qualified investigators through-
out the world.
The sera became available during the course of

an investigation on the use of large domestic animals
for the production of large quantities of entero-

1687 - 761



J. L. MELNICK & B. HAMPIL

virus antisera (Hampil et al., 1965) carried out
under the auspices of the Research Reference
Reagents Branch of the National Institute of Allergy
and Infectious Diseases, National Institutes of
Health of the USA. Early in the investigation it
appeared that the horse was probably the animal
of choice in view of its ready response to immuni-
zation, the ease of handling and the large volumes
of sera that could be obtained. Before final accept-
ance of this species of animal, however, important
ancillary information was required. So far as we
are aware, no systematic studies have ever been
carried out on this species of animal with respect
to the occurrence of non-specific substances or
antibodies to the entire group of enteroviruses, or
with respect to the possible development of hetero-
typic antibodies during the course of immunization
against a given enterovirus antigen. It was also
important to obtain confirmation of the homologous
antibody titres of the antisera in a number of
laboratories skilled in the isolation and identification
of enteroviruses, particularly if these sera were to
be employed as WHO reference reagents.
The contribution that these studies made can

scarcely be overemphasized. The results played a
major role in the subsequent decision to prepare
in horses antisera to the entire group of enteroviruses.
It has also been demonstrated that international
collaborative laboratory investigations of virus
reagents can be as easily performed as co-operative
studies among laboratories in close proximity. It is
hoped that this report may encourage similar
studies with other groups of viruses and antisera,
and ultimately lead to the preparation of reference
reagents for all viruses-human and animal.

PLAN OF STUDY

The preparatory plans for the study were not
elaborate. All laboratories were requested to per-
form homologous tests, if possible, and to indicate
the strains of heterotypic viruses that were available
in their seed stocks for tests. Once this was known,
it was evident that broad coverage of the heterotypic
viruses that propagate in monkey kidney tissue
cultures would be attained. One laboratory volun-
teered to perform mouse neutralization tests against
all the coxsackieviruses. Tests were done against
five prototype rhinoviruses by one laboratory and
another performed haemagglutination-inhibition
tests against haemagglutinating enteroviruses.
The laboratories that performed tests in monkey

kidney tissue culture cells, and the homologous and

heterologous viruses employed are shown in Table 1,
where each laboratory is listed by the city in which
it is located. The table also shows the range among
the laboratories with regard to the tissue culture
doses used as virus challenge. The laboratories
performing special tests are shown in the tables
reporting the results of these tests (Tables 9 and 10).

MATERIALS

Pooled serum samples of the pre-inoculation and
the fourth post-inoculation bleedings of five groups
of horses under immunization (Hampil et al., 1965)
were shipped to the participating laboratories,
frozen in dry-ice. At the same time the prototype
seed viruses were provided from the WHO Inter-
national Reference Centre for Enteroviruses for
use in homologous testing. These seeds were taken
from the bulk virus fluids that had been used for
the preparation of the concentrated live virus
antigens employed for immunization of the horses.
The five enterovirus antigens used in the study

were:

Poliovirus 1 (LSc)
Coxsackievirus A9 (Griggs)
Coxsackievirus B3 (Nancy)
Echovirus 4 (Pesascek)
Echovirus 11 (Gregory)

An indicator strain of echovirus 4 (DuToit) was
also provided inasmuch as it had been shown earlier
that echovirus 4 neutralizing antibodies are more
readily detected by use of this strain than by employ-
ing the prototype strain.
The heterotypic tests were performed with the

stock prototype seeds of each laboratory as stated
earlier.

METHODS

The detailed procedures used in this co-operative
study for quantifying enteroviruses and antibodies
have recently been reviewed (Melnick, Wenner &
Rosen, 1964), and will not be repeated here. The
tests for serum neutralizing antibody were done by
either the tissue-culture tube test (for the viruses
that grow in tissue cultures) or the mouse neutrali-
zation test (for the group A coxsackieviruses that
propagate only in newborn mice). Coxsackieviruses
A7 and A9 and the group B coxsackieviruses were
tested in both mice and tissue cultures.
Tube neutralization tests were carried out ac-

cording to the method recommended by the Com-
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TABLE 1
LABORATORIES REPORTING ON HOMOLOGOUS AND HETEROTYPIC TESTS PERFORMED

ON PRE- AND POST-IMMUNIZATION SERA AGAINST 5 PROTOTYPE ENTEROVIRUSES IN MONKEY KIDNEY TISSUE
CULTURES

Laboratory
Viruses

Cophagen- Houston Johaunrgnes London Moscow Ottawa Prague Tokyo
TCD used

Poliovirus

1 x x x x x x x 20-100
2 x x x x 32-56
3 x x x x 32-562

Coxsackievirus

A7 x x x 320-560
A 9 x x x x x x x 27-200

Coxsackievirus

BI x x x x x x 50- 80
B12 x x x x x x 50-500
B13 x x x x x x x 32-180
B4 x x x x x 8- 63
B5 x x x x x x 8- 25
B16 x x x x x x 25-320

Echovirus

1 x x x x x x 56-400
2 x x x x x x 56-330
3 x x x x x x 10-320

4 a x x x x x x x x 32-560
5 x x x x x x 56-320
6 x X x x 32-178

6' ~ ~ ~~~~~~~~~~~~~~~~x 50
6' x 320
7 x x x x x 56-320
8 x x x x x 32-630
9 I x x x x x 32-320

11 x x x x x x x x 17-100
12 x x x x x x 21-1000
13 x x x x x x 21-316
14 I x x x x x 15-200
15 x x x x x x 32-2000
16 x x x x x 7- 50
17 x x x x 32-250
18 x x x x x x 10-562
19 x x x x x 32-320
20 X x x x x x 16-224
21 x x x 56-316
22 x x x 100-200
23 x x x x 56-320
24 x x x x 100-580
25 x x x x x 5-210
26 x x x x 56-470
27 x x x x x 46-800
29 x x 32-160
30 x x 100
31 x 160
32 x 80

a The indicator strain (DuToit) of echovirus 4 was used instead of the prototype Pesascek in Copenhagen, Johannesburg,
London and Moscow. Ottawa used only the Pesascek strain. Both strains were employed by Houston, Prague and Tokyo.
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TABLE 2
METHODS EMPLOYED FOR SERUM NEUTRALIZATION TESTS

Diluent a Of: Incubation
Laboratory Diluent aof:of serum-virus mixtures Incubation time Tissue culture

Virus Antiserum Temp. Time (days) of test system used

Iiu nieu eP (hours)

Copenhagen Hanks' BSS Hanks' BSS Room 1 7 at 370C Green and Cynomolgus

Houston ME a ME 37°C 2 7 at 37°a Rhesus

Johannesburg Hanks' BSS Hanks' BSS Room 1 7-8 at 37°C Vervet
(ca 20°C)

London Hanks' BSS Hanks' BSS Room 1 7 at 37°C Cynomolgus and Rhesus

Moscow ME ME 37°C 2 7 at 37°C Rhesus

Ottawa Hanks' BSS Hanks' BSS Room 1 8 at 37°C Rhesus

Prague Hanks' BSS Hanks' BSS Room b 1 7 at 37°C C Rhesus

Tokyo ME ME 37°C 2 7 at 37°C Cynomolgus

Bethesda Hanks' BSS Hanks' BSS 37°C 2 7 at 33°C WI-38 cells
with on rotating
0.5 % gelatin drum

a ME = Melnick's lactalbumin hydrolysate medium with Earle's salt solution but without calf serum.
b A temperature of 37°C was used in this laboratory for echoviruses 15 and 16.
c 7 days at 22°C for echovirus 31.

mittee on the Enteroviruses, National Foundation
for Infantile Paralysis (1957) or the slight modifi-
cations of this method ordinarily used in each
laboratory. The salient features of the methods
employed by each laboratory are outlined in Table 2.

In homologous tests, each pre-inoculation serum
and the corresponding post-inoculation serum were
included simultaneously in at least one test. The
pre-inoculation serum was tested undiluted and at a
serum dilution of 1: 5. If neutralization occurred
at the 1: 5 dilution, repeat tests were performed
(at serum dilutions of 1: 10, 1: 20, etc.). The post-
inoculation serum was diluted in fourfold serial
steps beginning at an appropriate dilution previ-
ously designated by the WHO International Refer-
ence Centre for Enteroviruses. Each of four tissue-
culture tubes was inoculated with each serum-virus
mixture, 0.2 ml per tube. With each test, simultane-
ous virus titrations were done to determine the
number of 50% tissue-culture doses (TCD50) em-
ployed as challenge virus. Mouse neutralization
tests were performed in day-old randomized mice.

Antibody titres were reported in terms of the 50%
serum dilution end-point per 0.1 ml for tissue-
culture tests and per 0.02 ml for mouse neutralization
tests.

Haemagglutination inhibition tests were also done
using standard procedures (Melnick, Wenner &
Rosen, 1964).

RESULTS

Homolo,gous tests

The results of the tests for homologous antibody
are shown in Table 3. Although only one homolo-
gous test was requested for each serum, a number
of the laboratories tested one or more of the antisera
two or more times. In these instances, the mean
antibody titres and the challenge doses of virus have
been calculated from the data reported. These
figures are recorded in the table together with the
number of tests performed.

In examining the data in the table, it should be
noted that it was not the purpose of this study to
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TABLE 3
HOMOLOGOUS ANTISERUM TITRES REPORTED BY EIGHT LABORATORIES a

Serum b

Laboratory Poliovirus I Coxsackie A9 Coxsackie B3 Echo 4 c Echo 11

No. of tests Titre No. of tests Titre No. of tests Titre No. of tests Titre No. of tests Titre

Tissue culture tests (Mean titre per 0.1 ml)

Copenhagen 2 12 000 2 15 000 3 3 800 2 .3 400 (D) 2 510
(49) (591) (58) (57) (35)

Houston 3 9 000 2 4 600 2 9 000 1 >10 (P) 3 600
(80) (100) (60) (100) (80)

3 1 000 (D)
(100)

Johannesburg 1 1 280 (D) 1 664
(100) (17)

London 6 1 540d 3 3 800 4 1 700 1 168 (D) 4 460
(180) (130) (235) (560) (21)

Moscow 1 32 000 1 4 467 1 3 548 1 89 (D) 1 891
(316) (57) (58) (389) (213)

Ottawa 2 3800 2 4800 3 1 880 1 32 (P) 1 891
(180) (57) (214) (56) (35)

Prague 1 12500 1 39000 1 12500 1 512 (P)6 1 630
(32) (39) (800) 12000 (D) (320)

(80)

Tokyo 1 8 000 2 5 700 1 8 000 1 20 (P) 1 630
(100) (200) (32) (32) (180)

1 790 (D)
(320)

Geometric mean titres f 7 800 7 300 4 400 930 (D) 640
(103) (108) (113) (163) (67)

Mouse neutralization tests (Titre per 0.02 ml)

Copenhagen 4(380 16400
(16) (32)

a Pre-inoculation sera reported negative at a 1 :5 dilution by all laboratories.
b Figures In parentheses indicate either TCDso or LDu of the challenge virus found in one test or the mean TCD5. when 2 or

more tests were reported.
c Echovirus 4 serum was tested against DuToit (D) strain and prototype Pesascek (P) strain.
d Range of serum titres: 721-3 200; range of TCDso: 56-320.
6 Plaque reduction tests.
f Calculated on basis of one value for each laboratory reporting.

appraise the comparative results except in general
terms. The titres reported by one laboratory were
consistently lower for four of the five sera than
those of two or three other laboratories, and a
second laboratory reported consistently high values
in the single test performed on four of the five sera.

The closest agreement was found in the values
assigned to the echovirus 11 serum and the poorest
agreement in those found with the echovirus 4
serum using the DuToit strain as the indicator virus.
However, irrespective of the titres reported by the
laboratories, at least four of the sera (poliovirus 1,
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TABLE 4
POLIOVIRUS I ANTISERUM :a

SUMMARY OF REPORTS ON HETEROTYPIC TESTS b

Immune serum antibody titre per 0.1 ml c
Heterotypic

viruses | Copen- Houston Johannes- London Moscow Ottawa Prague Tokyo
hagen burg

Echovirus

8 NT NT Neg. NT Neg. 12 (100) Neg. 15 (170)

9 NT NT 12 (32) Neg. Neg. NT 10 (32) Neg.

11 Neg. Neg. 10 (17) Neg. Neg. Neg. Neg. 28 (320)

12 NT NT 20 (21) Neg. Neg. Neg. 10 (63) Neg.

14 NT NT Neg. Neg. Neg. Neg. 10 (200) Neg.

15 NT NT Neg. Neg. Neg. Neg. 12 (80) Neg.

16 NT NT Neg. Neg. NT 10 (56) Neg. Neg.
17 NT NT 20d (100) Neg. NT NT Neg. Neg.

18 NT NT Neg. Neg. Neg. Neg. 10 (125) Neg.

26 NT NT NT 10 (56) NT Neg. Neg. Neg.

a Pre-inoculation serum reported negative in all tests except as indicated in footnote d.
b Tests performed against polloviruses 2, 3, coxsackieviruses A7 and Ag, coxsackieviruses BI-6, and echoviruses 1,

2.6, 6', 6", 7, 13, 19-25, 27-32, and reoviruses 1-3 were negative at a serum dilution of 1:10 or lower in laboratories listed in Table 1.
Neutralization of the challenge heterotypic virus at a serum dilution of 1:10 or greater reported by one or more laboratories

is shown above; in such instances all heterotypic tests including those giving negative results are also listed.
c NT = not tested: Neg. = negative when tested at a serum dilution of 1:10. Figures in parentheses indicate TCDso of

challenge virus found in test
d Titre of pre-inoculation serum reported as 10 against 100 TCDso.

coxsackieviruses A9 and B3, and echovirus 11) were
found by all laboratories to be within a range that
could safely be used by any of the laboratories for
identity tests if employed at a 1: 25 dilution.
Of more significance in this part of the study was

the clear lack of inhibition reported for the pre-
inoculation sera by all laboratories.
The results of the mouse neutralization tests on

the coxsackievirus A9 and B3 sera (Table 3) and the
haemagglutination-inhibition tests on coxsackievirus
B3 and echovirus 11 sera (see Table 10 below) are
of special interest in the appraisal of the usefulness
of the horse for the preparation of enterovirus anti-
sera. Antibodies of good titre were reported.

Heterotypic tests

Both pre-inoculation and the post-inoculation
sera were tested against an impressive number of
heterotypic viruses. These included not only entero-
viruses (polioviruses 1-3, coxsackieviruses A1-A24,
coxsackieviruses B1-B6, echoviruses 1-32) but also
other members of the picornavirus group (five
prototype strains of rhinoviruses) as well as reo-

viruses (1-3). Post-inoculation sera prepared against
the two haemagglutinating enteroviruses (coxsackie-
virus B3 and echovirus 11) were also tested for
haemagglutination-inhibition against other haemag-
glutinating enteroviruses (prototype echoviruses 3,
7, 11, 12 and 19 and non-prototype haemaggluti-
nating strains of coxsackievirus A7, coxsackie-
viruses B1, B3, B5, B6 and echoviruses 6 and 20).
The results of the tests performed in monkey

kidney tissue cultures on each serum are summarized
in Tables 4-8. In each table the data recorded show
the laboratories which reported titres of 1:10 or
above against a given heterotypic virus. In such
cases, the values reported from other laboratories
performing a similar test with the virus are also
given. For example, in tests performed with echo-
virus 16 (Table 4; poliovirus 1 serum) one laboratory
reported a heterotypic titre of 10, whereas the tests
performed in four other laboratories were negative.
In tests against echovirus 9, two laboratories reported
titres of 12 and 10, respectively, while three other
laboratories obtained negative results with this virus.
A similar pattern may be observed by examination
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TABLE 5
COXSACKIEVIRUS A9 ANTISERUM :a

SUMMARY OF REPORTS ON HETEROTYPIC TESTSb

Immune serum antibody titre per 0.1 ml c
Heterotypic

viruses Copen- Houston Johannes- London Moscow Oawa 1Prague Tokyo
Heterotypic

hage
[ burg jLodn Mso Otaa Pgu Tky

Coxsackievirus

B2 Neg. NT NT Neg. 10 (83) d 12 (100) Neg. Neg.

B6 Neg. NT NT 113e (100) 11(45) Neg. Neg. Neg.

Echovirus

2 NT NT Neg. Neg. 28f (31) Neg. Neg. 14 (68)

3 NT NT Neg. Neg. 289 (125) Neg. Neg. Neg.

8 NT NT Neg. Neg. Neg. NT Neg. 12 (170)

9 NT NT 12 (32) Neg. Neg. NT 10 (32) 20 (22)

12 NT NT 12 (21) Neg. Neg. Neg. 10 (63) Neg.

15 NT NT Neg. Neg. Neg. Neg. 12 (80) Neg.

17 NT NT 28 (I00) h Neg. NT NT Neg. Neg.

18 NT NT Neg. Neg. Neg. 10 (32) 10 (125) Neg.

a Pre-inoculation serum reported negative in all tests except as indicated in footnotes d, e, f, g and h.
b Tests performed against polioviruses 1-3, coxsackieviruses BI, B3-B5, echoviruses 1, 4-6, 6', 6w, 7, 11, 13-14, 16, 19-32 and

reoviruses 1-3 were negative at a serum dilution of 1:10 or lower in laboratories listed in Table 1.
Neutralization of the challenge heterotypic virus at a serum dilution of 1:10 or greater reported by one or more laboratories

Is indicated above; in such instances all heterotypic tests including those giving negative results are also listed.
c NT = not tested. Neg. = negative when tested at a serum dilution of 1:10. Figures in parentheses indicate TCDs.'[of

challenge virus found in the test.
d Titre of pre-inoculation serum reported as 18 against 83 TCDso.
e Titre of pre-inoculation serum reported as 14 against 56 TCD50.
f Titre of pre-inoculation serum reported as 28 against 31 TCDso.
9 Titre of pre-inoculation serum reported as 28 against 125 TCDso.
h Titre of pre-inoculation serum reported as 10 against 100 TCDso.

of the data reported on each of the five immune sera
(Tables 4-8) with the exception of the tests reported
on the echovirus 11 serum (Table 8) against cox-
sackievirus B3, where it may be seen that five of
the six laboratories reported heterotypic antibodies
of significant titre. Upon subsequent investigation,
it was found that the echovirus 11 serum had been
accidentally contaminated with coxsackievirus B3
serum. (Details are given below.) These positive
results, rather than detracting from the study,
enhanced the validity of all the negative heterotypic
tests found for the other viruses. The contaminated
serum was subsequently discarded.

Heterotypic tests were reported as negative
(that is, below a titre of 1 :10) against 22 entero-
viruses (polioviruses 1-3, coxsackieviruses A7, Bi,
B4 and B5, and echoviruses 5-7, 13, 19-20, 22-25
and 27-32) and reoviruses (1-3) by all laboratories
performing the tests.

Contamination of echovirus 11 serum with coxsackie-
virus B3 serum
In an early report from one of the participating

laboratories, it was observed that the heterotypic
titre of the echovirus 11 serum against coxsackievirus
B3 was significantly high. This prompted a study of
the individual serum samples from the five horses,
whose sera had been pooled for the study, to de-
termine whether one or more of these horses had
developed coxsackievirus B3 antibodies. The results
showed that a single post-inoculation bleeding from
one horse was responsible, in that the sera of previous
bleedings and bleedings taken later were free from
coxsackievirus B3 antibodies, and it was evident
that the serum from this one animal had been
accidentally contaminated during processing. As
stated above, this serum has since been discarded.
The results of heterotypic tests performed by the

mouse neutralization test against all A and B
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TABLE 6
COXSACKIEVIRUS B3 ANTISERUM : a

SUMMARY OF REPORTS ON HETEROTYPIC TESTS b

Immune serum antibody titre per 0.1 mlncHeterotypic
viruses Copen- Houston | Johannes- London Moscow Ottawa Prague Tokyo

hagen burg

Coxsackievirus

A9 20 (27) NT NT Neg. Neg. Neg. Neg. Neg.

Echovirus

2 NT NT Neg. Neg. 28d (31) Neg. Neg. Neg.

4 Neg. Neg. Neg. Neg. 10 (316) Neg. Neg. Neg.
8 NT NT Neg. NT Neg. NT Neg. 14 (170)

9 NT NT 10 (32) Neg. Neg. NT 10 (100) Neg.

15 NT NT Neg. Neg. 80e (45) Neg. 12 (80) Neg.

16 NT NT Neg. Neg. NT Neg. 12 (100) Neg.

17 NT NT 20 (100) Neg. NT NT Neg. Neg.

18 NT NT Neg. Neg. Neg. Neg. 14 (125) Neg.

a Pre-inoculation serum reported negative in all tests except as indicated in footnotes d and e.
b Test performed against polioviruses 1-3, coxsackievirus A7, coxsackieviruses BI, B2, B4-B8, echoviruses 1, 3, 5, 6, 6', 65,

7, 11-14, 1932, and reoviruses 1-3 were negative at a serum dilution of 1:10 or lower in laboratories listed in Table 1.
Neutralization of the challenge heterotypic virus at a serum dilution of 1:10 or greater reported by one or more laboratories is

Indicated above; in such instances all heterotypic tests including those giving negative results are also listed.
c NT - not tested. Neg. = negative when tested at a serum dilution of 1:10. Figures in parentheses indicate TCD,. of

challenge virus found in test.
d Titre of pre-inoculation serum reported as 28 against 31 TCDu..
c Titre of pre-inoculation serum reported as 80 against 45 TCDs.

coxsackieviruses were negative (Table 9). It is of
interest that the mouse test did not detect the
presence of coxsackievirus B3 antibodies in the
echovirus 11 serum, probably suggesting greater
sensitivity of the monkey kidney tissue-culture test.
Heterotypic tests done against five prototype rhino-
viruses in WI-38 cell cultures and three types of cox-
sackie virus group A propagated in human amnion
cells were also negative (Table 9).
No cross haemagglutination-inhibition was ob-

served at a serum dilution of 1: 50 when coxsackie-
virus B3 and echovirus 11 sera were tested against
heterotypic haemagglutinating enteroviruses (Table
10), thus showing the specificity of the sera.
These two serum samples differed from those sub-
mitted for other heterotypic tests in that they were
taken from the final serum pool of all bleedings of
the horses immunized with these two antigens.
To sum up, it is clear that heterotypic antibodies

of significant titre were not found consistently by
the participating laboratories in the five enterovirus
immune serum pools. It is also clear from the tests

performed on the pre-inoculation serum pools from
these horses that non-specific substances or anti-
bodies were absent, or were present at such insignifi-
cant levels that they were reported only rarely and
then usually from a single laboratory.

GENERAL COMMENTS

In summarizing these data, the tabulated results
speak for themselves. The individual reports were
factual and it was evident that repeat tests were
performed whenever the testing laboratory had not
reached an end-point in the determination of titres
or had failed to find a satisfactory quantity of chal-
lenge virus in the tests. It is reasonable to conclude
that small variations in methods did not seriously
affect the results.
The most noteworthy contribution of the study

appears to lie in the establishment of the usefulness
of the horse for the preparation of enterovirus
antisera that may be employed as working reference
reagents for global distribution.
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TABLE 7
ECHOVIRUS 4 ANTISERUM: a

SUMMARY OF REPORTS ON HETEROTYPIC TESTS b

Immune serum antibody titre per 0.1 ml c
H eterotypic

viruses Cphaen Houston Johaunges London Moscow Ottawa Prague Tokyo

Coxsackieviruss

A9 10 (27) Neg. NT Neg. Neg. Neg. Neg. Neg.

B3 Neg. 20 (160) NT Neg. Neg. Neg. Neg. 10 (32)

Echovirus

3 NT NT Neg. Neg. 14(125) Neg. Neg. Neg.

8 NT NT Neg. NT Neg. Neg. Neg. 13 (170)

9 NT NT 10 (32) Neg. Neg. Neg. Neg. Neg.

11 Neg. Neg. 20 (17) Neg. Neg. Neg. Neg. Neg.

17 NT NT 20 (100) Neg. NT NT Neg. Neg.

18 NT NT Neg. Neg. Neg. Neg. 12 (32) Neg.

21 NT NT Neg. NT NT 10 (56) Neg. Neg.

a Pre-inoculation serum reported negative in all tests.
b Tests performed against polioviruses 1-3, coxsackievirus A7, coxsackieviruses BI, B2, B4-B6, echoviruses 1, 2, 5, 6, 6',

6", 7,12-16, 19-20, 22-32 and reoviruses 1-3 were negative at a serum dilution of 1:10 or lower in laboratories listed in Table 1.
Neutralization of the challenge heterotypic virus at a serum dilution of 1 :10 or greater reported by one or more laboratories

is indicated above; in such instances all heterotypic tests including those giving negative results are also listed.
c NT = not tested. Neg. = negative when tested at a serum dilution of 1:10. Figures in parentheses indicate TCDso of

challenge virus found in test.

TABLE 8
ECHOVIRUS 11 ANTISERUM :a

SUMMARY OF REPORTS ON HETEROTYPIC TESTS b

Immune serum antibody titre per 0.1 ml c
Heterotypic-1- _____-1T
viruses Chpen Houston | Jbunnges London Moscow Ottawa Prague Tokyo

Coxsackievirus

B3 d 90 (63) 320 (100) NT 950 (180) >80 (316) 437 (177) Neg. 500 (32)

Echovirus

2 NT NT Neg. Neg. 14 (31) Neg. Neg. Neg.

3 NT NT Neg. Neg. 14 (125) Neg. Neg. Neg.
9 NT NT 10 (32) Neg. Neg. Neg. Neg. Neg.

12 NT NT 13 (21) Neg. Neg. Neg. 10 (63) Neg.

14 NT NT Neg. Neg. NT Neg. 10 (200) Neg.
15 NT NT Neg. Neg. Neg. Neg. 10 (80) Neg.

a Pre-inoculation serum reported negative in all tests.
b Tests performed against polioviruses 1-3, coxsackieviruses A7, A9, coxsackieviruses Bi, B2, B4-B6, echoviruses 1,

4-6, 6', 6", 7, 8, 13, 16-32, and reoviruses 1-3 were negative at a serum dilution of 1:10 or lower in laboratories listed in Table 1.
Neutralization of the challenge heterotypic virus at a serum dilution of 1:10 or greater reported by one or more laboratories

is indicated above; in such instances all heterotypic tests including those giving negative results are also listed.
c NT = not tested. Neg. = negative when tested at a serum dilution of 1:10. Figures in parentheses indicate TCDso of

challenge virus found in test.
d The high titres were due to the accidental contamination of the serum with coxsackievirus B3 immune serum (see text).
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TABLE 9
MISCELLANEOUS TESTS WITH HETEROTYPIC VIRUS STRAINS

Pre- and post-inoculation serum Range of challenge
Vlrus strains Pdoses of virusIn Laboratory

virus I virus B 3 virus B 3 virus 4 virus 11

Tests In human amnion tissue culture cells (titre per 0.1 ml)

CoxsacklevirusesA7,AII,A21 <5 <5 <c5 1 <5 <5 2-40 TCDso Copenhagen

Tests In day-old mice (titres per 0.02 ml)

Coxsackleviruses Al-24 <5 <5 a <5 <5 <5 5-250 LDo Copenhagen

Coxsackleviruses BI-6 <5 <5 <5 a <5 <5 5-316 LDso Copenhagen

Tests in WI-8 tissue culture cells b (titres per 0.1 ml)

Rhinoviruses 353, 1059, 1734,
11757,33342 <5 <5 <5 <5 <5 50-250 TCDs, Bethesda

a Coxsackleviruses A9 and B3 neutralized by homologous post-inoculation sera (see Table 3). Coxsackievirus A9 post-
Inoculation serum neutralized 63 doses of coxsacklevirus Al at a dilution of 1:7. Pre-inoculation serum was negative.

b Pre-inoculation sera were not tested.

TABLE 10
HOMOLOGOUS AND HETEROLOGOUS

HAEMAGGLUTINATION-INHIBITION TESTS
ON COXSACKIEVIRUS B3 AND ECHOVIRUS 11 ANTISERA a

Hi titres of Immune
serum b

Haemagglutlnating virus Labora-
Coxsackle- Echovirus tory
virus B3 11

Coxsacklevirus A7 <50 c <50

Coxsacklevirus BI <50 <50

Coxsackievirus B3 3 200 <50

Coxsackieviruses B5, B6 <50 <50 Honolulu

Echovirus 3, 6, 7 <50 <50

Echovirus 11 <50 800

Echoviruses 12,19, 20 <50 <50

a Pre-inoculation sera were not tested.
b Tests were performed against prototype strains of echo-

viruses 3,7,11,12, and 19 and non-prototype, haemagglutinating
strains of coxsackieviruses A7, BI, B3, B5, B6 and echoviruses
6 and 20.
A dosage of 4 haemagglutinating units was employed.
c No Inhibition at a serum dilution of 1: 50, the lowest:dilution

tested.

For determining the specificity of antisera and the
absence of cross-reactions between viruses the
advantages of collaborative studies properly planned
and implemented are obvious. Laboratories under-
taking collaborative studies of this nature have a
means of measuring their methods against those used
in other countries. Deviations can readily be brought
into focus and corrected. The difficulty inherent in
preparing reference antisera lies in testing them
against a large number of other viruses. The
burden of testing (especially against heterotypic
viruses) is lessened considerably and the results
become more meaningful than when testing is done
by only one or two laboratories. When uniform
results are obtained in a number of laboratories
studying samples from a single antiserum pool,
then an international reference reagent can be
readily established. Other enterovirus antisera have
already been prepared and are under test by the
ten laboratories that have participated in the above
programme and four others (in Berne, Lyons,
Singapore, and Atlanta) that have joined the pro-
gramme. It is anticipated that eventually equine
antisera to all enteroviruses will be similarly tested.
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R]D,l';sumt

Pour juger s'il est possible d'utiliser en virologie des
serums provenant de chevaux immunises et evaluer la
sp6cificite de ces pr6parations, une etude immunologique
a ete faite en collaboration par des laboratoires de centres
OMS, internationaux et regionaux, de r6f6rence et des
laboratoires associ6s. Vingt-six chevaux ont 0t6 immunises
contre des souches prototypes: poliovirus 1, coxsackie-
virus A9 et B3 et 6chovirus 11; un groupe de 3 chevaux
a ete immunis6 contre l'6chovirus 4. Les pr6levements
provenant de groupes de 5-6 chevaux sous immunisation
par la meme souche ont ete r6unis; chaque lot a ete
examin6 avant et apres immunisation. Les r6actions ont
ete faites suivant des m6thodes standard. Les anticorps
homologues ont ete recherches par 8 laboratoires et,
malgr6 certaines divergences, previsibles, des r6sultats,
tous ces laboratoires ont trouve des titres utilisables
d'antis6rums.
Un r6sultat particulierement int6ressant de cette 6tude

a ete de montrer l'absence d'anticorps h6terotypiques a
un titre significatif dans les antis6rums fournis par des
chevaux. Cette absence a ete 6tablie en ce qui concerne
23 ent6rovirus (poliovirus 1-3, coxsackievirus A7, Bi,
4-5 et echovirus 5-7, 13, 19-20, 22-25 et 27-32). Lorsqu'un

ou meme deux laboratoires ont trouv6 des titres faibles
contre un enterovirus donne, au moms 2 et parfois 7
autres laboratoires ont obtenu des r6sultats n6gatifs. On a
recherche dans les serums anti-coxsackievirus B3 et anti-
echovirus 11 des anticorps inhibant l'h6magglutination,
specifiques et h6t6rotypiques. Aucune r6action crois6e n'a
et6 trouv6e avec les ent6rovirus hemagglutinants h6t6ro-
typiques (coxsackievirus A7, BI, 3, 5-6 et echovirus 3, 6,
7, 11-12, 19-20). Les anticorps neutralisants ont ete
recherch6s par l'epreuve sur souris pour les coxsackie-
virus (groupe A et groupe B), sur cultures de cellules
WI 38 pour les rhinovirus et sur cultures de tissu renal
de singe pour les virus qui se d6veloppent sur ces cellules:
les anticorps h6t6rotypiques ont et6 6tudi6s a I'aide d'un
grand nombre de r6actions dans 7 laboratoires, et au
moins 2 etjusqu'a 8 laboratoires ont effectu6 des reactions
heterotypiques contre chacun des ent6rovirus proto-
types, a 1'exception des plus r6cents membres du groupe,
les 6chovirus 31 et 32, qui n'ont ete l'objet que d'une
reaction. La contamination d'un lot de s6rum a Wt6
rapidement d6couverte.

Cette 6tude collective se poursuit actuellement en vue
de 1'6valuation de s6rums contre les autres types de virus.
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