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A Serological Survey of Antibodies to Selected
Enteroviruses *

SEYMOUR S. KALTER, Ph.D.'

Serafrom various population groups in Liberia, Colombia, Peru and Southern Louisiana,
USA, have been studiedfor the presence of neutralizing antibodies to the following entero-
viruses: poliovirus type 1, Coxsackie viruses B5 and A9, and ECHO viruses E6 and E9.
The results obtained indicate that these viruses are world-wide in distribution and that
infection (though not necessarily disease) occurs at an early age. Variations in antibody
patterns occur, most notably with Coxsackie B5 virus. Environmental conditions apparently
influence the spread of virus, but other factors, as yet unknown, may also play an important
role in the dissemination of an organism. It is suggested that surveys such as these might
be useful to indicate populations in need ofparticular vaccines.

Enteroviruses are recognized as the etiological
agents of many diverse clinical syndromes of man
(Committee on the Enteroviruses, 1957; Melnick,
1958; Syverton, 1959) and other animals (Hsiung &
Melnick, 1958; Kalter, 1960). The widespread
occurrence of disease, as well as the demonstration
in convalescent individuals of neutralizing antibodies
to many of the organisms comprising this group,
indicates that these viruses are probably widely
disseminated. It is also becoming more evident that
infection with these agents is quite commonplace but
that disease may be comparatively infrequent.
A number of studies have demonstrated that the

enteroviruses included in any given study show a
similarity in epidemiological pattern (Melnick, 1958).
Detailed particulars, however, regarding actual
worldwide occurrence of each enterovirus are not
available. The majority of data have been collected
on the polioviruses, whereas information concerning
the other enteroviruses is more fragmentary. Certain
comparative studies, however, have been made. For
example, Ramos-Alvarez & Sabin (1956) found that
15.6 % of children aged 1-4 years in Mexico City
excreted Coxsackie and ECHO viruses in contrast
to 3.4 % poliovirus excretion in the same age-group.
Hammon et al. (1957) found that the infection rates
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of ECHO 1 virus in children in the Philippine
Islands were 90 %, compared to 70% for polioviruses.
In a serological and virological study concerned with
immunity to poliomyelitis in Guatemala, Horstmann
et al. (1960) also demonstrated that a substantial
proportion of the population was excreting entero-
viruses; non-polioviruses to a greater extent than
polioviruses. In the USA, Gelfand (1959) found that
many individuals not only demonstrated neutralizing
antibodies to many of the enteroviruses, but that, in
a period between 1954 and 1956, 115 infants were
found to excrete 613 enterovirus strains.
These findings suggest that additional studies

regarding the specific occurrence of enteroviruses,
especially non-polioviruses, are warranted. It would
also appear that additional information regarding
the global occurrence of enteroviruses would be
valuable for future programme planning. These
data could be useful, for example, in indicating areas
in which vaccination is necessary, in various epi-
demiological considerations, and in approaches for
more effective research. Accordingly, this study
presents a neutralizing antibody survey, utilizing
sera from several different geographical areas in
order to ascertain the incidence of infection with
certain selected enteroviruses.

MATERIALS AND METHODS

Sera
The sera were obtained through the courtesy of

Dr H. M. Gelfand, Communicable Disease Center,
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Atlanta, Ga., and were derived from the following
population groups.

Liberia. Africans in the vicinity of the Liberian
Institute of the American Foundation for Tropical
Medicine in Marshall Territory, Liberia (Gelfand &
Miller, 1956).

Cali, Colombia. An urban population of low
socio-economic status, living in crowded and in-
sanitary conditions.
Lima, Peru. Two groups: one living in poor

hygienic conditions similar to those described for
Cali, Colombia; and the other, an upper-income
group living in modern sanitary conditions.

Province of Chancay, Departments of Puno and
Cuzco, andArequipa, Peru. Low socio-economic, pri-
marily rural, populations with the exception of the
Arequipa group, which was urban-rural (Gelfand
et al., 1957).

Southern Louisiana, USA. Rural areas, represent-
ing various races, socio-economic groups, and family
sizes (Gelfand, 1959).

Viruses
The viruses selected for this study were poliovirus

type 1, Coxsackie viruses B5 and A9, and ECHO
viruses E6 and E9. These were prepared as stock
suspensions by inoculating monkey kidney cell
monolayers and harvesting when the maximal cyto-
pathic effect was observed. At this time the infected
cell preparations were placed in a deep-freeze
(-20° C) and stored until needed. Three cycles of
freezing and thawing were then made, followed by
light centrifugation (2500 r.p.m. for 15-20 minutes).
The supernatant fluids of each virus were pooled and
aliquots placed in rubber-stoppered tubes. These
tubes were again frozen, and titration for TCD50 was
performed on several different tubes picked at
random.

Neutralization tests
Serum dilutions of I : 5 were prepared in Hanks's

balanced salt solution (BSS); aliquots were placed
in screw-capped vials and stored frozen at -200 C.
To test, a volume of serum was added to an equal
volume of 100 TCD50 virus per 0.1 ml, and the
combination allowed to stand at room temperature
for approximately one hour. A 0.2-ml quantity of
the virus-serum mixture was then inoculated into
each of two tubes of monkey kidney cell (MKC)
monolayers. Controls consisted of virus with nega-
tive serum. When the controls indicated 4+ cyto-

pathic effect (CPE), the test was read. The presence
or absence of antibody was determined by inhibition
or lack of inhibition of this CPE.

RESULTS

In most instances, there was a direct relationship
between occurrence of neutralizing antibody and age
of test population, regardless of the agent employed.
This relationship was reflected by the fact that the
maximal incidence of antibody for each virus had
occurred by the time the individual reached school
age or shortly thereafter (5-6 years of age).

Certain exceptions, however, were noted and were
most apparent in the upper socio-economic popula-
tion of Lima, Peru. An impression is obtained that
this group reflected its position of better sanitary
conditions by demonstrating an acquisition of anti-
bodies later in life than contemporaries living under
less enviable conditions (Table 1). This group also
appeared to demonstrate another phenomenon not
generally observed in the other population groups.
It would appear that the 1-2-year age-group showed
a higher percentage of antibodies to poliovirus
type 1, Coxsackie virus A9, and ECHO 6 virus than
did older age-groups of the same environmental
background. Unfortunately, the numbers of in-
dividuals employed are small and do not allow for
satisfactory statistical evaluation. However, if these
findings are more than coincidental, the possibility
that persistent maternal antibodies account for these
levels is remote. It also appears unlikely that this
high incidence of antibody reflects simultaneous
concurrent waves of inapparent infection by these
three agents in the community.
Comparative virus infections for the various age-

groups from the different geographical areas may
also be seen. The " universal " distribution of type I
poliovirus is immediately evident. All groups in-
cluded in this study demonstrated evidence of
exposure to this virus by the tenth year. Whereas
this is apparently true for the other viruses studied,
it would also appear that these viruses are not quite
as thorough in their dissemination through a popula-
tion as is type 1 poliovirus. Inasmuch as the numbers
involved are small, this finding is not significant
statistically, except with the Coxsackie B5 virus
infections. The results reported here would indicate
that either this virus does not spread as efficiently as
other viruses through all the community or else some
individuals lose (or do not demonstrate) antibody to
this particular virus.
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TABLE I
ANTIBODIES TO SELECTED ENTEROVIRUSES IN INDIVIDUALS OF VARIOUS AGES

FROM DIFFERENT GEOGRAPHICAL AREAS

Poliovirus Coxsackie ECHO
(years) type

I

B 5 A 9 E 6 E 9

No.a' % No.a % No.a % No.a % No.a %

Cali, Colombia (urban, lower economic)
15/40 38 10/40 25 10/36 28 12/36
23/26 88 9/26 35 17/24 71 20/26
17/20 85 9/21 43 18/20 90 12/18
30/30 100 16/30 53 19/28 68 25/28
26/39 67 25/38 66 23/34 68 28/38
4/10 40 9/10 90 7/10 70 8/10

1/7

1/7

9/9

13/14

26/28

11/15

5/7
6/14

10/14

15/18

42/44

1/2

17/40

17/19

15/17

20/21

38/43

10/10

(14)

(14)

(100)

93

93

73

1/7
1/7
1/9

1/13

12/28

6/15

(14)

(14)

(11)
8

43

40

Liberia

3/7
4/5

9/9
10/12
22/27

10/12

(43)

(80)
(100)
83

81

83

Lima, Peru (urban, upper economic)

(71) 1/7 (14) 4/7 (57)
43 4/14 29 2/12 17

71 3/14 21 3/13 25

83 10/18 56 3/16 19

95 19/43 44 19/37 51

(50) 0/2 (0) 1/1 (100)

Chancay, Peru (rural, lower economic)

43 8/41 20 7/35 20

89 6/19 32 12/19 63

88 8/15 53 12/16 75

95 16/21 76 14/20 70

88 27/46 59 39/48 81

100 5/10 50 7/10 70

6/7

4/7
5/6

10/13
19/27

10/14

3/7

2/13

6/13

12/18

31/44
1/2

13/37

17/19
14/17

17/21

31/46
6/10

33

77

67

89

74

80

(86)
(57)

(83)

77

70

71

(43)

15

46

67

71

(50)

35

89

82

81

67

60

9/40 23

16/26 62

12/20 60

25/30 83

21/37 57

8/10 80

1/7 (14)
3/7 (43)
8/9 (89)

8/13 62

18/28 64

12/14 86

0/7 (0)
2/14 14

4/13 31

5/18 28

24/43 56

0/2 (0)

9/41 22

13/19 68

9/17 53

19/22 86

31/48 65

8/10 80

1-2

3-4

5-6

7-9

10-19

20 +

11/24 46

12/14 86

38/43 88

5/6 (83)

19/20 95

10/10 100

a No. of positive sera/No. of sera tested.

Lima, Peru (urban, lower economic)

0/24 0 2/22 9

5/13 38 4/13 31

5/42 36 24/39 62

2/6 (33) 4/5 (80)

8/20 40 18/20 90

6/10 60 10/10 100

1-2

3-4

5-6

7-9

10-19

20+

1-2

3-4

5-6

7-9

10-19

20+

1-2

3-4

5-6

7-9

10-19

20+

1-2

3-4

5-6

7-9

10-19

20+

8/23

11/13
32/42
3/6

13/19
7/10

35

85

76

(50)

68

70

3/23 13

9/14 64

25/42 60

3/6 (50)
12/20 60

5/8 (63)

I
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TABLE 2

ANTIBODIES TO SELECTED ENTEROVIRUSES IN THE 3-6-YEAR AGE-GROUP

Poliovirus Coxsackie ECHO
type1I B5 A9 E6 E9

No.a % No.a % No.a % No.a % No.a %

Puno & Cuzco 10/10 100 2110 20 7/10 70 7/10 70 5/10 50
(High Andes), Peru

Arequipa, Peru 13/14 93 2/14 14 7/10 70 10/10 100 12/14 86

Southern Louisiana, USA 11/13 85 2/14 14 6/14 43 3/13 23 6/14 43

a No. of positive sera/No. of sera tested.

The incidence of antibodies to these selected
enteroviruses in each community is given in Table 1.
Data such as these are valuable in indicating the
general susceptibility of a population and the ages
most sensitive to a given virus. Thus, in Cali,
Colombia, poliovirus has saturated the population
by the third year. On the other hand, Coxsackie B5
virus finds a large segment of this population suscep-
tible to infection even after maximal infection has
probably occurred. This pattern of early infection
appears to be true of the other viruses tested, with
the possible exception, as indicated above, of the
high socio-economic group in Lima, Peru.

Additional comparisons may be made from data
in Table 2, where the antibodies present in sera from
children aged 3-6 years are shown. In general, the
results of the Southern Louisiana group are similar
to those from the upper socio-economic group of
Lima, Peru.

COMMENT

The data reported here emphasize the world-wide
distribution of enterovirus infection, at least as
indicated by the viruses included in this study. Of
importance is the early age at which infections occur.
Variations in infectivity, not only as a result of
environmental conditions but possibly due to
another, as yet unknown, factor may also occur.
The ability to isolate greater numbers of certain
viruses from individuals in low socio-economic
environments than from persons living in better
hygienic conditions has been reported (Honig
et al., 1956).
Why then should another virus, as exemplified by

Coxsackie B5 virus, with apparently similar epide-
miological characteristics fail to disseminate itself
completely through a population? Gelfand (1959)
suggests that viruses such as Coxsackie B5 spread

through a household as readily as do other entero-
viruses. Their failure to produce infection curves
similar to those produced by polioviruses resides in
a decline in antibody titre .rather than in limited
infectivity.

Further study of the problem of virus distribution
is necessary in order to ascertain world-wide dispersal
of each agent. It would appear that a thorough
knowledge of the epidemiological pattern of any
given virus would be important prior to the develop-
ment of a proposed vaccine. As demonstrated by
Horstmann et al. (1960), vaccination of children in
Guatemala between the ages of 3 and 6 years with
formalinized poliovirus vaccine offered little in the
way of significant antibody change over non-
vaccinated children of the same ages. Accordingly,
surveys of this type would indicate the populations
and age-groups in need of vaccines or those highly
susceptible to possible epidemics. It would also
suggest which viruses should be given a higher
priority in development of future vaccines.
Another aspect, also pointed out by Horstmann

et al. (1960), is the high incidence of naturally
occurring enteroviruses in young children and their
possible influence on future administration of oral
poliovirus vaccines. Survey studies such as that re-
ported here could be helpful in suggesting the choice
of viruses for interference or potentiation studies.

It is also interesting to speculate concerning the
possible incidence in these populations of paralytic
disease from viruses other than polioviruses. There
is now substantial evidence to indicate that several
non-poliomyelitis enteroviruses have this paralytic
potential (Kalter; 1 Hammon et al., 1958; Steigman,
1958). Are the populations that escaped early

I Kalter, S. S. (1958) Poliomyelitis surveillance report
No. 138 (unpublished report from the Communicable Disease
Center, Atlanta, Ga.).
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saturation with any one of the enteroviruses more
susceptible to paralytic disease? This is to be ex-
pected if these viruses follow the same general
epidemiological pattern as polioviruses.
Very little is known about the incidence of the

various enteroviruses in different geographical areas
of the world. From reported specific disease out-
breaks and the isolation of a number of these
different viruses, it must be assumed that most of

these agents frequent even remote areas of the world.
Furthermore, if diagnostic facilities are inadequate
to cope with differentiation of these enteroviruses,
then the specific etiology ofmany clinically diagnosed
cases remains obscure. These data suggest that, in
general, infectivity with these agents is similar; there
is a need, however, for information pertaining to the
incidence of apparent disease as produced by these
enteroviruses.

RtSUMI

Les affections dues aux ent6rovirus etant largement
repandues dans le monde, il est probable que la dissemi-
nation des virus eux-memes est aussi vaste. I1 est 6gale-
ment de plus en plus evident que l'infection inapparente
est chose banale, si la maladie clinique est relativement
peu frequente. Pour deceler l'existence d'anticorps
naturels, les auteurs ont titre des serums preleves dans des
populations du Liberia (Afrique), de la Colombie et du
Perou (Amerique du Sud) et de Louisiane (Etats-Unis).
Les ent6rovirus choisis pour cette etude sont les suivants:
poliomy6lite type 1, coxsackie B5 et A9 et ECHO E6
et E9. Les resultats obtenus indiquent que ces virus sont
tres largement repartis dans le monde et qu'un rapport
tres net existe entre le taux d'anticorps et l'age de l'indi-
vidu. Le contact avec 1'agent viral se produit vraisem-
blablement a un tres jeune age, car pour tous les entero-

virus consideres les titres d'anticorps les plus 6lev6s ont
e notes chez les enfants entre 5 et 9 ans. D'autre part,
la dissemination universelle du virus poliomyelitique du
type 1 est confirmee: tous les individus dans les popula-
tions 6tudi6es avaient e expos6s & l'infection avant leur
dixieme annee. C'est envers le virus coxsackie B5 que les
taux d'anticorps sont les plus variables, bien que les
caracteres 6pidemiologiques de ce virus semblent etre les
memes que ceux des autres enterovirus. Les conditions
sociales jouent peut-etre un role dans la dissemination
du virus mais ce ne sont probablement pas I& les seuls
facteurs en cause.

Les auteurs suggerent enfin que de telles 6tudes de
controle soient entreprises pour preparer les campagnes de
vaccination: elles indiqueraient les populations et les grou-
pes d'age les plus vulnerables a d'eventuelles infections.
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