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An Oral Poliovirus Vaccine Trial in Costa Rica*'
JOHN R. PAUL, DOROTHY M. HORSTMANN, JOHN T. RIORDAN, E. M. OPTON,

J. C. NIEDERMAN, E. P. ISACSON & R. H. GREEN

Early in the course of the 1959 nationwide oral poliovirus vaccination campaign in
Costa Rica, a small, special and intensive study of oral vaccination was initiated there by
the Yale Poliomyelitis Study Unit. The aims were to determine the effectiveness of vaccina-
tion, as measured by the rate of antibody conversions and antibody rises induced by the
trivalent Lederle oral vaccine when given in two doses to a population of young children
living in a tropical environment; to determine the prevalence ofnon-poliovirus enteroviruses
in thisjuvenile population and their possible inhibitory effects upon the attenuated poliovirus
vaccine strains ; and to determine the duration ofvirus excretion by vaccinees and their young
siblings, and the degree of intrafamilial spread of these viruses. It was also concerned with
in vitro markers of the poliovirus strains recovered after one or two human passages; and,
finally, dealt with the extent to which polioviruses could be recovered from flies trapped
within the study area before and during the vaccination trial. Considerable knowledge was
gained regarding the epidemiological problems which the use of oral vaccines entail.

The authors conclude, inter alia, that the immunizing capacity of the vaccine used was
"fairly good " and that its efficacy varied considerably for the three types of poliovirus.
Type 3 poliovirus in the vaccine took well and also spread rapidly and well, infecting 85%
of susceptible family contacts under 5 years old and reinfecting 25% of those who already
had specific antibody. There was some evidence of interference with type I vaccine virus by
other enteroviruses circulating at the time the first vaccine dose was given.

INTRODUCTION

This study is one of a series of oral poliovirus
vaccine trials which the Yale Poliomyelitis Study
Unit has been conducting since 1956, under various
environmental conditions (Horstmann, Niederman
& Paul, 1959; Horstmann et al., 1959). In the present
investigation, carried out in 1959, a main objective
was to determine the effectiveness of a trivalent oral
poliovirus vaccine in immunizing young children
living in a tropical environment. More specifically,
the aims were: (1) to measure the rate of antibody
conversions and antibody rises induced by the tri-

* From the Departments of Epidemiology and Public
Health and of Pediatrics, Yale University School of Medicine,
and the WHO Regional Poliomyelitis Centre for the Ameri-
cas, New Haven, Conn., USA.

t This investigation was planned and carried out by the
Yale Poliomyelitis Study Unit and the WHO Regional
Poliomyelitis Centre of the Americas under the auspices
of the Pan American Health Organization and in close co-
operation with the Ministry of Health of Costa Rica. Grants
in aid were received from the World Health Organization and
the National Foundation (in the USA).

valent (Lederle) poliovirus vaccine given in two doses
one month apart to one young child in each of
48 families; (2) to determine by rectal swabs the
prevalence of non-poliovirus (n-p) enteroviruses in
this juvenile population and the possible inhibitory
effect which these agents may have on the efficacy of
the vaccine; (3) to measure the degree of intrafamilial
spread and the duration of time over which vaccine
strains were excreted by susceptible (homotypic
negative) and resistant vaccinees and their young
siblings; (4) to study poliovirus strains which were
excreted by vaccinees and their infected contacts;
and (5) to observe the extent to which polioviruses
could be recovered from ffies trapped within the
study area before and during the period of vaccina-
tion trial.

Early results on some of these items or objectives
have already been briefly reported (Horstmann et al.,
1960; Paul et al., 1960), but the present analysis of
the findings is our first attempt to bring these results
together in one review.
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A decision to carry out such a trial in Costa Rica
was made early in 1959 when it became apparent
that we might enlist the aid of the Pan American
Health Organization and take advantage of some of
the facilities which were currently being mobilized for
the 1959 nationwide Costa Rican oral vaccination
campaign against poliomyelitis.' This campaign has
been described elsewhere (Quirce et al., 1959; Nuniez
et al., 1960). Among other features it served as an
unusual opportunity for special studies to be carried
out within the larger framework of the national
programme which called for the oral vaccination of
all children under the age of 11 years throughout the
whole country, using the Lederle attenuated polio-
virus strains. The national programme was started
in the Costa Rican capital city of San Jose in mid-
March 1959 and was extended about three months
later to other areas of the country. Originally the
monovalent Lederle vaccine was given in three
sequential doses but, beginning in October 1959, the
Lederle trivalent vaccine was administered in various
health centres, particularly those outside the capital
city. This nationwide campaign was carried on over
a period of a year, terminating in April 1960.

SITE OF TRIAL

The village of Santo Domingo de Heredia (popula-
tion estimated in June 1959 at 4810), selected for this
trial, is located on the outskirts of the capital city of
San Jose, where the national vaccination campaign
was already in progress at the time our study began.
The village is near enough to San Jose (12 km) so
that transport to and from the city was easily
accomplished. Despite its proximity to San Jose, the
village is not a prolongation of that city's suburbs,
but is rather a distinct entity surrounded by a green
belt and enjoying a moderate degree of isolation.

In appearance, Santo Domingo de Heredia is
more or less typical of many villages of its size in the
tropical environment of Central America. Resid-
ences are usually small, one-storey adobe buildings,
and sanitation is primitive. Many of the homes were
very clean, others less so. Flies were abundant even
though during the course of the study (July-October)
the rainy season was on and this had its impact on
the fly population, reducing it from what it might
have been at other times of the year.

1 It is to Dr 0. Vargas-M6ndez, Director General of
Health, and to Dr J. M. Quirce, Minister of Health of Costa
Rica, that the Yale Poliomyelitis Study Unit is particularly
indebted for the privilege and the opportunity of carrying
out these special studies which are here reported.

Selection of the study population
Forty-eight families, most of them having several

young children under $ years of age, participated at
the start of the project. By the end of the study, after
21/2 months of observation, this number had been
reduced to 42. With few exceptions, families living
at least two blocks away from one another were
chosen to receive the oral vaccine, so that the chance
of interfamilial contact infection was minimized (see
Fig. 1). In each of the " study families " a single
child under 2 years of age, designated the " index
child ", received the trivalent vaccine on two occa-
sions, while the others, under 5 years of age, were
given a placebo. The ages of the 48 index children
and their 77 familial (or intradomiciliary) contacts
are listed in Table 1. Virtually none of the participat-
ing members of these families had previously received
any inoculations of Salk-type vaccine.

TABLE I
SIZE OF STUDY POPULATION AND ITS AGE
COMPOSITION AT THE ONSET OF THE STUDY

(23 JULY 1959)

Group Age Number

Index children 5- 6 months 8
(vaccinees)

7-12 ,, 16

13-18 ,, 23

19-22 , 2

"Familial" 2-12 months 6
contacts

13-23 ,, 7 77

2- 4 years 64

All members
under 5 years 126
of age

a One of these 49 children withdrew before vaccination.

GENERAL METHODS
Vaccine dosage

Trivalent vaccine, kindly supplied by Dr H. Cox
of the Lederle Laboratories, was used. The titre for
each of the three types, as determined in our labo-
ratory, ranged from approximately 105.0 to 105@5
TCD5o. A dose of 0.2 ml of vaccine was given in
2 ml of cherry-flavoured syrup. The placebo given
to contacts consisted of cherry syrup only. The first
dose of vaccine was administered to the index chil-
dren during a three-day period (29-31 July 1959);
the second a month later (30 August to 1 September).
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FIG. I

DIAGRAMMATIC MAP OF VILLAGE OF SANTO DOMINGO
DE HEREDIA, SHOWING HOME SITES OF PARTICIPATING

FAMILIES AND LOCATIONS OF FLY TRAPS
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Collection of specimens
During the last week of July, before the first dose

of vaccine, rectal swabs and blood specimens were

obtained from the index children and their 77 con-

tacts in the 48 families. A second rectal swab was

taken from the index children but not from the
contacts on the day of vaccination. Following
vaccine (or placebo) administration, rectal swabs
were collected twice weekly from the entire study
group; this was continued for approximately

81/2 weeks. A second blood collection was made
immediately before the second dose of vaccine was

given (30-31 August), and a final, third blood collec-
tion was obtained one month later (28 September to
1 October) from the index children but not from the
contacts. Collections of flies at various sites within
the village (Fig. 1) were started on 23 July and con-

tinued until 17 September.

Laboratory tests

The techniques followed quite closely those pre-

viously used in other trials conducted by this labo-
ratory (Horstmann, Niederman & Paul, 1959;
Horstmann et al., 1959).

Virus isolations from rectal swabs and flies were

carried out in monkey kidney (MK) tissue cultures.
All rectal swabs were tested in MK bottle cultures,
and, in addition, the pre-vaccinal specimens were

tested in HEp-2 cells. Identification of isolates of
enteroviruses was carried out in MK tube cultures,
using appropriate antisera, singly or in combination,
as seemed indicated.

Neutralization tests on blood specimens of the
index children were performed by the cytopathogenic
effect (CPE) method in tubes; sera from contacts
were tested by the colorimetric method in plastic
panels. Some specimens were tested by both
methods.

RESULTS

Enterovirus isolations from index children and their
familial contacts

In the course of this study, 1716 rectal swabs were

examined, 695 from the index children, and 1021
from their contacts (Table 2). From the entire group
of children under 5 years of age, a total of 912 entero-

TABLE 2
ENTEROVIRUSES ISOLATED FROM RECTAL SWABS IN INDEX CHILDREN

AND CONTACTS THROUGHOUT THE PERIOD OF OBSERVATION

Rectal swabs Enteroviruses isolated
No. ofOteGroup children No. Positive Poliovirus enterovierusesat start tested _______eneoiue

No. % No. % No. %

Index children 49 a 695 492 70.8 396 57.0 96 13.8

Contacts 77 1 021 420 41.1 267 26.2 153 15.0

Total ] 126 1 716 912 663 249

a One child withdrew before vaccination.
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virus isolations was made, 663 of them being polio-
viruses. Not infrequently the children were found to
be simultaneously excreting mixtures of different
types of poliovirus: 53 specimens contained more

than one type, but in only two were all three types
present. Poliovirus and other enteroviruses were also
found twice, and mixtures of non-poliovirus (n-p)
enteroviruses twice.

Pre-vaccinal enterovirus excretion rates. It was to
be expected that in such a population of young
children, living as it does in a tropical environment
in poor sanitary conditions, a fair proportion of
young children would be harbouring enteroviruses
the year round. Estimates of the pre-vaccinal
(21-31 July) age-specific enterovirus excretion rates
in the index children and their siblings who were

under 5 years of age (making a total of 126) are listed
in Table 3. These same data also appear in the form
of graphs in Fig. 2. These data should serve as a

base-line to indicate the extent and kind of possible
competition from various enteroviruses with which
the three poliovirus vaccine strains had to contend
when they were first administered on 29-31 July. As
was to be expected, it was among children from

TABLE 3
PRE-VACCINAL AGE-SPECIFIC RATES OF EXCRETION

OF NON-POLIOVIRUS ENTEROVIRUSES
AND POLIOVIRUSES IN BOTH INDEX CHILDREN
AND FAMILIAL CONTACTS, 23-31 JULY 1959

Children excreting

Age- No. of NoIoioiu
group chil- enteroviruses a Poliovirus b

No. % |No. %

0- 6 months 10 3 30 0 0

7-12 ,, 20 3 15 2 10

13-18 ,, 23 10 43 3 13

19-24 ,, 9 4 44 3 33

2 years 23 5 22 1 4

3 ,, 21 0 0 1 5

4 ,, 20 3 15 1 5

Total 126 ] 28 { 22.2 11 8.7

a These Included: Coxsackie B-24, ECHO types 2, 4, 8 and 12,
and some unidentified strains. Two children were excreting
mixtures, i.e., Coxsackie B-4 and ECHO 2 and 12.
b All pre-vaccinal poliovirus isolations proved to be type 3.

FIG. 2
AGE-SPECIFIC RATES OF EXCRETION OF TYPE 3 POLIOVIRUS AND NON-POLIOVIRUS ENTEROVIRUSES

AMONG 126 CHILDREN UNDER 5 YEARS OLD DURING WEEK PRECEDING FIRST DOSE OF ORAL TRIVALENT
POLIOVIRUS VACCINE
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TABLE 4

WEEKLY ISOLATIONS a OF POLIOVIRUS AND NON-POLIOVIRUS ENTEROVIRUSES EXCRETED BY THE ENTIRE
JUVENILE POPULATION STUDIED (INDEX CHILDREN AND CONTACTS), 24 JULY TO 18 SEPTEMBER 1959

Pre-vaccinal Post-vaccinal weeks
week

Enteroviruses
isolated 1 234 678

No. % No. % No. % 1No. % 1No. % |No. % lNo. % No. %

Poliovirus:

Type 1 0 28 10.4 30 12.1 33 14.1 34 15.0 27 15.8 36 19.9 45 19.8

Type 2 0 5 1.9 3 1.2 1 0.4 1 0.4 0 3 1.7 5 2.2

Type 3 11 6.9 75 28.0 88 35.5 72 30.8 48 21.1 29 17.0 18 9.9 21 9.3

Non-poliovirus:

Coxsackie B-4 2 1.3 5 1.9 3 1.2 0 0 0 1 0.6 0

Coxsackie A-9 0 0 1 0.4 0 1 0.4 0 0 0

ECHO 2 3 1.9 0 0 0 0 0 0 0

ECHO 4 6 3.8 4 1.5 1 0.4 3 1.3 2 0.9 0 0 0

ECHO 5 0 0 0 0 0 0 0 1 0.4

ECHO 8 2 1.3 2 0.7 3 1.2 5 2.1 6 2.6 1 0.6 2 1.1 6 2.6

ECHO 12 12 7.5 6 2.2 7 2.8 4 1.7 1 0.4 2 1.2 3 1.7 5 2.2

ECHO 14 0 0 1 0.4 5 2.1 9 4.0 5 2.9 7 3.9 8 3.5

Unidentified 4 2.5 15 5.6 16 6.5 11 4.7 15 6.6 8 4.7 13 7.2 17 7.5

Total 29 18.1 32 11.9 32 12.9 28 12.0 34 15.0 16 9.4 26 14.4 36 15.9

Total specimens
per week 160 268 248 234 227 171 181 227

No. children
tested 126 124 124 124 124 116 116 116

a Shown as the number of specimens from which a given enterovirus was recovered and the percentage of the total specimens
obtained each week which were positive.

6 to 24 months of age that enteroviruses were most
readily recovered. This was the age-group from
which the children to be vaccinated were chosen for
this study.
Of the polioviruses recovered during the pre-

vaccinal period, only type 3 was found, and it would
appear from the results of in vitro genetic markers,
which are to be mentioned later in this report, that
some of these may well have been type 3 strains
which were representatives of the attenuated vaccine
strain which had spread out from the neighbouring
city of San Jose, where monovalent type 3 vaccine
had been given the previous month.

Pre- and post-vaccinal excretion rates ofpoliovirus
and non-poliovirus enterovirus strains by vaccinees and
by contacts. These have been listed in Tables 4 and 5

and charted in Fig. 3. Fig 3 shows the weekly
excretion rates of polioviruses and other entero-
viruses as determined from a total of 1716 serial
specimens (rectal swabs) taken prior to and during
the weeks of the vaccine trials.

Index children (vaccinees) are shown on the left
panel and their intrafamilial contacts on the right,
representing two populations which actually began
with 48 vaccinees and 77 contact children and ended
with 46 and 70, respectively. In the three upper
sections of each panel, one sees how the polioviruses
were excreted; and how in the index children, type 3
infection dominated the field immediately after the
first dose of trivalent vaccine had been given,
reaching a rate above 55 % in the second and third
weeks. Type 1 excretion rates were maintained at a
lower rate at first (around 25%) but as the type 3
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TABLE 5

WEEKLY ISOLATIONS a OF POLIOVIRUS AND NON-POLIOVIRUS ENTEROVIRUSES EXCRETED BY INDEX CHILDREN
ONLY, 23 JULY TO 17 SEPTEMBER 1959

Pre-
week Post-vaccinal weeks

Enteroviruses vaccinal Total
isolated -n o. ofisolated 1 2 3 4 5 6 7 8 isolates

No. % No. % No. % No. % No. % No. % No. % No. %

Poliovirus:

Type 1 0 24 25.8 22 23.2 25 26.6 20 21.3 13 28.3 32 35.6 21 23.6 157

Type 2 0 6 6.5 2 2.1 2 2.1 0 0 5 5.6 5 5.6 20

Type 3 10 10.6 62 66.7 56 58.9 30 31.9 20 21.3 5 10.9 15 16.7 21 23.6 219

Non-poliovirus:

Coxsackie B-4 3 3.2 1 1.1 1 1.1 5

ECHO 2 2 2.1 2

ECHO 4 2 2.1 1 1.1 1 1.1 2 2.1 6

ECHO 5 0 1 1.1 1

ECHO 8 0 1 1.1 2 2.1 2 2.1 1 2.2 1 1.1 7

ECHO 12 8 8.5 3 3.2 1 1.1 1 1.1 1 1.1 11

ECHO 14 0 4 4.3 9 9.6 4 8.7 6 6.7 6 6.7 29

Unidentified 4 4.3 2 2.2 2 2.1 1 1.1 6 6.4 2 4.3 7 7.8 8 9.0 32

Total specimens
per week 94 93 95 94 94 46 90 89 695

Total poliovirus 10 92 80 57 40 18 52 47 396

Total non-polio-
virus 19 20.2 7 7.5 6 6.3 9 9.6 17 18.1 7 15.2 14 15.6 17 19.1 96

No. children tested 49 48 48 48 48 46 46 46

a Shown as the number of specimens from which a given enterovirus was recovered and the percentage of the total specimens
obtained each week which were positive.

infections began to wane in the fifth and sixth weeks
and coincidentally with the second administration of
trivalent vaccine, type 1 picked up, reaching about
30%. It is probable that infections due mainly to
type 1 may have persisted well into October, i.e., for
at least a month after our collection of rectal swabs
ceased. Type 2 attenuated vaccine strains seemed to
have played an insignificant role in producing in-
fection in the index children or in spreading to their
contacts.
On the right side of Fig. 3 are the rates in the

contacts. Types 1 and 3 polioviruses spread from
vaccinees to juvenile intrafamilial contacts at rates
of around 5% and 25% respectively, in the second
to fourth weeks. Among these contacts there were
many who already possessed antibodies to both

types 1 and 3, since, by and large, they were older
than the index children (Table 1). Thus as com-
pared with the vaccinees, the rates of excretion
among contacts were understandably lower. Had
the chart been drawn on the basis of available
susceptibles-i.e., homotypic negative, contact
children-a somewhat different picture would have
resulted.

In the lower quarter of each vertical panel in Fig. 3,
the pattern of n-p enterovirus excretion rates for the
weeks of the vaccine trial is recorded. The various
types of enterovirus other than polioviruses have
been grouped together here; they include all of those
listed separately in Table 4-two Coxsackie viruses,
five ECHO viruses, and a group of unidentified
enteroviruses.
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FIG. 3

ENTEROVIRUS EXCRETION RATES IN INDEX CHILDREN AND THEIR INTRAFAMILIAL CONTACTS,
23 JULY TO 17 SEPTEMBER 1959

INDEX CHILDREN INTRAFAMILIAL CONTACTS

STPOETCS. 4 3 95 94 94 46 90 a89 80 151 148 151 149 69 135 1338
SPECS.FCHILDRE 49 1 48 48 48 48 46 46 46 77 77 77 77 77 6 9 70 70

The vertical arrows indicate the times at which the first and second doses of trivalent vaccine were given to the index children.

Antibody conversion rates in index children
Susceptibles. Antibody conversion rates in homo-

typic negative index children are given in Table 6.
The first dose of trivalent vaccine resulted in type 3
infections and antibody conversions in 79% of
children; after the second dose, this figure rose to
91 %. Type 1 conversions, on the other hand, were

35% after the first dose and 75% after the second.
Virus excretion was detected in some in whom anti-
body rises did not occur, although by 1 October
enough time had elapsed for antibody responses to
have occurred in most of those found to be excreting
virus. Type 2 seems to have had little effect on the
vaccinees, only five children (14%) showing conver-

sions after the first dose and 34% after the second.

TABLE 6

ANTIBODY CONVERSION RATES IN HOMOTYPIC
NEGATIVE INDEX CHILDREN, EXPRESSED

AS CUMULATIVE PERCENTAGES AFTER BOTH DOSES
OF TRIVALENT VACCINE

First dose Second dose
Polio- Number of
virus available Antibody Homolo- Antibody Homolo-
type homotypic conver- gous virus conver- gous virus

negatives sion excretion sion excretion(%) (%) (%) (%)

1 48 35 48 75 74

2 35 14 14 34 23

3 34 79 79 91 91
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TABLE 7
EFFECT OF PRE-VACCINAL ENTEROVIRUS INFECTION
ON RESPONSES TO THE FIRST DOSE OF TRIVALENT

VACCINE IN HOMOTYPIC NEGATIVE CHILDREN

No. Polo Antibody Virus
Rectal c.0- conver- excre-

swab result Of virus Sison Ition achildren type (%)

28 1 43 61
Negative for pre-
vaccinal n-p entero- 21 2 10 10
virus infection

25 3 84 88

20 1 25 30
Positive for pre-
vaccinal n-p entero- 14 2 21 21
virus infection

9 3 67 78

a Homologous post-vaccinal poliovirus excretion.

If the effect of the first dose of trivalent vaccine in
only those 28 homotypic negative children who were
free of enteroviruses at the time vaccine was given is
considered separately, the results are fairly similar to
those shown in Table 6, with the exception of type 1
conversions. As will be discussed later, these type 1
responses seemed to be suppressed, the response to
this first dose being reduced by almost 40% (Table 7).
The end results, however, one month after the second
dose of vaccine, brought these type 1 conversion rates
in these index children to levels almost identical to
those shown in Table 6. In other words, in this
instance, a second dose of trivalent vaccine more or
less overcame the low response to the first.
Antibody responses of index children with pre-

vaccinal antibody. No index children possessed pre-
vaccinal type 1 antibody, but 11 were positive for
type 2, and seven for type 3 (excluding those already
excreting type 3 at the time of vaccination). Com-
plete antibody studies are available on six of the
seven with pre-vaccinal type 3 antibody. Three of
the six (two with high titres of antibody) (>512)
failed to become infected with any poliovirus type;
among the other three, type 3 virus excretion and
antibody rise was detected in one child while the
other two, who showed fourfold rises against this
type, excreted only types 1 or 2. Thus, although the
numbers were very small, the response was varied;
some did not become infected, one was reinfected
with type 3 in the presence of antibody, and others
had heterotypic rises to type 3 associated with in-
fection with type 1 or 2.

In the presence of pre-vaccinal type 2 antibody, on
the other hand, none of the 11 children studied ex-

creted type 2 virus post-vaccinally, but 11 of them
became infected with type 1 and/or type 3 and eight
of these showed fourfold or greater rises to type 2
(Table 8). These rises are interpreted as probably
being heterotypic type 2 responses actually induced
by infection with type 1 or 3 virus. The three
(Nos. 47-1, 28-1 and 5-1) who failed to show such
heterotypic rises to type 2 all had high type 2 titres
(>512) at the onset; in two of these instances, the
high titres may well have already represented hetero-
typic responses since the children were currently in-
fected with type 3 virus before vaccine ingestion.
These observations point up the value of carrying
out coincidental tests on virus excretion in the

TABLE 8
HETEROTYPIC TYPE 2 ANTIBODY RESPONSES

TO INFECTION WITH POLIOVIRUS TYPES 1 AND 3

Neutralizing antibodies a Polio-
Child Serum to poliovirus type: virus
No. 2excretion

I 2 _3 type

11-1 pre-vaccinal <4 64 <4
post-vaccinal 64 <1024 256 1, 3

23-1 pre-vaccinal <4 256 <4 1, 3
post-vaccinal 64 1024 128

36-1 pre-vaccinal <4 256 <4 1, 3
post-vaccinal 64 <512 64

6-1 pre-vaccinal <4 256 32 1
post-vaccinal 64 1024 128

29-1 pre-vaccinal <4 256 <4 3
post-vaccinal <4 1024 1024

26-1 pre-vaccinal <4 64 <4 3
post-vaccinal 8 1024 <1024

47-1 pre-vaccinal <4 <512 <4
post-vaccinal <4 <512 64 3

28-1 b pre-vaccinal <4 512 8
post-vaccinal <4 <512 128 3

5-1 b pre-vaccinal <4 1024 256
post-vaccinal <4 1024 1024 3

27-1 b pre-vaccinal <4 256 <4
post-vaccinal <4 <512 256 3

3-1 b pre-vaccinal <4 64 <4
post-vaccinal <4 1024 1024 3

a Results expressed as the reciprocal of the serum titre.
b Excreted type 3 at the time of vaccine Ingestion.
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vaccinees along with the determination of antibody
rises. By this means homotypic and heterotypic rises
can usually be distinguished from one another, an
important point when it comes to measuring the
effectiveness of the vaccine.

Further considerations of interference by non-

poliovirus enteroviruses or dominance of a vaccine
strain of poliovirus influencing the effectiveness of
the vaccine

As already mentioned (and partially illustrated in
Fig. 2) the age-specific pre-vaccinal excretion rates of
n-p enteroviruses in the age-groups 6 months to
2 years ranged from 15% to 55 %. From the carriers
of n-p enteroviruses detected during the eight-week
period of observation eight different identifiable
enteroviruses were isolated as well as numerous

unidentified ones. Four of these enterovirus strains,
Coxsackie B-4 and A-9 and ECHO 2 and 4 dropped
out of the picture during the first six weeks of the
trial. ECHO 5 appeared only at the end, while three
others, ECHO 8, 12, and 14, as well as an unidentified
group remained throughout. There was some evid-
ence that infection with these latter viruses affected
the efficiency of the type 1 oral vaccination process,

which has already been mentioned. If any particular
n-p enterovirus might be incriminated as an inter-
fering agent in this instance, it was ECHO 12. One
of the several difficulties is that of making a decision
as to how to estimate the stage at which a potentially
interfering n-p enterovirus infection is in-the
beginning, mid-stage or end. Interference is probably
more prominent at the beginning than at the end.

Actually an impression derived from this part of
the study is that, if any virus can be regarded as an
" interfering agent " in this trial, it was the dominant
type 3 attenuated poliovirus used in the vaccine. This
" took " so well that it appeared to crowd out other
competing attenuated polioviruses, but such a con-

clusion cannot be drawn with certainty.

SPREAD OF POLIOVIRUSES TO INTRAFAMILIAL CONTACTS

Excretion rates ofpoliovirus vaccine strains by intra-
familial contacts

As a corollary to the excretion pattern in the index
children, illustrated in the left panel of Fig. 3, similar
graphs on the right side of this figure show how these
strains spread to the unvaccinated siblings aged 2
months to 5 years in each household.
At a glance one can see that this spread was quite

appreciable, giving weekly virus excretion rates of

type 3 up to 27% in all contacts (homotypic nega-
tive and positive); and similarly up to 20% in those
with type 1 infections. Type 3 again dominates the
picture, but this time the peak of excretion, if such
it can be called, is later by a week than it was in the
index children. Type 1 seems to have spread rather
sparsely at first, although at the end of the period of
observation, i.e., by the 8th week, the rate was
apparently picking up. Type 2 hardly spread at all.
As to the character of intrafamilial spread of the

vaccine strains, this is perhaps best determined by an
intimate review of what happened in each of the
48 families. To facilitate this review, a family chart
was prepared for each family, on which all the days
of excretion of various enteroviruses are recorded
for each member of the family under the age of
5 years. The antibody status of each child is given
at least twice at monthly intervals, and three times
for the vaccinees. From such analyses we concluded
that in no instance after vaccination was there evid-
ence that the index child acquired poliovirus infection
from a contact. In no family did contacts excrete a
poliovirus type which had not infected the index
child. Among the total of 48 families there were
three in which there were no siblings or juvenile
household associates, and there were three in which
the index child was not infected after ingesting both
doses of vaccine. In none of these families was polio-
virus isolated at any time from any of the contacts.
We feel reasonably certain that the virus excretion
and antibody responses of the vaccinees represent
the effect of the trivalent vaccine ingested by them
and not infection derived from some other source,
except prior to vaccination in the case of " wild"
type 3 strains and vaccine strains of type 3 which
may well have strayed in from San Jose.
Two samples of these family charts have been

selected and appear in Fig. 4 and Fig. 5. They
indicate the manner of spread and some of the
multiple variables which exist in this situation. An
explanation of these variables can be found in the
legends to these figures.
The speed with which attenuated poliovirus in-

fections spread from the index child to siblings was
striking, a point which received emphasis in a
previous report (Paul, 1961). In some of the families
the index child excreted the virus only for a day or
two and the same was true of the siblings. In others,
virus excretion continued for two to three weeks.
None the less, a fair percentage of the sibling
contacts picked up their poliovirus infections almost
at once. With type 3, 63% of such contacts excreted
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FIG. 4
VIRUS-EXCRETION CHART FOR VACCINATED CHILD AND SIBLINGS IN FAMILY No. 4

FAMILY' No. 4

CHILD PRE|VACCINAL VIRUS EXCRETED AND POST-VACCINAL ANTIBODY TITRESANTIBODY TITRES
FIRST DOSE SECOND DOSE

ROSA E2 E2,12 P3 P3 P3 P3 P3 P3 P3 U - P3 P3 P1 P1
12 MONTHS
(VACCINEE) TYPE 2 c 4 c4 4

TYPE 2 ~4 .44
TYPE 3 c 4 256 256

ANA E12 E12 E12 P3 P3,E12 P3 P3 P3 P3 P3 P3 - - E12 U
12 MONTHS
(SIBLING) TYPE 1 4 4 4

TYPE 2 c4 4 4
TYPE 3 4 128 32

4YEARS E12 U P3 P3 P3 . . . . U -
(SIBLING) TYPE I 4

TYPE 2 128 512
TYPE 3 -c 4 > 512

JUAN E2 - U U - E12 - E12 E12 E12 -
4 YEARS

TP(SIBLING) TYPE 2 44
TYPE 3 8 512

23 29
JULY

3 6 10 13 17 20 24 27 31
AUGUST

7 10 14
SEPTEMBER

17
WHO 1573

E = ECHO virus; P = polovirus; U = untypable.
This family was already infected with ECHO 2 and ECHO 12 and an untypable agent before and just after the first dose of vaccine

was given to the index child. In spite of this, the dominant type 3 poliovirus infected the index child after the first dose of vaccine
and spread to two of the three siblings. After the second dose, the index child became infected with type 1, but during the brief
period of observation this type was not successful In spreading to the other three susceptible children, possibly because of com-
petition from other non-poliovirus enteroviruses.

this virus within five days after the index child in the
same family was fed; and with type 1 this rapid
transmission occurred in 37% of infections acquired
by contacts.
The almost simultaneous onset of infection of

several family members can understandably give the
impression that these multiple infections arose from
a common extrafamilial source and not as a result of
a human passage within the family. However, our
data indicate that the attenuated viruses spread so
quickly from the index child to other susceptible
members of the family that it is unnecessary to
postulate a common extrafamilial source in this
situation. It may well be that within 18 hours after
the ingestion of attenuated polioviruses in the form
of a vaccine the index children might be excreting
virus and be capable of infecting their intimate

playmates. When antibody studies were correlated
with virus excretion and spread, it appeared that the
results in terms of conversions among the contacts
mirrored the findings in the index children. One can
draw the conclusion that the poliovirus vaccine
strain which " took " the best as a vaccine, spread
the best. Thus during the 11-week period of ob-
servation, the type 3 poliovirus vaccine strain, with
a capacity to infect under these circumstances at a
rate of approximately 90% or more, spread the most,
eventually infecting 85% of the homotypic negative
sibling contacts and reinfecting about 22% of those
who already had type 3 antibodies. Type 1, which
after the second vaccine dose had a conversion rate
of about 75 %, spread to homotypic negative contacts
at a rate of 22%, and reinfected 5% of those with
type 1 antibodies. With type 2, the poorest " taker ",
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FIG. 5

VIRUS-EXCRETION CHART FOR VACCINATED CHILD AND SIBLINGS IN FAMILY No. 7

FAMILY No. 7

CHILD PEANTIBODY T-IRE| VIRUS EXCRETED AND POST-VACCINAL ANTIBODY TITRES

FIRST DOSE SECOND DOSE

FRANCISCO . . E12 U - - - E12 U - U
9 MONTHS .

(VACCINEE) TYPE 1 c 4 4
TYPE 2 c 4 c 4
TYPE 3 64 64

VICTOR E12 U E12 U - U U
11 MONTHS
(SIBLING) TYPE 1 c4 c 4

TYPE 3 512 512

OLGA|E E12 U E12 U E12 E12 -U
2 YEARS
(SIBLING) TYPE I 4 4

TYPE 2 -44
TYPE 3 256 512

JORGE . E12 E12 E12 U U U - - - U - U
3 YEARS
(SIBL ING ) TYPE I - 4 c 4

TYPE 2 32 128
TYPE 3 16 256

MARIA | | . E12 U - - - - - - - U
3 YEARS
(SIBLING) TYPE 1 64 64

TYPE 2 32 256
TYPE 3 64 256

23 29 3
JULY

6 10 13 17 20
AUGUST

24 27 31 3 7 10 14 17
SEPTEMBER WHO 157i

E = ECHO virus; P = poliovirus; U = untypable.
In this family of five children under 4 years of age all were infected with ECHO 12 and an untypable agent. The index child did

not become infected following either dose of vaccine, nor were the vaccine strains detected in any tested member of the family.

practically no spread was noted. It is to be empha-
sized again that none of the contacts was more than
5 years old, and for these results to be meaningful
the young age of the potential hosts in this popula-
tion should be kept in mind.

Duration of poliovirus excretion in vaccinees and
contacts
In most studies dealing with rates at which a given

strain of attenuated poliovirus has been found to
" take " and to spread, the antibody response in the
vaccinees has been chosen as the measure of effec-
tiveness. Measurements of this type have already
been discussed in this report. Another observation

is to measure the extent of post-vaccinal infection by
determining the length of the period over which the
infected individual excretes poliovirus and by quan-
titating daily amounts of virus excreted. Such de-
terminations were made in a previous study from our
laboratory (Horstmann, Niederman & Paul, 1959)
on a limited number of institutional subjects who had
various degrees of pre-vaccinal antibody acquired
either naturally or as a result of Salk-type vaccine.
At that time, it was pointed out that in a presumably
resistant person, with naturally acquired pre-
vaccinal antibody, the rate of reinfection with the
oral type 1 (LSc) strain was low; that large doses
were often required to reinfect; and that, when re-
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infection did occur, the duration of virus excretion
in the faeces was shorter than that observed in more
susceptible vaccinees (Horstmann, Niederman & Paul,
1959). Others have confirmed thisfinding (Sabin, 1961).
Data from the current Costa Rican trial also

furnish some information on the duration of excre-
tion of the attenuated Lederle vaccine strains of
poliovirus types 1 and 3 when given as a triple
vaccine. The significance of determining the dura-
tion of virus excretion is that one may acquire in-
formation as to the opportunities for spread of
attenuated polioviruses in other words, informa-
tion bearing on the epidemiology of the situation.

Methods. For these special determinations only
those index children were included who were not
harbouring any poliovirus at the time the vaccine
was given; also, only those intrafamilial contacts
less than 5 years of age were included if they were

members of families i n which type 1, 2 or 3 attenuated
poliovirus was being excreted by the index child-in
other words, when there was a good opportunity for
intrafamilial exposure. Those children with a pre-
vaccinal antibody level of less than 1: 4 were con-
sidered as lacking homologous antibody, and those
with levels above this (which ranged from 1: 4 to
1:1024 by the CPE neutralization test) were con-
sidered as having homologous antibody, which in
practically all instances had been naturally acquired.

Results. From data concerning type 3, collected
for this analysis, one can measure the number of
post-infectional days over which attenuated polio-
viruses were excreted by members of the two groups,
i.e., those with and those without pre-vaccinal anti-
bodies, designated as " R" (resistant) and " S"
(susceptible) respectively. Results are charted in
Fig. 6. There was an appreciable number of subjects

FIG. 6

DURATION OF TYPE 3 POLIOVIRUS EXCRETION IN VACCINEES AND SIBLINGS

DAYSI 1-4 5-9 110-141 15-19 120-24125-29130-34
S = WITHOUT PRE-VACCINAL ANTIBODY

DAYS OF VIRUS EXCRETION
O 1-4 5-9 110-14 115-19 120-24125-29

51 R" SUBJECTS

O 1-4= 5-9 1-14 115-19N120-24125-29
R = WITH PRE-VACCINAL ANTIBODY

The horizontal lines indicate the approximate number of days over which type 3 poliovirus was excreted by infected children.
The left panel illustrates the situation found in 69 susceptible (S) subjects, and the right panel the situation in 51 resis-
tant (R) children.

DAYS OF VIRUS EXCRETION
0 1-4 5-9 110-14115-19120-24125-29130-34

69 "S" SUBJECTS
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in both of these groups in whom no infection
occurred. Nine of these are recorded on the left of
the diagram above the dotted horizontal line with
the S group; they represent 13 % of the total group,
and can be considered instances of missed infection,
for one reason or another, in an exposed and pre-
sumably susceptible subject. There were many more
failures to infect in the R group of exposed subjects
shown on the right of this chart, the missed infection
rate here being 55 %. Obviously this may be ascribed
in part to the immune status of the latter group but
perhaps also in part to the small dosage received by
some of the contacts. Nevertheless, if one may
assume, arbitrarily perhaps, that in 13 % of the
R group failure to become infected might have
occurred anyway, a comparison between the two
groups can be made within that part of the diagram
which lies below the horizontal broken line which has
been drawn across the top of both panels in Fig. 6.
This means a comparison between 87% of each
group. If one selects from the panel on the left-the
remaining 60 S subjects-the duration of poliovirus
excretion ranges from 1 to 40 days, with an average
of 16.4 days. In the R group, on the right, whose
members possessed homologous antibody prior to
exposure, the average was 2.7 days. It is assumed
that this difference is largely an expression of the
manner in which a previous natural infection with
type 3 poliovirus has rendered the host or his gut
resistant to any reinfection or to prolonged re-
infection.

Theoretically one could also assume that those in-
dividuals charted in the left panel of the diagram,
who lacked pre-infectional antibody, should be in
a far better position to spread the virus once infected
than those on the right, because the latter excrete
virus for such a shorter period. However, this does
not take into account that an individual may be more
infectious at the beginning of his period of virus
excretion than later, i.e., at the end of this period.
This question warrants further study.
The same kind of analytical diagram as that in

Fig. 6 was prepared from results obtained with
type 1. Eighty-one members of the population were
found to lack homologous (pre-infectional) antibody,
and of these S subjects infection occurred in about
35 %, indicating a considerably lower infection rate
than that with the type 3 poliovirus strain. Of those
in whom infection did occur, the duration of excre-
tion averaged 10.5 days, which is again lower than
the average period with type 3. The number of R
children who possessed pre-infectional antibody to

type 1 was too small to allow an adequate compari-
son between their responses and those of the S group.

POLIOVIRUS ISOLATED FROM FLIES TRAPPED DURING
THE VACCINATION TRIAL

Mention has been made that one of our objectives
was to observe the extent to which polioviruses could
be recovered during the vaccine trial from local flies
trapped at several strategic sites within the village.

Fly trapping
For three days prior to the administration of the

first dose of vaccine, wire cylindrical fly traps, baited
with chicken entrails, were set at ten sites, designated
as A-J, and strategically located in the village. They
were both near to and remote from some of the
families enrolled in the study (see Fig. 1). At least
one catch was obtained from nine of the ten trapping
sites during this pre-vaccinal period. Starting on
30 July 1959, when vaccination of the children was
begun, fly collections were made, usually twice
weekly, from these same trapping sites and continued
until 17 September 1959. The amount of flies in each
catch varied from as few as two flies to as much as
40 ml, the average being about 10 ml. Because of
daily rainfall and thefts of bait a trap would occa-
sionally be found empty.

Preparation and testing offlies
The flies were prepared and inoculated into mon-

key kidney (MK) tissue cultures as described in a
previous publication (Horstmann et al., 1959). One
exception to the previously described technique was
that large pools of flies were broken down into 10-ml
aliquots and each aliquot was prepared and tested
separately for cytopathogenic effect (CPE) in MK
tissue cultures. Identification of enteroviruses
isolated from fly pools was carried out according to
the usual method used in this laboratory (Horstmann
et al., 1959).

Identification offlies
No attempt was made to separate the flies into

species and to test batches of each species separately.
However, specimens were taken from nearly every
lot of flies and frozen for later identification. The
predominant species trapped under the circumstances
described above were: Phaenicia, Sarcophagula, Sar-
cophaga, Musca, and in certain areas, Ophyra
aenescens and Huascaromusca bicolor. Also present
were Fannia, Limnophora, Philornis, Neomuscina,
Muscina stabulans, Richardia viridiventris, Synthesio-

2
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myia nudiseta, Atherigona orientalis, Callitroga ma-
cellaria, Graphomya maculata, Sarcophaga plintho-
pyas and Sarcophaga orchripyga.1

Results
Enteroviruses isolated from flies obtained before

the vaccine was administered all turned out to be
type 3 polioviruses. They are listed in Table 9. Four
of 15 pools of flies collected from traps F, G and J
(Fig. 1) contained type 3 poliovirus. Obviously,
therefore, type 3 poliovirus was not only present
among the children in the village, as shown in
Table 3, but widely distributed. It will be recalled
that prior to the administration of the vaccine,
11 of 126 children under observation (almost 10%)
were already harbouring type 3 poliovirus and eight
of them were index children.
During the post-vaccinal period of the trial

(30 July to 17 September), flies from nine of the ten
trap sites yielded enteroviruses at some time, giving
us in all, 131 pools of flies. This represented 10-15
pools per trap site, all of which were tested; 56 of
these pools (43 %) yielded some kind of enterovirus.
Some sites (B, F and J) consistently yielded more

1 We are greatly indebted for the identification of these
flies to Dr Harry D. Pratt, Scientist Director, Chief, Insect
and Rodent Control, Training Section, Training Branch,
Department of Health, Education, and Welfare, Communic-
able Disease Center, Atlanta, Ga.; and to Dr Curtis Sabrosky,
Entomology Research Service, United States Department of
Agriculture.

TABLE 9

PRE-VACCINAL FLY-BORNE ENTEROVIRUSES ISOLATED
FROM FLIES TRAPPED 23-29 JULY 1959

sites a 23 July b 24 July b 29 July b

A 0 0 0

B 0 _ 0

C _ _ 0

D 0 0 _

E --0

F 0 Poliovirus Poliovirus
type 3 type 3

G 0 _ Poliovirus
type 3

H--

0 0-

J Poliovirus 0 0
type 3

a Fig. I should be consulted for the location of the fly traps.
bo= no specimen of flies obtained; - = specimen of flies

negative for enteroviruses.

flies and from these more enteroviruses were isolated
than from others, the highest percentage of isolations
being made from traps located in areas of low
environmental sanitation. The types and numbers of
viruses isolated from flies collected during the eight
sequential chronological periods are listed in
Table 10. As can be seen, type 3 poliovirus was

TABLE 10
WEEKLY ISOLATIONS OF VARIOUS ENTEROVIRUSES FROM 146 POOLS OF FLIES COLLECTED

24 JULY TO 18 SEPTEMBER 1959

Pools Number of enterovirus isolates

Date of collection Number Positive Poliovirus ECHO 8 ECHO 12 ECHO 14 Uniden-
tested No. % Type I Type 3

ECO8 EH 2 EH 4 tified

24-29Julya 15 4 27 4

30 July to 5 August b 20 8 40 5 3 1

6-12 August 19 10 53 5 2 2

13-19 August 19 12 63 1 4 4 2 1

20-26 August 8 1 13 1 1

27August-2 September c 26 11 42 4 2 3 1

September 19 6 32 3 3 2

September 20 8 40 4 1 1 2

Total 146 60 41 8 26 12 4 7

a Collected before administration of vaccine.
b First administration of trivalent vaccine started on 30 July.
c Second administration of trivalent vaccine started on 31 August.
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FIG. 7

ENTEROVIRUS EXCRETION RATES IN THE ENTIRE STUDY POPULATION AND ENTEROVIRUS ISOLATIONS
FROM POOLS OF FLIES

WEEKS OF VACCINE TRIAL
ENTEROVIRUS _ 1 2 3 4 5 6 7 8

Polio 1i

Wn 10' >s

oPolio2 5X1I
i.. ~~40-
z

LLc Polio 3

Coxuockie 8.45 !E_-10-rr tZ ~ 7

0

z CECHOx4 5-

C

UCnOxsaie d 5 _
z J

ECHlO 2 5

uX ECHO 4 5-

ECHO 54 5 - ~ _zm ;sR$,l;.J 7

160 268 248 234 227 111 181 227
ECHO 14 5TOTAL SPEC1MENS se

The vertical arrows indicate the times at which the first and second doses of trivalent were given to the index children.
The signs +, 2+ etc. in the blocks with diagonal hatching indicate the numbers of pools of flies from which enteroviruses were

isolated coincidentally with rectal swabs.
The non-poliovirus enterovirus rates are distinguished by stippling.

present in the fly population both before and during
the vaccination period. Type 1 poliovirus was
isolated once 18 days after the first administration of
the oral trivalent poliovirus vaccine and seven times
after the second administration of the vaccine.
A glance at the types of enteroviruses listed in

Table 10 indicates that they are not different from
those which the local children were harbouring, as
shown in Table 4. Thus all enterovirus types de-
tected in flies were also isolated from rectal swabs
collected from children. However, certain agents
-including Coxsackie A-9 and B-4, ECHO 2, 4,
and 5-were isolated from children but not from flies.
To pursue further this comparison between local

human and arthropod-borne enteroviruses, a com-
parative chart has been prepared (Fig. 7) showing
the excretion rates for enteroviruses in the sample of

the village population as determined from 23 July to
17 September 1959.1 This sample of 126 index and
contact children represented 2.7% of the total
village population. Essentially, these excretion rates
might be considered a rough measure of " available
enterovirus " within the village. Fig. 6 also gives the
enterovirus isolates from fly collections covering the
same eight-Week period. In this chart, the number
of isolations from flies listed in Table 10 was used.

This comparison, in Fig. 6, seems to indicate a
general quantitative relationship between the types

1 The discrepancy in the total number of specimens per
week (from both index children and contacts) which exists
between Table 4, Fig. 3 and Fig. 7 results from the use of
slightly different criteria in designating the date of onset of
each week of the vaccine trial. The grand total of specimens
of the entire eight weeks of the trial remains the same in the
table and the two figures.
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of enteroviruses isolated from rectal swabs and those
from flies. At least, the enterovirus which was being
put out by the children most consistently and in
largest quantity-namely, poliovirus type 3-was
also the one recovered from flies most frequently;
and the most frequent isolations of this agent from
flies occurred at times when type 3 was most pre-
valent in the children. With type 1 poliovirus, this
correlation was not exactly close, but one cannot say
that there was no correlation. As to other entero-
viruses, which were being excreted by the children
in minimal amounts-namely, poliovirus type 2,
Coxsackie A-9 and B-4, and ECHO 2, 4 and 5-these
were not recovered from any of the fly pools. Never-
theless, those n-p enteroviruses which were being
excreted by the children more frequently and for
longer periods were found either consistently or
intermittently in flies during the same period of ob-
servation. This refers to ECHO 8, 12 and 14. When
it comes to comparing the unidentified enteroviruses
found in children and those found in flies one cannot
say that they were the same strains of enteroviruses
from both sources, although this probably was the
case with at least some of them.

GENETIC MARKERS OF POLIOVIRUS STRAINS ISOLATED
DURING THE VACCINE TRIAL

The outcome of these special determinations and
our interpretations of them will be reported in a
separate paper. Briefly we can say here that some
fairly pertinent information came out as a result of
the combined use of several tests: the T (rectal 40°C)
marker (Lwoff & Lwoff, 1959), and the d marker
(Vogt et al., 1957; Hsiung & Melnick, 1958) as
tested on 102 poliovirus isolates from vaccinees and
their contacts; and these two markers plus the
Wecker (1960) test performed on 34 strains from
flies. The objective here was twofold: (a) to see if
among these poliovirus isolates there were any non-
vaccine strains, i.e., wild strains; and (b) to consider
the evidence as to whether or not there had been any
shift in the degree of virulence of the vaccine strains
(and if so, to what degree) after one or two human
passages or after residence within the body of the fly.

Briefly the T marker results with the 102 strains
isolated from human sources (i.e., 52 type 1, 6 type 2
and 44 type 3) indicated that all of the strains con-
formed to the pattern of attenuated vaccine strains;
none was able to multiply at 40°C. With the d
marker, carried out on 99 of the 102 strains, there
was more variability. Of 49 type 1 strains, 7 (or

roughly 20%) were classified as d+ whereas the
original strain had been d-; and of 44 type 3
similarly tested, 7 (or roughly 14%) were d+. Here
was evidence of a slight shift. Evidence was lacking
that second human passage strains (from contacts)
showed a greater tendency to mutate to d+ than
was the case with first passage strains from vaccinees.
From some children the earlier isolate was d+ while
a later one was di (intermediate); in others the
reverse occurred.

Included among the 44 T marker tests on type 3
isolates were 10 strains from as many children ob-
tained during the pre-vaccinal period. All these
strains proved to be T-. Thus, although there were
wild T+ strains about, as will be discussed in a
moment, none had infected the children. It is pro-
bable that at least some of these T-, type 3 strains
were vaccine strains which had spread from the
near-by city of San Jose, where the national vaccine
programme was in full swing before our trial began in
the village of Santo Domingo de Heredia.
With the isolates of poliovirus from flies on which

tests for all three markers were carried out, the
results were somewhat different. Of the 6 type 3
strains isolated from flies during the pre-vaccinal
period, all gave evidence of being wild type 3 strains,
and of the 20 type 3 isolated post-vaccinally, at least
12 appeared to be wild strains. With type 1, how-
ever, all of the 8 strains tested had the markers cha-
racteristic of attenuated strains.
Here at least we have two bits of new information:

(1) that the trial was carried on in the face of more
competition than we had realized at first, i.e.,
besides n-p enteroviruses there were wild type 3
strains about; and (2) in the post-vaccinal period, it
has been demonstrated that arthropod-borne strains
with the same markers as the attenuated vaccine
strain could be found. Thus strains indistinguishable
from the vaccine strains may be picked up and
carried about by flies in the same manner as these
insects may carry wild poliovirus and n-p entero-
viruses (Riordan et al., 1961).

DISCUSSION

Our first consideration here concerns the efficacy
of a trivalent oral vaccine, administered in this parti-
cular manner and place; i.e., given in two doses one
month apart to children 5-22 months of age living
in a tropical environment. On the basis of the results
one might conclude that in general the immunizing
capacity of this particular trivalent vaccine was fairly

326



AN ORAL POLIOVIRUS VACCINE TRIAL IN COSTA RICA

good but not completely satisfactory. Its effec-
tiveness varied considerably for the three types.
Post-vaccinal antibody response to the type 3 com-
ponent was not only adequate but excellent, 90% of
susceptible children showing conversions. The
response was a little less satisfactory for type 1, which
achieved only a 71 % conversion rate, and unsatis-
factory for type 2, which gave a 35% conversion rate.
These results are not very different from those
achieved by Nunfiez et al. (1960) in the course of the
nationwide oral vaccination campaign carried out in
all children under 12 years of age by the Costa Rican
Ministry of Health during the same period as our

trial. Using a single dose of the same trivalent
vaccine in a comparable group of young susceptible
children, Nunfiez et al. reported the following con-
version rates: 70% for type 1, 32% for type 2, and
83 % for type 3. This is slightly better than our results
after the first of the two doses of the trivalent
vaccine (Table 6). The difference may well be ex-
plained by the particular circumstances of our trial,
in which heterotypic antibody responses were ruled
out.
With respect to the effect of preceding n-p entero-

virus infection on the efficacy of the vaccine, there
is some evidence in our trial that at least the response
to type 1 was reduced by the rather heavy n-p entero-
virus infection rate in the children before and during
the time when the first dose of vaccine was given
(Table 6). If any particular ECHO virus could be
incriminated, possibly it was ECHO 12 (Table 5).
Such interference did not seem to affect type 3
responses, and type 2 had such a limited capacity
to infect that it was not possible to evaluate the
situation. In a trial carried out by Sabin et al. (1960)
in Toluca, Mexico, in 1959 the general matter of
interference with n-p enteroviruses received con-

siderable attention. These investigators were success-

ful in feeding two doses of the Sabin strains in a

trivalent vaccine to children who were heavily
infected with n-p enteroviruses and in achieving over-

all conversion rates of 96% for Sabin types 1 and 2
and 72% for Sabin type 3. Thus, in spite of the
presence of massive n-p enterovirus infection, good
immunizing effects were achieved with a trivalent
vaccine in a community-wide programme.

Although wild n-p enteroviruses did not have
much impact on vaccination takes in our trial in
Costa Rica with type 1, interference between the
vaccine strains themselves did seem to play a signi-
ficant role. This was most evident with the highly
infectious type 3, which took over, so to speak, at

the start and seemed to crowd out the other compet-
ing polioviruses-as well perhaps as the n-p entero-
viruses. To offset this situation and to improve
the efficiency of this particular trivalent vaccine in
the future, theoretically it might be desirable to shift
the doses to be given, lowering that of type 3 and
enhancing that of the other two types, particularly
type 2.
A third objective of our Costa Rican study was to

measure the degree of intrafamilial spread of these
polioviruses in siblings and other household contacts
under 5 years of age. Such spread was appreciable
in those families in which an opportunity for spread
from the index child (vaccinee) existed. In general it
appeared that those attenuated poliovirus strains
which took the best, spread the best. Thus the rates
of conversion in antibody negative contacts (siblings)
were 85% for type 3, and 77% for type 1, i.e., almost
as good as the vaccination responses. Type 2 did not
have much opportunity to spread since it infected so
few vaccinees.
The speed with which the vaccine strains spread

was impressive. In most instances the virus was
picked up by a sibling of the index child within five
days of the time the latter was infected. This phe-
nomenon is reminiscent of the manner in which wild
virulent poliovirus strains may spread through a
family and of the characteristic way in which several
clinical cases of poliomyelitis in one family start
within a day or two of one another.
Another aspect related to spreading capacity was

studied in connexion with the duration of excretion
of types 1 and 3 polioviruses by individual index and
contact children. Here again the type 3 poliovirus
infections were the most prominent; of 69 sus-
ceptibles (i.e., pre-vaccinally homotypic negatives)
who were orally vaccinated or exposed, 63 of them
excreted type 3 virus for periods ranging roughly
from 2 Y2 to 40 days, with an average of about
16 days. Half of these children were apparently
infectious for three weeks or more. This finding
stands in some contrast to the results in 51 resistant
members of families who had pre-vaccinal homo-
typic antibodies of various levels. For the most part
these latter children failed to become infected at all,
and those who did excrete virus did so for an average
of only 2-3 days (Fig. 3).

In terms of possible shifts in genetic markers of
these attenuated strains on human passage, the
results of tests on polioviruses excreted by children
in this trial suggested that changes in the T (rectal
40'C) marker had not occurred, but in some children
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there had been a change in the d marker from d-,
to di or to d+. This was the case with 44% of
vaccinees for type 1 and 31 % for type 3. However,
there was no evidence that this change was more
common after the second human passage than after
the first. In fact, if anything, the reverse occurred.

In this vaccination trial we also determined the
extent to which polioviruses could be recovered from
flies trapped within the study area during the eight-
week period of observation. The results obtained
were quite surprising to us in terms of the ease with
which polioviruses and other enteroviruses were
isolated from flies trapped from nine of ten sites
located at strategic points within the village. The
kinds of viruses recovered from flies were essentially
the same as those found in the rectal swab survey,

and there seemed to be a rough parallel in the fre-
quency with which a certain kind of virus could be
recovered from flies and the frequency with which it
was found in rectal swabs collected from the children.
None the less, by the combined use of the Wecker
test and the T and d markers it seemed that many of
the type 3 arthropod-borne strains were indeed wild
strains. On the other hand, not all fly-borne strains
had markers indicative of wild strains and so the
suggestion that these insects were perhaps capable of
picking up the attenuated vaccine strains and pro-
bably disseminating them is implicit in the findings.
Whether or not flies might render any service to the
community in spreading such strains in small doses
as immunizing agents is a question we would not be
prepared to discuss at this time.

RESUME

Une etude relative au vaccin antipoliomyelitique a ete
effectuee sur 126 enfants de moins de 5 ans, dans un
village tropical de Costa Rica, au cours de la campagne
nationale de vaccination, en 1959. Dans 48 familles, un
enfant de 5-22 mois a recu deux doses de vaccin trivalent
(Lederle) a un mois d'intervalle.
Le pouvoir immunisant du vaccin chez ces jeunes

enfants, presque tous triplement n6gatifs, a ete variable.
Les taux de conversion chez les negatifs au type 3 etaient
bons (91 %/); assez bons pour le type 1 (75 %) et mauvais
pour le type 2 (34 %). Le type 3 fut aussi celui qui se
repandit le plus rapidement, infectant 85 % des contacts
familiaux sensibles ages de moins de 5 ans et reinfectant
22% de ceux qui possedaient deja des anticorps anti-
type 3. La vitesse de dissemination du type 1 etait moin-
dre. Celle du type 3 etait etonnante; 63% des contacts
avaient contract6 le type 3, cinq jours apres que le petit
vaccine ait ing6re' le vaccin.

Les infections a enterovirus existaient dans la popula-
tion avant l'administration de vaccin, specialement dans
le groupe d'age vaccine (5-22 mois). Ces virus ne parais-

sent pas intervenir dans la propagation du type 3, qui
est efficace apres une et deux doses de vaccin; mais ils
semblent attenuer I'efficacite du type 1. Apres un ou deux
passages sur l'homme, les caracteres genetiques mar-
queurs des poliovirus attenues n'avaient subi que de
legers changements.

Les mouches captur6es en divers endroits du village,
avant et apres la vaccination, vehiculaient des polio-
et enterovirus en abondance. Les virus non poliomyeli-
tiques isoles des mouches etaient, dans l'ensemble, les
memes que ceux que l'on avait isoles chez les enfants.
Une relation quantitative semblait meme exister entre
la frequence de ces virus chez l'enfant et chez la mouche.
L'etude des marqueurs genetiques des souches trouvees
chez l'enfant et chez la mouche porta sur 26 souches de
type 3 et 8 de type 1. Les poliovirus sauvages semblent
avoir ete assez largement r6pandus dans le milieu avant
l'administration de la premiere dose de vaccin. Apres
qu'ait d6bute la vaccination, la plupart des souches
isol6es paraissaient etre les souches du vaccin et se trouver
chez les enfants et chez les mouches.
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