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Control of a Type 1 Poliomyelitis Epidemic
in British Guiana, 1962-63,

with Trivalent Oral Poliovirus Vaccine
2. Virological Aspects

ROGER A. FELDMAN,' C. LESLIE MOOTOO,2 LESLIE SPENCE 8
& HENRY M. GELFAND '

Epidemics ofparalytic poliomyelitis have been reported with increasingfrequency in the
Caribbean area over the last decade. During the first weeks of a type I poliomyelitis
epidemic in British Guiana in the winter of1962-63, it was possible to study " wild " polio-
virus infections in pre-school children, and to obtain information concerning the effec-
tiveness of a country-wide control programme using trivalent oral poliovirus vaccine.

Serological studies indicated that many Guianese children had had previous asympto-
matic poliovirus infections by school age. However, there were more children with antibodies
to types 2 and 3 than with antibodies to type 1. Following the first of two feedings of tri-
valent vaccine, there were significant increases in the percentage of children with polio-
virus antibodies.

Though begun only three weeks after the hospitalization of several paralysed children,
a rectal-swab survey indicated that in some areas over one-third of the pre-school children
were excreting " wild " poliovirus. In one area of the country, where only 2 % of the children
were excreting poliovirus type 1, vaccine feeding seemed most effective in containing the
epidemic. These results support the suggestion that to be successful an epidemic control
programme in a developing tropical country should be rapidly organized and completed.

The epidemiological characteristics of an epidemic
of poliomyelitis in British Guiana in 1962-63 have
been described an earlier paper (Witte et al., 1965).5
The present paper reports the virological and sero-
logical studies conducted during the epidemic, and
discusses the significance of both the epidemiological
and laboratory findings.
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MATERIALS AND METHODS

Connaught oral poliovirus vaccine, dispensed
as 10 , 105 and 105-O TCID50 respectively of polio-
viruses types 1, 2 and 3 in 0.5 ml, was used in the
epidemic control programme. Samples of this
vaccine were collected from frozen stock and from
several vaccination centres towards the end of each
vaccination day. The vaccine in the centres had been
thawed but kept throughout the day on wet ice,
ready for distribution. Samples were taken from
bottles that had been almost completely used,
however, and were no longer on wet ice. Each
sample was titrated by plaque-counting in monkey
kidney cell tissue culture following pre-neutralization
with hyperimmune serum to allow titration of single
virus types in the trivalent mixture.

Before the country-wide epidemic control pro-
gramme commenced there had been limited distribu-
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tion of a Burroughs-Wellcome " MgCl2 stabilized "
trivalent oral poliovirus vaccine on Leguan Island,
as well as in the interior of the country, where there
were no facilities for refrigeration. No studies were

made in these areas.

Pharyngeal, stool and blood specimens were

obtained as a routine procedure from children with
paralytic illness soon after they were admitted to
the Georgetown Public Hospital. Diagnostic cri-
teria and epidemiological information on the cases
studied were presented in the preceding article.
Spinal-cord and stool specimens were obtained
from 13 of 22 fatal hospitalized cases of clinical
paralytic poliomyelitis.
A field programme was organized, utilizing the

facilities of the Public Health Laboratory, George-
town, in widely separated areas of the densely
populated riverine and coastal portion of British
Guiana. The study areas included four vaccination
centres in Georgetown, which were used by all
socio-economic and racial groups; centres in three
villages in the rice- and sugar-growing areas of
Berbice County, two within 10 miles (16 km) of
the city of New Amsterdam and one-Crabwood
Creek-on the border with Surinam; and centres in
several villages around the town of Suddie in Esse-
quibo County (see the map (Fig. 1) in the article by
Witte et al. on page 2 of this issue). Specimens
were collected from children aged 3 months
through 5 years at vaccination centres in the areas

chosen for study.
Rectal swabs were obtained in Georgetown (on

22 December), Berbice (on 27 December), and
Essequibo (on 28 December). Approximately one

week after vaccine feeding in each area, rectal-swab
specimens were collected during home visits, though
few paired pre- and post-vaccination specimens
were collected. Rectal-swab specimens were placed
in sterile saline and kept on wet ice until frozen in
an electric freezer.
Blood specimens, obtained by venepuncture, were

collected from children under 7 years of age before
vaccination at all the vaccination centres studied.
Four to five weeks after the beginning of the first
vaccination programme, blood specimens were

again collected, although few paired specimens
were obtained.

Faecal specimens and rectal-swab extracts were

treated with penicillin, streptomycin, neomycin and
amphotericin B in a final concentration of 100 IU,
100 mg, 10 mg and 40 ,ug, respectively, per ml.
Utilizing specimens obtained before vaccine feeding,

0.25 ml was inoculated into three rhesus monkey
kidney cell culture tubes. The tissue culture was
observed for 12 days for cytopathogenic effect and,
if none was observed, the specimen was considered
negative. Viral isolates were identified with hyper-
immune serum in tissue culture, using antisera for
poliovirus types 1, 2 and 3, echovirus types 1-27,
and coxsackievirus B types 1-6. A portion of the
specimens was inoculated into suckling mice.
With swabs obtained after vaccine feeding,

neutralization tests were performed using combina-
tions of hyperimmune poliovirus antisera, types
1 and 2, 1 and 3, 2 and 3, and 1, 2 and 3. The undi-
luted swab extract was incubated with each of the
several serum combinations for 3 hours at 370C,
and each extract-serum mixture was inoculated with
a control into two rhesus monkey kidney cell tissue
culture tubes. Each specimen was passed at least
twice in tissue culture without antiserum before
being considered negative.
The metabolic-inhibition test was used to study

pre- and post-vaccination sera. Serum, diluted 1: 8
and 1: 32 in duplicate cups, was incubated with
100 TCID50 of each poliovirus type for 3 hours at
37°C. A 50% end-point of 1: 32 or greater was
considered to represent past infection with the
poliovirus type being studied.

RESULTS

Vaccine titrations
The titres of vaccine from the frozen stock and

from field collection did not differ significantly from
each other (Table 1).

TABLE 1
TITRATION OF VACCINE FROM FROZEN STOCK AND

FROM FIELD DISTRIBUTION CENTRES

Vaccine titre a

Origin of
samples Poliovirus Poliovirus Poliovirus

type 1 type 2 type 3

Frozen stock 5.6 4.6 4.9

Centre 1 6.4 5.2 5.7

Centre 2 5.5 4.6 5.2

Centre 3 6.1 5.0 5.3

Centre 4 4.7 4.7 4.7

a TCIDsoX 105.
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TABLE 2
ISOLATION OF POLIOVIRUSES TYPE 1 (P1), TYPE 2 (P2) AND TYPE 3 (P3)

Georgetown Essequibo Berbice
Age

(years) No. Percentage isolation No. Percentage isolation No. Percentage isolation
studied P1 P2 P3 studied P1 P2 P3 studied P1 P2 P3

A. Pre-vaccination

<1 29 27 0 0 50 28 0 0 34 0 0 6

1 48 23 0 0 45 51 0 0 39 3 0 0

2 50 16 0 0 44 41 0 0 57 4 0 4

3 64 17 0 0 52 45 0 0 30 3 0 3

4 60 23 0 0 54 20 0 0 34 3 0 0

5 59 7 0 0 24 29 0 0 25 3 0 3

Total 310 18 0 0 269 36 0 0 - 185 2 0 ] 3

B. Post-vaccination

<1 12 67 42 17 17 41 53 29 18 16 48 11

1 15 73 33 27 18 33 44 22 24 29 66 16

2 15 87 53 27 30 30 27 20 26 11 65 20

3 24 58 50 29 29 48 17 17 27 14 33 7

4 14 36 7 21 26 11 0 4 21 24 10 29

5 15 27 13 7 12 16 0 8 23 17 9 22

Total 95 57 i 35 22 132 31 23 17 I 139 19 40 17

Virus isolations
Clinical cases. Poliovirus type 1 was isolated

from 76 of 85 stool specimens obtained from
children with paralytic poliomyelitis from Essequibo
and Demerara Counties admitted to the George-
town Public Hospital, their onset of illness having
occurred between late November 1962 and mid-
January 1963. Isolations of poliovirus type 1 were
made from autopsy specimens of spinal cord from
9 of 13 fatal cases studied.

Poliovirus type 1 was also isolated from stool
specimens obtained from an additional 46 children
with paralytic poliomyelitis who had received tri-
valent oral vaccine one to 15 days before the onset
of paralysis. Of these 46, 44 were excreting polio-
virus type 1 alone. One of the poliovirus type 1
isolations was from the only studied clinical case
of poliomyelitis originating in Berbice County.
Preliminary attempts to characterize these polio-
virus type 1 isolates as vaccine-derived or " wild "
have been completed on 32 of the specimens, using

the Nakano intratypic serodifferentiation test (Na-
kano & Gelfand, 1962). None of the viruses studied
has shown vaccine-like characteristics.'

Asymptomatic children. Pre-vaccination specimens
were collected at different times in relation to the
epidemic in the three areas studied. Specimens from
Essequibo County were obtained at the peak of the
epidemic, those from Georgetown were obtained
at a time of high incidence but two weeks before the
peak, while in Berbice the specimens were obtained
two weeks before the peak and during a period of
low incidence.
The isolation rate of polioviruses from pre-

vaccination specimens according to age is shown
in Table 2. In Essequibo County 36% of all the
children studied and 51 % of the children aged one
year were excreting poliovirus type 1. In George-
town 18% and in Berbice County only 2% of the
children studied were excreting poliovirus type 1.

1 Personal communication from Dr James Nakano.
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Using faecal specimens obtained one week after
vaccine feeding, 70% (67/95), 59% (72/132) and
63% (81/139) of the children studied in George-
town, Essequibo and Berbice Counties, respectively,
were excreting one or more polioviruses after
trivalent feeding. The percentage of post-vaccina-
tion poliovirus isolations from each area is also
shown in Table 2. Poliovirus type 2 was isolated
twice as frequently as poliovirus types 1 and 3 in
Berbice County, while in Georgetown and Essequibo
County poliovirus type 1 was most often isolated.
Dual virus isolations were made with approximately
25% of the specimens, and in over 80% of these
poliovirus type 2 was isolated in association with
either poliovirus type 1 or poliovirus type 3. Few
virus isolations of poliovirus type 2 were made in
children older than 3 years.

Serology
The percentage of children with antibodies to the

three poliovirus types before vaccine feeding is
shown in Table 3.

In Georgetown, antibodies to polioviruses types 2
and 3 occurred with increasing frequency with
age; 70% of the children were positive by the age

of 5 years. Antibodies to poliovirus type 1 were

found in only 45% of the 5-year-old children in
the study group, though the pre-vaccination sera

were obtained near the peak of the type 1 poliovirus
epidemic. The small number of sera available from
Essequibo and Berbice Counties makes a significant
comparison with Georgetown difficult.
Of sera obtained from children aged 2-5 years

four to five weeks after they had received a single
dose of trivalent vaccine, over 85% had antibodies
to all three types of poliovirus (Table 3). Significant
increases in the percentage of children with antibody
to all poliovirus types were evident in all ages in
which comparable results were available.

Enteroviruses other than poliovirus type 1 were

found in pre-vaccination specimens in 3 % (10/3 10),
4% (12/269) and 7% (13/185) of the children of
Georgetown, Essequibo and Berbice Counties,
respectively. Echovirus 19 and unidentified entero-

TABLE 3
ANTIBODIES TO POLIOVIRUSES TYPE 1 (P1), TYPE 2 (P2) AND TYPE 3 (P3)

Georgetown Essequibo Berbice

(years) No. Percentage positive No Percentage positive No. Percentage positive
studied Pl1 P2 P3 studied P1 P2 P3 studied P1 P2 P3

A. Pre-vaccination

1 4 0 0 25 0 - - -0 - - -

2 12 25 33 42 2 50 50 50 0 _ -_

3 22 45 70 68 10 30 40 60 0 - - -

4 25 40 75 75 7 86 86 71 15 80 100 100

5 32 45 72 72 4 50 100 50 14 71 78 85

6 3 66 100 66 3 33 100 33 1 100 100 0

Total 98 [ 42 [ 67 66 26 50 69 60 30 76 - 86 93

B. Post-vaccination1 0 - - - 0 - - - 0 - -
2 6 83 100 66 2 100 100 100 11 73 82 73

3 20 85 95 95 27 100 100 100 31 74 93 90

4 34 91 97 94 29 100 97 97 70 90 100 100

5 31 97 97 97 36 100 100 100 20 90 100 90

6 7 100 100 100 3 100 100 100 20 90 100 100

Total 98 92 97 [ 94 ] 97 ] 100 J 97 97 102 85 96 ] 92
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viruses were isolated from children in Georgetown;
coxsackieviruses Bi and B3 from Essequibo; and
poliovirus type 3, echovirus 19 and echovirus 2
from Berbice County.

DISCUSSION

Virological results
Titration of the trivalent vaccine, obtained from

frozen stock and vaccination centres, indicated that
there was no significant loss in vaccine titre during
the transportation, handling, and distribution of the
thawed vaccine in 100-dose bottles in the tropical
climate of British Guiana.
Following the initial isolations of poliovirus

type 1 from cases on Leguan Island in mid-Decem-
ber, virus isolations were made from 76 clinical
cases, 44 vaccine-fed clinical cases, and the spinal
cord of nine fatal cases. The results suggest that
poliovirus type 1 alone was involved in this epidemic.
Poliovirus type 3 was isolated from five asymptoma-
tic children in Berbice County before the vaccina-
tion programme began; however, poliovirus type 1
was isolated from the only studied case of paralytic
poliomyelitis from Berbice County.

Viral studies of healthy children during a polio-
myelitis epidemic have not often been undertaken.
Craighead, Shelekov & Brody (1964) found 11%
(8/70) of healthy children under 3 years of age
excreting poliovirus type 2 in the midst of a small
urban epidemic in Panama City in 1959; in Hull,
England, in 1961, 6% (3/53) of asymptomatic chil-
dren under 6 years of age were carrying poliovirus
type 1 two weeks before the onset of the last reported
clinical case (Cook et al., 1963). Melnick et al.
(1957) found evidence of seroconversion to polio-
virus type 1 in over 60% (14/23) of children under
the age of 5 in the lower socio-economic groups
in Charleston, West Virginia, USA, during the 1953
poliomyelitis season. In this same group of children,
a stool survey revealed that 30% (12/40) were excret-
ing poliovirus type 1.
The isolation rates of poliovirus type 1 from

pre-school children in Essequibo County (36 %) and
Georgetown (18 Y), determined by a single rectal-
swab survey, are a measure of the intense transmis-
sion of poliovirus type 1 that occurred in Guianese
children in late December 1962. The highest isola-
tion rates-in asymptomatic children aged one year
(51 %)-were associated with the highest age-specific
attack rates (697 per 100 000) in the epidemic

(Witte et al., 1965).1 Studies of poliovirus dissemina-
tion within family and crowded community groups
have shown a similar intense and rapid passage of
poliovirus to susceptible children (Isacson, Melnick
& Walton, 1957; Gelfand et al., 1957).
The use of rectal swabs rather than stool specimens

for the study programme probably limited the
number of enteroviruses recovered. The use of
rectal swabs has been reported to result in the isola-
tion of from one-half to one-third as many polio-
viruses as the use of stool specimens (Nolan, Wil-
mer & Melnick, 1955; Chin et al., 1961).

It is probable that the virulence of the poliovirus
in this Guianese epidemic is similar to that recorded
in other severe poliovirus type 1 epidemics. Among
the approximately 120 000 children under the age
of 6 in British Guiana, 434 cases of paralytic polio-
myelitis occurred. At least 30% of the children in
some areas were virus carriers during a single samp-
ling period, and a paralysis to infection ratio of
1: 130 would be calculated if 50% of the Guianese
children in this age-group had been infected during
the entire epidemic. Previous estimations of the
case: infection ratio in epidemics of poliomyelitis
have approximated to 1: 100-1: 1000 for the pre-
school age-group (Evans, 1960).
Only 2% of the children studied in Berbice

County were excreting poliovirus type 1 before
vaccination. This low isolation rate, in association
with the epidemiological evidence that the peak
number of cases occurred later in Berbice County
than in the remainder of the country (Witte et al.,
1965),1 suggests that only in Berbice County was
vaccine distributed before widespread infection of
the pre-school children with " wild " poliovirus
type 1.

Serological surveys conducted after the 1957
epidemic in British Guiana, and later in other
Carribean countries, revealed that antibodies to all
three types of poliovirus were present in most
children by elementary-school age, even in areas
where no epidemics of poliomyelitis had been
reported (Melnick, 1959; Proctor et al., 1961).

In the pre-vaccination sera studied, more children
under 4 years of age had antibody to poliovirus
types 2 and 3 than to type 1. Although only incom-
plete information is available on Berbice County,
the significantly lower frequency of poliovirus type I
antibody may reflect a situation that favours the
occurrence of a poliovirus epidemic in the tropics.

I See the article on page 1 of this issue.
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No serological data concerning this possibility are
available from Upper Demerara and the islands
of Wakenaam and Leguan-the areas with the
highest attack rates in the epidemic (Witte et al.,
1965).1

If it is assumed that the serological results from
Georgetown reflect the situation in Berbice County,
there were many children susceptible to poliovirus
type 1 in Berbice County when the vaccination
campaign was begun. This assumption of a relative
uniformity of antibody pattern along the coastal
area seems justified because of the small area,
uniform environment and frequent movement of
the people. Also, in both the 1957 (Melnick, 1958)
and 1962-63 epidemics, the entire coastal population
was involved. An alternative suggestion, namely,
that the children in Berbice County had experienced
an earlier asymptomatic epidemic of poliovirus
type 1 that did not spread to the remainder of the
country, seems less likely.

1 See the article on page 1 of this issue.

Over 85% of the pre-school children from all
three areas studied had antibodies to the three types
of poliovirus following a single feeding of trivalent
vaccine. Poliovirus type 2 antibodies were present
in slightly greater numbers of children than either
poliovirus type 1 or poliovirus type 3-an observa-
tion made in previous serological studies of trivalent
vaccine (Sabin et al., 1960; Voroshilova et al., 1961).
Although serological findings following the second
trivalent feeding are not available, an even greater
percentage of antibodies to all three types would
be expected.
The programme of oral poliovirus vaccination

was organized and begun less than three weeks after
the appearance of a cluster of cases of paralytic
illness in hospital. The high carrier rates of polio-
virus found in pre-school children suggest that if
control of a poliomyelitis epidemic is to be successful
in a developing tropical country, effective oral
poliovirus vaccination campaigns must be initiated
and completed within days rather than weeks of the
recognition of an epidemic.
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RtSUMt

L'enquete virologique et serologique effectuee durant
1'epidemie de poliomyelite de 1962-1963 en Guyane
britannique, notamment par isolement du virus des
selles de malades et de la moelle epiniere de sujets dec6des,
montra que I'affection etait due a un poliovirus de type 1.
Pendant 1'epidemie et avant la vaccination, dans deux

des regions atteintes, respectivement 36% et 18% des
enfants d'age prescolaire eliminaient un virus de type 1,
mis en evidence par 1'examen de prelevements rectaux.
Dans un autre secteur, en revanche, le taux des excreteurs,
au sein d'un groupe correspondant, n'etait que de 2%:
ici, la vaccination put intervenir et demontrer son effica-
cit6 avant que ne se realise une dissemination etendue du
poliovirus sauvage de type 1. Une semaine apr6s I'admi-
nistration orale d'une dose unique de vaccin antipolio-

myelitique trivalent, l'examen d'un groupe d'enfants
montra que plus de la moitie d'entre eux eliminaient un
ou plusieurs types de virus. Dans environ 80% des cas
d'excretion simultanee de deux virus, un virus de type 2
fut isole, associe soit a un virus de type 1 soit a un virus
de type 3. L'examen serologique, apres la vaccination,
mit en evidence des anticorps pour les 3 types de virus
chez plus de 85% d'un groupe de 297 enfants ages de
2 a 6 ans.
Le nombre eleve de porteurs de poliovirus au sein de

la population d'age prescolaire pendant l'epidemie
implique, selon les auteurs, qu'une vaccination pleine-
ment efficace doit d6buter des que possible apres la d6-
couverte des premiers cas de poliomyelite, afin d'eviter
la propagation rapide du virus.
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