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Factors affecting the efficacy of live poliovirus vaccine
in warm climates
Efficacy of type 1 Sabin vaccine administered together with antihuman
gamma-globulin horse serum to breast-fed and artificially fed infants in Uganda *

I. DOMOK,l M. S. BALAYAN,2 0. A. FAYINKA,3 N. 9KRTI(,3 A. D. SONEJI,3
& P. S. E. G. HARLAND 4

A virologically controlledfield trial was conducted with live monovalent type 1 poliovirus
vaccine in children aged 3-30 months living in a rural area of Uganda, in an attempt to find
out the reason for the poor efficacy ofsuch vaccine often observed in countries with a warm
climate. Groups ofbreast-fed and ofartificially fed infants received the vaccine orally, either
alone or mixed with horse serum prepared against partly purified human gamma-globulin.
Irrespective of thze diet, the " take rate "-measured by the rates of vaccine virus excretion
and of antibody conversion-was found to be poor when the vaccine was given alone but
satisfactory when it was given together with the horse antiserum. However, the extent and
duration of vaccine virus multiplication in the intestinal tract proved to be limited and the
mean antibody level elicited by the vaccination, irrespective of the schedule of vaccine
administration, was low. These results, besides indicating that breast-feeding does not
influence the efficacy of vaccination in the age groups studied, revealed the presence of an
inhibitor in the alimentary tract. This inhibitor acts against the multiplication of vaccine
virus, which may be blocked by antibodies in the horse antiserum for a limitedperiod at the
time of vaccination. Interference between the enteroviruses and the vaccine strain was also
found to be responsible for decreasing the efficacy of vaccination, though its role was
secondary to that of the inhibitor. Revaccination experiments showed that the effects ofboth
inhibitor and interference may be overcome by repeated administration of the vaccine.

Analysing the poliomyelitis situation in different
parts of the world on the basis of data submitted to
WHO by national health authorities, Drozdov &
Cockburn (1) reported that the incidence of polio-
myelitis had decreased considerably not only in
developed countries-mostly in temperate zones-
but also in certain tropical and semitropical coun-
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tries where satisfactory vaccination schemes with live
poliovirus vaccine have been instituted. Ample evi-
dence exists that imminent epidemics could be pre-
vented and existing epidemics could be terminated or
at least mitigated with the aid of this vaccine in
certain tropical and semitropical areas (2-11).

In spite of these epidemiological observations, a
number of virological studies have shown that, in
warm-climate countries, the efficacy of live polio-
virus vaccine, measured by the seroconversion rate,
was much lower than that obtained in temperate
climates. Reports from Nigeria (12-15), Singapore
(16), Hong Kong (5), Cuba (17, 18), Thailand (19),
India (20), and Iran (21) deserve special mention in
this respect.

Montefiore (22) mentioned the interference be-
tween widely disseminated enteroviruses and the
vaccine strains, and usually prolonged breast-feed-
ing, as the most plausible reasons for the poor
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vaccination results observed in warm climates.
Indeed, there have been many reports (e.g., 23-31) of
interference with vaccine strains by enteroviruses.
However, doubt has been cast on the exclusive role
of this phenomenon in decreasing the efficacy of
vaccination in the tropics, especially by the studies of
John & Jayabal (20).

It has been demonstrated that breast-feeding of
the newborn and of young infants influences ad-
versely the response to vaccination in temperate
climates (32, 33, 34) and warm climates alike (35).
However, this effect was not observed when children
were given the live vaccine at the age of 6 weeks or
later in the USA (34). In Nigeria a study was carried
out in breast-fed children above 3 months of age and
very poor results were obtained (14). It is not
certain, however, whether the breast-feeding or some
other factor was responsible for these results, as no
adequate control group was included in the study.

It has been demonstrated, even in model experi-
ments, that antibodies present in human milk are
responsible for poor vaccination results by neutral-
izing the ingested vaccine strains in the alimentary
tract (36, 37, 38). Implantation of the vaccine was
not influenced by the ingested antibodies if they were
administered 6 h before and 6 h after vaccina-
tion (38).

It was supposed that the adverse effect of the
antibodies covering the mucous membranes in the
oro-pharyngeo-oesophagial part of the alimentary
tract can be eliminated temporarily, not only by
spacing the breast-feeding according to the vaccina-
tion schedule, but by giving antihuman gamma-
globulin serum orally at the same time as the
vaccine. Thus a field trial with Sabin type 1 vaccine
was carried out in a rural area of Uganda to clarify
whether breast-feeding is in any way responsible for
the poor vaccination results in African children over
3 months of age and, if so, whether the responses
after vaccination-measured by vaccine virus excre-
tion and seroconversion rates-can be improved by
blocking the ingested antibodies with the aid of an
antihuman gamma-globulin horse serum at the time
of vaccination. The experimental procedure was
suitable also for investigating the effect of entero-
virus carriership on the vaccination results. This
paper gives a detailed account of the results.

MATERIALS AND METHODS

Study population and plan of study
Investigations were carried out among children

attending the British Medical Research Council's
Child Welfare Clinic, Namulonge, situated in a rural
area 32 km from Kampala, the capital of Uganda.
Many parents living within a radius of 20 km of
Namulonge regularly attended the clinic during con-
sulting hours on Wednesdays with their children up
to 3 years of age.
As a background study the enterovirus excretion

rate and the status of immunity against poliomyelitis
according to age were investigated from October
1971 to January 1972. The vaccination trial was
started on 7 February 1972 and was completed at the
end of June 1972. Among the children attending the
clinic, 303 aged 3-30 months, without apparent
illness or with an illness without fever, were selected
for vaccination. They were divided into 4 groups.
Group A (93 children) and group B (85) were
composed of breast-fed children; group C (58) and
group D (67) of children on an artificial diet. The
average age of the children was 10 months in
group A, 11 months in group B, and 19 months in
groups C and D.
The children in groups A and C received type 1

Sabin vaccine together with antihuman gamma-
globulin horse serum, whereas those in groups B
and D received the vaccine alone. Stool samples
were taken on the day of vaccination and then once
weekly until the 5th or 6th week after vaccination.
Blood samples were taken on the day of vaccination
and after 5 or 6 weeks.

Children without polio type 1 antibodies at the
time of primary vaccination were revaccinated 5-6
weeks after vaccination according to the same sched-
ule. After revaccination, the weekly stool sample
collections were continued until the 4th week. A final
blood sample was taken 4 weeks after revaccination.
The schedule of vaccination and revaccination as
well as the number of children vaccinated and
followed up are shown in Table 1. The excellent
return rates were connected with several factors, the
decisive one being that travel expenses were paid to
the parents according to the distance between their
homes and the clinic.

Vaccine
The vaccine used was a monovalent type 1 Sabin

vaccine one dose of which contained 106 TCID50 of
virus in 3 drops. The vaccine was received by air
freight in a parcel packed with dry ice. After arrival
it was kept at - 25°C until used. It was carried to the
place of vaccination in an insulated refrigerated box.
The virus titre of the vaccine was controlled several
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Table 1. Main characteristics of vaccination trial in Ugandan infants

Polio type 1 Followed up after vaccination Followed up after revaccination
antibodies Vac- for virus excretion f Revac- for virus excretion fopli

Vaccination at the time cinated fvsci for polio cinated for polioGroup Die schedule of wellea partially b antibodies wellea partially b antiodie!Group Diet schedule vaccination No. % No. % NNoo.No. % No No.

type 1 present 28 16 9 20 71 3 2 0 3
A vaccine +

AHGGHSa absent 65 43 14 56 86 56 23 21 44 79
breast-
feeding

type 1 present 13 8 2 8 62 3 3 0 3
B vaccine

alone absent 72 46 9 59 82 59 29 16 46 78

type 1 present 16 10 2 12 75 0 0 0 0
c vaccine +

AHGGHS c absent 42 27 4 36 86 36 21 9 28 78
artificial

type 1 present 25 22 1 20 80 0 0 0 0
D vaccine

alone absent 42 24 10 28 67 28 20 2 23 82

present 82 56 68 14 17 60 73 6 5 0 6
Total

absent 221 140 63 37 17 179 81 179 93 48 141 79

a All the scheduled stool samples could be tested.
b Some of the scheduled stool samples could not be obtained.
CAHGGHS = 0.5 ml antihuman gamma-globulin horse serum given orally.

times during the field trial and found to be un-
changed.

Antihuman gamma-globulin horse serum
The horse antiserum (lot 45) used in this trial was

a pool of serum from two horses immunized with
ethanol-precipitated human gamma-globulin that
remained contaminated with other serum proteins.
The horse antiserum proved to be multivalent, con-
taining antibodies to all human serum proteins.
Before use, its action on the vaccine was checked.
The titre of vaccine virus remained unchanged when
equal volumes of undiluted serum and virus were
mixed and kept at 4°C overnight and at 37°C for 2 h.

Vaccination
The children in groups B and D were given a

teaspoonful of tea with sugar, to which 106 TCID50
of vaccine virus had been added. The same dose of
vaccine was given to the children of groups A and C
in the same way except that the vaccine was mixed
with 0.5 ml of the antihuman gamma-globulin horse
serum before the sweetened tea was added. The
children were carefully supervised to make sure that
the vaccine was swallowed; if it was not, another
dose of vaccine was immediately administered.

Collection and preparation of stool samples for virus
isolation

Before vaccination (from October 1971 to Janu-
ary 1972) and at the time of vaccination stool
samples were taken by anal tubing. Sterile glass
tubes of about 5 mm in diameter and 150 mm in
length with a cotton-wool stopper at one end were
used for this purpose. The open end was inserted
gently into the rectum after lubrication with liquid
paraffin and with slight movements 0.25 g of stool or
even more could easily be obtained. The tube con-
taining the sample was placed in a rubber-stoppered
test tube labelled with the identification number of
the child and kept in a refrigerated box until delivery
to the laboratory.
For the weekly stool sampling after vaccination

plastic containers, each of which was fitted with a
spoon in the stopper and was labelled with the
identification number of the child, were given to
parents, who were asked to take samples from their
children on the day when they next attended the
clinic, or on the previous day. At intervals stool
samples were also taken by anal tubing from the
children whose parents brought samples, so as to
check whether the samples had really been taken
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from those children. In order to discourage parents
from supplying false samples, it was made known to
them in advance that control sampling would be
made from time to time. No significant differences
were found between the virus content of stool sam-
ples taken by tubing and that of the samples sup-
plied by parents on the same day. The samples were
sent in refrigerated boxes to the laboratory, where
they were kept at -70°C until they were prepared
for virus isolation.

Stool suspensions (approximately 10%) were pre-
pared in Hanks's solution containing antibiotics
(penicillin, 5 000 I.U./ml; streptomycin and neo-
mycin, 1 000 ,ug/ml of each; and nystatin, 100 U./ml).
The suspensions were centrifuged at 5 120 g for
20 min and the supernatants were kept at -700C
until the trial had been completed.

Collection and preparation of blood samples
As it was realized that taking blood samples from

children by venepuncture would frighten African
parents, leading even to their reluctance to reattend
the clinic, the blood samples were taken by finger-
prick with Takaitsy's Microdiluter. The technique
was similar to that described by Brancato (39).
Before this technique was used in the trial, control
antibody determinations were performed on blood
samples taken simultaneously by venepuncture and
by this technique from the same persons. The results
proved to be comparable within the limit of error of
the antibody determinations.

Equipnment. The following items were used for this
procedure: sterile plastic serum tubes with screw-
stoppers (NUNC, Roskilde, Denmark), containing
0.7 ml of metabolism medium (see page 337); Takatsy
0.025-ml platinum Microdiluters, type OX-603/5
(LABOR-MIM, Budapest); Takatsy Microdiluter
rack, type OX-603/72 (LABOR-MIM, Budapest);
beaker (100-200-ml) containing about 20 ml of tap
water; spirit burners; blotting paper; and disposable
sterile lancets.

Procedure. The Microdiluters were flamed over
the spirit burner to incandescence and placed in the
rack to cool. The child's fingertip was disinfected
with 70% ethanol and when the skin was completely
dry it was pricked with a lancet. A blood drop of
more than 0.025 ml could easily be obtained, even in
the case of 3-month-old infants, by pressing the
finger. The blood was then taken into the Micro-
diluter by touching the blood drop with it. Complete
filling of the Microdiluter was controlled by eye. If
the diluter was not filled completely, a new blood

drop was touched. (The Microdiluter can be filled
only if a blood drop and not a flat pool of blood is
formed on the surface of the skin.) The filled Micro-
diluter was submerged in the diluent (metabolism
medium), rotated several times, and emptied by
striking the head of the Microdiluter against the tube
wall above the level of the diluent. Then the Micro-
diluter was washed in the tap water contained in the
beaker, dried by contact with blotting paper, and
flamed with the spirit burner.
The blood sample from each child was taken in

8 Microdiluters and placed in the same tube. Thus in
all 0.2 ml of whole blood was diluted in 0.7 ml of
medium. The samples were kept at ambient tempera-
ture. The blood precipitated at the bottom of the
tube, where it clotted and contracted. The samples
were centrifuged at 5 120 g for 10 min and the
supernatant was kept at -20°C. Usually 0.6 ml of
1: 8 serum dilution was obtained in this way, which
was sufficient to carry out even repeated antibody
determinations against all three types of poliovirus
by the colorimetric microneutralization technique.
Before antibody titration, the samples were inacti-
vated at 56°C for 30 min.

Virus isolation experiments
These were carried out in tube cultures of both

primary vervet monkey kidney (PVMK) and secon-
dary rhesus monkey kidney (SRMK) cells. The
rhesus cells originated from primary cultures pre-
pared by the National Institute for Biological Stan-
dards and Control, London, and sent by air freight
to Entebbe weekly. Prevaccination stool samples
from children who proved to be negative for polio
type 1 antibodies at the time of vaccination and who
could be followed up were also investigated in the
above-mentioned cell systems in the presence of
human erythrocyte extract (40), as well as in suckling
mice.

Three tubes of each cell system used were inocu-
lated with 0.1 ml of stool suspension. The mainte-
nance medium was Parker's 199 medium. In the
above-mentioned cases human erythrocyte extract
(1.0 haemagglutination inhibiting unit per ml) was
added to the maintenance medium. It was titrated
against 4 units of a haemagglutinating echovirus
type 7 strain.
The inoculated cultures were kept at 37°C for 14

days, with a change of medium on the 7th day after
inoculation. The cultures were read regularly. Those
showing specific cytopathic alterations were har-
vested and kept at -70°C until identification.
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AsTmentioned above, stool samples were also
tested in day-old mice. The mice were inoculated
simultaneously by the intracerebral route (0.01 ml)
and by the subcutaneous route (0.03 ml) and were
observed daily for 14 days. A mixture of 4 samples
was first tested in a litter of mice; if the result was
positive, the samples were retested individually.

Identification of virus isolates
Intersecting serum pools prepared according to

the scheme described by Schmidt et al. (41) were
used for the identification of strains isolated in cell
cultures. The serum pools, composed of appropriate
dilutions of enterovirus immune horse sera (42),
were mixed with equal volumes of virus suspensions
estimated to contain 100-1 000 TCID50 per 0.1 ml.
The virus-serum mixtures and the virus control
suspensions were kept at 4°C overnight and at 37°C
for 1 h before being inoculated into 2 or 3 cell
cultures each (0.1 ml per culture). The cultures were
incubated at 37°C for 7 days and read on the 2nd,
4th, and 7th days. The strains isolated in suckling
mice were not identified.

Titration of vaccine virus content of postvaccination
stool samples
Tenfold dilution series of 10% stool extracts were

inoculated into PVMK cell cultures, 3 tubes being
inoculated with each dilution step (0.1 ml per tube).
The maintenance medium was Parker's 199. The
inoculated tubes were incubated for 7 days at 37°C,
after which they were read microscopically. The
titres were calculated by the Reed-Muench method
(43) and expressed in TCID60/g of stool.

Antibody titrations of sera
These were performed in Micro-Test II plates

(Falcon Plastics) by a colorimetric microneutraliza-
tion technique essentially identical with that de-
scribed by Schmidt (44). Mahoney, MEF-1, and
Saukett strains of poliovirus (100-300 TCID50 per
0.025 ml) were used as test viruses and suspended
PVMK cells (12 000 cells/0.1 ml) as the test system.
Twofold dilution series of sera were prepared in
0.025-ml volumes by Microdiluter over the range
1: 8-1 1 024. The virus-serum mixtures were in-
cubated for 1 h at 37°C before the cell suspension
was added. All the dilutions were made in metabo-
lism medium composed of: Agamma calf serum
(Microbiological Associates, Inc.), 5.0 ml; Parker's
medium 199 (containing 0.0275 g phenol red per
litre), 87.5 ml; glucose (20% solution), 1.5 ml;

sodium bicarbonate (4.4% solution), 5.0 ml; and
antibiotics (penicillin, 1 000 I.U./ml; streptomycin
and neomycin, 500 ,tg/ml of each; and nystatin,
50 U./ml). The wells of the Micro-Test II plates
were sealed hermetically with 0.10 ml of liquid
paraffin and self-adhesive seals. The plates were
incubated at 37°C for 5-7 days and the titres were
then read.

Parallel with each series of tests, the neutralizing
titres of international reference antibodies to polio-
virus types 1, 2, and 3 were also determined so that
the titres of the test sera could be expressed in
international units (I.U.).

RESULTS

Virus excretion rates before and at vaccination

Table 2 shows that enterovirus isolation rates
varied between 20% and 30% according to the ages
of the children and the time when the tests (in
PVMK and SRMK cells only) were performed.
However, when additional systems were used for
virus isolations (PVMK and SRMK cells treated
with human erythrocyte extract; suckling mice) the
excretion rates proved to be over 40% in all the age
groups tested and the overall rates in April and May
1972 attained 61 %.
The strains isolated belonged to 32 different ente-

rovirus types without respect to the untyped strains
pathogenic to suckling mice. All three types of
poliovirus were circulated among children in the
observation period, the dominant type being type 1
(23 isolates). Among the echovirus and coxsackie-
virus types, echovirus types 7 (26 isolates), 1 (15
isolates), and 14 (14 isolates), and coxsackievirus
type A9 (19 isolates) predominated.

Polio antibody status before and at vaccination

Blood samples were taken from 360 children
during the period October 1971-January 1972 and
from 303 children at the time of their vaccination
between February and May 1972. All samples were
tested for polio type 1 antibodies; however, anti-
bodies of types 2 and 3 were determined only in the
case of prevaccination samples.
Table 3 shows the rates of naturally acquired polio

type 1 antibodies and the levels of antibodies accord-
ing to age groups. From 6 months of age the rates
increased and by 3 years of age 64% of the children
had type 1 antibodies. The geometric mean titres
ranged between 8.25 and 10.1 I.U./ml in the age
groups over 6 months.
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Table 2. Enterovirus excretion, according to the age of children and date of sampling before vaccination (October
1971-January 1972) and at the time of vaccination (February-May 1972)

Oct.-Nov. 1971 Dec. 1971-Jan.1972 Feb.-March 1972 Apr.-May 1972 Total

Age positive
group No. No. No. No. No. No. No. No. No.

(months) tested positive tested positive tested positive tested positive tested A B
Aa A A A A Bb A B A B A B A B

No. % No. %

<5 28 6 19 4 11 6 3 1 14 6 3 4 72 12 16 22 5 42

6-11 51 12 32 7 64 48 13 19 41 29 7 16 188 77 39 21 35 45

12-23 80 25 58 12 93 61 19 21 48 31 12 21 279 92 68 24 42 46

24-35 39 17 36 6 13 8 4 3 17 11 4 6 106 19 31 30 9 47

> 36 25 7 14 3 0 0 0 0 0 0 0 0 39 0 10 25 NTC

Total No. 223 67 159 32 181 123 39 44 121 77 26 47 684 200 164

% 100 30 100 20 100 100 22 36 100 100 21 61 100 100 24

91

46

a A = tested and found positive in cultures of primary vervet monkey kidney and secondary rhesus monkey kidney cells.
b B = tested and found positive in cultures of primary vervet monkey kidney and secondary rhesus monkey kidney cells, in those

treated with human erythrocyte extract, and in suckling mice.
c NT = not tested.

The rates of seropositivity to poliovirus types 1, 2,
and 3 at the time of vaccination, according to age,
are shown in Fig. 1. The geometric mean antibody
titres to poliovirus types 1, 2, and 3 were 9.5, 12,
and 6.8 I.U./ml, respectively.

Seroconversion rates after vaccination

Seroconversion rates were significantly higher in
children who received the vaccine together with the
horse antiserum (groups A and C) than in those who
received the vaccine alone (groups B and D) irres-
pective of whether they were breast-fed or on an

artificial diet (Table 4). The difference between

groups A+C and B+D proved to be statistically
significant (X2 = 7.3441, P< 1 %).
The geometric mean antibody titres acquired by

vaccination were as low as 3.2 I.U./ml in groups

A+C and 2.5 I.U./ml in groups B+D (Table 4).
This is about one-third of the geometric mean titre
observed in children with naturally acquired anti-
bodies (Table 3).

Vaccine virus excretion after vaccination among chil-
dren without prevaccination polio type 1 antibodies
The implantation of vaccine virus could be

checked by examining stool samples after vaccina-

Table 3. Polio type 1 antibody status, according to the age of children before vaccination and at the time
of vaccination

With antibodies
Age No. Geometric
group tested titres in l.U./ml total

mean titre
(months) tota % .U./ml

1 2 4 8 16 32 64 128 No.

<5 71 16 4 2 1 - - 23 32 1.4

6-11 184 6 1 7 4 4 4 2 3 31 17 8.5

12-23 272 6 4 6 16 12 14 3 1 62 23 10.1

24-35 103 4 7 3 5 5 6 3 2 35 34 8.9

36-47 33 4 1 3 3 5 3 1 1 21 64 8.25

Total 663 36 17 21 29 26 27 9 7 172 26 7.1
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Table 4. Serological response after vaccination of children without prevaccination
polio type 1 antibodies, according to experimental group

Vaccination No With seroconversion Geometric mean
Group schedule Diet tested titre of converterstested No. (L/i

A breast-
vaccine feeding 58 42 72 3.1
+ AHGGHSa

C artificial 36 26 72 3.4

A + C 94 68 72 3.2

B breast-
feeding 59 33 56 2.8

D vaccine
alone artificial 28 1 3 46 2.0

B + D 87 46 53 2.5

a AHGGHS = antihuman gamma-globulin horse serum.

(142) (32)

/
/

Type 1

- -- Type 2 positive
---- Type 3
......... --Triple-negative

a No. of children tested

12-23
Age (months)

Fig. 1. Polio antibody status of vaccinated children
according to age at the time of vaccination.

Table 5. Vaccine virus excretion after vaccination of
children without prevaccination polio type 1 antibodies,
according to experimental group

Showing vaccine
Group Vaccination Diet No. virus excretion

schedule tested
No. %

A breast- 59 45 76
feeding

vaccine
+ AHGGHSa

C artificial 31 25 81

A + C 90 70 78

B breast-
vaccine feeding 55 34 62
alone

D artificial 34 21 62

B + D 89 55 62

a AHGGHS = antihuman gamma-globulin horse serum.

tion in 179 children. The results, according to experi-
mental groups, are given in Table 5. Like the
seroconversion rates, the vaccine virus excretion
rates were higher in groups receiving the vaccine
together with horse antiserum than in those receiving
the vaccine alone. The difference between groups
A-+C and groups B+D is statistically significant at
the 2% probability level (X2 = 5.4242).

Examination of stool samples taken weekly after
vaccination revealed that the rate of vaccine virus
excretion was higher in groups A+C than in groups
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- Group A+ C I______~~~~~~>Poi tsr. 1
Group B+ D

-- Group A+C
Other enterovi ruses

-- Group 6+ D J

14 21 28
Days after vaccination

Fig. 2. Dynamics of enterovirus excretion after vacci-
nation of children without prevaccination polio type 1
antibodies.

B+D throughout (Fig. 2). Of the 416 stool samples
taken after vaccination from children in groups A
and C, 135 (32%) yielded type 1 poliovirus, whereas,
of 418 samples from children in groups B and D,
only 91 (22%Y.) showed the virusQ2= 12.08,P <0.1 %,).
The excretion of the vaccine virus was, however, of
short duration in most of the children in all experi-
mental groups. (The duration of infection was cal-
culated to be halfway between the last positive and
the first negative specimen.) The vaccine virus was

excreted for only 1 or 2 weeks in 74% of the children
in groups A and C and in 84% of those in groups B
and D. The average duration of excretion was about
16 days in all experimental groups.
No correlation was found between the duration of

vaccine virus excretion and the antibody level 5-6
weeks after vaccination, but a correlation was seen

when the titres of excreted vaccine virus in the
first week were plotted against the antibody levels
after vaccination (Fig. 3). The higher was the titre of
excreted vaccine virus in the first week after vaccina-
tion, the stronger was the serological response.
The virus titres of 165 stool specimens taken from

the 1st to the 4th week after vaccination and yielding
poliovirus type 1 virus in isolation experiments were

determined. No significant differences could be

(13)

O L_
<2.0

Groups A+ C
--- Goups B- D

a No. of childiren

___--- _ E--
2.0 2.7 3.0 3.7 - 4.0

Virus content of stool (Log1o TCID50,g) Wrrr ri)

Fig. 3. Correlation between the titre of vaccine virus
excreted on the first week after vaccination and the
antibody response following vaccination.

detected among the experimental groups in respect
of the average vaccine virus content of stools after
vaccination. The average titres (log10 TCID50/g
stool) were invariably found to be low-i.e., 2.94,
3.09, 2.86, and 2.00 in the 1st, 2nd, 3rd, and 4th
weeks, respectively.

Influence of enteroviruses on the results of vaccination
Enteroviruses adversely influenced the effective-

ness of vaccination if they were present at the time of
vaccination (Table 6). Seroconversion rates were
67% in groups A and C and 45% in groups B and D
among children excreting enterovirus on the day of
vaccination. In contrast, children free from entero-
viruses gave a serological response in 78% in
groups A and C and in 59% in groups B and D.

Observations in connexion with revaccination
Repeated vaccination of children who remained

seronegative after primary vaccination was success-
fully measured by the seroconversion in 57% (13 out
of 23) of those who received vaccine together with
horse antiserum and in 40% (12 out of 30) of those
who were given the vaccine alone. Vaccine virus
excretion rates were of the same order in the two
groups (11 out of 19 and 10 out of 25, respectively).
The overall seroconversion rates after two doses of
vaccine were 88% in groups A and C and 71% in
groups B and D.
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Table 6. Influence of enterovirus carriership on the serological response

Enterovirus present at vaccination Enterovirus absent at vaccination

Group No. tested No. giving seroconver- No. tested No. giving seroconver-
for serological sion rate for serological sion rate

antibodies response (%) antibodies response (%)

A + C 42 28 67 49 38 78

B + D 38 17 45 49 29 59

Total 80 45 56 98 67 68

The antibody level in successfully vaccinated chil-
dren increased slightly after revaccination. The geo-

metric mean antibody titre rose from 3.2 I.U./ml to
4.8 I.U./ml in groups A and C and from 2.5 I.U./ml
to 3.9 I.U./ml in groups B and D.
Though the geometric mean of polio type 1 anti-

body titres was significantly lower in successfully
vaccinated children than in children having naturally
acquired immunity, no difference could be found
between the two groups in respect of intestinal
resistance (Table 7).
Of 72 children having antibodies as a result of

vaccination, 19 (26%) excreted the vaccine virus
after revaccination. A similar excretion rate (24%)
was found after the vaccination of 70 children with
natural immunity.

Administration of horse antiserum together with
the vaccine did not influence the rate of implantation
of vaccine in children having naturally or artificially
acquired immunity. The rates of vaccine virus excre-

tors were 23% in groups A and C and 28% in
groups B and D (see Table 7).
Of the 247 stool samples taken 7-28 days after

revaccination from children having antibodies as a

result of vaccination, 26 (10.5%) yielded poliovirus
type 1 strain. Similarly, the virus was isolated from

26 (8.6 %) of 300 stool samples obtained from natu-
rally immune children 7-35 days after vaccination.

Enterovirus infections during the observation period
Before the trial started (October 1971-January

1972) and during the trial (February-June 1972)
2 274 stool samples were taken and investigated
(Table 8).
Of the 819 virus isolates, 360 (16%) proved to be

poliovirus, 143 (6%) coxsackievirus, and 316 (14%)
echovirus. Besides the poliovirus types, all types of
coxsackievirus that can be isolated in tissue culture
and 28 types of echovirus were included among the
isolates. Among the polioviruses, type 1 predomi-
nated even before vaccination, B4 and B3 were the
most often isolated types of coxsackievirus, and the
predominant type of echovirus was type 7.

Since serial stool samples were taken from the
children after vaccination there was an opportunity
to investigate the average duration of enterovirus
infection in African children. Altogether 70 echo-
virus and 32 coxsackievirus infections could be
observed and followed up. The average excretion
period proved to be as short as 12 days, based on the
above-mentioned calculations for the duration of
vaccine virus excretion.

Table 7. Intestinal resistance to type 1 vaccine strain in children with artificially or naturally acquired polio type 1
antibodies

Antibodies acquired by vaccination Antibodies acquired naturally Total

Group vaccine virus excretors vaccine virus excretors vaccine virus excretors I
No. tested No. tested No. tested

No. % No. % No. %

A + C 39 11 28 38 7 18 77 18 23

B + D 33 8 24 32 10 31 65 18 28

Total 72 19 26 70 17 24 142 36 25
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Table 8. Type distribution of enterovirus strains isolated from stool samples before and
during the vaccination trial in groups A-D

Before During vaccination trial

Vrs vaccinationToaVirusola (n = 382) A B C D (n = 2274)
isolated (n ) (n = 584) (n = 568) (n = 362) (n = 378)

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

Poliovirus
type 1 18a 127 78 59 52 334

2 4 2 8 0 5 19
3 3 1 2 1 0 7

25 7 130 22 88 15 60 17 57 15 360 16

Coxsackievirus
type A7 4 2 2 1 1 10

A9 8 4 1 0 5 18
A16 1 0 1 0 0 2
B1 1 3 6 6 0 16
B2 0 1 0 0 0 1
B3 6 4 10 4 4 28
B4 0 8 3 5 19 35
B5 2 1 1 0 1 5
B6 2 2 0 1 0 5
N.T. b 0 6 8 6 3 23

24 6 31 5 32 6 23 6 33 8 143 6

Echovirus
type 1 8 4 7 4 5 28

2 1 13 3 1 1 19
3 0 3 7 4 5 19
4 1 0 0 0 0 1
5 0 1 2 1 0 4
6 3 1 1 4 1 10
7 9 15 25 18 12 79
9 2 1 4 0 2 9

11 3 4 5 2 2 16
12 4 9 7 1 0 21
13 1 3 5 1 1 11
14 8 3 10 2 1 24
15 1 0 1 0 0 2
16 1 1 1 0 0 3
17 0 1 2 2 0 5
18 0 4 1 1 1 7
19 0 3 0 0 0 3
20 0 1 1 3 2 7
21 0 1 0 0 0 1
23 2 1 1 1 1 6
24 0 2 0 2 0 4
25 1 1 0 0 1 3
26 1 0 0 0 0 1
29 0 1 0 0 0 1
30 0 0 0 1 0 1
31 4 6 5 2 4 21
32 0 2 0 2 1 5
33 0 2 0 3 0 5

50 13 83 15 88 16 55 15 40 11 316 14

Total 99 26 244 42 208 37 138 38 130 34 819 36

a One isolate contained also a type 3 poliovirus; another contained a type 2 poliovirus.
b N.T. = not typed, isolated in suckling mice.
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DISCUSSION

The present studies yielded further evidence of the
poor efficacy of live poliovirus vaccine in warm

climates. In Nigeria, 34% (12) and 22% (13) sero-

conversion rates have been obtained after the admin-
istration of type 1 monovalent vaccine. In our

studies the rate was 53% and the vaccine virus
excretion rate was 62% when the vaccine was given
alone (groups B and D). Neither of these rates is
comparable with those usually found in countries
with temperate climates after the administration of
monovalent vaccine (e.g., 45-51).

Breast-fed and artificially fed children gave com-

parable responses depending on the vaccination
schedule; i.e., the results for group A were similar to
those for group C and those for group B were similar
to those in group D. Thus our findings excluded the
possibility that breast-feeding might be responsible
for the poor vaccination results in warm climates in
children over 3 months of age.

The real reason for the poor responses after
vaccination seems to be the presence in the alimen-
tary tract of an inhibitor acting against the implanta-
tion and multiplication of vaccine virus. This hypo-
thesis is supported by the following results.

(1) Multiplication of vaccine virus in the intestinal
tract after successful implantation proved to be
limited in respect of titre and duration in all experi-
mental groups. The average titre of vaccine virus in
stool samples taken at weekly intervals was 10-100
times smaller and the average duration of excretion
was about 2 weeks shorter than that usually ob-
served in temperate-climate countries after the
administration of monovalent type 1 vaccine (see,
e.g., 45, 47, 49, 52, 53). Owing to the limited virus
multiplication the antigenic stimulus was weak. As a

consequence the antibody response was generally
poor (see correlation between the titre of excreted
vaccine virus and the antibody level in Fig. 3). In
Hungary the geometric mean antibody level ob-
served between 1968 and 1972 after routine vaccina-
tion with monovalent type 1 vaccine (105-5
TCID50/dose) of children from 2 to 11 months of age
was 19.6 I.U./ml (I. Domok, Gy. Berencsi, &
G. Nagy, unpublished data, 1974). This level is
about 6 times higher than that observed in the
present study.

(2) The implantation and seroconversion rates
were low when the vaccine was given alone
(groups B and D), but both parameters became
satisfactory (780% and 720%, respectively) when the

vaccine was administered together with the horse
serum prepared against partially purified human
gamma-globulin (groups A and C).

This effect of horse antiserum seems to indicate
that the inhibitor acting against virus implantation
and multiplication is sensitive to certain antibodies
present in the antiserum. When the vaccine was
given together with the horse antiserum, the anti-
bodies might have blocked temporarily the inhibitor
present in the upper part of the alimentary tract.
Thus the chances of implantation of vaccine virus-
at least in the pharynx-improved. Later, virus multi-
plication in the pharynx increased the probability of
implantation in the small intestine. It is natural that
the take rate was improved by the temporary action of
horse antiserum only in groups A and C, whereas the
duration and extent of virus multiplication in the
intestinal tract and the strength of antigenic stimulus
remained the same as in groups B and D.
The administration of horse antiserum did not

influence the take rate among those who had natu-
rally or artificially acquired antibodies at the time of
vaccination or revaccination (see Table 7). Thus the
inhibitor cannot be secretory IgA induced by earlier
exposure to poliovirus without the development of
detectable circulating antibodies. The possibility that
children in warm climates develop intestinal resist-
ance after infection with poliovirus without humoral
antibody response was raised by Sabin at a WHO
informal meeting on poliomyelitis in the tropics,
held in Helsinki in 1968. This also is excluded by
the fact that, in sero-negative children, a close cor-
relation was found between the excretion of polio-
virus and antibody conversion, even after revacci-
nation.

It is probable that the inhibitor is active not only
against the vaccine strain but also against other
enteroviruses, since the average excretion period of
echoviruses and coxsackieviruses proved to be 2 to
6 days shorter than had been observed in the
USA (54).
The geometric mean antibody titre in successfully

vaccinated children was about one-third of that in
children with naturally acquired immunity, possibly
because the inhibitor is less able to limit the multipli-
cation of wild polioviruses than that of attenuated
ones. It is remarkable, however, that the intestinal
resistance of artificially and naturally immune chil-
dren proved to be similar as measured by the rate of
excretors after challenge with the vaccine virus (see
Table 7).

In agreement with most previous studies (23-31),
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our investigations showed that the presence of ente-
roviruses at the time of vaccination influences ad-
versely the effectiveness of vaccination. The fact that
John & Jayabal (20) could not demonstrate this
effect in India is difficult to interpret, though it is
known that the phenomenon is influenced by several
factors (27, 55). Nevertheless their observations indi-
cate that viral interference cannot be the main factor
responsible for the poor vaccination results in coun-
tries with a warm climate. From our studies it is
evident that the inhibitor played the chief role in
decreasing the efficacy of live vaccine (see Table 6).
When enteroviruses were absent and the inhibitor
was blocked with the horse antiserum at the time of
vaccination, the seroconversion rate was 78%
(groups A+C; enteroviruses absent). When both
factors could exert their action, a 33% decrease in
efficacy was observed (groups B+D; enteroviruses
present); and the inhibitor was responsible for about
two-thirds of this decrease (groups B+D; entero-
viruses absent).
As was observed in other tropical countries, ente-

rovirus infections were common among young chil-
dren throughout the 9-month observation period
(see Table 2). When complex enterovirus isolation
experiments were carried out, excretion rates proved

to be invariably over 40% in all age groups tested.
The highest enterovirus excretion rate (61 %) was
observed during the rainy season (April-May). It is
worth mentioning that during the relatively limited
period of observation as many as 40 different types
of enterovirus could be isolated besides the untyped
strains pathogenic to suckling mice.
The overall seroconversion rate became satisfac-

tory (71 %) after revaccination even when plain
vaccine was administered. This indicates that it is
possible to overcome the effects both of the inhibitor
and of the high natural rate of infection with
enteroviruses by repeated vaccinations.
On the basis of the results presented here, studies

were undertaken to find the inhibitor in children's
excreta. Saliva samples were collected and tested by
different techniques. The preliminary results pointed
to the presence of a substance having no neutralizing
activity for type 1 attenuated poliovirus but exerting
marked inhibition on the growth of this virus when
added to the cell system used. The action of this
inhibitor could be blocked by the antihuman gam-
ma-globulin horse serum used in the vaccination
experiments. Studies concerning the nature, mode of
action, and action spectrum of this inhibitor are in
progress.
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RESUME

FACTEURS AGISSANT SUR L'EFFICACITI2 DU VACCIN ANTIPOLIOMYELITIQUE VIVANT,
DANS LES PAYS CHAUDS: EFFICACITJ D'UN VACCIN SABIN DE TYPE 1 ADMINISTRE
EN MPME TEMPS QUE DU SP-RUM I1QUIN ANTI-GAMMAGLOBULINE HUMAINE
A DES NOURRISSONS NOURRIS AU SEIN OU ARTIFICIELLEMENT EN OUGANDA

On a procede, dans une region rurale de l'Ouganda,
a un essai pratique d'un vaccin antipoliomyelitique de
type 1 chez des nourrissons age's de 3 a 30 mois. Cet essai,
beneficiant d'un controle virologique, etait destine a
rechercher la ou les raisons de l'efficacite mediocre du

vaccin antipoliomyelitique vivant souvent constatee dans
les pays chauds.
Quate groupes d'enfants ont et6 constitues: les groupes

A et B composes d'enfants nourris au sein et les groupes C
et D formes d'enfants nourris artificiellement. Les nour-
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rissons des groupes B et D ont requ uniquement une
dose (106 DICTrO) de vaccin; ceux des groupes A et C
ont requ un melange de vaccin et d'un serum equin anti-
gammaglobuline humaine.
Le taux de seroconversion a atteint 72% dans le

groupe A, 56% dans le groupe B, 72% dans le groupe C
et 46% dans le groupe D. L'etude de 1'excr6tion du virus
vaccinal a donne des taux similaires. Le taux de a prise *
du vaccin a donc et6 nettement plus eleve chez les enfants
ayant regu le vaccin et l'antiserum que chez les enfants
traites seulement par le vaccin, et cela ind6pendamment
du type de I'alimentation lors de la vaccination. La multi-
plication du virus vaccinal dans le tractus intestinal, en
cas d'implantation reussie, s'est averee limitee aussi bien
en titre qu'en duree dans tous les groupes expeimentaux.
Les titres d'anticorps postvaccinaux ont ete pres de trois
fois inf6rieurs l ceux observes chez des enfants ayant
acquis une immunite naturelle et de loin inferieurs a ceux

constates ordinairement apres vaccination dans les pays
a climat temper6.
Ces resultats indiquent que ce n'est pas l'allaitement

au sein mais la presence dans le tractus digestif d'un
inhibiteur qui est responsable de la faible efficacite des
vaccinations. Cet inhibiteur contrecarre l'implantation
et la multiplication du virus vaccinal. Son action peut
etre temporairement empech6e par l'administration de
serum anti-gammaglobuline humaine, avec, comme
consequence, des taux de e prise * satisfaisants. L'inter-
ference entre des enterovirus et la souche vaccinale est
aussi a l'origine d'une perte d'efficacit6 de la vaccination,
mais son role est moindre que celui de l'inhibiteur.

L'administration repetee du vaccin suivant le schema
utilis6 pour la primovaccination a eu pour resultat de
porter le taux global de s6roconversion a 88% dans les
groupes A et C et a 71 % dans les groupes B et D. Cette
pratique permet donc de pallier les effets de l'inhibiteur
et de l'interference par les enterovirus.
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