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ABSTRACT

A comparison was made of the content of
heat-labile antigens 1, 2 and 3 in strains
of Bordetella pertussis isolated in Toronto,
and the content of the same antigens in
vaccines being used in that community.
Antisera were prepared in rabbits and made
monospecific by absorptions. Antigens were
detected by slide agglutination tests. Of
the 58 strains examined, 56 contained anti-
gens 1 and 3 but no antigen 2 was de-
tected. Nine of these strains were isolated
from children who had received a full
course of vaccination and had subsequently
developed pertussis. All 10 vaccines ex-
amined contained antigen 1; two, possibly
four, contained no antigen 2; and seven
of the 10 vaccines were weak or deficient
in antigen 3. This work suggests that im-
proved protection might be attained by the
use of vaccines containing adequate amounts
of all three antigens.

SOMMAIRE
On a compar6 la teneur en antig.nes
thermo-labiles 1, 2 et 3 de souches de
Bordetella pertuss'is isol6es . Toronto et la
teneur dans les m.mes antig.nes de vaccins
employ6s dans cette collectivit6. Les anti-
s6rums pr6par6s sur des lapins ont 6t6
rendus monosp6cifiques par absorption. On
a d6cel6 les antig.nes par les 6preuves
d'agglutination sur lames. Sur les 58 souches
6tudi.es, 56 contenaient les antig.nes 1 et
3 mais aucune ne contenait l'antig.ne 2.
Neuf de ces souches avaient .t6 isol6es
chez des enfants qui avaient eu une vac-
cination complete et qui avaient contract6
la coqueluche ult6rieurement. Tons les 10
vaccins examin6s contenaient l'antig.ne 1;
deux, peut-.tre quatre vaccins ne con-
tenaient pas l'antig.ne 2, et sept des 10
vaccins avaient une teneur faible en anti-
gene 3 ou n'en contenajent pas. Ce travail
permet de croire qu'on peut s'assurer une
meilleure protection par l'emploi de vaccins
qui contiennent des quantit6s a&Squates des
trois antig.nes.



Monospecific antisera.-These were used at four
times the strength of the highest dilution giving
strong agglutination with a homologous strain, i.e.
when the end-point of strong agglutination was
reached at a dilution of 1 in 400; antiserum was
then used for testing cultures and vaccines at a
dilution of 1 in 100. The titres of fully absorbed
sera used varied from 1 in 80 to 1 in 640.

Serological typing by slide agglutination tests.-
Strains of Bord. pertussis for typing were grown on
Bordet-Gengou medium, emulsified in PBS (pH
7.3) in a test tube and shaken on a Vortex mixer
to make a uniform suspension of opacity roughly
equivalent to a No. 10 Brown's opacity tube. The
vaccines tested contained either 15,000 million or
40,000 million organisms/ml. Four tests were done
simultaneously on a glass slide, using four drops
of bacterial suspension and one drop each of mono-
specific antisera 1, 2 and 3 and a drop of pre-
immunization rabbit serum diluted with PBS as
a control. The slides were rocked gently in a moist
chamber to prevent drying, and readings were
made after five minutes. It is perhaps worth noting
that strains grown on Lacey medium were found
unsuitable for agglutination tests, as it was often
impossible to obtain a smooth emulsion. This may
have 'been due to the chemical differences between
the two media and a consequent change in the
bacterial cell.

RESULTS

The results of typing strains of Bord. pertussis
isolated from patients between August 1963 and
September 1964 are given in Table I.

TABLE I.-CONTENT OF ANTIGENS 1, 2 AND 3 IN STRAINS OF
Bord. pertuBsis ISOLATED BETWEEN AUGUST 1963 AND

SEPTEMBER 1964

Antigen 1 only.0
Antigensland2only.1
Antigens 1, 2 and 3.1
Antigens 1 and 3 only.56
Total number of strains tested.58

It will 'be seen that 56 of 58 strains isolated from
patients during the past year contained antigens
1 and 3 only. One strain contained all three antigens
and one contained only antigens 1 and 2. All strains
contained antigen 1. Four strains isolated in
Ontario between 1959 and 1961 were examined.
All strains contained antigens 1 and 3 only.
Table II gives the results of testing 10 Canadian

pertussis or pertussis-containing vaccines within
their expiry date. There were differences in anti-
genic content of the vaccines from different manu-
facturers, and also in different batches from the
same firm. Vaccines containing alum phosphate
were technically difficult to test. Strong agglutina-
tion reactions were obtained with antiserum to
antigen 1, but little reliance could be placed on
the results of agglutination tests done with antisera
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TABLE 11.-CONTENT OF ANTIGENS 1, 2 AND 3 IN 10 CANADIAN PERTUSSIS OR PERTUSSIS-CONTAINING VACCINES

Manufacturer Type of vaccine Ardigen 1 Antigen . Antigen 3

A.DPT Lot 1 Strong reaction Strong reaction Strong reaction
DPT Lot 2 Weak "
DPT Polio Lot 1 Strong
D1"I' Polio Lot 2
Pertussis Lot 1 Weak .
Pertussis Lot 2 Very weak or

absent reaction
B.DTP (Alum P04) Lot 1 Doubtful " Doubtful

DTP(AlumPO4)Lot2 "
DTP combined Lot 1 No No
DTP combined Lot 2

2 and 3. All vaccines tested gave strong reactions
with factor 1 antiserum. Manufacturer A 'had
adequate amounts of antigen 2 in all six vaccines
but in three vaccines 'had only small amounts of
antigen 3. Manufacturer B in two, possibly four,
vaccines had no detectable antigens 2 or 3.
Of the 58 patients, nine (16%) had had a full

course of immunization against whooping cough
including, in older children, a booster dose. Table
III shows the antigen content of the strains isolated
from these nine children. All strains contained
antigens 1 and 3, and no strain reacted with
antiserum 2.

TABLE III.-CoN.NT OF ANTIGENS 1, 2 AND 3 IN NINE
STRAINS OF Bord. pertu88is ISOLATED FROM FULLY IMMUNIZED
CHILDREN BETWEEN AUGUST 1963 AND SEPTEMBER 1964

Antigen 1 3 3

Number of strains reacting... 9 0 9

DIscussIoN
Eldering, Eveland and Kendrick'0 suggested that

antigen 1 is the protective antigen. The content
of antigens 2 and 3 varied from vaccine to vaccine.
Nearly one-sixth of the children with pertussis in
this series had had a full course of immunization,
probably with vaccines also rich in antigen 1, since,
according to Eldering, Eveland and Kendrick,10 all
strains of Bard. pertussis contain antigent 1.
Preston and Evans18 have produced evidence that
antigens 1, 2 and 3 are all concerned with protec-
tion in mice and suggest that they may also be
concerned with protection in children. Examination
of vaccines being used currently in Ontario reveals
that although vaccines generally are rich in antigen
1, those from manufacturer A are sometimes weak
in antigen 3 and two of those from manufacturer
B are deficient and two doubtfully deficient in both
antigens 2 and 3.

Several possible reasons might account for the
failure of vaccines to exert a protective effect. The
child may fail to produce an adequate antibody
response; the potency of the vaccine may have
diminished, owing to incorrect or protracted storage
or to the incorporation of inappropriate preserva-
tives; an adequate response may have been pro-
duced but antibody levels may have fallen; the
strain causing the infection may be particularly
"virulent" or the antigenic composition of the

vaccine used is not the same as that of the infect-
ing strain. In view of the fact that the prevalent
strain of Bard. per w7si. in Ontario contains anti-
gens 1 and 3 and that all nine cases of whooping
cough in vaccinated children were caused by such
strains, it would seem advisable that vaccines con-
tain adequate amounts of antigen 3 in addition to
antigen 1. As antigens 1, 2 and 3 are probably all
protective, the vaccine should contain antigen 2
as well. This work suggests that had all vaccines
consistently contained antigen 3, the number of
vaccinated children subsequently developing
whooping cough might have been lower.

The content of heat-labile antigens 1, 2 and 3 was
examined in 58 strains of Bord. pertussis isolated from
patients of The Hospital for Sick Children, Toronto,
during the past year. Fifty-six of 58 contained only
antigens 1 and 3; one contained in addition antigen 2;
and one only antigens 1 and 2. Nine of the strains ex-
amined were isolated from children who had been
fully vaccinated against pertussis; all of these strains
contained antigens 1 and 3. Vaccines being used at
the present time in Toronto were also examined. They
were all found to contain large amounts of antigen 1;
two, possibly four, failed to contain antigen 2; seven
of 10 vaccines were weak or deficient in antigen 3.
it is possible that increased protection might be attained
through the use of vaccines containing adequate
amounts of all heat-labile antigens 1, 2 and 3.

My thanks are due to Dr. T. E. Roy, Dr. R. J. Wilson,
Dr. A. C. Wardlaw and Professor P. H. Grecy for helpful
criticism during the preparation of this paper.
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