W'y T Ty T mfmmﬂmﬂmmw by + 1
. 1

ANTIGENIC MODULATION IN BORDETELLA PERTUSSIS

Pttty St =

Emmanuel Oni Idigbe

Presented for the degree of Dootor
of Philosophy in the Faculty of

Science, University of Glasgow.

Department of Microbiology. September, 1979,



Acknowledgements

>

T should like to express my sincere thanks to Dr. Roger

Parton for hils guidance, encouragement, conscientious super-
vision and inexhaustible patience throughout my research and
also for introducing me to the art of scilence during this

work.,

Thanks are also due to Professor A.C, Wardlaw for
offering me the opportunity to work in this Department, his
academic guidance, his immediate solutions to my many social
problems, his regular keep fit programmes and for exposing

me to the science of statistics,

The research was made possible by the Federal Government

of Nigeria who provided my grant and funds for experimental
materials. I express my thanks to the FGN,

My special thanks also go to the following :-
The Pertussis Group of the Department, for its valuabdble

weekly discussions and for keeping me up to date with current

literature,

Mr, Ian Livey, for his contributions through our frequent

discussions. Migss Elizabeth Macmaster for her readiness to

help even at short notice,.

In the preparation of this manuscript I should like to
thank Professor A,C, Wardlaw and Dr, Roger Parton for reading

the manuscript and for their valuable criticism and suggestions,

and Mrs, Anne Mosson for fast and efficient typing.

Finally, I am indebted to all the members of the

Microbiology Department who have made the past three years

a very happy time and who all contributed to my education.



SUMMARY



11

SUMMARY

The sequence of loss of the immunological and patho-

physiological activities of Bordetella pertussis during

the process of antigenic modulation in liquid medium was
investigated, Modified Hornibrook medium and Stainer and
Scholte medium were used, Modulation was induced by growth
of cells in the presence of high levels of magnesium sulphate
and low levels of sodium chloride; cells.grown 1in normal
media containing high levels of sodium chloride and low
levels of magnesium sulphate served as controls. The

levels of the various activities present in the cultures

and distributed between cells and culture supernatant were

determined at intervals.

The leukocytosis-promoting activity was found to be

lost during modulation along with other activities previously
reported. An assay method for the quantitation of LPF

potency was developed.

Modulation occurred within 10h of inoculation of X-mode
cells into C-medium, and required about 1 to 2 cell divisionms
during which about 80% to 98% of each of the various activities

of the X-mode was lost.

The various activities appeared to be lost at different
rates. The mouse protective activity and the haemagglutinating
activity were lost more rapidly than the histamine-sensitizing

and leukocytosis~-promoting activities; +the heat-labile
toxicity was lost at a slower rate, Loss of X-specific

surface agglutinogens was shown but there appeared to be no
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change in the lipopolysaccharide component of the cells.

Electrophoretic‘analysis of cell | - protéins revealed
that 28k, 30k and 100k mmﬂal@ga.polypepfide bands in the
X-mode cells were absent or greatly reduced in the C-mode
cells after 24h of growth, There was some evidence that
no further synthesis of these polypeptides occurred after

transfer of X-mode cells into C-~medium,

The loss of activities in C-mode cells appeared to
be due not only to the dilution of the activities among
progeny cells and to liberation of cell componenfs into
the culture medium but also to the denaturation or

L

degradation of these components.

Cells grown in media without added sodium chloride
or magnesium sulphate also showed decrease in histamine-
sensitizing activity but not to the same extent as cells

grown in C-medium,

Results from this investigation support the view that
at least four distinect cellular components are lost

during modulation, namely, (1) a protective antigen/
haemagglutinin component, (2) the histamine-sensitizing and

leukocytosis-promoting component (3) the heat-labile toxin

and (4) adenylate cyclase,

It is proposed that cyclic AMP may be involved in
the control of the 'synthesis of components responsible

for the various activities of B. pertussis, " The level

of cyclic AMP increased in parallel with cell numbers in

X-mode cultures and was not detectable in C~-mode cultures.




Modulation was shown to be a freely reversible process and
when cyclic AMP formation was enhanced in reverting cells,
the regeneration of the various activities also appeared

to be enhanced,
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SECTION 1 : TAXONOMY OF BORDETELLA

PERTUSSIS

Bordetella pertussis belongs to the family Brucellaceae

of the order Eubacteriales (Pittman, 1957).

The genus Bordetella is divided into three species
the non-motile B, pertussis and B. parapertussis and the
motile B, bronchiseptica. These are minute Gram-negative
coccobacilli; all are haemolytic; carbohydrates are not

fermented; 1litmus milk is not made alkaline and dermonecrotic

toxin is produced.

B. pertussis, the whooping-cough bacillus, was originally
listed in the genus Haemophlilus in an early genen§c ap{gngement
of bacteria by the Committee of the Society of Americaﬁ
Bacteriologists (Winslow, Broadhurst, Buchanan, Krumwiede,
Rogers and Smith, 1920). At that time blood was considered
necessgsary for the cultivation of the organism. The
parapertussis bacillus was placed in the same genus (Bradford
and Slavin, 1937;and Eldering and Kendrick, 1938). This
organism causes about 5% and sometimes up to 20% to 30% of
the reported cases of whooping-cough in the United States and

Europe (Eldering and Kendrick, 1952; Lautrop, 1971l; Borska

and Simkovicova, 1972;and Linnemann and Perry, 1977).

Bordetella bronchiseptica which occurs frequently in the

respiratory tract of rabbits, guinea-pigs, dogs and cats
was isolated from a case of whooping-cough by Brown in 1926
(Medical Research Council, 1951), having previously been

isolated from dogs (Ferry, 1911). Since then claggification



of this organism has been in the genera Alcaligenes, Brucella
and Haemophilus (Bergey's Manual of Determinative Bacteriology

eighth edition, 1974).

Andersen (1953) showed that the three organisms,
Haemophilus pertussis, Bacillus parapertussis and Brucella
bronchiseptica had a number of features in common and
beliejed that they represented closely related members of
the same bacterial group. It was Moreno-Lopez (1952)
who first proposed the generic term Bordetella for this
group of organisms and re-named the organisms Bordetella

- pertussis, Bordetella parapertussis and Bordetella
bronchiseptica. This proposal was supported by the

findings of later workers (Kendrick, Nadolski, Eldering

and Baker, 1953; Proom, 1955jand Pittman, 1955). The

proposal was accepted and the new genus, Bordetella, was
included in the seventh and eighth editions of Bergey's

Manual of Determinative Bacteriology.

Table 1 summarizes the most important differential °

characters of the three Bordetella species,

SECTION 2 : NATURAL HISTORY OF

WHOOPING-COUGH

Whooping-cough, or pertussis, is an acute communicable
disease, characterized by spasmodic attacks of coughing
that are accompanied by an inspiratory whoop; there is
lymphocytosis and sometimes a neurological complication.

According to Lapin (1943), the disease was first described



Table 1: Differential characteristics of

the three Bordetella sEecies

Characters** B. Eertussis B, parapertussis B, bronchiseEtica
Flagella - - +
Reduction of - - +
nitrates
Utilization of - + +
citrate |
Urease - + +
(in 4h)
Oxidase + * - +
Catalase | + Oor X + +
Growth on peptone agar
— gI‘OWth - - 1 + +
- growning of agar - + -
Sensitization of mice + - -
to histamine
Specific heat-labile
agglutinogens
- factor 1 + - -
" faCtor 12 - - +
- factor 14 - + -
G + C content
moles % 61 61 66

x% Data selected from Lautrop (1960) and Pittman (197Z).

* % 70% of freshly isolated strains are positive,
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in 1578 by Baillou and epidemics in England between 1670

and 1680 were described by Sydenham,

The organism causing pertussis was first observed and
isolated in 1906 by Bordet and Gengou who named the Gran-
negative coccobacillus "le microbe de 1la coqueluche,

The aetiology of the disease was confirmed in 1933 by the
MacDonalds who inoculated their own children with a fresh

isolate of the organism. (MacDonald and MacDonald, 1933).

Pertussis i1s non-invasive and in a typical case, there
1s an incubation period of seven to fourteen days, followed
by three main stages : +the catarrhal, the spasmodic and

the convalescent (Bradford, 1959). Usually, the catarrhal
stage lasts from one to two weeks and is accompanied by a
low grade fever and a mild cough often starting at night and

becoming progressively more intense and diurnal. The
paroxysms may vary 1in number from a few to 20 or more per
day. A severe paroxysm may last for 5-10 minutes,
vomiting is frequent and convulsions and exhaustion may
follow bouts of violent coughing. Occasionally, toxic
encephalitis occurs, but the most frequent cause of death
is secondary infection, At about the fourth week, the
number and severity of the paroxysms decrease and the
convalescent period begins. Full recovery from the
infection can take up to several months (Bradford, 1957;

Lorber, 1975).

Pertussis is widely distributed throughout the world,

especially in highly populated and underdeveloped countries

(Table 2). The infection can occur in any age group



Table 2:

Country

Europe :

United Kingdom

Denmark
France

Italy

Americas

U.S.A,
Argentina
Veneguela

Africa :

Senegal
Algeria
Zaire

Asia :
Phillippines
Japan
Thailand
Oceania :

Fiji
New Hebrides

Incidence of Bertussis in

selected countries

19737

2398

560
12,084

29,604
16,726

20,359
21,826

20,570

508

No. of reported cases

1974

15,998

326
8198

1758

23,733
9562

31,867
28,595

154

19757

9978
1457

367
10, 397

1583
11,169
0622

1379
>19, 000

1052
2846

Selected statistics from :

* World Health Statistics Reports (1975) 28
+ World Health Statistics Report (1976) 29, 416-419
x% World Health Statistic Report (1977) 30, 360-364

1976

4369
16,385

353
19,246

927
44,195
9204

2862
18,975

2471
1980

28
30




(Bradford, 1959; Linnemann and Nasenbury, 1977) but is
most common, most severe and has highest mortality rates

in infants up to one year old or less (Bradford, 1957;
Lorber, 1975; Xendrick, 1975). The disease occurs at
all times of the year with a peak incidence during the
winter months. Pertussis has no natural animal reservoir
and no healthy carriers (Wilson and Miles, 1975). It is
highly communicable, being transmitted directly by droplets
from coughing or sneezing and the most infectious period

is during the catarrhal or early paroxysmal stages,

After household exposure practically all unimmunized
coﬁtacts acquire the disease, Attack rates of 70% of all
children in unvaccinated urban communities and 80% to 90%
of children exposed to pertussis at home have been reported

(Medical Research Council, 1951; Joint Committee on

Vaccination and Immunization, 1977).

Little 1s known of the pathology of pertussis infection

other than that the organisms localize and multiply among
the cilia of the epithelium of the respiratory tract. The
multiplying bacteria, without invasion of the underlying
tissues, induce clinical symptoms and pathology of the
disease which include lymphocyte infiltration of the

peribronchial tissues and alveolar walls. (Pittman, 1970).

B. pertussis is sensitive in vitro to several antibioties
(Bass, Klenk, Kotheimer, Linnemann and Smith, 1969) but
antibiotic treatment has been of 1little or no value in

altering either the course or the morbidity of the disease



unless started before the paroxysmal stage (M.R.C. 1953;
Pittman, 1970; Olson , 1975). However, some antibiotics
notably erythromycin and co-trimoxazole may be prophylactically
beneficial to children in a household where whooping-cough

has been confirmed (Bass.et al,; 19608¢k Adcock.etal,, 1972;
Alterier and Ayoub, 1977; Arneil and McAllister, 1977;

Cullen and Cullen, 1978). Chloramphenicol, erythromycin,
tetracycline or ampicillin can be used to control secondary

infections during whooping~cough (Pittman, 1970; Lorber,

1975).

An attack of whooping-cough usually results in good
immunity to the disease, although there have been a few
reports of second attacks (Standfast, 1969). The basis
of Immunity in pertussis is not well understood,. There is
some evidence suggesting that immunity may not be media£ed
by serum antibodies (Martin, 1958; Butler, Wilson, Bensen,
Dudgeon, Ungar and Beale, 1962; Brown, Volk, Gottshall,
Kendrick and Andersen, 1964). There is also a suggestion
that secretory antibodies may be involveq (Geller and Pittman,
1973). Pertussis immune globulin (human) hasubeen used for
passive immunization of children exposed to pertussis
infection but opinion varies as to its efficacy (Kabat,
1963; Balagtas, Nelson, Levine and Gotoff, 1971),

Immunity to pertussis, either from infection or active
immunization, lasts for only a few years (Pittman, 1970)

and there is no passive transfer of immunity from mother

to foetus (Lorber, 1975).



SECTION 3 : PERTUSSIS VACCINE

AND VACCINATION

Since an attack of whooping-cough usually results in
a good immunity to the disease, it was reasonable therefore,
to expect that some kind of bacterial vaccine might be
effective in prophylaxis of the disease, Indeed many
attempts dating back to 1914 have been made to achieve active
immunization against pertussis (Ungar, 1963). Zachariassen
quoted by Madsen, (1933) was the first to demonstrate a
degree of protection from a plain vaccine given shortly
before an epidemic of whooping-~cough in the Faroe islands
where only 67.5% of the vaccinated children contracted the

disease compared with 98.2% in the unvaccinated group.

The first well controlled field trial in America was by
Kendrick and Eldering (1939) who reported approximately 90%
protection in school exposures and 60% in home exﬁosure in
vaccinated children compared with unvaccinated controls.
Similar field trials were organised by the Medical Research
Council in Britainufrom 1942-1944 but these were unsuccessful
(McFarlan, Topley and Fisher, 1945). However, in a later
series of well organiied field trials in Britain, some
vaccineswere found to be highly effective and others of
relatively low efficacy. Also there was a high degree of
correlation between the results of mouse-protection tests
and the protective power of vaccines in the field (M.R.C.,
1951; 1956(a); 1956(b); 1959). From 1959, the
intracerebral mouse-protection test of Kendrick et al.,

(1947) bpecame a standard procedure in the control laboratory.



By 1964, this test was recommended by World Health
Organization as the standard assay of vaccine protective
potency prior to release (W.H.O., 1964). As a result of

the success of the M.R.C. field trials, pertussis vaccine,
consisting of inactivated whole cells of B. pertussis
combined with diphtheria and later tetanus toxoids, was
introduced on a national scale in Britain in 1957 (Joint
Committee on Vaccecination and Immunization, 1977). In
Canada, the vaccine had been in general use since 1943

(Wilson, 1945).

After the introduction of a nation-wide immunization
programme in Britain, there was a rapid drop in the
incidence of pertussis (Cohen, 1963; Warin, 1968;
Miller et al., 1974). The figures for the notifications
and deaths due to pertussis in England and Wales from 1940-
1975 are shown in Figure 1. In the 1960's however, the

rate of drop in incidence of pertussis slackened and
scattered outbreaks of the disease appeared in vaccinated
children. Doubts about the efficacy of pertussis wvaccine
were raised when the Public Health Laboratory Service,
(P.H.L.S.), reported that 56% of fully vaccinated children
contracted pertussis following home exposure during the
1963-1964 epidemics. This report led Preston (1963; 1965)
to examine freshly isolated strains of B. pertussis from
cases of whooping-cough, He reported a change in the

prevalent serotypes from types 1, 2 and 1, 2, 3 common

before 1958 to type 1, 3 strains which were dominant in

1963-1964. Preston's work, later confirmed by the P.H.L.S.
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Figure

1

Whooping-cough, Notifications
and deaths in England and Wales

from 1940 -~ 1975,
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(PHLS, 1973), showed that the vaccines in use then lacked
antigen 3 and thus the change in the serotypic composition
of the prevalent bacteria might have accounted for the
reduction in the efficacy of the vaccine from 1963-19068.
Other reasons offered for the increase in the incidence of
pertussis at that time were that some of the wvaccines

in distribution were prepared according to the British
standard which contained a mouse protective potency of 2
International units per human dose as compared to the
International standard with 4 International units per human
dose., Also adjuvant was omitted from the British vaccines
in the 1960's because of the danger of provoking polio-

myelitis., Based on these observations, the following

changes were recommended for the British vaccines in 1967:-

1) raising the mouse potency requirement from 2 I.U. 'to 4 I.U.
2) reintroduction of adjuvant and

3) inclusion of antigen 3.

Preston and Stanbridge (1972) analysed the efficacy of these
new vaccines over the period 1969-1971 and concluded that a
much better degree of protection was attained., Thus, despite
minor setbacks, the incidence of the disease in Britain has
fallen by about 98% since the nationwide campaign started,

and at a rate that probably cannot be accounted for by

natural trends e.g. changes in socio-economic conditions,

general hygiene etc. (Perkins, 1970; Miller et al 1974)

s ot | 7
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SECTION 4 : CULTURAIL AND BIO-

CHEMICAT CHARACTERISTICS

OF BORDETELLA PERTUSSIS

Since B. pertussis was first described by Bordet in
1900, many attempts have been made to develop a suitable
medium for the isolation and growth of the organism. The

initial probiem was that B. pertussis was originally thought

to have complex growth requirements. However, later workers
showed that the organism has simple growth requirements and
that the initial problems were due to inhibitors in the
media, These inhibitors can now be removed or inactivated

in various ways. There was also the problem of some media
not being able to support growth from small inoculsa. Most

earlier media needed a large inoculum to initiate growth,

Bordet and Gengou (1906) isolated B. pertussis on a

solid medium containing glycerinated-potato extract and
50% (v/v) whole human or rabbit blood, Despite many
subsequent attempfs to eliminate the blood (Krumwiede

et al., 1923; Povitsky, 1923; Silverthorne and Cameron,
1942), it appeared to be essential for the growth of

Phase I organisms, and seemed to indicate a complex set of

growth requirements for B. pertussis,

Hornibrook (1939) was the first to grow the organism
successfully in a liquid medium without blood. His medium
consisted originally of hyd