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.Abstract

Miee intranasally inoculated witH a nonlethal dose of

_ Bordetella pertussis were examined for 177 days. Infection
determined by culture and direct immunof luorescence and

a double antibody indirect Enzyme-1inked Immunosorbent Assay

(ELISA) was employed for studying pertussis antibody

| responses in serum and respiratdry tract secretions.

" A high incidence of B. pertussis recovery in culture
persisted for 21 days and thereafter occasional samplee
yieided posifive cultures until day 44 affer infection.
Although the majoeity of cultures taken efter the third week

of infection were negative, organisms were detectaﬁig\by

direct immunofluorescence from several mice at each sample
- date until day 129. S |

Increases were obsefved in the serum antibody. ievels of
the five immunoglobulins tested (I1gG1, IgGZe. IgGZb,/IgM and
“IgA). Pertuesis seecific anfibodies:weee detectable 16 to'18
‘déys after infection and were ;till~found in H;gh levels 177

LA . o
‘days after infection. Peak Igp levels were attained by

Lapproximately the 7th to 8th week of disease, whereas

maximal IgM levgls were observed between the 3rd to 7th s

W

weeks. IgA appeared in parallel with the other

S

immunoglobu]1ns, but it could;not be determined if é maximal

" level of eerum IgA had.been attained when the studykwas

eempleted at 177 days. | BT sz
Pertuesis IgA and IgG (subclasses G1, G2a, G2b) were

detected in mouse tracheobronch1a¢ ‘washes but IgM was ‘not
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. . . \
detected. IgA was present at day 18, peaked by about day 30
and was still present'iﬁfhigh levels at day 177. 'IgG was
present in much lower levels than IgA in the washes and on

. l.e/ﬂ

.- several sample dateS-neturned-to-negét{ve vaJue5~after-au16W~~rlﬂ-

peak. The strong and early appearance Bf'sécreiory } ake.ig5
it a possible indicator of .infection ‘in retrospective ."f% °
confirmation of a diagnosis of pertussis. ' -~

Exposure of ubinoculated mice to infected mice
indicated that although B. pertussis cultures were largely
negative:afte;°fhe third week of infection, the inoculated
mice were still capable'of tﬂaﬁsm{tting B. pertussis. The
oqganism could not be cultured from exposed, uninoculated
mice but direct immuﬁoflu?rescende and antibody responées

indicated infection in these mice. This observation provides

furthep evidence for the possibility of a carrier state.

b4
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I. Introduction

Pertu551s, a dtsease with many 1ntr1gu1ng aspects, remains

.common in sp1te of w1despread 1mmunlzat1on The organism

respons1ble produces a vartety of unusual blolog1cal effects

0

in ‘experimental animals, yet the pathogenesis of the'hunan
disease is not yet cleah nor h::\the protective antigen(s)
been identified with certatnty There are gaps in our
knowledge of the epidemiology of: the d1sease and the
1mmunologtca1 response, and for reasons not entirely clear,
thetlabbhatory conftrmation of B. peﬁtussfs.tnfections by
culture is often unsuccessful ‘

The first written accounts of whooptng cough appeared

in the 16th century. The d1sease was ep1dem1c in Europe by

.the 1700’5 and - cont1nued as a prom1nent ma lady unt1l the

advent of effecttve vacc1nes in the early 1950’5 (Gordon and

Hood 1951 Kuronen and Huov11a, 1978) ~Such vacc1nes have

'greatly lowered the 1nc1dence and/eeuer1ty of c]1n1ca1

disease but 1nfect10ns are sttll not uncommon (Varughese and

A‘Acres, 1979)

v

-~

Bordet is cred1ted with first. descn1b1ng the organlsm

'and h1s name rema1ns assoc1ated with the genus. In 1906

Bordet and Gengou 1solated B peFtUSSIS on a sol1d med1um
contatntng g]ycertnated potato extract and 50% blood (Bordet
and Gengou, 1906 Rowat - 1957), the bas1s;for the medium .

hst1ll used today.

| The genus Bordetella cons1sts of three species: B.

pentussis, B panapertussfs, and B bnonchlseptlca . B.

\\.
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pertussis is the usual etiologic agent -of pertuss1s but B.
parapertussis is occasionally recovered from patients
afflicted w1th the pertussis syndrome. In the United States
and Europe, B. pahapePtUSsis_is estimated to account for 5%
of pertussis infections (Linnemann and Perry, 1977).,

B. bhonchfseptica is‘primarily~an animal pathogen
(Goodnow, 1980) ting- rodents. dogs, cats, . sw1ne. and
numeWGGs—othe:’;zsz:: Humans,are not_usua]ly cons1dered as

natural hosts for B. bronchiseptica. There have, however,

- been isolated instances of human infection (Ghosh and

Tranter, 1979; Goodnow, “1980).
B.pertussis:‘The Organ ism | £

B. pertussis is a small, aerobic, non motile, Gram
negative coccobacillug‘ It 13 a delicate organ1sm very
suscept1ble to dry1ng and to inhibitory substances in the

culture media. Growth requ1rements are relat1ve]y simple but

"the addition of blood, charcoal, starch or ion exchange

res1ns to the med1a is necessary to. counteract inhibitors
(part1cularly fatty ac1ds) (g\eld and Parker 1979).

B. pertuss:s has the tendency to undergo phase
var1at1on in the laboratory from a smooth, virulent form
(phase I) to a rough form (phase IV) which is ‘nonvirulent
and usually grows on nutrient. agar (Munoz and Bergman

1977) Intermedlate phases II and III have also been

| descr1bedv Metabolic, morphologic and antigenic changes
v accompany the transformatlon from phase I to. phase IV forms.

 The smooth forms agglut1nate in ant1sera to Phase I

- 3



organ1sms and have the ability to induce active 1mmun1ty and
to sens1t1ze mice to, various agents The rough cultures do
not specifically agglutinate in antisera to Phase 1 forms
‘and lack the'ability‘to,prOtect mice from infection or to
sensitize them \

A capsule has been cbserved on B. pertussls but it is
not a prominent feature of most strains and is not .
considered to be ant iphagocytic (b!sen, 1975).

Electron microscopy has shown surface projections on’
phase I organisms (Morse and.Morse, 1970) which have been
descr1bed as a form of p111 or fimbriae. Filamentous
‘hemagglut1n1n obtained from culture supernatants of phase I
B. pePtUSSIs is believed to be derived from the f1mbr1ae on
thé bacterial surface.-EIectren micrescope‘studies showed
that yirulent, hemagglutinating phase I pertussis adhered to
mammalian cell membranes whereas nonvirulent, |
nonhemagglutinatingvphase<III bacteria~did5not‘(5ato et al,
1978) . | o |

Agglutinogens, heat labile protein antigens (K
antigens), are associated with the eell envelope of B.
pertussis and form the basis for a serotyp1ng scheme. Phase
I B. pentuss:s_stra1ns contain one or more heat labile K
antigens of which there are up to 8. K antigenic factor 1 is;
- present in all strains but other K antigens differ. between
strains and thereby form the:serotybing scheme (Andersen,
1953) . | |

" Certain of the pathologic effects of B. pertussis dre



ev‘

felt to be Caused by the heat- labile (dermonecrot1c) tox1n
(O1sen, 1975) This .toxin, of cytoplasmic origin, probably
contrlbutes s1gn1ficantly to pathogenesis by paralys1ng\

~ciliay which in turql leads to impaired defense mechanlsm§.

\

A

. A endotoxin of B.pertussis has been purified and hag\
the £ypicalAproperties of lipopolysacéhari&és from other \\
‘Gram-negative bécteria It is doubtful that th1s toxin plays \
an important role in pathogenesis although it may cause some \
adverse effects after immunization (Olsen, 1975). S \\g

' In addition to the components of B. pertussis descr1bed \ 2N

A\

\
here, the supernatant fluids of phase 1 cultures produce a

variety of biological effects f61lowing injection into

experimental animals (Table 1).

Table 1 - R \
Biological Effects of Supernatant Flu1d of Phase I |

B pertussis Cultures:

Hisiamihe-senéitization :
Lymphocytos1s

Beta- adrenergic blockade 11Ke effect
Late appearing toxicity

Islet cell stimulation

Adjuvant efféct'

Mitogenicity.



Recently Morse (1976) has isolated an apparently pure
protein from culture supernatants_tmOlecular weight 674000
to 73.000) which produces lymphocytosis, histamine
sensitization and other effects. This suggests that one
component -designated "Pertussigen” by Munoz (Munoz and
Bergman, 1977;1978) or "Pertussis toxin" by Pittman (1979),
is responsible for the variety of biological effects.
Epidemiology |

The epidemiology of pertu551s is considered quite
straightforward, as man is the only known reseryoir of the‘
organism (Linnemann, 1978). B. \pePtUSsis is transmitted |
primarily by droplets, and pertussis is one of the most
contagious of diseases. Attack rates in a susceptible
popUIation can be as-high as 100% (Lambert, 1965i.

There_are no’proyeh chronic carriers of phase I B.
pertussis;‘For example, Linnemann et a1{(1968) found no
. as&mptomatic carriers among 1102vindiviouals (including well
babies, preschool.and school chiidreh. ahd‘family and
neighborhood contacts'of cases) he investigated during a
pertussis epidemic;vHowever, there is the possibility that
carriers dol exist, but carry the organisms in a form other
than ohase P{(Linnemann et al, 1968)t(Phase IV organisms
d{ffer'substghtiaIIY-from phase'I in cultural
characteristics and morphology and thus they may go
. unrecognized in culture Altered states of B pertussis such
-as spheroplasts have also been identified (Mason, 1966), and -
1t is conceivable that other forms of the bacteria ex1st

J . /!
/o ’



"In the prevaccine era, the highest incidence of
“pertussis was in the 4-6 year'pld group (Linnemann, 1978).
With the introduction of vaccines, major alterations in -
epidemiology patterns have occurred. There is an increased
freqﬁency pf adult disease and the appearance of milder,
atypical pertussis (Linnemann and Nasenbeny, 1977;
Linnemann, 1978;.Ne1son, 1978). Consequently, the reservoir
of infection may have changed from the child with typical
disease to either the child or the adult with atypical
_disease. o |

Clinical Disease .

The term "Pertussis" has largely replaced~?Whooping
Cough", as B. pertussis produces an array of eiinical‘
'mahifestationsvwhich range from mild respiratory tractv
infections to severe cases of typieal whoopipg cough
‘(Uihnemann'and‘Nasenbeny. 1977). The disease still preseﬁts
a serious health hazard part1cularly in the very young who
“exp1erence both the h1ghest morb1d1ty and morta11ty (Olsen,
' 1975). For example, in one outbreak, 5 of 21 positive cases
required hosp1tal1zat1on and 2 of these children were
‘ cr1t1cally il (F1e1d and Parker, 1977).
| Follow1ng,an 1ncubat1on perjod of approximately‘10
'.days; pertussis characteristically progresses through three
stages: catarrhai,xparoxysmal,“and coﬁvalescent (Pittman,
1970; msen,' 1975; Munoz and Bergman, 1977; Linnemann,
1978). The catarrha] stage lasts from 1-2 weeks and 1s

normally 1nd1st1ngu1shable from an upper resp1ratory tract



iﬁfeefion although coughing becomes increasihgly severe
towards the end of the phase. Recovery Of‘bacteEia is
highest in this acute pheee, SUt declines: rapidly with the
~onset of the paboxysmel etabé.‘quoxyshs of coughing,
followed by the inspiratory whoop, dominate this phase.
Although bacterial cultures become negative early in the
paroxysmal stage, coughing mayelast 4-8 Qeeks,.and continue
in the eonvaTescent'stage.fdr weeks or months before the
patient finally pecovefs. If a'patient is t;eated Eith an-
1mmWopriate antibioffc; such as erythromycin, the culture
- becomes neQative\within a.few days,‘but unless treatment is )
. started in the Eg%arrhal etage, coughing‘will continue
unchanged (Linnemann, 1978). >
) Dnerf'the.diegnostic‘qriteria of whooping cough is a
relative lymphocytbsis‘which appears with the paroxysmal
coughing and declines with the disappeaEance\of 8. pertussis
but may persist for two to three months (Pittman,. 1970).
~ The most~common‘cbmp1%cations of pertussis are

pulmonary-sbperinfectidﬁs 0rgan1sms such as Haemophllus
influenzae, staphylococcw._pneumococc1, and B-hemolytic
streptoco€§1, are the usual offenders (damweson, 1973).

}:tral nervous system may occas1ona11y be affected

in pertuss1s {Olsen, 1975 .Linnemann, 1978) The most common<
neurolog1c cihpl1cat1qn is convulsion, but paralysis,. coma,
4bl1ndness, qu'hess and movement d1sorders have also been
reported. These 'c itions prebably result from anoxia and

_occasionally h although hypoglycemia has also been |



b

impiicated in central nervous system disorders (Linnemann,
1978). N |
Laboratory Diagnosis

- The most important factors in successful isolation of.
B. pertussis are the colleetion of suitable specimens, their
rapid proceSsing and the use of freshlx prepared, moist
plating media (Parker and Linnemann 1980). Routine cultures
should be performed by collect1ng pernasal swabs or
nasopharyngeal secret1ons Direct plating is the mos t
reliable culture'technique but when not possible,'a speclal
transport med1um may be used (eg. Regan and Lowe, 1977).
Although isolation of organisms is the primary method of
confirming disease, culture is often unsuctessful. Most
Astudies report recovery rates of less than 50% (Linnemann,
1978). Infection by a number of agents other than B.
‘pertUSSIs (ie. B.-panapertussis,hB. bronchiseptica, viruses)
(Olsen, 1975' Linnemann, 1978), can produce symptoms
vsuggest1ve of pertussis, and thereby compound d1agnost1c
dd1ff1cult1es - o L |
. Given that recovery of organ1sms is not always |
rel1able lalternate me\ﬁods of d1agnos1s have been sought
Direct 1mmunofluorescent sta1n1ng of nasopharyngeal smears
(Donaldson and wh1taker, 1960) has become the most popular
rapid d1agnostlc method. However. w1thout conflrmatory _
scultures problems of 1nterpretat1on limit "this techn1que

’(Broome et al, 1973),'but 1t can be usefulefor rapid

~ presumptive diagnosis. -
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The use of serological methods (Olsen,j1975) may aid in -

confirm1ng pertuss1s but generally such technques may be of'
help only retr05pect1vely and are unreliable for diagnosis.

. Improvements in pertuss1s d1agnost1c techniques. are
therefore still required, particularlysfor confirming
culture negative c
Pathogenesis

In human and exper1mental d1sease. B. pertussis

produces a local1zed superfib1al infection of the

g Ty

resp1ratory tract Collier et al (1977), using hamster
~tracheal organ cultures showed that B. pertussfs
~preferentially attaches to the cil1ated cells. Th1s
occurence produced_ciltgstasis and a marked destruction of L
thevsubcellUlar crganelles followed,by expulsionvof these
cells from the epithelial layer. There was no evidence for
 either inter or intracellular invasion' Nonciliated cells
appeared to be unaffected a fact later conf1rmed by Mus% et
al (1977) us1ng the. same model, and studied by scann1ng
electrcn m1croscopy Matsuyama (1977) also demonstrated the
attachment .of B pertussis to c1l1ated ep1thel1al cells. in °
cultures of rabb1t tracheal mucous membranes . He showed that
'v1rulent phase I organ1sms adhered to the s1te of |
.1noculat1on whereas av1rulent phasé III organ1sms were\moved
up the trachea by c1l1ary act1on thereby 1nd1cat1ng the |
.~ impor tance of attachment 1n 1nfect1on | ! |
The mechan1sm by wh1ch attachment of B. pertussls to /

the 01l1ated ep1thel1a appears to be accompl1shed (at least

- . . : . . - _:11' o
Ch [ . . EF -
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in part) is by the bacterial f1mbriae or hemagglutin1n (Sato
et al, '1978). The subsequent c1l1osta31s ‘is most likely an

effect of the pertussis heat labile toxin (Dlsen, 1975).

_Ciliostasis would result in major interferences with the
/

normal clearing mechantsms of the respiratory tract. This,
coupled with increased mucus secretions and extensive
inflammation would encourage further multiplication of

organisms. hS

The most®obvious symptom of pertussis is the paroxysmaT,

'cough which often persdsts for much longer than the acute

stage of the disease. The mechanism of cough production

| remains unknown. Direct injury of the ciliated epithelia

would have some effect but pro]onged coughing is bqgieved to
be related pr1mar11y to an: altered Beta-adrenergic system
(L1nnemann, 1978; Munoz and Bergman, 1978).

It appears obvious that certain other of the clinical

manifestations of‘thg?disease are due to the biological

‘components as listed in Table 1. Indications are\dhat a

"__slngle prote1n component may 1nduce in an1mals various

biological reaetion§ occurr1ng as-a result of‘a,s1ngle
underlying mechanism (Morse, 1976). Pittman'(1979)'feels

that this sUbstanee (designated‘"pertUSSis texinf<, or

' pertuss1gen Munoz and Bergman, 1977 1978) ) is the cause
1of the harmful effects and also the pro}onged 1mmun1ty in-

,pertuss1s - . : .

Experimental'tnfecttdns and Immuno logy

B. pertussis is not a.natural pathdgen for animalsh

- . .

ra
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However, a number of species have successfully been infected
(Pittman, 1970).-The first successful animal infection was
accomplished when Burnet and Timmins (1937) produced
pertuss1s resp1ratory 1nfections in mice. Since then, this.
.animal model has been studied extens1vely Three routes of
infection have been used: intraperitoneal, intracerebral,
and intranasel. Oroanisms-injected by the intraperitoneal
route cause death in mice in 1-3 days. However, a 1arge dose
is required (2 X 10° bacteria) and death is due to toxemia

"~ rather than infecggon (Pittman, 1970). /

. Follow1ng an intracerebral 1nject1on. the bacter1a
mu1t1ply on the ventr1cle wall in association with  the
ciliated ependymal cells, a site very similar to the
ciliated ep1thel1um of the human respiratory tract (P1ttman
1970; Hopewell et &1, 1972), until lethal numbers of
bacteria are reached The - 1ntracerebral route is used
pr1mar1]y in vaccine potency assays In the 1mmun1zed mouse,
the organ1sms mult1p1y in the brain for 4-6 days and then v
'rap1dly d1sappear Fhe intracerebral challenge in potency |
assays for pertuss1s vaccvnes prov1des relat1ve values wh1ch
correlate with the eff1cacy of vacc1nes in humans (Medical
Research Counc1l 1959). A

| Two types of challenge by the intranasal route’have
been used by d1ffere@t workers, lethal and sublethal When a
-lethal dose (107 108 organ1sms) is _given to m1ce, the |
bacteria grow for several days unt1l a cr1tacal level, at
which the mouse dies (Dolby: et al, 1961). Sublethal]y

(e : o
\,___/" A
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infected mice {10% organisms or less, Burnet and Timmins,
1937; Dolby et al, 1961) resemble human pertussis ipfections
in persistance of bacteria and immune response (Geller and
Pittman, 1973)nas well as pathophysiological reactions
(Pittman, 1980). In sublethally infected mice, the bacterIa |
multiply for 7-14 days, followed by a gradual decline.
However, it is possible for infections to last 3-4 weeks
(Pittman, 1970). Histamine sensltizatlon\ih the intranasally
 infected mouse develops by day 15-20 and persists until at
‘least day 50 (Geller and Pittman, 1873) which parallels
paroxysmal coughing in the child. A marked leukocytos1s also
develops in 1ntranasally 1nfected mice. After recovery from.
a lung infection, there is immunity to further intranasal
'challengesllpittman. 1970) . '

A thorough investigation of the sequence of events in
mur ine pulmonary"pertussis0has§bqen carried out by Cheers
and Gray (Gray and Cheers, 1967; Cheers, 1§69; Cheers and
Gray, 1969; Gray and Cheers, 1969). In the pre-immune phase
of infection, there is an initial legarithmic ihcrease in
the numbers of bacilli. fpllowing“thjs period of
c]mmunolog1cal 1ncompetence, the bacteria are reduced by
leukocyte 1nvas1on to approx1mately 1% of the pre-immune
populat1on Durlng this per1od cellular immune processes
appear to be the predom1nant control mechan1sm as there is a
B shift in the bacter1al habitat from an extra to’ an
1ntracellular phase Although now found within the alveolar

macrophages. the organ1sms are able to surv1ve thiS‘

.
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intracellular environment. The net»effect is a steadyhstate
Kknown as "compiaisance in which the numbers of bacteria are
strictly controlled Any alteration in the numbers of
;hacteria either by chemotherapeutic reduction or by

superinfection 1s rapidly corrected to the original This

phase appears to last for 5-6 weeks at which time culturable

organisms are eliminated, probably by protective humoral
factors. For g@ample, Nor th t1946)'found that serum from
intranasally_infeCted mice bled‘on days 30-50 passive]y
protected mice, whereas 14-day serum was ineffective.
During the complaisant phase, the alveolar macrophages
exhibit increased kiiling power although they maintain
normal phagocytic capacity W1th the appearance ofﬂthe final
bacteric1dal phase, the macrophage’s enhanced Killing power
declines It is interesting to note that no delayed type
hypersensit1v1ty could be demonstrated in spite of the
apparent cell-mediated immune reaction (Cheers,‘1969).

‘Indicationsfare that tinal elimination of bacteria A
'requires humoral antibody, although cell mediated 1mmun1ty
is 1nvolved at least in mice. (Gray and Cheers, '1969)

-—-In human pertu551s, reinfection after an acute B.
pertussis 1nfection is uncommon, however second attacks may
"~ be mild and thus not diagnosed A degree of resistance to
%1nfection 1s also cdnferred after parentecal inoculation oF
killed organisms This suggests t?aflggfzi\;ntibody has a.

,role in protection against human’ pertusSis However the

Y

extent and duration is uncertain. Immunity is not life long
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as was fllustrated in a pertussis epidemic in ﬁichiqan‘ ln"'

those persons immunized within less than 1 year, there was 5

an attack rate of 20% but in those where the interval since

'~immunization had been over, 10 years, the attack rate was SR

’58% Second attacks of pertussis wére also noted during the
epidemic (lfambert, 1965). “ '
Serum antibody. responses have been measured~by a
variety of techniques, including complement fixatjon
(Bradstreet et al, 1972), hemagglutination inhipitionl(Dolby
and Stephens, 1973), ~agglutination (Dolby and Dolby, 1969),
_bactericidal. activity tAftandeliéns and Connor, 1973),
‘precipitatiOn (Aftandelians and Connor, 1973a) mouse >
: protection (Dolby, 1972). and 1mmunofluorescence (Geller and
Pittman, 1973). However, resistance to infection does not |
correlate well with antibody detected by any one of these
“methods. | o ' o
The basic pattern of'antibody response is illustrated

in Donald’s study" (1939) detecting comp]ement fixing .
L i‘

antibodies. Antibodies began to.appear in the second to »\\\;. ,

third'Week after.infection but did not reach a peak until
the seventh to eighth week. It was observed*that the
_appearance of antibodies correlated with the disappeaggnce
of organisms 1n culture, suggesting a role for serum

' antibodies 1n recovery from 1nfection

Despite the ev1dence for the presence of antibodies,

the mechanism by which they function is still unknown One

of the basic problems in solv1ng this has been in attempting A

¥ <
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to correlate immune reactions in serum with resistance to
‘superflc1a1 infection of the resp1ratory tract It wou]d

';,appear that 1mmun1ty in pertuss1s is governed by both serum

‘ and local (secretory) immune responses o '
~ Pittman (1979),'has postulated th7{ﬂthe'IOCa1 secretory

antibody response is the firgt line of defense‘against
-'infeCtion In this process the antibodies are directed
aga1nst the fimbrial. hemagglut1n1n thereby 1nh1b1t1ng
attachment of the organ1sms to the host c111a Serum
antibody against "pertussis toxin", is suggested. as the
“second line of defense with this long lasting response being
d1rected agalnst those b1o]og1cal components wh1ch cause the
-harmfu] effects assoc1ated with the d1sease ‘

| In sp1te of the potentlal 1mportance of the Tocal
1nnune response in pertussis, relat1ve1y 11ttle is Known
about this mechan1sm Holt (1972) detected antibodies that’,
»1nterfered w1thpthe adhesion- ?f é m:zzsgfsfs in the saliva
of a Taiwan monKey_after aerosol nization. Thomas
(1975), using a sensitive radiOimmunoassay techn1que
observed increased levels of antﬂbod1es 1n‘human resplratory
}.?secret1ons after’ aerosol immun1zat10n with pe\tUSs1s
i‘vacctne. Geller and_P1ttman_(j973)‘followed the level of
immunogtobutins in serum and tracheobronchial wash after

| 1nfecting mice with B pertussis They reported the presence
) of both IgA ‘and IgG speC1f1cally ‘bound to B. pertussis 1n '

, mouse tracheobronch1a1 washes by day 15 after 1nfect1on
'Recently, Goodman et al {1981) detected pertuss1s spec1f1c

</
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IgA in nasopharyngeal secretions of children with pertussis.
An enzyme l1nked 1mmunosorbent assay (ELISA) was used to

detect the ant1bod1es which were. present by the second to
l

third week of illness. These workers suggested that the

presencT of pertuss1s specific IgA in secretions could be

used as“an indicator of recent 1nfect1on

[ 3

- There is‘a need for more precise information about the
secretory and serum ant1body responses during the course of
pertu551s 1nfect1on. The purpose of th1s study was therefore
to follow these responses using the mouse respiratory A
infection model. Mice were sUblethal]ylinfected with B. »
pertussis by intranasal instillation ahd‘samples of /\\
tracheobronchial wash and serum collected.at intervals. The
presence of B. pertussis was detected by culture and
lnﬁunofluorescence and levels of’pertussis specjfic

antibodies determined by ELISA. This technique allowed for
the determ1nat1on of the 1mmunoglobul1n class of spec1f1c
ant1body and because of 1ts high level of sens1t1v1ty could

.

be used on very small samples

-

Durwng the progress of thls study~1t was noted that B.

-pertussis could be detected in tracheobronchlal wash by:

'1mmunofluorescence for several months after cultures became '

negat1ve A second exper1ment was therefore des1gned to
'determ1ne if mice at. this carr1er stage were still capable

of transm1tt1ng 1nfectlon |

€y



I1. Materials and Methods

A. Exper iu_menta'l Design
Experiment 1 _

Intranasal inoculations with B. pertussis (strain X376)
uere performed on 120 mice. The mice were housed 5 per cage.
and given unlimited food and water Control, uninoculated |
mice were housed in the same manner but in a separate room.
The course of the disease was followed by two methods: 1.
Cu]ture and direct immunofluorescent staining (FA} 2. Serum.
and local immune responses to B. pertussis as determiﬁed»by'
a'doubte ant ibody indirect ELISA. Five infected mice were
sacrificed at.approxtmate]y”4 day tntervals for the first 8
weeks and thereafter at weekly"intervals‘for a further 10
weeKs. The final fo110Wup group of mice was examined at N
approximately 25 weeks. Two contro) miceIWere saprificed -
“with every. second group of infected mice. B
vExperiment 2 | |

Mice were 1ntranasally 1nocu1ated w1th B. pertussis

'(stra1n X376) on*day 1 and separated to 3 per cage. At

{
l

subsequent weekly 1ntervals, (to 9 weeks) 2 un1noculated

- mice were added to ‘each cage and the cages placed in groups.
| There were 3 groups, 10, 20, and- 30 days after exposure and
it was on these days thaf’m1ce were sacr1f1ced For the 7
14, and 21 day per1ods each group cons1sted of 2 cages -
(total of 4 exposed m1ce and 6 1nfected mice per group)

whereas the remainder of the t1me periods (28,35, 42, 49,

B 17‘
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56, and 63), edch group consisted of 3 cagee (tgfalhof 6
exposed mice and QVinfected mice per group). ‘

- As an-example, hogse"kx"was placed in a cage
containing mice ipfected'with perfussis 14 days previously.
Then 20 daYs later, the.exposed modse (mouse’ x'.) was
sacr1f1ced . h

Samples of TBW taken from sacr1f1ced (exposed) mice
were cultured, exam1ned'by direct immunofluorescence for B.
pertdssis and tested'foﬁ secretory IgA by ELISA. Serum
samples were tested by the ELISA fdr the“presence.pf
“pertussis IgG1n~IgG2a,:IgGZb, and'IgM;kas in Experiment 1.
B. Media ‘ ﬂj . e

~Charcoal Horse Blood Agar (CHBA)

(Sutcliffe, 1972). A |
Oxoid charcoal agar (Oxoid CM 119) plds {% Difdo proteose
“peptone no.3 and 10% horse blood. The med1um was used w1th1n
T a week after preparat1on and d1d not contaIn added

apt1b1ot1cs | | | \

' Charcoal Enrichment Media

" (Regan and Lowe, 1977)

,On'e— half. strength Oxoid'Ch'afcoel Agar with a’ final.
‘concentrat1on of 10% horse. b]ood dlspensed in bijoux

"bottles and used within 2 weeKs after preparat1on

) *
_l' .
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c. Bacter1:1 Strains
B pertussis (X376)
: A clinical 1solate of B. pertussls (x376), found"fi—
pre11minary exper1ments to be pathogenic for mice was

employed throughout the study for mouse inoculations. The

‘ / :
strain was preserved by lyophilization and a vial of freeze

dried culture was revitaltZed and subcultured no more than
twmce before 1nocu]at1ng m1ce This strain conta1ns '
serofactors 1,3 and 6 (determlned by M. Magus, Spec1a1
Reference Bacter1o]ogy. Ontario Ministry of Health,

Toronto) ' ' 4 ”

B. pertussis’ (stra1n 1494)

Obtained from D. W.Stainer, Connaught Laboratories,

'Toronto, was used for the preparat1on of the ELISA ant1gen

and conta1ns serofactors 1, 2, and '3.(Sekla et al, 1978).
B. pertussis (strain H36)

0bta1ned from B. w Lacy. Westm1nster Hosp1tal Med1cal
School, London, England was- used as the pos1t1ve control
strain for' the direct 1nnunof1uorescent techn1ques
B. paP&pEPfUSSIS (stra1n D42875) | ‘

A c11n1cal 1solate of B. parapertuss:s from the

Prov1nc1a1 Laboratory of Pub11c Health Edmonton was used

- as’ the negat1ve control for - d1rect 1mmunofluorescence

Staphylocaccus aureus (stra1n Cowan 1),

S. aureus was. used for Protein A product1on '
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"".p' Mice ; ‘
' Six week old female Swiss ICR mice were obtained from
T'Lthefbreeding"bb1bny'0F"the‘Pdeiné?anLabdrafory of Public
Health, Edmonton. - -

E. fntranasaI Inoculat fons

Mouse 1ntrahasal inoculat1ons with B pertussis were
per formed essent1ally as described by Burnet and T1mm1ns
'(1937) . The 48 hour growth from one charcoal horse blood
agar (CHBA) plate was' carefully suspended by vortex1ng in 1%
we1ght/volume (w/v) Difco-Casamino AC]dS to an Absorbance at
600nm (A 600nm) (Un1cam SP1800 Ultrav1olet \
'Spectrophotometer) of 0.1. A 1/25 dilution of ‘this
suspension was made and one drop from a pasteur pipette
',(approx1mate1y O 025m1) contawned approx1mately 2.5 X 105

'ecolony form1ng un1ts (CEU), as determ1ned by the M1les and

M1sra colony count techn1que ' This was the requ1red 1nocu1um,

"-to produce sublethal 1nfect1ons in m1ce (Burnet and T1mm1ns, S

1937;. Ge]ler and P1ttman,’1973)- Suspens1ons were prepared
1mmed1ately before 1noculat1ng to. ensure as unlform resu]ts
" as possible. L |
' M1ce were anaesthet12ed inlp glass Jar conta1n1ng
cotton balls soaKed with ether When completely ,
-panaesthet1zed and breath1ng rap1dly but not gasp1ng, the

‘51mouse was removed from the Jar and held hor1zonta11y One .

."‘drop of the bacterial suspen51on was then placed on the i

gexterna] nares Only 1f the\complete 1nocu]um was rap1d1y
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drawn in w1thout bubbl1ng was the mouse included in the
exper1ment
F. Sample Collection

Tracheobronchtal Wash (TBW)

After anaesthet1z1ng the mouse w1th sodium

.pentobarb1tol (nembutol) the trachea was exposed and a fine '

hole made with sc1ssors 1mmed1ately below the pharynx Fine
gauge polyethylene tub1ng (PE 10- Intraderm1c Polyethylene |
Tub1ng. Clay Adams, Pars1ppany, N.J.) attached to a 27 gauge
needle was inserted 3- 4mm 1nto‘the trachea and sutured in
place.'A;tubercul1n syringe containing'lmel of 0.85% (w/v)
sodium chloride'was attached to the_needle;.The '

tracheobronchial tree was washedvby slowly tnjecting and

Withdrawihg the saline 3 to 4 times Gentle pressure exerted.

.lon the thorax ensured that the max1mal amount of wash could
be retr1eved(about 0.6m1). p o o |

| Samples were’ cultured for B. pertussis 1mmed1ately
:after collect1on, smears were preparedafor direct
:_1nnnnofluorescence sta1n1ng, and the rema1nder of the five -
"'TBW’s were pooled and stored at -20° C

sera | L |
. After taklng the TBW’s, the m1ce were bled by card1ac,:

puncture of the left ventr1cle Blood was centr1fuged for 1

:’m1nute in an Eppendorf M1crocentr1fuge (Model no. 5412) and .

fthe seﬂum removed and stored 1nd1v1dually at -20° C

/
/

i
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_Trachea and Lung

Approximately 1 cm of trachea was removed from the
y'mouse and ‘opened for/culturing The left lung was~ also
_removed and cut open to culture Both the trachea and Tung

were smeared d1rectly onto CHBA plates and left in place

G. Detection of.B.,pertussis,lnhSamples

‘Culture o o

‘Specimens were cultured for Bv pertussis on freshly
prepared HBCA plates w1thout added antibiotics. Cultures

were 1ncubated at 36 C for 3to5b days in sealed jars
'_conta1n1ng a v1al of water to ma1nta1n adequate humidity.
Spec1mens obtalned from m1ce for culture 1ncluded a

.drop of TBw, a port1on of opened trachea, and a cut surface-
- of a lung lobe. These were all plated d1rectly and 1ncubated

 for 5 days before-recordlng as negat1ve Calc1um alg1nate

_ swabs of TBW were also stabbed 1nto charcoal enr1chment

,:med1a These were 1ncubated 48 hours and then subcultured to.

'_CHBA plates B pertuss:s was detected by typ1cal colon1al

morphology and the 1dent1f10at10n conf1rmed by d1rect
e1mmunofluorescence - ' -

| B pertussis stra1n X376 had prev1ously been tested to
ensure that 1t reta1ned v1ab1ldty in 0 85% sal1ne durnng the
-t1me per1od of exposure in TBW before plat1ng 0rgan1sms
were suspended in sal1ne and counts done by the Miles and

Misra techn1que at’ t1me 1ntervals up to 90 minutes. “No
-

's1gn1f1cant change in CFU’_ was noted. e oy



Immunofluorescent Staining for B. pertussis‘

2

Fluoresce1n conjugated B. pertussis ant1serum obta1ned

~from D1fco Laboratories (Bacto FA B. pertussls ant1serum)

23

was used in the d1rect 1mmunofluorescent (FA) test to detect

B. pertussis. The method followed was as per 1nstructions
provided with the product The conjugate was t1trated using
B. pentussfs. stra1n H36 Th1s stra1n also served as the
positive control 1n the test and B. parapertus “fs strain
:042875*Was used as:the negative qgntrol All mouse TBW’
were smeared on a glass ‘slide (Clay Adams Fluorescent >
Ant]body Sl1des). a1r dr1ed, and sheat flxed A drop pf
fluoresce1n conJugate was spread over the sur face of(each ,
| smear, and the sltdes were then 1ncubated in a m01st chamber
.for 30 mlnutes at room temperature. Next were two 5 minute
~washes. in FTA Hemagglut1nat1on Buffer (Append1x 1) (BBL

t Laborator1es) followed by two 5 m1nute washes in d1st1lled
water. After air dry1ng» the slldes were mounted with |
Bacto FA Mount1hg Flu1d (U1fco) Slldes were°scanned the
samelday on a Zetss dena Fluoval Fluorescent Mlcroscope
‘(with a dark f1eld condenser and ex01tat1on filters UGH,

fBGlZ) for the presence of. fluorescent organ1sms of typ1cal

- or atyplcal morphology Negatlve results were not recorded’.

"unt1l the slldes had been scanned for approx1mately 10 ,

-m1nutes SN

P
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H. Indi'rect ELISA |
Antigen Preparation N o .
‘_ The ant1gen for the ELISA was. prepared from B. -
| peﬁtussls vacc1ne strann 1494, by the method of Goodman et
~al (1981). The 48 hour growth from CHBA pla&es was suspended :
in PBS and washed tw1ce The pellet was résuspended in
approx1mately 10m! of carbonate- bicarbonate buffer (Append1x_‘
1). The suspension was placed in an ice bath and—son1cated
by a Biosonic 111 (Bronw1ll Sc1entif1c, Rochester, N.Y.) -
,w1th a 3/8 inch probe at 180 output 1n 60 second pulses,
until obv1ous lys1s of the cells had occurred The
suspens1on was then centr1fuged at 15,000rpm (Beckman 5834

Rotqr) for 30 minutes and the clear, slwghtly yellow

. supern ant collected The proteln content was determ1ned by
| ,' 'ad Prote1n Assay (a dye binding protein assay) (Bio
i'Rad Laborator1es, R1chmond Ca.), and the ant1gen stored in
al1quots at -70 C unt1l use. ‘, . |
' Anti-mouse Inmnoglobulins _ - .
le' '( Rabbit antimolse: IgM (lot 29) IgA (lot 25)7.IgG1 (lot
120),!IgG2a (lot 21), IgG2b (lot15) were obta1ned from M1les
| Laboratories (ElKhart Ind1ana) | ‘
Conjugates O
Horse Rad1sh Peroxidase (HRPO)
' *fRabbit ant1 mouse 1mmunoglobul1n classes A M, G (subclasses_
( Gl GZa GZbT’conJugated w1th HRPO were prepared-essent1ally |
;by the techn1que of Nakane and. Kawao1 (1974) To 5.0mg Qf(

7’,—‘HRPO (SIgma Type vi) dﬂssolved in 1. Oml/of 0 3M sod1um



25

carbonate (pH 8.1) was added 0.1ml of a 1% volume/volume
(v/v) solution of 1-fluoro-2,4- d1nitrobenzene (Eastman

" Organic Chemicals, Rochester. N.Y. )‘1n absolute-ethanol"for"

1 hour at room temperature A 1.0ml amount of aqueous 0.08M
sod1um periodate was added and mixed for 30 minutes at room
temperature. Then, 1.0m1 of 0.16M ethylene glycol in
distilled water was;added and m1xed for .1 hour at room
temperature The resultlng solut1on was d1alyzed at 4°C for

one day with several changes of 0.01M" sod1um carbonate

buffer, pH 9.5. The d1alysate was gently mixed with 5. Omg of

antlmouse 1mmunoglobulin for 3 hours at room temperature,
followed ‘by the add1t1on of 5.0mg sodium borohydrlde The |
" solution was left for 3 hours at 4°C before d1alyz1ng | q
against Phosphate Buffered Saline (PBS) pH 7.2 (Append1x 1)
for 24 hours with four-1 liter changes of buffer. The

' conJugated material was separated from the unconJugated
_prote1n and enzyme by f1ltrat1on on an 85 X 1.5cm Sephadex
G-260-(Pharmacia; Uppsala Sweden) column equ1l1brated with
PBS pH 7. 2. The peaks that showed optical density act1v1ty ‘4
.' at both 280nm (for proteIn) and 403nm (for perox1dase) were

' jpooled and concentrafed by ultraf1ltrat1on with an XM 100
membrane fllter (Am1con Lex1ngton Mass ) to a 2ml volume

" _and stored Jn the dark at 4c.. : o B
“Two alteratjons.to the above method were subsequently '
~made (Nakane, 1979) omission of the add1t1on of sodlum |

.borohydrlde and doublIng the amount of 1mmunoglobul1n

. s



ii. Alkaline Phosphatase
Alkaline phosphatase (Calf intestine, typejQii:'Sigma) was
covaléntay‘Tinked'TO“rabbit hntiMbuSerimmunoglobulin'claSSes
A, M, and G (subclasses G1, G2a, G2b) essentially by the
procedure of Voller et al (1976). The enzyme suépension was
centrifuged in an Eppendorfnmicrocentrifuge'(model no. 5412)
for 2 minutes and ;he supernatant discarded. Five mg of
enzyme were added to 2.0mg of immunoglobulin in 1.0ml of PBS
and mixed at room temperature, The resulting solution'wa§
'diaﬁyzed-extensively against PBS-at 4°C (36 hours with six-1
liter changes of buffer). 70% glutaraldehyde (Ladd Research
4Industries; Buriington, vt.), opened immediately before use
. was added to a final concentration of 0.2%. After incubation
for 2 hours “at room temperature, the solution was again
dia]yzed against PBS (36 hours with‘sixf1'lifer changéé of
buffer)f'The‘dia!ycis'fubc was transfecned to (.05M
trishydhoxymethyIamfnomethanc'(TRIS) buffer pH 8;0_(Appendix'
1) and d%alysis'was continued'for a further 24 hcurs with
four-1 liter‘bdffer~changesg,ConjUgated méteriallwas
'separéted‘From unlcbeiled enzyme and Free‘innunoglobulin by
filtﬁ%t1on on an 85 X 1.5cm Sephacry1 $300 . (Pharmac1a)
column aqu1l1brated WIth 0. 05M TRIS pH 8.0. Peak fractwons ‘
) were: pooled and concentrated tp a 2ml volume by
: ultraf1ltrat1on us1ng an XM 100 membrane filter (Amlcen) and'
- stored in the dark at 4 c. | o
Indirect ELISA-ProtocoI_ ,
A chequébboardntitréticn was carried out to find the



optimal concentrations of the antigen and sera fdr use in
Vthe 1nd{rect ELISA Ser1a1 dilutions of the ant1gen were
# made -in ‘coating buffer (Appendix 1) and sens1t1zed to the L
plates. Three reference sera (posit1ve, weakly.pos1tive and >
negative) were Serially'diluted and added to.the wells so
that~each di]ution of serum was reacted with all the antigen
/dilutions.' The optimal dilutions were the highest dilutions .
’which gave the maximal reactivity with the poSitiye serum.
»and,minimal reactivity with the negative serum. I
In esSencer the ELISA was performed according to the -
“method of Voller et al £1976). The wells of flatbottom,
polystyrene microtiter plates (Dynatech Laborator1es Inc ,
‘Alexandria, Va ) were sens1t1zed w1th 0. 2m] of @ntigen
diluted in coat1ng buffer (5ug/m1) by incubating at 4°C
, overn1ght ina hum1d conta1ner All subsequent steps were
carr1ed out at room temperature w1th incubations in a moist
conta1ner The plates were then washed three t1mes w1th\k
Phosphate Buffered Sallne Tween (PBS T) The wash1ng step
°1nvolved flood1ng the plates with PBS- T, ag1tat1ng for 3
»mlnutes on a hor1zontal rotator (F1sher Scientific Clinical
: Rotator) at 180rpm, c1rcular path, and 1nvert1ng the p]ates_
to empty Plates were then “incubated for 30 minutes w1th 1%
(w/v) Bovine Serum Albuth (BSA) and empt1ed but not washed.
Mouse sera were d1luted 1/25 in PBS-T- and TBW were used
und1lutbd A 0 2ml sample was added to each well and |
1ncubated for 2 hours The plates were then washed as before

" and 0.2ml of conjugate diluted in PBS-T was added.
. . : 7 3 ekr‘



o = ’ . ) 28.

vsconjugates,geither HRPO or Alksline}phosphatase conjpohfed
antimouse immunoglobulins were allgtltrated at less than
'wl/SO.»Folg%wing~a~2-1/2‘hour;lncuﬁationeperiod;’the plates
were’againewashed‘and 0.2ml}of freshly prepared . enzyme
substrate added (5<aminosalicylic acid + 0.05% hydrogen
perox1de for HRPO conjugates, p- n1trophenylphosphate in 10%
dlethanolamlne buffer for Alkal1ne phosphatase
conjugates) {Appendix 1). lhe plates were read after 1 hour
by an 8 channel.photometer(Tite::jt/ﬂyltiskah.,Flow
" Laboratories Inc.) McLean..Ve}) 450nm for peroxidase
;eohjugates.or 405nm for alkaline poosphqtase conjugafes.

n \ i

I. Double Antibody Indirect ELISA

| Antigen' ' | 0 n

‘The ant1gen employed in th1s ELISA was a sonJcate of B.

pertussis stra1n 1494, prepared and t1trated (to 5 ug/ml) as
described prev10usly«for the indirect ELISA i
‘_Samplesv~ ) _
‘ Ind1v1dual serum samples were tested in dupl1caté’ The
;_samples were d1luted 1/50 in PBS T for IgG assays and 1/25.
- for IgA and IgM assays :fsra were absorbed wrth |
Staphylococcus Proteln before measuring IgM ant1bod1es
. TBW samples pooled from the 5 mice per sample date, ‘were

used und1luted and tested in duplicate. .Pooled p051t1ve sera"

- or TBW Ma1nta1ned in al1quofs at -20°cC. were run as controls

-

on. all plates . ~ : .

]

o



“indirect: ELISA wére used and were diluted in PBS-T (see

29

/

‘Anti-mouee Immunoglobulins

-

«- The rabbit anti-mouse'immhnoglobulins as listed for the

Table 2 for d11ut10ns)
Conjugate . }ﬁ

The: conJugate used in the double ant1body 1nd1rect )

ELISA was commerc1ally prepared Alkaline phosphatase

ant1~rabb1t IgG (Goat) (M1les Laboratorles, Elkhart,

Indigna) diluted in PBS T. . - o o
lf;he\bp{1mal dilutions of conJugate and each ant1 -mouse

immunoglobulin were determ1ned by . titration and are shown in
7

Table 2.

‘Table 2°

0pt1mum antt -mouse 1mmghoglobul1n and conjugate d1lut1ons

(presented as\rec1procals of d1lut1ons).

e L o
AhfihbuSe‘ N B -Anfisepum . Conjugate
f}thang]Oﬁu]tn I Dilution |  dilution

B An;j'IgA - F go ooo' 300
| )  Antd ‘IgM‘,"v;.- 1 5, ooo | 800

A mtifgm | v00 | \45.0..;

| Antf, IgGZa i ."'1'5,_000".- 450 |
' Anti IgGZb 120,000 | 1,200 .
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Substrate

P- n1trophenylphosphate/(PNPP) (S1gma 104 phosphatase
‘substrate tab]ets) was diluted to img/ml in 10%
d1ethanolam1ne buffer (Appendix 1).
Double Antibody Indirect ELISA Protocol
See also summery Table 3 ; - ' L .
The follow1ng procedure is a mod1f1cat1on of Granfor's{1979)
" method of measur1ng Yersinia antibodies by an ELISA.
,M1crot1ter plates (Dynatech polystyrene flatbottom) were
.sens1t1zed.overnwght<w1th antigen, washed three t1mes with
PBS-T and incubated with 1% BSA (at 36°C) as previously
described for the Indirect ELISA. Sera or TBW samples were
added in 0.2ml amounts and in‘cdbated for 2 hours at 36°C.
Affer.waéping the pletes three tﬁmes, Q,2m1'offrebbit
'anti-mouge immdnog]obulin was added to each well and the
plates’ aga1n incubated for 2 hours at 36°C. A]Kal1ne
}phosphatase conJugated anti- rabb1t IgG was - added after a
‘further 3 washes. Follow1ng another 2 -hour, 36°C 1ncubat10n
‘}and a Last 3_washes,,p.2m1-substrate_was added. The_enzyme
reaction was read after 30“minutes incubation at-36°C on an

' v8’ehanne1thotQmeter (TiterteK:Mh1fiskan).

3,
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Table 3 . ' | geent

‘Double Antibody Indirect ELISA Protocol: -

Sensitize plate with ahtigen, 4°C overnight.
. ‘ | ‘ - .

‘| wash 3 times
Incubate for 30 minutes with 1% BSA at 36°C.
empty

_Add serum samples. letubate'for 2 hours at-36°C.

i | , o - ' yash 3 times

, v S
Add rabbit anti-mouse immunoglobulin. = Incubate
for 2 hours at 36°C. -

wash 3 times

/" Add alka]ine phosphatase conjugated anti-rabbit. IgG .
‘ } - Incubate for 2 hours at 36°C.

wa§h 3 times

Add enzyme substrate, Incubate for 30 minutes
o t 36°C and. read results. :
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J. Absorption of Antisera to Remove Crossreacting Ant ibodies
Two of the rabbit anti-mouse immunoglobulins (IgGl and
“IgM) contained antibodies directly crossreactive With B o

pertussis antigen. The crossreacting antibodies were
,eliminated by absorption with a- suspenSion of formalin
~Killed B. pertussis cells lstrain 1494) . Theigrowth from
apprOXimately 18 CHBA plates was washed twice in FTA buffer
- and the cells were then resuspended in a minimal volume of
y'.FTA buffer w1th 0.05% formaldehyde . Om1 of the antiserum
was added to the cell suspenSion and incubated at 37°C for 3
hours with occaSional shaking The absorbed antiserum was
'Ecollected follow1ng centrifugation (4430g X 20 minutes) .,
, o

'-‘.K Class Specificity of Anti-mouse Iiilnunoglobullns
u Class SpelelClty of the anti -mouse
s_immunoglobulins Classes A M, and G (subclasses G1, G2a;‘
yG2b) was determined by testing w1th purified mouse
immunoglobulins IgA (lot DGO78) Igh. (lot Cd169) IgG1 (lot-
'-'BC023) 1gG2a (lot cc049), and 1gG2b (lot 231-58-2) .
(obtained from Bionetics Laboratory Products KenSington, i
‘ﬁaryland) by the ELISA For example, anti-IgA was reacted ‘ i
"With purified IgA IgM, IgGi IgGZa, and IgG2b to determine
"its speCifiCity ‘ _ ’
‘ Tripling dilutions from 10ug/ml of the purified mouse 2
immunoglobulins were made in coating buffer and senSitized ;
in 0 2ml1 amounts to microtiter plates overn‘ght at 4 C Each/

lof these dilutions were then reaoted with 0. 2ml of the fivev

’
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anti-mouse immunoglobUlins (at the opthal concentrations as
determ1ned for the ELISA) for 2 hours at 36°C. Alkal1ne |
- phosphatase conJugate. (also added at the optimal =~ °
concentrat1ons as determ1ned for the ELISA) was then added

in 0 2ml amounts for 2 hours at 36 C. Finally, 0.2ml amounts
'of substrate were added, and the enzyme react1on read after
30 minutes 1ncubat1on at 36°C. There were three 3 minute
washes with PBS-T between each step as ‘described in the

ELISA protocols

L. Absorption of Sera”with Protein A
Proteln A absorpt1on of sera was carr1ed out in an B
aitempt to reduce nonspec1f1c background in the IgM assays
due to the ab1l1ty of Prote1n A to remove IgG Protein A was
prepared and used according to the method employed by. the
V1rology Department Prov1nc1al Laboratory of Publ1c Health
Edmonton (R Dev1ne personal communicatlon) | N
. Protein- A Preparation o S i"‘ ""'ighq
A single colony of Staphylococcus aureus, Cowan 1.
stra1n was inoculated 1nto a 10ml amount of. Trypt1case Soya f
broth and 1ncubated overnlght at 37 C. The 10ml broth.
cul;ure was added to one l1ter of mod1f1ed CCY med1um ‘
(Append1x 1) -and placed on a magnet1c stirrer: at 37°C. A
ster1l1zed air flow was- bubbled 1nto the media allow1ng
' opt1mum aerat1on without. exce351ve froth1ng The escap1ng

a1r was passed through water result1ng in enough back

; pressure to‘allev1ate froth1ng of‘the cultures._Bacter1aa
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were haryested by centrifugatton {1110g X 1 hour) and Washed
‘twice with PBS. Tné washed bacteria were made up to a 10%
-tsuspensibnain-PBS.and~£ixed-in~075% formaldehyde for 3 hours
at 4‘C,'fdllowed by two mpre washes in PBS. fhe fixed 10%
suspernsion uas'thén.heat‘fixed in a double boiler‘at 80°C
for‘30 minutes‘ After heat treatment, the bacterial
suspens1on was washed once more, made up to a 10%
‘suspens1on and stored at 4 C.

Absorption of Sera
) 0.5ml of the 10% staph Protein A suspensibnywas
_bentrifugedl20_minutes at -4000rpm (clinical éentrifuge) and
" the supernatant.rembved.‘An\equal vdlume (O.Sml)‘oftaft/ZS'l
‘serUm‘dilutlbn”was\added tomthe pelleted'cells'and incubated
t-for:20'minutes}at rdomftemperature,‘The suspension was
| centr1fuged as before and the supernatant removed to be used

in. the ELISA\ |
M. Standardization of Results o .'/ S
“Due. to day to day var1at1ons in. ELISA results,ttne ‘

imethod of Manshelm and Kasper (1979) was used to standard1ze»
,results A pos1t1ve oontrol ‘serum was run w1th each/day 8 -
A‘tests The results of samples tested on different days were
‘_standardlzed to Day 1 by applying the follow1ng formula '
‘(control serum Absorbance on day l)/(control serum -
Absorbance on. day X! ) t1mes (test ‘serum Absorbance on day

"'x") = test serum Absorbance on day 1



III.'Results

A. Experiment 1: Infection in mice following intranasal
1nstillation of B. pertussls ‘

Detection of B.pertussis by culture and
immunof luorescence - | '
' -lntran'asa'l_ instlll‘ati.on of 2.5 X 105 CFU of B.
pertussis 1nto 6 week old mice 1n1t1ated a non lethal
.respiratory tract 1nfect1on although no obv1ous signs of .
disease in the'mice were notec _A high 1nc1dence of recovery
of organ1sms ‘by culture from TBW,. trachea or lung was found
' durwng the f1rst 3 weeKs follow1ng 1noculat1on but
thereafter only OCca51onal mice y1elded p031t1ve results : ,
(Table 4). The last positive culture was obtained on day 44
:after 1noculat10n Culture of TBW (24 pos1t1ve). or trachea'
'(26 p051t1ve) ylelded sl1ghtly better results than culture
” of lung tissue (21 pos1t1ve) (Table 5). Results of TBW

plated d1rectly or cultured by the: ennlchment method of

-z_-Reagan and Lowe - (1977) were the same//

Although the maJor1ty of cultures taKen after 3 weeks
7of 1nfect1on were negattve organ1sms ‘were detectable by
o d1rect 1mmunofluorescence for a much longer time (Table 4),
‘;»Almost all TBW’s collected until the 39th day of 1nfect1on |
.‘were FA p031t1ve, and the 1nc1dence of pos1t1ve FA results
’7rema1ned h1gh unt1l at least day 129 In the f1nal group of“
-.mice: sacr1f1ced at day 177, no B pertussis was. detected by

'1mmunofluorescence



' Onl§ scant B.. pertussis'Was pnesent in all slides'
»l»1dent1f1ed as FA pos1tive and for the most part these were
"~ typical, highly fluorescent coccobacnll1 Larger, atypical N
‘organ1sms. also h1ghly fluorescent were very occas1onally
"noted but the sl1des conta1n1ng these’ organ1sms also y

oonta1ned typ1cal B. pertussis
’ \\,' AT samples collected from control m1ce housed in a

'_sebsrate room were negative for B. pePtussIs by culture and

"immuhofluorescence



Table 4

'-'mms or culture and diFect immnuomcence on Simples’ “From”
groups of five mice, sacrificed at the Indicated tines following
‘Ynoculation with 8. putwuu. (Expcrluent 1)

y “after " Mouse ¢ 7 -
noculation ] 1 2 3 4 5
4 | + ¢+ + + +lc
: -4 % + % sl r
D . . 8 e s . C.
' 4 4+ + 4 +1FA
n - s - o+ +he
+ o+ 4+ s FA
T I e I
) -+ ¢ ¢+ 4| FA
18 + o+ o+l
+ 24+ + + LFA
21 + - -+ s dC
L - + ‘_’ + ¢ FA .
ap |+ - - - -]c.
w B+ + + + 4+ ]FA
28 | -m - - e
+ e+ + FFA
.32' - e e D €
B + + -+ IFA
3% T4 - - sl
} + 4. +.+ + FFA
9 - - .« e
L 4.+ 4 2+, + FFA -
S I LI N k-
F - Q el < e 4 o BFA
I ] M1 subsequent cultures necative
SERRERE ERRYTRENN ARSI 1 :
| fos o e v - e ﬂ
s ] Y BT
63" « 44 e $RFA
. R R e £
R/ R S
84 4+ <+ ‘e 4+ RFA-
. s I P R i
02 - f- - ¢ 4+ -]
. ]“ + - % .- . FA
- - L "\‘ RS il
29 v+ - = - FFA
an a e e e FFAT
e - - - |
- C' Cu] o /
FA -Imnoﬂwrescem:e
08 . ro smple .
- / ' »/. X



dmble 5 I

Recovery of B, puoﬁum fron ‘tracheobronchial wash, trachea and
--Tung of inocmated nice, - - - .
4 0ay after | Source of Mouse #
, Inoculation |~ Sample 1 2 3 4 5
4 TBW ) O+ o+ s
§ Trac. S R R TS
Lung - + 4 + + . +
8 | | +
‘ ' Trac. R
"Lung-. R
. n TBW - + + 4
Trac. + T+ s
o Lunq + + +
' )6 TBW . B AR R +
- ‘ Trac. IR I +
] Lung : T+ 4+ 4 +
18 BN, b+ -+ . &
N | Trac. + + o+ 4+
Lung _ + 4 - + +
21 TBW oo o e e
TraC., ) + - - + +
‘ Lung w - - - O+ 4
PR B TR s
’ Trac. . ' + e e - .
R Lung R R
¥ TN T
o o ] Trac. 1 - ns - - -
B _ Lung - S - = -
. a2 T 1 - - .
/ - Trac. '} - - - -4
o | R Lung ' e = e
C : i | 36 TBW | 1 T T
- ' | Trac. SR
. . ) Lung . - - - - + .
e S > Trae, " T e e e e .
. ) :, . ‘ v Lung v- Lo - - - ;_. . -
. ’ C Trac. ~ F - - . oo
‘ a » Lung o o
A _ | TBH a2 Tracheobronchia‘l Vash )
o - Trac. = Trachea
Sy - NS = no Sample
i
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Immuhoiogical Response to pertussis infection in mice
a. Optimal cond1t1ons for ELISA techn1que
E Preparatwon of conjugates for ELISA -

Initially, several attempts were made to prepare .
conjugates for each of the maJor 1mmunoglobul1n classes of
mouse ant1body by coupling enzymes with commercially '

. prepared ant1 -mouse immunoglobulins (A, E ~ G1, G2a, and
G2b) . Both Horse Radish Peroxidase (HRPO) and Alkaline
Phosphatase were used as enzyme markers. Gel f1ltrat10n was
| used to separate free enzyme and immunoglobulin from the
\conjugate Since only one peak correspond1ng to both protein
' and enzyme was observed (F1gures'1}and 2), for a]l

-conjugates,. it can be assumed that'there‘was 100%"

"_conJugatlon with both HRPO and Alka]1ne phosphatase

However, ‘upon t1trat1on the act1v1ty of a]l the conJugates
was found to be so low. that they proved unsu1table for use .,

(in the ELISA test. - SR o
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- Figure 1: Elution (with 2 m1 fractions) of Horse Radish
Peroxidase con_wgated anti-mouse IgA from a Sephadex G200

-co Tumn- equ111bratedaw1th PBS pH 7.2,

/.

.3of

B Ay, Provein
.28 .o : : Ll ] -‘A‘“, Emxyme
.20 |

s

.10 1

Figure 2: Elution (W1th z. 5ml fractions) of AlKaline
‘phosphatase conJugated ant i -mouse IgA from a Sephacry] $300
column equ1]1brated w1th TRIS;pH.B,O. ‘




2. Double Ahtibody Indirect ELISA ,
A double ahtibody indirect ELISA was therefore:

Mdeve]oped which used. unconjugated. antl-mouse immunoglobulins . -

(rabb1t) The conJugate was commerc1a1 Alkaline phosphatase

’an;i-rabbit IgG. This system proved to be yery_sensxtive and

~allowed high dilutions of both antisera and conjugate (See
Table 2 in Materials and Methods).

- 3.WCIass‘Speeificity of_Aﬁti;mouse Immunoglobulins |
‘The~epecfficity of the anti-mouse immunoglobulins was
tested by reacting them on ELISA platedyto which

chrbmatographically purified mouse immunoglobulins had been

added at varying dilutions. The results of these experiments,

(Figuree 3 to.7) revealed that anti-IgG1, IgGZb&and IgM were
specific for their homologeps immunoglobulins. sHowever , '
anfi;IgA end.anti-IgG2a showed some degree of cross |
react1vity w1th other 1mmunoglobu11n classes anti-IgA W1th

‘ both IgM at a level of about 1/10 the activity with IgA,

- and ant1 IgG1 at 1ns1gn1f1cant Tevels. Ant1-IgGZa

crossreacted with IgGZb at levels rang1ng from 1/2 to 1/10

. that of IgG2a depend1ng on the concentrat1on of the

v

—1nnunoglobul1n present
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Figures 3-7 represent the reactivity of anti-mouse

immunoglobulins on wells that had been coated with purified

- mouse - immunog]obul:n The concentrat1on -of - immunoglobulin
used to coat the wells is 1ndicated on the ‘abscissa.

.", . "'
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Serum Immuhoglbbulin Responses
The pertu551s spec1f1c ant1body responces of five serum_
_1mmunoglobul1n classes as determwned by'the Double Ant1body o
Indirect ELISA are shown in Figures 8‘to 12. For each
sampling date. a single dilution of.serun{from each of the 5
mice was run separately by the ELISA and the results
(absorbance value at 405nm) averaged. The data plotted for‘
each group of mice represents the mean absorbance value plus
or minus one standard dev1at1on Control mice showed no
response for IgG2a and IgG2b. Absorbance values for IgA, IgM -
. and IgG1 in control m1ce are shown on the graphs where the
data represents the ‘'range between the two control values
General—trends in the 1mmune response were observed .
‘even though there were of ten rather w1de var1at1ons between
the readings of each 1mmunoglobul1n class per group (as
demonstrated by the standard dev1at1on ranges) Pertuss1sA
spec1f1c ant1bod1es reached detectable levels by about day
,“16 to 18 after 1nfect1on and were st1ll present at day 1??3& :
when the last group of mice were sacr1f1ced I1gG1, IgG2a4
and IgGZb 1ncreased unt1l the 7th to 8th week and then '
?gradually decllned Although IgM appeared at - the same t1me

Y 4
as IgG peak levels were reached earlier from about -day: 2& ol

~ L A
- -, e

;to 50 before decl1n1ng Results obta1ned w1th serum IgA were
more d1ff1cult to 1nterpret There was a rather w1de

var1atlon in results from d1fferent mice but the overall
~Vpattern 1nd1cated a contlnued 1ncrease 1n IgA levels with nova

' obv1ous peak be1ng reached by the term1natton date of the
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l

-experiment. Complicating matters further with the IgA

iresults was that the IgA levels in control mice also

ﬂ.appeared ‘to 1ncrease although -not- to the same extent as ‘the -

samples from the 1nfected mice.

_/——"‘\
Flgures 8-12 represent the pertuss1s speoif1c ant ibody
responses in serum from mice 1ntranasally 1noculated with Bs
pertussis where the disease was followed for 177 days and .

serum ant1body levels measured by ELISAV/The results from

'1nfected mice are shown by a sol1d vert1cal l1ne

‘represent1ng ELISA absorbance‘Values in the. form of the mean

plus or minus one. standard deviat1on from f1ve mice. Control

d'_ m1ce results are shown by a broken llne wh1ch represents the

- range between two mouse responses.
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TBW Immunoglobulin Responses

e Pooled TBW’s from Experiment 1 were tested by ELISA for
_“the presence of pertussis ant1bod1es Results are shown in_ .
Figures 13 to 16 where each data point represents a pool of
TBW' s from five mice Values for control mice were. all zero.
‘except for IgG1 in which the results were minimal from the '
pooling of 2 TBW' ' o ‘

| " Pertu551s specific IgA and IgG (subclasses Gl G2a, and
G2b) were detected but there was no detectable IgM response. -
IgA was present by day 18 peaked by about day 30 and began
‘to decline in the 7th to 8th- week of disease although it was

still present a; day 177. The three subclasses of IgG were -

- .present in TBW but the responses were not as strong astthat

_'of IgA. Df the three, IgG1 gave the strongest response and .
'began to 1ncrease after day 20 IgG2a was detectable

slightly earlier than IgG1 and IgGZb No strong peaK period

-w_was observed w1th any of- the IgG’s and there was a decline

¥ .after about day 80. In this decline period, several sampies
"reached negative values unlike TBW IgA and serum IgG |

responses

o

Figures 13—16 represent thé pertussis Specific antibody

4 responses 1n TBW from 1ntranasally 1noculated mice w1th B.
-pertussls where the disease\was followed for 177 days and :
_TBW antibody responses were determined by ELISA ‘The results ‘
ifrom infected mice ane shown as a solid line where each

;;polnt represents the ELISA absorbance value from a pool of

A



five mouse TBW' s. Control mice hésuit'_

broken line and each point‘repreéehts'the ECISA,absorban ,

N

B
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value from a pool of 2 TBW's. -
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B.,Experiment“2

- Results from Experiment 2, in which uninoculated mice

C I : s :
_were exposed to infected mice are shown in Table 6. Although '
at no time4Were'eXposed mice culture positive'for»B -
pertussis many animals showed antibody responses and often

B. pertussis was seen by FA. Response in a single

\;innunoglobulin class may not be 1nd1cat1ve of . infection but

numerous mice showed_multiple responses “and therefore were
' con51dered as hav1ng been infected Responses with minimum

.ELISA absorbances of 1.0 for IgM 0. 4 for IgG1 0.5 for

o IgGZa,,i 0 for IgGZb and 0 4 for IgA were conSIdereo as'

’ p051t1ve Even after exposing uninoculated mice to mice: that
“had been 1nfected 9 weeks prev1ously, the exposed mice still
’developed antibody responses ' ' I
e

Lo | R ) 1
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TableIS | o -

Results fros unfnoculated mice that had been exposed to infected mice

. At the tims indicated after infection. Groups-of 4 or-6 mice were - - -~ -
sacrificed at 10, 20, or 30 day intervals following exposure. TBW

.. samples were cultured, examined by direct immmofluorescence for

B.pentussis, and tested for pertussis specific IgA. Serum samles

were tasted by ELISA fowmsfs specific I9G), 1g62a, 1g62b, and

lgM. Only positive reactions

are recorded in the table. . '

Day of sampliing after emposure -
- 20 . .
1231 4 f1 2.3 4
. > ) * .+
4 C + + +
y 3 , + » +
g . v * + *
i S + +
Ye. ~a_ N + + 4 -
' : 'Y
' . +
- + + }
+ . ;
+ + +
4 °
+ v N
i + .
" 1. 2. 3 & 5 & b Y. - 2.3 8 5 &
N . j +
28 'Y
: +
: + + + ¢+ [ haat -
. ) + Y
38 . ‘ '0 .
+. -
) + + o
+ * 0-~j'
- , ) \
42 . R
+» +]+ 4 + A + ¢ +
’ ) ¢ + 0+ .
+ ¢ +. + +
+ + , 3
] + + +
497 . ! )
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. . * & +
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. o +
. . . . '.. . ’ : .
. “ - +
g N '; * PO ¢ v ¢ +
= . . +
) . ey
- i B A‘ ; R S >
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I ’ : ’:ﬁfo;“f e of . .+ /
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IV, Discussion
B. pertussrs 1nfect1on of the mouse resp1ratory tract was
found to follow the course pnev1ously descrlbed for th1s
model (Geller and P1ttman. 1973)and resembled human
pertussis in duration of infection, although’the mice

displayed no obvious symptoms of infection. Following

' 3 initial infection of mice there was a high rate of recovery

&
of the organ1sms by culture for approximately 21 days,

’ followed by a rapid decllne although positive cultures were

obta1ned from occasional mice until day 44, Even though
organvsms detectable ‘by. the culture methods employed in th1s
study d1sappeared early in the disease, organisms detectable
by direct 1mmunoflu‘dpscence pers15ted for a much longer
pertod Most TBW's were positive by 1mmunofluorescence up t0'

about the 40th day after 1nfect1on Follow1ng th1s ‘there

was a sl1ght decl1ne in the number of spec1mens exh1b1t1ng
,1nnunofluorescent organ1sms, however organ1sms were still

:seen in 2 mice at the 129th day of 1nfect1on

False pos1t1ves are reported to range from 6 7 to 40%

‘.. of FA p051t1ve results (Broome et al, 1978) .and the
- poss1b1l1ty therefore ex1sts that some of the FA posvt1ve

results recorded 1n th1s study were 1n fact false pos1t1ves

However the h1gh inc1dence of false ‘positives can often ‘be

explained in part by reader varlabiluty and 1nexper1ence In

s this - study the effects of both of these var1ables has been H—\
| m1n1mzzed as all observat1ons were made by a s1ngle, '

'exper1enced observeqﬁiln add1tron the mouse TBW's conta1ned

'./
L
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very little interfering background fluorescence so that
fluorescing B. pertussis cells, if present, could be easily
discerned... _ .. ..

/

In human bertussis, culture is more liKely to be

*positive 1n the early stages of disease, but even at th1s

time, it is not. always successful. Less.than 50% of
untreated pat1ents will have positive cultures after the 3rd
week of illness and 20% or less(after the 5th week
(Linnémann; 1978) The d1ff1culty in culturing organisms may
be expla1ned in part by lengthy handl1ng and process1ng
times of some spec1mens and 1n ‘other cases by 1nfect1ons in
which aqpnts Otherwthhn B pertuss;s cause the pertuss1s
syndrome Th1s study conf1rmed the d1ff1culty of cultur1ng ;3
B. pertussls even in the early stages of d1sease Spec1mens
of TBW, lung, and trachea from %agut of 5 mice on the 8th
and 11th days after infect1on failed to g1ve pos1t1ve
cultures. although 9rgan1sms were seen by direct
1mmunofluoresoence '

.Several steps were taken (o} obtain the h1ghest rate of
B pertussis recovery from ipfected m1ce TBW' s were

inoculated d1rectly onto resh CHBA plates. even though it

"~-had been shown that the stra1n of B. pertussis used for

. initial 1noculat1ons of - the mice was stable for at least 90

,”minutes in salihe the solut1on used to wash the resp1ratory

tract. TBW’s were also culturéd by an enr1chment method '

. '.‘ﬂ

ﬂ(Regan and L§§S 1977) but th1s d1d not prove to be any more

sensitlve than-d1rect plat1ng ff TBW's In addition to

! \
|

-

A

o
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TBW's, portians of the trachea and lung were cultured for B.

pertussis. , . . o o
-~ - -The detaction of the appearance or -increase in ant1body
: titer 5gainst a mlcroorganlsm is often used to confirm the
.su5pected clinical diagn051$ of an infect1ous d1sease E
-Moreover, whan attempts to culture the organ1sm have failed.
determ1nat1on of antibodies against the part1cular
_m1croorganism may be the only means of prov1d1ng laboratory
confirmation of the d1sease Although antibod1es have beerr
detected in pertuss1s 1nfect1on by a’ var1ety of techn1ques,
the results of such serolog1ca1 tests may be unreliable for _
'd1agnos1s.1n 1nd1vidual clinical cases The presence of
ant1bod1es arising from immunlzatlon compllcates the use ofﬂ
serum antibody levels for diagnosis. |

In th1s study, an enzyme hnKed mmunosorbent assay was

e used tOLfO1]GW pertuss1s ant1body respdnses to 1nvest1gate

' ;hexr 1mportance in relation to diagnosis as well as the1r
v(roleuln 1mmun1ty The 1ntroduct10n of the ELISA test for the
determ1natibn of ant1bod1es has afforded nﬂhy new diagnostic
, potent1als ELISA has proven to be well su1ted for-sensitive
’.and accurate dptection of the antibodx response to qgny .
v1nfect10us diseases (Voller et al, 1976) A further ‘

3

'advantage is that all 1mmunoglobulin claSse% can be detected
with equal eff1c1ency SO thq‘r'he method*a]]ows class

'specif1c antibody determvna, 'V_tf desired.

The sens1t1v1ty of enzyme 1mmunoassays depends to a
large extent an the preparatmon of enzyme ntlbody,"
PR AR " ’
¢



conJugates pOSSEk81ng high enzymat1c and immunologic

‘

_activity. Two types of: noupl1ng react1ons have been--~~—-

"descr ibed: one and ‘two step reactions - In one- step o

3

" procedures, the enzyme the" cross linking agent.'and the
1mmunoglobul1n are aTl Mmixed together and- allowed to react
In th1s procedure the react1on is d1fficult to control and

«conJugates arebheterogeneous In two ~step procedures. the .

enzyme is f1rst treated with ‘the cress l1nK1ng agent and

-

.then the 1mmunoﬁﬂobul1n 1s added }heoretICally, in th two o
estep procedu?é the react1on is eas1er to control thaﬂ'theﬂﬁh
l'one step procedure, and more homogeneous conJugates are {h

ach1eved - -Lg" T '__'_. T . ;"~ - ﬁf;“

Sodium" per1odate is the agent of choice fqr coup11ng i

, perox1dase to‘dhtibodles Conjugate preparat1ons for 'this ls?f

study were made using th1s one step procedure HoweVera»ﬁ g

LS
P

1n1t1a1 attemptg)resulted in conJugates of very ]OW’V
.Pr,,

‘ actvvity A]teratlons to the ob!g1na1 sod1um per10date I

method were subsequent&y performed in: an attempt to 1ncrease \
the act1v1ty of HRPO conJugates. The sod1um bordhydr1de step '
;;{ (stab1liz1ng agent) was om1tted slnce 1t hai?ﬁepn observed K

| thattwh1le the eqzymat1c act1v1ty rema1ns ﬁfﬁh after sod1um o
ﬁ%s ] borohydr}de treaxment the ant1body actév1ty of . the ’

‘e"‘ -

V_)conjugate i's reduced 50 to 60% (Saunders, 4979f Sodlum

£y .
§' borohydrtde was also deemed unnecessary s1nce‘the conJugaﬁbs
| wbuld be used w1th1n a rélat1vely short per1od of t1me

Tat

{Several authors used 1ncreased concentratlons of f’

immunogiobulins over the tradwticnal 1 1 rat1o of enzyme to

T, J AR 2 T ) S ) ) ‘ Sl
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infwnoglobulin when coupling (eg. Saunders. '1979; Math1eson

et al, 1978) with the intent of obtaining a larger

; glutaraldehyde gave better conjugates than those, wi th Horse_

> ‘n

- w

¢

percentage of - one enzyme moleculie to one mmunoglobulin
molecule and thereby improving conJugate act’ v1ty However,
with thigd’ and the. sodium borohydride modifications to the
couphng prdcedul‘)x"'HRPE)- conjugate?could not be produced
w/t;» suff1o1eﬁt ‘actWI ty to warrant use. Avrameas et al
(197&l,yk,ated that‘the mmuno]dgical and- enzymat1c activity

s 2R ;’{M" el

‘:gyfmrwtdase conjugates as conpared wi th precouphng values

RN

. Was. W‘% and 30% respectwely However , conJugates prepared
with‘aa two step glutaralrdehyde procedure exh1b1ted 50% and
50-075% of the 1mt1al ktmunologwcal and, enzymat1c act1V1ty,
respectwely It was suggested (R. Haufe personnal '

comnumcat'lon) that Alkahne phosphatase when couple?By

Radwh Perox‘idase Alkahne phosphatase conjugates produced
“in thls manner were found to be super1or to HRPO conjugates

but st111 of 1nsufhc1ent act1v1ty for USe in an 1nd1rect

ELISA

The conJugate 1s the moé& expenswg conponent of the
) B
ELISA techmque and 1t 1s therefore not feas1ble to use

conJugates o*"'glow act1v1ty The act1v1ty ‘,of aH conJugates

prod(Jced for th1s stu@r were very low (\opt'lmally d1luted at
_‘ less than 1/50) and therefdre another form of ELISA the
double anttbody 1nd1rect ELISA was developed Th1s system

raactgion and’&tso, ,c1roumvented the needl to conjugate eacg ‘x

| egrp]oyed an’ eﬁtra ant:body step, which served to anphf,y the ~»

Ob

~

~.



, ‘.ihomologous 1mmunoglobul1n However,'ant1-IgA was crossv'f

59

o

individual anti-mouse immunoglobulin An added advantage was

that 1t made possible the use of a commerc1ally ava1lable RS

’

conJugate

admodification of Granfor’s (1979) method. This-E. ada
to be a h1ghly sens1t1ve and spec1f1c test. Sens1t1v1ty of -
the test is 1nd1cated by the h1gh degree of: d11ut10n for
both 1mmunoglobul1n and conJugate Ev1dence for sens1t1vity
and spec1f1c1ty in the test also comes from the test1ng of ‘

‘ant1 mouse 1mmunoglobu11ns w1th pur1f1ed mouse
k2

=1mmunoglobul1ns (Flgures 3 to 7). The data 1nd1cated*§hat R

-the, test d’s sens1t1ve at less than 100ng of 1mmunoglobul1n
: ~
per ml Ant1 -IgM, -IgG1, and -IgG2b were spec1f1c for thewr 9

.

react1vefw1th both IgM and to a ]esser. and probably

1ns19n1f1cant extent ‘with- IgG1 EPe cross react1on w1th IgM

is un11kely to be s1gn1f1cant when measur1ng IgA levels in
e .

TBW as no: Igh was detected here Thls Bross reébt1on was a

poss1ble soqrce of error 1n the measurement of serum IgA.

«

“1“1evels However. if an ELISA absorbance va]ue of 0 3 to 0. 4 -

-"were cons1dered as pos1t1ve the cro$sreact1v1ty w1th IgM

.was only about 1/10 the act1v1ty of IgA

| g Ahtl IgG2a was s1gn1f1cantJy cross reactive w1th IgG2b
However Sane thls cross react1on was conf1ned to the IgG2
subclass, 1t’s 1mportance is d1m1n1shed E ' |
? IF temperatures of 36 C were used in the ELISA
91ncubat1dhs could be completed w1th1n 2 hours for most .

.ﬁ
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steps' Initially, high background values were present in the !
~fest; probably due to nonspec1f1c b1nd1ng of either antibody -'\y

or ‘conjugate (Saunders, 1979) . although the high 1ncubat1on

f'temperatures may also have had a part 1n th1s During

1ncubat1on times. all prote1ns will adhere to available
s1tes on the solid phase and ewpntually, all availabie s1tes
are taken up by one molecu]ar type-or another Oneumethodrof

lower1ng nén se$c1f1c b1nd1ng is. to add Boviné«&erum Albumin
T TR e,

(BSA) to- the ant ibody diluent to g1ve a- concentpa§ nﬂof{Bs§g,¢;

é‘b».
} dyy more

much greater than that of 1mmunoglobul1n Conseq'

o BSA. molecu]es than 1nmunoglobul1n molecu}es b1nd't‘o “_:";1:'}},;
" available s1tes on the sol1d phase Instead of 1nclud1ng,
d1n the d1luent, an incubation with 1% BSA after sensitizing
p]ates with ant}gen was- suffﬁc1ent to prqgfnt non-spec1f1c ji
. blnd1ng and thus lower the background valq.g» . '

d General trends in the 1mmune response to pertuss1s
1nfect1on in mice were observed although there were often

ratber w1de vaniat?ons between the absorbance values

'obta1ned W1th1n a parttcular sampl1ng date and also between

samp11ng dates.vThts was . most 11Ke1y due to the degree of = ’ 0.6
h 1nfect1on atta1ned by each mouse “The utmost care was taken ,'g,qﬂi
when performlng 1ntrana$al 1nocu1at1ons to ensure that al] | ’
mice rece1veé the same amount.of 1n6cufum However, the B
.,extent of" 1nfect1on could not be determ1ned and 1nd1v1dua1
;var1at1ons between mfbe 1n thetr response t; pertuss1s
'._probably accounts for a large amount'0$ the d1spar1ty ;
l;between results L . giﬁs

) ’ : V E : o o VN 5 3 . B .
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~Increased.serum'levels of pertussis antibody of .the

'five'immunoglobulln classes:tested (IgA, IgM IgGl lgG2a, S

IgG2b) were observed. The antibodles began to appear early

in the third week of disense and persfsted uq&ll at least g

the 25th week IgG levels appeared to peak 50 to 60 days

_after 1nfection whereas IgM peaked somewhat earller in the
20 to 50. day range. £ .
In1tial attempts tbﬁag%sm?e IgM levels were~y

;unsuccessful as absorbance values of sera from control mice’
‘were not sign1f1cantly d1r}erent from those of 1nfected
- mice. To determ1ne 1f removal of 1gG would improve the \
'i_detection of IgM the mouse sera were - absorbed ‘with Proteynr
:A The absorbed sera: proved to be more sat1sfactory for' the
pertUSs1s IgM assay although relathely high absorbance |
"~valug% were still obtaIned 1n the sera from control mlce
‘ The serum IgA response was diff1cult to analyzeq§1nce -
_ values in, control mice appeared to 1ncrease along with thatv'
| - of the 1nfected mlce W1th1n the t1me per1od observed it
‘_ff'could not be determtned 1f a max1mal level of serum IgA was
u’:g attamedi IR o | L
‘, : Geller and P1ttman (1973) measured the immunogloﬂpl1n
}Aresponse toﬂgertuss1s 1nﬁection 1n m1ce and also observed an

‘L‘n

«w-{ﬁ syum .IgA ‘F;‘vels‘m rel/atton to- the other mmunglobulm
LS8 : :
o classes 30 days f?ter;gpfranasal 1nfect1on However, th1s S

1noue§se wasadeteptﬁﬁéd‘from a Small sample and antlbody

1

*5 s specificity of the IgA was not asosrta1ned Furthermore, th
) _ i 1 : ‘ R .
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The role of serum ant1body in resistance to 1nfect1on .h
“or re- 1nfe¢f1on remalns unresolved Increased agglut1nat1ng
antibody levels correlate to some extent w1th 1ncreased
1mmun1ty although pertu551s can develop in the presence of
ant ibody (L1nnemann, 1978) That serum ant1body may play*a
role in res1stance to infection is suggested by the
) .observat1on that parenteral inoculation with Killed B .
»peﬂtussis organ1sms g1ves r1;e to a res1stance to 1nfect1on
This 1mmun1ty, wh1ch may pers1st for several years 1mpl1es.:
the presence of a pers1stent 1mmunolog1cal memory and ' f;,}
suggests that IgG plays an impor tant role in prolonged

res1stance to 1nfect1on (Olsen. 1975) o : F /o

- Pertuss1§ is a superf1cﬂ;1 1nfect1on and one of the

.diff1cult1es in evaant1on orjthe 1mportance of}ﬁh‘ immune
‘response has been the lack of cons1stent f1n81ngs On the -
N =2 :
-.Arelat1onsh1p between ant1body leVels and events in the

-

| resp1ratory tract Jr _
_ Pertuss1s specrf1c IgA and three IgG subclasses (Gl
'GZa GZb) were present 1n wash1ngs of the mouse resp1ratory
ﬁ;traci after 1ntranasal 1noculat10n w1th B. pertussis but no
. IgM was detected IgA appeared on about day 18 after
"'1nfect1an reacned'a strong peak by about the 4th week and'3‘

*twas sttll present .25 weeks later (end of th1s study) .

faj = ‘

IgG appeared at approxtmately the same t1me as IgA A\ o

K‘7g>alth0ugh at much lower levels Max1mal levels were atta1nebh-

&~

N
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. between approximately the 30th and the 70th day %f
infection The apparent peak on day 58 is. difficult to - - -

Aexplain N » e
| IgA is the predominant class of antibody in secretions
bathing the mucus membranes The- mechanism of IgA action has
'not been fully explained IgA is known to. neutralize Viral
activity, but less is Known about it's antibacterial
functions Secretory ‘IgA is not generally considered to be
,‘bacteriCidal to mediate complement dependent lysis (at o
.least by the clas5ical pathway” although its action by the

.alternate pathway remains a pOSSlbl]lty)y or to. bind to

o macﬁbphages or enhanc?rphagocytOSis (TomaSi, -1870). However

i

?the recognized abi ?*y of secretory IgA to bind spec1fically
‘to bacterial cells and affect their aggregation could ‘
%influence their adherence (Williams and Gibbons, 1972)
.Hence the maJor mechanism of immunity mediated by secretory |
‘velgA is likely to be the prevention of attachment of bacteriaI
ito the Ciliated/epithelium b, A N
1gG. in secretions is present at highest concentrations //?

in the lower respiratory tract (Reynolds et al 1970) ome

"ﬂof it is probably present from increased vasgular

. permeability (serum leakage) as’ a result of inflammation 1}gp.f

vHowever. Mycoplasma pulmonis IgGi and IgG2 containing cells

Vgihave been demonstrated in the mouse respiratory. tract o
iﬁﬂ' indicating the pd?sibility of some local production (Taylor(_

and Howard 1980)

o The IgG inqsecretions, although only in low levels,
‘ / .. PR Co _ t

——
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ifcan promote phagOCytOSis or complement mediated. -lysis.- R

) . e

prObablvvplays more of.afbactericidal‘role_than.IgA.'IgG2\'

."'

~ However, it 1s not clear how: IgGl might med1ate re51stance

- . since 1t is not opson1c and it's abillty to fix complement

is uncertatn (Taylor and Howard, 1980) .

Severaltﬁbstulates can be drawn from studyxng the

antibody responses to pertus51s The d1sappearance by about :

20 days after 1nfection of the majority of organ1sms dn o,

of - secretory IgA The spec1f1c role of IgA would probably be: f

to prevent attachment of B pertussfs. with the ant1body

~‘bel*ng directed aga1nst the attachment appendages poss1bly

The: detect1on of pertuss1s IgA from the r f

1 .the hemagglutinln (Sato et al 1978)

Gecretory IgA ar1ses only in response to actual

1Q 1nfect1on by the organlsm and not parenteral vacc1nation

'atory tract

”1may be a useful procedure for the retrospect1ve d1agn051s of

pertuss1s and also a1d in the d1fferent1atlon between true /

_.pertuss1s and " the pertuss1s syndrome assoc1ated W1th other

g;organ1sms persxsted for several months after cultures became R

A‘Lagents (qudman et al, 1981). The early. appearance and

persIStence at relat1vely h1gh levels for several months of

'j:lpertussts IgA could be an 1nvaluable d1agnost1c tool 1f

' ”a,comb1ned w1th the cl1n1cal p1cture

-\

-e’“‘

L

' »culture correlates well with the. appearag?e of peak levels,j“

‘

D1rect 1mmunofluorescent exam1natlon of TBW’s from m1ce if

'11after 1nfeqt1on with B pertussis 1nd1cated that the .

VH-'.”“A . ] .. - . o o [4

3 negat1ve..An e;hj;jment was therefore 1n1t1ated to determ1ne E



65 -
if these 1mmunofluorescent organisms were capable of .
i“transmitting 1nfection Uninoculated mice were exposed.to o

. 1nfected mice at weekly 1ntervahs for up to 9 weeks At 10 N iﬁﬁ

:20,,and 30 day 1nterva]s after exposure groups of exposed

- mice were sacrificed Samples of TBN were culturedﬂ examined |

. response experiment

by direct 1mmunofluorescence for B pertussis and tested for
pertuss1s specific IgA by ELISA Serum samples were tested '
by ELISA for the presence of pertu351s IgGi IgG2a, IgG2b

| “and" IgM P051t1ve ELISA absorbance values were chosen as I
being approximately one half of the peak reSponse level
attained for - that antibody during the 1mmunewresponse Serum‘
';IgA and TBW 1gG were not included in the study due to the |

‘difficulty of 1nterpret1ng these responses in the 1mmune

vy L
P [ P
5

: At no - time ‘was B pertussis cultured from exposed mice
’ However, direct 1mmunofluorescence of TBW indicated the
b.presence of B pentussis 1n many of the exposed mice ’
4 Respongagin a s1ngle 1mmunogiobulin class or by FA alqu may :
fh:not have been 1nd1cat1ve of 1nfection but many an1hals o

i;showed multiple responses and therefore good ev1dence of

“'”finfection ‘A-: e _5”, a~:' .. -1 r ," f@ﬂ"‘

| The work of Gray‘and Cheers (1967) indicated that B

"rpertussis could survive intracellularly in. alveolar_3'<v"

, macroohages in a complaisant state for weeks after,n;v -
iilinfection Dolby et al (1961) also noted that 1n many cases,.l

| B{mnﬁse lungs harbored small numbers of viable B. pertussis o

v'-,”.*‘_ffor months Although it has beeh shown that B. perqu?{s is

‘4
.\*"

s o
: !
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capable of surviving for long periods of time after

infection possibly intraceTlularly, it has not been

determined if these“organisms constitute a potential

infective source

| In this study it was shown that B pentussfs could not
be cultured from exposed uninoculated mice, although direct
immunofluorescence and antibody results indicated ‘that the
fv organisms were transmissible for at least 9 weeks Since the

: organisms could not be cultured from the exposed mice, it is

pogsible that the organisms were present in an altered form

. in both infected and exposed mice - Such an altered form of .

the organism if present in ‘the human could constitute a.

potential source of infection leading to sporadic outbreaksrf‘Q

of the disease The fact that thezprganism may be able to

exist in the presence of peak antibody levels indicates that r» -

immunization may do no more than ﬁender the organism a

' commensal rather than a pathogen in an immunized host

-

The inabiliigyto culture the maJority of organisms past
the third week’ of infection may be a result of one or - both
of the follOWing events Organisms move to an '

‘intracellular enVironment 2 Organisms may,. assume an adtered '

t state and no.. longer be culturable by standard yf_'.. o R

: Qbacteriological methogs “vai{t' : -“f
‘ This study has brought to light several interesting
features of‘the mouse pertussis model and the results 2

;the possibility of thg existence of a carrier state

while

. C.. ",:._
e

rther study is necessary,ﬁthe findings open up

.. .
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N
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1ntriguing p0551bilit1es for the maintenance of B. pertussls
/

.'; in human populations V;Ang;h o _;ng_m",_w m_ﬂm?“;,g_wT4MM

e

Further study in this area ‘could involve an expan51on

of the transmisSion experiment ‘with larger numbers of mice

~and more frequent sampling procedures. In addition to'the
“culture, immunofluorescent and antibody studies emp loyed for S
-tnis:experiment 1t might be uSeful to attempt culturing the- ‘

organisms from homogenated lung spec1mens'To determine if

organisms are intracellular and viable In order to

Q\determine the extent. of 'B. pertussls infectiv1ty a mq\e“

precise investigatiOn of. the . tl%@ period for transm1551on

intimate contact

el

i

[
S
eal

1



. Avremeas S.,

V. Bibliography - e L

Aftandelians R. and J. D. Conner 1973a. ’Immunologicaf
studies of pertu551s Development of prec1p1t1ns J.
Pediatr 83 206-214, | S |

. Aftandelians’R. and‘d. D: Connor. 1973. ’Bactericidal

_ ant1body in. serum dur1ng infection with Bowdetella
o pertussis’ . d. Infect Dis. 128:555-558.
 Anderseh E. K. 1§53:-’Serological studies q;\Haemophilus;..
| pentussis) Haemophllus‘papépertussis and HaeMOphflus
 bronchiseptica’ . Acta. Pathol’.- Microbiol . Scan. 33:
| 202-224. .
L .
Aprile M. K 1972 “A reexam1nat1on of phase 1v Bordetella
pertussis’ . Can. d. Microbiol . 18:1739-1801.
e S |
T. Ternynck and J. L. Guesdon. 1978. }’Coupllng
‘effenzymeeAtb.epfibodies and antigens’. SCanH dJ.

: @t'Jmmunql;fvol, 8. Suppl. 7, 7-23.
Arv1dson S. T Holme and T Wadstrom 1971 ’Influence of
4"cultivation condit1ons on the production of
o extracellular protelns Qy StaphylococcUs auneus’ Aqte,
e Ratho] Mtcno%jol Scan. (8) 79: 399 405

Le8.



N

Bordet J.*and

. Gengou, 1906. ’'Le microbe de la

~ coqueluche'\. Ann. Inst. Pasteur. 20:731-741. .

by the use of\penicillin’. Am. «. Public\Health

. Bradstredt-C. M. P., A. 4.’ Tanqahlll and J. M. B.
‘ 1972, ’Detect1on of~ Bordetefla peﬁtussis antib.

dwards
ies .in
human sera. by complement-fixation and immunofluorﬁscence
. Hyg Camb. 70:75- 83

- Brooks G. k.., and T; M. Buéhanan, 1870. 'Pertués%s in the.
' Unlted States’ . J. Infect. Dis. 122:122-125.

e S . - SN

2

»,Broomé'c V. D W, Fraser and w. J. Englush I1. 1978-

| 'Pertussws dlagnostic methods and surve1llance p. 19réz
in C. R. Manclark and J. C. Hill (ed )y 'International

_ Symposium on Pertussts' Dept oféﬂealth Education and

| WelfareJ Bethesda.

PR Y
-

Burnet F. M. and C T1mm1ns 1937. 'Exper1mental Eertuss1s

ln the mouse by 1ntranasal 1noculation' Bﬂit J. EXp

R e e

--—~ﬁathof~‘18 83- 90*~—*~“““”f“’1 B
;Qamerohrd."1967,"Varation,in'Bbrthel7a,péﬁ£stfs’} J.

~ Lo - . ~ -
L o ‘ s N ﬂi’
L] . . . . . . LT * coad



Pathol. Bacteriol. 94:367-374.

Chalvardjian N. 1966. 'The laboratory diagnosis of wrooping
cough by fluorescent antibody and culture methods Can.
K Med. Assoc J. 95 263~ 266

'Cheers c.f1969. 'Delayed hyper§ensit1v1ty in murme
. ' pulmonary pertussls Aust. . Exp. Biol. Med Sci
Do 47:518- s20.

A
-

Cheers C. a‘nd D.CF. Gray l969 ’MacnOphage behav1or dur mg
the " conpla1sant phase in murme pertussw ¥ Immunology
17:875-887. o R

.Cohen S. M. and-M U ‘Wheeler 1946 ' Pertusj‘st-s yaccme , _'4_;:
prepared wi th phase 1 cultures'grown in flmd medium
Am. J. Publ ic Hea“lth 36: 371- 376. B »j '

1~\/\_' ‘“‘ S
- a '

gohe T. /E 1970 Uhooping oough 1s Far‘st desémbed as a

dlsease sqi generis by Ba1llor in 1640’ bPedlatr‘fcs
."" . a',s‘,*. .

46 522 - R u‘ et A ) ] N
i ) M ' r “ : L ”r..' i . e ' -‘4 .’
Sre ' - - i

o _"»'._ K

Colller A. M., L. P \Peterson and d B. Basemaﬁn 1977"

' ’Pathogenes1s of 1nfectlon w1th Bondée]la per'tussls in,

. hamster tracheal organ culture d. Infect.\Dfs.'\ LT |
(suppl ) S196- -5203. R | ﬂ

Ry
£



s
o
N
i
.3-'"
o
Pl
<
.

\ ¢ LA

\

A o . s . o ] I , Fo
. . v, . S . ) s ‘y - , . / . m".i v %] .“-s.',.

g

r

B .Hyg Camb: 70 707- 718‘ ‘-,f;{}“';.f'i';", o ’%”%

4 . . . e, . N - ) . . Fap o
R S

P P . S
nA ’ 0‘ . N ”,‘r . ) \\ o

Do]by ,;.l M 1972, "Passwe protection of mice against

intracerebral infections with Bordetel 1a per'\t\ussis' - q .

""" e JURAE '“ : ) e _— ,‘-_v_\_l,,___w,, i

’ Dolby d M‘ andD E Dolby 1969 ’The gibody act1v1ty of -

gDonalqson P. and

‘ 195 and 7S fractions from rabbit ant ra to.: Bor'detella

pe(-tussls' Imunology «16:737- 7.47. ¢

Dolby d M and S Stéppens 1973. 'Pertuss15 antibodies n
the sera of children expo ed to Bwetella per'tussis by

vaccination or infection 4 "Hyg., Camd. -§‘71 193 207 >

,f ,/
[ 2

Donald A B 1973 K The diagr’s"osis of \uhoopi . Br. iy
v Med d. 3 613 6&8 BT f"'; - .
S S R % '5 o , "'-""".'

’.."f:y sta‘*[ning of nasopharyngeal
smears . AMA» 5 oJ QIS. Gh”d 9%423 427 "'.,

-l‘ by f'luorescent anti

2 - ::-'a:! ‘-' ) .

"\ :

Flelds L H and C D Parker' 197'7 T’Pertussjs outbreak fn

Austm and Travis county. Texas, 1975’. d CI In

| ‘-irg’mcnobtol 5 1154 1160

Fieldﬂand c D'f; «ﬁiﬁk‘erwsvé 'srfects of fatty acids

/.

“taker 4960 *”’Diagnoms of pertussis N :



' '-,r..b* Bordqﬁgna per'tussls' Infect Inm)n 8: 83 90

ghoskh T and . Tranter. 1979. - 'Bordetella bP'onchlcanls

;;,'#,,,

. " ‘!'& . v‘. .
.Geller B. D. andM Pittman 1973 ’Inmunoglobu]in and

e hlstaminegenmtivity response of miée to Hve

Py
(bronchiseptwa) infectlon 1n man &v1ew and a case

"1 %port’ u Clin. Patbol 32: 546 548 T

.

Lol |
A Goodman ‘%;JE" Al Wort and \
| ¢ i .\\ 4.
. \,

';nzyme lmKad lmnunosorﬁenff ‘ 1 N
‘|‘ } s LR
pertussis ml&:noglobuhn A 1n nésep'}??%@af secrectlons
“he
as an 1nd14:a~t‘or of mecn&‘ mf‘ectwrr'y. 4 C7l'n '
mcnobfoz. 13 : 286 29”2 T ,,-»‘u

. N 4 . Lt
DY T :
et S - fen e W E v

.iGoodnow R. A. 1980 _';al'io‘i-
AR mcr-obiologfcal Revielfs

- 7-1”5“*" ,_ é . ’

e ) K
Granfors K 1979 ’Measurement of mmunoglobin IgM IgG and
R “1aA. “"";"es aga1pst Yer'sinla enter-pool rtlca by

enZyme lénked menosorbent assay Pers1stence of serum

N :

g

; Bordetel 1a: plfons:h1septlca, <l

~

G°"d°" J . af"” 1—‘.= ”°°d/‘951 | ""hmpﬁa éough nd- 1t’_', e
' epide'"‘°'°g‘°a' am“es '4'" U ﬂed Sef.” S
‘ *222 333 361 :, e . ‘\ -. __ :.. o




. [ o
.r ’ . ) . -
R .

‘ rm | 73

v
O { : Bl

pertussia' Aust d Exp Biol Med..Sci. 45:417-426.

O] P
Gray D F. and’ C Cheers 1969 ’The sequence ‘of,

A _hancgd

cellular ac'twjty and protectwe humoral factors in®

~ murine pertu‘ssw mmunlty Inmu(nofogy 17 889 896

el ¥ -

. ‘ " < P K4 . .L .

Holt L.. B ’@72 ’Thdfp’a; X (@ mmunology of Bor‘detella .
Lg per'tussfs mﬂactao, ﬂ’ Micr'gblol 5:407- 424

RN Ay m._!&.ﬂ, . : o . o o
-7 i "" ) ¥ .. .. . % , N ’ ~o R _ I ’ ‘4 '*, .,. ‘.g’ia . -’7.' )
A S
Holwﬁda tJ ant:l G Elc!&‘lng 1963 ’Culture and fluorescent
- ‘to“’ : e
,& dntlbody methocga m d1agnosé§s$’ofgwhoopmg cOugh’ J.
L 'Bacterlol 86: 44924151 DU ORI T A

/ - & . B CEPE

ulr %“8'“ '~ Lo Y . ° : - o ‘N R . a . ! : . ’:‘

.

‘ e . .“"‘_ N ' e : q".‘ ’ T L » .I ‘ ‘.“.Hl" : “ '
w.&, X @ ST DY

&

o R R b R

1 d. W, LB lt dTRD 17'
Hopewe . Hd‘ an \esonw‘e 92@

‘{"- electron microscope study *q@ intracerebral lnfection of

s 1_m1cé. with low-virulenc ;"etel la Pe"'tUSS’S' ;’ Med

-n"’ ’

'_foz. 5 154 L \& b
R . , S ’, ERIE SRR
dameson W M 1973 'whoqp‘,ing cough’ . Br. Med. J.” . . :

1 223 225 e

Kuronen T and R Huov1 la 1978 ’Seroresponse to pertussis
'vaccme p 34 40 m C R qﬂanclark and d C Hill

’ Internat Idnal Sympos fum on Per'tussis' Dept of




’tz’ ¢ . .. . N . . ;;’3. N . g ’ j‘
' . ‘ . . . ’ . "o )

£ ‘ . )
Yo A _ . -
» . ' ' Q
- . .

~ Lambert H. 'v. 1965 4Epiaem1ology o‘f a sma]l pertuss1s

. outbr'eak in’ Kent County, } c:h;_tgan’ P(db ' Health Rep.
" 80:365- 369 cited ,jf' é's 1. 1968. W?~rtﬁ§815 in
_ ___gqglzﬁ,. Annals of. Int. Med. 68:953- 954. e e

o o ’ ' 1‘ - ) ’ R

oy ALautr‘op H 1960 'Laboratory diagnosfs of whoopmg cough or
. .. .Bordetella infections’ “BuTl. WHO 23:15-35.

] .“,._]:___l‘:‘v' . . o S o '0, . . a '
Leshe P H and A D Gardner' 1931 - The phases of “.. - .

o Haémophllus pentussls’ ,!" Hyg v  CBmb. 31 ..423 -434,. . f\ﬁ
2 B XE . N e i }‘"?’Q'_ “& ‘ e : »V -7 ek o ‘ - w“‘%f';’ '
o L, - Qn,‘ 0 . ‘ :q‘ RN s &y L ‘ ‘ .

¥ oo

L W] ; o

‘ - ' A ’

Lmnemann C C. dr 1978 'Host paras1 te interactloyg m IR
ﬁertusms P 3- 18 ii'l C R Mancfark a’hd J. 8 Hi"l]

s Yed) ,,Intemationai Symposlum on per'tussis U s B‘épt“ S

s - 0 L :
v N + ’
. . . .

- of Health Education and Welfare. vBéthesda “'

wm e

B ;ﬁnemanﬁjc g\*dr;, J. w Bass and M H. D.. Sm1th 1968

R I, "The carmi state m pertuss1s o) A_m. d. Epidemio].» :

B 88‘422*427 R R ;*:'7'§1f- ST

( Linneniann C ‘“C -Jr and 0\4 Nase‘nbeny .,1g77 Pertussis 1n the
-“f;;f; adult’ CRev. o

Am d Dfs Chfld 131 560 563




75
; |

[‘ . .Macadlay M. E. 1979 ’The serological d1agnos1s of whooping

~cough’ . J..Hyg., Camb. 83:95-102. o

~

o MansheimB J. andD L _Kasper. 1979. ’Detectmn of

it

anticapstﬂar antibodies to. Bactemides asacchano]yt icus )
wi

An serum from r!bb1ts and I'unans by use of an enzyme

w 1inked inmunosorbent assay dJ. Infect Dls
Y 140: 9457951, LA S

. ‘ - . _' . . !
L% S ¢ T *

Ka

o Mason M A ’11966 ’The spherop]asts of Bor‘detella ,_-:i'"

o pertussls' Can ,dpmf:nobiol 12:539- 545 .

',.Matsuya;na T 1#7% "'R“isfﬁ‘nce of Bor'deteHa pertussig ;;p""
' 1§ 'tg mucoc1hary clear&c& w rabb1t tratheal mu.

membrane J. Infect Dis 136 aba 616

o
R
e

S : Q. . A .
. . S . . LR '0' ,‘ ) « X
= - .o . ’ . - .

Med1ca’l Research Counc1(O1959m'Vac:cmat1on against wl‘aoopmg

< : cough F1na1 report' . Br. Med J.o1: 994 1ooo

. w “ oo
_'\. o L . - o . o ~', T
b T u." ;:_V . ', " _‘,, J,‘,"’ . ’ . Y "w
- G 4 N .

Morse 5, I 1978 /’Biologica”y actwe conponents and

,pr'0pertles of Bor'detel Ia pertussié' AdV APP’ .
S MiQr'obIol 21 9 26 ST e -5

.

. - 4 . o ey
. e D e S e e [ A TR TR .
- !.-‘ ) . oY - . = B PERRIREN . L i : E .
' : . i : T T 4 o

'Studies on the TS
Morphology,



""A - . B . "" o - v'»‘-".f‘ . A " ,h‘ . o

f pertussis'. J. Exp. Med. 131:1342-1357. - R
f : o _\ley;’ o IR T dsz
¥ Munoz ... and R K. Bel‘gman' 1'977 "Bor'detella per'tussis B 4
' ‘el .31
3-‘ Inmunologmal ‘ahd other. b1olog1'caJ actiwes

and Basel Marcel Dekker. Inp

-

Munozd J. andR K Bergman 1978“'B1olog1cal act1v1t1es

NA f’”'

; 3
of Bor‘detella per‘tdSsls' p, in C R ManclarK and d C

oo e A

. | Hﬂl g; ), Intepnatlomﬁ Sympos'gum.pn Per,thssi’s ‘q.,«;;s.' P,

‘@ept of wHealth,eEng;ahm and Welfane Bethesda |
. . ks . ) -V \“? :' ' . . SRR : o , N | )
e Muse K. £ 2\ M“"'lfher and d B @Bas" n 1977 ’Scann1ng
g;’*'fi;f{ Electrdn“h*bfv |

,pe stqdy of hamstb\* tracheal organ
'£— cultures 1niected with. eﬁellé pentussls' J. Infect '

) L. .
ﬂ - L
-~ -

" Dis.‘136'768 777+ ';, ”;rv*‘x', Carh

Nakane P K“1979 o Preparahon and standardizatwn of T
'-«.-;:,*enzyme ]abelled conJugates ' pages 81 87 Inm.moassays
':?'.'in t'he C‘I infcal Laboratory; in L“aboratory =and Research »
_»‘_""‘Methods in Biology and Medwine. Vol '3: Alan-R. Liss J
j?%f,frfﬂﬁinc LERASTIEE {.;‘~=(_Q?7_””L‘“; A

19° ".""Per-omdase labelled
*‘e;atlon ., Histochem

197 vrhékchangingja&idgpjeiégkgéf]peﬁtass}éf},ﬁg“'gg




/ 77

~in young infants’. Am. J. Dis. Chfld. 132:371-373.

North E A 1946» 'Pass¢ve immunizat1on by . the intranasal L
',ﬂ»a route Vh éxperimental pertussis . Aust. d.’Exp. Biol.

' i i 4 "' q.-l',: 3 - -ﬁ : ! -
g mson L C. 1975 ’Pertussis Medicine 54:427-469.

N
Ar C C and C C L1nnemann&dr 1980 'BOPdeteIJa pi
>?'7'337134§ 1nw E_H Lenetté Az Bal‘éwsL w "4, ﬂgusler d"

a',

and diop. “Tru&ht (ed l, Mgnual of Clrn}cal M1croblorogy;
.;,‘ g&“, g L "-‘ Yy
T :
d(@dvtw Avs' R O A S L
st ‘ RV ;‘“'.07 ey e U S

e

PJttman,@.,1970 Bohdétella pertussfs -Bacter1al and host ;g'

‘-
.

factors in the patbogenesls and preventlon of whoop1ng
Févcough’” pages 239?270 in Mudd S (ed) Infectlous Agents

i ‘ “! 1

.eﬁgﬂmm and Host°Rantfbns. w B Sagpders'Co Ph1l$;ﬁ}ph1a

,':;. . L : - ‘ : . ',» ; v ," ; | ;g;j.

h'l P1ttmanwm 1979 ’Pertusaas toxln The cause of the harmful f:
fjj{ effects and prolonged 1mmun1ty of whoop1ng cough A
hypothes1s Rev.g -Infect Dfs 1 401 412 |

P’ttma" " B i Furman and A.cc. 'Wardlaw 1980”7

ff;ff«i ’Bbﬁdehefﬁa v_}tussls cesp1ratory tract 1nfect1on 1ﬁ’.-:

mouse~:pathophysio)og1ca1 reactIOns d Infect g{sg;-ﬂ{

122 ss“’as T R R A
5 a0 T
T

A



el e > § NS - ) - ‘v oy
’ 4'.’_., -/;':)’)",; ’ : @' Y 5, L . ’ . . 78

Wt
Wt ‘
L

b' ¢ L. m o
RO . . e

Preston,N.,E. and T. S. Starbridge. 1972. "Effloecy of -
pertussﬂb-vaccines -A brighter horizon Bn. Med. J.

‘Rowatt E. 198  ﬂ-growth of Bondetel7a pentussfs a'a =
| Micropiol . 17:297-326. e

review!’ .

S £ C /!'~' c '~ g 'V.-”f"fi'ﬁ:,w,,,
- ’Biologiéatwsign1ficance of Bordetella peﬁ?ussfs
o fimbriae or hemagglut1n1n A po§51ble role of the
fimbrias’ or hemagglutiﬂﬁﬁ,for pathogenesis and® .
- antibacterlal lff;m}fy ﬁma} 51 57 1n C R Manclark and
;. i:C Hill (ed) Internafional Symposfum on Pertussfs

e

”«f{}itfjﬁ "s Dept of health Educat1on and Welfare, Bethesda

PO

Saunders G C 1979L5’The art of sol1d phase immunoassays
' 1ncludxng selected protocols ,9 99 118 ‘"-,R M |
"*NaKamurae“w: R uito.VE; s Tucker 111 (ed)

- /‘.j -

| 3:448-451. “ﬁ%7f‘. R B |
| - _ | v 3 .
Regan J. and F. Loﬁem?l§77'"'Enr1chment med1umlfof the . ‘
isolation of Bordetella’ . J. Clin. Microbiol. 6:303-309. "
Reynolds H. Y. .gﬂ% M Mer1ll E- Pr Amento and G, P Naegel ’
1970 ’Immu:gz:obulln A in secret1ons from the lower L
- human respiratory tract’ . Advances in Expeﬁimental o
Mediclne and Blology 107 553 564 -~ -[;_pﬂ:e S f%
. L # "

~ sato Y., K. Izum1ya M. A Oda and H Sato 1978, 7/ T

g

N O



: 79 .
_research methods in Biology and Medwine Vol 3_{ Aan
R Liss, Inc., New York. e .
. S " »» . , o g o o
.Sekla L w Stackiw. and M Drewmak 197’8 ’Kn evalu_atjon o

- of the micromethods us 'i'h a multlple antibody survey ,
in.Manj toba Can aJ Publ fc Health 69 54 -59.
.- Standfast A.-F. B. and J. M. Dolby 1972 "The anfluence of -
| the route of 1nmumzat1on on the protect'uon of mice |
'infected mtracerebra'lly Wi th Bor‘detella‘ pel'tussis' cJ'
Hyg -vCamb 70/%7 501, T

- o . . s . '

SuteliffeE M. andd D. ABbott 197?‘ 'Selectwe Medwm

5 L for the 1so'lat1on of Bordetella p&-tussls and ~'
RROR R panapertussis' g u Clln Pathol 25 732 733 |

"_' 4

. Taylor G and c. y. Howard 1980 "Class specific antibody
responses to Myoopl”' ’“'ﬁ)@;lmnfs in sera and lungs of

ATy

ST mfec__ed and vacbtnate‘& unce’ r Ihfect Irmuz
‘ 20 1150 1168 PR SRS D

o o, o
1 .




. 80

&7 Varughese P and S. E. Acreq 2. ’Pertussis in Canada.

1924 197&' Canada Diseases Weekly Report 5:217-224,

E.:_',,j; _____ Voller_J\ .-D,. BldweJJ _and. A Bar_tlett,.. 1976 ’Miccoplat&

- enzyme inmunoassays for the 1nmunod1agnos1s ‘of viral
infections _( in N. R Rose and H. Fmedman (ed) ASM o

/. .- Manual of Cl Inical Irmunoldgy Wash D C 1876: p & :
- 506 512 | | S L

(e d

. }VollerA D E. B1dwéll andA Bartlett -1976. / EnZyme

| mmunoassays in diagnostwkmedicme Bulllw-{p

s 55-65: R g
“ o o v. i — P “" B B '

"'~'5w1111ams R. c and

4 Gfbbons 1972 = Inh1b1tron’bf |
; bacterial adherence by secretory wmwnoglobulin A A

M

mechamsm of ant1gen d1sposal'; Sclence 177 697 699

o . L AT N R e,
o “(Q '0:& ) ‘.
- . . .



A Buffers .

e

GarbonaterBicarbonate Buffer pH-9 €f160ating Buffar)

(Voller, 1976)

D1st1]1ed water

(Voller, 1976)

*.

| Sodwum chlorlde (NaC!)
hf. Pota551um phosphate monobas1c (KHzegq)

e

'Sodium carbohafe (NazCO;)
T Sodlum b1carbonate (NaHCO;)
Sodium az1de (NaN;)

¥

Phosphate Buffer-ed, Sa’line pH 7. 4 Lod v

Sodium phosphate d&gas1c (NazHP04)

Potassium chlorﬁbe (KCI)
Dlstilled water‘ o

-

(Vol?er, 1976)
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k _ 0 05M Tms Hydroxymethylaminomethane in distilled water

Fia Hemaggmtinat’f’on Buffer;pH 7.2 (FTA Buffer) = ﬁ
(BBL, Cockeysvme Md. ) . | & |
9.23g in 1000ml distilled water _
. ..;‘ R . ) "-", { .« . L
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Substrate Buffer for Hor-se Radigh Peroxidase R
, v°n cere) o Yoo oo
Woller, 1976) - T et

@ e T : _
' ."D1ssolve 8mg of 5- amxposahcylic acuﬁ(AldrPeh Ghermcal Co
.Inc ,.Mﬂwaukee, Wis.) in 80m1 of hot cﬁstmed Water
| "-(80 CL Cooi and store,?,t 4 C Befo;e use warm an ahquot
- to room ten'perature and br1ngpr to 6 0 with 1 OM NaOH Add
- ,. \10% o*f 0 05% hydrogen peroxide and use mmed1ate'ly
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Smstrate Buffur for AlkaHne Phosphatase (10%

Diethanclamine Buffer-) | ‘
~ (Voller et aT, 1976) b o © g s
 Diethanolamine S o em
.: VD;stilled water v - ‘ 800m1 .
j';Sodium Azide (NaN;)" SRR N :3 9;29  j~,;
) _Magnesium Chlorude'¢MgClz-BHzO) o ST 0‘1§',”
5 Add TYOM HC1 tg givephogs -, O
;i, 'A&_qust voiume "o 100@11 V{i th -dlstﬂled wager. S
' Store.at 4 C in the dark Before use, warnian al1quot to .

tenpera/tu%e Add substrate (para m trophenyl phosphate)“'

la concentrat1°n of 1mg/m] (Sigma 104 phosphate substrate,A \
. ‘a&ghémcal Co ' 5?# Loms Mo ) e L .
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B Media - o .
Modified ccv ued?um o | ;
(Arvidson et aJ,_1971) '

Casamino acids (Djfco),;‘ o D 'j"40.009
'YeaZt‘extradf s B ' ;‘\16.009
' Sodium B-glyce:bphosphate 1 ’,~ TR . fZO.QOQ
Sodium lactate (50%) - ’, - ., ;:_~;;L1lef.
Sodlum:phqsphatg dibasic (NaZHPOq) ) qa'; L -'o.SBQuu:,
Potassium phosphate monobasic (KHzPOq) - . '0.40g

dl Tryp han H*.J "_ o C '_ L 0*53970
f Cystine | 'u;7f'u o8 o U 0.10g
Distilled water e ;‘~~ fl’-f B 1000ml'
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.+ Thiamine - L % ologn
| Nicotinic Acid T CoL op.0agtd
, Distillod water 4;-"”__j‘; A [
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Trace E]ements

»fQMagnesium sulfate (MgSO; 7H20)‘7ifif;ﬂ“' - v'_;:z-OQZGQ g :  ﬁk 
' Manganous sulfate (MnSDq 4H,0)- _*;-*~“u“;51‘1u ;; 0‘109 ¢.?T£ ﬂ;

?ruf¢Ferpous sulfate (Fe504-7HzO) lfff*fz«fj} RS ,f-,v0 0697f7'55u:“
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The main bbhfion bfAthe medium is’%téfilized af 15-p5i fofk
15 minutes. %he vitamin solution is first‘adjustpd tb pH 4:5>
with 0i1M HC1 and gpeﬁ'heaf stefilized at 5 psi for 10
minutes. The trace elements so]utioh is sterilized at 15 psi
for 15 minufeé. Before use, 1% vitamin ;foik and trace

elements are added to the medium.



