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Ronald Gold

Pertussis: The Disease and The Vaccine
SUMMARY
Pertussis still causes significant morbidity:
average duration of the illness is six to eight
weeks. Almost one third of infants have
complications induding weight loss, apneic
spells, otitis media, pneumonia, and seizures.
Encephalopathy occurs in approximately one
in 2000 infants: one third die and one third
sustain permanent brain damage. The
mortality rate is one in 1000 infants. Pertussis
vaccine consists of heat and formalin-killed
whole bacteria. Minor reactions of fever,
irritability, crying, and local reactions occur
after 40-60% of injections. Major reactions
include prolonged screaming, seizures,
collapse, fever over 40.5°C, and
encephalopathy. Permanent brain damage
occurs in association with one in 310,000
injections, so the benefits dearly outweigh the
risks. All young children should be
inmmxunized. (Can Fam Physician 1986;
32:79-83.)

SOMMAIRE
La coqueluche est encore responsable d'une
morbidite significative: la duree moyenne de la
maladie va de six a huit semaines. Jusqu'a 30% des
enfants presentent des complications comprenant
perte de poids, periodes d'apnee, otite moyenne,
pneumonie et convulsions. L'encephalopathie
survient chez environ 1 enfant sur 2,000; le tiers en
meurent et un autre tiers souffrent de dommages
cerebraux permanents. Le taux de mortalite est de 1
pour 1,000 enfants. Le vaccin contre la coqueluche
est fabrique a partir de bacteries completes, tuees
par la chaleur et la formaline. Quarante a soixante
pourcent des injections provoquent des reactions
mineures de fievre, irritabilit6, pleurs et certaines
reactions locales. Par contre, les reactions majeures
incluent des pleurs prolonges, des convulsions, un
collapsus, une temperature superieure 'a 40.5°C et
une encephalopathie. Les dommages cerebraux
permapents surviennent dans 1 injection sur
310,000; les benefices depassent donc largement les
risques. Tous les jeunes enfants doivent etre
immunises.
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DEFORE 1945, large epidemics of
Dpertussis occurred in Canada, with
a peak of 19,484 cases in 1934.1 Fol-
lowing the introduction of a combined
diphtheria toxoid-pertussis vaccine in
1943, the incidence of pertussis de-
clined significantly. .Currently, ap-
proximately 2000 cases are reported
annually, a 93% decrease from the
prevaccine period.

Pertussis has always been consid-
ered a disease of infancy and early
childhood,2 which may reflect the fact
that the disease is more severe and eas-
ier to recognize in the young. Recent
studies utilizing very sensitive anti-
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body assays to supplement cultures in
diagnosis have demonstrated that in-
fections in older children and adults
are very common, although they are
more likely to be mild or asymptoma-
tic. In a study of the spread of pertussis
within families, Mertsola et al. found
that the secondary attack rate in infants
was 100%, compared to 85% in chil-
dren two to 15 years of age and 80% in
parents.3 However, only 40% of adults
had symptoms compared to 90% of in-
fants. The occurrence of infection in
older children and adults means that
early childhood immunization does not
eliminate the bacteria from the com-
munity, but does protect the age group
most vulnerable to severe illness and
complications.

Pertussis typically has three
stages.2' 4 In the first, or catarrhal
stage, the disease begins as an ordi-
nary upper respiratory infection with a
profuse nasal discharge and mild
cough. Fever is unusual. After one or
two weeks, the paroxysmal stage
begins, characterized by the sudden,

unexpected occurrence of severe par-
oxysms of coughing. Each attack con-
sists of 10-30 coughs followed by a
very forceful inspiration which may
produce the whoop for which the dis-
ease is named. Initially the paroxysms
are more common at night, but as they
become more frequent, they occur just
as often during the day, averaging 15
paroxysms per day. Approximately
25% of infants will have more than 20
spells per day.5 Cyanosis during par-
oxysms is extremely common and
75% of patients will vomit after an at-
tack. The paroxysmal stage lasts two
to four weeks and is followed by four
to 12 weeks of convalescence.6

Complications of pertussis are most
common and most severe in infants,
especially in those under six months of
age.7 Most studies of the morbidity
and complications of pertussis have
examined only children sick enough to
be hospitalized.8-12 A more useful ap-
proach is exemplified by a recent study
of all 2295 clinically confirmed cases
reported during the 1977-79 epidemic
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in West Glamorgan, a city of 360,000
in Wales where less than 10% of
young children were immunized.4 13
All 212 general practitioners in the city
cooperated in the study by reporting
cases to the Area Health Authority by
telephone. On the same day, a public
health nurse visited the home, com-
pleted a questionnaire, and obtained
pernasal swabs on each member of the
household with symptoms.
Whooping occurred in 45% of pa-

tients, cyanosis in 19%, and vomiting
after coughing in 66%. Only 64
(2.8%) of the 2295 cases were hospi-
talized. However 63 were under age
three; in this age group the hospitaliza-
tion rate was 12%. The type and fre-
quency of complications are listed in
Table 1.

In a study of 8092 cases, Miller and
Fletcher found that 28% of patients
had one complication or more. 4 The
frequency of complications in hospi-
talized and non-hospitalized patients is
summarized in Table 2. Clearly, even
with modern medical care, pertussis
still causes serious illness. No specific
treatment is yet available.

Pertussis Vaccine
Pertussis vaccine consists of a sus-

pension of whole cells of Bordella per-
tussis which have been killed by heat
and formalin. Thiomersal is added as a
preservative. The vaccine is usually
administered in combination with
diphtheria and tetanus toxoids which
have been adsorbed on to aluminum
phosphate. In provinces using killed
polio vaccine, a combined DPT-polio
is used.

Before 1981, fluid or plain vaccines
were utilized in Canada. It is unknown
whether the tenfold higher incidence
of reported cases in Canada compared

TABLE 1
Percentages of Complications
after Pertussis During 1977-79
Epidemic in West Glamorgan,
Wales
Complication Frequency

Weight loss .16.8
Bronchitis 9.8
Otitis media 7.5
Pneumonia 0.8
Convulsions 0.6
Atelectasis 0.3
Hernia 0.1
Death 0.1
Encephalopathy 0.09

to that in the United States in 1982-83
was a result of differences of efficacy
of the Canadian fluid vaccine com-
pared to the American adsorbed vac-
cine or to differences in rates of report-
ing cases. 1, 15 Vaccines containing
aluminum salts as adjuvants are supe-
rior to fluid vaccines because they in-
duce higher and more sustained anti-
body concentrations, 16, 17 thereby
necessitating fewer booster doses. In
addition, local and systemic adverse
reactions occur significantly less often
after adsorbed than after fluid vac-
cines. 17, 18

B. pertussis is a Gram-negative bac-
teria containing a variety of toxic sub-
stances including endotoxin, pertussis
toxin (PT), fimbrial hemagglutinin
(FHA), adenyl cyclase, and heat labile
dermatotoxin. 19 Animal studies have
shown that virulence is related to PT,
FHA, and adenyl cyclase. Obviously,
therefore, a vaccine -composed of
killed, whole bacterial cells frequently
produces adverse reactions. Minor re-
actions occur in 40-60% of recipients
and include fever, irritability>, crying,
drowsiness, and redness, swelling,
pain, and tenderness at the injection
site.20-21 All of these reactions also
occur after DT vaccine without per-
tussis vaccine, but at an incidence of
10-25%.20, 22

Reactions to
Pertussis Vaccine

Severe reactions to pertussis vaccine
are rare. They include very high fever
(>40.5 C), prolonged screaming, col-
lapse, convulsions, acute encepha-
lopathy, permanent brain damage, and
systemic allergic reactions. Most con-
vulsive episodes consist of a tonic-
clonic seizure usually associated with
high fever and lasting less than ten
minutes. About 60% of seizures occur
within 12 hours and almost all within
48 hours of vaccination.20' 23, 24 No
permanent neurologic sequellae have
been observed after these brief sei-

zures,20, 25, 26 for which the incidence
is one per 1750 immunizations.20 Sei-
zures lasting over 30 minutes occur
much less frequently. Prolonged, gen-
eralized seizures of any etiology may
cause brain damage.27

Collapse or shock-like reaction
occurs in one of 1750 immuniza-
tions.20 Usually within six hours of re-
ceiving pertussis vaccine, the infant
suddenly becomes very pale, hypo-
tonic, and unresponsive. The symp-
toms last less than one hour in about
45% of infants, but up to 24 hours in
the remainder. No permanent sequelae
have been described after the collapse
reaction.

Persistent crying lasting more than
three hours during which time the in-
fant cannot be comforted occurs in ap-
proximately 1% of infants.20 Persis-
tent screaming with a high pitched,
abnormal cry occurs after one per 1000
immunizations. The significance of
this reaction is unknown.

Acute encephalopathy and perma-
nent brain damage following adminis-
tration of pertussis vaccine is a very
rare event. The National Childhood
Encephalopathy Study analyzed the
immunization histories of 1182 chil-
dren under age three who were hospi-
talized in England and Scotland with
acute, severe neurologic illnesses of
unknown etiology.27 Histories were
obtained while the children were still
hospitalized, and compared to two
controls matched for age, sex, and
place of residence. Only 3.5% of the
pertussis patients had received per-
tussis vaccine within seven days of be-
coming ill, and they were twice as
likely to have received pertussis vac-
cine in the week before admission as
were the controls. The frequency of
immunization for patients and controls
was the same during the two to four
weeks before onset. The risk of acute
neurologic illness severe enough to re-
quire hospitalization was one per
110,000 injections. The risk of perma-
nent neurologic sequelae being present

TABLE 2
Percentage Frequency of Complications Occurring in 8092 Cases of
Pertussis in the United Kingdom, 1974-75

Hospitalized Non-Hospitalized
Complication (n =775) (n =7317)

Pneumonia 18.0 2.0
Apnea 5.0 0.5
Convulsions 4.0 0.05
Death 1.1 0
Encephalopathy 0.3 0
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one year later was one per 310,000 in-
jections of DPT.

Infantile spasms have also been
linked to pertussis vaccine, but results
of the National Childhood Encepha-
lopathy Study and of studies in Den-
mark provide strong evidence against
the existence of any causal relationship
between pertussis vaccine and infantile
spasms. 28, 29

Comparisons of the risks of perma-
nent brain damage which is temporally
associated with the disease and with
the vaccine are difficult because both
are rare events.7 A long-term, pros-
pective study of children born in Eng-
land, Scotland, and Wales during the
week of April 5-11, 1970 has been un-
dertaken.30 Children who had not been
immunized against pertussis were
more likely to have had convulsions,
speech defects, and lower scores on in-
telligence tests than were children who
had received pertussis vaccine. Forty
children in the cohort had had pertussis
by age five; they had significantly
higher rates of speech disorders, poor
school performance, and lower intelli-
gence scores than did immunized chil-
dren.

If the risk of permanent brain dam-
age after pertussis vaccine is one per
310,000 injections,27 what is the risk
of brain damage after pertussis in in-
fancy? During recent epidemics in the
United Kingdom, the incidence of per-
tussis was approximately 20 per 1000
infants. The risk of encephalopathy
was approximately one per 400 cases
of pertussis in infants under age
two;4 7 therefore the risk of encepha-
lopathy during epidemics is approxi-
mately one per 2000 infants. One third
of infants with pertussis encepha-
lopathy die, one third survive with per-
manent brain damage, and one third
survive intact.3' 32 The risk of brain
damage associated with the vaccine is
therefore far less than that caused by
the disease.

Another condition attributed to per-
tussis vaccine is sudden infant death
syndrome. Two small studies with in-
complete follow-up of cases, and no
controls found a temporal association
between recent pertus~sis vaccine and
SIDS.33' 34 In addition, four cases of
SIDS occurred in Tennessee within 24
hours of pertussis vaccination.35 A
large, multicentre, case-control study
has found no evidence to confirm even
a temporal association between per-
tussis vaccination and SIDS.36 Analy-
sis of the first 400 cases of SIDS and

800 controls (400 matched for age and
400 matched for age, race, and birth
weight) found that SIDS patients were
significantly less likely to have re-
ceived DPT than were controls (39%
versus 56%). Only 1% of cases had re-
ceived pertussis vaccine in the preced-
ing 24 hours, compared to 2% of con-
trols.

Thus, in spite of the reactions which
occur after the use of pertussis vac-
cine, it is clearly much safer to immu-
nize infants and young children than to
allow them to contract pertussis.7

Does pertussis vaccine prevent dis-
ease? Controlled field trials in the
United States and the United Kingdom
demonstrated the vaccine to be 80-
85% effective in preventing disease
following household exposure. 2 7
Cases in fully immunized children
were mild. Implementation of mass
immunization programs of infants and
young children was followed by sig-
nificant declines in the incidence of
pertussis in Canada,' the USA,7 the
United Kingdom,37-39 Japan,40 and
many other countries. IRecent esti-
mates of vaccine efficacy in the United
States found that the current vaccine
prevents 94% of cases following
household exposure.41 Several recent
reviews have clearly demonstrated that
the benefits of vaccine far outweigh
the risks. 7, 42-44
The efficacy of pertussis vaccine

was further demonstrated in the United
Kingdom and Japan. Refusal of
parents to allow their children to be
immunized because of fears aroused
by exaggerated mass media accounts
resulted in major declines in pertussis
immunization rates. Both countries
subsequently experienced major epi-
demics. 7 37 40 Analysis of the 1977-79
epidemic in the United Kingdom indi-
cated that there was a highly signifi-
cant negative correlation (p<0.001)
between immunization rates and dis-
ease incidence.45 Areas with low im-
munization rates had nearly twice as
much pertussis as did areas with high
immunization rates.

DPT, Adsorbed
And DPT-Polio,
Adsorbed Vaccines

Unlike fluid vaccines which are in-
jected subcutaneously, adsorbed vac-
cines must be administered intramu-
scularly. The preferred site in infants
is the mid-portion of the anterolateral
thigh because of the large muscle mass
and absence of major vessels or

nerves. A one inch, #23-25 gauge
needle is less likely to result in inad-
vertant subcutaneous injection than is
a 0.5 inch #25 gauge needle. If the ad-
sorbed vaccine is injected subcuta-
neously, large local reactions may
occur.46 Pertussis vaccine is not rec-
ommended for children over age seven
because severe disease is rare in older
children.

Reduced doses of vaccine have been
shown to result in less frequent minor
local and systemic reactions.47 How-
ever there is no evidence that smaller
doses will cause fewer severe reactions
and therefore such schedules cannot be
recommended.

Recent data support the recommen-
dation that primary immunization of
premature infants with DPT should
begin at age two months.48

Contraindications to
Pertussis Vaccine49 50

Contraindications to the use of per-
tussis vaccine include:
1. A major reaction to a previous dose
of vaccine, e.g.
-acute encephalopathy, a severe
neurologic illness without demonstra-
ble cause characterized by severe alter-
ation of consciousness, generalized
and/or focal neurologic signs, and sei-
zures.
-persistent, unconsolable screaming
for over three hours.
-collapse reaction.
-fever greater than 40.5°C unex-
plained by other causes within 24
hours of vaccine.
-convulsion within 48 hours of vac-
cine.
-systemic allergic reaction.
2. An evolving neurologic disorder in-
cluding uncontrolled seizures.
3. Personal history of convulsions. In-
fants with previous convulsions may
be more likely to develop a convulsion
after receiving pertussis vaccine, al-
though confirmation of this risk awaits
convincing data. Most authorities rec-
ommend that pertussis vaccine be de-
ferred in infants with seizures until the
disorder is controlled or stabilizes. 50

Conditions which are not contrain-
dications to the use of pertussis vac-
cine include: personal or family his-
tory of allergy, family history of
seizures, and presence of upper resp-
iratory infection. Such conditions are
not associated with increased risks of
adverse reactions. If a child has a fe-
brile illness, it is reasonable to defer
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immunization so that vaccine reactions
do not obscure observation of the nat-
ural course of the illness.

Prospects for the Future
Much has been learned about the

pathogenesis of pertussis and the iden-
tity of the bacterial antigens responsi-
ble for inducing protective antibodies
in the past few years.19 Two proteins
on the bacterial surface have been
shown to be necessary for virulence:
pertussis toxin (PT) and filamentous
hemagglutinin (FHA). 51-53 Antibody to
PT induced by vaccine or passively
supplied protects mice against intra-
cerebral and aerosol challenge. Anti-
body to FHA by itself is not protec-
tive, but augments the effect of
anti-PT. PT has profound effects on a
wide variety of cell types because it
impairs regulation of intracellular con-
centration of cyclic nucleotides.54 PT
is an enzyme which specifically inacti-
vates a regulatory protein in the host
cell membrane. Consequently, cyclic-
AMP accumulates within cells, result-
ing in derangement of cell function.
Children receiving pertussis vaccine
have impaired cardiovascular respon-
siveness to isoproterenol and epi-
nephrine,55 increased insulin activity
in the blood,56 increased sensitivity to
carotid stimulation,57 and other mani-
festations of impaired regulation of the
autonomic nervous system.
An acellular vaccine composed of

partially purified PT and FHA has
been developed in Japan.43 The vac-
cine is almost free of endotoxin activ-
ity. The pertussis toxin has been inac-
tivated with formalin. In animal
models, the component vaccine has
significantly less activity on the auto-
nomic nervous system than does whole
cell vaccine.58 Fever and local reac-
tions occurred much less frequently in
children given the new vaccine com-
pared to standard pertussis vaccine.43
Antibodies to both PT and FHA are in-
duced in children. The new vaccine
provided 80% protection against dis-
ease following household exposure,59
but further experience is required to
determine its safety and efficacy. Nev-
ertheless, its development gives hope
that a new and improved pertussis vac-
cine will soon be available.
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action by reducing vascular resistance through direct
relaxation of vascular smooth muscle.

Indications
APRESOLINE Oral: Essential hypertension.
APRESOLINE is used in conjunction with a diuretic
and/or other antihypertensive drugs but may be
used as the initial agent in those patients in whom, in
thejudgment of the physician, treatment should be
started with a vasodilator.
APRESOLINE Parenteral: Severe hypertension when
the drug cannot be given orally or when there is an
urgent need to lower blood pressure (e.g. toxemia of
pregnancy or acute glomerulonephritis). It should
be used with caution in patientswith cerebral vascular
accidents.

Contraindicatlons
Hypersensitivity to hydralazine, coronary artery dis-
ease, mitral valvular rheumatic heart disease, and
acute dissecting aneurysm of the aorta.

Warnings
Hydralazine may produce in a few patients a clinical
picture simulating systemic lupus erythematosus,
in such cases treatment should be discontinued im-
mediately. Long-term treatment with adrenocortico-
steroids may be necessary. Complete blood counts,
LE. cell preparations, and antinuclear antibody
titer determinations are indicated before and periodi-
cally during prolonged therapy with hydralazine
and if patient develops arthralgia, fever, chest pain,
continued malaise or other unexplained signs or
symptoms. If the results of these tests are abnormal,
treatment should be discontinued.
Usage in Pregnancy
Animal studies indicate that high dose§ of hydrala-
zine are teratogenic. Although there is no positive
evidence of adverse effects on the human fetus,
hydralazine should be used during pregnancy only if
the benefit clearly justifies the potential risk to the
fetus.

Precautions
Caution is advised in patients with suspected coron-
ary-artery disease, as it may precipitate angina
pectoris or congestive heart failure, and it has been
implicated in the production of myocardial infarction.
The "hyperdynamic" circulation caused by APRESO-
LINE may accentuate specific cardiovascular
inadequacies, e.g. may increase pulmonary artery
pressure in patients with mitral valvular disease.
May reduce the pressor responses to epinephrine.
Postural hypotension may result.
Use with caution in patients with cerebral vascular
accidents and in patients with advanced renal
damage. Peripheral neuritis has been observed and
published evidence suggests an antipyridoxine
effect and the addition of pyridoxine to the regimen if
symptoms develop.
Blood dyscrasias consisting of reduction in hemo-
globin and red cell count, leukopenia, agranulocy-
tosis and purpura have been reported. In such cases
the drug should be withdrawn. Periodic blood counts
are advised during therapy. MAO inhibitors should be
used with caution in patients receiving hydralazine.
Slow acetylators should probably receive no more
than 200 mg of APRESOLINE per day. When a higher
dose is contemplated, and, whenever possible, it
may be advisable to determine the patient's acetyla-
tion phenotype.

Adverse Reactions
Within the first day or two: headache, palpitations,
tachycardia, anorexia, nausea, vomiting, diarrhea,
and angina pectoris. They are usually reversible when
dosage is reduced or can be prevented or mini-
mized by administering reserpine or a beta-blocker
together with hydralazine.
Less Frequent: nasal congestion; flushing; lacrima-
tion; conjunctivitis; peripheral neuritis, evidenced by
paresthesias, numbness, and tingling; edema; dizzi-
ness; tremors; muscle cramps; psychotic reactions
characterized by depression, disorientation, or
anxiety; hypersensitivity (including rash, urticaria,
pruritus, fever, chills, arthralgia, eosinophilia, and,
rarely hepatitis); constipation; difficulty in micturition;
dyspnea; paralytic ileus; lymphadenopathy; spleno-
megaly; blood dyscrasias, consisting of reduction in
hemoglobin and red cell count, leukopenia, agranu-
locytosis, thrombocytopenia with or without purpura;
hypotension; paradoxical pressor response.

Late Adverse Reactions: Long-term administfation at
relatively high doses may produce an acute rheuma-
toid state.When fully developed a syndrome resembl-
ing disseminated lupus erythematosus occurs. The
frequency of these untoward effects increases with
dosage and duration of exposure to the drug and is
higher in slowthan in fast acetylators. Antinuclearanti-
body and positive LE.-cell tests occur.

Symptoms and Treabnent of Over4osage
Symptoms: hypotension, tachycardia, headache,
generalized skin flushing, myocardial ischemia and
cardiac arrhythmia can develop Profound shock can
occur in severe overdosage.
Treatment: No known specific antidote. Evacuate
gastric content, taking adequate precautions against
aspiration and for protection of the airway; if general
conditions permit, activated charcoal slurry is instilled.
These procedures mayhave to be omitted or carried
out after cardiovascular status has been stabilized,
since they might precipitate cardiac arrhythmias or
increase the depth of shock.
Support of the cardiovascular system is of primary
importance. Shock should be treated with volume
expanderswithout resortingto use ofvasopressors, if
possible.
Ifa vasopressor is required, a typethat is least likelyto
precipitate or aggravate cardiac arrhythmia should
be used,andthe E.C.G. should be monitored while they
are being administered.
Digitalization may be necessary. Renal function must
be monitored and supported as required.
No experience has been reported with extracorporeal
or peritoneal dialysis.

Dosage and Administration
Adjust dosage according to individual blood pressure
response.
Orally: Initial: 10 mg 4 times daily for the first 2 to 4
days, 25mg4 times dailyforthe remainder ofthefirst
week, 50 mg 4 times daily for the second and subse-
quent weeks of treatment.
Maintenance: adjustdosage to lowest effective levels.
Following titration, some patients may be maintained
on a twice daily schedule.
Usual maximum daily dose is 200 mg, up to 300 mg
daily may be required in some patients. In such cases
a lower dosage of APRESOLINE combined with a thia-
zide, reserpine or both, or with a beta-adrenergic-
blocking agent may be considered. When combining
therapy, individual titration is essential to ensure that
the lowest possible therapeutic dose of each drug is
administered.
Parenterally: patients should be hospitalized. Usual
dose is 20-40 mg I.M. or by slow IV. injection or I.V.
drip repeated as necessary. Patients with marked
renal damage may require a lower dosage.
For IV. drip, the ampoule(s) should be added to 5%
sorbitol solution, physiological saline or Ringer solution;
glucose solution is not suitable for this purpose. Blood
pressure levels should be monitored. It may begin to
fall within a few minutes after injection, with an aver-
age maximal decrease occurring in 10 to 80 minutes.
In cases with a previously existing increased intra -
cranial pressure, lowering the blood pressure may
increase cerebral ischemia.
Most patients can be transferred to oral APRESOLINE
within 24 to 48 hours.

Availability
Tablets of 10 mg: yellow, uncoated, biconvex, scored,
and imprinted "FA" on one side and "CIBA" on the
other.
Bottles of 100 and 500.
Tablets of 25 mg: blue, coated, printed "GF" on one
side and "CIBA" on the other.
Bottles of 100 and 500.
Tablets of 50 mg: pink, coated, printed "HG" on one
side and "CIBA" on the other.
Bottles of 100 and 500.
Ampoules: 1 ml, each containing 20 mg hydralazine
hydrochloride, 103.6 mg propylene glycol, 0.65 mg of
methyl-p-hydroxybenzoate and 0.35 mg of propyl-p-
hydroxybenzoate in water for injection.
Boxes of 10.
Complete Prescribing Information available on request.
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