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Pertussis in a rural area of Kenya: epidemiology and
results of a vaccine trial

A. S. MULLER,' J. LEEUWENBURG, & A. M. VOORHOEVE3

Pertussis surveillance was carried outfrom 1974 to 1981 among a population of24 000
in the Machakos district ofKenya byfortnightly or monthly home visits. The diagnosis was
verified by a physician according to standard criteria including bacteriological and
haematological findings. Since not all cases could be diagnosed with certainty, each case
was scoredfrom 0 to 3 according to the probability ofpertussis. During the surveillance a
vaccine trial was carried out: 436 children receiving two diphtheria-pertussis-tetanus (DPT)
immunizations 6 months apart were compared with 466 children receiving the conventional
three doses 3 months apart.

The agglutinating antibody response was determined in approximately 100 children in
the trial at I month, 2 years, 3Jyears and 4j years after completing the immunizations. The
results showed no difference in titres between the 2-dose and 3-dose groups at one month
after the last immunization. Waning of antibodies proceeded more rapidly in the 2-dose
group, the differences between both groups becoming statistically significant after 2
years.

Two epidemic waves of pertussis occurred during the seven years of surveillance. A
third epidemic did not materialize, possibly because of increased herd immunity due to. the
immunizations. The case fatality rate was %lNo and was highest (2.6%) among infants.
During the 4 years following completion of the immunizations, 36 children in the vaccine
trial, based on the cumulative probability ofpertussis, yielded 16.7 cases. The number of
"cases" so defined did not differ significantly between the two immunized groups,
although there was a suggestion ofgreater protection with the 3-dose schedule. Compared
with the observed number of "cases" among 1281 children of the same birth cohorts not
included in the trial, the reduction among the trial children (both immunized groups) was
54o%.

Most vaccines have to be given more than once
during infancy in order to achieve adequate
protection against the disease concerned. Any
reduction in the number of immunizations (and
therefore of contacts with the health services) that are
needed to achieve immunity in the susceptible
childhood population would simplify vaccination
programmes, reduce the costs, and probably improve
coverage.
The present paper is based on morbidity and

mortality data for pertussis over a period of 7 years,
and reports the results of a vaccine trial comparing 2
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and 3 doses of pertussis vaccine given, respectively 6
and 3 months apart, during infancy. The objective
was to determine whether two, rather than the
conventional three doses of the vaccine could provide
adequate protection as measured by the serological
response and disease incidence (clinical
effectiveness). The study was carried out in
collaboration with the Ministry of Health in Kenya
and the World Health Organization. A preliminary
report was published by Mahieu et al. in 1978 (1).

MATERIALS AND METHODS

Study area and surveillance
The Machakos project refers to a longitudinal,

population-based study that was carried out among
24 000 inhabitants in an area of 87 km2 in the north-
western part of the Machakos district in Kenya. From
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April 1974, each of the approximately 4000 house-
holds scattered over the countryside was visited once
every two weeks, and from September 1978 once
every four weeks. Disease surveillance was dis-
continued in the middle of April 1981. During these
visits 12 local field-workers (with 1-4 years of
secondary school education) collected demographic
information on all members of each household. The
presence of whooping cough and measles, as well as
other infections, in the children was recorded.
Children whom the field-worker suspected might be
cases of pertussis or measles were seen by one of the
project's physicians for verification of the diagnosis.
The criterion for suspected pertussis was the observa-
tion (or a recent history) of a paroxysmal cough, a
whoop, or a cough followed by vomiting, or the
presence of subconjunctival haemorrhage or peri-
orbital oedema.

With the mother's permission, a pernasal swab was
taken for culture and a capillary blood sample for
antibody determination and, in cases of pertussis, to
make a blood smear for a total white blood cell count
and differential count. In December 1977 the
collection of blood samples was discontinued, but
attempts to culture Bordetella pertussis were
maintained till the end of the study in 1981. Every
child who was reported by the mother to have
whooping cough was given one of the following
scores by the project's physicians:

0: no clinical or laboratory evidence; the case
history makes a positive diagnosis unlikely but it
cannot be ruled out.

1: no clinical or laboratory evidence; the case
history makes a positive diagnosis possible.

2: clinical signs and/or laboratory results make a
positive diagnosis probable but not certain.

3: clinical signs and/or laboratory results make a
positive diagnosis definite.

For estimating the total number of cases, a
probability of pertussis of 0.15, 0.40, 0.75 and 1 was
assigned to the above scores of 0, 1, 2 and 3,
respectively. Therefore, the number of "cases"
mentioned below and in the Tables is actually the
cumulative total of probabilities. Details of the
project design and the diagnostic criteria used for
pertussis have been given by Muller et al. (2) and
Voorhoeve et al. (3). The diagnostic criteria are
reproduced as an annex to this paper.
The percentages of children in the Machakos

project area below 5 years of age (excluding the
children in the vaccine trial) who were given at least 2
doses of diphtheria-pertussis-tetanus (DPT) vaccine
by the regular health services were estimated to be
27%, 40%, 29% and 35% respectively, at the end of
1976, 1977, 1978 and 1979.

Vaccine trial

Immunization schedule and vaccines. The DPT
vaccine trial was started in December 1975. The
immunization rounds were carried out every 3 months
until June 1977, each new round including the
children who had reached the age of 3 months since
the previous round. In December 1977 the last cohort
of infants, who were entered in the trial in June 1977,
completed their immunizations.
Out of 2183 children who were eligible for inclusion

in the trial, i.e., they were registered in the study
population and were of the right age, 1165 (53%o) were
accepted in the trial and numbered serially, after
excluding all those whose history or vaccination
record suggested a previous DPT immunization. Both
the trial children and non-trial children were followed
up during the routine disease surveillance described
above. Children with odd numbers (the 3-dose group)
received BCG, the first dose of DPT, and oral
poliomyelitis vaccine during their first round;
smallpox vaccine, the second dose of DPT, and oral
poliomyelitis vaccine during their second round; and
the third dose of DPT and oral poliomyelitis vaccine,
as well as measles vaccine, during the third round.
Children with even numbers (the 2-dose group)
differed from the 3-dose group only in respect of the
second round, when the second dose of DPT was
replaced by Salk poliomyelitis vaccine. By the end of
1977, 466 children had received three DPT injections
3 months apart and 436 children had received two
DPT injections 6 months apart.
The DPT vaccine used in the trial was prepared by

the Rijks Instituut voor de Volksgezondheid,
Bilthoven, Netherlands; the pertussis component
contained 16 Opacity Units of Bordetella pertussis
cells and 7 international units (with 3 mg aluminium
phosphate) per dose. Two lots of vaccine were used.
Unfortunately, potency testing of the vaccine during
the trial was omitted. We are satisfied, however, that
proper cold chain conditions were maintained
throughout.

Serological testing.a On four occasions- 1 month,
2 years, 3* years and 4i years after the second or third
DPT injection had been given -capillary blood
samples for determining the pertussis agglutinating
antibody titres were taken from approximately 100
children in the trial. The determination of a
serological baseline before the first DPT injection was
deliberately omitted because it was likely to
jeopardize the childrens' participation in the trial. It is
reasonable to assume that the pertussis antibody that
was present among the children before the start of the
trial would have been equally distributed by random

a Diphtheria and tetanus serum antitoxin levels were determined
at the Rijks Instituut voor de Volksgezondheid, Bilthoven, Nether-
lands, and will be reported elsewhere.
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Fig. 1. Distribution of pertussis "cases" among children
in the vaccine trial and among all children from April
1974 to April 1981. Estimation of the number of
"cases" was based on probabilities and a scoring
system (see text). 5 r

Age in years

selection between the 2-dose and 3-dose groups.
Antibodies against B. pertussis were determined by
the agglutination test, as described by Mahieu et
al. (1).

RESULTS

Overall pertussis incidence 1974-81

Fig. 1 presents the estimated number of pertussis
"cases", based on cumulative probabilities (see

Fig. 2. Age distribution of pertussis "cases" during
surveillance from April 1974 to April 1981. Shaded
areas represent only the probable and definite diagnoses
(scores 2 and 3, see text).

above), between April 1974 and April 1981. It shows
two epidemic waves (in 1974-75 and 1977-78); the
small number of "cases" (total of 16.7) occurring
among children in the vaccine trial coincided with the
second epidemic.
When the estimated number was based on only

Table 1. Pertussis incidence rates, by age group, based on probabilities of diagnosis (see text for details) during
surveillance from April 1974 to April 1981

Estimated Average number Incidence per Average annual
Age number of in population 1000 population incidence per
(years) "cases" at risk" during the 7 years 1000 population

< 1 270 1 097 246 (221-272)b 35 (31-39)b
1-2 150 1 081 139(118-159) 20(17-23)
2-3 171 1 030 166 (143-189) 24 (20-27)
3-4 189 964 196 (171-221) 28 (24-32)
4-5 183 928 197 (172-223) 28 (24-32)

5-6 168 928 181 (156-206) 26(22-29)
6-7 106 896 118 (97-139) 17 (14-20)
7-14 228 5 974 38 (33-43) 6 (5-6)

Total 1465 12 898 114 (108-119) 16 (15-17)

Total
population 27 285 54 (51-56) 8 (7-8)

a In December 1977.
b 95% confidence limits are indicated within parentheses.
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probable and definite pertussis diagnoses, the number
of cases decreased up to 18% during the two epide-
mics and 4007o in the periods of low endemicity, but
the shape of the epidemic curve remains essentially
unchanged. Also when the cases are plotted according
to age (Fig. 2), the shape of the bar diagram remains
nearly the same whether based on all the estimated
cases or on the probable and definite diagnoses
only.
The collection of blood samples was discontinued

in December 1977. This had an influence on the total
number of estimated pertussis cases because the
presence of a high white blood cell count and
lymphocytosis was occasionally decisive for the
scoring of a reported case of pertussis. It may be
noted that the pertussis agglutinating antibody levels,
on the other hand, contributed very little to con-
firmation of the diagnosis, as was described by
Voorhoeve et al. (3). As a result, the heights of the
epidemic curve before and after December 1977 are
not entirely comparable. However, during the 4 years
of follow-up of children in the vaccine trial no
changes were made in our diagnostic criteria.
The pertussis incidence rates by age group are given

in Table 1. Out of a total of 1465 estimated cases, 758
were females, giving a M:F sex ratio of 0.93:1.

Mortality
Between April 1974 and April 1981 the estimated

number of deaths due to pertussis was 14, represent-
ing a case fatality rate of 1I%. (There were 12 cases
with a score of 2-3 and 13 cases with a score of 0-1,
representing a case fatality rate of 0.91% and 1.14%
respectively). None of these deaths occurred among
the children in the vaccine trial. Half of these deaths
occurred below the age of one year (case fatality rate
2.6%), and the others were evenly distributed among
the 1-4-year-old children.

Culture
Bordetella pertussis was isolated in 164 (12.6%) of

1304 pernasal swabs. Isolation rates were somewhat
higher in the older children. The predominant sero-
types were 1, 2, 3 and 1, 2 (4). Two children in the
vaccine trial developed culture-positive pertussis, one
from the 3-dose group at the age of 3 months soon
after the administration of the first DPT dose, the
other from the 2-dose group at the age of 2 years and
5 months.

Vaccine trial
Some children in the trial were reported with

pertussis before completing their immunizations: in
the 2-dose group an estimated 2.5 cases (based on
cumulative probability) of pertussis developed
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Fig. 3. Frequency distribution of pertussis agglutinating
antibody titres after 2 or 3 doses of DPT vaccine at 4
different post-vaccination intervals: 1 month, 24-30
months, 39-42 months, and 51-54 months. In A, the
titre distribution is also given for children of the same age
group not in the trial.

between the first and second dose. In the 3-dose group
2.0 cases of pertussis occurred between the first and
second dose, and 4.2 cases between the second and
third dose. These cases were not included when
comparing the outcome of the 2- and 3-dose groups
because of the different time intervals between
vaccinations. A total of 902 children (77o of those in
the trial) completed the prescribed course of
immunizations and were followed up till April 1981.

Fig. 3 shows the distribution of agglutinating
antibody titres at intervals of 1, 24-30, 39-42, and
51-54 months after administration of 2 or 3 doses of
DPT vaccine. In Fig. 3A a comparison can be made
with the titre distribution among children of the same
age group not included in the trial, most ofwhom had
no demonstrable antibody titre.

Differences between titre distributions of the 2- and
3-dose groups were tested by Wilcoxon's two-sample
test. Results are given in Table 2. At 1 month after
administration of the last (second or third) dose of
DPT vaccine, there was no difference in titres. At
longer post-vaccination intervals waning of anti-
bodies proceeded more rapidly in the 2-dose group.
Titre differences between the two groups are
statistically significant after an interval of 2 years
(P < 0.01). Waning of antibodies is reflected in the
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Table 2. Differences between the pertussis agglutinating antibody titre distributions for the DPT 2-dose and 3-dose
groups, with application of Wilcoxon's two-sample test

Interval after last dose of DPT vaccine

1 month 24-30 months 39-42 months 51-54 months

Two-dose group:

Number tested 49 48 50 50
Median titre 1:96 1:8 1:8 1:4
% without demonstrable titre 10 38 42 32

Three-dose group:
Number tested 54 48 50 50

Median titre 1:96 1:28 1:32 1:16

% without demonstrable titre 6 23 20 18
Wilcoxon's two-sample test P > 0.20 P< 0.01 P < 0.01 P< 0.01

median titres as presented in Table 2. The proportion
of sera without a demonstrable titre rose in the 2-dose
group from 10% after 1 month to 38%/ after 24-30
months; the corresponding percentages for the 3-dose
group were 6% and 23%, respectively.

Table 3 presents the number of pertussis cases in the
vaccine trial based on probability of the disease using
all scores (from 0 to 3) as well as scores 2 and 3 only.
The total number of children assigned to each score in
the two trial groups and among non-trial subjects of
the same birth cohort is given in Table 4. From Table
3 it appears that, based on all scores, the incidence of
cases observed in the 2-dose group was the same as in
the 3-dose group. When based on scores 2 and 3 only,
the incidence of cases was higher in the 2-dose group
but the difference was not statistically significant.
Compared with the number of pertussis cases in the
non-trial children of the same birth cohort, the
reduction among the trial children was 54% (based on
all scores) or 61% (based on scores 2 and 3). Since
some of the non-trial children may have received DPT
immunizations elsewhere, it is not justifiable to
consider these percentages as expressing actual
vaccine efficacy. The percentage reductions were
calculated separately for each cohort born in a
specified 3-month period (detailed results not shown).
The number of pertussis cases per cohort was very
small, which might explain why the reductions varied
from 13% to 88%.

DISCUSSION

At a WHO meeting in December 1974, it was
estimated that in the developing countries the case
fatality rates for pertussis ranged between 4% and
15% in infants, thus accounting for several millions

of deaths every year (S). According to Cook (6), more
than 95% of all pertussis deaths occur in the
developing countries. However, reliable data from
these countries are scarce (6) and population-based
data almost nonexistent. Therefore, the Machakos
data, collected during 7 years of carefully supervised
surveillance and presented in this article, are rather
exceptional.
The scoring system used in our analysis for the

diagnosis of pertussis was based on probabilities of
the disease being present, and so contains an element
of arbitrariness that could not be entirely avoided.
However, the consistency of the findings, whether
based on all possible scores or only on those indicative
of probable and definite disease (scores 2 and 3),
suggests that the conclusions drawn from the figures
are justified.

During the 7 years of surveillance two protracted
epidemic waves were observed, each lasting for about
14 years, with midpoints in December 1974 and
December 1977. Disease incidence was highest among
infants; only 15% of cases were over six years old. As
reported earlier by Voorhoeve et al. (3), the median
age was higher than that found by Morley (7) in
western Nigeria, but such a comparison has limited
value because his data and ours are of a different
nature. Voorhoeve points out that one explanation
for the difference may be that interhousehold spread
is more common in Nigeria through closer contacts in
the market, church, or health centre. It should also be
realiztid that, in the Machakos study area, pertussis
immunization coverage was estimated to be around
20% of infants at the start of the study and probably
increased to about 35% in 1979. It is likely that the
immunization coverage in western Nigeria 15 years
ago was much lower. The degree of such coverage
may influence the age distribution although no
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PERTUSSIS VACCINE TRIAL IN KENYA

Table 4. Number of children with pertussis in the 2-dose
and 3-dose DPT-vaccinated groups and among non-trial
children of same birth cohort, according to probability
scores

No. of children
with pertussis in the:

Assigned 2-dose 3-dose Non-trial
Score probability group group group

(n = 436) (n = 466) (n= 1281)

3: definite 1.00 3 (21) 2 (9) 24 (26)
2: probable 0.75 5 (36) 3 (14) 23 (25)
1: possible 0.40 2 (14) 7 (32) 18 (20)
0: unlikely 0.15 4 (29) 10 (45) 26 (29)

Totals 14 (100) 22 (100) 91 (100)
Cumulative

probability 8.15 8.55 52.4

Figures in parentheses are percentages of the totals.

striking difference in age distribution of pertussis was
observed between 1974 and 1981 in the Machakos
study area.
The M:F sex ratio of less than 1 is in agreement with

other studies, and indicates that more girls get
pertussis than boys. The case fatality rate of 1%o is
lower than that suggested by most reports from the
developing countries, but is still high compared with
fatality rates from the developed countries. The hotly
debated issue in some west European countries as to
whether the benefit of routine pertussis immuniz-
ations of infants outweighs the risk, because of
serious adverse reactions to the vaccine reported
from, for example, the Netherlands and England (8,
9), is therefore of no relevance for most developing
countries. In such countries the value of increasing
immunization coverage to reduce morbidity and
mortality from immunizable diseases is fully
recognized and supported by the World Health
Organization through its Expanded Programme on
Immunization.
One way of improving coverage is to simplify the

immunization schedules. In the present study, two
doses of pertussis immunization showed encouraging
results in comparison with three doses. Initially the
antibody response was the same in the 2- and 3-dose
groups. Later during the trial, waning of antibodies
was more pronounced in the 2-dose group (Fig. 3 and
Table 2). The actual clinical protection during, on
average, 4 years of observation was marked and not
significantly different in both groups (Table 3);
however, if cases occurring in children in the 3-dose
group after the second DPT dose are considered as 2-
dose vaccine failures, there is a suggestion of greater

protection with the 3-dose group.
The present study confirms the findings of

Mangay-Angara et al. (10) in the Philippines which,
however, were based on one serological evaluation.
We have been able to determine post-vaccination
agglutinating antibody levels on four occasions, the
last one 51-54 months after completion of the
immunization during infancy. Owing to the small
amount of serum available, titration of sera after
absorption of non-specific antibodies was not
possible. This may have led to a number of non-
specific reactions (11); however, their effect can be
expected to be equally distributed by random
selection between the 2- and 3-dose groups and the
difference in antibody titre distribution between the
two groups is most probably related to the number of
vaccine doses received. In addition, it is difficult to
conceive how the large difference in titre distribution
between trial and non-trial children one month after
the last DPT dose could be entirely explained by such
non-specific reactions.
Follow-up of all children in the Machakos study

area after the intake of children into the vaccine trial
lasted 3+ to 5 years. A pertussis outbreak that was
expected to occur in the second half of 1980 did not
materialize, possibly because of increased herd
immunity due to the immunizations. It is conceivable
that there would have been more vaccine failures
among the trial children if pertussis transmission had
resumed in the last part of the follow-up period; but
even if this had happened, the affected children would
by then have reached an age at which pertussis
infection would have caused a relatively mild disease
carrying a low mortality.
From the point of view of study design it would

have been preferable to include a randomized control
group of children not receiving any pertussis vaccine
at all, but this would have been unethical and not
feasible. Under the circumstances, the best we could
do was to compare the trial children with children not
included in the trial (for reasons beyond our control)
but of the same birth cohorts as the trial children.
These children were not randomly selected and some
of them had probably been immunized elsewhere.
Nevertheless we found an appreciable difference in
attack rates between trial and non-trial children, the
follow-up in both groups being equally intensive
(Table 3).
The potency of the vaccine used was above average

and no adverse reactions were noted. Major adverse
reactions would certainly have been communicated to
us through the field-workers who were members of
the community where they carried out the sur-
veillance. However, only 900 children were included
in our trial while, according to Hannik & Cohen (8),
the incidence of shock and convulsions up to 3 days
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after injection of DPT (16 Opacity Units) and polio
vaccine in the Netherlands was about 1 in 2700
children. Miller et al. (9) estimated the attributable
risk of serious neurological disorder occurring within
7 days after immunization in the United Kingdom as
one in 110 000 injections. All we can conclude from
our data is that such adverse reactions did not occur in
our group of 900 children.
The present study was primarily designed to

demonstrate that mass immunization campaigns held
every six months may be a suitable approach to
protect the childhood population in remote areas. For
this reason a 6-month interval was chosen between the
two DPT doses; the BCG scar served as a marker for
the first dose, the smallpox scar as a marker for the
second dose. Children having both scars would then
appear to be adequately protected. With the global
eradication of smallpox and the discontinuation of
smallpox vaccination, the cohorts born since 1980 no

longer have smallpox scars though they may have
been exposed to a full immunization schedule.

In many parts of the world DPT vaccine is offered
either on a continuous basis by the MCH (maternal
and child health) clinics or at intervals of considerably
shorter than 6 months. This decreases the period of
susceptibility between the first, non-protecting DPT
dose and the second dose at a vulnerable age both in
terms of incidence and mortality. In this study there
was no statistically significant difference in the
incidence of pertussis in the two groups of children,
i.e., after two doses of high-potency DPT vaccine
given 6 months apart or three doses given 3 months
apart. Pertussis incidence in both these groups
combined was reduced by 54% compared with non-
trial children of the same birth cohort. It is important
to know whether an interval of less than 6 months
between only two DPT doses would give similar
protection.
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RESUME

LA COQUELUCHE DANS UNE REGION RURALE DU KENYA:
-PIDSMIOLOGIE ET RESULTATS D'UN ESSAI VACCINAL

La coqueluche a fait l'objet d'une surveillance, de 1974 A
1981, au sein d'une population de 24 000 personnes
reparties sur 87 km2 dans le nord-ouest du district de
Machakos, au Kenya, par le biais de visites a domicile,
d'abord bimensuelles et mensuelles par la suite. Un medecin
attache au projet controlait le diagnostic de coqueluche en
s'appuyant sur des criteres types, fondes sur des epreuves
bacteriologiques et hematologiques. Comme le diagnostic
ne pouvait pas toujours etre affirme, chaque cas a et affecte
d'une cote, allant de 0 a 3, d'apres la probabilite de
coqueluche. Ainsi, les "cas" sont definis sur la base d'une
probabilite cumulative.

Les activit6s de surveillance ont et doublees d'un essai
vaccinal: 436 enfants ont requ deux doses de vaccin
antidiphterique-antitetanique-anticoquelucheux (DTC) a
six mois d'intervalle, tandis que 466 enfants etaient vaccines
selon le calendrier classique, comportant trois doses a trois
mois d'intervalle. Le vaccin utilise etait tres actif,
correspondant a 16 unites d'opacite en ce qui concerne les
germes Bordetella pertussis et a 7 unites internationales par
dose. En moyenne, la surveillance anticoquelucheuse s'est
poursuivie quatre ans apres la derniere vaccination.
La reponse en anticorps agglutinants a et determin6e

chez environ 100 des enfants inclus dans l'essai vaccinal,
1 mois, 2 ans, 34 ans et 44 ans apres l'achevement de la serie
de vaccinations. Aucune difference de titres n'est apparue
entre les deux groupes (ayant respectivement requ 2 ou 3

doses) un mois apres la derniere vaccination. La
decroissance des titres d'anticorps a et6 plus rapide dans le
premier de ces deux groupes, la difference devenant statisti-
quement significative au bout de 2 ans.
Au cours des sept annees qu'a dur6 la periode de

surveillance, deux poussees epidemiques de coqueluche se
sont succede. Une troisieme epidemie n'a pas pu eclater,
peut-etre grace au renforcement de l'immunite collective
resultant des vaccinations. Le taux de letalite a et6 de 1%,
avec une valeur maximale (2,6%) chez les nourrissons.
Pendant les 4 annees qui ont suivi l'achevement des
vaccinations, 36 des enfants inclus dans l'essai ont fourni
16,7 cas, sur la base de la probabilite cumul6e de
coqueluche. Le nombre de "cas" ainsi d6finis n'etait pas
significativement different dans les deux groupes de sujets
vaccines, encore qu'il semble que le schema A trois doses ait
confere une plus grande protection. Par comparaison avec
le nombre observe de "cas" parmi les 1281 enfants non
vaccines appartenant aux memes cohortes de naissance, la
reduction observ&e chez les enfants vaccin6s (selon les deux
schemas) a et de 54%.

Les resultats observes avec le schema A deux doses sont
encourageants; il importe maintenant de voir s'il serait
possible d'obtenir la meme protection en reduisant A moins
de 6 mois l'intervalle separant l'administration des deux
doses de vaccin triple.
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Annex

Pertussis diagnostic criteria and their respective values

All signs have to be observed by a physician except
for the whoop, where the field-workers' observation
is equally acceptable.

Criteria considered as conclusive (4 points):
* Subconjunctival haemorrhage not caused by

physical trauma in a child reported with whooping
cough.

* Isolation of Bordetella pertussis from a pernasal
swab.

* A white blood cell count of 30 000 or more
per mm3 ( > 30 x 109/l), of which 600o or more are
lymphocytes.

Major criteria (2 points):

* Whoop.
* Choking and/or vomiting after the paroxysm.

* A white blood cell count of 30 000 or more
per mm3 (> 30 x109/l), of which between 50%o
and 600% are lymphocytes.

* A white blood cell count between 15 000 and 30 000
per mm3 (15-30x 109/l), of which 60%7o or more
are lymphocytes.

* An at least four-fold rise in agglutinating antibody
titre or a conversion from negative to positive
() 1/12) between the first and second sample,
provided no DPT was given during that period.

* A history obtained half to one year later which
agrees with the previous history as far as time and
duration of the illness are concerned, including an
unequivocal description of whooping cough signs
by the mother.

Minor criteria (I point):

* Paroxysm.

* Production of sticky stringy mucus.

* Absence of an inspiration in anticipation of the
cough.

* Periorbital oedema.

* Close contact with a definite case of whooping
cough.

* A white blood cell count between 15 000 and 30 000
per mm3 (15-30 x 109 /l), with at least 50%o but less
than 600/ lymphocytes.
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* An agglutinating antibody titre of 1/12 or more in
children born since the start of the surveillance,
who have not received DPT vaccine and who have
not been diagnosed as pertussis previously.

* A history obtained half to one year later which
agrees with the previous history as far as time and
duration of the illness are concerned.

A total of four points or more, whether obtained
from clinical signs, laboratory data, the history, or a
combination of these different aspects was considered
as definite pertussis (score 3). Three points made the
diagnosis probable (score 2). Two points made it a

possible pertussis (score 1). None or only one point

was scored negative (score 0). In this report the
incidence and mortality figures are estimated with
95% confidence limits assuming a probability of
whooping cough of 0.15, 0.40, 0.75 and 1, for cases

with scores of 0, 1, 2 and 3 respectively.
These probabilities were based on the findings in

cases where clinical as well as laboratory data were

available. The percentage of cases in each clinical
score in which pertussis was confirmed by laboratory
results was used to estimate the probability for that
score. It appeared that in the case of score 0 a

diagnosis of pertussis is unlikely but cannot entirely
be excluded.
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