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Evidence of pertussis vaccine efficacy from pertussis
outbreaks in Nakhonratchasima, Thailand.
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Between June 1983 and June 1984, unusual outbreaks of pertussis occurred in 5 sub-
districts of Buayai District, Nakhonratchasima Provice. There were 47 primary cases under
the age of fifteen and 127 household contacts under the age of twenty. A survey of 127 house-
hold contacts showed that 26 contacts became ill with non-specific symptoms of upper respi-
ratory tract infection within 5 to 28 days after the date of onset of the primary cases and the
serological test for recent pertussis infection was positive. The overall secondary attack rate
was 20.5%. The relationship between the attack rates and the ages of secondary cases exhibited
a negative correlation. The attack rates in contacts with and without complete basic DTP va-
ccination were 11.1% and 21.2% respectively. Comparing contacts 20 years old or younger
who had received 3 or more doses of DTP and those with no DTP vaccination, the efficacy
of pertussis vaccine in DTP was estimated at 47.6%. However, the vaccine efficacy increased
Jrom 47.6% in the contacts under 20 years of age to 81.3% in the contacts below 5 years of age.
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Pertussis is one of the acute respiratory
tract infections in infants and young children.V
In Thailand, as in many developing countries,
pertussis presents a major health problem. The
trend of this disease showed fluctuations with an
increased morbidity rate during 1975-1983.%9) However,
its real incidence may be higher or lower than
that reported. The disease is sometimes difficult
to diagnose clinically because the whoop is only
present in 20% of cases of paroxysmal coughing(3)
Older children with pertussis have often been
diagnosed as having an upper respiratory tract
infection or a persistent bronchitis.® On the other
hand, some viral infections, such as respiratory
syncytial virus, cytomegalovirus and adenovirus
can play a role in causing pertussis-like disease.®)
In recent years, there were several outbreaks in
certain provinces of Thailand including Nakhonrat-
chasima, Chiangrai, Nan and Phayao,(6'7'8'9) when
children with completed basic DTP vaccination
were reported to be ill with pertussis.(9"°) The
failure may be due to many factors. Firstly, the
coverage of pertussis vaccination infants and young
children is inadequate to produce herd immunity.
Secondly, the antibody level after three doses of
DTP vaccine may not be high enough to protect
against the disecase and the booster doses in older
children are often missed. Lastly, the strains of
Bordetella pertussis used for vaccine production
may not be broad enough to combat pertussis in
the community, so that the efficacy of the pertussis
vaccine to protect against .the local strains causing
the disease, may be doubtful.

During the period of June 1983 to June
1984. the unusual, high case incidence outbreaks
of pertussis occurred in several areas of Buayai
District, Nakhonratchasima Province, which afforded
an opportunity to estimate the efficacy of pertussis
vaccine in DTP.

Materials and Methods.

The epidemiological surveillance of pertussis
was set up at Nakhonratchasima during the period
of June 1983 to June 1984. During this period
the pertussis outbreaks occurred in 5 subdistricts
of Buayai District. A mobile team was formed
to investigate and study the epidemiology of the
disease immediately. The efficacy of pertussis
vaccine was also estimated.
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Case definitions

Laboratory-defined case : An individual
with nasopharyngeal swabbing that was Vpositive

for B. pertussis by culture and/or individual with

a four-fold rising titers or greater, between the

first and the second sera by micro-agglutination

test. The patient could be either symptomatic or
asymptomatic.

Clinical case or pertussis-like case : A
patient who developed a prolonged cough ( = 2
weeks) and was under 15 years of age.

Primary case : The first symptomatic case
of pertussis, either clinically or laboratory-defined,
occurring in a household.

Co-primary case : A case with an onset
within one to four days of the primary case in
the same household.

Secondary case : A household contact
under the age of twenty who developed a non-
specific symptom of upper respiratory tract infection
within 5 to 28 days after the onset of the primary
case and showed positive serological test for the
recent pertussis infection (2 4-fold rising titers
between the first and the second sera by micro-
agglutination test).

Individual case study.

Patients with prolonged coughing ( = 2
weeks) were selected for nasopharyngeal swab and
capillary blood test to confirm B. pertussis infection.
Medical and social histories were investigated in-
dividually.

Household contacts survey

The mobile team was encouraged to com-
plete a more extensive investigation of secondary
spread in households with primary cases. The
report form consisted of a roster of household
members on age, sex, DTP vaccination status of
those under the age of twenty, the date of the
primary case onset and of any secondary case
onset. All household contacts under the age of
twenty had capillary blood tests at least twice to
confirm the recent pertussis infection. The first
blood test made at the date of the first interview
and the second was about 3-4 weeks after.
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Calculation of the secondary attack rate

Secondary attack rate

_ Number of secondary cases % 100%

Number of all household contacts
under the age of twenty

Laboratory methods

B. pertussis isolation was performed on
Bordet-Gengou medium with 15-20% sheep blood.
Suspicious colonies were picked up for gram staining
and identification by slide agglutination test with
a standard anti-pertussis serum provided by the
Division of Biological Standards NIH, Bethesda,
Maryland, USA.

The sera of patients and household contacts
were tested for antibody titers against B. pertussis
strain 134+ 165 (Standard strains, Phase I) by the
micro-agglutination test after Manclark and Meade.(!)
The standard anti-pertussis serum provided by the
Division of Biological Standards NIH, Bethesda,
Maryland, USA and the normal rabbit serum
obtained from the Biological Products Division,
the Government Pharmaceutical Organization,

Ministry of Public Health were used as positive
and negative control sera in the test. The criteria
of diagnosis for the recent pertussis infection was
a four-fold rising titer of greater, between the
first and the second sera.

Statistical method. Confidence interval
was based on the Miettinen approximation.“z)

Results

In the course of investigation, of the 47
primary cases there were 28 cases (59.6%) identified
positive by culture and/or serological test for
B.pertussis infection (Table 1). The highest percentage
of positivity was reported in the group of age
1-4 years (68.8%). Nine of the 28 laboratory-defined
cases ‘were positive for B.pertussis isolation. The
sex ratio (Male : Female) of the laboratory-defined
cases was 1:1.3

Table 1 The primary cases and laboratory-defined cases in each age group from the investigation.

Age group Number of primary cases Laboratory-defined cases

(years) Number % in each age group
under 1 1 0 0

1-4 16 11 (1)* 68.8

5-9 26 16 (8)* 61.5

10 - 14 4 1 - 25.0

Total 47 28 (9)* 59.6

( )* Number of patients positive for B. pertussis isolation
Male : Female of laboratory-defined cases = 1 : 1.3

A household contacts survey of 47 primary
cases found 127 contacts under the age of twenty.
Twenty-six of the household contacts became ill
with non-specific symptoms of upper respiratory
tract infection within 5 to 28 days after the date

of onset of the primary cases and showed positive
serological test for B. pertussis infection. The
overall secondary attack rate was 20.5% (Table 2).
The attack rate decreased from 50.0% in the under
1 year age group to 8.6% in the 15-20 years age
group.

Table 2 The secondary attack rates by age in the household contacts.

Age group Household contacts Secondary attack
(years) No. of -contacts No. of positive serology rate by age (%)
under 1 4 2 50.0
1-4 32 10 31.3
5-9 28 8 28.6
10 - 14 28 3 10.7
15-20 35 3 8.6
Total 127 26 20.5
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In Table 3, the secondary attack rate in or more and in those who had no DTP vaccination
household contacts was examined by ages and the were 11.1% and 21.2% respectively. The vaccine
history of DTP vacination. The attack rates in efficacy was estimated by the following formula :
contacts who had received 3 doses of DTP vaccine

Attack rate among unvaccinated-

attack rate among vaccinated
- x 100%

Vaccine efficacy =
Attack rate among unvaccinated

" Comparing the contacts 20 years of age and younger  of pertussis vaccine in DTP was estimated to be
who had received complete DTP vaccination ( 2 3 47.6% (95% confidence, limits 45.9 to 50.7%)
doses of DTP) and those without, the efficacy

Table 3  Pertussis secondary attack rates in 127 household contacts by age and DTP vaccination

status
Age group ‘ DTP vaccination status Total
(years) ' > 3 doses | 1-2 doses None Unknown
total 1 2 1 0 4
under 1 ill 0 1 1 0 -2
AR (%) 0 50.0 100.0 - 50.0
total 7 17 8 0 32
1-4 ill 1 4 5 0 10
AR (%) .~ 14.3 23.5 62.5 - 31.3
total 1 10 16 1 28
5-9 it 0 1 6 1 8
AR (%) 0 10.0 37.5 100.0 28.6
total 0 I 26 1 v 28
10- 14 ill ’ 0. 0 3 0 3
AR (%) - 0 11.5 0 10.7
total 0 0 34 1 35
15-20 ill 0 0 3 0 3
AR (%) - - 8.8 0 : 8.6
total 9 30 85 3 127
Total -1l 1 6 18 | 26
AR* (%) 11.1 20.0 21.2 333 20.5
* Secondary attack rate
Vaccine efficacy (overall) = (_2_1_'_2_'._ _1_1 '_1_) X 100%
212
= 47.6%
95% Confidence limits 45.9 to 50.7%
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However, the efficacy of the vaccine in-
creased from 47.6% in the contacts under 20 years

YNNI

of age to 81.3% in the contacts under 5 years
of age (Table 4)

Table 4 Pertussis vaccine efficacies in contacts under 10 years of age.

DTP vaccination status
Age group
> 3 doses 1-2 doses None
total 8 19 9
under ill 1 5 6
S years AR (%) 12.5 26.3 - 66.7
Vaccine T
efficacy - 81.3%
total 29 25
under ill 6 12
10 years AR (%) 11.1 20.7 48.0
Vaccine T T
efficacy ! 76.9% '
Discussion

This pertussis outbreak investigation afforded
an opportunity to study some epidemiological
aspects and to estimate the efficacy of pertussis
vaccine in DTP.

Pertussis is transmitted directly by droplets
from coughing or sneezing.'¥ The most infectious
period is the early part of the disease prior to
the development of a paroxysmal cough.("') Older
children and adults whose immunity-acquired na-
turally or by immunization-may have faded, may
be ill with atypical pertussis or an upper respiratory
tract infection.®4 These unrecognized patiénts
may transmit pertussis infection to others or even
to young infants before immunization.!¥) The
spread of the infection may be followed from
patient to patient, and from household to house-
hold.“13 The secondary attack rate in susceptible
persons may be as high as 70% .43 However, the
attack rate in children who had partial immunity

was lower than that in susceptible children. In

this study, the overall secondary attack rate was
only 20.5%, but 50% in those under one year of
age.

The efficacy of pertussis vaccine has been
questioned recently by Stewart, who alleged minimal
benefit and significant risk from the use of the
vaccine.!® Recent community-wide studies have
shown conflicting estimates of efficacy; two showed
high efficacies (85% and 84%) and one showed
essentially no efficacy.(”'ls"g) However, those

studies had relatively few laboratory-defined cases
and were not based on comparison of secondary
attack rates in households. Estimates based on
secondary attack rates may be more reliable because
the exposure can be assumed to be more uniform.
Broome, et al (1981) investigated an epidemic in
Atlanta and studied the secondary attack rates in
households to estimate the efficacy of pertussis
vaccine. %0 They found a vaccine efficacy, among
household contacts of 63%. In this study, we found

" an efficacy of 47.6% in contacts under 20 years

of age and 81.3% in contacts under 5 years of age.
The differences in the degree of efficacy of the
vaccine may have been affected by many factors
including the study design, the age of contacts,
the criteria of diagnosis, the coverage of vaccine
in the studied community, and the different serotypes
of the B. pertussis prevalent in the community
from those in the vaccine. However, there were
a substantial number of cases among the vaccinated,
suggesting that there is still a need for a continued
assessment and improvement of the vaccine.
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