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Pertussis in Sweden after the cessation of generj]

immunization in 1979

VICTORIA ROMANUS, MD, RAGNAR JONSELL, MD AND SETH-OLOF BERGQUIST, MD

Immunization against pertussis was intro-
" duced in Sweden in the 1950s and discontinued
in 1979. This was followed by a low endemic
level of pertussis for 3 years. Thereafter the
incidence gradually increased and there were
two outbreaks in 1983 and in 1985.

* In the period 1980 to 1985 pertussis was con-
firmed by culture or serology in 36 729 patients
of which 11% were younger than 12 months of
age and 69% were ages 1 to 6 years. An estimate
of the total frequency of pertussis in preschool
children was made from reports from a sample
of the child health centers. The annual incidence
rate per 100 000 population ages 0 to 6 years
increased from the 700 cases in 1981 to 3200
in 1985. The ratio of total cases to those re-
ported from the laboratories was 3:1 in 1981
and 2:1 in 1985. The cumulative incidence rate
by the average age of 4 years was estimated at
16% of the unimmunized cohort born in 1980
compared with 5% of the immunized cohort born
in 1978.

The seriousness of pertussis was evaluated by
studying the 2282 pertussis patients hospital-
ized from 1981 to the end of 1983. Forty-eight
percent were infants younger than 12 months
of age. Neurologic complications were noted in
4% and pneumonia in 14% of the hospitalized
patients. Eleven children received assisted ven-
tilation. Fatal outcomes were reported in 3 chil-
dren (0.1%), 2 of whom had severe congenital
disabilities.

INTRODUCTION

The controversy about pertussis vaccine which has
been going on all over the world is still raging. The
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main problem is the risk of serious side reactions g
the whole cell vaccine.! Nevertheless the authorities
of most countries strongly recommend general vacg
nation for pertussis because they consider that the
beneﬁts of vaccination substantially outweigh th
risks.> '

In a few European countries official or public opm.
ion has been different. In Italy vaccination ag
pertussis is not practiced.’ In the Federal Republlc o
Germany the policy is different in different regions
in Hamburg general vaccination has not been prac:
ticed since 1962.% In the United Kingdom the publ;
cation of some case reports of vaccine-damaged
children® led to a reduction of vaccination coverage in
the mid-1970s in spite of the official recommendati
to vaccinate. In Japan the immunization rate tem
rarily declined to 22% in 1975 and to 14% in 1976
when the age of starting immunization was changed
from 2 months to 2 years on account of two deaths
possibly related to pertussis vaccination.’

In Sweden immunization against pertussis was il
troduced at the beginning of the 1950s. After 1965
most children received three doses of vaccine agams_i
diphtheria, tetanus and pertussis at 4- to 6-week in
tervals between the ages of 2 or 3 and 6 months. Nt
booster was given later on.

In 1979 pertussis vaccine was withdrawn in Sweden
mainly because its protective efficacy was ques
tioned.’ ! The decision to cancel pertussis vaccin
tion was preceded by an intensified surveillance of the
current situation, which is still going on.

The aim of this report is to describe the epldemml
ogy of pertussis in Sweden after the cessation ¢
general vaccination in 1979 with special regard w'th
attack rate and the seriousness in the unimmu
population.

METHODS

Statistics on pertussis are compiled at the Dep
ment of Epidemiology, National Bacteriological L&
oratory, Stockholm, on the basis of reports from ! foil
sources. .

1. Reports from the regional medical offi

Since 1911 these monthly reports enumerate patiest
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treated for pertussis. Reporting has been compulsory
by law since 1953.

2. Reports from the laboratories. Since 1977 all
microbiologic laboratories in Sweden have been in-
vited to report all patients with bacteriologically con-
firmed Bordetella pertussis (by culture since 1977 and
also by serology since 1980).

3. Reports from the hospitals. Since 1981 pa-
tients who have been hospitalized on account of per-
tussis have been reported with individual data on
special forms by all the 29 departments of infectious
diseases and also by all the 44 children’s hospitals in
Sweden. To make this material complete personal
inquiries were made to the hospitals in 1984 to check
whether every pertussis patient hospitalized in the
period 1981 to 1983 had been reported. From this
check information was obtained on another 560 pa-
tients, i.e. about 25% of the final number of hospital-
ized patients. Information about patients hospitalized
in 1984 and 1985 has not yet been compiled and is
therefore not included in the present analysis.

The number of pertussis patients hospitalized in
1980 was obtained from the National Board of Health
and Welfare covering 19 of the 24 counties and 81%
of the population. From these figures, which were
obtained by year of birth, the total number of children
born in 1980 who had been hospitalized in 1980 in the
whole of Sweden was extrapolated.

4. Reports from the child health centers. Since
January, 1982, reports have been sent once a year
from a sample of about 300 child health centers on
the total number of children per year of birth who are
being supervised at the child health center and the
number who have had pertussis during the previous
year or earlier. The reports are based on the infor-
mation supplied by the parents and entered in the
children’s health records. Information was obtained
in January, 1982, 1983, 1984 and 1985 concerning an
average annual number of 106 000 preschool children
(ages 0 to 6 years), covering about 16% of the total
child population in Sweden and ranging from 4 to 55%
of the child population in 20 of 21 of the total of 24
counties in Sweden.

The cumulative incidence rates and the annual in-
cidence rates were calculated by the number of chil-
dren by year of birth who were declared to have had
pertussis by the end of 1980, 1981, 1982, 1983 and
1984 and who were reported annually in the period
1981 to 1985 (inclusive), as percentages or numbers
per 100 000 of the children registered at the partici-
Pating child health centers. In estimating the annual
incidence rate by birth cohorts in 1981, 1982 and 1983,
the population of the cohort born during the current
year was divided by 2 (Fig. 4).

Mortality from pertussis is surveyed at the National
Bureau of Statistics in Stockholm, through the regis-
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ter of causes of deaths. The number of deaths caused
by pertussis between 1950 and 1980 (inclusive) was
obtained from this register. The figures for 1981 to
the end of 1983 are based on reports from the hospitals
on deaths among the hospitalized patients. Informa-
tion on deaths in 1984 and 1985 is not available.

BACKGROUND

Vaccine. The diphtheria-tetanus toxoids-pertussis
vaccine used in Sweden from 1952 to 1963 contained
aluminum phosphate as adjuvant. The adjuvant was
removed in 1963 in order to diminish the incidence of
local reactions. Between 1969 and 1977 further medi-
fications of the production procedures were intro-
duced. Inactivation of pertussis bacteria by merthio-
late was complemented by heat in 1969. Furthermore
the method of cultivation of pertussis bacteria was
changed from 1972 onwards, from stationary in bubble
bottles to agitated in fermentors for 48 to 72 hours. In
late 1977 the period of cultivation was further short-
ened to 20 hours in order to preserve the strain char-
acteristics as measured by the agglutinogen content
(M Tiru, personal communication).?

Immunization coverage. The proportion of chil-
dren fully immunized with three doses of diphtheria-
tetanus toxoids-pertussis vaccine gradually decreased
from 90% in 1974 to 83% in 1977 and 1978. Only 12%
of those born in 1979 were in time to be fully immu-
nized, because the vaccine was withdrawn in the mid-
dle of 1979." During the 1980s pertussis vaccine has
been imported and it is available for high risk children
on special permission.

Morbidity before 1979. Since the beginning of
the present century the epidemic curves of pertussis
cases reported by the regional medical officers have
fluctuated, with a peak usually every fourth year and
occasionally every third or fifth year (Fig. 1). After
1950 the curve descended from the highest figure of
20 000 reported cases (271 cases per 100 000 popula-
tion) in 1957 to the lowest figure of 762 (9 cases per
100 000 population) in 1972. After a 10-year period of

| 82 80 80 550 1950 ) B850
Year of report

Fi1G. 1. Pertussis in Sweden. Official statistics from 1911 to 1985,
Annual incidence rate per 100 ¢00 of the populatlon of cases re-
ported by the regional medical officers.
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FIG. 2. Pertussis in Sweden. Reports from the regional medical officers, number of cases reported by month in the period from 1969 to

the end of July 1986.

rare occurrence an increase was observed in the mid-
1970s, culminating in an outbreak which lasted from
September, 1977, until the end of 1978, with about
800 cases reported monthly by the regional medical
officers (Fig. 2).

Mortality before 1979. Before the introduction
of vaccination, mortality from pertussis gradually de-
creased from about 1000 deaths in 1916 to about 200
deaths annually at the beginning of the 1930s and was
further reduced to a total of 90 deaths recorded during
the 10-year period from 1950 through 1959 and 12
deaths from 1960 to the end of 1969. Two children
died in 1970. In the period 1971 to 1979 (inclusive)
one death was reported in an adult suffering from the
sequelae of pertussis encephalopathy acquired as a
child. However, no death caused by actual pertussis
was recorded.'

RESULTS

Annual and seasonal fluctuations after 1979.
The cessation of pertussis vaccination was followed
by a relatively calm period with its lowest level in mid-
1981, when about 100 cases per month were reported
from the regional medical officers. The next outbreaks
occurred in the periods from October, 1982, through
" December, 1983, and from December, 1984, through
January, 1986. The peak was observed in November,
1985, comprising 1700 cases reported by the regional
medical officers (Fig. 2) and about 1200 cases con-
firmed by culture (Fig. 3).

Annual incidence rate. Table I shows the annual
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incidence of pertussis at all ages and in children ages -
0 to 6 years according to the different sources of
reports in the period 1980 to 1985. The ratios between
the low endemic year 1981 and the two epidemic years,
1983 and 1985, were 1:4:5 to 7, according to the differ-
ent reports. A pronounced increase in the proportion
of bacteriologically confirmed cases was observed in
1985. A correlation between reports from the child
health centers and from laboratories is apparent in
annual incidence rates by year of birth (Fig. 4). The
incidence rate each year was highest in children born —
in 1980 or 1981 and was low in children born in 1978 .
compared with those born in 1977 and 1979. ‘l‘:
Cumulative incidence of pertussis in the un- g 81
immunized birth cohorts of 1980 to 1983. This -
information according to the different sources, is given ¢
in Table 2. The incidence rate per 100 000 person _ gex
years was estimated in order to take into account the wy‘
time of observation and also the fact that the different a:.
birth cohorts experienced the outbreaks at different 3)‘
ages, thus giving.a rough estimate of the average th.e

number of cases per birth cohort per year.
Comparison of cumulative incidence of per-
tussis in immunized and unimmunized birth co-
horts. According to reports from the child health
centers, 10% of children born in 1977 had shown signs
of infection by an average age of 4 years (to the en
of 1981), compared with 5% of those born in 1978 by
the same age (to the end of 1982) and 16% of thosé
born in 1980 (to the end of 1984) (Fig. 5). The corré-
sponding incidence of bacteriologically confirmed per-
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] Fi6. 3. Pertussis in Sweden. Reports from the laboratories, B. pertussis confirmed by culture, number of cases reported every 4 weeks in
F. the period from May, 1977, to the end of August, 1986.

TABLE 1. Pertussis in Sweden in the period 1980-85

Annual incidence rate of cases reported per 100 000 of the population of all ages and of preschool children (0 to 6 years of
age). Ratio between the reports from the child health centers and the bacteriologically confirmed cases and the hospitalized

patients, respectively.

9to -
Reports from No. of Cases/100 060 of the Population Target Population
1980 1981 1982 1983 1984 1985 on Average

ges All ages Regfi;_mal medical 63 27 58 n7 57 130 Total: 8 300 000

of . Laboratories {cul- 50 25 47 108 57 153 Total

en ture or serclogy)

s Hospitals 5 7 16 Not completed Total

er- 0-6 years Chiéd lg.ahh centers 700 1300 2900 1400 3200 Sample: 106 000

. H
1on Ls(borau):ries (cul- 457 236 450 1054 574 1595 Total: 657 000

in ture or serology)
ild (LAB)

! Hospitals (HOSP) 58 ] 182 Total

in
he Ratio CHC:LAB 3:1 31 31 2.4:1 21

Ratio CHC:HOSP 1211 17 1611
)}
78 I .
- L. tussis up to the average age of 4 years was 2% of confirmed by culture and 84% of patients hospital-

n- children born in 1977, 0.9% of those born in 1978 and ized).

his 3.8% of children born in 1980. Seriousness of pertussis. Hospitalization. In 2282
en Age. In the period 1980 to 1985 (inclusive) 36 729 pertussis cases hospitalization was reported during the
on pertussis cases were bacteriologically confirmed (30% period from 1981 to the end of 1983. The diagnosis
he by culture and 10% by serology). On the average 11% was confirmed by culture in 40% and by serology in
nt were from children younger than 12 months of age 6%. The percentages of bacteriologically confirmed
nt. and 69% were from children ages 1 to 6 years (Table pertussis cases hospitalized were 7% of all cases (all
ge 3). After 1979 there was a shift of the cases towards ages) and 31% in children younger than 12 months of

‘ the age group younger than 12 months, which de- age (Table 5).

e Creased in the period 1983 to 1985 in paralle] with the The 1098 patients hospitalized before the age of 12
o- Increase of the absolute number of cases. In Table 4 months included 552 children younger than 6 months.
th ¢ are shown the age-specific incidence rates of bacteri- The number of cases by month of admission is
ns | ologically confirmed pertussis cases in the period 1981 shown in Fig. 6. Forty-nine of the patients had been
od | 101983 in comparison with the age-specific incidence admitted to the hospital for reasons other than per-
by . of all pertussis patients hospitalized during the same tussis (most often surgical problems) but were found
se } Period. The sex distribution demonstrated a slightly also to have pertussis. Half of the patients (1163) were
. l; higher rate in females (52% of all cases confirmed by treated in the hospital for 1 to 3 days, while 167
y- ¢ cCulture and 54% of the patients hospitalized). In adults patients (7%) stayed as long as 15 to 65 days (mean,

(>15 years) the majority were females (78% of cases

20 days). The mean duration of the hospital stay was
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F1G. 4. Annual incidence rate of pertussis in preschool children in 1981, 1982 and 1983 in percentages by year of birth. ——, reports from .
child health centers on a sample of about 15 000 children per year of birth. - - - -, reports from the laboratories on the number of cases
confirmed by culture or serology in the total child population, on an average, of 96 000 children per year of birth. 3
']
TABLE 2. Summary of the cumulative incidence of pertussis in the period 1980 to 1983 (inclusive) in the unimmunized -
child population born in the period 1980 to 1983 (inclusive)
Cumulative Incidence of Pertussis to the End of 1983 Target Population 3]
Born in 1980 to { year
No. of cases % of N o 1983 Jl 977
Reports from child health centers (CHC) 4385- 68 3370 Sample N = 64213 0--
Bacteriologically confirmed cases (LAB) 7014 1.9 930 Total N = 375 495 “ Num
Hospitalized pertussis patients in 1980° + 285° + 1830 06 280 Total birtt
1981-83 (HOSP) Perc
Deaths 1 0.0003 0.1 Total 198C
Ratio CHC:LAB:HOSP 12:3:1
*The ber of pertussis pati born in 1980 and hospitalized in 1980 was app d (sec “Mathods”). y
t
- : i 19
8 days for infants younger than 6 months of age, 6 of them, born in 1974 and 1976, were 7 and 6 years of | by
days for children between 6 and 11 months of age and age, respectively, when they became ill. Both suffered ¥ = sen
4 days for patients older than 12 months. from physical handicaps caused by congenital disease, &
Complications (Table 6). Neurologic symptoms were on account of which they had not been immunized -
reported in 90 patients (4%). Eleven children were against pertussis. The first child, who had Down’s
considered to have generalized encephalitis. Pneu- syndrome and associated heart disease with pulmo-
monia was diagnosed by chest roentgenograph in 321 nary hypertension, died of cardiac failure. The second -
children (14%). Eleven children (0.5%) including one child, who had myelomeningocele with a ventriculo-
fatal case received assisted ventilation; all had been peritoneal shunt, had shunt dysfunction and died of —
born in the period 1979 to 1983. They had pneumonia herniation of the medulla oblongata. The third case, 2

and 7 also had neurologic complications. According to
the available information, another 170 children (7%)
received intensive care and/or oxygen or parental
nutrition or tube feeding.

Deaths. No deaths were recorded in 1980.'* Fatal
outcomes were reported for three of the pertussis
patients hospitalized in the period 1981 to 1983. Two
of them, born in 1974 and 1976, were 7 and 6 years of

an infant born in 1983, at 4 weeks of age, developed
pneumonia with widespread lobar consolidation. She
died in spite of antimicrobial treatment and intensive
care with assisted ventilation.

DISCUSSION

The outbreak in Sweden in 1977 to 1978 appeared
despite high immunization coverage (more than 80%)-

Il
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his suggested that the pertussis vaccine had insuffi-
icient protective efficacy and the vaccine was with-
Arawn in the summer of 1979. The next outbreak in
982 to 1983 occurred in a population in which the 3
r 4 youngest age groups were totally unprotected.
The number of reported cases was higher in 1983 and
1 1985 than in 1978, but the magnitudes of the
pidemics are difficult to compare, because the higher
gures in the 1980s might have been influenced by an
creased attention to the unimmunized child popu-
tion, followed by an increased inclination to take
pecimens and to report cases.

. Lyetage age
Vi 2 3 4 S  Years
ol 0-23 12-3% 2-47 36-59 487 monthstanges)

Fic. 5. Cumulative incidence rate of pertussis in percentages by
year of birth and average age. &——@, immunized cohorts born in
977 and 1978 and partly immunized cohort born in 1979;
O~ - -O, unimmunized cohorts born in the period 1980 to 1983.
umber of cases reported from the child health centers by year of
irth in percentages of about 15000 children per birth cohort.
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TABLE 5. Pertussis in Sweden: bacteriologically
confirmed pertussis cases among pertussis patients
hospitalized compared with patients hospitalized among all
bacteriologically confirmed pertussis cases in the period

1981 to 1983 :

No. of Patients

. All ages <1 year 1-4 years
Pertussis patients hospitalized 2282 1098 961
Bacteriologically confirmed 1056 (46)° 546 (50) 380 (41)
cases of above
All bacteriologically confirmed 15057 1752 7697
pertussis cases
Patients hospitalized of above 1056 (7 546 (31) 390 (5)

* Numbers in patentheses, percent of patienta.

The data comprise the minimum number of pertus-
sis cases known to have occurred in Sweden between
1977 and 1985 (inclusive), i.e. the total number of
bacteriologically confirmed cases and also the total

Number
150

Ikwd
admission

-T i T T
v | we2 | e

FiG. 6. Pertussis in Sweden. Pertussis patients hospitalized in
the period 1981 to 1983, number of patients by month of admission.

TABLE 6. Pertussis in Sweden: complications in
pertussis patients hospitalized in the period 1981 to 1983

ercentages of children who have had pertussis up to the end of Total Cases Con-
980, 1981, s , tively. firmed
1 1982, 1983 and 1984, respectively. Complications in Hospitalized 'n;ml No. o irmed by
Pertussis Patients ( 13 =: 228! 32) of N culture Serology
TABLE 3. Pertussis in Sweden: number of (921) (8‘35’))
bacteriologically confirmed cases in the period 1977 to rC——
» 979 (all by culture), 1980 to 1982 (95% by culture and 5% eurologica. .
halis .
Sred y serology) and 1983 to 1985 (88% by culture and 12% by proephalits (generalized) o5 s 2
! rology): percentages of cases in children ages less than 12 cephalitis excluded)
months and 1 to 6 years, respectively Temperature <38°C 42 1.8 14 8

. Temperature »38°C 20 0.9 8 1
! Total No. of % of Children Convulsions in patients 11 0.5 6 1
v ] Year of Cases Bacterio- ot with knovn} epilepsy . 03

Diagnosis logically Con- er, e.g. ataxia, vertigo . 2 1
m o rmed <12months  1-6 years Pneumonia 21 14 125 38
20!1& Cardiac symptoms 3 0.1 1 1
ul ::&1979 10588 8.5 70 Assisted ventilation by respi- 11 05 5 4

1982 10215 12 64 rator

d o ~_1983-1985 26514 10 1 Deaths 3 01 3
a8 :
yped ABLE 4. Pertussis in Sweden: age-specific incidence of bacteriologically confirmed pertussis per 100 000 of the population

in the period 1981-1983 (inclusive) as compared with the age-specific incidence of all hospitalized pertussis patients
_ (including both bacteriologically confirmed and clinically diagnosed pertussis) during the same period

Av. Annual No. of Cases/100 000 of the Population by Age (Years)

- All ages <1 year 1-4 years 5-9 years 10-14 years 15-19 years 20-49 years 250 ycars
_BWriologically confirmed 60 630 670 258 30 5 8 2
ed pertussis
are ‘Hospitalized pertussis pa- 9 395 84 8 0.7 0.4 0.6 0.2
0%} tients :

—
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number of pertussis patients hospitalized in the period
1981 to 1983.

The statistics on bacteriologically confirmed cases
are influenced by the inclination among different phy-
sicians to take specimens in order to make accurate
diagnoses, which depend on, among other things, the
distance to the laboratory and the epidemic situation.
Hospital admission is affected by several factors be-
sides the severity of disease, for example the age of
the patient and the parents’ ability to take care of the
child at home, their confidence that they can do so
and also the distance to the hospital.

The two other surveillance methods are limited as
regards the diagnostic criteria; the number of bacte-
riologically confirmed cases and the criteria estab-
lished for the other cases reported are unknown. Apart
from that notifications from the regional medical of-
ficers are not a reliable measure of the occurrence of
pertussis, because many children with pertussis do not
see a doctor. Several cases receiving medical care are
not reported either; pediatricians and doctors special-
izing in infectious diseases, who often treat pertussis
patients, are not among those obliged to send in re-
ports.

Reports from the child health centers depend on the
readiness of the nurses to ask the parents if and when
their children have had pertussis. The diagnosis is
uncertain when it is based only on the history received
from the parents. The discrepancies in the attack rate
as between different birth cohorts may be influenced
by the fact that the histories of the youngest children
are more reliable, because they have closer contacts
with the child health center during their first 12
months of life.

Despite the limitations of the 4 different reports,
the results were congruent both as regards the epi-
demic fluctuations and as regards the annual and
cumulative incidence rates. There was a relatively
constant relationship between the incidence of cases
reported from the laboratories and from the child
health centers (ratio, 1:3 to 1:4). Although the reported
figures of the occurrence are certainly lower than in
reality, they reflect trends. The discrepancies in the
incidence as between the different immunized and
unimmunized birth cohorts were reproduced repeat-
edly during five consecutive years in the two different
reports, one nationwide from the laboratories and the
other from the child health centers based on a sample
of children ages 0 to 6 years.

Thus children born in 1978 had a lower pertussis
incidence than those born in 1977 or in 1979 and 1980.
This may have been due to an improved protective
efficacy of the vaccine used in 1978, as compared with
the vaccine used in the period 1972 to 1977. The
impact of the changing vaccine procedures, leading to
improved agglutinogen content in late 1977, could not

April, 198?::i

be evaluated as early as 1979, when it was decided to;
discontinue vaccination. )

It was not possible to compare the seriousness of:
pertussis in unimmunized children with the serious.
ness in the immunized population born in the 1970
because information on the pertussis patients hospj
talized in the 1970s was not available. The study doeg:
not include any long term follow-up to record such.
possible sequelae as neurologic or pulmonary dysfunc-
tion. However, it is on record that all the surviving
patients were apparently healthy on leaving the hos-.
pital and at the next visit.

However, 1 fatal case of pertussis a year in Sweden
must be weighed against the risks of serious sequelae
after vaccination with the available whole cell vac-
cines, 1 case per 100 000 vaccinated children, accord-
ing to one study in the United Kingdom.? Other stud-
ies have reported higher frequencies of 1:25 000 to
1:50 000 vaccinations.-!518

The epidemic peaks in Sweden occurred in parallel
with those in the United Kingdom, where two large
outbreaks occurred in the period 1977 to 1979 (peak
in late 1978) and in 1982 (peak in September, 1982).
These outbreaks.were declared to have been caused
by a sharp decrease of vaccine acceptance from more
than 75% in 1974 to about 30% in 1978, followed by a
slow increase up to 45% in 1981 and 61% in 1982.*
The proportion of hospitalized patients in the United:
Kingdom in the period 1978 to 1980 was estimated at
3%,” compared with 7% in Sweden in the period 1981
to 1983, but this latter percentage is derived from
bacteriologically confirmed cases. The frequency of
admission is expected to be lower among the cases |
with only a clinical diagnosis. The number of deaths
(51 in the period 1977 to 1982) in the United
Kingdom!® corresponded to an average annual number
of 9 deaths, compared with 1 fatal case a year in
Sweden in the period 1981 to 1983. Since the popula-
tion of the United Kingdom is about 8 times that of
Sweden, the mortality would seem to be equally low
in both countries.

Our evaluation of pertussis in the unimmunized
child population gave an answer to the question of
whether pertussis nowadays is a harmless disease :
which does not demand general vaccination. The pres-
ent situation regarding pertussis in Sweden and the |
low efficacy of the antimicrobial treatment® indicate :
an urgent need to prevent the disease by general.;
vaccination as soon as a safe and effective vaccine is !
available. ;

ACKNOWLEDGMENTS

We wish to express our sincere thanks to all those colleagues,
nurses, technicians and secretaries who dealt with the reports from
the hospitals, the laboratories and the child health centers for their
willingness to collect information and answer cur questionnaires;




es-

‘he

ate -
ral
ris

ROMANUS ET AL. 371

Vivi-Ann Dahlbeck and Inger Reuterskiold, who recorded all the
bacteriologically confirmed cases of pertussis, Gun Sandzelius,
whose skillful cooperation in working up the large material was
invaluable; and Roger Bernier, Hans O. Hallander, Erik Rabo and
Gordon T. Stewart for their valuable criticisms of the manuscript.

REFERENCES

1. Trollfors B: Bordetella pertussis whole cells vaccines: Efficacy
and toxicity. Acta Paediatr Scand 73:417-425, 1984
2. Fulginiti V: Pertussis disease, vaccine and controversy (Edito-
rial). JAMA 251:251, 1984
3. Miller DL, Alderslade R, Ross EM: Whooping cough and
whooping cough vaccine: The risks and benefits debate. Epi-
demiol Rev 4:1-24, 1982
4. Hinman AR, Koplan JP: Pertussis and pertussis vaccine. JAMA
251:3109-3113, 1984
5. Manclark CR, Cowell JL: Pertussis. Bacterial Vaccines. Edited
by R. Germanier: New York, Academic Press, 1984
6. Cherry JD: The epidemiology of pertussis and pertussis immu-
nization in the United Kingdom and the United States: A
comparative study. Curr Probl Pediatr 14:1-78, 1984
7. World Health Organization, Regional Office for Europe, Second
Conference on Immunization Policies in Europe: Report on a
WHO Meeting, Karlovy Vary, 10-12 December 1984. ICP/EPI
001m01 1430 G. Report 1986
8. Ehrengut W: Lisst sich die Reserve gegeniiber der Pertussis-
Schutzimpfung begriinden. Padiat Prax 23:3-13, 1980
9. Kanai K: Japan’s experience in pertussis epidemiology and
vaccination in the past thirty years. Jpn J Med Sci Biol 33:107-
143, 1980
10. Rabo E: Kikhostans aterkomst (The return of pertussis) (in
Swedish). Lakartidningen 72:2036-2038, 1975

11. Trollfors B, Rabo E: Whooping cough in adults. Br Med J
283:696-697, 1981

12. Tiru M, Lantz A, Salenstedt CR: Immunogenic properties of
pertussis bacteria processed by different methods. Proceedings
of the 8th meeting of the North West European Microbiological
Conference, Helsinki, Finland, June 16-18, 1976

13. Romanus V, Jonsell R, Battiger M, et al: Immunization status
in Swedish preschool children (in Swedish). Lékartidningen
79:2863-2865, 1982

14. Official Statistics of Sweden, Stockholm, National Bureau of
Statistics, Register of Causes of Deaths. 1924 and 1950-1980

15. Strom J: Further experiences of reactions especially of a cere-
bral nature in conjunction with triple vaccine. Br Med J 4:320~
323, 1967 .

16. Stewart G: Whooping cough and pertussis vaccine. Br Med J
287:287-288, 1983

17. Stewart GT: Whooping cough and pertussis vaccine: The risks
and benefits debate. Am J Epidemiol 119:135-136, 1984

18. Department of Health and Social Security, the Committee on
Safety of Medicines and the Joint Committee on Vaccination
and Immunisation: Whooping Cough. The Collection of Data
Relating to Adverse Reactions to Pertussis Vaccine. London, Her
Majesty's Stationery Office, 1981

19. PHLS Surveillance Centre C 985 OPCS, Monitor MB 2 85/2,
Annual Review of Communicable Disease, England and Wales,
1982

20. Pollock TM, Miller E, Lobb J: Severity of whooping cough in
England before and after the decline in pertussis immunization.
Arch Dis Child 59:162-165, 1984

21. Bass JW: Pertussis: Current status of prevention and treatment.
Pediatr Infect Dis 4:614-619, 1985

The Pediatr Infect Dis J, 6:371-377, 1987
0891-3668/87/$02.00/0
Copyright © 1987 by Williams & Wilkins

Vol. 6, No. 4
Printed in U.S.A.

Comparative efficacy of ceftazidime vs.
carbenicillin and amikacin for treatment of

neonatal septicemia

CARLA M. ODIO, MD, M. A. UMANA, MD, ALBERTO SAENZ, MD, JOSE L. SALAS, MD AND

GEORGE H. MCCRACKEN, JR., MD

The efficacy and safety of ceftazidime were
compared with those of carbenicillin and ami-
kacin in 60 neonates with proved invasive bac-

Accepted for publication Nov. 30, 1986.

From the Hospital Nacional de Nifios, San Jose, Costa Rica
(CMO, MAU, AS, JLS), and Department of Pediatrics, University
of Texas Health Science Center, Dallas, TX (GHM).

Reprints not available. '

terial infections. The two treatment groups of
patients were comparable with regard to sex,
gestational and chronologic ages, associated
risk factors, clinical condition on enrollment,
focus of infection and bacteriology. Escherichia
coli was isolated from blood cultures of 31%,
Pseudomonas aeruginosa from cultures of 25%,
Klebsiella sp. from cultures of 13% and other
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eated for pertussis. Reporting has been compulsory
y law since 1953.

2. Reports from the laboratories. Since 1977 all
iicrobtologic laboratories in Sweden have been in-
ited to report all patients with bacteriologically con-
rmed Bordetella pertussis (by culture since 1977 and
iso by serology since 1980).

3. Reports from the hospitals. Since 1981 pa-
ents who have been hospitalized on account of per-
issis have been reported with individual data on
secial forms by all the 29 departments of infectious
iseases and also by all the 44 children’s hospitals in
weden. To make this material complete personal
1quiries were made to the hospitals in 1984 to check
‘hether every pertussis patient hospitalized in the
eriod 1981 to 1983 had been reported. From this
heck information was obtained on another 560 pa-
ents, i.e. about 25% of the final number of hospital-
:ed patients. Information about patients hospitalized
11984 and 1985 has not yet been compiled and is
serefore not included in the present analysis.

The number of pertussis patients hospitalized in
980 was obtained from the National Board of Health
nd Welfare covering 19 of the 24 counties and 81%
f the population. From these figures, which were
btained by year of birth, the total number of children
orn in 1980 who had been hospitalized in 1980 in the
'hole of Sweden was extrapolated. :

4. Reports from the child health centers. Since
anuary, 1982, reports have been sent once a year
rom a sample of about 300 child health centers on
he total number of children per year of birth who are
eing supervised at the child health center and the
umber who have had pertussis during the previous
ear or earlier. The reports are based on the infor-
1ation supplied by the parents and entered in the
hildren’s health records. Information was obtained
1 January, 1982, 1983, 1984 and 1985 concerning an
verage annual number of 106 000 preschool children
ages 0 to 6 years), covering about 16% of the total
hild population in Sweden and ranging from 4 to 55%
f the child population in 20 of 21 of the total of 24
ounties in Sweden.

.The cumulative incidence rates and the annual in-
idence rates were calculated by the number of chil-
Ten by year of birth who were declared to have had
‘ertussis by the end of 1980, 1981, 1982, 1983 and
984 and who were reported annually in the period
981 to 1985 (inclusive), as percentages or numbers
‘ET.IOO 000 of the children registered at the partici-
‘ating child health centers. In estimating the annual
Acidence rate by birth cohorts in 1981, 1982 and 1983,
he Population of the cohort born during the current
®ar wag divided by 2 (Fig. 4).

, ortality from pertussis is surveyed at the National

Ureau of Statistics in Stockholm, through the regis-
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ter of causes of deaths. The number of deaths caused
by pertussis between 1950 and 1980 (inclusive) was
obtained from this register. The figures for 1981 to
the end of 1983 are based on reports from the hospitals
on deaths among the hospitalized patients. Informa-
tion on deaths in 1984 and 1985 is not available.

BACKGROUND

Vaccine. The diphtheria-tetanus toxoids-pertussis
vaccine used in Sweden from 1952 to 1963 contained
aluminum phosphate as adjuvant. The adjuvant was
removed in 1963 in order to diminish the incidence of
local reactions. Between 1969 and 1977 further modi-
fications of the production procedures were intro-
duced. Inactivation of pertussis bacteria by merthio-
late was complemented by heat in 1969. Furthermore
the method of cultivation of pertussis bacteria was
changed from 1972 onwards, from stationary in bubble
bottles to agitated in fermentors for 48 to 72 hours. In
late 1977 the period of cultivation was further short-
ened to 20 hours in order to preserve the strain char-
acteristics as measured by the agglutinogen content
(M Tiru, personal communication).'?

Immunization coverage. The proportion of chil-
dren fully immunized with three doses of diphtheria-
tetanus toxoids-pertussis vaccine gradually decreased
from 90% in 1974 to 83% in 1977 and 1978. Only 12%
of those born in 1979 were in time to be fully immu-
nized, because the vaccine was withdrawn in the mid-
dle of 1979.” During the 1980s pertussis vaccine has
been imported and it is available for high risk children
on special permission.

Morbidity before 1979. Since the beginning of
the present century the epidemic curves of pertussis
cases reported by the regional medical officers have
fluctuated, with a peak usually every fourth year and
occasionally every third or fifth year (Fig. 1). After
1950 the curve descended from the highest figure of
20 000 reported cases (271 cases per 100 000 popula-
tion) in 1957 to the lowest figure of 762 (9 cases per
100 000 population) in 1972. After a 10-year period of

Ruate Period _of Wacetnation
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FiG. 1. Pertussis in Sweden. Official statistics from 1911 to 1985,
Annual incidence rate per 100 000 of the population of cases re-
ported by the regional medical officers.




