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ABSTRACT

Problem

Although the routinely used vaccines have
occacionally been linked in time with serious adverse
health events, traditional methodologies have produced
little evidence that the temporal relationships are real.
"Baseline" incidences of the adverse events in the
population are unkﬁown. No accurate measurements of

‘vaccine-related risk are available.

Methods

Linked data from the registry, immunization and
hospitalization files of the Manitoba Health database
were used to develop immunization and hospitalization
profiles for the 1987, 1988 and 1989 birth cohorts in
first year of life. Data were analyzed retrospectively
to assess the nature of the associations between routine
DTP/DT/poliomyelitis immunization and adverse events.
ICD-9-CM diagnostic discharge codes identified
hospitalizations with possible events; codes detected
post-immunization were validated by hospital record

review.

Results
There was no increase in overall hospitalization

rates following immunization. Statistically significant




iii

increases ip hospitalizations were found with code 780.3
(non-epileptic convulsions) in the seven days following
the second and third DTP/DT, and with code 345.6
(infantile spasms) in the 28 days following the second
DTP/DT. Overall, DTP/DT immunization was associated with
increased rates of hospitalization with codes 780.3 and
345.6, with code 999.5 (complications of medical care,
not elsewhere classified: other serum reaction) in the
28 day post-immunization period, and with codes 780.6
(pyrexia of unknown origin) and 999.9 (other and
unspecified complications of medical care, not elsewhere
classified) in the two day post-immunization period.
Record review showed that codes 780.3, 345.6 and
780.6 accurately described the conditions present; codes
999.5 and 999.9 represented diagnoses of possible adverse

events,

Conclusions

The study produced evidence of true temporal
associations between the use of DTP/DT vaccine in the
first year of life and hospitalization with fever, non-
epileptic convulsions and infantile spasms within two,
seven and 28 days respectively of immunization.

The techniques could be used to conduct population-
based active surveillance for vaccine-related adverse

events. Data accumulation would facilitate accurate




measurement of the baseline incidence rates of events,
detailed assessment of the nature of their temporal

relationships with vaccine use, and the quantification of

vaccine~related risk.
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1. INTRODUCTION

The impact of immunization on global health cannot
be overstated. No public health modality, with the
exception of safe water, has had a greater effect on
mortality reduction and population growth.1

Critical to the appropriate use of vaccines is an
information system which allows ongoing assessment of the
immunization program, particularly as new vaccines are
developed and licensed. 1Its principal objectives are the
definition of target populations for immunization, the
evaluation of the impact of the immunization program, and
the detection of problems requiring alterations in
immunization strategies. The two components of such an
information system are surveillance and special studies.
Immunization surveillance includes the continuous
monitoring of trends in the reporting of vaccine-
preventable diseases, in vaccine coverage levels and in
the occurrence of vaccine-related adverse events.

Special studies, on the other hand, are one-time
investigations designed to answer specific research
guestions.,

Manitoba's immunization program is supported by a
computerized information system, the Manitoba
Immunization Monitoring System. This system, a component
of the large Manitoba Health database, conducts

surveillance of immunization coverage for the province'’s




entire population of children. Other capabilities
include active surveillance for immunization-related
adverse events and descriptive and longitudinal research.
This population-based study used data routinely collected
by the Manitoba Immunization Monitoring System and the
Manitoba Health database to conduct a special
investigation into the nature of adverse events
temporally related to routine childhood immunization.

Although the routinely-used vaccines have proven
extremely safe, their use has occasionally been linked
with the occurrence of serious adverse health events
which, although uncommon or rare, have been the subject
of much concern and controversy. Their temporal
associations with routine childhood immunization,
particularly those related to diphtheria-tetanus-
pertussis and polio vaccines, have been extensively
reviewed.?2 2 Nevertheless, the exact nature of these
associations, while of great conseqguence to providers and
policy makers, remains poorly understood. The study
addressed the following needs: for true population rates
of incidence of these uncommon and serious events; for
confirmatory scientific evidence relating to the risks of
"routinely-used vaccines; and for rates of incidence for
those adverse events which show a true temporal

association with immunization.




2. BACKGROUND

2.0 REVIEW OF THE LITERATURE: SURVEILLANCE IN THE
CONTROL OF VACCINE-PREVENTABLE DISEASES

Childhood immunization programs target entire
populations with the aim of protecting all individuals
from vaccine-preventable diseases.10 They are among the
most successful and cost effective preventive programs in
public health,n'12 and have led to the global
eradication of smallpox and the control of poliomyelitis,
rubella, measles, diphtheria and tetanus in Canadal? and
in the United States.i0

.This remarkable success is the result of the
appropriate use of safe and effective vaccines.il
A critical feature of any immunization program is the
information system which allows its ongoing assessment,
particularly as new vaccines are developed and licensed.

The two components of such an information system are
survelllance and special studies or investigations.14
Whereas special studies (such as detailed herein) are
one-time investigations designed to answer specific
research questions, immunization surveillance includes
the continuous monitoring of trends in the reporting of
vaccine-preventable diseases, of vaccine coverage levels
and of the occurrence of adverse events related to
immunization.15/16

Disease surveillance is defined as "the ongoing,

population-wide, systematic collection of disease data



together with data analysis, interpretation and

17 Manitoba maintains a structured,

dissemination”.
centralized system of province-wide communicable disease
surveillance based, as in other western jurisdictions,18
on reports generated under local public health
legislation and submitted by physicians, hospitals and
laborateries.

However, whereas almost all other jurisdictions
continue to rely on population surveys to estimate
vaccine coverage,ld“-'lg“21 Manitoba has adopted a policy
of ongoing, complete population immunization
surveillance. Implemented in 1988, the Manitoba
Immunization Monitoring System or MIMS (Section 5.1)
records and monitors all immunizations delivered to all
children born on or since January 1, 1980. Immunization
data enter a file constructed on the province’s
computerized population registry. The registry and its
principal companion files (immunization, hospitalization
and medical) make up the population-based Manitoba Health
database, developed for the administration of the
provincial health care plan (Section 5.0).

Most adverse events related to iﬁmunization are
considered to be specifically caused by vaccines and are
minor in nature, such as fever. They occur perhaps once
in every ten to one hundred doses and are usually termed

"reactions".10 More worrisome are the severe events,




such as death and brain damage, which have been
associated in time with the administration of vaccines
but whose causal relationship with immunization is
uncertain. These occur perhaps once in every one
thousand to one million doses and are usually termed
“immunization-related adverse events".l®

Canada established a national reporting system for
adverse events related to immunization in 1987.22 1t is,
as in other countries, a passive system - that is, it
receives and records unsolicited reports of events
considered by immunization providers to be due to the
administration of vaccine, and calculates rates of
reported events. Passive reporting systems are
population-based and report adverse events in a fairly
timely fashion. They cannot, however, measure the true
incidence of adverse events?3 since incomplete reporting
under-estimates event numbers and the actual size of the
population at risk for the events is unknown.
Interpretation of the rates estimated by the reporting
system is further complicated by our ignorance of the
events’ baseline rates in the general population. Most
importantly, passive systems cannot provide evidence of a
causal link between the event and immunization.i®

In an attempt to overcome the problems of the
passive system, the Canadian Pediatric Society launched

in 1989 an active surveillance system for vaccine-related




adverse events, based in Canada’s pediatric hospitals.24
Active survéillance seeks out persons with the event of
interest; no reliance is placed on health care providers
to report. The hospital-based system captures the most
serious events, is very timely, and ensures fhat the
diagnoses of serious events are verified by specialist
physicians. However, like the passive system, it cannot
measure the frequency of event occurrence nor can it
provide evidence of their causal association with
immunization.

A feasibility study (Section 2.3) has demonstrated
that the Manitoba Health database can be used to
implement a population-based active surveillance system
for serious immunization-related adverse events. This
project builds on its methodology to expand our knowledge
of such events and to examine the nature of their
temporal associations with routinely-used vaccines.

The complete review of the medical literature
concerning surveillance in the control of vaccine-

preventable diseases appears in Appendix 1.



2.1 REVIEW OF THE LITERATURE: ADVERSE EVENTS RELATED TO
THE ADMINISTRATION OF IMMUNIZING AGENTS ROUTINELY USED IN
THE FIRST YEAR OF LIFE

While routine childhood immunization is of
unquestionable benefit to society, its increasingly
widespread use has called attention to vaccine-related
problems.25

The routinely-used vaccines have been shown to be
extremely safe,26 but the medical literature records that
a number of serious adverse health events have been
associated in time (albeit infrgguently) with their
use.2-9 Despite over thirty years of vaccine experience,
there remains considerable public and professional
uncertainty regarding the safety of these products,
particularly that of pertussis vaccine.?'® Aas the
incidence of vaccine-preventable disease falls towards
zero, there is a tendency for individuals to find any
risk of a serious adverse event unacceptable compared
with an apparently small personal benefit from
immunization.2?

Case reports linking whole-cell pertussis vaccine
with neurologic illness began to appear in the 1930s,
shortly after the introduction of early single
products.27 Although DTP vaccine has been the
preparation of choice for the delivery of pertussis

vaccine since the 19503,28 safety questions have centred

on the pertussis component.2 The most serious concerns



relate to reported associations with acute neurologic
illness and death,z"29 although no pathognomonic clinical
syndrome has been identified.? Other conditions which
have been linked with pertussis vaccine include
anaphylaxis, very high fever, excessive somnolence,
seizures, hypotonic-hyporesponsive state, and Reye's

syndrome.2

Oral poliovaccine (OPV) has been associated
with the development of paralytic poliomyelitis, among
both recipients and their contacts.3/7

Several research projects were launched in the mid-
1970s, prompted by increased reports suggesting an
association between pertussis vaccine and permanent brain
damage.30'3l The study with the greatest impact was the
British National Childhood Encephalopathy Study (NCES)
whose preliminary findings, released in 1979, appeared to
support the link between vaccine and illness.32 The
1980s saw a general loss of confidence in pertussis
vaccine,33'34 and immunization levels fell dramatically
in most countries. The effect was particularly marked
in Britain and Japan, where publicity concerning the
vaccine’s alleged dangers was widespread; large
epidemics of pertussis occurred with significant
morbidity and mortality among infants and young
children.33

Various study designs were subsequently employed as

researchers in a number of countries attempted to clarify



the nature of the temporal links between pertussis
vaccine and adverse events. Since, in North America,
ethical considerations precluded the use of randomized
controlled trials to study licensed vaccines,36 studies
using traditional prospective cohort designs concentrated
on the outcome differences between varying numbers of DTP
doses or between the use of DTP and DT vaccines.3/-44
Even when large cohorts were used, however, these studies
had insufficient power to detect genuine differences in
the occurrence of rare or uncommon events.? A number of
case-control studies with alternate methodologies also
failed to find an increased risk of acute neurologic
illness after DTP immunization.32:45-52 Evidently the
neurological events are, if they occur, so rare that even
studies of considerable size have limited statistical
power to detect significant occurrences. The
conclusions, taken over all the studies, were limited:
there is some evidence for a true temporal association
between the administration of vaccine and the occurrence
of an adverse event only for OPV and paralytic

3,7

poliomyelitis and for DTP/DT vaccines and febrile

42,46 Although risk estimates for these events

seizures.
were calculated, no accurate guantification of risk was
possible2 owing either to design factors, to data
inaccuracies or to uncontrolled systematic bias. What is

more, the population rates of incidence of the uncommon
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or rare, serious adverse events - the so-called
"background" rates of these events - remain unknown.>>
Debate over the use of pertussis vaccine continued
in the 1980s and litigation over alleged vaccine injury
increased33/3% A number of commercial manufacturers
withdrew DTP vaccine from the market; periodic instances
of vaccine shortage resulted and the product price
increased more than 100-fold. The search for a safer
pertussis vaccine has dedicated resources to the
development of "acellular" vaccines; these have been
shown to produce good levels of immunity and to have a
relatively low frequency of minor side effects and are
currently undergoing efficacy trials.33 pre-licensure
testing, however, cannot detect rare and serious vaccine

sequelae.53

As with other new products, the marketing of
acellular pertussis vaccines will raise inevitable
questions about safety.

In 1988, re-analyzed NCES data were released in
Britain when a massive legal review of the evidence
regarding brain damage after pertussis immunization (the
"Loveday trial") resulted in the dismissal of a claim for

54 1n the original NCES feport, estimates of

such damage.
risk were based on the condition of seven previously
healthy infants who had neurologic illness within seven

days of DTP immunization and were categorized as impaired

or dead one year later. A case-by-case review showed to
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the judge’s satisfaction that three of these children had
in fact been healthy and that four had alternative causes
for their illness.

Since that time, the data concerning pertussis
vaccine have been meticulously re-examined. Several
eminent investigators and professional organizations have
concluded that a causal association between the
administration of DTP/DT vaccine and permanent
neurclogical damage has not been demonstrated (although
it cannot be dismissed);2'55’57 pertussis vaccine either
is not associated with an increased risk of permanent
brain damage or the magnitude of the risk is so small as
to be virtually unmeasurable,4s53,57,58 Even more
recently, a very large population-based case control
study was designed to assess the feasibility of a full-
scale evaluation of pertussis-vaccine related adverse
events in the United States.®? Using the basic NCES
design, the study analyzed the association between recent
DTP exposure in young children and the risk of acute
onset of neurologic illness by comparing the frequencies
of recent DTP immunization in children with such illness
and in healthy controls. In doing so, the study
addressed criticisms raised against the NCES, which
actually analyzed the time relationship of immunization
and the neurologic event since both children with

neurologic illness and controls were immunized.? No
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statistically significant increased risk of serious
neurologic illness following DTP immunization was found
in the U.S. study. The authors concluded that precise
quantification of the risk of serious neurologic illness
following pertussis vaccine will require very large and
expensive investigations and that, given the rarity of
the events and the expected shift to the use of acellular
vaccines, the public health benefit of such undertakings
is questionable,

These judgments, reassuring to users of whole-cell
pertussis vaccine, highlight the fact that years of
detailed study using traditional methodologies have
produced little convincing evidence that the temporal
associations noted between immunizations and adverse

events are actually real; there are no population-based

measurements of vaccine-related risk and no proven
techniques for assessing the risks of newly-released
vaccines. In addition, regardless of the approach used,
studies of adverse events face methodological
difficulties related to a number of potential sources of

60,61 addressed in Section 5.11.

bias,
The comprehensive review of the medical literature

concerning adverse events following the administration of

the immunizing agents routinely used in childhood appears

in Appendix 2.
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2.2 REVIEW OF THE LITERATURE: MEDICAL RECORD LINKAGE
Record linkage studies are both possible and
practical in Manitoba, using the universal provincial
health insurance database (the Manitoba Health
database).62 Different health care files can be linked
using unique, enduring identification numbers and other
variables included in each record in all files, to
provide individual-based data. Statistics (such as those
related to hospital admissions and immunization events)
can then be compiled according to the number of
individuals concerned, rather than simply to the number
of events. Record linkage has been successfully used in
Manitoba to conduct retrospective cohort analyses of
common surgical procedures, to expand data collected for
other purposes, and with various combinations of
information such as survey, clinical, claims and
mortality data,63-65
The Manitoba Health database provides the

opportunity to study the immunization and hospitalization
experiences of children and the temporal association
between childhood immunization and adverse health events.
This can be accomplished by linking, for birth cohorts of
children, the immunization and hospital files (Section
5.4). Immunization and hospitalization histories can
then be examined simultaneously, and the relationship in

time between their immunization and hospital experiences
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determined.
A full review of the medical and health services .
literature concerning medical record linkage appears in

Appendix 3.

2.3 PREVIOUS WORK

A preliminary study examined the feasibility of
using linked data from the Manitoba Health database to
implement an active surveillance system for immunization-
related adverse events.(Roberts 1991, unpublished)

The study used the population-based data routinely
collected in the computerized registry, hospitalization
and immunization files. The registry file defined the
study cohort: members of the 1988 Manitoba birth cohort
whose enrolment with Manitoba Health was continuous from
birth to the first birthday. The hospitalization and
immunization files described, respectively, the
hospitalization and immunization experiences of the study
cohort in the first year of life.

The records in the hospitalization and immunization
files of the study cohort were linked, and it was
confirmed that record linkage techniques can be used to
examine hospitalization and immunization experiences
simultaneously. It was also determined that ICD-9-CM

diagnostic codes can be used to identify immunization-
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associated adverse events which lead to hospitalization.
The study demonstrated the feasibility of using this
methodology to establish an active surveillance system
for adverse events temporally associated with routine
immunization in the total population of Manitoba

children.

3. STUDY OBJECTIVES

In general, for the total population of Manitoba
children, the study sought to: describe immunization and
hospitalization experiences; assess the nature of the
temporal association between routine immunization and
adverse events; demonstrate the application of the
findings to routine immunization surveillance.

Specifically, for the 1987, 1988 and 1989 Manitoba
birth cohorts, the study sought to:

u Develop immunization profiles of the cohorts in
the first year of life.

] Develop hospitalization profiles of the cohorts in
the first year of life.

[ Determine population-based rates of incidence in the
first year of life of serious adverse events leading
to hospitalization.

| Assess the nature of the temporal associations

between immunization in the first year of life angd




serious adverse events leading to hospitalization.

4. IMMUNIZATION AND AGENTS USED IN THE FIRST YEAR OF
LIFE - MANITOBA

The Manitoba recommended routine childhood
immunization schedule 1986-1990 (Table 1) recommends that
all children in the first year of life receive routine
immunization with preparations containing the following
agents: diphtheria toxoid, tetanus toxoid, pertussis
vaccine and poliomyelitis vaccine. The administration of
combined diphtheria-tetanus-pertussis (DTP) vaccine is
recommended at each of two, four and six months of age,
and that of separate oral poliomyelitis vaccine (OPV) is
recommended at each of two and four months of age.

The 1986-1990 schedule did not recommend the
administration of Haemophilus influenzae type b (HIB)
vaccine in the first year of life. It was revised, in
July, 1992, to recommend the administration of this

vaccine at each of two, four and six months of age.

16
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5. STUDY METHOD
5.0 SOURCES OF DATaA

For the administration of Manitoba’s universal
health insurance plan, Manitoba Health maintains a
computerized population registry on which have been
constructed hospitalization, medical and immunization
files. These files use information taken from the
registry file and from routinely processed health
insurance service claims.

The population registry includes, for each
individual, a unigue and enduring personal identification
number. This number is confidential, providing a
mechanism by which files can be matched, and is scrambled
when used for research purposes. The file also includes
other individual identifiers (including names, gender,
date of birth), the date of enrolment with Manitoba
Health, and the date of enrolment termination (migration
or death). The currency of the population registry is
maintained by registration of migrations from and into
the province, and through regular, automatic updates from
Manitoba Vital Statistics concerning births and deaths.
The high quality of the Manitoba data has been confirmed
through extensive investigation over the past fifteen
years.66"68

Non-participation in the Manitoba plan is minimal,

as residents are not required to pay any premiums to




register for insured benefits, and no limitations are
placed on the choice of provider or use of the services.
All hospital and medical care, with a few minor
exceptions (such as private hospital room, cosmetic
surgery and some out of province care) is available to
all provincial residents registered with Manitoba Health.
The database contains information on all registrants,
regardless of where they receive care.

The hospitalization file includes all registrants,
and contains all data from the abstract filed for claim
purposes with Manitoba Health following each hospital
separation, including individual identifiers,
admission/separation dates and accompanying diagnoses by
ICD-9-CM code. The medical file includes billings for
physician visits, including physician claims for all
immunization services.

The immunization (MIMS) file records immunization
information for the Manitoba Immunization Monitoring
System (MIMS). The MIMS file contains, for each child,
individual personal identifiers (as above), date of
birth, date of termination (migration or death), and the
immunization records of the individual. Each
immunization record includes a code which identifies the
vaccine administered, its sequence in the immunization
schedule, the service date, and restrictions (this

category is provided to enable the recording of

18
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contraindications to the use of any vaccine).

5.1 THE MANITOBA IMMUNIZATION MONITORING SYSTEM (MIMS)
The Manitoba Immunization Monitoring System is
described in Figure 1. Children born on or after January
1, 1980, are automatically entered into MIMS at birth or

following transfer into the province and registration
with Manitoba Health. Each child is assigned to the
public health office in the area of residence, using
municipal codes and postal codes to identify the correct
health office. Address changes recorded in the
population registry are used to update MIMS
automatically.

Immunization delivery in Manitoba occurs through
three levels of government - municipal (City of
Winnipeg), provincial, and federal (serving persons with
Indian status) - and two types of provider - physicians
(80 per cent) and public health nurses (20 per cent).
Twenty-two MIMS terminals are located throughout
Manitoba, at public health offices in all jurisdictions
and at the Winnipeg Children’s Hospital. Information
concerning immunizations given by public health nurses is
entered directly through public health office terminals,
while physician immunization data are taken directly from

physician billing claims submitted to the Manitoba Health
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and transferred electronically to the MIMS file.

MIMS captures four-digit codes (identical to the
immunization tariff codes used by physicians) for the
specific immunizing agents recommended at .each point in
the recommended provincial schedule (Table 1). Also
captured are codes for appropriate alternate vaccines as
well as those used under special circumstances.

A low cost method of monitoring immunization status
has been selected whereby, in the month of the first,
second, fifth, and sixth birthdays, the MIMS record is
compared with the provincial schedule. Missing or
incorrectly coded immunizations detected at the first,
second, and sixth birthdays stimulate the production of a
letter to the provider of last record, requesting
correction and/or completion. This “reminder" letter
takes the form of an individual record which lists any
scheduled immunization(s) not recorded in MIMS and is
distributed (as is all correspondence) through the public
health office in the area of residence; physicians
return amended records to the office for data entry. At
the fifth birthday, the family receives a letter which
lists all immunizations given to date and flags those
missing or incorrectly coded, requesting correction
and/or completion. This letter provides the required
proof of measles immunization at school entry and serves

as a reminder that the preschool booster is due. At the
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sixth birthday, the family receives an immunization
certificate listing all immunizations given to date.
Children whose records remain incomplete after any step
in the monitoring process are actively followed by public
health and offered immunization.

The records of children whose enrolment terminates
are kept in MIMS for two years, then removed and stored
in a historical file which will be maintained for twenty
five years.

MIMS immunization records are available to families
and providers at any time, from any terminal site.
Summary lists, by public health area or by school, of
children who have (or have not) received a particular
immunization can be requested through the terminals. In
addition, MIMS produces quarterly reports for each health
offlce, documenting the number of immunizations recorded
in that area, by service providgr, and an annual report
which includes, for each health region and the province:
the census of children in each birth cohort back to 1980;
the number of doses of each vaccine administered, by
birth cohort and by service provider; the proportion of
children with no immunizations recorded; and summary
information regarding age at immunization, immunization
rates, and agents, for each birth cohort.

By 1988, MIMS was in full use by all providers

except those in the federal jurisdiction (serving
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Indians), whose participation commenced in 1990 and

remains incomplete.

5.2 MIMS DATA QUALITY

To examine data quality, several studies were
conducted both before and after the implementation of
MIMS.

Immunization records kept by parents and physician
claims for immunizations were compared for a random
sampling of 2,000 urban children, of whom the vast
majority were immunized by physicians.(Manitoba Health:
Johnson 1987, unpublished) In the absence of a clear
"gold standard", the parents’ records were assumed to be
correct. The freguency of miscoding of immunizations by
physicians ranged from 1.9 per cent (for the first dose
of diphtheria-tetanus-pertussis vaccine [DTP]) to 4.0 per
cent (for the third dose of DTP vaccine). Missing
physician billing claims averaged 3 per cent -4 per cent
for each immunization in infancy. Service dates agreed
exactly in 85 per cent of cases. This degree of accuraéy
was considered sufficient to implemené MIMS province-
wide.

The studies conducted following implementation are
detailed in Appendix 4. The first of these examined the

agreement (before monitoring of the MIMS records) between
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physician and MIMS records for infant patients of two
large group practices, one rural (N = 122) and one urban
(N = 131). Excellent agreement was found with respect to
tariff codes and service dates; two per cent or fewer
immunizations were coded incorrectly; service dates
agreed 98 per cent of the time, with all mis-matched
dates recorded within 6 days of each other.

Immunizations unrecorded because of physician failure to
submit a billing claim were also detected, the rate being
estimated at 0.2 per cent (urban) and 6.6 per cent
(rural).

To directly examine the efficacy of the monitoring
process, a study was conducted at an urban public health
office serving a population of approximately 2,500 one-
and two-year olds (Appendix 4). For six months, all
monitoring records (reminder letters) produced at first
(N = 35) and second (N = 41) birthdays were logged at the
times of their distribution and return; amended records
were kept on file following data entry. Eight months
from the start of data collection, the log was examined
and the amended records reviewed; explanations for the
missing immunizations were categorized; rates of
complete age-appropriate immunization before and after
moniforing were estimated. Among this population of
one- and two-year olds, it was estimated that only 8 per

cent were not fully immunized for their age prior to
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monitoring at the first/second birthdays. Physicians
amended and.returned 97 per cent of the incorrect/
incomplete records distributed. "Missing" immuniéations
- were explained as follows: physiciaﬁ failure to bill (43
per cent); coding error (27 per cent); terminated
enrolment or change in provider (20 per cent);
immunization not given (10 per cent). Monitoring led
directly to increases in recorded schedule completion
rates of approximately 6 per cent (from 92 per cent to 98
per cent) for both age groups.

The completeness of the immunization record depends
to some extent on the child’s age and residence.

Although MIMS has enrolled all children born on or after
January 1, 1980, physician billing claims have been
captured only since November, 1987. Consequently, in
major urban areas, primarily in the city of Winnipeg
where 98 per cent of immunizations are administered by
physicians, children born before 1987 are likely to have
incomplete MIMS records.

A preliminary study of the quality of first year of
life MIMS data for the 1987 birth cohort (N = 14,331) was
therefore undertaken (Appendix 4). Two cohort subgroups
were defined by immunization status: received at least
one immunization in the first 160 weeks of life (N =
13,966); and, received no immunizations of any kind in

the first 160 weeks of life - MIMS records blank (N =
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365). For members of the first subgroup (in receipt of
at least one immunization in the first 160 weeks of life)
for whom first-year data were missing, there was no
evidence of selection. That is, there was no evidence
that these children represented a select group in which
factors associated with avoidance or. delay of
immunization may have been associated with an increased
risk of adverse-event-type medical outcomes. The use of
the incomplete immunization data set for the 1987 birth
cohort would underestimate overall immunization rates and
the total number of hospitalizations before/after
immunization, but was not likely to bias our findings
concerning adverse events by tending to underestimate any
real risks associated with immunization. For members of
the second subgroup (in receipt of no immunizations of
any kind in the first 160 weeks of life), there was some
evidence to suggest that such children with blank MIMS
records represented a select group, requiring
characterization and separate data analysis.

Status Indian children are immunized by federal
public health nurses. MIMS was not implemented in
federal health offices until 1990, and the reliability of
data for status Indian children born before this year is
considered low and the data is not yet monitored. For
this reason, status Indian children (approximately 2,000

children in each cohort) were excluded from the study.
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Misidentification of individuals in the hospital or
the MIMS files can occur, for example with same-sex
twins. This is possible because the physician claim for
the immunization service is electronically processed as
soon as the unique registration number assigned to each
registry family plus two of three individual identifiers
(initial, sex, year of birth) correspond on both claim
and record. This process differs from that used in
record linkage, which matches a uniqgue, enduring,
identification number assigned to each individual in the
registry. As immunization information is entered on the
MIMS record at the time of claim processing, the
immunization data for one same-sex twin might be entered
on the record of a twin with the same first initial. It
has been determined, however, that the overall
probability of errors of identification are small.®’

Checking the MIMS file against the registration and
hospital files at study outset showed little disagreement
on family registration number, sex and birth year. Twins
were clearly identified as two individuals. When
comparisons were made between the MIMS and registration
files for children born in 1987, the scrambled personal
identifiers disagreed in 19 cases out of a total of over
15,000. Although the reasons for this are unclear, some
of the disagreements may be due to typographical errors;

others may result from incorrect reassignment of




identification numbers to children returning after an
absence from the province.

The internal consistency of the MIMS file for
children born in 1987, 1988 and 1989 was analyzed in
several ways. Birth date (year-month-day) was complete
in all cases but one. 1In 298 cases immunization date
(service date) or death date preceded birth date. As
registry checks are conducted routinely and regularly,
the errors may be assumed to be in immunization date.
Service date was coded zero intentionally by Manitoba
Health in 224 cases. Such coding indicates a deliberate
restriction on use of the immunization data. The
release, for example, of data entered prior to adoption
is prohibited by provincial law; such data must be
transferred at the time of adoption when a new file is

created,

5.3 IMMUNIZATION RATES - 1988 MANITOBA BIRTH COHORT
Through MIMS, Manitoba has the unique ability to
determine and monitor population-based immunization
rates. The first complete review of the MIMS database,’
for children born in 1988, has shown the following:69
] Age at immunization was almost always equal to or
greater than the recommended age, and spans & 5 to

12 week period, depending on the dose. It was
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therefore difficult to analyze adverse outcomes

by age and dose.

Almost all children who received the two- and four-
month doses of DTP/DT received poliomyelitis vaccine
simultaneously, and a high proportion of children
who received the six-month dose of DTP/DT also
received poliomyelitis vaccine simultaneously,
although the schedule no longer recommends the six-
month dose. It was not therefore possible to

look at these immunizations separately. However,
the serious event of interest temporally associated
with poliomyelitis vaccine (paralytic poliomyelitis)
is clinically quite distinct from those serious
events which have been temporally associated with
DTP/DT wvaccine.

87 per cent of children had received first doses,
and 85 per cent of children had received second
doses, of DT, pertussis and poliomyelitis vaccines
by the time of their first birthday. Eighty per
cent of children had received third doses of DT by
this time, while 79 per cent had received a third
dose of pertussis vaccine and 45 per cent a third
dose of polio vacéine.

In summary, the MIMS data indicated that only 77 per

cent of these infants met the recommended immunization

schedule. This low figure is explained when the data are
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compared with the findings on immunization status at the
time of first birthday for the defined subgroup of the
1988 study cohort (Roberts 1991, unpublished). This
subgroup of all children born in 1988 was selected by
excluding those with inconsistent death and service dates
(N = 66) and those with immunization records known in
advance to be incomplete - those whose enrolment with the
provincial health plan was interrupted in the first year
of life by death or migration (N = 1,055) and status
Indian children (approximately 2,000). Rates of
completion of the infancy series by the first birthday
for excluded groups ranged from only two per cent (for
children who were born in Manitoba but died before the
first birthday) to an estimated 67 per cent for status
Indian children.

MIMS records immunizations by tariff codes - four
digit numbers which are specific to both vaccine and
dose. Coding errors decrease the apparent immunization
coverage. While the system will accept repeat
immunization codes if they are recorded as having been
administered on different dates, the monitoring process
will assess the true tariff code as missing, and generate
a follow-up letter for correction. For the first

database review,69

records were considered complete only
if they contained the correct tariff codes for the three

doses of diphtheria and tetanus toxoids, the three doses




of pertussis vaccine, and the two doses of poliomyelitis
vaccine recommended in the provincial schedule for first
year of life. A second review of the database, for
children born in 1988, was conducted'in 1991.70 15 this
review, doses were sought by incidence (one, two, three
and so on). This change in technique resulted in only

minor changes to provincial immunization rates.

5.4 DATA ORGANIZATION AND SOFTWARE
Registry, hospital and MIMS files containing the

records of Manitoba children born in 1987, 1988 and 1989

were examined.

Three files were linked:

n The MIMS file. This file included all children
born in the relevant year. Status Indian children
were excluded. The file contained the scrambled
individual patient identifier (PHIN), the date of
birth, the sex, the date of termination, and the
attached immunization records (with tariff code,
service date and contraindications). The file was
generated after all the children had passed the
first birthday and records had been monitored at
least once. Current registry information was
contained in the MIMS file, including date of death

(regardless of whether that death occurred in or out
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of hospital) or termination.

] The Manitoba Health hospital file for the years 1987
through March 1991. This file included all children
born in 1987, 1988 and 1989. Status Indian children
were excluded. The file contained all
hospitalizations, and the date of hospital
admission, the occurrence of death during
hospitalization, accompanying diagnoses (using codes
from the International Classificétion of Diseases,
Ninth Revision, Clinical Modification or ICD-9-
CM71), and scrambled individual patient
identifiers (PHIN) were included.

] The Manitoba Health registry file. This file
provided a check on mortality, migration out of
province, and the quality of the personal
identifiers.

For each remaining child, linkage was carried out
using the scrambled personal identifier. The resulting
file contained, for each child, the scrambled personal
identifier and other identifiers and the attached records
(hospitalization and immunization).

As described in Section 5.5, from each birth cohort
a study cohort was selected: that subgroup of children
whose enrolment with Manitoba Health was continuous from
birth until at least the first birthday. Exclusion of

children whose enrolment with Manitoba Health was
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interrupted during the first year of life maximized MIMS
data quality. The records of children who died or
transferred out of the province were available for study.
Record linkage and data analysis were performed
using the SAS data analysis and programming software
system. Record linkage by scrambled individual patient
identifier (PHIN) was achieved through the SAS step
MERGE, and the data then organized and analyzed using the

wide range of SAS procedures.

5.5 SELECTION OF THE STUDY COHORTS

The flow diagrams describing the selection of the
three study cohorts (children born in 1987, 1988 and
1989) are set out in Appendix 6.

Children whose enrolment with Manitoba Health was
interrupted, by migration (N = 5,477) or death (N = 45),
or whose enrolment began after the first birthday (N =
862) or for whom analysis of the internal consistency of
the MIMS file revealed incorrect death or service dates
(N = 298), were excluded. Exclusions represented 12 per
cent of the total non-Indian birth cohorts. The final
study cohorts selected numbered 43,499 in total (children
born in 1987, 1988 and 1989). Of these children, 42,612
received at least one and 887 received no immunizations

(any type) in the first year of life.
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5.6 DEFINITION OF VARIABLES

Since serious adverse clinical events were expected
to lead to hospital admission, hospitalization was used
as a proxy for the severity of the clinical event. The
dependent variable, hospitalization, was represented
categorically as hospitalized/not hospitalized. As in
other studies,32'47 children whose hospitalizations may
be specific to the neonatal periéd of life with no
plausible causal association with immunization were
excluded, and only hospitalizations occurring after 30
days of age were examined. Examination of the MIMS

database69

prior to study confirmed that a very small
number of immunizations (36) were recorded as having been
administered to all Manitoba children born in 1988 and
aged 30 days of age or younger. Hospitalizations
occurring in the first 56 weeks of life were examined in
order to include those hospitalizations associated with
immunizations. administered 28 days or less before the
first birthday.

Only immunizations given in the first year of life
were counted. All immunization records for the cohorts
had therefore been subjected to at least one round of
monitoring. Other investigators had used a period of
four weeks post-immunization to define the time period

during which adverse clinical events as a group may

reasonably be associated in time with



immunization.3¢32/46,47 1, thig study, the explanatory
variable representing the time periods around
immunization administration was categorized, for the
examination of hospitalization for any reason, as "before
immunization" (admission date within 28 days pre-
immunization, or on or between day -1 and day -28 from
day 0, the date of immunization) or "after immunization"
(admission date on the day of immunization, day 0, or on
or between day 1 and day +28 post-immunization).

Age was both categorized into four-week age groups
(4-8,...48-52,52-56), and also examined as a continuous
variable, age in days (1...366).

Dose was represented categorically (as first/second/
third and so on). As has been stated, most children
receive DTP/DT and poliomyelitis vaccines concomitantly.
The MIMS system records immunizations by the tariff codes
specific to both vaccine and sequence in the immunization
series. The previous study of the 1988 Manitoba cohort
(Section 5.4) looked at dose not by tariff code but by
generic (or chronological) occurrence. This was done to
avoid anticipated problems due to miscoding. The
miscoding rate was found, however, to be under three per
cent for each dose. Consequently, for the 1988 and 1989
birth cohorts, immunization sequence was sought by
generic occurrence, as it will be in future studies.

However, for the 1987 cohort, immunization sequence was




more accurately determined by tariff code (Appendix 4)
and was sought by this means.

Hospital discharge diagnoses were represented by the
ICD-9-CM code assigned to them in the Manitoba Health
hospital file. It is required that one major diagnosis
(that "which describes the most significant condition for
which the patient was hospitalized") and minor diagnoses
(in order of their importance in causing the
hospitalization), up to a total of 16 diagnoses, be
attributed to each hospital d.i.s.charge.72 In this study,
all available diagnoses were used.

The date of enrolment with Manitoba Health, included
in the MIMS file, was used to categorize enrolment status
as follows: enrolment began at birth and continued at
least to the first birthday; enrolment began at birth
and terminated before the first birthday; enrolment
began after birth and before the first birthday;
enrolment began after birth and after the first birthday.
The date of death, included in the MIMS file, was used to
further categorize children whose enrolment began at
birth and terminated before the first birthday into two
groups: those whose enrolment terminated in the first
year of life due to death_and those whose enrolment
terminated in the first year of life due to migration
from the province.

The MIMS file includes, for each child, the
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municipal code. Municipal code "A" designates children
with Treaty Indian status; children with all other
municipal codes were designated to be without Indian
status. '

The MIMS file includes the postal code of residence.
The postal code recorded for the time closest to the
first immunization recorded was used to establish
residence. Place of residence was categorized as
Winnipeg/non-Winnipeg. Winnipeg residence was then
categorized into two groups: Winnipeg residence in the
core geographic area served by the City of Winnipeg
Health Department (designated "inner Winnipeg") and
Winnipeg residence in other geographic areas of the city

(designated "outer Winnipeg").

5.7 ADVERSE EVENTS OF INTEREST AND ESTIMATED INCIDENCE
RATES

The literature review concerning adverse events
which have been temporally associated with immunization
with agents routinely used in the first year of life was
discussed in Section 4.1. It reveale& that many large,
controlled prospective and retrospective studies
conducted in different parts of the world over more than
twenty five years have consistently failed to produce

evidence of a true temporal association between DTP/DT
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immunization and permanent neurological illness or
death.2:55-57 Nevertheless, past reports of associations
and apparently conflicting evidence have led to the
persistence of considerable public and professional
uncertainty regarding the safety of these vaccines. For
this reason, adverse events sought in this study included
all of the events listed in Appendix 5, including serious
neurological events and death (both SIDS and non-SIDS).

Some evidence exists for a true association between
DTP/DT immunization and other major adverse events: 2
anaphylaxis, very high fever, unusual high-pitched
crying, excessive somnolence, seizures
(characteristically febrile) and hypotonic-hyporesponsive
state. The population incidences of these events in the
general population of infants and in infants following
immunization are not known, but have been estimated in a
number of well-conducted studies.? The occurrence of
paralytic poliomyelitis in OPV reciplents is accepted as
a8 rare adverse seqguel to this immunization; the
incidence of this event has been estimated in Canada and
the United States from numerator data concerning
investigated reports of the disease and denominator data
concerning the number of doses distributed.3/7 ©The
ranges of the estimates of incidence of these adverse
events following DTP/DT and OPV administration are

summarized in Table 2.




5.8 DATA ANALYSES

Data from the MIMS file was used to describe fhe
immunization experiences of each cohort in the first year
of life. Immunization rates, by vaccine and by dose, and
the distribution of age at immunization, both in days and
in four-week age groups, were determined. For the total
1989 birth cohort, rates of completion of the infancy
immunization schedule (three DTP/DT and two OPV/IPV) were
calculated by enrolment status, by Indian status and by
place of residence.

Overall hospitalization rates by four-week age group
were calculated for the first year of life. 1In addition,
to describe the most significant conditions occasioning
hospital admissions in the first year of life, the most
responsible discharge diagnostic codes associated with
each hospital admission were grouped into the 17 ICD-9-CM
Classification of Diseases and Injuries categories.71
The distribution of these categories among first year of
life admissions was determined.

A list of the diagnostic codes (ICD-9-CM) which
apply to serious events considered to be either major
reactions to immunizing agents or major events having a
temporal relationship with immunization was prepared.
This list was generated from the review of the literature
and consultation with other scientists studying this

field, and is found in Appendix 7 (which also provides
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the time periods within which these events would
reasonably be expected to occur following immunization).
The codes identifying the clinical adverse events are
referred to in the study as "designated”, and all other
diagnostic codes were referred to as "non-designated".
Designated codes were sought among all recorded discharge
codes and overall rates of hospitalization calculated for
each code.

Length of hospital stay (in days) was determined for
all admissions in the first year of life, both for those
occurring on the day of birth and those occurring after
the day of birth.

To assess the nature of the temporal association
between immunization in the first year of life and the
uncommon or rare, serious adverse events, the linked
hospital and MIMS files examined together the
hospitalization and immunization records of each study
child. The following analysis was performed for each
cohort: the numbers of hospitalizations, regardless of
reason (any discharge diagnostic code), were counted for
28 day intervals before and after immunization as well as
on the day of immunization. Within these specific |
intervals, eligible hospitalizations were those which
occurred between the ages of five and 56 weeks. Separate
calculations were done for each vaccine, not only for

each dose but adding all doses together. The analysis of



these paired gualitative results concentrated on the
number of pairs with the outcomes "hospitalized, before
immunization"/"not hospitalized, after immunization" and
"“not hospitalized, before immunization“/“hospitalized,
after immunization" to examine potential differences
between the two time periods being compared. Therefore,
children for whom hospitalizations were recorded in both
"before" and "after" time periods, as well as children
who were immunized during a hospital stay, were excluded
from analysis; the total number of such admissions was
determined and subtracted from the totals, producing
adjusted totals. Results for the three study cohorts
were aggregated. Potential differences in
hospitalization rates between the time period prior

to immunization and the corresponding time period
following immunization hospitalization were then

tested.

The above analysis was repeated for the subset of
hospitalizations where at least one of the designated
ICD-9-CM codes was recorded among the discharge
diagnostic codes and admission occurred within the

allocated time interval for each of those codes.



41

5.9 STATISTICAL METHOD

The study involved repeated measures (of
hospitalization) on the same individual. The
relationship between the categorical explanatory
variable, representing the time periods around
immunization administration, and the dependent variable,
hospitalization, was therefore tested for statistical
evidence of association using McNemar'’s paired Chi-
squared test of association for paired qualitative
results.’3 When expected values fell below a minimum

value of two,74

a binomial approach was used to calculate
exact probabilities of significance.73

The review of the literature indicated that, in the
absence of a pertussis outbreak during the study period,
a hypothesis that the rate of hospitalization in the
cohort would decrease in the time period following
immunization could be dismissed. Therefore, the specific
alternative hypothesis, that the rate of hospitalization
in the cohort would increase in the time period following
immunization, was explored and a one-tailed test of
statistical significance used.

Since it was of prime importance in this study to
detect real differences, if present, in hospitalization
rates associated in time with immunization, it was

essential that the risk of failing to pick up these

differences (Type II error) be kept acceptably small.




For this reason, the Type I error was maintained at the
0.05 level for each individual statistical test, despite
the fact that multiple statistical testing was carried
out on the data, so that the power of the study was
maintained. The Type II error was maintained at 10 per
cent.

Since paired tests are more powerful than unpaired
tests, the sample size required to detect real
differences, if present, between the two effects with
respect to hospitalization rates was smaller than
necessary in an unpaired study.

Advance calculation of the sample size required to
detect a statistically significant increase in the
hospitalization rate following immunization, with a power
of 90 per cent while maintaining the level of Type I
error at 5 per cent, required knowledge of the following
hospitalization rates for this age group: that in the
time period before immunization, that in the time period
following immunization, and the rate for infants who are
hospitalized during both time periods, before and after
immunization (carryover rate).

Rates from the 1988 cohort, determined from the
previous study, were used in the advance power
calculations. It was estimated that, with a sample size
of approximately 40,000 children and 120,000 first year

immunizations, the study would be able to detect a
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relative increase of around 10 per cent, if present, in
hospitalizations regardless of reason and an increase of
the order of ten-fold in the occurrence of code 780.3
(representing non-epileptic convulsions), over all three
doses with 90 per cent power while controlling Type I
error at 5 per cent. It was further. estimated that, at
the same levels, relative increases of 20 per cent in
hospitalizations regardless of reason and twelve-fold
increases in the occurrence of hospitalization with code
780.3 could be detected, if present, around each dose.
The analysis would however, be less sensitive to the
increased occurrence of other, less common codes.,

The search for increases in the rates of rare
conditions (occurring at a rate of 1 per million doses)
was clearly beyond the power of the study and was not an

objective.

5.10 DIAGNOSTIC DATA QUALITY
The interpretation of increased rates of
hospitaiization with one or more of the designated
diagnostic discharge codes following immunization
depended directly on the quality of the diagnostic data.
Since the diagnostic information contained in the
Manitoba Health database is routinely collected for

administrative rather than research purposes, the design



of its collection and the expertise of the collectors are
beyond the study’s control.’® The meaning of increased
rates of hospitalization with the designated study codes
therefore depended upon our knowledge of the reliability
and the accuracy of the diagnostic information in the
database.

Data reliability concerns the degree to which
results are consistent across repeated measurements,
reflecting reproducibility and precision.76 Accuracy, or
validity, concerns the degree to which results reflect
the true state of affairs. In research, accuracy refers
not only to the measuring indicator but, more
importantly, to the interpretation of the data arising
from the measurement process (that is, to its use).76'77

Reliability in diagnostic coding requires that the
translation by medical records clerks of diagnoses on
medical records to codes on claims and computerized
records be consistently reproducible regardless of coder.
Coding accurécy requires that each diagnosis be recorded
in a form for which a code reflecting the true condition
of the patient exists and that coders make the correct
coding seiections.78"80

For diagnostic information to be reliable,
physicians should consistently have the same
interpretation of, and use the same terminology for, the

same medical conditions. Diagnostic accuracy, however,
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is not easily established. For clinical observations
that can be measured by physical means, the observed
measurement can be compared to some aécepted standard
(the "gold" standard) - the accuracy of a physical
finding, for example, can be established by the results
of surgery or autopsy. Generally, for claims-based
diagnoses, no standard of accuracy exists,/8-80

There is good evidence that, in Manitoba, hospital
diagnoses are reliably and accurately coded on discharge
abstracts.68,80-82 Analysis of admission/separation
forms for a number of specific diagnoses has shown that
the occurrence of simple coding errors is minimal.

Manual reliability checks at each step in the transfer of
information from hospital medical record to hospital
abstract to hospitalization file have shown excellent
correspondence among the various stages.

Checking diagnostic reliability, however, involves
more than looking for simple recording and logical
errors. Checks performed in Manitoba have shown that
while intraphysician agreement on diagnoses is good,
different physicians often disagree as to diagnosis; the
reliability of diagnoses varies considerably according to
the organ system and particular medical problem involved.

Checks of diagnostic validity in Manitoba, performed
by checking diagnoses on hospital claim forms against

hospital records, have shown a high level of
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agreement,68,80-82 .. remains, however, the question
of what is a valid diagnosis. For some conditions at
least (such as acute myocardial infarction83), problems
arise with diagnostic coding due to imprecision in the
terminology used by physicians and imprecision in ICD-9-
CM nomenclature and coding rules.

In claims data, diagnostic data quality problems are
greatest when the diagnosis, ICD-9-CM code and tariff
code are non-specific. Single diagnoses may be
misleading; it has been suggested that it is often more
helpful to group ICD-9-CM diagnostic information than to
attempt fine diagnostic distinctions.’/880

Since many research subjects present both data
reliability and validity concerns, additional methods of
assessing Manitoba data quality have been used. Checking
that the data make sense, for example, has been done in a
number of ways - by identifying logically time-sequenced
relationships, by looking for the association of certain
diagnoses with certain procedures, and by seeking
constellations of related diagnoses. Patterns in
Manitoba have confirmed the general validity of the
claims data.’8/80 “

To assess the quality of the diagnostic information
captured through the study techniques, an individual
examination of all data in the hospitalization file

record was conducted for each child whose record included
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the appearance of one or more of the designated
diagnostic discharge codes within the relevant time
period(s) following DTP/DT or OPV/IPV immunization. The
hospitalization file record contained individual hospital
record numbers; corresponding hospital-held records were
also identified and reviewed to assess the qguality of

coding and diagnostic data.

5.11 BIAS CONSIDERED
5.11.1 INDEPENDENT ASCERTAINMENT OF EVENTS

Prominent among sources of bias in studies of
immunization-related adverse events is the problem of
ensuring that adverse events are ascertained
independently of immunization history. Failure to
control for this factor may lead to the creation or
overestimation of an association between administration
of a vaccine and an adverse event.®0/61 1p this study,
immunization and hospitalization events separated by time
and place were ascertained independently from the
respective files. Since each child could be traced
across all Manitoba Health database files, linked records
permitted the simultaneous examination of these events.
Hospitalizations with diagnoses indicative of
immunization-related adverse events were identified by

ICD-9-CM codes and their temporal association with




immunization assessed. Since incidence was measured
directly, rates of occurrence were calculated for those
adverse events showing a true temporal association with

immunization.

5.11.2 SELECTION

A second major problem was the possibilty of
confounding between the risk factor (immunization) and
the outcome measure (adverse event) of interest. Many
factors known to be associated with either avoidance or
delay of immunization may themselves be associated with
an increased risk of adverse-event-type medical outcomes.
Studies which do not control adequately for this form of
confounding by indication will tend to underestimate any
real risks associated with immunization.%0:61

Separate analyses were done for selected subsets of
children with special experiences in the first year of
life who may differ systematically from those fully

immunized.

Children With Incomplete Immunizations In the First Year
Of Life

Further immunizations may be withheld from children
who experience important illness at the time of scheduled

immunization, in the four week period following
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immunization, or at any time thereafter. Therefore,
rates of hospitalization regardless of reason were
calculated as above for children who received fewer than
the recommended number of immunizations in the first year
of life (only two doses or one dose of DTP or only one

dose of OPV.

Children Immunized In Hospital

The experiences of children who were admitted at or
after birth and remained in hospital through one or more
immunization ages were not captured by searching the
linked MIMS and hospital files for admissions in the four
week periods around immunization. Therefore, the records
of children who received an immunization during a
hospital stay (immunization service date occurred between
admission date and discharge date) were examined
individually.

As it was still possible to miss children with very
prolonged stays and no available discharge date, the
distribution of length of hospital stay in days was
separately determined for main cohort members admitted at
birth and for those admitted after birth. It was
established that discharge dates were available for all

hospitalized main cohort members.
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Children Who Died
The records of children who died within 28 days of
DTP/DT or OPV/IPV immunization in the first yvear of life

were examined individually.

Children With No Immunizations In the First Year Of Life
Examination of the MIMS database prior to study, in a
review which included all Manitoba children born in
1988,69 showed zero immunizations on record for 10.4 per
cent of all children born in 1987, 8.5 per cent of all
children born in 1988 and 8.6 per cent of all children
born in 1989.

For members of the study cohorts who received no
immunizations of any kind and might represent special
groups of infants, the hospitalization experiences were

determined as above in order to describe this group.

5.11.3 THE EFFECT OF AGING
Decreasing overall rates of hospitalization over the
first year of life represent a potential source of
systematic bias against finding differences in
hospitalization rates before and after immunization.
This was considered by calculating, for each study

cohort, overall hospitalization rates in the first year
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of life, by four-week age group, for (1) all study cohort
members, (2) all study cohort members in receipt of at
least one immunization in the first year of life, and

(3) all study cohort members in receipt of no

immunizations in the first year of life.

5.11.4 THE EFFECT OF SERVICE DATE ERRORS

The quality of MIMS data with respect to service
dates was examined in a study (described in Section 5.2)
which, using the physician record as the standard, found
excellent agreement (98 per cent) between the service
dates recorded by MIMS and physicians. One per cent of
service date disagreements involved a difference of one
day and one per cent a difference of between two and six
days.

Service date discrepancies are random errors
occurring during physician documentation or during claim
preparation or input. The present study did not depend
on the reliability of physician documentation. In
addition, the larger the sample size, the smaller will be
the effect of such random errors, particularly on the —
search for the uncommon events sought between days 7-28
following immunization.

To analyze the possible effects of service date

errors, the study results were recalculated assuming the




52

worst effect: the misclassification (in the wrong time
category) of one per cent of adverse events anticipated

to occur on or between days 0-7 following immunization.




6. RESULTS
6.0 DESCRIPTIVE FINDINGS
6.0.0 IMMUNIZATION PROFILE, STUDY COHORTS

The immunization status of the 1987, 1988 and 1989
study cohorts at the time of the first birthday is shown
in Figure 2 (cohorts combined) and in Figures 3-5
(cohorts separately). Immunization rates by vaccine and
by dose for the first year of life are shown in Table 3.

Recorded completion of the recommended immunization
schedule in infancy was defined as documentation of the
receipt of at least three doses of DTP/DT and at least
two doses of OPV/IPV by the first birthday. Recorded
rates of infancy schedule completion were 85.4 per cent
for the combined cohorts, and 75.9 per cent, 89.0 per
cent, and 91.3 per cent for the 1987, 1988, 1989 cohorts
respectively.

DT and DTPT vaccines were infrequently recorded as
alternatives to DTP (under one per cent for each dose);
IPV vaccine was recorded for only 23 of 101,682
poliovaccine doses given. Accordingly, all future
references to these vaccines will be as DTP and OPV. The
administration of OPV on the same day as DTP was recorded
more than 98 per cent of the time for each dose. Forty
eight per cent of all study children received three 0PV,
even though the schedule no longer recommended the third

dose.
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Of 1,942 children with neither DTP nor OPV recorded
in their fifst year, 1,055 had records indicating the
receipt of at least one immunization'of another type in
that period while 887 had no immunizations of any kind on
record. These groups are discussed in Section 6.4.

The frequencies of immunization by dose and by age
at immunization (four week age groups) were very similar
for each vaccine and for each of the three study cohorts.
The results for DTP immunization for the combined cohorts
are summarized in Figure 6. The majority of each of the
doses were given in the four week time period immediately
following the recommended immunization age, but age group
at immunization exceeded the recommended age group more

often with successive doses.

6.0.1 IMMUNIZATION PROFILE, TOTAL 1989 BIRTH COHORT
Table 4 shows, for the 1989 birth cohort, the

recorded rates of infancy schedule completion for all
children enrolled with Manitoba Health in the first year
of life, by Indian status, enrolment status and place of
residence.. The overall recorded rate was 79.4 per cent.
Among those continuously enrolled (from birth to at least
one year of age), the recorded rate was 90.8 per cent for
non-Indian children and 44.5 per cent for Indian
children. Recorded rates for children whose first year

enrolment was interrupted by migration (N =1,119) or by
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death (N = 119) were 40.0 per cent and 20.3 per cent for
non-Indian and Indian children respectively.

The vast majority of children (93.1 per cent) were
continuously enrolled, the proportions being somewhat
lower in the inner city section of Winnipeg (non-Indians
90.6 per cent, Indians 92.5 per cent) than elsewhere
(non-Indians 93.3 per'cent, Indians 96.9 per cent). For
continuously enrolled non-Indian children, those living
in the inner city had the lowest recorded rate of
completion of the recommended schedule (87.3 per cent)
(Table 4). For continuously enrolled Indian children,
this rate was lowest among those living outside Winnipeg
(38.6 per cent).

Table 5 gives, for each vaccine, the number of doses
recorded by the first birthday for the subgroup of
continuously enrolled non-Indian children and for all
children enrolled any time in their first year. Of
continuously enrolled non-Indian children, 91.0 per cent
had at least three doses of DTP vaccine (98.1 per cent
had at least one dose recorded) and 95.4 per cent at
least two doses of OPV vaccine by one year of age. Of
all children enrolled any time in their first year, 82.5
per cent had at least three doses of DTP vaccine by one
year of age (94.1 per cent had at least one dose
recorded) and 88.3 per cent received at least two doses

of OPV wvaccine.
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DTP and OPV vaccines were almost always administered
on the same day. Among children receiving up to three
doses of DTP, fewer than one per cent received DT for any
dose. IPV accounted for only nine of the 35,216 doses of
poliovaccine administered, while 45.8 per cent of the
group received three doses of OPV. Calculation of the
frequencies of immunization by dose and by age at
immunization (four week age groups) produced a
distribution which, for each vaccine, closely resembled
those produced for each of the study cohorts (Section

6.0.0).

6.0.2 HOSPITALIZATION PROFILE, STUDY COHORTS

Hospitalization Rates, All Members of the Study Cohorts

Hospitalization rates in the first 56 weeks of life
were calculated, by age, for each study cohort,
regardless of the immunization status of its members.
Results for each of the three cohorts were very similar
and Figure 7 shows the hospitalization rates, by four
week age group, per 1,000 members for the combined study
cohorts (N= 43,499). Birth hospitalizations (N = 42,908)
were excluded from the 0-4 week age group.

The rate was highest in the 0-4 week age group at
57.2 per 1,000 cohort members, declined sharply to 20.9
per 1,000 cohort members for the 5-8 week category, and

remained below 20.0 per 1,000 cohort members between nine




and 56 weeks of age.

Overall,
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the hospitalization rate

for immunized cohort members in the first 56 weeks of

life was 246.5 per 1,000 cohort members (birth

hospitalizations excluded).

Hospitalization Status, Study
Least One Immunization in the

Hospitalization rates in
were similarly calculated for
least one immunization in the

Results for each of the three

Cohort Members Receiving At
First Year of Life

the first 56 weeks of life
cohort members receiving at
first year of life.

study cohorts were again

very similar and Figure 8 shows the hospitalization

rates, by four week age group, per 1,000 such members of

the combined study cohorts (N

= 42,612).

The rate declined sharply from 57.5 per 1,000 cohort

members in the 0-4 week age group to 21.0 per 1,000 for

the 5-8 week category, and remgined below 20.0 per 1,000

between nine and 56 weeks of age.

Overall, the

hospitalization rate for immunized cohort members in the

first 56 weeks of life was 245.0 per 1,000 cohort members

(birth hospitalizations excluded).

The cohort subsets receiving at least one

immunization in the first year of life were compared with

those receiving no immunizations in the first year of

life on the basis of length of hospital stay and primary

discharge diagnoses.
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Length of stay (in days) was calculated for each
hospitalization in the first 56 weeks of life. Figure 9
shows, for cohort members receiving at least one
immunization in the first year of life, the proportions
of hospitalizations involving stays of more than six days
duration; it compares categories of length of stay for
hospitalizations which occurred on the day of birth,
called day 0, (N = 45,500) with those which occurred
after the day of birth (N = 10,044). Children
hospitalized after the day of birth experienced a higher
proportion of stays 7-28 days in duration than those
hospitalized on the day of birth; relative to such
children, their risks of experiencing hospital stays of
more than six days duration were 2.2 for stays of 7-13
days, 1.9 for stays of 14-27 days, and 0.9 for stays over
28 days.

For all hospitalizations in the first 56 weeks of
life, the primary discharge diagnosis (that most
responsible for the hospitalization) was established and
categorized according to the ICD-9-CM Classification of
Diseases and Injuries (seventeen possible categories).
The distribution of categories of priﬁary diagnosis by
age (four week age group) was determined. The category
most frequently responsible for hospitalization in the 0-
4 week age group was Category 15 (Certain Conditions

Originating in the Perinatal Period, describing illnesses
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specific to the neonatal period of life), encompassing
the primary discharge diagnosis in 34 per cent of
hospitalizations (Table 6). Respiratory diseases
represented the most frequently responsible diagnoses in
hospitalizations overall (28 per cent), between the ages
of five and 56 weeks (34 per cent), and in each four week
age group between five and 56 weeks of age.

Figure 10 shows hospitalization rates in the first
56 weeks of life by the four categories of primary
diagnosis most often associated with overall
hospitalization; rates were calculated by four week age
group per 1,000 immunized members of the combined study
cohorts (N= 42,612). Rates of hospitalizations related
primarily to respiratory disease were high throughout the
period, while steadily increasing rates were seen for
hospitalizations in which the primary diagnosis was
categorized among "Diseases of the Nervous System and

Sense Organs".

Hospitalization Status, Study Cohort Members Receiving No
Immunizations in the First Year of Life

The hospitalization status of these subsets of the

study cohorts is described in Section 6.5.0.
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6.1 HOSPITALIZATION WITH DIAGNOSTIC DISCHARGE CODES
INDICATIVE OF SERIOUS ADVERSE EVENTS
6.1.0 ALL MEMBERS OF THE STUDY COHORTS

There were 754 appearances of désignated ICD-9-CM
codes among all codes (N = 104,304) for hospitalizations
(N = 8,321) between the ages of five and 56 weeks among
members of the combined study cohorts, regardless of
immunization status.

Designated codes most frequently associated with
such hospitalizations were codes 780.3 (convulsions,
excluding epileptic and newborn), and 780.6 (pyréxia of
unknown origin); they appeared for 34.0 and 33.5
respectively of every 1,000 hospitalizations between five
and 56 weeks of age. Other designated codes were far
less freguent; the next most commonly occurring were
348.0 (cerebral cysts) and 999.9 (other and unspecified
complications of medical care, not elsewhere classified),
which appeared for 3.4 and 3.0 respectively of every

1,000 hospitalizations.

6.1.1 STUDY COHORT MEMBERS RECEIVING AT LEAST ONE
IMMUNIZATION IN THE FIRST YEAR OF LIFE

Table 7 presents the frequencies of designated ICD-
9-CM codes (N = 710) among all codes (N = 101,493) for
hospitalizations (N = 7,893) between five and 56 weeks of
age in members of the combined study cohorts receiving at

least one immunization in the first year of life.
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The designated codes most frequently associated with
such hospitalizations were again codes 780.6 and 780.3,
which appeared for 34.2 and 34.1 respectively of every
1,000 hospitalizations in immunized children between five
and 56 weeks of age. The next most commonly occurring
codes, 348.0 and 999.9, appeared for 3.4 and 2.9
respectively of every 1,000 such hospitalizations. Codes
320.0 (Haemophilus meningitis), 322.9 (meningitis,
unspecified) and 345.6 (infantile spasms) each appeared
for 2.4 of every 1,000 hospitalizations, while codes
047.9 (unspecified viral meningitis) and 781.0 Abnormal
involuntary movements) each appeared for 2.3 of every
1,000 hospitalizations,

Figure 11 shows rates of hospitalization with codes
780.6, 780.3 and 345.6 among the discharge diagnostic
codes, by age, for this group of children between birth
and 56 weeks of age. Rates were calculated by four week
age group per 1,000 combined immunized cohort members (N
= 42,612). For code 780.6, rates were highest in the
period between birth and eight weeks of age and changed
little between the ages of 17 and 56 weeks. For
hospitalization with code 780.3, rates were at their
lowest between 21 and 28 weeks of age and rose steadily
thereafter, peaking at between 49 and 52 weeks of age.
Rates with codes 345.6 were highest between 17 and 32

weeks of age.
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6.1.2 STUDY COHORT MEMBERS RECEIVING NO IMMUNIZATIONS IN
THE FIRST YEAR OF LIFE
Hospitalization with designated diagnostic codes is
described for this subset of the study cohorts in Section

6'5'1'

6.2 THE TEMPORAL RELATIONSHIP BETWEEN HOSPITALIZATION
- AND IMMUNIZATION

6.2.0 IMMUNIZATION AND HOSPITALIZATION REGARDLESS OF
REASON

For the combined study cohorts, children receiving
at least one immunization in the first year of life, the
adjusted numbers of hospitalizations (any diagnostic
codes), between five and 56 weeks of age in the relevant
time periods around immunization, are shown for DTP in
Table 8. The results for OPV were virtually identical.

Since the analysis did not concern individuals who
were hospitalized in both time periods, the adjusted
totals were derived by reducing the total number of
hospitalizations in each of the two time periods
accordingly. The number of children hospitalized in both
time periods included children who experienced
hospitalizations during each time period (totals: DTP N
= 45, OPV N = 39), and children hospitalized in the
"before"” time period who were immunized during a hospital
stay which was then prolonged into the "after" period

(totals: DTP N = 33, OPV N = 27).




For each vaccine, over all three doses considered
together, hospitalization regardless of reason between
five and 56 weeks of age was no more likely to occur in
the period from the day of to 28 days after immunization
than in the 28 days before. Power calculations showed
that the study could detect an 11 per cent relative
increase in hospitalizations, if present, over all three
doses with a power of 90 per cent while controlling type
I error at 5 per cent.

When each dose of vaccine was considered separately,
there was a modest but statistically insignificant rise
in hospitalizations after the third DTP. This analysis
was less sensitive, able to detect relative increases in
hospitalizations of from 16 per cent for the first DTP to

22 per cent for the third DTP, at 90 per cent power.

6.2.1 IMMUNIZATION AND HOSPITALIZATION WITH DESIGNATED
DIAGNOSES

Table 9 shows, for DTP immunization, the adjusted
number of hospitalizations and code appearances in the
relevant time periods.

Statistically significant increases in the
appearances of codes 345.6 (infantile spasms) and 780.3
(non-epileptic convulsions) occurred following the second
DTP (Chi-square, with 1 df, one-tailed test: 3.0 for

code 345.6, p<0.05; and 5.0 for code 780.3, p<0.025) and
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in the appearance of code 780.3 following the third DTP
{(Chi-square, with 1 df, one-tailed test: 3.0, p<0.05).
The increased occurrences of codes 345.6, 780.3, 780.6
(pyrexia of unknown drigin) 999.5 (other serum reaction)
and 999.9 (complications of medical care, not elsewhere
classified) over all three doses considered together were
also statistically significant (Chi-square, with 1 df,
one-tailed test: 5.0 for code 345.6, p<0.025 ; 4.0 for
code 999.5, p<0.025; 9.1 for code 780.3, p<0.001; 7.0
for code 780.6, p<0.005; and 6.0 for code 999.9,
p<0.01). Hospitalization between five and 56 weeks of
age with these codes was therefore more likely to occur
in the relevant time periods following the day of DTP
immunization than in those before. Calculated over all
three DTP doses, the incidences of hospitalization per
100,000 doses were: with code 345.6 in the 28 day post-
immunization period, 4.2; with code 999.5 in the 28 day
post-immunization period, 3.4; with code 780.3, in the
seven day post-immunization period, 9.2; with code
780.6, in the two day post-immunization period, 5.9;
with code 999.9, in the two day post-immunization period,
2.5, i

The frequencies of 14 additional codes found in the
post-DTP immunization period were not statistically
significant (Table 10). The study could, with 90 per

cent power, detect nine-fold increases, if present, in
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hospitalizations with these codes over all three doses
combined and in hospitalizations occurring around each of
the first, second and third DTP.

Over three doses of OPV considered together, four
designated codes appeared once in the 28 days post-
immunization: 344 (other paralytic syndromes), 781.0
(abnormal involuntary movements); 781.3 (lack of
coordination); and E949 (other vaccines and biological
substances). The frequencies did not reach statistical

significance.

6.2.2 ANALYSIS OF THE EFFECT OF SERVICE DATE ERRORS
The potential for errors in service dates recorded
on MIMS to bias the study findings was considered in
Section 5.10.4. Accordingly, the results presented in
Sections 6.2.0 and 6.2.1 were recalculated assuming the
worst effect, that one per cent of events detected on or
between days 0-7 following immunization were classified
in the wrong time category. This analysis showed no

difference in outcome.

6.2.3 THE EFFECT OF IMMUNIZATIONS GIVEN IN HOSPITAL
A total of 167 immunizations were administered
during hospital stays: <first DTP (N = 65); first OPV (N
= 63); second DTP (N = 17); second OPV (N = 15);

third DTP (N = 6); third OPV (N = 1),
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A discharge date was available for each study child
hospitalized in the first 56 weeks of life, so that all
recorded immunizations administered in hospital were
captured. No designated codes were found amongst the
primary or secondary discharge diagnostic codes of
children whose immunization was administered during a

hospital stay.

6.3 STUDY COHORT MEMBERS WITH INCOMPLETE IMMUNIZATIONS
IN THE FIRST YEAR OF LIFE

A slight decrease (from 31 to 24) in the number of
hospitalizations regardless of reason occurred after
immunization for the subset of children receiving only
one DTP (N = 1,444) in the first year (Table 10). &
slight increase after the second immunization {(from 47 to
50) occurred for the subset receiving only two DTP (N =
2,623). These changes were not statistically
significant. Three designated code appearances (780.3,
999.5 and 999.9) were recorded for hospitalizations
following the second DTP in children receiving only two
doses; no designated codes appeared following

immunization in children receiving only one dose.

6.4 STUDY COHORT MEMBERS RECEIVING NO DTP OR OPV BUT AT
LEAST ONE IMMUNIZATION OF ANOTHER TYPE IN THE FIRST YEAR
OF LIFE

As mentioned in Section 6.0.0, 1,055 study cohort



members received no DTP or OPV but at least one
immunization of another type in the first year of life.
For this group, MIMS recorded the administration of 25
immunizations in the first year of life, involving the
use of Haemophilus influenzae type b, MMR (measles-mumps-~
rubella) and BCG (Bacillus Calmette-Guérin) vaccines.

This group of children was included in the study
population. Preliminary data analysis (Section 5.2) for
its 929 members born in 1987 showed that, in the second
year of life, MIMS recorded the administration of 837
doses of DTP which had been assigned the tariff code for
the fourth DTP in the primary series. This suggested
that the vast majority of the children born in 1987 were
appropriately immunized in the first year of life.
MIMS’s incomplete operational status in 1987 was accepted
as a reasonable explanation of the missing first-year
data.

It was, in addition, believed that the group
included children living near Indian reserves. Such
children, although without Treaty status, are known to
recelve immunization services through Medical Services
Branch (MSB) whose participation in MIMS is incomplete.
At the time of study, MSB's first-year immunization
schedule included BCG, Haemophilus influenzae type b and
'MMR, although these vaccines are not recommended

provincially for administration in the first year of
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life.

6.5 STUDY COHORT MEMBERS RECEIVING NO IMMUNIZATIONS OF
ANY KIND IN THE FIRST YEAR OF LIFE

6.5.0 HOSPITALIZATION PROFILE
Children receiving no immunizations of any kind
during the first year of life numbered 887. For this
group, the database recorded 925 hospitalizations in the.
first 56 weeks of life, ofrwhich 711 occurred between 0-4

weeks of age.

Missing Data

For 207 children, no hospitalizations of any kind
(including birth hospitalizations) were recorded. This
observation may be explained by the occurrence of births
outside Manitoba hospitals and of adoptions in the first
year of life. While no figures are kept on the numbers
of out-of-province births to Manitoba residents, the
College of Physicians and Surgeons of Manitoba records
that 34 home births occurred in Manitoba in 1988 (Dr. K.
Brown: personal communication). 1In 1988, Manitoba Child
and Family Services completed 65 adoption placements of
children under one year of age, and estimated that a
similar number of Manitoba children were placed by

private arrangement.(Manitoba Child and Family Support:
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personal communication) While agency placements occur at
varying ages, private placements almost always occur at
less than ten days of age. The record of the adopted
child’s birth hospitalization, listed under the Manitoba
Health registration number of the birth mother, may be
lost when the child’s registration is erased (as required
by provincial law) at the time of adoption; subsequent
records of health care contacts are then listed under the
registration number of the adopting family, with Manitoba
Health coverage back-dated to birth. Similarly, for
children adopted at ages in excess of the recommended
ages for immunization, immunizatioﬁ records may be lost
unless a deliberate transfer of such information is made

at the time of registration changeover.

Hospitalization Status

Hospitalization rates in the first 56 weeks of life
were calculated, by age, for cohort members receiving no
immunizations of any kind during the first year of life.
Figure 8 shows the rates, by four week age group, per
1,000 such members of the combined study cohorts (N =
887). Birth hospitalizations (N = 680) were excluded
from the 0-4 week group. Overall, the hospitalization
rate for unimmunized children in the first 56 weeks .of
life was 285 per 1,000 cohort members (birth

hospitalizations excluded). The rates were comparable to
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those of children receiving at least one immunization in
that period (N = 42,612). The small number of
unimmunized children precluded statistical comparison
with the immunized group.

Length of stay (days) was calculated for each
hospitalization in the first 56 weeks of life. Figure 12
shows those involving stays of more than six days
duration; it compares categories of length of stay for
hospitalizations which occurred on the day of birth,
called day 0, (N = 662) with those which occurred after
the day of birth (N = 263). Among unimmunized (as among
immunized) children, those hospitalized after the day of
birth experienced a higher proportion of stays 7-28 days
in duration than those hospitalized on the day of birth,
Unlike immunized children, however, unimmunized children
hospitalized after birth were far more likely to
experience a very long hospital stay (over 28 days) than
those hospitalized at birth; their risks, relative to
the group hospitalized at birth, of experiencing hospital
stays of more than six days duration were 1.6 for stays
of 7-13 days, 2.2 for stays of 14-27 days, and 5.6 for
stays over 28 days. )

The most informative comparisons, however, were
those between unimmunized and immunized children. For
hospitalizations on the day of birth, the relative risks

of the various categories of stay for unimmunized over
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immunized children were 1.5 for stays 7-13 days, 1.3 for
stays of 14-27 days and 1.6 for stays of over 28 days.
For hospitalizations after birth, the risks were 1.6 for
stays of 7-13 days, 2.7 for stays of 14-27 days, and 7.8
for stays over 28 days.

Table 11 shows the distribution of categories of
primary diagnosis (the seventeen ICD-9-CM Classification
of Diseases and Injuries categories) for hospitalizations
in unimmunized children between birth and 56 weeks of
age. Comparison with Table 6 shows that the same general
categories of disease occasioned most of the
hospitalizations among both immunized and unimmunized
children. Category 15 (Certain Conditions Originating in
the Perinatal Period) was again the leading category in
the 0-4 week age group, but whereas it led to 34.3 per
cent of hospitalizations among immunized children it was
responsible for 64.5 per cent of hospitalizations in
unimmunized children. The category responsible for the
highest proportion of hospitalizations overall and in
each age category between five to 56 weeks of age (among
immunized and unimmunized children) was, as among
immunized children, Category 8 (Diseases of the
Respiratory System).

In Figufe 13, hospitalization rates are given for
the first 56 weeks of life calculated by age and by the

four categories of primary diagnosis most often




associated with overall hospitalization, per 1,000
unimmunized members of the combined study cohorts (N=
887). The trend noted (Figure 10) among immunized
children for rates of hospitalizations primarily
attributed to diseases of the nervous system to increase
with age was not seen among unimmunized children. Again,
rates primarily attributed to respiratory disease were

high and sustained throughout the period.

6.5.1 HOSPITALIZATION WITH DIAGNOSTIC DISCHARGE CODES
' INDICATIVE OF SERIOUS ADVERSE EVENTS

Table 12 shows the frequencies of designated ICD-9-
CM codes (N = 44) among all codes (N = 2,811) for
hospitalizations (N = 214) between five and 56 weeks of
age in members of the combined study cohorts receiving no
immunizations in the first year of life.

Code 780.3 was associated with 65.4, and code 780.6
with 28.0, of every 1,000 hospitalizations in unimmunized
children between the ages of 5 and 56 weeks. Code 345.9
(epilepsy, unspecified) appeared at a rate of 23.4 per

1,000 hospitalizations.

6.6 CHILDREN WHO DIED IN THE FIRST YEAR OF LIFE

6.6.0 STUDY COHORT MEMBERS RECEIVING AT LEAST ONE
IMMUNIZATION IN THE FIRST YEAR OF LIFE

The deaths of 23 children born in Manitoba were

72




73

recorded within 30 days of DTP or OPV immunization in the
first year of life. Re-examination by the College of
Physicians and Surgeons of Manitoba of the rulings of its
Pediatric Death Review Committee showed that, for 22
children, death was not considered causally associated
with immunization; one child could not be matched on

birth date to the College file.

6.6.1 STUDY COHORT MEMBERS RECEIVING NO IMMUNIZATIONS OF
ANY KIND IN THE FIRST YEAR OF LIFE

Of 1,099 children born in Manitoba whose enrolment
with MHSC did not endure to the first birthday and who
received no immunizations in the first year of life, 259
(24 per cent) died and 840 (76 per cent) migrated from
Manitoba before the first birthday.

Individual record examination showed that 240 deaths
occurred prior to the recommended age for the first
immunization. Of these, 114 occurred on the day of birth
(termed day 0 of life), 95 between days 1-27 of life, and

31 between days 28-60 of life.

6.7 HOSPITAL RECORD ANALYSIS
6.7.0 HOSPITALIZATION FILE EXAMINATION
The hospitalization file record was examined
individually for each child whose record included the

appearance of one or more of the designated diagnostic
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discharge codes within the relevant time period(s)
following DTP/DT or OPV/IPV immunization. This
examination showed that 57 designated code appearances
related to the hospitalizations of 48 children; each
child had only one relevant hospitalization.

Forty four children had designated codes (a total of
53) amongst their hospital discharge codes following
DTP/DT immunization; designated codes appeared only once
among the discharge codes for 38 children, and more than
once for six children. One designated code was recorded
for each of four hospitalizations following OPV
immunization. Definitions of the designated diagnostic
codes and the time periods around immunization in which
they were sought are given in Appendix‘T.

The distributions of the designated diagnostic codes
among the 48 hoépitalizations following immunization are
shown, by time period following immunization, in Table 13
(following DTP/DT) and in Table 14 (following OPV).

These tables also give the distributions and descriptions

of accompanying non-designated codes.

6.7.1 HOSPITAL-HELD RECORD EXAMINATION
Individual identifiers in the hospitalization file
record were used to locate the hospital-held records of
children whose hospitalizations were described in section

6.7.0. Forty four hospital-held records, of children
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hospitalized in Manitoba, were examined individually to
assess the guality of coding and diagnostic data; four
records were inaccessible (three related to out-of-
province hospitalizations and one to a hospitalization in
a northern Indian reserve nursing station).

Twenty six of the Manitoba hospitalizations examined
took place in Winnipeg teaching hospitals, six in an
urban district hospital (Brandon General Hospital), and
12 in various rural hospitals. . In every case,
identifiers in the hospitalization file (hospital record
number, Manitoba Health registration number, and dates of
birth, admission and separation) matched perfectly with
those in the hospital-held record.

The forty four hospitalizations recorded the
appearance of 55 designated codes, of which 52 were

related to DTP/DT vaccine and three to OPV vaccine.

Physician Diagnoses

Physician diagnoses indicated the occurrence of 13
possible immunization-related adverse events, all of
which followed DTP/DT vaccine. Table 15 shows, for these
13 hospitalizations, the diagnostic discharge codes and.
physician diagnoses by time period following
immunization.

Ten of the 13 hospitalizations occurred between days

0-3 post-DTP. Seven were documented as purely febrile



episodes (temperature equal to or greater than 39°Cy;

six of these children were hospitalized between days 0-2
post-DTP and one on day three post-DTP. For three
hospitalizations, screaming episodes were documented;

the final diagnoses were "allergic reaction to vaccine",
"post-immunization episode - not likely toxic or seizure"
and "reaction to second immunization - most likely due to
pertussis component of vaccine"; two of these children
were hospitalized between days 0-2 post-DTP and one on
day three post-DTP. Between days 0-7 post-DTP/DT, there
were three seizure events in which review of the
physician documentation showed that vaccines were
considered as possible etiologic agents - two of these
events were associated with the use of DTP and one with
the use of DT vaccine.

Among the seven hospitalizations with physician
diagnoses of possible post-DTP febrile events, two
followed the first dose, two the second and three the
third; of the three hospitalizations with physician
diagnoses of possible post-DTP/DT screaming episodes, all
followed the second dose; among the three
hospitalizations with physician diagnéses of possible
post-DTP/DT convulsion events, one followed the first
dose of vaccine and two the second.

For 31 hospitalizations, physicians did not

implicate vaccines in the disease process. The
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diagnostic discharge codes and physician diagnoses
related to these hospitalizations are listed in Appendix

8.

Diagnostic Data Quality

Although the accuracy of physician diagnoses could
not be measured, final diagnoses documented in the
hospital record were in all cases congruent with the
constellation of physical signs and with the sequencing
of clinical events. Physicians were consistent in their
interpretatation of clinical findings and in their use of
terminology for medical conditions.

The procedure used by coding clerks calls for the
direct tramslation of diagnostic data to claims abstracts
from the physicians’ statements of "final diagnoses" to
claims abstracts. Final diagnostic statements were
available for approximately two-thirds of the
hospitalizations; for the remaining hospitalizations,
the coders culled diagnostic information from the
chronological record of hospital stay. Diagnoses for
which a specific code existed (otitis media and diaper
rash, as examples) were reliably coded. There was,
however, marked variation in the codes used to represent
diagnoses whén the available codes were non-specific in
nature and when the coding rules were unclear, as was the

case when the physician diagnosis indicated the




occurrence of immunization-related adverse events. In
these instances, there was little consistency in the
choice of code(s) to represent the physician diagnosis
and in the selection of the single code to represent the
primary diagnosis ("that which describes the most
significant condition for which the patient is
hospitalized"72).

Four broad categories of code were used. These
denoted the disease entity (such as 382.9 for otitis
media), the predominant physical sign (such as 780.6 for
pyrexia), the occurrence of a complication (such as 999.9
for complications of medical care), and the explanatory
codes (E to denote an external cause and V to denote
factors influencing health status). When the physician
diagnoses indicated immunization-related adverse events,
the coders used "sign" and/or "complication" codes. The
use of the E code was variable. Coding procedures were
amended in 1990, deleting the requirement for its use in
the presence of a complication code. The practice of
qualifying complication codes with E codes has, however,
been continued in some hospitals (such as the Health
Sciences Centre) but not in others (such as St. Boniface
Hospital).(Persohal communication: §. Wadsworth,
Director, Health Records, St. Boniface Hospital)

"Sign" and "disease entity" codes were highly

accurate, reflecting in all cases the true conditions of
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the patients. All post-DTP/DT appearances of designated
codes 345.6 (5), 780.3 (11) and 780.6 (7) were validated.
"Complication" were also accurately used; all (4) post-
DTP/DT appearances of designated code 999.5 and four (of
6) appearances of code 999.9 were validated and
represented physician diagnoses of possible immunization-
related adverse events.

Three of five E codes used, however, were
inaccurate. 1In one case, the E code relating to OPV
vaccine was used instead of that for DTP vaccine -
receipt of both vaccines was documented and the diagnosis
read simply "post-immunization episode"; in this case,
review of the hospital-held record changed the status of
the potential immunization-related adverse event from one
possibly related to OPV vaccine (Table 14) to one
possibly related to DTP/DT vaccine (Table 13). 1In two
instances, totally incorrect explanatory E codes were

entered on the discharge abstract.

Evaluation of the Process of Using Only Designated Codes
Listed in the Primary Position To Identify
Hospitalizations Associated With Possible Immunization-
Related Adverse Events

As described in Section 5.6, the study used all of
the available diagnostic discharge codes (up to 16)
listed in the hospitalization record to seek

hospitalizations associated with the designated codes.
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The record review showed that when the designated codes
appeared, they were most often listed in the primary
position; they described "the most significant condition
for which the patient was hospitalized" in 32 of the 44
hospital-held records examined. When the clinical data
were reviewed, they suggested that for eight children the
occurrence of an immunization-related adverse event was
an unreasonable supposition; these eight
hospitalizations were among the 12 where the designated
codes were listed in a subsidiary position (Table 16).

These observations suggested the possibility of
detecting hospitalizations with suspected immunization-
related adverse events by seeking only those designated
codes listed in the primary position. To evaluate this
process, the following were determined from the 44
records examined: the presence/absence of a designated
code in the primary position; and the presence/absence
of clinical data which allowed a reasonable possibility
that an immunization-related adverse event had occurred.
This information was used to assess the sensitivity,
specificity and predictive values of the process of using
only primary designated codes to detect hospitalizations
associated with possible adverse events (Figure 14).

The following definitions were used: for
sensitivity, the proportion of hospitalizations where the

occurrence of an immunization-related adverse event was
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possible and a designated code was listed in the primary
position; for specificity, the proportion of
hospitalizations where the occurrence of an immunization-
related adverse event was unreasonable and a designated
code was not listed in the primary position; for
positive predictive value, the probability of a possible
immunization-related adverse event when a designated code
was listed in the primary position; for negative
predictive value, the probability of not having a
possible immunization-related adverse event when a
designated code was not listed in the primary position.
The results (Figure 14) suggested that, when
clinical data were used as the "gold standard", finding a
designated code in the primary position was a highly
specific “test" for possible immunization-related adverse
events; designated codes did not appear in the primary
position when the diagnosis of adverse event was
unreasonable. The sensitivity of the "test", however,
was somewhat lower; 11 per cent of clinically possible
adverse events were misclassified as non-events.
Consequently, while a positive "test" result (that is,
finding a designated code in the primary position)
predicted a possible adverse event 100 per cent of the
time, a negative result was useful only 67 per cent of
the time since one-third of negative "“test" results were

actually false negatives.
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Incidence of Hospitalization With Immunization-Related
Adverse Events

When clinical data were used as the “gold standard”,
the incidences of hospitalization with possible
immunization-related adverse events were (calculated per
100,000 DTP/DT doses): with a febrile event in the two
day post-immunization period, 5.1; with a screaming
episode in the two day post-immunization period, 2.7;
with a convulsion event in the seven day post-

immunization period, 2.5.




Figure 1. The Manitoba Immunization Monitoring System.
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Figure 2,

Combined 1987, 1988 and 1989 Study Cohorts:

Immunization Status At the First Birthday.

Immunizoilion Stajus
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Figqure 3. 1987 Study Cohort: Immunization Status At the
First Birthday.
Immunization Status
1987 Study Cohert N = 14,331
received at least received at least
one DTP/DT one OPV/IPV
yes no no yes
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OPV yes alternate DTP vyes alternate
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one one
N = 12,971 N = 12,870
{90.5%) (89.8%)
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Figure 4. 1988 Study Cohort: Immunization Status At the

First Birthday.
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Figure 5. 1989 Study Cohort:

First Birthday.

Immunization Stotus
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Figure 6. Combined 1987, 1988 and 1989 Study Cohorts: Age

At DTP Immunization In the First Year of Life.
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Figure 7. Combined 1987, 1988 and 1989 Study Cohorts:

Hospitalization Rates By Age For the First 56 Weeks Of

Life.
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Figure 8. Immunized and Unimmunized Members Of the
Combined 1978, 1988 and 1989 Study Cohorts:

Hospitalization Rates By Age For the First 56 Weeks Of

Life.
hospitalization rate
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Figure 9. Members of the Combined 1987, 1988 and 1989 Study
Cohorts Receiving At Least One Ifmuunization In the First
Year of Life: Proportion of Hospitalizations With Length of
Stay Greater Than Six Days, By Age (Days) At

Hospitalization.
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Figure 10. Members of the Combined 1987, 1988 and 1989
Study Cohorts Receiving At Least One Immunization In the
First Year of Life: Hospitalization Rates By Age and By

Principal Categories of Primary Diagnosis.
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Figure 11. Members of the Combined 1987, 1986 and 1989
Study Cohorts Receiving At Least One Immunization In the
First Year of Life: Rates of Hospitalization With Codes
780.3, 780.6 and 345.6 Among the Discharge Diagnoses Between

Birth and 56 Weeks of Age, By Four Week Age Group.
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Figure 12. Members of the Combined 1987, 1988 and 1989
Study Cohorts Receiving No Immunizations In the First Year
of Life: Proportion of Hospitalizations With Length of Stay

Greater Than Six Days, By Age (Days) At Hospitalization.
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Figure 13. Members of the Combined 1987, 1988 and 1989
Study Cohorts Receiving No Immunizations In the First Year
of Life: Hospitalization Rates By Age and By Principal

Categories of Primary Diagnosis.
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Figure 14. Sensitivity, Specificity and Predictive
Values of the Process of Using Only Designated Codes
Listed in the Primary Position To Identify
Hospitalizations Associated With Possible Immunization-

Related Adverse Events.
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Table 1. Manitoba Recommended Routine Childhood
Immunization Scheduije 1986-1990 »

Age Immunization Against

2 months diphtheria pertussis tetanus poliomyelitis
4 months diphtheria pertussis tetanus poliomyelitis
6 months diphtheria pertussis tetanus poliomyelitis+
12 months measles mumps rubella

18 months diphtheria pertussis tetanus poliomyelitis
§ years diphtheria pertussis tetanus poliomyelitis

14-16 years diphtheria++ tetanus++ poliomyelitis+

* MIMS accepts diphtheria-tetanus (DT) and diphtheria-
pertussis-tetanus-polio (DPTP) as alternatives to DTP,
and DPTP and inactivated poliovaccine {IPV) as
alternatives to OPV.

+ Omitted if OPV is used exclusively, _
++ Diphtheria and tetanus toxoid (Td) adsorbed.




Table 2.
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Ranges of Expected Incidence Rates of Adverse

Events Following DTP/DT and OPV Vaccine Administration.

Expected Incidence Rates Of Adverse Events

Time Period Of

Adverse Expected
Event Incidence Interest
Rates* Following
Immunization
very high >40°C: 48 hours
fever i5 per 1,000 doses®l:85
>40.5°;
3 per 1,000 doses41'85
unusual high 11 per 1,000 dqses41'85 48 hours
pitched
crying or
screaming
excessive no rate available 48 hours?
somnolence
seizure 7 per 10,000 doses?s86 7 days
hypotonic/ 6 per 10,000 doses*1/85 24 hours
hyporesponsive
gtate
anaphylaxis 1 per 50,000 doses t02 46 24 hours
5 per 1 million doses®’
vaccine- 1 per 500,000 doses t03 2 7-30 days
associated 1 per 12 million doses”’
poliomyelitis
* Incidence rates, derived from previous studies, of

uncommon or rare serious adverse events temporally
associated with the use of DTP/DT or poliomyelitis

vaccines




Table 3. Combined 1987, 1988 and 1989 Study Cohorts:

Immunization Rates By Vaccine and By Dose For the First Year

of Life,

Immunization Rates

Conari__Vaccina  Mambarol - Propotr
1987 DTP/DT one 90.5
two 84.4

three 759

CPV/IPY cnhe 89.8

two 83.1

1988  DTP/DT one 87.2
two 95.2

three 89.3

OPV/IPV one 97.1
two 94.4

1989  DTP/DT one 98.1
two 856.3

three 92.6

OPV/IPV one 97.9

two 956

combined DTP/DT ohe 85.3
two 82.0

three 86.0

OPV/IPV one 95.0
two 1.1
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Table 4. 1989 Manitoba Birth Cohort: Recorded Rates Of
Infancy Schedule Completion In the First Year Of Life By

Indian Status, By Enrolment Status and By Place Of

Residence.
Children Per Cent With Infancy Schedule Recorded
Born In As Complete
1989
Outside Winnipeg TOTAL
Winnipeg
(N)
Inner Other
City Parts
(N) Of City
(N)
NON-INDIAN
Continuous 90.3 87.3 93.6 90.8
Enrolment (6,120) (3,723) (5,460) (14,853)
From Birth

To At Least
First Birthday

Interrupted 42.3 33.5 43.8 40.0
Enrolment In | (442) (340) (377) (1,159)
First Year

Of Life

INDIAN

Continuous 38.6 65.2 62.9 44.5
Enrolment (1,519) (368) (70) (1,957)
From Birth

To At Least
First Birthday

Interrupted 12.8 30.0 50.0 20.3
Enrolment In (47) (30) (2) (79)
First Year
Of Life
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Table 5. 1989 Manitoba Birth Cohort: Number of Doses of
DTP/DT and Poliomyelitis Vaccine Recorded By the First

Birthday.

umber of Proportion of Proportion of

Doses Children Receiving Children Receiving

Received DTP/DT Vaccine Poliomyelitis Vaccine
(Per Cent) (Per Cent)

Non—indion Children Born in 1989 With Continuous Health Plan
Enrolment From Birth To Al Least the Firsi Birfhday

rero f.e 2.2
pi leasi ) §8.1 97.8
bt least 2 96.1 95.4
i least 3 91.0 -—_

KWIl Children Born in 198% and Enrolied During the Firsi Yegr

pf Life

zero . 5.8 6.6
pt leasi | 94, 93.4
pt legst 2 89.5 88.3

Pt leosi 3 82.5 -
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Table 6. Members Of the Combined 1987, 1988 and 1989
Study Cohorts Receiving At Least One Immunization In the

First Year Of Life: Distribution Of Primary Discharge

Diagnoses.

ICD-9-CM N (%) N (%) N (%)
Category All 0-4 Week 5-56 Week
Of Diseases Admissions Admissions Admissions
8. Respiratory 2859 (27.5) 118 (4.9) 2741 (34.2)
9. Digestive 1279 (12.3) 86 (3.6) 1193 (14.9)
15. Perinatal 946 (9.1) 823 (34.3) 123 (1.5)
16. Ill-Defined 848 (8.1) 102 (4.3) 746 (9.3)
6. Nervous 824 (7.9) 17 (0.7) 807 (10.1)
l4. Congenital 714 (6.9) 154 (6.4) 560 (7.0)
l. Infectious 531 (5.1) 42 (1.8) 489 (6.1)
10. Genitourinary 351 (3.4) 48 (2.0) 303 (3.8)
17. Injury 281 (2.8) 21 (0.9) 270 (3.4)
12, Skin 168 (1.6) 17 (0.7) 151 (1.9)
2. Neoplasms 80 (0.8) 4 (0.2) 76 (0.9)
4. Blood 42 (0.4) 0 (0) 42 (0.5)
3. Endocrine 43 (0.4) 12 (0.5) 31 (0.4)
7. Circulatory 20 (0.2) 6 (0.3) 14 (0.2)
13. Musc/skeletal 22 (0.2) 1 (0.04) 21 (0.3)
Factors Not 1397 (13.4) 947 (39.5) 450 (5.6)
Causing Current

Illness

(V Codes)

TOTAL 10415 (100) 2398 (100) 8017 (100)
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Table 7. Members Of the Combined 1987, 1988 and 1989
Study Cohorts Receiving At Least One Immunization In the
First Year Of Life: Frequencies Of Designated Codes
Among All Diagnostic Discharge Codes For Hospitalizations

Between Birth and 56 Weeks Of Age.

Designated Code Designated Code
ICD-9-CM Frequency ICD-9-CM Frequency
Code Code

047.8 1 348.3 1
047.9 18 348.5 1
048 3 348.8 16
049.9 4 349.8 4
320.0 19 349.9 1
320.1 "1 351.0 2
320.2 6 352.6 6
320.3 2 354.8 1
320.7 1 682.3 2
320.8 5 682.6 7
320.9 1 682.9 1
322.9 19 780 4
323.9 1 780.0 3
331.9 4 780.2 1
342.9 1 780.3 269
343.0 1 780.6 273
344.6 10 781.0 18
344.8 2 781.3 13
345.0 3 781.4 2
345.1 10 785.5 9
345.3 6 8978.6 1
345.4 2 995.1 3
345.5 8 995.2 2
345.6 19 §95.3 1
345.7 1 999.3 5
345.9 14 §99.5 5
348.0 27 999.9 23
348.1 5 E948 1
348.2 3 E949 1
TOTAL NUMBER OF CODES 101,493
TOTAL NUMBER OF DESIGNATED CODES 710
TOTAL NUMBER OF NON-~DESIGNATED CODES 100,783




Table 8. 1987, 1988 and 1989 Study Cohorts.

Hospitalization Regardless of Reason: DTP/DT Immunization

In the First Year of Life.

Immunizotion Time Adjusted Number Number of
Sequence Period of Admissions Children
in Time Interval® Eligible

first before 607 41,466
affer 529

second before 457 40,022
affer 397

third before I3 37,399
affer 382

TOTAL before 1,335
afier 1,308

* “Before” inferval inciudes odmissions which occurred in
the 2B day peried before the day of immunization; "after”
inferval includes admissions which occurred both on the doy

of, oand in the 2B day period affer, the day of immunization
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Table 9. 1987, 1988 and 1989 Study Cohorts.

Hospitalization With Designated Diagnoses: DTP/DT

Immunization In the First Year Of Life.

Immunization
Sequence

Time

Period

Time
Interval
(Days)

Adjusted ICD-9-CM
Number Of Code
Occurrences

first

second

before

after

before

after

0-28

0-28

0-28

WHENFEOOFENE PR WRR RPN R R DN R W e e b b

047.9
048
049.9
320.3
348.3
348.8
047.9
320.0
323.9
345.1
345.6
780.3
780.6
047.9
320.0
323.9
345.3
345.9
352
320.0
331.9
345.5
345,672
345.7
348.8
352.6
978.6
999.5
E948.6
780.3%D
322.9
780.6
995.2
999.3
999.9

. .Continued Page 105b
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Table ¢ Continued.

Immunization Time _ Time Adjusted ICD-9-CM
Sequence Period ™ Interval Number Of Code
(Days) Occurrences

“third before 0-28 1 047.8 ;

1 047.9 t
1 320.0
1 780.3
after 0-28 2 320.0
1 322.9
1 345.6
1 351.0
2 999 .5

4 780.3%¢
3 780.6
3 969.,9
1 047.8
7 047.9

2 048
1 049.9
2 320.0
1 320.3
1 323.9
1 345.3
2 345.9
1 348.3
1 348.8
1 352

TOTAL before 0-28

1 780.3
after 0-28 3 047.9
4 320.0
1 322.9
1 331.9
1 345.1
1 345.5
5 345,614
1 345.7
1 348.8
1 351.0
1 352.6
1 978.6
4 999,5%¢€
1 E948.6
11 780.31E
1 322.9
7 780.6%9
1 9952
1 999.3
6 999,9%h

...Continued Page 105c
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Table 9 Continued.

* "Before" category includes hospitalizations which
occurred in the time period of interest before the day of
immunization; “after" category includes hospitalizations
~which occurred both on the day of and in the time period
of interest after the day of immunization.

** For code definitions, see Appendix 7.

+ Statistically significant, McNemar’s Paired Test, with
1 df, one-tailed test.

a Chi-square 3.0, p<0.05

b Chi-square 5.0, p<0.025

¢ Chi-square 3.0, p<0.05

d Chi-square 5.0, p<0.025

e Chi-square 4.0, p<0.025

f Chi-square 9.0, p<0.001

g Chi-square 7.0. p<0.005

h Chi-square 4.0, p<0.01




Table 10. 1987, 1988 and 1989 Study Cohorts:"children With
Incomplete Immunizations. Hospitalization Regardless of

Reason: DTP/DT Immunization In the First Year of Life.

. Immunization . Time Adjusied Number Number of
& Sequence Period of Admissions Children
in Time interval® Eligible

first DTP/DT before 31 1,444
cfter 24

second DTP/DT before 47 2,623
affer 50

b "Before" interval includes admissions which occurred in

the 28 day period before the doy of immunization;

"affer" interval includes admissions which occurred both
on the day of, and in the 28 day period after, the day of
immunization
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Table 11. Members Of the Combined 1987, 1988 and 1989

Study Cohorts Receiving No Immunizations In the First

Year Of Life:

Distribution Of Primary Discharge

Diagnoses.

ICD-9-CM N (%) N (%) N (%)
Category All 0-4 Week 5-56 Week
Of Diseases Admissions Admissions Admissions
8. Respiratory 89 (36.3) 3 (9.7) 86 (40.2)
9. Digestive 29 (11.8) 3 (9.7) 26 (12.2)
15. Perinatal 24 (9.8) 20 (64.5) 4 (1.9)
16. Ill-Defined 12 (4.9) 3 (9.7) 9 (4.2)
6. Nervous 17 (6.9) 2 (6.5) 15 (7.0)
14, Congenital 12 (4.9) 0 (0) 12 (5.6)
1. Infectious 16 (6.5) 1 (3.2) 15 (7.0)
10. Genitourinary 4 (1l.6) 0 (0) 4 (1.9)
17. Injury 7 (2.9) 1 (3.2) 6 (2.8)
12. Skin 11 (4.5) 0 (0) 11 (5.1)
2. Neoplasms 2 (0.8) 4 (0) 2 (0.9)
4. Blood 0 (0) 0 (0) 0 (0)
3. Endocrine 10 (4.1) 0 (0) 10 (4.7)
7. Circulatory 2 (0.8) 0 (0) 2 (0.9)
13. Musc/skeletal 1 (0.4) 0 (0) 1 (0.5)
Factors Not 3 (1.2) 0 (0) 3 (1.4)
Causing Current

Illness

(V Codes)

TOTAL 245 (100) 31 (100) 214 (100)
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Table 12. Members Of the Combined 1987, 1988 and 1989
Study Cohorts Receiving No Immunizations In the First
Year Of Life: Frequencies Of Designated Codes Among All
Diagnostic Discharge Codes For Hospitalizations Between

Birth and 56 Weeks Of Age,

Designated Code Designated Code
ICD-9-CM Code | Freguency ICD-9-CM Code | Freguency
320.0 1 345.5 1
320.1 1 345.9 5
320.3 1 348.0 1
322.2 1 348.1 1
322.9 2 348.8 2
336.9 1 780.3 14
342.9 1 780.6 6
345.1 1 995.2 1
345.3 2 999.9 2
TOTAL NUMBER OF CODESV 2,811

TOTAL NUMBER OF DESIGNATED CODES 44

TOTAL NUMBER OF NON-DES IGNATED CODES 2,767
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Table 13.

Hospitalization File Analysis.

109a

Distribution

Of Designated Diagnoses Among Hospitalizations Following

DTP/DT Immunization, By Time Period;

Distribution and

Description Of Accompanying Non-Designated Codes.

Time Period Designated| Non-Designated Description
Following Codes Codes Of Non-
Immunization| Appearing Appearing Designated
(Days) Codes
0 780.6* 691.0 diaper rash

780.6 465.9%* acute URTI

382.9 otitis media

780.3 382.9 otitis media

978.6%

E948.6

999.9

780.6

999 .5%

999.,5%* E879.8 blood transfn

999 .,9%

320.0% 285.9 anemia unspec
0-1 999.5%* E879.8 blood tranfn

780.6*

780,3%

780.6%*

999.5

780.3 519.8% respiratory

disease
780.6%
999.5

.. .Continued Page 109b




Table 13 Continued.

109b

Time Period Designated| Non-Designated Description
Following Codes Codes Of Non-
Immunization| Appearing Appearing Designated
{Days) Codes
0-2 780.3% 599.0 urinary infn
345.,5% 251.0 hypoglycemic
345.7 coma
999.3 945.32 skin loss
958.3 wound infn
682.7 cellulitis
foot
E874.1 infusion
008.6 viral
enteritis
465.9 acute URTI
0-7 780.3 345.9% unspecified
nervous
system
disorder
518.81 resp failure
507.0 aspiration
382.404 otitis media
518.0 pulmonary
collapse
530.1 esophagitis
783.4 fail to thriv
599.0 urinary infn
599.7 hematuria
596.8 bladder
disorder
465.9 acute URTI
718.31 joint dislocn
779.8 perinatal
conditions
V017 viral dis
280.9 anemia
754.89 congenital
anomaly
780.3%*

* primary diagnosis
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Table 14. Hospitalization File Analysis. Distribution
of Designated Diagnostic Codes Among Hospitalizations
Following opv Immunization, By Time Period; Distribution

and Description of Accompanying Non—Désignated Codes.

Time Period | Designated Non-Designated | Description
Folloyxng' Codes Codes of Non-
Immunization Appearing Appearing Designated
(Days) Codes
0 95,2+
E549.9
0-28 781.3 782 .4* jauvndice
pneumonia
781.0% 754.51 defornity
feet
344.61 997.5%* urinary
complicns
741.03 spina
bifida,
lumbar, +
hydroceph.

* Primary code




Table 15,

Following Immunization:

Hospital-Held Record Review.

llla

Hospitalizations

Diagnostic Discharge Codes and

Physician Diagnoses, By Time Period, For Children With

Physician Diagnoses Indicative Of Possible Immunization-

Related Adverse Events.

Time
Interval
Following
Immunizn
(Days)

Diagnostic Discharge Codes 1-4

Physician
Diagnoses

0

780.6 691.0

hyperthermic
reaction to
DTP immn.

999.5

allergic
reaction to
vaccine

899.5 EB879.8

fever after
immunizn.

978.6 E948.6 999.9 780.6

pyrexial
reaction
to DTP

995.2 E949.9

post-immn.
episode, not
likely toxic
or seizure

0-2

780.6 999.9

hyperpyrexia
secondary
to DTP

780.6

fever and -
irritability
possibly
secondary

to DTP shot

780.6 999.5

febrile
reaction
to DTP

...Continued Page 111b
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Table 15 Continued.

Time Diagnostic Discharge Codes 1-4 Physician
Interval Diagnoses
Following

Immunizn

(Days) 1 2 3 4

0-7 999.9 reaction to

2nd immn.,
most likely
due to
pertussis
component
of wvaccine

999.5 EB879.8 post-immn.
fever

999.9 999.9 1780.3 754.1 possible
adverse
reaction
to DTP/OPV

780.3 994.7 E913 seizures,
unknown
etiology -
possibly
suffocation
less likely
aspiration,
even less
likely
reaction

to DTP

780.3 possible
seizure
disorder;
similar
episode day
after prior
DTP/0OPV imm
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Table 16. Hospital-Held Record Review. Description of
Hospitalizations For Which the Designated Diagnostic

Discharge Codes Detected Were Listed In a Subsidiary

Position.
Designated Clinical Data Adverse Time
Code Event Period

Reasonable Following
Immunizn,
(Days)
344.61 Spina bifida with no 18
myelomeningocele
781.3 Hypotonia noted no 28
shortly after
birth
047.9 Bacterial meningitis | no 13
due to B. eolj
infection (laboratory
confirmed)
352.56 Congenital syndrome no 20
including cranial
lerve palsies
351.0 Multiple congenital no 28
anomalies involving
central nervous
8ystem
780.3 Myeloradiculopathy; no 7
bypotonia noted one
month after birth
780.3 Zelwieger‘s syndrome | no 7
331.9 Hydrocephalugs & no 28
Cerebral atrophy
780.3 Apnejic spells, at- yes 1
risk for SIDS
780.3 URTI & otitis ‘ yes 0
media
780.3 Otitis media yes ¢
780.6 Apneic spel} yes 7
Probably due
to otitis pedia
causing fever g
febrile convn.
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7. DISCUSSICN

No vaccine has inspired the controversy generated by
whole-cell pertussis vaccine. 1Its safety has been at
issue through the many years since the first reports
associated its use with permanent brain damage.z"-'84

However, although the potential of pertussis vaccine
to cause serious neurological illness remains
controversial, concern over its use has abated in recent
years. Meticulous re-examination of the data from the
National Childhood Encephalopathy Study and other
investigations has concluded that a causal association
between the administration of DTP vaccine and permanent
neurological damage has not been demonstrated, although
it cannot be dismissed. Pertussis vaccine either is not
associated with an increased risk of permanent brain
damage or the magnitude of the risk is so small as to be
virtually unmeasurable.?3/37 mqq accurately quantify
pertussis vaccine-related risk may require investigations
of such magnitude that the public expense may well
outweigh the public health benefit, given that the events
are rare and that the terms "acellular" and "safer" may
prove synonymous.59

But how certain are we about the risks of
poliovaccine? What about newly-released vaccines, such

as Hib and acellular pertussis? Even after years of

traditional study, there is little convinecing evidence
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that any of the temporal associations noted between the
routinely-used vaccines and serious adverse events are
actually real. We have no accurate risk measurements for
the common vaccines nor do we know the "baseline"
incidences of the relevant adverse events in the
childhood population. We need an effective and efficient
method of evaluating and monitoring marketed vaccines for
the occurrence of very rare but devastating adverse
events.

This study was designed to assess the use of the
population-based Manitoba Health database in addressing
the crucial shortcomings in vaccine-related adverse
events research. The database structure facilitated the
design of a retrospective cohort study: it allowed the
assembly of consecutive birth cohorts of children, the
definition of study populations at risk for immunization-
related adverse events, the accurate determination of the
period of observation, and the ascertainment of all
immunization and adverse events.

The study achieved its first objectives by
demonstrating that data from computerized registries of
health care contacts can be used in Manitoba to develop
population profiles of immunization and hospitalization,
and to calculate population-based rates of immunization
(vaccine-specific), of hospitalization (diagnosis-

specific) and of the occurrence of adverse events of
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sufficient severity to warrant hospitalization in the
first year of life.

The inclusion of the unique identifier on all
records in each database file allowed the linking of
records between files and the simultaneous examination of
immunization and hospitalization events, independently
ascertained, despite their being separated by time and
place. Hospitalizations with diagnoses indicative of
immunization-related adverse events were identified by
ICD-9-CM codes and the timing of their occurrence around
immunization determined. The use of these techniques
achieved the final study objective, the assessment the
nature of the temporal associations between immunization
and adverse events; incidence rates were calculated for
those events showing a true temporal association with

immunization.

The Manitoba Immunization Profile

First-year immunization rates were high for most
members of the 1987, 1988 and 1989 Manitoba birth
cohorts; that is for children, with the exception of
status Indians, whose Manitoba Health enrolment was
continuous from birth to at least one year of age. Of
the combined cohorts, 95 per cent were on record as
receiving at least one dose of DTP/DT, 92 per cent at

least two, and 86 per cent at least three. For the 1988



and 1989 cohorts, these rates averaged respectively 98
per cent, 96 per cent and 91 per cent. Rates for the
1987 cohort reflected missing immunization data, at 91
per cent, 84 per cent and 76 per cent respectively.
DTP/DT immunization rates were closely approximated by
those for poliovaccine, which was almost always given on
the same day.

Recommended ages for immunization appeared to be
quite closely followed, with the majority of each of the
doses given in the four week period immediately following
the recommended age. However, age at immunization
exceeded the recommended age more fregquently with
successive doses.

Compliance with the recommended provincial
immunization schedule was also high. Levels recorded for
the 1988 and 1989 cohorts showed that, on average, 90 per
cent were completely immunized, according to the
schedule, by the first birthday; compliance recorded for
the 1987 cohort was 76 per cent.

With respect to immunization practices, the analysis
showed that DT and IPV were rarely used as alternatives
to DTP and OPV vaccines and that almoét half of the study
children received three doses of poliovaccine, although
the third dose is no longer recommended.

The immunization profile, by subgroup, for the total

1989 Manitoba birth cohort demonstrated that for the

116



117

majority (those resident in the province for the full
first year of life) compliance with the recommended
schedule was 91 per cent. This rate was consistent
across all parts of the province, with only minor
differences detected by geographic location. On the
other hand, compliance levels for groups whose members
had Indian status, died in the first year of life, or
moved into or from Manitoba during that period ranged
from only 13-42 per cent; for these groups, incomplete
immunization records were of course expected. Residence
in the core area of Winnipeg was associated with lower
levels of schedule completion than residence in outer
Winnipeg or rural areas, reflecting the core area’s
relatively high proportions of migrant residents and of
those with Indian status. Record completion in children
with Indian status was markedly lower for rural than for
urban residents, reflecting the earlier and more complete
participation in MIMS of Medical Services Branch’s South
Zone Office (located in Winnipeg and serving accessible
reserves) than of the North Zone Office (located in

Thompson and serving remote reserves).

The Manitoba Hospitalization Profile
Hospitaiization rates calculated for the study
cohorts in first 56 weeks of life showed that the highest

rate occurred in the newborn period, averaging 57 per
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1,000 cohort members after the exclusion of birth
hospitalizations. The rate fell sharply after four weeks
of age, and, at any time thereafter,_the chance of being
hospitalized remained fairly constant (at or below 20 per
1,000 cohort members).

When hospitalizations were categorized by discharge
diagnoses, the majority occurring in the neonatal period
were related to specific perinatal conditions, whereas
the principal group of diseases leading to
hospitalization between five and 56 weeks of age were
respiratory in nature.

Leading causes and rates of hospitalization were
used to compare children receiving at least one
immunization in the first year of life with those
receiving none in that period, and detected no measurable
differences between the two groups.

Characterization of hospitalizations by length of
stay showed that, for both groups, children readmitted to
hospital after birth were more likely to have relativély
long hospital stays (of 7-28 days duration) than those
experiencing only birth hospitalizations. Completely
unimmunized children, however, were clearly more prone to
protracted hospital stays and, in particular, to very
long stays (in excess of 28 days). The most likely
explanation of this observation is that, due either to

the nature or the severity of illness among children with
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prolonged hospital stay, immunizations were withheld.
Although unimmunized children did not exhibit the steady
increase in rates of hospitalizations primarily due to
diseases of the nervous system that was seen among
immunized children, their hospitalization rates with
other leading causes of admission (respiratory and
digestive disease) were higher. It may also be that,
among immunized children, health crises are prevented to
some extent through contact with the health care system
at immunization. Further characterization of immunized
and completely unimmunized children is indicated since
the possibility of a systematic difference between the
groups cannct be excluded.

Population-based incidence rates were calculated for
adverse events temporally-related to immunization with
DTP/DT and OPV vaccines and serious enough to lead to
hospitalization in the first 56 weeks of life. Of such
events, the most frequent were non-epileptic convulsions
(code 780.3) and pyrexia of unknown origin (code 780.6),
which occurred for 31 and 29 respectively of every 1,000
hospitalizations in the time period. Although it was
impossible to discriminate statistically between children
receiving at least one immunization and those receiving
none, the higher incidences of both events among the
latter again suggested that the groups may systematically

differ. Regardless of immunization status, the incidence
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of hospitalization with non-epileptic convulsions rose,
between the ages of 5-8 weeks, to an actual rate of just
over 1.0 per 1,000 members of the combined study cohorts;
the rate fell to a low of 0.1 per 1,000 such members
between 21-24 weeks of age then rose again, reaching a
peak incidence of 1.2 per 1,000 members between 49-52
weeks of age. Regardless of immunization status, the
incidence of pyrexia of unknown origin, at its lowest
between 5-8 weeks of age at just under 0.2 per 1,000
members of the combined study cohorts, remained fairly
steady (at around or below 0.4 per 1,000 such members )
through the remaining first 56 weeks of life.

For Manitoba children in the first vear of life, the
hospitalization profile provided new information
concerning hospitalization rates, length of stay and
hospitalization by diagnosis and illustrated the
potential of using the database to examine pediatric
hospital utilization and to monitor trends in utilization
and illness rates. The information produced allowed the
characterization and comparison of groups of children
with different immunization experiences. The analysis
yielded population-based incidence rates for serious
adverse events which have been temporally associated with

routine childhood immunization.
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The Nature of Temporal Associations Between Immunization
and Hospitalization

Assessment of the nature of the temporal association
between routine DTP/DT/polio immunization and
hospitalization yielded results of both statistical and
clinical significance.

There was no increase in overall hospitalization
rates following routine first-year immunization. This
finding did not appear to be influenced by the overall
trend in hospitalization rates, which remained steady as
the cohort aged from five to 56 weeks. Hospitalization
rates by dose, however, included children over a range of
ages while rates calculated by age included children over
& range of doses. Possible influences on overall
hospitalization rates of age and the dose seguence or the
cumulative number of doses were not captured. Definitive
conclusions will require a larger study with the power to
detect smaller rate increases and to permit rate analyses
by age and by dose.

Statistically significant increases occurred in
hospitalizations with ICD-9-CM codes 780.3 (non-~epileptic
convulsions) and 345.6 (infantile spasms) in,
respectively, the seven and 28 days following the second
DTP, and with code 780.3 in the seven days following the
third DTP. When all doses were considered together, the

increased occurrences of five codes in the relevant time
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periods following DTP immunization were also
statistically significant: .780.3, 345.6, 780.6 (pyrexia
of unknown origin), 999.5 (other serum reaction) and
999.9 (other and unspecified complications of medical
care, not elsewhere classified). Overall, the incidences
of hospitalization per 100,000 doses of DTP were: with
code 345.6 in the 28 day post-immunization period, 4.2;
with code 999.5 in the 28 day post-immunization period,
3.4; with code 780.3, in the seven day post-immunization
period, 9.2; with code 780.6, in the two day post-
immunization period, 5.9; with code 999.9, in the two
day post-immunization period, 2.5.

The 53 ICD-9-CM codes which appeared in the relevant
post-immunization time periods were validated by
individual review of hospital-held records. Codes 780.3,
345.6 and 780.6 accurately described the clinical
conditions present; codes 999.5 and 999.9 represented
diagnoses of possible immunization-related adverse
events. Among the 48 post-immunization hospitalizations
recording designated codes were 13 which recorded
physician diagnoses of possible DTP/DT—related adverse
events; these 13 possible events likély represented the
maximum number captured by the passive reporting system.
Overall, when physician diagnoses were used as the "gold
standard", the incidences of hospitalization with

immunization-related adverse events were (calculated per
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100,000 DTP/DT doses): with a febrile event in the two
day post-immunization period, 5.1; with a screaming
episode in the two day post-immunization period, 2.7;
with a convulsion event in the seven day post-
immunization period, 2.5.

The'comparison between rates of events before and
after immunization is a valid approach when there are
very few unimmunized individuals in the population.60
Levels of immunization coverage in the study population
were high; codes indicative of adverse events were not
concentrated among children with less than the full
series of immunizations. The methodology does provide
for the eventual comparison of incidence rates of events
between immunized and unimmunized individuals once
cohorts of sufficient size have been assembled.

The effect of missing data was considered. Manitoba
hospitalization data are of generally high quality,68'78’
80 ang unlikely to have been missing to an extent which
invalidated the findings. Although immunization
information for the 1987 birth cohort was incomplete,
preliminary data analysis found no evidence that members
missing immunization data represented a select group in
which factors associated with avoidance or delay of
immunization'may have been associated, producing an
increased risk of adverse-event-type medical outcomes.

There were no appreciable post-immunization rate
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differences, either in overall hospitalization or in
hospitalizaﬁion with designated diagnoses, between the
three study cohorts. The rate of immunization data loss
to MIMS through physician failure to bill appears not to
exceed seven per cent, while the high immunization rates
recorded for the 1988 and 1989 study cohorts suggested
little immunization data loss. Overall, given the very
low numbers of adverse events detected in temporal
association with immunization, the impact of missing data
on the study findings was deemed minimal.

Although temperature elevations greater than 39°C
have been reported in 3-8 per cent of DTP
recipient52'43-'46'85 and persistent crying or screaming
in 0.1-3 per cent,,zf85 there were no reports of post-DTP
hospitalization rates with febrile or screaming episodes
in the medical literature. However, the study’s
hospitalization rates calculated for the seven day period
following overall DTP immunization with the convulsion
code and with physician diagnosis of possible
immunization-related convulsion event were lower than
post-immunization rates previously reported.45f46'85’86‘

Hospitalization rates with convulsions may have been
artificially low, reflecting the effect of random error.
The considerable and unpredictable influence of random
variation on rates calculated from very small numbers of

adverse events is illustrated by comparing the rates of




hospitalization with the convulsion code 780.3 produced
by the preliminary and present studies. The former
detected seven post-DTP hospitalizations with code 780.3
and used a denominator of 40,825 DTP doses to calculate a
rate of 17.2 such hospitalizations per 100,000 DTP doses
in the seven days following immunization. The present
study might have been expected to detect considerably
more post-DTP hospitalizations with code 780.3, yet it
detected only 10; wusing 118,887 DTP doses as its
denominator, it produced a rate of 8.4 hospitalizations
with code 780.3 in the seven day post-immunization
period, less than half the rate of the preliminary
investigation. Clearly, the determination of accurate
incidence rates of adverse events following immunization
will require a substantial increase in sample size.

The low convulsion rate may also reflect the fact
that only events of sufficient severity to warrant
hospitalization were considered (although similar
techniques could be used to examine physician visit rates
and diagnoses following immunization). It may also be
partly explained by the common use of prophylactic
antipyretics over recent years with an actual reduction
in the incidence of post-immunization febrile events.

Population rates of hospitalization in infancy with
convulsion code 780.3 increased with age. The fact that

the children were older in the week after immunization
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than in the week before could at least partially account
for the temporal association between overall DTP
immunization and hospitalization with convulsions; on
the other hand, the association could account in part for
the increase in admissions with age. These explanations
are at best partial. A statistically significant
increase in hospitalizations with code 780.3 was also
found in the seven days following the second dose of DTP;
90 per cent of such second doses were given between 17-24
weeks of age, when hospitalization rates with code 780.3
were generally at their lowest. Among the three children
hospitalized with physician diagnoses of convulsion
events possibly following DTP/DT immunization, one had
received the first dose of vaccine and two the second.

The statistically significant increase in
hospitalization with code 780.6 (pyrexia of unknown
origin) in the two day period following overall DTP
vaccination did not appear to be influenced by age; the
rate of ﬁospitalization with this code among the
diagnoses was fairly constant between the ages of five
and 56 weeks. Among the seven children hospitalized with
physician diagnoses of febrile events possibly following
DTP/DT immunization, two had received the first dose, two
the second and three the third.

The evidence disputing a causal link between

infantile spasms and DTP vaccine32:87,88 has been
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described as "overwhelming“.89 Almost all cases of
infantile spasms have an onset in the first year of life,
most in the age range within which primary DTP vaccine is

given.2

It has been calculated that, by chance alone,
about 12 per cent of all cases that occur between the
ages of two and seven months will have their onset within
seven days of DTP immunization.? Among all
hospitalizations in the first 56 weeks of life, 72 per
cent of all appearances of code 345.6 (infantile spasms)
were between nine and 32 weeks of age, the age range
within which 82 per cent of all DTP/DT immunizations were
given. The study detected five hospitalizations with
code 345.6 within 28 days of immunization, all confirmed
by record review as the first admission with the
condition. Of those which followed immunization and had
their onset between nine and 32 weeks of age, one (5 per
cent of all appearances of code 345.6) occurred within
seven days of DT immunization and three (16 per cent of
all appearances) occurred between seven and 28 days
following DTP immunization. The findings support
previous evaluations of the data concerning the temporal
association between DTP immunization and the onset of
infantile spasms which, finding no evidence for a causal
relationship, have concluded that it is an age-related
phenoménon.2'8'57'90

The record linkage techniques described in this
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study could be applied not only to data for successive
birth cohorts of children but for successive life-years
of observation. They could be used to ceonduct
population-wide post-marketing surveillance in Manitoba
for rare and serious adverse events related to the use of
established and newly-introduced vaccines in childhood.
Such a surveillance system would, by accumulating data
over many years, allow more detailed scientific
assessments: of the temporal associations between each
dose of vaccine and each code of interest; of the
relationship between low immunization levels and adverse
events; and of the effects on hospitalization rates,
with specific diagnoses, of age and the number of
preceding doses. Population-based incidence rates of
serious adverse events could be calculated and vaccine-
related risk quantified. Children who may differ
systematically from those fully immunized®® - those who
die, receive no immunizations or fail to complete
schedules, in whom factors common to both the increased
risk of adverse events and avoidance or delay of
immunization may operate - could be identified and
described. Separate analyses could be done for subgroups
receiving limited numbers of doses.

The review of hospital-held records suggested that
the quality of the diagnostic claims data was high.

Simple coding errors were minimal. The considerable
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variation among the codes chosen to represent diagnoses
indicative of immunization-related adverse events was
related to the non-specific nature of the codes available
and to the lack of clarity in coding rules. With the
exception of codes representing supplementary diagnostic
explanations (the E codes), discharge codes were highly
accurate and truly represented the clinical conditions.
Although a more complete validation is beyond the scope
of this study, it is recommended that further research
establish the properties of the process of using each
code as a "test"” to predict the probability of an adverse
event; that is, to determine the positive predictive
value (the probability of having an immunization-related
adverse event when a specific code is found among the
discharge codes), and the negative predictive value (the
probability of not having an immunization-related adverse
event when a specific code is not found among the
discharge codes).75

Information from the record review also suggested
that when a designated code did appear it was likely to
be listed in the primary diagnostic position, whereupon
its presence was an excellent predictor of a clinically
possible adverse event. The converse situation, however,
in which a désignated code was present in a subsidiary
position, did not, with any confidence, predict that an

adverse event had been clinically ruled-out. Since, in
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the surveillance situation, the need to detect all
suspected adverse events greatly exceeds the need for
diagnostic accuracy, it is recommended that the system
continue to scan all of the available discharge codes for

those which were designated.

Policy Implications

Immunization policies have evolved within the
context of overall health care decision-making. 1In
recent years, policies governing general health care and
its delivery have been strongly implicated as key factors
underlying low immunization coverage and poor
communicable disease control in developed
countriesl?,91,92 particularly in the United States.?3
In fact, coverage levels appear to be very closely tied
to policies which direct the delivery of preventive
health services to children; immunization is regarded as
an important indicator of child health and of the success
(or failure) of associated programs.93 Policies which
lower the many financial and administrative barriers to
health care access are those most likely to be associated
with high coverage levels.94 Policy decisions made
centrally are likely to coordinate well and to produce
not only high immunization rates but systems which
measure coverage effectively and monitor levels in an

ongoing manner; in countries which lack a national locus




of decision-making, coverage measurement tends to be
inconsistent and incomplete.g:"'g":’“97

In Canada, health care is funded by a system run
cooperatively by the federal and provincial
governments.98 The federal government has limited
constitutional authority over health but has strongly,
although indirectly, influenced provincial immunization
policy by lowering fiscal barriers to immunization. This
has been accomplished by setting standards to which each
provincial health plan must conform in order to gualify
for federal contributions - including those of
universality, comprehensiveness and accessibility.99

However, since primary authority over health matters
rests with provincial government,loo the immunization
policies of each Canadian province represent separate
conclusions reached in the absence of national decision-
making or policy coordination. Nevertheless, provincial
policies have a number of uniform features advantageous
to high immunization coverage. The provision of vaccines
and immunization services is publicly-funded in all
jurisdictions,lo0 and the Canadian Medicare system has
allowed each provincial public health agency to devote a
relatively high proportion of its resources to childhood
immunization.101l

A lack of uniformity is seen, however, among the

provinces with respect to other crucial immunization



policies. One of the most significant factors adversely
affecting immunization programs is the failure to
incorporate appropriate methods of surveillance?7/102 4¢
the three essential levels: surveillance -of communicable
disease, of immunization levels, and of immunization-
related adverse events. While all provinces maintain
centralized disease surveillance systems,loo few have
made policy commitments to surveillance for immunization
coverage. Only Manitoba has implemented a computerized
immunization registry with tracking capabilities, a
system which, similar in principle to those operating in
Britain, the Netherlands and Finland,103‘105 combines
individual-based immunization and population data to
measure and continuously monitor coverage levels
population-wide. Since, of the remaining provinces, only
Ontario, Saskatchewan and Alberta are able to accurately
estimate coverage,.los_108 only rough calculations of
national immunization rates are possible. With respect
to the surveillance of immunization-related adverse
events, Ontario alone has legislation requiring providers
to report such events; surveillance is otherwise limited
to the passive participation of providers in the system
operated by the federal government.109

Clearly, this study’s elaboration of the
capabilities of the Manitoba Immunization Monitoring

System should be of great interest to other provinces.
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The present situation in Canada has led to a call by the
federal government for a nation-wide system of electronic
immunization surveillance,g‘?'110 not yet possible since
not all provinces have committed to high-quality
population registries. Nevertheless, the favourable
features of the Canadian immunization delivery system,
together with universal entitlement and universal
registration, lend themselves admirably to the
construction of systems similar to MIMS. With the
adoption of a standardized system of unique
identification, nation-wide population-based surveillance
would indeed become feasible. Without change, the
measurement of immunization coverage in Canada will
remain incomplete.

MIMS should also capture the attention of policy-

makers in the United States, where the present

immunization delivery system has been labelled "a
conglomeration of complex and often uncoordinated efforts
in both the public and private sectors". Immunization
rates recorded in that country in 1990 were, for children
aged two years and younger, lower than those in many
developing countries.t1ll ope Clinton Administration has
pledged support for higher immunization coverage, and
federal funds have been directed to computerized

surveillance systems.112 The Robert Wood Johnson

Foundation has funded the establishment of computerized



immunization registries in 23 cities and their
integration into a national'system.112

Immunization registries in the United States will
face far greater problems related to population mobility
and inner-city access than does MIMS; American family
relocation rates are higher than those of almost all
Western societies and the poor are particularly likely to
move. The multiple provider system will also present
difficulties (although standardized recording will help),
as will software incompatibilities and jurisdictional
issues - these can be expected, as in Canada, to be
especially marked in the coordination of services to the
American Indian population. Finally, unless a unique,
nation-wide identifier is adopted, local registries will
find it very difficult to keep track of children moving
between states and to integrate into larger registry
systems.

The concept of an immunization registry/monitoring
system run from a population registry/claims payment
structure should be of particular interest to American
states considering single payer systems (as permitted by
the Clinton health plan and suggested~for hospital market
areas with relatively small populations). The
population-based approach appears to offer substantial
economies over the provider-based system. MIMS' direct

operational costs are approximately 150 thousand dollars
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annually, less than $2.00 per child aged six years or
under. (Manitoba Health: personal communication) These
costs include those associated with separately capturing
data on publicly-provided immunizations, merging such
information with that recorded on physician payment
claims, maintaining the resulting file in a form which
permits users to extract immunization data, and sending
out reminders.

For Manitoba; the study findings reinforce the
wisdom of past policy decisions which led to the
organization of an effective immunization program and to
the development and implementation of MIMS. They
strongly discourage any policy reversals which endanger
coverage, by placing financial and/or administrative
barriers in the way of immunization, or limit coverage
measurement, by reducing investment in the MIMS program.

Although immunization coverage levels in Manitoba
prior to the implementation of MIMS are not known, the
province now has valid data against which to measure
future trends. Nevertheless, the study indicated the need
for several changes to provincial immunization policy.

Based on the findings, it is recommended that the
full integration of Medical Services Branch into MIMS
proceed without further delay; database analyses will
only be truly-population-based when all children in the

province are included, that is when the immunization
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records of children with Indian status have been entered
and can be considered complete. 1In fact, once this has
been achieved, actual and recorded coverage rates for
continuously enrolled status Indians and for the province
overall should rise.

In addition, the study provided information on
population sub-groups, often neglected by traditional
immunization research. Data analysis for the total 1989
birth cohort described the Manitoba population of
children by Indian status, enrolment status and place of
residence and calculated immunization rates according
these variables, which indicate a number of known
influences on immunization uptake - level of
urbanization, access to health service, and mobility.ll3_
115 qhe effect of migration on recorded immunization
rates was quantified. These analyses demonstrated not
only the extent to which changes in the denominator used
in rate calculations influence reported coverage, but the
limitations imposed on rate comparisons with other
jurisdictions by the lack of general agreement concerning
denominators and the way in which rate variations should
be interpreted. Since provincial immunization rates
clearly conceal what is actually happening in Manitoba,
it is recommended that MIMS in future routinely calculate
rates by the subgroups defined in the total 1989 cohort

analysis. This will give direction to the province’s
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immunization program; subgroups recording low coverage
(Indian, migrant and/or inner city children) can be
actively tracked and targeted for completion of the
immunization series and/or for completion of the record.

The key policy recommendation arising from this
study is that its techniques be used to implement an
active surveillance system for immunization-related
adverse events in Manitoba. As described, this
population-based system would eventually allow the
calculation of vaccine-related risk and risk-benefit
ratios for each existing and newly-introduced vaccine,
something the present surveillance systems - passive and
hospital-based active - cannot do. While the risks
associated with the routinely-used vaccines are certainly
low, their quantification would have substantial policy
implications for Manitoba. Truly "informed" consent to
immunization would become possible, allowing providers
(including Manitoba Health) to fulfill their ethical
obligations to recipients and to considerably reduce
their statutory liability. Public and professional
confidence in vaccines would rise; the resultant
increase in vaccine uptake in the province would help to
move coverage towards elimination levels for the common
childhood diseases and to increase the cost-effectiveness
of the overall immunization program. Governments

(federal and provincial) would be in a position to make
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informed policy decisions around vaccine compensation.
The estimated implementation and operational costs of the
active surveillance system are low: routinely-produced
Manitoba Health data are used; additional resources are
not required.

It is further recommended that Manitoba Health
consider the possibility of striking an agreement with
Health Canada for the joint conduct of active
surveillance. While neither party would see a real cost
advantage, both would profit if Health Canada could
support the establishment of compatible systems in other
provinces; a coordinated national surveillance system
would have greatly enhanced analytic capabilities. This
recommendation is conditional on a simultaneous agreement
for common data ownership and access, to protect

Manitoba’s present advantage with respect to research.

Expanding the System’s Applications

Interest in the Manitoba Immunization Monitoring
System has led to speculation concerning the application
of registry/monitoring systems to other program areas. A
prime candidate for the incorporation of such a system is
the Manitoba influenza immunization program, which is
targeted to persons at high risk for the complications of
influenza - primarily to the elderly but also to children

and adults with chronic diseases.116 Present levels of
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coverage with influenza vaccine in Manitoba are unknown,
but are estimated to fall well below those needed to meet
the program’s objective - the population-wide prevention
of adverse health effects from the disease during
outbreaks.

The program could expect to benefit from an
immunization registry and monitoring system in several
ways. The registry alone would allow the calculation of
accurate coverage, the correlation of wvaccine
distribution with use to calculate wastage (currently
estimated at between 10-300 per cent), (Manitoba Health:
personal communication) and the linkage of data between
the registry and other database files to study outcomes
in population subgroups. To capture influenza
immunizations, the registry would be expanded to include
all Manitoba Health registrants (not only, as in MIMS,
those born since 1980) and the follow-up period
(currently 25 years) extended indefinitely. Monitoring
could, by improving compliance with recommended
immunizations, increase vaccine coverage to levels
sufficient to prevent the majority of complications.
There are some key differences, however, between the
influenza and routine childhood immunization programs and
their monitoring needs.

The vaccine-preventable diseases of childhood

present a constant threat to health from the time of
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birth; DTP/polio immunizations provide virtually life-
long protection and are routinely recommended, at optimum
ages early in life, for all infants and children as a
single series of immunizations. MIMS monitoring, which
very effectively increases compliance with early
childhood immunizations, has two separate components. In
the first, a check of the registry retrospectively
identifies individuals lacking immunizations in the
series, using age as the key indicator, and generates
reminder letters to providers or recipients. 1In the
second monitoring component, the reminder system is
supplemented by a process of active follow-up through the
public health system.

Influenza, however, is not only a seasonal illness
but is caused by a constantly changing virus; it poses a
renewed threat to vulnerable children and adults every
year.117 The influenza program therefore recommends that
high-risk persons be immunized annually, prior to the
onset of the influenza season. Monitoring would
prospectively check the registry each year, select the
target population, and attempt to influence compliance
through client reminders; since the immunization
delivery period is short, the MIMS approach (of reminding
and following-up defaulters) would be of little benefit.

In family practice settings, letter reminders to patients

have been found to improve compliance with recommended
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influenza immunization, although their use has not
produced meaningful increases in overall coverage
levels,118-120 Nevertheless, it has been suggested that
influenza immunization rates may improve over time in
patient populations reminded annually.121 However,
whereas the majority of the target population (the
elderly) can be readily identified in the registry by
age, the real challenge facing influenza monitoring is
the identification of younger adults and children for
whom immunization is recommended on the basis of health
status. 1In the absence of accurate, cléims—based
indicators of health status, their selection would rely
on the use of such devices as proxy indicators, viz. the
registry documentation of the previous receipt of
influenza vaccine.

Clearly, the task of "expanding" MIMS to accommodate
the needs of other programs is not a simple one. In the
case of the influenza immunization program, expansion
would involve the use of the entire population registry,
indefinite follow-up, and a program-specific recall
system designed (but not guaranteed) to reach an entire,
large target population each year. While there is little
doubt that influenza immunization is a cost effective
intervention;122‘124 we should perhaps hesitate before
assuﬁing that applying a registry/monitoring system to

the program would significantly increase levels of




vaccine coverage among risk groups. The potential
benefits of the application, however, are enormoust<® and
suggest that the feasibility and cost effectiveness of
such a system should be explored in Manitoba, regardless
of the difficulties presented. Contributing research
could include the assessment of the impact on compliance
of patient reminder letters distributed on a population

basis,

Further Research

Ongoing study concerning the occurrence of adverse
events in the first year of life will use Manitoba Vital
Statistics data to expand the cause-of-death information
concerning immunized children who die, and accumulate
years of data to enable more powerful analyses. Further
investigation of the quality of diagnostic data in the
hospitalization file will, potentially, maximize the
effectiveness of surveillance.

The techniques described may be used to study
vaccines scheduled for administration later in childhood,
such asimeasles—mumps—rubella and DTP/DT/polioc vaccines
in the second year of life, and newly-introduced
vaccines, such as Haemophilus influenzae type b vaccine.

Similar techniques may be used to investigate
physician visit rates and diagnoses following vaccine use

and provide a more complete picture of the nature of
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adverse events following immunization.

Conclusion

Immunization is not only one of disease prevention’s
most powerful and cost effective weapons but a critical
investment in our nation’s health. &As recent analyses in
the United States have shown, the inability to measure
and augment immunization levels across whole populations
can have drastic results, particularly in the presence of
shortcomings and contradictions in health care policy.

It has become increasingly apparent, in fact, that
immunization levels parallel those of total health care
and that coverage is an important index of the
achievements of child health programs.

This province has the fortune to operate within a
health care system which removes many of the impediments
to efficient vaccine delivery. Manitoba is now able to
monitor immunization levels population-wide, to identify
and target groups exhibiting low coverage, and to
influence compliance with immunization recommendations.
Through the Manitoba Immunization Monitoring System, the
province can fully expect to achieve immunization rates
high enough to prevent most of the common childhood
diseases.

The Manitoba Health database offers the possibility

of applying similarly-structured registry and monitoring



systems to other program areas. It facilitates
population-based research and provides a
methodologically-sound, workable, and relatively
inexpensive method of evaluating vaccines ‘(old and new)
and of monitoring for serious and rare adverse events.
Given the unguestioned value of immunization programs and
the importance of maintaining confidence in and
acceptance of vaccines, this health database offers an
alternate strategy for assuring vaccine safety that

promises enormous public health benefits.
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8. CONFIDENTIALITY

No information regarding names was used, nor was
this type of information included in the data set. 1In
addition, no patient contact was made as a part of this
research project. This study had the approval of the
Access and Confidentiality Committee, Manitoba Health.
The transfer of any data out of the province will proceed
only after confidentiality review and with the permission
of Manitoba Health. Any papers or reports prepared for
publication or distribution will be submitted to Manitoba
Health for confidentiality review to ensure that the

anonymity of individuals is preserved.

145



9. REFERENCES
Plotkin SL, Plotkin SA., A Short History of
Vaccination. In: Plotkin SA, Mortimer EA, eds.
Vaccines. Toronto: W.B. Saunders Company, 1988:1-7.
Cherry JD, Brunell PA, Golden GS, Karzon DT. Report
of the Task Force on Pertussis and Pertussis
Immunization 1988. Pediatrics 1988; 81(Suppl):938-
984,
Varughese PV, Carter AO, Acres SE, Furesz J.
Eradication of indigenous poliomyelitis in Canada:
impact of immunization strategies. Can J Public
Health 1989; 80:363-368.
Cherry JD. ‘Pertussis vaccine encephalopathy’: it is
time to recognize it as the myth that it is. J A MA
1990; 263:1679-1680.
Golden GS. Pertussis vaccine and injury to the
brain. J Pediatr 1990; 116:854-861.
Griffith AH. Permanent brain damage and pertussis
vaccination: is the end of the saga in sight?
Vaccine 1989; 7:199-210.
Nkowane BM, Wassilak SG, Orenstein WA, et al.
Vaccine-associated paralytic poliomyelitis: United
States: 1973 through 1984. J A M & 1987; 257:1335-
1340,
Howson CP, Fineberg HV. Adverse events following

pertussis and rubella vaccines: summary of a report

146



10.

11.

12,

13.

14.

15.

16.

147

of the Institute of Medicine. J A M A 1992; 267:392-
396.

Sutter RW, Onorato IM, Patriarca PA. Current
poliomyelitis immunization policy in the United
States. Pediatr Ann 1990; 19:702-706.

Bart KJ, Orenstein WA, Hinman AR. The current
status of immunization principles: Recommendations
for use and adverse reactions. J Allergy Clin
Immunol 1987; 79:296-315.

Orenstein WA, Bernier RH. Surveillance: information
for action. Ped Clin North Am 1990; 37:709-734.
Nicoll A, Elliman D, Begg NT. Immunisation: causes
of failure and strategies and tactics for success.
Br Med J 1989; 299:808-812.

National Advisory Committee on Immunization.
Canadian Immunization Guide. 3rd ed. Ottawa:
Minister of Supply and Services Canada, 1989.
Orenstein WA, Bernier RH. Surveillance in the
Control of Vaccine-Preventable Diseases. In:
Halperin W, Baker EL,Jr., eds. Public Health
Surveillance. New York: Van Nostrand Reinhold,
1992:76-101.

Thacker SB, Berkelman RL. Public health survelllance
in the United States. Epidemiol Rev 1988; 10:164-
190,

Eddins DL. Immunization status of the nation‘s 2-



17.

18.

19,

20.

21.

22.

23.

24,

148

year-old children. In: Proceedings of the 21st
Immuniéation Conference. Louisiana, June 8-11: New
Orleans, 1987:63-66.

Centers for Disease Control: Comprehensive plan for
epidemiologic surveillance. Atlanta: Centers for
Disease Control, August, 1986:ii.

Istre GR. Disease Surveillance at the State and
Local Levels. In: Halperin W, Baker EL, eds. Public
Health Surveillance. New York: Van Nostrand
Reinhold, 1992:42-55,

Eddins DL. Present systems that provide indicators
of immunization status of preschool children, 83-84.
In: 18th Immunization Conference Proceedings,
Atlanta, Georgia, May 16-19. 1983,

Begg NT, Noah ND. Immunisation targets in Europe and
Britain. Br Med J 1985; 291:1370-1371.

Anonymous. Retrospective assessment of vaccination
coverage among school-aged children - selected U.S.
cities, 1991. MM W R 1992; 41:103-107.

Adverse events temporally associated with immunizing
agents - 1987 report. Can Dis Wkly Rep 1989; 15:151-
158.

Ellis RW. New Technologies for Making Vaccines. In:
Plotkin SA, Mortimer EA, eds. Vaccines. Toronto:
W.B. Saunders Company, 1988:568-575.

Scheifele D, Gold R, Duclos P, and members of the



25.

26.

27..

28.

29.

30.

31,

32,

149

Canadian Pediatric Society’s Immunization Monitoring
Program Active (IMPACT). An innovative hospital-
based national network for active surveillance of
vaccine-associated adverse events, vaccine failures
and selected infections in children. In: Proceedings
of the 33rd Interscience Conference of Antimicrobial
Agents and Chemotherapy [Abstract 1649)]. New
Orleans, October: 1993.

Russell LB. Is Prevention Better Than Cure?
Washington, D.C.: The Brookings Institution, 1986.
Hinman AR. Public Health Considerations. In: Plotkin
SA, Mortimer EA, eds. Vaccines. Toronto: W.B.
Saunders Company, 1988:587-611.

Madsen T. Vaccination against whooping cough.
JAMA 1933; 101:187-188.

Wassilak SGF, Orenstein WA. Tetanus. In: Plotkin SA,
Mortimer EA, eds. Vaccines. Toronto: W.B. Saunders
Company, 1988:45-73.

Zimmerman B, Gold B, Lavi S. BAdverse effects of
immunization. 1Is prevention possible? Postgrad Med
1987; 82:225-232,

Berg JM. Neurological complications of pertussis
immunization. Br Med J 1958; 2:24-27.

Strom J. Is universal vaccination against pertussis
always justified? Br Med J 1960; 2:1184-1186.

Alderslade R, Bellman MH, Rawson MSB, et al. The




33.

34,

35.

36.

37.

38.

39.

150

National Childhood Encephalopathy Study. In:
Whooping Cough: Reports From the Committee on Safety
of Medicines and the Joint Committee on Vaccination
and Immunization. London: Department -of Health and
Social Security, 1981:79-154.

Mortimer EA. Pertussis Vaccine. In: Plotkin sa,
Mortimer EA, eds. Vaccines. Toronto: W.B. Saunders
Company, 1988:74-97,

Kitch EW. American Law and Preventive Vaccination
Programs. In: Plotkin SA, Mortimer EA, eds.
Vaccines. Toronto: W.B. Saunders Company, 1988:612-
621.

Thomas MG. Epidemiology of pertussis. Rev Infect Dis
1989; 11:255-261.

Hopps HE, Meyer BC, Parkman PD. Regulation and
Testing of Vaccines. In: Plotkin SA, Mortimer EA,
eds. Vaccines. Toronto: W.B. Saunders Company,
1988:576-586.,

Barkin RM, Pichichero ME. Diphtheria-pertussis-
tetanus vaccine: reactogenicity of commercial
products. Pediatrics 1979; 63:256-260.

Baraff LJ, Cherry JD, Marcy SM. DTP reactions:
relationship of manufacturer lot, potency and
endotoxin to reaction rates, abstracted. Pediatr Res
1986; 20:877.

Baraff LJ, Cody CL, Cherry JD. DTP-associated




40.

41.

42.

43.

44,

45,

reactions: An analysis by injection site,
manufacturer, prior reactions, and dose. Pediatrics
1984; 73:31-36.

Baraff LJ, Cherry JD, Cody CL, et al. DTP vaccine
reactions: Effect of prior reactions on rate of
subsequent reactions. Dev Biol Stand 1985; 61:423-
428.

Baraff LJ, Cherry JD, Cody CL. Pertussis vaccine
project: rates, nature and etiology of adverse
reactions associated with DTP vaccine, Bureau of
Biologics, accession No. PB81-140-634. Springfield,
VA: Department of Commerce, National Technical
Information Service, 1980.

Long SS, Deforest A, et al. Longitudinal study of
adverse reactions following diphtheria-tetanus-
pertussis vaccine in infancy. Pediatrics 1988;
85:294-302.

Waight PA, Pollock TM, Miller E, et al. Pyrexia
after diphtheria/tetanus/pertussis and
diphtheria/tetanus vaccine. Arch Dis Child 1983;
58:921-933,

Baraff LJ, Shields WD, Beckwith L, et al. Infants
and children with convulsions and hypotonic-
hyporesponsive episodes tollowing diphtheria-tetanus
pertussis immunization. Pediatrics 1988; 81:789-~794,

Griffin MR, Ray WA, Mortimer EA, et al. Risk of




152

seizures and encephalopathy after immunization with
the diphtheria-tetanus-pertussis vaccine. J A M A
1990; 263:1641-1645.

46. Pollock TM, Morris J. A 7-Year survey of disorders
attributed to vaccination in North West Thames
Region. Lancet 1983; April 2:753-757.

47. Walker AM, Jick H, Perera DR, et al. Neurological
events following diphtheria-tetanus-pertussis

immunization. Pediatrics 1988; 81:345-349,

48. Baraff LJ, Ablon WJ, Weiss RC. Possible temporal
assoclation between diphtheria-tetanus toxoid-
pertussis vaccination and sudden infant death
syndrome. Pediatr Infect Dis J 1983; 2:7-11.

49. Hoffman HJ, Hunter JC, Damus K, et al. Diphtheria-
tetanus-pertussis immunization and sudden infant

death: results of the National Institute of Child

Health and Human Development Epidemiological Study
of Sudden Infant Death Syndrome risk factors.
Pediatrics 1987; 79:598-611.

50. Solberg LK. DPT immunization, visit to child health
center and sudden death syndrome (SIDS). Oslo:
Report to the Oslo Health Council, 1985:131.

51, Griffin MR, Ray WA, Livengood JR, Schaffner W. Risk
of sudden infant death syndrome after immunization
with diphtheria-tetanus-pertussis vaccine. N Engl J

Med 1988; 319:618-623.




52.

53.

54.

55.

56.

57.

58.

59.

Walker AM, Jick H, Perera DR, et al. Diphtheria-
tetanus-pertussis immunization and sudden infant
death syndrome. Am J Public Health 1987; 77:945-951.
Shapiro ED. Pertussis vaccines: seeking a better
mousetrap. J A M A 1992; 267:2788-2790.

Scheifele DW. Pertussis vaccine and encephalopathy
after the Loveday trial. Can Med Assoc J 1988;
139:1045-1046.

MacRae KD. Epidemiology, encephalopathy, and
pertussis vaccine. In: Proceedings of the Conference
Organized by the Society of Microbiology and
Epidemiology of the GDR. Berlin: FEMS-Symposium
Pertussis, April 20-22, 1988.

Stephenson JBP. Pertussis vaccine on trial: science
vs the law (High Court of London). In: Proceedings
of the Conference Organized by the Society of
Microbiology and Epidemiology of the GDR. Berlin:
FEMS Symposium, April 20-22, 1988.

Howson CP, Fineberg HV. The ricochet of magic
bullets: summary of the Institute of Medicine Report
Adverse Effects of Pertussis and Rubella Vaccines.
Pediatrics 1992; 89:318-324.

Rabinovich R, Robbins A. Pertussis vaccines: a
progress report. J A M A 1994; 271:68-69.

Gale JL, Thapa PB, Wassilak SGF, Bobob JK, Mendelman

PM, Foy HM. Risk of serious acute neurological

153



60.

61,

62‘

63.

64.

65.

66.

illness after immunization with diphtheria-tetanus-
pertuséis vaccine. J A M A 1994; 271:37-41.

Fine PEM, Chen RT. Confounding §n studies of adverse
reactions to vaccines. Am J Epidemiol 1992;
136(2):121-135,

Cook TD, Campbell DT. Validity. In: Quasi-
Experimentation: Design and Analysis Issues for
Field Settings. Boston: Houghton Mifflin Company,
1979:37-94.

Wajda A, Roos LL. Simplifying record linkage:
software and strategy. Comput Biol Med 1987; 17:239-
248.

Roos LL, Wajda A, Nicol JP. The art and science of
record linkage: methods that work with few
identifiers. Comput Biol Med 1986; 16:45.

Wennberg JE, Roos NP, Sola L, Schori A, Jaffe R. Use
of claims data systems to evaluate health care
outcomes: mortality and reoperation following
prostatectomy. J A M A 1987; 257:933-936,

Roos NP, Wennberg JE, Malenka DJ, Fisher ES, et al.
Mortality and reoperation after open and
transurethral resection of the prostate for benign
prostatic hyperplasia. N Engl J Med 1989; 320:1120-
1124,

Roos NP, Henteleff PD, Roos LLJ. A new audit

procedure applied to an old question: is the

154



67.

68.

69.

70.

71.

72.

73.

74.

75.

frequency of T & A justified? Med Care 1977; 15:1-
18.

Roos LLJ, Nicol JP, Johnson CF, Roos NP. Using
administrative data banks for research and
evaluation: a case study. Eval Q 1979; 3:236-255.
Roos LLJ, Roos NP, Cageorge SM, Nicol JP. How good
are the data? Reliability of one health care data
bank. Med Care 1982; 20:266-276.

Manitoba Immunization Monitoring System. Report of
Immunizing Agents by Provider and Type, March 22.
Winnipeg: Manitoba Health Services Commission, 1990.
Manitoba Health Services Commission. Manitoba
Immunization Monitoring System (MIMS): Annual Report
1990. Winnipeg: Manitoba Health, 1992.
U.S.Department of Health EW. International
Classification of Diseases, 9th rev. (clinical
modification). Ann Arbor, Michigan: 1978.

Roos NP, Freeman JL. Potential for inpatient-
outpatient substitution with diagnosis-related
groups. Health Care Fin Rev 1989; 10:31-38.

Hassard TH. Understanding Biostatistics. St. Louis:
Mosby-Year Book, Inc., 1991.

Snedecore GW, Cochran WG. Statistical Methods. 6th
ed. Ames, Iowa: Iowa State University Press,
1967:235,

Roos LL, Roos NP. Large Databases and Research on

155



76.

77.

78.

79.

80.

81.

82.

83.

Surgery. In: Rutkow IM, ed. Socioeconomics of
Surgery. St. Louls: C.V. Mosby Company, 1989:259-
275.

Carmines EG, Zeller RA. Reliability and Validity
Assessment. Beverly Hills, CA: Sage Publications,
1979:1-17.

Fletcher RH, Fletcher SW, Wagner EH. Clinical
Epidemiology - the essentials. Baltimore: Williams
and Wilkins, 1982.

Roos LL, Mustard CA, Nicol JP, et al. Registries and
administrative data: organization and accuracy. Med
Care 1993; 31(2).

Roos LL, Roos NP, Fisher ES, Bubolz TA. Strengths
and weaknesses of health insurance déta systems for
assessing outcomes. Unpublished, 1993.

Roos LL, Roos NP. Data quality checks. Unpublished
1993.

Roos LL, Sharp SM, Wajda A. Assessing data quality:
a computerized approach. Soc Sci Med 1989; 28:175-
182,

Roos LL, Nicol JP, Johnson CF, Roos NP. Using
administrative data banks for research and
evaluation: a case study. Eval Q 1979; 3:236-255.
Iezzoni LI, Burnside S, Sickles L, et al. Coding of
acute myocardial infarction: clinical and policy

implications. Ann Intern Med 1988; 109:745-751.

156



84,

85.

86.

87.

88.

89.

90.

91.

157

Byers RK, Moll FC. Encephalopathies following
prophylactic pertussis vaccine. Pediatrics 1948;
1:437-457,

Cody CL, Baraff LJ, Cherry JD. Nature and rates of
adverse reactions associated with DTP and DT
immunizations in infants and children. Pediatrics
1981; 68:650-660,

Hirtz DG, Nelson KB, Ellenburg JH. Seizures
following childhood immunizations. J Pediatr 1983;
102:14-18.

Shields WD, Nielsen C, Buch D, et al. Relationship
of pertussis immunization to the onset of
neurological disorders: a retrospective
epidemiologic study. J Pediatr 1988; 113:801-805,
Melchior JC. Infantile spasms and early immunization
against whooping cough: Danish survey from 1970 to
1975. Arch Dis Child 1977; 52:134-137.

Fulginiti VA. How safe are pertussis and rubella
vaccines? A commentary on the Institute of Medicine
report. Pediatrics 1992; 89:334-336.

Committee on Infectious Diseases 1990-1991, American
Academy of Pediatrics. Policy Statement: The '
relationship between pertussis vaccine and brain
damage: reassessment. AAP NEWS 1991; May:18-19,
Shalala DE. Giving pediatric immunizations the

priority they deserve. J A M A 1993; 269:1844-1845,



82,

93.

94,

95.

96.

97.

98.

99.

100.

Pertussis Consensus Conference. Can Comm Dis Rep
1993; 19:124-135.

Williams BC, Miller CA. Preventive health care for
young children: findings from a 10-country study and
directions for United States policy. Pediatrics
1992; 89(Suppl.):983-998,

Freed GL, Bordley WC, Defriese GH. Childhood
immunization programs: an analysis of policy issues.
Milbank Q 1993; 71:65-96.

Reinhardt UE. The United States: breakthroughs and
waste. J Health Politics Policy Law 1993; 17:637-
666.

Hsaio WC. Comparing health care systems: what
nations can learn from one another. J Health
Politics Policy Law 1992; 17:613-636.

Hinman AR, Orenstein WA. Immunisation practice in
developed countries. Lancet 1990; 335:707-710.
Taylor MG. Health Insurance and Canadian Public
Policy. 2nd ed. Kingston: McGill-Queen’s University
Press, 1987.

Shah CP. The Evolution of the Health Care System in
Canada. In: Public Health and Preventive Medicine in
Canada. 2nd ed. Toronto: University of Toronto
Press, 1990:76-84.

Shah CP. Provincial and Local Health Services. In:

Public Health and Preventive Medicine in Canada. 2nd

158



101.

102.

103.

104.

105.

106.

107.

ed. Toronto: University of Toronto Press, 1990:90-
97.

Institute of Medicine Committee for the Study of
the Future of Public Health. The Future of Public
Health. Washington, DC: National Academy Press,
1988.

Ad Hoc Working Group for the Development of
Standards for Pediatric Immunization Practices.
Standards for pediatric immunization practices.
JAMA 1993; 269:1817-1822.

Begg NT, Gill ON, White JM. COVER (Cover of
Vaccination Evaluated Rapidly): Description of the
England and Wales Scheme. Public Health 1989;
103:81-89.

Verbrugge HP. The National Immunization Program of
the Netherlands. Pediatrics 1990; (Suppl)86:1060-
1063.

Williams BC. Immunization coverage among preschool
children: the United States and selected European
countries. Pediatrics 1990; (Suppl)86:1052-1056.
Naus M. Report on the immunization status of school
pupils in Ontario: school years ending 1990 and
1991. P H E R O 1993; 4/23/93:111-116.

McIntyre L, White F. Canadian immunization: public
programs or private enterprise? PAHO Bull 1988;

22:355-363.




108.

109.

1l1o0.

111.

112.

113.

114.

115.

116.

117.

Immunization Coverage Report, Alberta, 1989.
Edmontén: Alberta Health, 1990.

Duclos P, Pless R, Koch J, Hardy M. Adverse events
temporally associated with immunizing agents. Can
Fam Physician 1993; 39:1907-1913.

Consensus Conference on Measles. Can Comm Dis Rep
1993; 19:72-79.

Cutts FT, Zell ER, Mason D, Bernier RH, Dini EF,
Orenstein WA. Monitoring progress toward US
preschool immunization goals. J A M A 1892;
267(14):1952-1955,

Gibbs WW. Preventing the Preventable. Sci Am 1993;
March:135.

Baker MR, Bandaranayake R, Schweiger MS.
Differences in rate of uptake of immunization among
ethnic groups. Br Med J 1984; 288:1075-1078.
Jefferies S, McShane S, Oerton J, Victor CR,
Beardow R. Low immunization uptake rates in an
inner-city health district: fact or fiction?

J Public Health Med 1991; 13:312-317.

Bobo JJ, Gale JL, Purushottam BT, Wassilak SGF.
Risk factors for delayed immunization in a random
sample of 1163 children from Oregon and Washington,
Pediatrics 1993; 91:308-314.

Influenza - Worldwide. MM W R 1982; 31:36.

Maassab HF, LaMontagne JR, DeBorde DC. Live

160



118.

119.

120.

121.

122.

123,

124.

125,

161

Influenza Virus Vaccine. In: Plotkin SA, Mortimer
EA, eds. Vaccines. Toronto: W.B. Saunders Company,
1988:435-457.

Brimberry R. Vaccination of high-risk patients for
influenza: a comparison of telephone and mail
reminder methods. J Fam Pract 1988; 26:397-400,
Hutchinson BG. Effect of computer-generated
nurse/physician reminders on influenza immunization
among seniors. Fam Med 1989; 21:433-437.

McDowell I, Newell C, Rosser W. Comparison of three
methods of recalling patients for influenza
vaccinations. Can Med Assoc J 1986; 135:991-997.
Tucker JB, DeSimone JP. Patient response to mail
cues recommending influenza vaccine. Fam Med 1987;
19:209-212.

Helliwell BE, Drummond MF. The costs and benefits
of preventing influenza in Ontario’s elderly. Can J
Public Health 1988; 79:175-180.

Schoenbaum SC. Economic impact of influenza: The
individual‘’s perspective. Am J Med 1987; 82(Suppl
6A):26-30,

Riddiough MA, Sisk JE, Bell JC. Influenza
vaccination: Cost-effectiveness and public policy.
JAMA 1983; 249:3189-3195,

Fedson DS, Wajda A, Nicol JP, Hammond GW, Kalsor DL,

Roos LL. Clinical effectiveness of influenza




162

vaccination in Manitoba. JAMA 1993; 270:



