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Executive Summary

Executive

Summary
Tuberculosis (TB) is a communicable disease that is a major cause of
morbidity and mortality. In Canada, Manitoba has one of the highest rates of
active (i.e., symptomatic) TB. Latent TB infection (LTBI), when an individual is
infected with Mycobacterium tuberculosis but does not have active disease,
is also a concern, because individuals with LTBI are more likely to progress to
active TB if they do not receive and adhere to treatment.
The World Health Organization’s End TB Strategy, which was introduced in
2016, has set aggressive targets for reducing the number of TB cases and
deaths by 2035. The Strategy identifies local databases, including disease
registries and administrative data, as key information sources to achieve
progress towards these targets. Specifically, these databases are essential
for surveillance, research, and program evaluation that can inform local
strategies to end TB.

Study Purpose and Objectives
Our study purpose was to examine the use of linked TB Registry and
administrative data to describe the characteristics and health outcomes of
active TB cases and treated LTBI cases in Manitoba. The objectives were to:
1.

Describe the completeness and accuracy of information about active
TB cases in the Manitoba TB Registry;

2.

Validate administrative health data for identifying active TB cases;

3.

Examine healthcare use of active TB cases over the disease course
and the socio-demographic, comorbidity, and disease characteristics
associated with healthcare use;

4.

Assess the accuracy and completeness of information about
contacts of active TB cases in the Manitoba TB Registry and describe
the characteristics and outcomes of contacts; and

5.

Explore trends in the treatment of LTBI and the characteristics and
outcomes of individuals receiving treatment for LTBI.

www.mchp.ca
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Methods

data, researchers will have difficulty conducting accurate
studies about TB outcomes and healthcare use.

The Manitoba TB Registry maintained by Manitoba Health,
Seniors and Active Living (MHSAL) was acquired into the
Manitoba Population Research Data Repository housed
at the Manitoba Centre for Health Policy (MCHP). The
Manitoba TB Registry was linked (anonymously) with
administrative health databases. Patient groups that are the
primary focus of the study are:

For Objective 3, we observed high rates of emergency
room, acute care, and family physician use prior to the
diagnosis date. This means that TB cases have multiple
points of contact with healthcare providers that can
facilitate early diagnosis and treatment. High rates of
specialist visits and homecare use following diagnosis
demonstrate the opportunities to ensure continuity of care.
Healthcare use was substantially higher than for a matched
disease-free cohort, reinforcing that TB has a large impact
on the healthcare system.

Active TB Cohort (n = 1,686): Includes cases of active TB
from the Manitoba TB Registry between April 1, 1999 and
March 31, 2014.
Treated LTBI Cohort (n = 6,217): Includes cases of treated
LTBI ascertained from prescription drug records in
Manitoba’s Drug Program Information Network (DPIN)
database between April 1, 1999 and March 31, 2014.
For Objectives 1 and 2, we described the completeness
of the Manitoba TB Registry and agreement between the
Manitoba TB Registry and administrative data for multiple
characteristics of the Active TB Cohort, such as age of TB
cases and laboratory test dates.
For Objective 3, we examined emergency room, acute care,
family physician, specialist physician, prescription drug, and
homecare service use before and after diagnosis for the
Active TB Cohort. The healthcare use of a matched cohort
(i.e., matching on age, sex, residence location, and First
Nations status) was compared to the healthcare use of the
Active TB Cohort.
For Objective 4, we characterized individuals identified as
contacts of individuals diagnosed with active TB from the
Manitoba TB Registry, and their health outcomes.
For Objective 5, we investigated trends in treatment
completion rates for the Treated LTBI Cohort and
examined cohort characteristics associated with
treatment completion.

Results and Interpretation
For Objective 1, we found that most of the investigated
attributes of the Manitoba TB Registry were complete and
agreed with administrative data. These findings reinforce
the value of routinely-collected and standardized TB
Registry data for TB surveillance and program evaluation.
For Objective 2, we found that TB diagnosis codes in
hospital records and physician billing claims had excellent
specificity for identifying active TB cases. However,
sensitivity and positive predictive value were frequently
low, indicating that TB diagnoses in administrative data are
not a valid way to identify active TB cases. In jurisdictions
where TB Registry data cannot be linked to administrative

xiv
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For Objective 4, the average number of contacts was
highest for First Nations residents living in northern
Manitoba and lowest for foreign-born (i.e., residents of
Manitoba born outside of Canada) and Canadian-born nonFirst Nations cases. These findings reflect higher disease
prevalence, inadequate social and housing conditions, and
the type of TB (i.e., pulmonary TB) predominantly found in
northern Manitoba communities.
For Objective 5, treatment completion rates generally
increased over time for treated LTBI cases, although
the rates varied with the type of treatment. However,
regardless of the prescription medication used for
treatment, rates never achieved the recommended target
of 80% completion, reflecting the challenges associated
with having individuals adhere to lengthy treatment
courses for LTBI.

Conclusions and Interpretation
The Manitoba TB Registry contains high-quality information
about active TB cases, but there are also gaps in available
information for TB surveillance, research, and program
evaluation. These gaps could be addressed by reviewing
and potentially revising data elements in the Manitoba
TB Registry to assess their utility for surveillance, and
collecting new data about TB on an ad hoc or routine basis.
Linking TB Registry data with administrative data can also
provide a comprehensive picture of active TB cases. As well,
administrative data can provide information about LTBI
treatment, and about multiple determinants of health and
healthcare use for active TB cases and treated LTBI cases.
Active TB impacts healthcare service use before and after
TB diagnosis and is influenced by socio-demographic,
disease, and comorbidity characteristics. Frequent
contacts with the healthcare system means that there are
multiple opportunities to diagnose active TB and monitor
progression of treatment. Improving LTBI treatment
completion rates to the recommended target of 80%
should help to reduce the size of the LTBI reservoir in
affected populations.

Rady Faculty of Health Sciences

University of Manitoba

Executive Summary

Recommendations
Recommendations arising from this study focus on:
•

The value of ongoing commitments to the quality
and accessibility of the Manitoba TB Registry for
research, surveillance, and program evaluation;

•

The benefits of forging and maintaining
partnerships to strengthen the data available for TB
research, surveillance, and program evaluation;

•

Defining and measuring indicators for the
evaluation of TB programs and services; and

•

The importance of integrating multiple databases
to conduct comprehensive studies about health
and its determinants that will benefit strategies to
end TB in Manitoba.

www.mchp.ca
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Chapter 1: Introduction and Background

Chapter 1:
Introduction and Background

Tuberculosis (TB) is a communicable disease that is a major
cause of morbidity and mortality, and a significant public
health concern. In 2014, the most recent year for which
national data are available, Manitoba’s TB incidence rate was
estimated to be 10.5 cases per 100,000 population [1]. While
lower than the rate of 12.3 per 100,000 population reported

in 2004 (see Figure 1.1), the 2014 rate was substantially
higher than the overall national incidence rate of 4.4 cases
per 100,000 population and also higher than incidence
rates in neighbouring provinces such as Saskatchewan (7.6
incident cases per 100,000 population in 2014) and Alberta
(5.3 incident cases per 100,000 population in 2014).

Figure 1.1: National Reported New Active and Re-Treatment Tuberculosis Incidence Rate
per 100,000 (all cases) for Canada and Provinces/Territories

www.mchp.ca
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Active TB disproportionately impacts Indigenous (i.e., First
Nations, Métis, and Inuit) and foreign-born populations
[2]. A 2016 report by the Public Health Agency of Canada
noted that while Canadian-born Indigenous people made
up only four percent of the total Canadian population, they
accounted for more than one-fifth (21%) of reported cases
of active TB amongst cases with origin information [1].
Accordingly, the incidence rate of active TB amongst the
Indigenous Canadian population was estimated to be 20.4
cases per 100,000 population in 2016. Moreover, a 2018 study
from British Columbia estimated the incidence rate of active
TB amongst recent immigrants to be 24.2 cases per 100,000
population [3]. TB is also a significant issue for individuals
with HIV and some chronic conditions, like renal disease [4].
Identifying and treating individuals with active TB is a
primary focus for healthcare providers. However, identifying
and treating individuals who may have a latent TB infection
(LTBI) is also important. LTBI (or ‘sleeping TB’) arises when
an individual is infected with the TB bacterium but the
bacterium is dormant and not transmissible. Treatment
of LTBI to prevent the development of TB disease is a key
strategy for controlling and eliminating TB. Two tests
are commonly used to confirm a diagnosis of LTBI: the
tuberculin skin test, and the measurement of interferon-γ
in whole blood. However, neither is the “gold standard” test
for diagnosing LTBI. Individuals with LTBI have an elevated
lifelong risk of developing active TB. Individuals at greatest
risk of progressing from LTBI to active TB include those
who have recently been infected, have HIV, or have chronic
conditions that compromise their immune systems.
TB is not only a public health concern, but also has a
significant impact on the healthcare system. The most
recent national study about healthcare costs associated
with TB (in 2004) estimated that total TB-related
expenditures that year were $74 million [5]. Moreover,
the average cost of treating one case of active TB disease
was estimated to be $47,000. TB treatment is a lengthy
and complex process that requires multiple medications,
frequent monitoring, and follow-up with multiple
healthcare professionals. Treatment of individuals with
LTBI is less resource intensive and was estimated to cost
less than $1,000 per person [5], reinforcing the value of
investigating and treating potential cases of LTBI. However,
LTBI can also impact the healthcare system; treatment is a
lengthy process. Adverse events of treatment, while rare,
may contribute to increased healthcare use [6].

Using Administrative Data for
Studies about TB in Canada
The administrative databases in the Manitoba Population
Research Data Repository housed at the Manitoba Centre
for Health Policy (MCHP) have been used to study the health
and healthcare use of individuals diagnosed with many
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chronic and infectious diseases [7–10]. However, these data
have not been used to study TB. Given the disproportionate
impact of TB on Indigenous and foreign-born populations,
using Manitoba’s administrative data to better understand
the health and healthcare use of these populations could
be particularly beneficial for decision making about TB
prevention, treatment, and management programs in
Manitoba, as well as across Canada and internationally.
In some Canadian provinces, administrative health data
have already been used to estimate the TB disease burden
in at-risk populations, identify risk factors for TB, and explore
TB’s impact on healthcare use. For example, researchers
in British Columbia recently published a protocol for a
retrospective cohort study involving linkage of multiple
administrative and clinical databases to develop a TB
risk prediction model for that province’s foreign-born
population [11]. As part of their investigation, the provincial
TB registry was linked to administrative health data to
identify TB risk factors and estimate TB incidence rates
amongst recent provincial immigrants; a key finding was
that TB rates remained high for up to 10 years following
entry into the province [3]. As well, multiple demographic
characteristics were found to be associated with TB risk. This
research highlights the multi-faceted nature of disease risk
and the challenges of risk management.
An Ontario study linked administrative data to data from
Citizenship and Immigration Canada to examine the
effectiveness of the Immigration Medical Surveillance Program
for screening new Canadian immigrants for active TB. The
researchers found that adherence to ongoing TB surveillance
following the initial screening was low, suggesting missed
opportunities to prevent future cases of TB [12]. An Alberta
study used administrative data to investigate the use of
emergency departments amongst TB patients in Edmonton;
high use rates prior to TB diagnosis were observed. The authors
suggested that emergency department visits provide an
opportunity for early disease diagnosis, which is important for
controlling future disease risk [13].
Several studies have been conducted using Quebec’s TB
registry data linked to administrative health databases.
For example, one study linked the City of Montreal’s TB
Resource File to hospitalization data; the linked data were
used to examine trends in hospitalization for patients who
had confirmed cases of active pulmonary TB (i.e., infectious
TB) between 1993 and 2007 [14]. The researchers found that
for about two-thirds of the cohort, hospital length of stay
was at least 14 days, which was consistent with national
recommendations of the time. The authors suggested
further studies about the impact of shorter (i.e., < 14 days)
hospital stays on patient outcomes, including risk of disease
transmission within the community. Another Quebec study
used Montreal’s TB Resource File to identify predictors of
hospitalization and total length of stay for cases of active
TB disease [15]; data were extracted from medical charts
and public health records. The median length of stay was
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17.5 days. Patient characteristics associated with a longer
length of stay in hospital included having HIV, renal disease,
symptomatic pulmonary smear-positive TB, multi- or
poly-TB drug resistance, and being in a teaching hospital.
Rubinowicz et al. identified a cohort of individuals being
treated for LTBI using Quebec’s prescription drug data and
linked the data for this cohort to physician billing claims to
examine treatment completion rates for patients treated
by primary care physicians [16]. The researchers focused on
treatment completion rates for isoniazid. The researchers
found that only 40.5% of patients completed treatment.
Moreover, treatment completion rates were lower for
patients who initiated treatment while being cared for by
primary care physicians. These studies provide important
information about healthcare resource use amongst active
TB cases, as well as information about treatment of LTBI and
the outcomes of treatment.
Canadian cross-jurisdictional studies about TB have
been conducted using provincial TB registry data [17,18].
However, few cross-jurisdictional studies have been
conducted using only administrative health data, or
using linked TB registry and administrative data. This
represents a significant gap in research to describe health
and healthcare use of TB populations. Such studies could
provide more comprehensive information about the factors
that influence disease risk and healthcare use, particularly in
at-risk populations.

TB Programs, Surveillance, and
Research in Manitoba
TB services for prevention, management, and patient care
in Manitoba are provided via collaborations amongst the
Public Health Branch of Manitoba Health, Seniors and
Active Living (MHSAL), Health Canada’s First Nations and
Inuit Health Branch (FNIHB), the Winnipeg Regional Health
Authority (WRHA), and Manitoba’s other regional health
authorities. Responsibility for TB prevention and care was
devolved from the province to the health regions beginning
in 2005; however, even after this date, case management
was still completed by the province and the health regions
managed contact follow-up. It was not until April 2011 that
there was full devolution of TB case/contact management
to all health regions in the province.
In November 2008, the WRHA began providing consultation
services for all on-reserve TB cases and contacts under the

jurisdiction of FNIHB. Specifically, FNIHB and the WRHA
entered into a contribution agreement whereby case and
contact consultation services were provided by the WRHA
in collaboration with FNIHB for all communities within
Manitoba that fall within federal jurisdiction.
In terms of provincial oversight, MHSAL receives and refers
reports of laboratory-confirmed or clinical cases of TB to
the health regions. MHSAL is also responsible for protocol
and policy development, for provincial surveillance, and for
funding and providing overall direction for the provincial TB
prevention and management program [19].
Information about all laboratory-confirmed and
clinically-confirmed cases of active TB is captured in
the Manitoba TB Registry. The collection of information
is required under legislation because TB is a notifiable
communicable disease under Schedule B of the Public
Health Act. The Manitoba TB Registry captures detailed
information about active TB cases, including demographic
and geographic characteristics, contact assessments,
bacteriology and x-ray results, course and outcome of
treatment, selected measures of healthcare use, and
identified drug sensitivities. Appendix 1 provides an
overview of the information captured in the Manitoba TB
Registry. A provincial protocol provides information about
case and contact identification and management and related
public health issues [19]. For example, MHSAL provides
provincially-funded medications at no cost to individuals
who are diagnosed with active TB disease or with LTBI.
LTBI is not reportable by law. There is no single database
that accurately identifies individuals with LTBI in Manitoba;
this is true for all Canadian provinces and territories.
However, previous Canadian studies and surveillance
reports have used prescription drug administrative data,
like the data found in Manitoba’s Drug Program Information
Network (DPIN) database, to identify individuals being
treated for LTBI [16,20,21].
The epidemiology of active TB disease in Manitoba,
including temporal, geographic, and population-specific
trends, has been explored in previous studies [17,22–24].
MHSAL has prepared a provincial surveillance report on
active TB from 2000 to 2012, although it has not been
publicly released [25]. The province has conducted
investigations about diabetes and TB [26], trends and
characteristics of TB genotype clusters [27], and treated LTBI
in the province. Studies about the health and healthcare use
of active TB and LTBI cases have been undertaken within the
WRHA, but not for the entire province [28].
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Integrated TB Services in the Winnipeg Regional Health Authority
In 2010, the WRHA established the Integrated TB Services (ITBS) Program. This Program provides a multi-sectoral approach to
TB care that focuses on the integration of preventive, primary care, diagnostic, treatment and support services (see Figure 1.2).
Figure 1.2: Winnipeg Regional Health Authority’s Integrated Tuberculosis Services (ITBS) Care Spectrum Conceptual Framework

1 TB disease identification and management is the foremost priority area, based on Canadian and World Health Organization recommendations. Some cases of active TB disease are identified
outside of a TB contact investigation, and others are identified in a TB contact investigation.
2 Latent TB infection identification and management includes testing of recent contacts to infectious cases, as well as testing of individuals outside of a TB contact investigation (i.e. screening);
e.g. individuals with HIV infection, immigrants and refugees, healthcare workers, etc.
3 TB contact investigations will identify individuals with active TB disease, latent TB infections, and also individuals who have neither condition.

Performance measurement and program evaluation
are standard practices essential to determine whether
a strategy is effective in meeting its goals, targets and
objectives, and whether ongoing programming is able
to adapt and adjust to changing circumstances and needs.
In 2013, the ITBS Program established a time-limited
Data Management Committee tasked with developing
a strategy to measure system performance (evaluation,
monitoring and reporting) on key TB indicators. It was
recognized at the time that there was no comprehensive
provincial TB report that integrated information from
across the system for a core set of TB indicators that would
facilitate and inform the work of practitioners, program
and policy planners and advocacy groups as the new
model of TB care evolved in the province.
Front-line and middle management partners who
participated on the ITBS Data Management Committee
4
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worked with WRHA Decision Support to develop 13
indicators within the spectrum of TB services, including TB
disease identification (i.e., clinical and laboratory diagnosis),
TB disease management (i.e., patient flow and efficient use
of inpatient/outpatient resources), TB contact investigations
(i.e., timely assessment of close household TB contacts), and
management of latent TB infections (i.e., efficient use of
primary care resources). The Data Management Committee
consulted several sources, including the Public Health
Agency of Canada, FNIHB, and US Centers for Disease
Control and Prevention, before deciding on a set of priority
performance indicators that might be measurable [29–31].
The Data Management Committee recognized that
measuring and analyzing such indicators would require:
(a) access to population-based administrative databases
linked to the Manitoba TB Registry; and (b) expertise in
establishing and managing a central database warehouse
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for TB. Therefore, a proposal was submitted to Manitoba
Health in December 2014 requesting support from MCHP
to determine the feasibility and utility of measuring the 13
proposed TB indicators (Table 1.1).
The development of indicators by the ITBS Data Management
Committee to monitor program outputs and outcomes is
aligned with activities at national and international levels.
For example, the World Health Organization developed a
compendium of performance indicators for national and

international TB programs; the goal is to facilitate both
internal and external measurement and evaluation of TB
control programs to improve their quality and effectiveness
[32]. As another example, the British Columbia Strategic Plan
for Tuberculosis Prevention, Treatment, and Control identifies
multiple performance indicators about testing, treatment,
contact assessment, screening, and surveillance [33]. While
some of these indicators are now being measured, others are
still in progress of development.

Table 1.1: Performance Indicators Developed for the Winnipeg Regional Health Authority’s Integrated Tuberculosis (TB) Services Program
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Study Purpose and Objectives

Report Organization

The purpose of this study was to examine the use of
administrative data for studies about TB and the health
and healthcare use of active TB and treated LTBI cases. The
objectives were to:

This report is organized as follows. In Chapter 2, we describe
the development of the study cohorts that are the basis
for analyses to achieve the study objectives. In Chapter 3,
we focus on the quality (i.e., accuracy and completeness)
of the Manitoba TB Registry (Objective 1), and the validity
of Manitoba’s administrative health data for ascertaining
cases of active TB disease (Objective 2). Chapter 4 explores
healthcare use measures for individuals with active TB
and compares healthcare use for individuals with active
TB to the healthcare use of matched individuals who
are disease-, treatment-, and contact-free (Objective 3).
Chapter 5 focuses on contacts of individuals with active
TB ascertained from the Manitoba TB Registry (Objective
4). Chapter 6 explores treatment completion amongst
individuals receiving treatment for LTBI and characteristics
of treated LTBI cases (Objective 5).

6

1.

Describe the completeness and accuracy of
information about active TB cases in the Manitoba TB
Registry;

2.

Validate administrative health data for identifying
active TB cases;

3.

Examine healthcare use of active TB cases over
the disease course and the socio-demographic,
comorbidity, and disease characteristics associated
with healthcare use;

4.

Assess the accuracy and completeness of
information about contacts of active TB cases
in the Manitoba TB Registry and describe the
characteristics and outcomes of contacts;

5.

Explore trends in the treatment of LTBI and the
characteristics and outcomes of individuals receiving
treatment for LTBI.
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Chapter 2:
Developing the Active TB
Cohort and Treated Latent TB
Infection Cohort

In this chapter, we begin by describing the administrative databases used to conduct the study. Then we describe the methods
used to construct a cohort of individuals with active TB and a cohort of individuals receiving treatment for LTBI. These cohorts are
used for analyses associated with all of the study objectives outlined in Chapter 1. In addition, we constructed a matched cohort
for each of the Active TB and Treated LTBI Cohorts. These cohorts are used for analyses associated with Objective 5.

Study Databases
The study cohorts were constructed using the Manitoba TB Registry, Manitoba Population-Based Registry (Population
Registry), and Drug Program Information Network (DPIN) databases. All of these databases were housed in the Manitoba
Population Research Data Repository at the Manitoba Centre for Health Policy (MCHP) at the time of the study (Figure 2.1).
Detailed descriptions of these databases in the repository can be found here: (webpage: http://umanitoba. ca/faculties/
health_sciences/medicine/units/community_health_sciences/departmental_units/mchp/resources/ repository/datalist.
html).To characterize the study cohorts on socio-demographic measures, we used data from the Population Registry,
Indigenous and Northern Affairs (INAC) Status Registry and publicly-available Statistics Canada Census data.
Figure 2.1: The Manitoba Population Research Data Repository housed at the Manitoba Centre for Health Policy
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The Manitoba TB Registry, which is managed and
maintained by MHSAL, contains information about all
cases of active TB in the province. It includes demographic
and geographic characteristics, contact assessments,
bacteriology and x-ray results, course and outcome of
treatment, selected measures of healthcare use, and
identified drug sensitivities. The population of origin of all
active TB cases is identified in the Manitoba TB Registry:
First Nations on-reserve, First Nations off-reserve,
Canadian-born non-First Nations, and foreign-born (i.e.,
individuals not born in Canada). The years of data captured
in the Manitoba TB Registry provided by MHSAL to MCHP
extend from 1993 to 2014.
The Population Registry contains information for all
Manitobans registered with the Manitoba Health Services
Insurance Plan, including healthcare coverage start and
end dates, demographic characteristics, and postal code
of residence. The latter was used to assign individuals to
health regions and income quintiles. Income quintiles are
an area-level measure of socioeconomic status defined
using Statistics Canada Census data for total household
income from dissemination areas, the smallest geographic
unit for which Census data are publicly released by Statistics
Canada [34]. Each quintile represents approximately 20% of
the total Manitoba population; the methodology is applied
separately to urban and rural populations. We combined
urban and rural quintiles due to the small number of
individuals in some quintiles for the Active TB Cohort.
The INAC Status Registry was created and is managed by
the federal department of Indigenous and Northern Affairs.
This department determines whether a person is registered
as a “Status Indian” under the Indian Act. Registered Status
Indians under this system who were residents of Manitoba
were distinguished from all other Manitoba residents
when describing the study cohorts. This identification via
the Indian Act should be noted as a potential limitation;
many individuals who identify as First Nations but are not
registered under the Indian Act will be included with other
Manitoba residents.
The DPIN is an electronic point-of-sale database that
contains information about prescriptions filled by
community pharmacies (hospital pharmacy data are
not captured in DPIN). Each drug approved in Canada is
assigned a Drug Identification Number (DIN) by the Health
Canada Drugs Program unit; DINs are linked to Anatomical
Therapeutic Chemical (ATC) codes in the Drug Product
Directory. The ATC classification system, developed by
the World Health Organization, is used to classify drugs
according to the system or organ that they affect and/or
their chemical/therapeutic characteristics [35].
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Developing the Study Cohorts
Active TB Cohort
The Active TB Cohort was comprised of all active TB cases
identified from the Manitoba TB Registry over a 15-year
period between April 1, 1999 and March 31, 2014. While
the Manitoba TB Registry housed at MCHP contains
cases from 1993 to 2014, we limited our attention to the
period from 1999 to 2014 for two reasons: (a) Registry
data quality appeared to be slightly poorer for earlier
years compared to later years, based on the standard
data quality report that MCHP produces whenever a new
database is added to the Manitoba Population Research
Data Repository (see our report’s online supplement at
http://mchp-appserv.cpe.umanitoba.ca/deliverablesList.
html); (b) we were most interested in the treatment and
management of recently diagnosed cases, since their
care reflects current practices and standards of care;
and (c) sufficient observation time was needed after TB
diagnosis to characterize the cohort on post-diagnosis
healthcare use and outcomes in order to achieve several
of the study objectives. At the same time, to ensure we
had a sufficient number of active TB cases on which to
conduct sub-group analyses, we used a 15-year period to
define the cohort.
Individuals excluded from the Active TB Cohort: (a) had an
invalid or missing personal health identification number
(PHIN) in the Manitoba TB Registry; and (b) did not have a
minimum of 365 days of healthcare coverage before the
index date and 30 days of coverage after the index date.
Individuals could only enter the cohort once, based on
their first study index date in the Manitoba TB Registry.
The diagnosis date in the Manitoba TB Registry was the
study index date. If an individual did not have a diagnosis
date in the Manitoba TB Registry, then the TB Registry
entry date was used as a proxy for the diagnosis date.

Treated LTBI Cohort
The methods to define this cohort were based on the work
of Rivest et al., who examined medication completion rates
for a cohort of individuals receiving treatment for LTBI using
the Régie de l’assurance maladie du Québec database [20].
This database contains information about all prescription
dispensations for Québec residents. In addition, input
from Manitoba’s clinical and public health experts (e.g.,
co-authors Plourde and Larcombe; epidemiologists from
MHSAL) guided the development of the inclusion and
exclusion criteria for this cohort.
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The Treated LTBI Cohort comprised individuals who had
received at least one prescription dispensation for rifampin
(RIF) or isoniazid (INH) between April 1, 1999 and March 31,
2014, common antibiotics used to treat LTBI. Individuals
could only enter the Treated LTBI Cohort once, based on
the first study index date in the prescription drug data.
The study index date was the date of the first medication
dispensation on or after April 1, 1999.
Individuals were excluded from the Treated LTBI Cohort if
they: (a) had a diagnosis for leprosy within 30 days prior to
the study index date; (b) had a prescription for a medication
used to treat chronic bacterial infections within 14 days of
their index RIF or INH prescription; (c) received a 2-day or
4-day course of RIF; (d) did not have at least 365 days of
healthcare coverage before the index date and 30 days of
coverage after the index date; and/or (e) had a prescription
for RIF or INH in the 180-day period prior to the study index
date. As well, individuals who initiated LTBI treatment with
INH and continued treatment with RIF were not included in
the Treated LTBI Cohort.
For individuals with an index prescription for INH, prescriptions
used to treat active TB or chronic non-TB mycobacterial
infections resulted in exclusion from the cohort. These
prescriptions included RIF, rifabutin, ethambutol,
pyrazinamide, amikacin, capreomycin, cycloserine, linezolid,
moxifloxacin, para-aminosalicylic acid, or streptomycin.
For individuals with an index prescription for RIF,
prescriptions used to treat active TB or chronic non-TB
mycobacterial infections resulted in exclusion from the
cohort. These prescriptions included INH, clofazimime,
ethambutol, pyrazinamide, amikacin, capreomycin,
cycloserine, linezolid, moxifloxacin, para-aminosalicylic
acid, or streptomycin, and prescriptions used to treat other
chronic bacterial infections (such as methicillin-resistant
Staphylococcus aureus) including azithromycin, cefazolin,
cefotaxime, cefoxitin, ceftriaxone, cefuroxime, ciprofloxacin,
clarithromycin, clindamycin, cloxacillin, cycloserine,
dapsone, daptomycin, doxycycline, erythromycin,
flucloxacillin, fusidic acid, gentamicin, imipenem,
levofloxacin, meropenem, minocycline, mupirocin,
sulfamethoxazole/trimethoprim, or vancomycin. These
medications were identified in DPIN using ATC codes.

Matched Cohorts
For Objective 3, we focused on characterizing the
healthcare use of the Active TB Cohort. We completed
a parallel analysis for the Treated LTBI Cohort, which is
reported as supplemental information (see Appendix 4).
We selected matched controls for comparison purposes.

To develop the matched cohorts, we worked with a subset
of the Active TB Cohort and a subset of the Treated LTBI
Cohort. Specifically, we limited our attention to individuals
in each of these cohorts who had at least 720 days (i.e., two
years) of healthcare coverage following the study index date.
The controls were matched on sex, birth year (within
one year of the case birth date), First Nations status, and
residence location at the study index date. Residence
location was defined using: (a) health region districts, which
are subdivisions of health regions (70 in total) defined
primarily based on municipal code and some postal codes;
and (b) Winnipeg regions called neighborhood clusters (25
in total). Controls were required to have continuous health
insurance coverage from 365 days prior to the study index
date to 720 days after the index date.
The matched cohorts excluded all individuals who were
in the Active TB Cohort, in the Treated LTBI Cohort, or who
were identified in the Manitoba TB Registry as a contact of
one or more individuals in the Active TB Cohort. Up to five
controls were selected for each member of the Active TB
and Treated LTBI Cohorts; controls were selected without
replacement. First Nations status for matched controls was
defined from the INAC Status Registry and supplemented
with selected municipality codes (i.e., “A” codes). Children
of First Nations mothers, as identified from the Population
Registry, were also classified as being of First Nations origin.

Characterizing the
Study Cohorts
All of the study cohorts were described using sociodemographic variables. These included age (0-18 years,
19-44 years, 45-64 years, 65+ years), sex, income quintile
(Q1 is the lowest quintile and Q5 is the highest), and health
region (Winnipeg health region, non-Winnipeg health
region). The non-Winnipeg health regions were classified
as rural north (Northern Health Region) and rural south
(Interlake-Eastern RHA, Prairie Mountain Health, and
Southern Health-Santé Sud); the community of Churchill
was assigned to the rural north region (Figure 2.2). We
further characterized each cohort on index year period
(1999/2000-2003/04, 2004/05-2008/09, 2009/10-2013/14)
and Charlson comorbidity score [36]. The comorbidity score
was based on data for the 360-day period prior to the study
index date and was defined using diagnosis codes in both
hospital discharge abstracts and physician billing claims.
All other measures were defined as of the study index
date. Appendix 2 contains information about the specific
diagnoses used to produce the Charlson comorbidity score.
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Figure 2.2: Map of Manitoba’s Health Regions
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We also defined specific comorbid conditions for the study
cohorts based on validated algorithms defined in previous
studies, including diabetes, rheumatoid arthritis, chronic
obstructive pulmonary disease, heart disease, HIV, and
chronic kidney disease. The diagnosis codes used to ascertain
individuals with these conditions in hospital abstracts and
physician billing claims are found in Appendix 3. We used
the same 360-day period prior to the study index date to
ascertain these comorbid conditions for the study cohorts.
For the Active TB Cohort, information from the Manitoba
TB Registry was used to define the case criteria for TB
diagnosis to determine whether this was a new TB diagnosis
or a subsequent (i.e., recurrent) diagnosis and to classify
individuals as pulmonary (i.e., infectious) or non-pulmonary
TB cases (note: there were no individuals classified as
both pulmonary and non-pulmonary; a few cases did,
however, have missing information as to whether they were
pulmonary or non-pulmonary cases). Non-pulmonary TB
involves organs other than the lungs, such as the lymph
nodes, abdomen, skin, joints, or bones. The Active TB Cohort
was characterized using information about population of
origin from the Manitoba TB Registry.
For the Active TB Cohort, Treated LTBI Cohort, and their
matched cohorts, we linked to the INAC Status Registry.
This linkage was used to distinguish Registered First Nations
people from non-First Nations individuals. The limitations of
these data as per the Indian Act registered status have

been noted earlier in this chapter. It is important to
also note that no person can be identified in these
data sets and confidentiality is maintained. The
socio-demographic, population of origin, Registered
First Nations status, and geographic characteristics
of the Active TB and Treated LTBI Cohorts and their
matched controls were described using means,
standard deviations, frequencies, and percentages.

Results
Characteristics of the Active TB Cohort
A total of 2,043 individuals had a diagnosis date or
entry date in the Manitoba TB Registry between April
1, 1999 and March 31, 2014 (Figure 2.3). After exclusion
of individuals with invalid or missing PHINs (6.6%) and
incomplete coverage (10.9%), a total of 1,686 individuals
comprised the Active TB Cohort.
Of the 357 individuals who were excluded because
they had an invalid or missing PHIN or did not meet the
coverage requirements, 45.4% were aged 19-44 years,
43.4% were Winnipeg residents, but another 38.9% were
missing information about health region. Almost half
(40.9%) were foreign-born individuals, although another
6.7% had missing information about population of origin.

Figure 2.3: Study Flow Chart for the Active TB Cohort

www.mchp.ca

11

Exploring Tuberculosis Treatment, Management, and Prevention in Manitoba’s Administrative Health Data

As Table 2.1 reveals, more than half (55.6%) of the individuals in the Active TB Cohort were male and 15.1% were in
the youngest age group (0-18 years). Almost half of the cohort members (47.9%) were aged 19-44 years.
Table 2.1: Sociodemographic Characteristics of Active TB Cohort

Almost two-thirds (62.5%) of the Active TB Cohort
members were First Nations individuals (on or off-reserve)
and 24.2% were foreign-born, based on population origin
information in the Manitoba TB Registry. Close to half
(42.7%) were from health regions in northern Manitoba
and a similar number were residents of Winnipeg
health region (46.7%). The lowest income quintile (Q1)
accounted for 53.0% of individuals in the cohort; 5.2%
were in the highest income quintile (Q5). Three quarters
(76.6%) were diagnosed based on a positive culture.
Almost all (96.0%) were new cases of active TB.
Using diagnosis information captured in the Manitoba TB
Registry, a total of 1,027 individuals (60.9%) were identified
as having pulmonary TB. Amongst pulmonary TB cases,
55.6% were male, while amongst non-pulmonary TB cases,
49.4% were male.
12
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The total number of individuals in the Active TB Cohort
was relatively consistent across the 15-year study period. A
total of 29.3% of all cohort members had an index date in
the first five years (fiscal years 1999/2000-2003/04), while
36.4% had an index date in the last five years (fiscal years
2009/10-2013/14). Amongst individuals with a diagnosis
of pulmonary TB, 29.4% had a study index date in the first
five-year time period and 36.4% had an index date in the
last five-year time period, suggesting a slight increase in
pulmonary cases over time. Amongst individuals with a
diagnosis of non-pulmonary TB, 34.0% had a study index
date in the first five-year time period and 31.9% had an
index date in the last five years of the study period.
In terms of comorbid characteristics, almost two-thirds
(59.8%) of the individuals in the Active TB Cohort had a
Charlson comorbidity index score of 0 (most healthy; see
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Table 2.2). The most common comorbid conditions that
comprise the Charlson index and that were identified in the
cohort were chronic pulmonary disease (15.8%), diabetes
without complications (14.3%), and cancer (8.1%). Amongst
those individuals who had a Charlson index score of zero,
59.0% had non-pulmonary TB and the remaining 41.0%
had pulmonary TB. A cancer diagnosis was more prevalent

amongst individuals with non-pulmonary TB (12.9%) than
amongst individuals with pulmonary TB (5.2%). There were
also differences between the two groups of active TB cases
on other comorbid conditions that make up the Charlson
index, including diabetes without complications, HIV, and
renal disease (Table 2.2).

Table 2.2: Comorbidity Characteristics of Active TB Cohort

Characteristics of the
Treated LTBI Cohort

likely represents post-exposure chemoprophylaxis prescribed
for the prevention of invasive meningococcal disease and
invasive Haemophilus influenza infections, respectively.

A total of 10,774 individuals had a prescription for INH or RIF
in the study observation period (Figure 2.4); 40.7% of these
individuals were excluded based on the criteria used to
define the cohort. The vast majority of these exclusions were
associated with a prescription for a medication used to treat
chronic bacterial infections within 14 days of the index RIF
or INH prescription. A total of 175 individuals were excluded
because they had a 2- or 4-day course of RIF, which most

A total of 588 individuals were excluded because they did
not meet the coverage requirements (or had a leprosy
diagnosis, which was very rare). Amongst these excluded
individuals, 57.0% were less than 19 years of age. In fact, a
significant number (37.9%) of the excluded individuals were
newborns. Almost half (44.4%) of individuals who did not
meet the coverage requirements were new residents from
outside of Canada.
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Figure 2.4: Study Flow Chart for Treated LTBI Cohort
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Thus, the Treated LTBI Cohort was comprised of 6,217
individuals. Slightly more than half of these individuals
(51.2%) were female and more than one-third (39.4%) were
less than 19 years of age (Table 2.3). Two-thirds of the cohort
members (66.7%) were Registered First Nations individuals
based on information contained in the INAC Status Registry
(note that we cannot identify individuals in the Treated LTBI
Cohort as First Nations on- and off-reserve, foreign-born,

and Canadian-born non-First Nations; information about
population of origin is only available for active TB cases
using information found in the Manitoba TB Registry). More
than half (54.5%) of the individuals in this cohort were from
the rural north. In addition, almost half of these individuals
(48.0%) were in the lowest income quintile and 5.7% were in
the highest income quintile.

Table 2.3: Sociodemographic Characteristics of Treated LTBI Cohort (n = 6,217)

Individuals in the Treated LTBI Cohort were not equally
distributed across the 15-year study period. Only
16.7% had an index date in the first five-year period
from 1999/2000 to 2003/04, whereas 38.4% had an
index date in the last five-year period from 2009/10 to
2013/14, revealing a substantial growth in the number of
individuals treated for LTBI over time.
Sociodemographic characteristics of the Treated LTBI
Cohort depended on region of residence. Amongst cohort
members who were Winnipeg health region residents,
one-quarter (24.2%) were in the youngest age group, while

amongst non-Winnipeg health region residents, 47.0%
were in this age group. Amongst Winnipeg health region
residents, 55.1% were female, compared to 49.4% of
non-Winnipeg health region residents.
In terms of comorbidity (Table 2.4), over three-quarters
(76.5%) of the Treated LTBI Cohort had a Charlson
comorbidity index summary score of 0 (most healthy).
The most frequently diagnosed Charlson comorbid
conditions in the Treated LTBI Cohort were diabetes without
complications (8.6%), chronic pulmonary disease (7.5%),
and renal disease (3.5%).
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Table 2.4: Comorbidity Characteristics of Treated LTBI Cohort (n= 6,217)

Except for diabetes, comorbid conditions were less common
in the Treated LTBI Cohort than in the Active TB Cohort. This
is not surprising given the age differences between the two
cohorts. For example, HIV/AIDs had a prevalence of 2.6%
in the Active TB Cohort, and a prevalence of 0.5% in the
Treated LTBI Cohort.

Characteristics of the Matched Active TB
and Disease-Free Cohorts
A total of 1,419 individuals of the 1,686 individuals in the
Active TB Cohort had healthcare coverage extending from
365 days prior to the study index date to 720 days following
the study index date. These cohort members were matched
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to a total of 7,078 TB disease-, LTBI treatment-, and TB
contact-free individuals, indicating that virtually all active TB
cases had the specified five matches.
As expected, the matched controls and active TB cases
had the same distribution of age, sex, First Nations status,
and residence location, because these characteristics
were the basis for matching (Table 2.5). However, there
were differences between the two groups on other
characteristics that were not used in the matching process.
A total of 46.2% of the matched cohort was in the lowest
income quintile, compared to 54.6% of the Active TB
Cohort. More than three-quarters (79.8%) of the matched
cohort had a Charlson comorbidity index score of 0 (i.e.,
healthy), compared to 62.1% of the Active TB Cohort.
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Table 2.5: Sociodemographic and Comorbidity Characteristics of Matched Active TB and Disease-free Cohorts

Characteristics of the Matched Treated
LTBI and Disease-Free Cohorts
A total of 5,556 individuals amongst the 6,217 individuals in
the Treated LTBI Cohort had healthcare coverage extending
from 365 days prior to the study index date to 720 days
following the study index date. These cohort members were
matched to a total of 27,774 TB disease-, LTBI treatment-, and
TB contact-free individuals. Similar to the findings for the
Active TB Cohort, this indicates that virtually all individuals
being treated for LTBI had the specified five matches.

As expected, the Treated LTBI Cohort members and controls
had exactly the same distribution for the matching variables
of age, sex, First Nations status, and residence location
(Table 2.6). Similar to the findings for the Active TB Cohort,
a larger percentage of the Treated LTBI Cohort (49.3%)
than the matched group (43.5%) was in the lowest income
quintile. Similarly, a higher percentage of the matched
cohort (84.9%) had a Charlson comorbidity score of zero
(most healthy) than the Treated LTBI Cohort (77.7%).
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Table 2.6: Sociodemographic and Comorbidity Characteristics of Matched Treated LTBI and Disease-free Cohorts

Chapter Summary
In this chapter, we described the data sources used to
conduct this study. We described the process of developing
the study cohorts that are the basis for analyses that we
conduct in subsequent chapters.
We examined the population of origin, sociodemographic
and comorbidity characteristics of the study cohorts.
Overall, almost half of the Active TB Cohort were young
adults under 45 years of age. Consistent with epidemiologic
reports about active TB cases in Canada, the majority of
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individuals in the Active TB Cohort were First Nations
individuals living on- or off-reserve and almost one-quarter
were foreign-born individuals. More than one-third of the
Treated LTBI Cohort was composed of children and youth
under 19 years of age and almost half were in the lowest
income quintile. More than half of the Treated LTBI Cohort
were residents of northern Manitoba.
The process of matching the Active TB Cohort and the
Treated LTBI Cohort using the selected matching variables
was successful. This facilitates fair comparisons of these two
cohorts for subsequent analyses, which focus on differences
in healthcare utilization.

Rady Faculty of Health Sciences

University of Manitoba

Chapter 3: Validating Manitoba TB Registry Data and MCHP’s Administrative Health Data

Chapter 3:
Validating Manitoba TB
Registry Data and MCHP’s
Administrative Health Data
Our study, which linked the Manitoba TB Registry data to administrative
health data in the Manitoba Population Research Data Repository housed
at MCHP, provides a unique opportunity to examine the accuracy and
completeness of the Manitoba TB Registry for conducting population-based
studies about the health and healthcare use of active TB cases. Quality of
administrative health data and Manitoba TB Registry data is an important
contributor to the accuracy of studies that link these two data sources.
The validity of diagnosis codes in administrative data for identifying
chronic and acute health conditions has been described in previous
research [37]. Diagnosis codes are one of the most important
components of administrative data and they have multiple uses.
For example, they are used to develop study cohorts, estimate disease
incidence and prevalence rates, measure comorbid conditions, and
identify health outcomes.
A few studies have conducted validity investigations for TB diagnoses
in administrative data. This information is particularly important for
researchers and epidemiologists from jurisdictions who have access
to administrative data but not to TB Registry data. Cross-jurisdictional
studies about TB that rely solely on administrative databases are
dependent on administrative data to accurately ascertain TB cases.
Shiff et al. examined the accuracy of diagnosis codes, including
TB diagnosis codes, in the pediatric population (i.e., ≤20 years) for
ascertaining health conditions [38]. Five conditions were validated in
more than one study, including TB, which was examined in two studies.
The latter of these two studies looked across multiple age groups to
validate definitions for identifying individuals with TB in administrative
data. Ronald et al. conducted a systematic review of studies that
had used prescription drug administrative data, diagnosis codes, or
laboratory data to ascertain patients with TB in administrative data. [39]
In this chapter, we explore the completeness and accuracy of
the Manitoba TB Registry and TB case information contained in
administrative health data. The objectives were to:
1.

Describe the completeness and accuracy of demographic,
clinical, and treatment information for active TB cases in the TB
Registry; and

2.

Validate diagnoses for active TB in administrative health data.
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Overview of Methods
For Objective 1, we examined the completeness and accuracy of the Manitoba TB Registry. This assessment was guided
by the information required to report on 13 performance indicators developed by the ITBS Program Data Management
Committee. We reviewed the 13 performance indicators for the ITBS Program to identify key concepts on which to assess
completeness of the Manitoba TB Registry (Table 3.1). These included contact assessment, treatment of TB, method of case
detection (e.g., screening, symptoms), and symptoms of TB.
Table 3.1: Manitoba TB Registry Data Evaluated for Completeness and Accuracy by Performance Indicator Category

Completeness (i.e., missing data) for the Manitoba TB
Registry is described first. Then, selected elements of the
Manitoba TB Registry are compared to their corresponding
elements in administrative data sources, to assess the
accuracy of the data in the Manitoba TB Registry. We
examine demographic, population of origin, healthcare
use, and clinical data in this correspondence analysis.
This analysis was completed for the Active TB Cohort (see
Chapter 2). We report on percent agreement, Cohen’s kappa,
and Spearman’s correlation coefficient. The data sources in
the Manitoba Population Research Data Repository housed
at MCHP that were used to assess agreement included the
Population Registry, hospital discharge abstracts, DPIN
records, and Diagnostic Services Manitoba (DSM) and
Cadham Provincial Laboratory (CPL) test results.
In addition, we estimated sensitivity, specificity,
positive predictive value (PPV), and negative predictive
value (NPV) of population of origin information in
the Manitoba TB Registry for the Active TB Cohort.
Individuals were classified as First Nations or non-First
Nations based on the INAC Status Registry. We combined
First Nations individuals living on- and off-reserve into
a single First Nations Group. All other individuals in the
Active TB Cohort were classified as non-First Nations.
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For Objective 2, we estimated the validity of TB diagnoses
in administrative data for the entire Manitoba population;
we identified all individuals who had continuous health
insurance coverage in the Population Registry between
April 1, 2010 and March 31, 2015. We focused on this time
period in order to describe the validity of TB diagnoses
in recent years of administrative data. We used multiple
years in order to ensure adequate numbers of TB cases
to measure validity with good precision. Validity of TB
diagnoses was estimated for new (i.e., incident) cases only;
we excluded all individuals who: (a) had a TB diagnosis in
the Manitoba TB Registry between April 1, 2010 and March
31, 2011; (b) were identified as a contact of a case with a TB
diagnosis between April 1, 2010 and March 31, 2011; and/
or (c) had a prescription for any of the following TB-related
drugs between April 1, 2010 and March 31, 2011: INH, RIF,
pyrazinamide, ethambutol, fixed-dose combinations of
these four medications, Tuberculin for Tuberculin Skin Tests
(TSTs), rifapentine, or rifabutin. For criterion (b) we used the
date of diagnosis or the Manitoba TB Registry entry date of
each active TB case to identify contacts for exclusion.
We classified individuals in the Manitoba population
who met the inclusion criteria for this analysis into four
mutually exclusive groups:
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•

Group 1, Active TB Cases: Individuals in the
Manitoba population who met the health insurance
coverage criteria and had a diagnosis date or entry
date in the Manitoba TB Registry as an active TB
case between April 1, 2011 and March 31, 2013 were
classified as cases. We set our end date as 2013 in
order to allow up to two years of post-diagnosis data
for case ascertainment in administrative data.

•

Group 2, Treated LTBI Cases: Individuals in the
Manitoba population who met the health insurance
coverage criteria and who had a prescription for RIF
or INH between April 1, 2011 and March 31, 2013
and no prescription for a drug used to treat a chronic
bacterial infection (as per the development of the
Treated LTBI Cohort) and neither a 2-day or 4-day
course of RIF (as per the development of the Treated
LTBI Cohort) were classified as treated LTBI individuals.

•

Group 3, TB Contacts: Individuals in the Manitoba
population who met the health insurance coverage
criteria and were contacts of active TB cases between
April 1, 2011 and March 31, 2013 using the TB
diagnosis date or TB Registry entry date of the case to
ascertain contacts were classified as contacts.

•

Group 4, Disease-, Treatment-, and Contact-Free
Individuals: All other individuals in the Manitoba
population who met the health insurance coverage
criteria and were not members of Groups 1, 2, or 3,
were classified into this latter group.

Subsequently, all individuals in Group 1 were classified
as TB cases and all individuals in Groups 2, 3, and 4 were
classified as non-cases.
We used the date of first diagnosis, Registry entry, or
dispensation of a prescription medication on or after April
1, 2011 to assign individuals to one of these groups. For
Group 1, the study index date was the date of TB diagnosis
or the entry date in the Manitoba TB Registry for TB cases.
For Group 2, the study index date was the date of the first
prescription for RIF or INH. For Group 3, the study index date
was the case date for a contact of an active TB case. Finally,
for Group 4, the study index date was the first healthcare
contact between April 1, 2011 and March 31, 2013 or if
an individual has no healthcare contacts between these
dates, the study index date was a randomly-selected date
between April 1, 2011 and March 31, 2013.
We searched each individual’s hospital discharge abstracts
(inpatient only) and physician billing claims (outpatient
only) to identify TB diagnoses. The relevant ICD codes
were: ICD-9-CM 010-018 and ICD-10-CA A15-A19. The TB
diagnosis could appear in any diagnosis field in the hospital
discharge abstract. The date of admission recorded in the
hospital discharge abstract was the reference date for
comparison with the study index date.

The following accuracy estimates were calculated:
sensitivity, specificity, PPV, NPV, Youden’s index
(sensitivity + [1 – specificity]), and Cohen’s kappa;
the latter is a chance-adjusted measure of agreement
[40,41]. The interpretation of Cohen’s kappa is:
κ < 0.20 is poor chance-adjusted agreement,
0.20 ≤ κ ≤ 0.39 is fair chance-adjusted agreement,
0.40 ≤ κ ≤ 0.59 is moderate chance-adjusted agreement,
0.60 ≤ κ ≤ 0.79 is good chance-adjusted agreement,
0.80 ≤ κ ≤ 0.89 is very good chance-adjusted agreement,
and κ ≥ 0.90 is excellent agreement. In addition, 95%
confidence intervals were computed for each of these
measures, except for Youden’s index, because its
distributional properties are not well defined.
Nine case ascertainment algorithms were applied to
the administrative data; these algorithms were based
on different periods of observation time and different
administrative data sources. In these algorithms, H refers to
an inpatient hospital discharge abstract and P refers to an
outpatient physician billing claim. For example, Algorithm 1
classifies an individual as a TB case in administrative data if
he/she has at least one hospital discharge abstract with a TB
diagnosis code in the one-year period on or after the study
index date. Algorithm 3 classifies an individual as a TB case
if he/she has at least one hospital discharge abstract or at
least one physician billing claim with a TB diagnosis code in
the one-year period on or after the study index date.
The first six case ascertainment algorithms are based on
either one or two years of data on or after the study index
date. The last three case ascertainment algorithms are based
on two years of data before or after the study index date.
•

Algorithm 1: 1+ H in a one-year period (on or after
the index date)

•

Algorithm 2: 1+ P in a one-year period (on or after
the index date)

•

Algorithm 3: 1+ H or 1+ P in a one-year period (on or
after the index date)

•

Algorithm 4: 1+ H or 2+ P in a one-year period (on or
after the index date)

•

Algorithm 5: 1+ H or 1+ P in a two-year period (on or
after the index date)

•

Algorithm 6: 1+ H or 2+ P in a two-year period (on or
after the index date)

•

Algorithm 7: 1+ H in a two-year period (before and
on or after the index date)

•

Algorithm 8: 1+ P in a two-year period (before and
on or after the index date)

•

Algorithm 9: 1+ H or 1+ P in a two-year period
(before and on or after the index date)
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Results

Accuracy of the Manitoba TB Registry

Completeness of the Manitoba TB Registry
Complete information about the assessment of data quality
(i.e., missing, valid/invalid, and outlier observations) based
on the routine data quality reporting conducted by MCHP
is contained in this report’s Online Supplement at http://
mchp-appserv.cpe.umanitoba.ca/deliverablesList.html. In
general, we found that there was little missing or invalid
information for most fields in the Manitoba TB Registry.
Therefore, we highlight completeness information for only
selected elements of the Registry.
Method of case detection, recorded in the case table, was
complete for 89.2% of records in the Manitoba TB Registry.
The case table contains information about the treatment
outcome; this field was missing information for 55.4% of
records in the Manitoba TB Registry, which was much higher
than for most other fields.
The contact table (Appendix Table 1.5) contains a variable
pertaining to whether the contact assessment is complete
and requires further follow-up surveillance; we found
that there was missing information on this variable for
approximately half (i.e., 51.6%) of records in the Manitoba
TB Registry. As well, information in the contact table about
where the contact occurred was missing for 42.7% of entries
in the Registry; again, this was much higher than for the
majority of other fields in the Registry. Information about
category of place of contact and type of contact both
contained less than 1% missing data.
Information about TB treatment is contained in the daily
drug table, several Direct Observed Therapy (DOT) tables,
drug reaction, and drug summary tables (Appendix Tables
1.7-1.12). In the daily drug table, information about the date
an individual started taking a drug was complete for 99.9%
of records and information about the date an individual
finished taking a drug was complete for 89.1% of records.
Information about the reason an individual stopped taking a
drug was provided in 81.3% of records. The drug name was
complete for 100% of records and drug dosage information
was complete for 99.9% of records. Information in the other
drug tables was largely complete; for example, drug reaction
information was complete for 99.9% of records.
The symptom table (Appendix Table 1.28) records a field
containing the type of symptom, which was complete for
99.6% of records, and a field about the symptom onset
date, which was complete for 98.9% of records. We further
examined the specific types of symptoms that were reported
to ascertain if we could identify cough symptoms, as per
information required to report on the ITBS performance
indicators. Cough was reported for 51 (3.0%) of individuals
in the Active TB Cohort when we matched on the case
identification number (to ensure that we were matching a
single episode of active TB). Thus, there is limited information
about cough symptoms in the Manitoba TB Registry.
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Demographic Characteristics. We investigated the accuracy
of the demographic characteristics of age at the date of
diagnosis/TB Registry entry, sex, health region, and six-digit
postal code (Table 3.2). We compared the characteristics of
the Active TB Cohort (n = 1,686) in the Manitoba TB Registry
to those in the Population Registry. The agreement statistics
were estimated overall, and then stratified by 5-year time
periods and region (Winnipeg and non-Winnipeg).
For year of birth, we observed 99.3% agreement between
the Manitoba TB Registry and the Population Registry.
Cohen’s kappa coefficient was 0.99, which indicates
excellent agreement. Percent agreement was consistent
over time, and ranged from 98.8% in the five-year period
from fiscal years 1999/2000-2003/04 to 99.8% in the fiveyear period from 2009/10-2013/14. Agreement was 99.4%
for residents outside of Winnipeg and 99.2% for residents
from Winnipeg. There was no missing information on age in
the Manitoba TB Registry for the Active TB Cohort.
The results for sex were similar; there was 99.7% overall
agreement between the Manitoba TB Registry and the
Population Registry, and the kappa statistic was 0.99.
There was little variation by region of residence or by time
period in these agreement measures. There was no missing
information on sex for the Active TB Cohort.
Percent agreement for the Manitoba TB Registry and the
Population Registry on six-digit postal code was lower (69.7%);
the kappa statistic was 0.70, which indicates good agreement
(Table 3.2). Percent agreement was lower for Winnipeg
health region residents (57.6%) than it was for non-Winnipeg
residents (80.2%). Moreover, it was lower in the first five years
of the study period (1999/2000-2003/04) at 62.4% than it was
in the most recent five years of the study period (2009/102013/14) at 77.0%. However, the data were largely complete;
only 11 individuals in the Active TB Cohort were missing postal
code information in the Manitoba TB Registry.
When we compared health region of residence in the
Manitoba TB Registry to the corresponding information in the
Population Registry, we observed a high percent agreement
(93.2%) and the kappa statistic was 0.88 (i.e., very good
agreement). The percent agreement was slightly higher for
non-Winnipeg residents (94.6%) than for Winnipeg residents
(91.6%). Percent agreement was only slightly lower in the first
five years (91.8%) than in the last five years (94.1%). There
were very few individuals who were missing health region
information in the Manitoba TB Registry.
Population of Origin. Information on population of origin
in the Manitoba TB Registry was compared to the INAC
Status Registry. The kappa statistic had a value of 0.94,
indicating excellent agreement (Table 3.2). The sensitivity
of the Manitoba TB Registry was 0.98 and specificity was
0.98. Percent agreement was high overall, as well as by
age group, year, and region. For example, in the 0-18 age
group, there was 99.2% agreement between the Manitoba
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TB Registry and the INAC Status Registry; in the 45+
age group, the percent agreement was 97.1%. For
non-Winnipeg health region residents, the percent
agreement was 99.2%, and for Winnipeg health region
residents, it was 95.6%.
Date of Death. For date of death, the kappa statistic
was 0.98, indicating excellent agreement between the
Manitoba TB Registry and the Population Registry. There
was no variation by region of residence or time period.
These statistics were based on data for 76 individuals
in the Active TB Cohort who had a date of death
recorded in the Manitoba TB Registry during the study
observation period.
Clinical Characteristics. For case criteria in the
Manitoba TB Registry, our comparison was test results
reported in DSM data. We excluded active TB cases with
a diagnosis date prior to April 1, 2006, because there
were no DSM data available for the Active TB Cohort
prior to this date. We also excluded all individuals in the
Active TB Cohort with DSM specimen collection dates
more than 60 days from their diagnosis date. Thus, the
results were based on data for 949 individuals. The
kappa statistic was estimated as 0.95, which indicates
excellent agreement.
For HIV status, we compared the Manitoba TB Registry with
serology information from the CPL data, which is the only
public laboratory that conducts HIV tests in the province;
linkable information about HIV status was captured in
the CPL data from 2006 onward. There were a total of 71
individuals in the study cohort who had positive HIV test
information in the Manitoba TB Registry. The kappa statistic
had a value > 0.99, which indicates excellent agreement.

Prescription Drug Treatment Initiation. Dates of
prescription drug treatment recorded in the Manitoba TB
Registry were compared to dates in DPIN for a selected
number of prescription drugs (i.e., vitamin B6; ethambutol;
INH; pyrazinamide; RIF). Overall, the dates for initiation
of different medications (see Table 3.2) were in close
agreement for the two sources. Spearman’s correlation
coefficient values ranged from 0.93 to 1.00.
Date of Chest X-Ray. Dates for chest x-rays recorded in the
Manitoba TB Registry were compared to dates in physician
billing claims. We looked for a physician billing claim that
had a diagnosis code for TB in addition to a tariff code for a
radiology service; there were a total of 368 individuals in the
Manitoba TB Registry who met these criteria. Spearman’s
correlation for the dates was very high (0.92).
Hospitalization. We examined the accuracy of
hospitalization information in the Manitoba TB Registry.
Overall, 39.8% of the Active TB Cohort did not have
hospitalization information recorded in the TB Registry.
We also found that more than 99.0% of individuals who
had hospitalization information recorded in the Manitoba
TB Registry also had hospital information recorded in the
administrative data. Estimates of agreement were high; the
correlation between the hospital admission date recorded
in the Manitoba TB Registry and hospital discharge
abstracts was 0.99. Similarly, the correlation between
the hospital discharge date recorded in the Manitoba TB
Registry and hospital discharge abstract was 0.99.
We also examined the hospital identifier recorded in the
Manitoba TB Registry and compared it to the identifier
contained in hospital discharge abstracts. Cohen’s kappa
statistic was 0.97, which indicates excellent agreement.
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Table 3.2: Estimates of Validity for Selected Elements of the Manitoba TB Registry
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Validity of TB Diagnoses in
Administrative Health Data
In this section, we estimate Cohen’s kappa, sensitivity,
specificity, PPV, NPV, and Youden’s index for TB algorithms
(i.e., case definitions), which are based on TB diagnoses
recorded in hospital discharge abstracts and physician
billing claims. Our study cohort for this analysis was
comprised of 180 individuals who were classified as TB
cases based on information in the Manitoba TB Registry
and 1,102,532 individuals in the Manitoba population
who were classified as non-cases.
Table 3.3 reports the validity estimates for the entire
cohort. The estimates vary substantially based on the
data source and the time period used to ascertain TB
cases in administrative health data. For Algorithm 1,
which ascertained cases/non-cases based on the
presence/absence of at least one diagnosis code in

hospital discharge abstracts for the one-year period on or
after the study index date, the kappa statistic was 0.55. This
estimate suggests moderate chance-adjusted agreement
between administrative data and the Manitoba TB Registry.
Amongst all individuals identified as TB cases in the
Manitoba TB Registry in the observation period, slightly less
than half were also identified as having a TB diagnosis code
in hospital discharge abstracts in the one-year period on or
after the study index date (sensitivity = 0.48). Specificity was
excellent (>0.99). PPV was 0.68, which suggests substantial
misclassification in the administrative data; specifically,
this estimate indicates that of all individuals who had a TB
diagnosis in hospital discharge abstracts in this one-year
period, only about two-thirds of these individuals also had
a corresponding TB diagnosis in the Manitoba TB Registry.
NPV was very high (i.e., > 0.99). Youden’s index was almost
equivalent to the estimate for sensitivity because of the
very high value of specificity.
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For Algorithm 2, which focused on the validity of TB
diagnoses in physician billing claims over a one-year
period, sensitivity was much higher than for hospital
records (0.89) and specificity was very high (>0.99). At the
same time, PPV was very low (0.07). This value indicates
that amongst all individuals who had a TB diagnosis in
physician billing claims in a one-year period, less than
10% also had a TB diagnosis in the Manitoba TB Registry.
Applying Algorithm 3 to the administrative data, which
classified individuals as TB cases if they had at least one
diagnosis code in hospital records or physician billing
claims in the one-year period after the index, a slightly
higher sensitivity estimate (0.92) was observed with no
loss of specificity (> 0.99). However, PPV was still very
low (0.08). The kappa statistic was only 0.14, indicating
poor agreement.
Algorithm 4 was similar to Algorithm 3 but required
individuals to have at least one hospital record or at least
two physician billing claims with a TB diagnosis in a
one-year period in order to qualify as a TB case. This
algorithm resulted in a modest decrease in sensitivity
(0.88), but a large increase in PPV (0.22). This estimate
indicates that amongst all individuals who had a TB
diagnosis in hospital discharge abstracts or physician
billing claims in a one-year period, close to one-quarter of
them also had a TB diagnosis in the Manitoba TB Registry.
Algorithms 5 and 6 focused on the two-year period
following the TB diagnosis date to ascertain TB cases.
These algorithms produced only slight increases in
sensitivity (0.94 and 0.90, respectively) when compared to

Algorithms 3 and 4. PPV was lower for Algorithms 5 and 6
(0.05 and 0.17, respectively) than for Algorithms 3 and 4.
Algorithms 7, 8, and 9 focused on the two-year period
before and after the study index date. Sensitivity was higher
for Algorithm 7 (0.77), which was based on diagnosis codes
in hospital records in this two-year period, when compared
to Algorithm 1, which was based on diagnosis codes in
hospital discharge abstract in a single year of data. As well,
PPV (0.78) was higher for Algorithm 7 than for Algorithm 1.
However, when both hospital records and physician billing
claims were used for case ascertainment (i.e., Algorithms
8 and 9) in this two-year period, all validity estimates were
virtually identical to the estimates for the other two-year
observation periods (i.e., Algorithms 5 and 6).
Additional analyses were conducted; validity estimates
were stratified by sex (not shown), age group, and region
of residence. There were negligible differences between
males and females in the validity of TB diagnosis codes
in administrative data. When the validity estimates were
stratified by age group (0-18 years, 19-44 years, 45+
years), substantial variation was observed (Table 3.4).
Algorithm 1, which required at least one TB diagnosis in
hospital discharge abstracts or physician billing claims
in a one-year period to classify an individual as a TB case,
resulted in sensitivity estimates of 0.25, 0.57 and 0.37 in
the three age groups, respectively. The corresponding
PPV estimates were 0.40, 0.80 and 0.58, respectively.
The highest PPV estimate obtained when the data were
stratified by age group was observed in the 19-44 age
group for Algorithm 7 (PPV = 0.85).
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Table 3.4: Estimates of Validity of TB Diagnoses in Hospital Records and Physician Billing Claims, by Age Group
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When the validity estimates were stratified by region of residence (Table 3.5), there were differences amongst residents of
the rural north, rural south, and Winnipeg health regions. For example, for Algorithm 1, sensitivity estimates were 0.55, 0.41,
and 0.36 for individuals in these three regions, respectively. PPV estimates were 0.72, 0.50, and 0.68, respectively. In general,
PPV estimates were higher for residents of the rural north than for residents of the rural south and Winnipeg health regions.
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Table 3.5: Estimates of Validity of TB Diagnoses in Hospital Records and Physician Billing Claims, by Health Region of Residence
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As Table 3.6 reveals, the TB diagnosis codes recorded in Manitoba’s hospital discharge abstracts and physician billing claims
for the entire population were primarily for pulmonary TB (37.7%), TB of other organs (28.7%), and TB of bones and joints
(18.7%). This information was for the period from April 1, 2010 to March 31, 2015.
Table 3.6: Frequency and Percent of Selected TB Diagnosis Codes in Manitoba’s Hospital Records and Physician Billing Claims,
April 1, 2010 to March 31, 2015

www.mchp.ca

31

Exploring Tuberculosis Treatment, Management, and Prevention in Manitoba’s Administrative Health Data

Chapter Summary
The analyses reported in this chapter reveal that the
information contained in the Manitoba TB Registry is
largely complete and accurate. We found few fields in
the Manitoba TB Registry that were characterized by
missing information. We also found that the information
contained in the Registry was accurate when compared
to administrative data such as hospital records,
laboratory test results, and physician billing claims.
Cough was identified as a key concept to measure one
of the 13 performance indicators for the ITBS Program;
it was captured for less than 5% of individuals in the
Active TB Cohort. Thus, it is not possible to measure
any performance indicators that require date of cough
onset using the Manitoba TB Registry. However, overall
there was complete information about symptoms in the
Manitoba TB Registry.
The fields we examined for accuracy, including
demographic, treatment, and testing information,
showed a close agreement when compared to their
corresponding elements in administrative health
data. Six-digit postal code was the least accurate
of the fields that were investigated. This may reflect
a lack of updating of residence information in either
the Population Registry or the Manitoba TB Registry,
or in both sources. TB patients may move between
northern and southern Manitoba, and maintenance
of accurate up-to-date demographic files is likely
impacted by mobility.
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The Manitoba TB Registry is the “gold standard” for
ascertaining cases of active TB. However, in provinces
where TB registry data have not been linked to
administrative data, case ascertainment algorithms
are needed to develop study cohorts in order to
measure the characteristics and outcomes of TB cases.
Our study results are therefore useful for developing
and recommending one or more case ascertainment
algorithms that can be used to define study cohorts in
administrative data. Sensitivity and PPV values were
low for many of the case ascertainment algorithms
that we investigated. The low PPV values indicate
that there is substantial misclassification bias in
administrative data. Our results are consistent with
a recently-published systematic review, which found
wide variations in the accuracy of administrative health
data for ascertaining TB cases, particularly when using
outpatient administrative data (e.g., physician billing
claims) for case ascertainment [39]. The authors of this
review suggest that caution must be exercised when
applying case ascertainment algorithms based solely
on diagnosis codes; they may result in under- or overascertainment of cases. In addition, we found that
variation existed across population sub-groups in the
validity of the case ascertainment algorithms, reflecting
the fact that individuals defined by age group and
region of residence may not all be equally likely to have
a diagnosis code for TB recorded in administrative data.
Overall, our results suggest that recommending a single
algorithm may be difficult. This conclusion is consistent
with Ronald et al.’s conclusions [39].
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Chapter 4:
Healthcare Use for
Active TB Cases
The provision of timely and comprehensive healthcare can influence the
diagnosis and progression of active TB disease and its spread in communities.
When a person with TB contacts the healthcare system, decisions must
be made about the commencement of treatment, possibly even before
the diagnosis of TB has been verified. Identification and/or treatment
of comorbid conditions must often occur alongside TB treatment. The
integration of emergency care, acute care, primary care, and supportive
care are important considerations. For example, contact with emergency
department care can provide an opportunity for early detection. Primary care
is essential to ensure completion of treatment, although supportive care (e.g.,
homecare) also has a role to play in directly observed therapy.
The primary purpose of this component of the study was to examine
pre- and post-diagnosis healthcare utilization for active TB cases across
multiple healthcare sectors to describe the profile of contacts with the
healthcare system during the disease course. The sub-objectives were to:
1.

Describe trends in emergency, acute, primary care, specialist,
prescription drug and home care use before and after TB diagnosis;

2.

Identify patient characteristics associated with pre- and postdiagnosis healthcare use; and

3.

Compare the use of healthcare services for active TB cases to that of
matched controls.

While this chapter focuses on healthcare use for the Active TB Cohort, a
parallel analysis was conducted for the Treated LTBI Cohort. This analysis
can be found in Appendix 4.

Overview of Methods
The analyses conducted in this section were based on the Active TB Cohort,
which was defined using the Manitoba TB Registry, and the corresponding
matched cohort, which was defined using administrative data. We excluded
individuals from the Active TB Cohort who did not have at least 720 days of
health insurance coverage following the study index date (i.e., TB diagnosis
date or date of entry into the Manitoba TB Registry). A total of 1,419 active
TB cases were retained in the analyses of healthcare use. The matched
cohort was restricted to individuals who had not been diagnosed with TB,
treated for LTBI, or identified as a contact of an active TB case. There was a
total of 7,078 individuals in this matched cohort.
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Each measure of healthcare use was constructed for 30-day
periods prior to (and including) the study index date and
then following the study index date. A total of 12 30-day
increments were defined for the pre-diagnosis period and
24 30-day increments were defined for the post-diagnosis
period. Subsequently, because of small numbers for some
measures of healthcare use, we aggregated the data in
60-day increments to ensure confidentiality when
presenting graphical summaries of the data.
The healthcare use measures included:
•

Emergency department visits: a dichotomous
measure indicating whether there was at least
one visit in a 30-day period. Note that this
measure was available from April 1, 2000 to
March 31, 2013 for facilities and residents of the
Winnipeg health region only.

•

Inpatient hospitalization: a dichotomous measure
indicating whether there was at least one inpatient
hospitalization in each 30-day period.

•

Inpatient hospital days: total number of inpatient
hospital days in each 30-day period.

•

Ambulatory family physician visits: total number
of outpatient visits to family physicians in each
30-day period.

•

Ambulatory specialist visits: total number of
outpatient visits to specialist physicians in each
30-day period.

•

•

34

Non-TB-related prescription drugs: number of
different prescription drugs in each 30-day period.
The 4th level of the World Health Organization’s
Anatomic, Therapeutic, Chemical (ATC)
Classification System was used to distinguish
different drugs. The following TB-related
drugs were excluded: isoniazid (INH), rifampin
(RIF), pyrazinamide, ethambutol, fixed-dose
combinations of these four medications, vitamin
B6, Tuberculin for TSTs, rifapentine, rifabutin.
Homecare visits: a dichotomous measure
indicating whether there was at least one
homecare visit in each 30-day period. Note that
this measure was available from April 1, 2000 to
March 31, 2011 only.
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All hospitalizations, hospital days, and physician visits
associated with pregnancy and childbirth were excluded
when deriving these measures.
Sociodemographic (age group, sex, income quintile, health
region of residence, population of origin group), disease (study
index year, case criteria, disease recurrence), and comorbidity
characteristics were included in the statistical models to
test their association with healthcare use. As well, inpatient
hospitalization was included as a covariate in the models for
family and specialist outpatient physician visits, because an
individual cannot seek physician care when in hospital.
Comorbidity was measured using the Charlson Comorbidity
Index and was based on the 360 days prior to and including
the study index date. In addition, a selected set of comorbid
conditions were defined from diagnoses in hospital records
and physician billing claims; these included diabetes,
rheumatoid arthritis, chronic obstructive pulmonary disease,
heart disease, HIV, and chronic kidney disease.
The data were described using frequencies, means and
standard deviations. Plots of trends in healthcare use
were produced; these are shown using 60-day increments
in order to preserve patient confidentiality since some
healthcare events (i.e., hospitalization) are rare in some of
the cohort sub-groups in one or more 30-day increments
in the study observation period. We show these results for
population of origin groups because of their importance in
the organization and delivery of TB care.
For count outcome measures, a generalized linear model with
a negative binomial distribution and generalized estimating
equations (GEEs) were used to model the trend over time. For
dichotomous outcome measures, a generalized linear model
with a logit function and GEEs was adopted to model the trend.
An autoregressive correlation structure was used in each model
to account for repeated measurements on the same individual.
All statistical models included the main effects of age
group, sex, income quintile, region of residence, index year,
case criteria, disease recurrence, origin group, month, and
period (i.e., pre-diagnosis, post-diagnosis). Odds ratios (ORs)
and 95% confidence intervals (95% CIs) were produced
for the multivariable logistic models. Relative rates (RRs)
and 95% CIs were produced for the multivariable negative
binomial distribution models. Model fit was evaluated using
the scaled deviance.
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Results
Emergency Department Visits
Emergency department visit data were available for facilities in the Winnipeg health region only. Therefore, the analysis was
restricted to residents of this health region. Figure 4.1 describes the emergency department use (i.e., percent of individuals
with at least one visit) for active TB cases in 60-day increments before and after the date of diagnosis. Use of emergency
departments increased substantially in the months prior to diagnosis and then decreased sharply around the time of diagnosis.
Figure 4.1: Percent of Active TB Cohort with an Emergency Department Visit Before and/or After TB Diagnosis,
Stratified by Population of Origin
April 1 2001 - March 31 2011

Figure 4.2 reports the ORs (and 95% CIs) for the cohort
characteristics associated with having an emergency
department visit before and/or after TB diagnosis. OR
estimates greater than 1 indicate a higher odds of having
an emergency department visit than the reference group,
while OR estimates less than 1 indicate a lower odds. If the
95% confidence interval does not include 1, then the result
is statistically significant.
On average, the odds of an emergency department visit
were not significantly different in the post-diagnosis period

compared to the pre-diagnosis period (Figure 4.2). The
odds of an emergency department visit were higher in the
19-44 years age group than in the youngest age group. The
odds were higher for off-reserve First Nations and lower for
foreign-born active TB cases than for Canadian-born nonFirst Nations. There were no differences by income quintile.
There were some differences by year of TB diagnosis, with
the odds being higher in the two most recent five-year
time periods than in the earliest time period. Finally, higher
comorbidity amongst active TB cases was associated with a
higher odds of an emergency department visit.
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Figure 4.2: Characteristics of Active TB Cohort Associated with Emergency Department Visits
Winnipeg Residents Only, Odds Ratio Estimates and 95% CIs
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Inpatient Hospitalizations and Inpatient Length of Stay
Figures 4.3 and 4.4 show the trends in inpatient hospitalizations and hospital length of stay, respectively. The trends are
stratified by population of origin.
Figure 4.3: Percent of Active TB Cohort with an Inpatient Hospitalization Before and/or After TB Diagnosis, Stratified by Population of Origin
April 1 1999 - March 31 2013

Figure 4.4: Average Number of Inpatient Hospital Days for Active TB Cohort Before and/or After TB Diagnosis, Stratified by Population of Origin
April 1 1999 - March 31 2013

www.mchp.ca

37

Exploring Tuberculosis Treatment, Management, and Prevention in Manitoba’s Administrative Health Data

Overall, inpatient hospitalizations were low in the
months prior to diagnosis; no more than 7.0% of
individuals in the Active TB Cohort were hospitalized in
any given pre-diagnosis month, with the exception of the
month prior to diagnosis.

the average number of inpatient days was 12.3 and the
median number of days was 13. The average number of
hospital days decreased substantially in the months after
diagnosis, but still remained higher than in the
pre-diagnosis period for a short period of time.

In the month prior to diagnosis, as well as in the month
of diagnosis, inpatient hospitalizations were high.
Overall, approximately 40-50% of the Active TB Cohort
was hospitalized in the month prior to diagnosis and
approximately 30-50% was hospitalized in the month
of diagnosis. Hospitalization decreased in the month
following diagnosis and returned to low pre-diagnosis
period rates of hospitalization.

Figures 4.5 and 4.6 provide the results of the statistical
analysis for inpatient hospitalizations and inpatient
days, respectively. Overall, there was a higher odds
of hospitalization following diagnosis than prior to
diagnosis. The relative rate of hospital days was also
higher following diagnosis than prior to diagnosis. While
hospitalization was a rare event in the months following
diagnosis, it was still elevated in the post-diagnosis
period relative to the pre-diagnosis period for a short
period of time. As expected, the odds of hospitalization
were higher for older than younger active TB cases. The
odds of hospitalization were higher for First Nations onand off-reserve active TB cases. The rate of inpatient days
was not significantly greater for any of the population of
origin groups. The odds of hospitalization were lower for
foreign-born active TB cases than for Canadian-born
non-First Nations cases. Greater comorbidity was
associated with a greater odds of hospitalization
and a higher rate of hospital days.

While there were some differences in the percentage of
each population of origin group that were hospitalized, the
pattern was largely the same across all groups. However,
First Nations off-reserve active TB cases were more likely to
be hospitalized in the month prior to diagnosis than active
TB cases in the other three population origin groups.
Rates of inpatient hospital days showed a similar trend. The
average number of inpatient days was less than one per
month in the months leading up to the active TB diagnosis
date. Overall, in the month that the TB diagnosis occurred,
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Figure 4.5: Characteristics of Active TB Cohort Associated with Inpatient Hospitalizations
Odds Ratio Estimates and 95% CIs for Inpatient Hospitalizations*
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Figure 4.6: Characteristics of Active TB Cohort Associated with Inpatient Hospital Days*
Relative Risk Estimates and 95% CIs
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Physician Visits
This section examines the utilization of both family and specialist physician services in the year prior to diagnosis and
the two years following diagnosis with active TB. Figures 4.7 and 4.8 depict the trends in family and specialist physician
visits over time; the rates shown are per 100 active TB cases. Family physician visit rates were highest immediately prior
to diagnosis and then decreased substantially at the time of diagnosis. In contrast, specialist visit rates showed a strong
increasing trend leading up to diagnosis, peaked during the month of diagnosis, then decreased gradually in the months
following diagnosis before returning to pre-diagnosis levels many months later.
Figure 4.7: Rate of Family Physician Visits for Active TB Cohort Before and/or After TB Diagnosis, Stratified by Population of Origin
April 1 1999 - March 31 2013

Figure 4.8: Rate of Specialist Physician Visits for Active TB Cohort Before and/or After TB Diagnosis, Stratified by Population of Origin
April 1 1999 - March 31 2013
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For Canadian-born non-First Nations active TB cases, First
Nations off-reserve active TB cases, and foreign-born active
TB cases, family physician visit rates were similar in the
pre-diagnosis period. The low rates of family physician
visits amongst on-reserve First Nations active TB cases may
reflect the presence of northern MB nursing stations for
primary care on reserves; specifically, the data for northern
MB nursing stations may not be consistently captured for
all years of the study period in physician billing claims data.
However, differences in access to primary care may also
account for variations in the trends. After diagnosis, family
physician visit rates were much lower for both foreign-born
and on-reserve First Nations active TB cases.
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With respect to specialist visits in the month of diagnosis,
foreign-born active TB cases had the highest rates of
utilization and First Nations on-reserve active TB cases
had the lowest. Differences amongst the groups persisted
throughout the pre- and post-diagnosis periods, but were
most pronounced around the time of diagnosis.
The forest plots in Figures 4.9 and 4.10 reveal that family
physician visit rates were significantly lower in the
post-diagnosis period than in the pre-diagnosis
period. In contrast, specialist physician visit rates were
significantly higher in the post-diagnosis period than in
the pre-diagnosis period.
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Figure 4.9: Characteristics of Active TB Cohort Associated with Ambulatory Physician Visit Rate*
Relative Risk Estimates and 95% CIs
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Figure 4.10: Characteristics of Active TB Cohort Associated with Rate of Specialist Physician Visits*
Relative Risk Estimates and 95% CIs

44

Manitoba Centre for Health Policy

Rady Faculty of Health Sciences

University of Manitoba

Chapter 4: Healthcare Use for Active TB Cases

While rates of family physician visits were significantly
higher for older than younger active TB cases, age group
was not associated with specialist physician visit rates.
Rates of both family and specialist physician visits were
significantly higher in females than in males. First Nations
off-reserve active TB cases had a higher rate of family
physician visits when compared to Canadian-born
non-First Nations cases. Foreign-born active TB cases had
a significantly lower rate of family physician visits and a
significantly higher rate of specialist physician visits than
Canadian-born non-First Nations. Active TB cases living

outside of Winnipeg had lower rates of family physician
visits and specialist visits than cases living in Winnipeg.
A later year of TB diagnosis was associated with lower
rates of family physician visits. A positive culture was
associated with a lower rate of specialist physician visits.
Greater comorbidity was associated with higher rates of
both family and specialist physician visits. Finally, having
an inpatient hospitalization was associated with a higher
rate of family physician visits when compared to not
having an inpatient hospitalization.
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Non-TB Prescription Drug Use
A modest increase in the average number of different non-TB prescription drugs used (e.g., anti-hypertensives,
anti-depressants) was observed over the three-year observation period, with a small peak in use just prior to active TB
diagnosis (Figure 4.11). Trends in the average number of different non-TB prescription drugs used across the observation
period were highest for First Nations off-reserve active TB cases, followed by Canadian-born non-First Nations TB cases.
They were similar for First Nations on-reserve and foreign-born active TB cases.
Figure 4.11: Non-TB Prescription Drug Use for Active TB Cohort Before and/or After TB Diagnosis, Stratified by Population of Origin
April 1 1999 - March 31 2013

As Figure 4.12 reveals, rates of non-TB prescription drug
use were slightly higher in the post-diagnosis period than
in the pre-diagnosis period. This pattern may reflect overall
increases in prescription drug use in Manitoba over time.
Age, sex, and comorbidity were associated with prescription
drug utilization. A later year of TB diagnosis was associated
with a higher rate of prescription drug utilization than an
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earlier year of TB diagnosis. A non-Winnipeg health region
of residence was associated with slightly lower prescription
drug use than a Winnipeg health region of residence
location. First Nations off-reserve active TB cases had a
higher rate of prescription drug use and foreign-born active
TB cases had a lower rate of prescription drug use when
compared with Canadian-born non-First Nations TB cases.
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Figure 4.12: Characteristics of Active TB Cohort Associated with Average Number of Different Non-TB Prescription Drugs*
Relative Risk Estimates and 95% CIs
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Homecare Use
Homecare use was very low in the months prior to TB diagnosis, so Figure 4.13 contains results only for the two-year
post-diagnosis period. Homecare data for First Nations individuals living on reserve are held by the First Nations and Inuit
Health Branch and are not available in the Manitoba Population Research Data Repository housed at MCHP, and therefore
First Nations on-reserve active TB cases were not included in this analysis.
Figure 4.13: Rate of Homecare Visits for Active TB Cohort After TB Diagnosis, Stratified by Population of Origin
April 1 2001 – March 31 2009

Rates of homecare visits were slightly higher for foreign-born active TB cases than for other origin groups around the time
of TB diagnosis. However, the differences amongst the foreign-born, First Nations off-reserve, and Canadian-born non-First
Nations active TB cases were small in the post-diagnosis period.
As the results in Figure 4.14 reveal, homecare use was higher amongst active TB cases with higher rates of comorbidity. Use
was also higher in later study years than earlier study years.
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Figure 4.14: Characteristics of Active TB Cohort Associated with Rate of Homecare Visits
Odds Ratio Estimates and 95% CIs
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Comparisons between the Active TB
Cohort and Matched Cohort
Two sets of analyses were used to explore differences in
healthcare use between the Active TB Cohort and matched
cohort. In the first, we compared rates of healthcare use for
the two cohorts, stratified by First Nations status as defined
by the INAC Status Registry. In Table 4.1, values greater than
1 for the relative rate (RR) estimates indicate that the Active
TB Cohort had higher utilization than the matched cohort,
while values less than 1 indicate that the Active TB Cohort
had lower utilization. The 95% CIs provide information about
whether these differences were statistically significant.
The Active TB Cohort had substantially higher emergency
department use than the matched cohort; this was true
for First Nations as well as for all other Manitobans. In fact,
the rates of emergency department use for First Nations
individuals in the Active TB Cohort were almost three times
higher than for First Nations individuals in the matched
cohort, and for all other Manitobans in the Active TB
Cohort, rates were about two times higher than for all other
Manitobans in the matched cohort.
For both hospitalizations and hospital days, the rates of
use for the Active TB Cohort were much higher than for the
matched cohort. This was particularly true for hospital days;
the rates were more than 10 times higher for First Nations
individuals in the Active TB Cohort than for First Nations
individuals in the matched cohort. Similarly, the rates were
more than seven times higher for all other Manitobans in

the Active TB Cohort than for all other Manitobans in the
matched cohort.
The smallest differences between the Active TB Cohort and
the matched cohort were in the number of different non-TB
prescription medications; rates were only about 20% higher
for First Nations individuals and were not significantly
different from all other Manitobans.
Table 4.2 provides a different perspective on healthcare
use, comparing the rates of use for First Nations individuals
relative to all other Manitobans in the Active TB Cohort
and the matched cohort. These results are used to explore
whether there are differences in accessibility between
First Nations and all other Manitobans, and whether these
differences have a differential impact in individuals with
TB compared to the rest of the population. As Table
4.2 reveals, the size of the RR estimates was similar in
both the Active TB Cohort and the matched cohort.
The largest difference was for the number of different
non-TB prescription medications, where the RR was 2.08
in the Active TB Cohort, but much smaller (i.e., 1.68) in the
matched cohort. This indicates that in the Active TB Cohort
the number of different prescription medications was about
two times higher for First Nations individuals than for all
other Manitobans, while in the matched cohort the number
of different prescription medication was only about twothirds higher. Similarly, emergency department visits were
more than three times higher for First Nations individuals
than for all other Manitobans in the Active TB Cohort, but in
the matched cohort they were only about 2.3 times higher.

Table 4.1: Healthcare Use for Active TB Disease Cohort Relative to Matched Cohort, Stratified by First Nations Status
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Table 4.2: Healthcare Use for First Nations Relative to All Other Manitobans, Stratified by Cohort

Chapter Summary
We examined trends in healthcare use before and after
diagnosis of active TB, and characteristics of active TB
cases associated with healthcare use. Assessing the
utilization of healthcare resources for TB contributes to
effective planning within the healthcare system.
Substantially elevated use was observed for many
healthcare services around the time of diagnosis,
reflecting that TB is a resource-intensive condition.
Homecare use and specialist physician use were higher
after diagnosis, reflecting the long-term follow-up of
individuals being treated for active TB. The characteristics
of active TB cases associated with use (e.g., age and
comorbidity) were often the same as those characteristics
associated with use in the general population.

Variations in rates across population of origin groups may
reflect inequities in access, incomplete data capture, or
both. Visits to northern MB nursing stations on reserve are
not consistently captured in physician claims databases,
and homecare use information for on-reserve First Nations
individuals is not captured in provincial administrative
databases held in the Manitoba Population Research Data
Repository housed at MCHP. Other allied health services are
also not captured in the administrative databases.
Frequent contacts with the healthcare system, particularly
those made early in the disease course, are important
for early detection and treatment initiation [13].
Hospitalization, while sometimes viewed as a control
measure for TB infections, also results in an increased risk
of nosocomial infection, disruption of personal and family
life, and the potential for increased use of unnecessary
medications and tests [42].
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Chapter 5:
Contacts of Active TB Cases
The identification and prompt assessment of persons who are defined as
contacts of persons with active TB disease is the second highest priority of
TB programs, after prompt respiratory precautions and treatment of active
TB disease. TB is listed under Schedule A of the Public Health Act Reporting
of Diseases and Conditions Regulation as a disease requiring contact
notification. Contacts are all persons to whom an infectious case (i.e., source
case) has been in proximity.
Prompt investigation of contacts of infectious TB cases, especially close
contacts (i.e., contacts with whom a case regularly shares breathing space),
who are at a higher risk of becoming infected with TB and of progressing
to active TB disease, is paramount to the successful containment of TB
transmission. The sooner one can assess close household contacts of
infectious TB cases, the sooner one can diagnose and treat any contacts who
may have latent TB infection or early symptomatic active TB disease, resulting
in reduction or elimination of further person-to-person spread of TB.
Recommended contact investigation activities, as provided in Manitoba’s
provincial TB protocol are [19]:
1.

Assessment of information regarding the source case within
reasonable time of receipt of notification of the case.

2.

Initial interview of infectious source case to determine who the
contacts are. The protocol notes that ideally this interview should
occur within one business day of notification of the case.

3.

Assessment of close contacts. The provincial protocol indicates that
this should begin within seven working days of the contact being
identified (this assessment should begin within three working days
if the contact is known to be less than five years of age or to have
high risk of disease progression if infected). This assessment may
be delayed where diagnosis of the source case is presumptive (i.e.,
not yet confirmed), except for contacts who are children or have
high risk of disease progression if infected where active TB disease is
strongly suspected in source case.

4.

Review of assessment of contacts to determine if contact
investigation should be expanded to include lower-risk contacts.
The provincial TB protocol indicates that this should occur within
five working days, whenever possible, of completing assessment of
the previous cohort of contacts.

5.

Consideration of expansion of contact investigation if evidence
of transmission has been identified among the previous cohort of
contacts, as resources permit.
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6.

Consideration of repeating steps 4 and 5 for
lower-risk contacts, as resources permit.

7.

Prevention of progression to active TB disease
among contacts found to have LTBI. This can be
achieved through the use of a single antibiotic
medication, usually INH given for nine months or RIF
for four months (adults) or six months (children). All
children exposed to a person with active TB should
have a symptom enquiry and TST.

The objective of this component of our study was to assess
the accuracy and completeness of information about
contacts of active TB cases in the TB Registry and describe
the characteristics of contacts. The sub-objectives were:
1.

Examine the accuracy and completeness of
information about contacts of active TB cases in the
Manitoba TB Registry; and

2.

Describe the sociodemographic characteristics,
comorbidity characteristics, and outcomes among
contacts of persons with active TB disease.

Overview of Methods
To achieve our objective, we first developed an All Contact
Cohort that included all contacts of individuals in the Active
TB Cohort. Recall that the Active TB Cohort was composed
of individuals with a TB diagnosis date or Manitoba TB
Registry entry date between April 1, 1999 and March 31,
2014. The All Contact Cohort was used to describe the
frequency of contacts, duration of contact assessment, and
quality of information about contacts in the Manitoba TB
Registry. It is important to note that this cohort does not
contain unique individuals, because an individual could be
a contact for more than a single case of active TB.
We subsequently constructed two cohorts composed of
unique individuals. The first was the Recent Contact Cohort.
It captured contacts of recent active TB cases. Given that
contact assessments may change over time in response
to policy changes or resource availability to conduct

investigations, we developed this cohort to give the most
current perspective on contact assessment information
in the Manitoba TB Registry. To develop this cohort, we
selected cases from the Active TB Cohort who had a study
index date between April 1, 2012 and March 31, 2014. We
excluded all active TB cases who did not have infectious
(i.e., pulmonary) TB, based on diagnosis information in the
Manitoba TB Registry. As well, we excluded all active TB
cases who were less than 10 years of age, who are typically
not considered infectious; cases with infectious TB are most
likely to have a contact assessment. All contacts who did
not have a valid PHIN were also excluded.
The second cohort of unique individuals was the Historical
Contact Cohort. We used this cohort to investigate the
process of disease transmission from active TB cases to
contacts. Specifically, this cohort was used to examine
rates of active TB disease and treatment for LTBI amongst
the contacts of individuals with active TB. We selected
individuals from the Active TB Cohort who had a study
index date between April 1, 2008 and March 31, 2010, and
excluded all active TB cases who did not have infectious TB,
based on diagnosis information in the Manitoba TB Registry,
as well as all active TB cases less than 10 years of age. All
contacts who did not have a valid PHIN were also excluded.
Sociodemographic characteristics of the Recent Contact
Cohort and Historical Contact Cohort were ascertained from
administrative health data. Comorbidity characteristics of
the cohorts were identified from administrative data in the
year prior to the study index date, that is, the diagnosis date
or TB Registry entry date for TB cases.
The Historical Contact Cohort included contacts of all
cases with a new diagnosis for active TB over the period
from April 1, 2008 to March 31, 2014. To identify new cases,
we excluded all cases who had a previous TB diagnosis,
looking as far back as April 1, 2006 to make this assessment.
Similarly, we identified all individuals who were under
treatment for LTBI over the period from April 1, 2006 to
March 31, 2014; then we limited our attention to incidence
of treated LTBI (i.e., initiation of new treatment) over the
period from April 1, 2008 to March 31, 2014 (Figure 5.1).

Figure 5.1: TB Cohorts Defined from the Manitoba TB Registry to Investigate Contact Characteristics
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The Population Registry, hospital discharge abstracts,
physician billing claims, prescription drug records, and
INAC Status Registry were used to characterize the contact
cohorts and their outcomes. Multivariable Cox proportional
hazards regression models were used to test a number of
factors associated with initiation of treatment for LTBI and
diagnosis of active TB in the Historical Contact Cohort.
Model fit was evaluated using the Hosmer-Lemeshow
goodness-of-fit test. Hazards ratios (HRs) and 95%
confidence intervals (95% CIs) were estimated.

Results
Between April 1, 1999 and March 31, 2014, there was a total
of 22,583 contacts in the All Contact Cohort. Of this number,
16,071 (71.2%) had information about population of origin
in the Manitoba TB Registry or First Nations Status in the
INAC Status Registry; 14,914 (92.8%) contacts were identified
as First Nations, 582 (3.5%) were identified as foreign-born
and 575 (3.5%) were identified as Canadian-born non-First
Nations contacts. Almost three-quarters of contacts who
were identified as First Nations were from northern Manitoba
health regions (10,699; 71.7%).
Given that there were a total of 1,686 individuals in the
Active TB Cohort and 22,583 contacts, this represents an
average of 22.0 contacts per active TB case during the
study observation period. However, the average varied
substantially based on the population of origin and
geographic location of the active TB cases. The average
was highest for First Nations active TB cases. Specifically,
amongst cases identified as having a First Nations onreserve origin, the average number of contacts was 30.1
(median = 23). An average of 22.5 contacts (median =
17), was identified for individuals in the Active TB Cohort
who had a First Nations off-reserve origin. In foreign-born
persons, the average number of contacts was 11.6 (median
= 7). For Canadian-born non-First Nations cases, the average
number of contacts was 17.1 (median = 11).
When we limited our attention to contacts of cases
with infectious TB in the Active TB Cohort (n = 982), we
identified a total of 16,728 contacts. Slightly more than
one-third (35.8%) of these contacts had no information
about population of origin in the Manitoba TB Registry.
More than half of these contacts (57.8%) were identified
as First Nations contacts. Smaller numbers were identified
as foreign-born contacts (3.3%) and Canadian-born nonFirst Nations contacts (3.0%). Amongst those contacts for
whom we could identify location of residence, 67.5% were
non-Winnipeg health region residents.
We examined the Manitoba TB Registry for information
about completeness of contact assessment. In the first

five years of the study cohort (i.e., fiscal years 1999/20002003/04), information about contact assessment was
missing for 97.4% of the cases. In the last five years of the
study cohort (i.e., 2009/10-2013/14), 78.8% of contacts
were noted to have a complete assessment with no further
follow-up required and 0.5% were noted to have a complete
assessment with ongoing surveillance required.
We compared the Manitoba TB Registry and the Population
Registry for agreement between the two sources on a
contact’s sex, date of birth, postal code, and health region of
residence. The results indicated generally good agreement;
there was 98.6% agreement on sex, 95.4% agreement
on date of birth, 93.4% agreement on health region of
residence, and 77.2% agreement on six-digit postal code.
Further analysis was conducted on contact assessment
duration. The Manitoba TB Registry does not contain
information about the start date of contact assessment, so
we used the study index date (i.e., date of TB diagnosis or
date of TB Registry entry) as a proxy for the start date. We
calculated the number of days between the study index
date and the contact assessment date. This calculation
was made for all active TB cases with at least one contact
identified from the Manitoba TB Registry (n = 528 active
TB cases). The mean was 367 days and the median was 340
days. This time is substantially longer than the expected
time from TB diagnosis in an active TB case to follow-up
of the initial contact; specifically, national guidelines
recommend that investigation of high-priority TB contacts
begin within seven working days of their being identified
as contacts and be completed within one month [43]. A
recently published evaluation of Alberta’s TB program that
provided an extensive analysis of TB contact investigations
did not report on mean length of time between the
diagnosis of active TB in the index case and completion of
contact assessment [44]. In our study, the number of days
between the study index date and the contact assessment
date may not be an accurate measure of the true duration
of the contact assessment.

Characteristics of the Recent
Contact Cohort
A total of 2,608 individuals were included in the Recent
Contact Cohort (Table 5.1). Approximately three-quarters
of these contacts were under the age of 45 years. As well,
three quarters of these contacts were identified as First
Nations individuals; most were from northern Manitoba.
A high percentage of contacts (30.8%) were from one of
the higher income quintiles (i.e., Q4). Almost half of the
contacts were considered home (i.e., household) contacts
(43.1%). Very few comorbid conditions were identified
in contacts, with the exception of diabetes which was
reported in 8.8% of recent contacts.

www.mchp.ca

55

Exploring Tuberculosis Treatment, Management, and Prevention in Manitoba’s Administrative Health Data

Characteristics of the Historical Contact Cohort
There were 3,270 individuals in the Historical Contact Cohort (Table 5.1). As expected, the age distribution was similar to
that in the Recent Contact Cohort, with about three-quarters under the age of 45 years. However, there were slightly fewer
(31.9%) under the age of 19 years.
Table 5.1: Sociodemographic Characteristics of Recent and Historical Contacts of Infectious Pulmonary Active TB Cases
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In the Historical Contact Cohort, 70.8% were identified as
First Nations individuals. A larger percentage of historical
contacts than recent contacts originated from Winnipeg,
possibly due to a growing number of foreign-born active
TB cases being diagnosed in Winnipeg in more recent years
(which often have fewer contacts).
The income quintile distribution of individuals in the
Historical Contact Cohort was more consistent with the
expectation of higher numbers of contacts in the lowest
income quintiles (i.e., 44.0% in Q1) and low numbers of
contacts in the highest income quintiles (i.e., 6.1% in Q5).
About the same percentage of historical as recent contacts
were identified as household contacts (39.4%). Similarly
to recent contacts, very little comorbidity was identified
in historical contacts, once again with the exception of
diabetes, which was reported in 11.1% of historical contacts.

Onset of Active TB and Treatment
Initiation for LTBI in the Historical
Contact Cohort
Previous research has shown that for close contacts (e.g.,
household contacts) of persons with active TB disease, up

to 2% will develop active TB disease within the course of
the TB contact investigation and between 20% and 35% will
have LTBI [44,45]. In our study, all contacts of active TB cases
were evaluated for these outcomes between April 1, 2008
and March 31, 2014.
Overall, 115 (3.6%) individuals in the Historical Contact
Cohort, which was used to investigate disease transmission
from active TB cases, developed active TB (Table 5.2). The
percentage of males who developed active TB was higher
(3.9%) than the percentage of females (3.2%). Active TB
disease was higher in the 19-44 age group (4.3%) than
in other age groups for the Historical Contact Cohort.
Residence in rural Manitoba and First Nations origin were
significantly associated with subsequent development
of active TB disease in contacts. The percentage of active
TB disease in First Nations historical contacts was 4.6%
compared to 1.0% in non-First Nations historical contacts.
The percentage of active TB disease in household contacts
(4.9%) was also higher than in non-household contacts
(2.7%). Of note, the highest percentage of active TB disease
was measured in contacts with diabetes (6.1% vs 3.2% in
contacts without diabetes).

Table 5.2: Diagnosis of Active TB and Treatment for LTBI Amongst Historical Contacts of Active Infectious Pulmonary TB Cases (n = 3,270)
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Overall, 545 (17.1%) individuals in the Historical Contact
Cohort initiated treatment for LTBI in the observation period
(Table 5.2). This percentage was highest amongst individuals
less than 19 years of age and lowest amongst individuals over
65 years, as would be expected given that contacts of active
TB disease who are children under five years are the highest
priority for offering LTBI treatment and adults over 65 years
are much more likely to have drug intolerances.
First Nations individuals in the Historical Contact Cohort
were more likely to initiate treatment for LTBI. More than
one-fifth (21.6%) of First Nations contacts initiated treatment
compared to 6.4% of all other Manitoban contacts. In
addition, 19.9% of contacts within the lowest income quintile
(Q1) and 19.1% of individuals in the next lowest quintile (Q2)
initiated LTBI treatment. In contrast, only 8.6% of individuals
in the highest income quintile (Q5) initiated LTBI treatment.

Individuals who were identified as household contacts
were more likely to initiate LTBI treatment (22.5%) than
non-household contacts (13.6%). Individuals in the Historical
Contact Cohort who had a diagnosis of diabetes were as
likely to initiate LTBI treatment (16.4%) as those who did not
have a diagnosis of diabetes (17.1%).
Multivariable Cox proportional hazards regression models
(Table 5.3) revealed an association between the development
of active TB in members of the Historical Contact Cohort who
were identified as First Nations, household contacts, and had
a diagnosis for HIV or diabetes. Patient characteristics not
associated with the development of active TB disease in the
Historical Contact Cohort included age and sex, region of
residence, income quintile, and other comorbid conditions
such as chronic renal, cardiac, and respiratory disease.

Table 5.3: Hazard Ratios and 95% Confidence Intervals for Diagnosis of Active TB Amongst Historical Contacts of Active Infectious
Pulmonary TB Cases (n = 3,270)
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Amongst individuals in the Historical Contact Cohort (Table 5.4), the likelihood of LTBI treatment initiation was high
for individuals less than 19 years of age, individuals living in the rural north or rural south, and individuals who were
household contacts. Historical contacts within the highest income quintiles had a significantly lower likelihood of
initiating treatment for LTBI.
Table 5.4: Hazard Ratios and 95% Confidence Intervals for Treatment of LTBI Amongst Historical Contacts of Active Infectious
Pulmonary TB Cases (n = 3,270)
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Chapter Summary
In this chapter, we explored the characteristics of contacts
of active TB cases and their outcomes. Both the Manitoba
TB Registry and administrative data (i.e., hospital records,
physician claims, prescription drug records) were used to
conduct this component of the study.
While there are many contacts identified in the Manitoba
TB Registry, indicating that contact investigations are
extensive, it can be challenging to identify contacts;
individuals may be contacts as well as active TB cases,
depending on which year(s) of data are under investigation.
There is only a single date pertaining to contact assessment
in the Manitoba TB Registry; in the TB Registry data
dictionary, it is labelled as the date the contact assessment
is done. We examined the duration of time from the study
index date (i.e., date of active TB diagnosis or entry into the
Manitoba TB Registry) to the contact assessment date as a
proxy measure for the duration of the contact investigation
period. Pan-Canadian Public Health Network guidelines for
tuberculosis control programs recommend that follow-up
lists of TB contacts be completed within seven days of the
diagnosis of an infectious TB case, and that assessment of
close contacts be completed and LTBI treatment started,
if indicated and not contraindicated or refused, within 28
days of the diagnosis of infectious TB [29]. Our search for
relevant literature did not identify any Canadian studies
that evaluated the feasibility of attaining these benchmarks.
The duration of time between the study index date and the
contact assessment date in the Manitoba TB Registry seems
implausible as an accurate measure of the duration of the
contact investigation based on these guidelines.
We also described the average and median number of
contacts per active TB case. We found that these numbers
were higher amongst First Nations on-reserve individuals
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and lower for foreign-born and Canadian-born non-First
Nations active TB cases. These figures are consistent with
those from Alberta and other jurisdictions, which have
shown a higher number of contacts amongst First Nations
than amongst non-First Nations active TB cases [46–48].
Contact investigation is considered a high-priority screening
activity for TB programs in higher-income countries. A
higher average/median number of contacts in First Nations
on-reserve individuals may reflect more thorough contact
investigations in on-reserve communications and/or greater
numbers of contacts amongst First Nations on-reserve TB
cases. Contact rates are influenced by a multitude of factors,
including geographic mobility, clustering of individuals (e.g.,
within private households as well as within public spaces
such as on public transportation and shelters), infectiousness
(which is influenced by such factors as the type of outbreakcausing strain of the bacterium and access to healthcare),
and susceptibility to disease, which includes both TB-specific
factors (e.g., the immune response to TB) and extrinsic factors
(e.g., smoking and other indoor air pollution) [49].
Lastly, by linking the Manitoba TB Registry with the
administrative health data, we were able to measure the
rate of active TB disease onset amongst contacts of active
TB cases and the factors associated with disease onset,
as well as the rate of treatment initiation for contacts
with LTBI and the factors associated with treatment
initiation. A recent systematic review found that initiation
of treatment varied widely in case contacts, from 40-85%
[50]. Unfortunately, we are not able to estimate the rate in
our cohort because we do not know the number of people
with LTBI; we only know the total number of contacts. At
the same time, outcome data can be useful for comparative
investigations over time or across populations (e.g., urban
vs. rural) to better understand the factors that drive disease
transmission and the factors that influence initiation of
treatment amongst individuals with LTBI.
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Chapter 6:
Treatment Completion for
Latent TB Infections
Once a person who has been exposed to TB becomes infected, the only
way to detect this infection is via screening programs that offer testing
for LTBI. Screening for LTBI is a well-recognized means of TB disease
prevention and containment. Examples of individuals who should be
offered testing for LTBI include close household contacts of persons with
active TB disease, persons who come from communities with a high
incidence of TB (such as northern Indigenous communities, newcomers
to Canada who are refugees, persons with HIV infection, persons with
chronic renal disease on dialysis, and persons who are being treated with
immunosuppressive therapies). Such individuals may have a high risk of
LTBI and/or progression to active TB disease, and are most likely to benefit
from treatment. When such individuals are offered treatment for LTBI,
ideally they will accept and complete therapy.
The recommended benchmark for accepting and completing LTBI
treatment is 80% [44]. Since LTBI is not a reportable disease in Manitoba,
we do not know how many individuals have LTBI. Using prescription drug
data, it is possible to determine how many individuals start LTBI treatment
and how many complete treatment [16,20]. LTBI treatment completion
rates, when they have been measured elsewhere in Canada and the USA,
have ranged from 31-76% [6,16,20,44,51–53]. LTBI treatment acceptance
rates are not frequently measured, but in a recent review of TB programs in
Alberta they were reported as 80% [44].
The objective of this component of the study was to explore trends in
the treatment of LTBI and the characteristics of individuals receiving
treatment for LTBI. We conducted this analysis for different prescription
medication regimes for LTBI.

Methods
For the Treated LTBI Cohort, we examined completion of the prescribed
treatment course using DPIN data in the Manitoba Population Research
Data Repository housed at MCHP. This analysis was conducted for all cohort
members who had at least 365 days of health insurance coverage following
the study index date. Each individual in the Treated LTBI Cohort was assigned
to one of two mutually exclusive groups: (a) INH Treatment Group: first
prescription on or after the study index date was for INH; or (b) RIF treatment
group: first prescription on or after the study index date was for RIF.
In Canada, nine months of daily self-administered INH or four months of
daily self-administered RIF are currently recommended for the treatment
of LTBI [43]. We used the DPIN data to identify members of the Treated LTBI
www.mchp.ca
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Cohort who were dispensed INH for 270 days or more within
a 365-day period; the individuals who met this criterion were
defined as having completed INH treatment (INH270). Since
completion of six months of INH has also been considered
a full course of treatment, albeit less efficacious than a ninemonth treatment course, a second analysis of cohort members
who were dispensed INH for 180 days or more within a
270-day period were also identified as having completed INH
treatment (INH180) [43]. Individuals who were dispensed RIF
for 120 days or more within a 180-day period were defined as
completing RIF treatment (RIF120).
The percentage of individuals who completed treatment based
on the previously described criteria was calculated: INH270,
INH180, and RIF120. The sociodemographic characteristics
and Charlson comorbidity index scores of completers and
non-completers were described. Note that population of origin
information was only available from the INAC Status Registry
for the Treated LTBI Cohort. Therefore, individuals in the cohort
could only be classified as First Nations and non-First Nations.
Also, a limitation of this analysis is that it is based on dispensed
medications; it is impossible to know if a medication that has
been dispensed has actually been taken.
Multivariable logistic regression models were used to
test the association of cohort covariates with treatment
completion. Model fit was evaluated using the HosmerLemeshow goodness-of-fit test. Odds ratios (ORs) and 95%
CIs were estimated.

Results
LTBI Treatment Completion
The sub-group of the Treated LTBI Cohort that was used
to measure treatment completion rates consisted of
5,514 individuals who started treatment between April
1, 1999 and March 31, 2013. Using INH180 or RIF120
treatment regimens, 3,322 (60.2%) of individuals completed
treatment (Table 6.1). Given that we did not know the
planned prescribing regimen, we considered both INH180
and INH270 for calculating treatment completion for all
individuals dispensed INH as their index LTBI treatment.
Individuals who initiated LTBI treatment with INH and who
were subsequently switched to treatment with RIF were not
included in the Treated LTBI Cohort.
INH180 showed higher treatment completion rates (63.8%)
than other treatments; these rates remained stable from
2005-2014 (Figure 6.1). INH270 treatment completion was
initially low (40.4%) but increased significantly over the 15year study period, particularly after 2007 where treatment
completion rates stabilized at around 50-60%. RIF120
treatment completion was the lowest overall (27.0%), but
the rate increased significantly after 2011, up to nearly 70%
by the end of the study observation period.

Figure 6.1: Treatment Completion Rates by Type of Medication in the Treated LTBI Cohort in Manitoba, 1999-2014
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Table 6.1: Treatment Completion Rates by Type of Medication and Socio-Demographic Characteristics for the Treated LTBI
Cohort in Manitoba, 1999-2014
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INH270 treatment completion rates were low, which is
most likely due to the challenges in completing a 9-month
course of INH, such as side effects leading to treatment
discontinuation. The low INH270 treatment completion
rates in individuals under 19 years of age from 2009/102013/14 (Figure 6.2) are not easily explained, given that
there were no age-related differences in INH180 treatment
completion rates during that same time period (Figure 6.3)
and given a longstanding policy in Manitoba to provide
Directly Observed Preventative Therapy (DOPT) in children.
Noteworthy, though, is the reversal in treatment completion
rates for both INH270 and INH180 in First Nations

individuals, which were higher from 2004/05-2009/10
(Figures 6.4 and 6.5) and have more recently been 10-20%
lower than for non-First Nations individuals. Further analysis
could facilitate the interpretation of why INH270 treatment
completion rates in First Nations persons have plateaued
at about 50% since 2008/09 (Figure 6.4), while during
the same period treatment completion rates in all other
Manitobans increased from 40% to 70%. This finding is also
difficult to explain given the policy in Manitoba to deliver
treatment for LTBI using DOPT in First Nations individuals
living in northern communities.

Figure 6.2: Treatment Completion Rates for Treated LTBI Cohort for a 270-day supply of Isoniazid, Stratified by Age Group
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Figure 6.3: Treatment Completion Rates for Treated LTBI Cohort for a 180-day supply of Isoniazid, Stratified by Age Group

Figure 6.4: Treatment Completion Rates for Treated LTBI Cohort for a 270-day supply of Isoniazid, Stratified by First Nations Status
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Figure 6.5: Treatment Completion Rates for Treated LTBI Cohort for a 180-day supply of Isoniazid, Stratified by First Nations Status

As Table 6.2 reveals, the odds of INH180 and INH270
completion was higher in individuals under 19 years of age
compared to adults aged 19-44 years (68.5% vs 61.0%; HR
1.4; 95% CI 1.2-1.6). This may be a reflection of the policy in
Manitoba to use DOPT for all LTBI treatment in children. The
lower odds of completing INH180 in First Nations persons is
difficult to explain given that there also exists a practice in
Manitoba to use DOPT for all LTBI treatment in First Nations
persons living in northern communities. Sex, region of
residence (i.e., rural vs urban; north vs south), income quintile,
and presence of comorbid conditions were not significantly
associated with treatment completion (Table 6.2).
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Treatment completion significantly improved over time;
rates were highest for INH180 (68.5%) in the most recent
5-year cycle (2009-2014) vs 51.0% in 1999-2003 and
64.4% in 2004-2008. The odds ratio for INH180 treatment
completion was about two times larger in 2009-2014 than
in 1999-2003 (Table 6.2). For INH270 and RIF120, the odds
were even higher in 2009-2014 than in 1999-2003.
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Table 6.2: Adjusted Odds Ratios for the Factors Associated with Treated LTBI Cohort Treatment Completion in Manitoba, 1999/2000-2014/15
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Chapter Summary

completion rates in First Nations persons, given that DOPT
is also widely used in northern remote communities.

This chapter examined completion of the course of
treatment for prescription medications in the Treated
LTBI Cohort. Three different treatment regimes were
investigated: INH over 180 days, INH over 270 days, and
RIF over 120 days. For the RIF 120-day course of treatment,
there was a substantial increase in completion rates
over time, particularly in the last two years of the study
observation period. Similarly, treatment completion rates
for both INH regimens (but especially the longer 270-day
treatment course) improved over time.

LTBI treatment completion rates of 30-70% are consistent
with treatment completion rates that have been reported
in Canada, the US, and Europe [16,20,50,51]. That INH
treatment completion rates in Manitoba have gradually
improved since 2005 likely reflects the restructuring of TB
services that took place in this province between 2005 and
2010, marked by an increasing focus on LTBI treatment as
a key step towards achieving TB elimination. The use of RIF
for the treatment of LTBI was very limited prior to 2010 and
likely restricted to individuals for whom difficulties were
anticipated for the completion of INH. Hence, the low use
of RIF prior to 2011 is not unexpected. Since 2012, there
have been efforts to promote increasing use of RIF for the
treatment of LTBI, accompanied by improved infrastructure
to assist individuals in adhering to LTBI treatment. This likely
explains the dramatic increase in RIF treatment completion
rates between 2007 and 2014.

Both expected and unexpected variations in treatment
completion were noted by patient characteristics of age,
population of origin, Charlson comorbidity score, and year
of treatment initiation. Higher treatment completion rates
in children are likely explained by the universal delivery
of LTBI treatment using DOPT in children. But by the same
explanation, one would have expected higher treatment
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Chapter 7:
Summary, Conclusions, and
Recommendations
Summary and Conclusions
The World Health Organization’s End TB Strategy, which was initiated in
2016, aims to end the global TB epidemic. More specifically, the goals of the
strategy include reducing the number of TB deaths by 95% and the number
of new TB cases by 90% between 2015 and 2035 [54]. A key component
of this strategy is high-quality, timely, and relevant data to support local
decision making [55]. Three types of data are identified as critical to the
success of this strategy: (1) existing, routinely-collected data, such as the
data found in the Manitoba TB Registry; (2) new data elements that can be
used to expand and enhance existing, routinely-collected data sources,
such as detailed risk factor measures incorporated into the Manitoba TB
Registry; and (3) new, targeted data sources [55]. The latter could include
such data types as “omics” data (e.g., genomics, proteomics) to better
understand drug resistance in TB, surveys to better understand barriers to
seeking or obtaining care, or detailed contact investigation information to
better understand transmission patterns. New targeted data sources are
intended to provide enhanced information about the dynamics of active TB
disease transmission, treatment, and outcomes. An important attribute of
the End TB Strategy is to ensure that local decision makers are engaged and
have access to data to target locations with high case rates.
Achievement of the End TB Strategy goals also requires a focus on
collaborations across government, communities, First Nations, healthcare
providers, and industry partners. There is an emphasis on engagement and
partnerships to achieve the Strategy goals.
Given this context, our study addresses a timely topic. Our purpose was to
investigate the use of administrative data, linked with Manitoba TB Registry
data, to study active TB disease and treatment for LTBI. The objectives were
to describe the completeness and accuracy of selected elements of the
Manitoba TB Registry, examine the validity of case definitions to ascertain
active TB cases from hospital discharge abstracts and physician billing
claims, examine pre- and post-diagnosis trends in healthcare use and
factors that affect use, explore the characteristics and outcomes of contacts
of active TB cases, and report on the treatment of LTBI.
This research was motivated in part by indicators developed by the
WRHA’s Integrated TB Services Program Data Management Committee for
program evaluation. These indicators encompass TB disease identification
and management, contact investigations, and LTBI management. All of
these program elements are important to the End TB Strategy. We provide
information about the availability and quality of data resources in Manitoba
for measuring concepts relevant to the performance indicators.
www.mchp.ca
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Two study cohorts were the focus of our study; the first
included active TB cases identified from the Manitoba
TB Registry over a 15-year period. The second included
individuals receiving treatment for LTBI over a 15-year
period; the latter group was identified from prescription
drug records and was based on a previously published
methodology. The composition of the Active TB Cohort
illustrates the disproportionate impact of TB on First
Nations populations in northern Manitoba and
foreign-born individuals in Winnipeg. As well, the Treated
LTBI Cohort demonstrates the disproportionate impact of
LTBI on young First Nations individuals. Close to 85% of
cases in the Treated LTBI Cohort were from the most recent
10 years of our 15-year study period. An increase in the
number of treated cases over time might mean that the
pool of untreated LTBI cases is also increasing. However, an
increase in the number of treated cases might also mean
that a greater proportion of the total number of LTBI cases
in the population are being treated. The data sources used
in this study cannot provide us with an accurate estimate
of the incidence of LTBI in the Manitoba population.
Estimating LTBI incidence and prevalence in the population,
which is important for measuring progress to eradicate TB,
is a complex process that takes account of such factors as
the annual risk of TB infection, demographic characteristics
(and projections), HIV prevalence, and proportion of TB that
is smear positive. The most recent LTBI prevalence estimate
for the Americas (i.e., North and South America, including
Canada), is 11.0% of the total population [56]; no estimate
is provided for Indigenous populations in the Americas. In
the population less than 15 years of age, the estimated LTBI
prevalence is 2.3%.
Existing routinely-collected data are central to the End
TB Strategy. Our exploration of the Manitoba TB Registry
reveals that it contains information on active TB cases that
is largely complete. The accuracy of the data elements
that we investigated was high when compared to
administrative health data; we examined data elements
related to sociodemographic characteristics, dates of
treatment, and delivery of healthcare services in coming
to this conclusion. Information about quality is important
to establish the credibility of the data for surveillance
reports, research, and program evaluations, and to ensure
that accurate data are provided to decision makers.
Despite the high degree of completeness and accuracy
of the Manitoba TB Registry, improvement and expansion
of the Registry is an important consideration to maintain
its value for surveillance and research. Less than 5% of
individuals in the Active TB Cohort had onset of cough
information recorded amongst their symptoms, despite this
symptom’s potential importance for evaluation of timeliness
of diagnosis. Previous studies from Ontario and Quebec
have used information about symptoms, specifically time
from symptom onset to treatment, in order to estimate the
duration of potential delays in diagnosis and treatment and
factors associated with the length of the delays [57,58].
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Moreover, we found that contact assessment information
in the Manitoba TB Registry was not easy to interpret. It
does not appear possible to conclusively measure the time
from initiation to completion of a contact investigation. We
found, as expected, that contacts are often associated with
more than one person with active TB over time. This may
result in difficulties to evaluate completeness of contact
investigations, especially for TB outbreaks in northern
community settings. As Theron et al. note, collection of
specialized local data may be beneficial in such situations
[55]. Collection and use of relevant data, at local and wider
levels, is an integral part of the End TB Strategy.
Routinely-collected administrative data also have a role
to play in contributing to the end of the TB epidemic,
by providing information about risk factors, healthcare
outcomes, and treatment of LTBI. However, we found that
these data are not sufficiently sensitive or do not have
sufficiently high positive predictive value to accurately
ascertain cases of active TB. Our findings are consistent with
those reported in a recent systematic review [39].
In addition to reporting on the quality of routinely-collected
data, in this study we addressed a number of substantive
objectives. These focused on healthcare utilization
for active TB, LTBI treatment completion rates, and
characteristics of contacts.
With respect to the first of these topics, active TB places
a substantial burden on the healthcare system. Active TB
cases were frequently hospitalized before and around the
time of diagnosis. First Nations individuals living both onand off-reserve had a greater likelihood of hospitalization
than other Manitoba residents; one potential reason may be
a lack of access to outpatient care (i.e., general practitioner
and specialist outpatient care). Overall, we did find that
active TB cases with greater comorbidity and who were
older were more likely to be hospitalized.
However, administrative data are not useful for assessing
appropriateness of healthcare use. Our study identified that
active TB cases have frequent contacts with the healthcare
system; this in turn suggests that there are a number of
diagnostic opportunities. However, given that TB can
initially present with non-specific symptoms like fatigue and
weight loss, or with symptoms that mimic more common
diagnoses like pneumonia, some of these opportunities
may be missed. This could lead to delays in the diagnosis of
TB, as has been highlighted in recent media reports [59].
Inequities in rates of healthcare use for First Nations and
foreign-born populations when compared with Canadianborn non-First Nations have multiple contributing factors.
Other studies have documented a lack of access to
primary and specialist healthcare as evidence of inequities
[60]. It is important for these inequities in healthcare
use to be documented and not confounded by a lack
of data. For example, physician billing claims do not
consistently capture data from nursing stations in northern
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communities, and data on federally funded homecare
on-reserve are not available in the Manitoba Population
Research Data Repository at MCHP.

Performance Indicator
Measurement

Our study revealed that while the Manitoba TB Registry
contact assessments can be extensive, it does not appear
possible to measure their timeliness. Finally, we observed
modest LTBI treatment completion rates of 50-60% for
INH and 60-70% for RIF. Thus, there is substantial room for
improvement to reach the benchmark of 80% as suggested
by the WRHA Integrated TB Services Data Management
Committee. These results suggest that there is a need for
access to better/newer treatments such as the regimen of
twelve once-weekly doses of rifapentine/INH.

WRHA Integrated TB Services worked with front line TB
healthcare providers over several months in 2014 to develop
locally relevant performance indicators within the domains
of the diagnosis of TB, active TB disease management,
LTBI management, and TB contact investigations. Table 7.1
lists the performance indicators developed by the WRHA
Integrated TB Services Data Management Committee and
comments on the feasibility of measuring these indicators
based on the outcomes of this study.

Table 7.1: Assessment of Feasibility of Measuring Integrated TB Services Performance Indicators
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Table 7.1 Cont'd: Assessment of Feasibility of Measuring Integrated TB Services Performance Indicators

It is not possible to measure all indicators proposed by
the Integrated TB Services Data Management Committee
using information available in either the Manitoba TB
Registry or administrative data, or via linkage of the
two data sources. Enhancements to the Manitoba TB
Registry, such as additional information about contacts
of active TB cases and/or additional information from
administrative databases (e.g., alternate level of care
bed days at admission) need to be captured in order to
measure these indicators.
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Study Recommendations
Valid and accurate data about active TB and LTBI are
critical to the health of Manitobans. A number of
recommendations arise based on the findings of this
study. These recommendations pertain to data quality and
validity, access to data, partnerships to strengthen TB data,
and the role of data to support decision making to reduce
and ultimately eliminate TB in Manitoba.
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First, we acknowledge the high quality of the Manitoba
TB Registry and the importance of this data resource for
TB surveillance, program evaluation, and research. We
recommend that investment in the Manitoba TB Registry
continue and that expansion of this investment be made
a priority. Timely and accurate data entry and continual
data quality evaluation is essential to ensure the Registry
provides valid and complete information about active TB
for both provincial and national reporting and decision
making. Monitoring of existing data fields and, where
needed, improvement of key data fields, particularly around
the onset of symptoms, contact investigations, and use of
healthcare services, will help to ensure that the Manitoba
TB Registry remains useful and relevant to measure the
health and healthcare use of active TB cases. Creation of a
data dictionary that documents specific details about data
capture and changes in data capture methodology over
time is critical to ensuring consistent usability of historical
and current data. Electronic data capture, such as automated
extraction from electronic medical records, should be an
important consideration to facilitate the seamless integration
of data into the Registry. Oversight of the Manitoba TB
Registry would benefit from the broadening of partnerships.
Specifically, the establishment of a technical working group
that engages with partners, including First Nations and all
Manitoba health regions, is key to guide future development
of the Manitoba TB Registry to meet the needs for
information across the province. A technical working group
would help to ensure relevant data collection by all partners,
including First Nations, and could facilitate access to the data
for these partners as well as other stakeholders. This technical
working group could identify a minimum dataset required
for routine surveillance and program evaluation [61]. It could
also facilitate the production and use of reports that provide
information about active cases and their contacts with an
emphasis on how these reports could meet local needs.
Second, while we acknowledge the important contributions
that administrative data make to understanding the health
and healthcare use of active TB disease cases, we do not
recommend using diagnostic information in hospital
discharge abstracts and physician billing claims to ascertain
active TB cases. These data are likely to result in substantial
misclassification bias. It is preferable to use TB Registry data
to ascertain active TB disease cases, and to link TB Registry
data to administrative data to investigate outcomes in
administrative data. While this linkage has been achieved in
Manitoba, this may not be possible for all jurisdictions. Crossjurisdictional studies may instead need to use administrative
data for case ascertainment to ensure a consistent
methodology is adopted across locations in the study. In
such situations, we recommend conducting sensitivity
analyses that utilize more than one algorithm to ascertain
cases of active TB disease in administrative data. With respect
to LTBI cases, we again acknowledge that administrative data
play a useful role for identifying treated cases, but recognize
that these data will miss untreated cases of LTBI. Thus, we

recommend the exploration of additional sources of data,
including both active and passive surveillance systems, to
monitor LTBI [62].
Third, we recommend that the WRHA Integrated TB Services
Data Management Committee (or its successor committee)
review and modify its proposed performance indicators so
that they can feasibly be implemented to evaluate current
programs and services. However, the Committee should also
consider the role that it can play to advocate for the addition
of new data elements, or more comprehensive collection
of existing data elements in the Manitoba TB Registry to
move its performance measurement goals forward. We also
recommend that Integrated TB Services work in collaboration
with custodians of the Manitoba TB Registry, First Nations
communities and organizations, and local data partners to
identify databases that could be integrated with existing
data resources to measure program and service indicators
for the entire province. Such an approach may benefit the
formation of authentic partnerships amongst First Nations,
clinicians, healthcare planners and data custodians to ensure
effective measures to end TB. As well, new data may need to
be collected and new analytic techniques may be adopted
to better use existing data. A recent study emphasized the
value of alternative contact assessment data sources, such
as locally-developed questionnaires, to ensure effective TB
control in high-risk communities [63].
Finally, we recommend that WRHA Integrated TB Services,
provincial surveillance epidemiologists, researchers, and
partners carefully consider how linkage of databases can
lead to research that will support decisions to improve
patient care and treatment. The End TB Strategy and other
sources emphasize the importance of obtaining data about
vulnerable populations such as individuals with substance
abuse issues or who are homeless, the social determinants
of health, primary care delivery, new diagnostics, drugs,
and vaccines to facilitate decision making [54,55,64].
Bringing together new databases, including social databases
housed at MCHP that capture information about housing,
education, and social service use, and clinical databases with
information about new diagnosis techniques or efficacy
of new medications, will strengthen the environment for
innovations. At the same time, we caution that First Nations
populations are not always well represented in social
databases. Thus, data sharing and new data collection
initiatives around social databases are needed to ensure
that through data linkage, a rich collection of information is
available for the entire population.
In conclusion, the World Health Organization’s End TB
Strategy emphasizes both the value of data and the
engagement of partners to reduce the number of
TB cases and deaths. In the Manitoba environment, this
strategy can be most effective by an emphasis on the use
of existing data resources, consideration of the value of
new resources, and meaningful involvement of partners,
including First Nations, to end TB.
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Appendix 1: Contents of the Manitoba Health (MH)
Tuberculosis Registry
Appendix Table 1.1: MH Tuberculosis Registry - Client Information
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Appendix Table 1.2: MH Tuberculosis Registry - Address Information

Appendix Table 1.3: MH Tuberculosis Registry - Case Information
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Appendix 1: Contents of the Manitoba Health (MH) Tuberculosis Registry
Appendix Table 1.4: MH Tuberculosis Registry - Client Visit Information

Appendix Table 1.5: MH Tuberculosis Registry - Contact Information

Appendix Table 1.6: MH Tuberculosis Registry - Contact List Comment Information
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Appendix Table 1.7: MH Tuberculosis Registry - Daily Drug Information
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Appendix 1: Contents of the Manitoba Health (MH) Tuberculosis Registry
Appendix Table 1.8: MH Tuberculosis Registry - Direct Observed Therapy Drug Doses Information
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Appendix Table 1.9: MH Tuberculosis Registry - Direct Observed Therapy Drug List Information

Appendix Table 1.10: MH Tuberculosis Registry - Direct Observed Therapy Drug Master Information
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Appendix 1: Contents of the Manitoba Health (MH) Tuberculosis Registry
Appendix Table 1.11: MH Tuberculosis Registry - Drug Reaction Information

Appendix Table 1.12: MH Tuberculosis Registry - Drug Summary Information

Appendix Table 1.13: MH Tuberculosis Registry - Diagnosis Information
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Appendix Table 1.14: MH Tuberculosis Registry - Hematology Result Information

Appendix Table 1.15: MH Tuberculosis Registry - HIV Information

Appendix Table 1.16: MH Tuberculosis Registry - Hospital Information
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Appendix 1: Contents of the Manitoba Health (MH) Tuberculosis Registry
Appendix Table 1.17: MH Tuberculosis Registry - Immigrant Tracking Information

Appendix Table 1.18: MH Tuberculosis Registry - Inpatient Drug Information

Appendix Table 1.19: MH Tuberculosis Registry - Other Diseases Information
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Appendix Table 1.20: MH Tuberculosis Registry - Other Test Information

Appendix Table 1.21: MH Tuberculosis Registry - Sources Information
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Appendix 1: Contents of the Manitoba Health (MH) Tuberculosis Registry
Appendix Table 1.22: MH Tuberculosis Registry - Study Information

Appendix Table 1.23: MH Tuberculosis Registry - Study Master Information
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Appendix Table 1.24: MH Tuberculosis Registry - Surveillance Follow-up Information

Appendix Table 1.25: MH Tuberculosis Registry - Survey Information
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Appendix 1: Contents of the Manitoba Health (MH) Tuberculosis Registry
Appendix Table 1.26: MH Tuberculosis Registry - Survey Comment Information

Appendix Table 1.27: MH Tuberculosis Registry - Survey Master Information

Appendix Table 1.28: MH Tuberculosis Registry - Symptom Information
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Appendix Table 1.29: MH Tuberculosis Registry - Tuberculin Information

Appendix Table 1.30: MH Tuberculosis Registry - Visual Test Information
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Appendix Table 1.31: MH Tuberculosis Registry - X-ray Information
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Appendix 2: ICD Diagnosis Codes for the
Charlson Comorbidity Index
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Appendix 3: ICD Diagnosis Codes to Identify Select Comorbid and Chronic Conditions in the Study Cohorts

Appendix 3: ICD Diagnosis Codes to Identify Select Comorbid
and Chronic Conditions in the Study Cohorts
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Appendix 4: Healthcare Use for Treated LTBI Cohort
This section examines the healthcare use of the Treated LTBI Cohort, which was identified using prescription drugs records
in the Manitoba Population Research Data Repository housed at MCHP.
The sub-objectives of this component of the study are to:
1.

Describe trends in emergency, acute, primary, specialist, and prescription drug healthcare use before and after
initiation of treatment for LTBI;

2.

Identify predictors of pre- and post-treatment initiation of healthcare use; and

3.

Compare the use of healthcare services for treated LTBI cases to that of matched controls.

Overview of Methods
The analyses conducted in this section were for the Treated LTBI Cohort and the corresponding matched cohort. We
excluded all individuals who did not have at least 720 days of coverage following the study index date (i.e., initiation of
prescription drug treatment for LTBI), so that we could characterize healthcare use over time. There were a total of 5,556
individuals in the Treated LTBI Cohort who met this criterion. The matched cohort was restricted to individuals who had
not been diagnosed with TB, treated for LTBI, or identified as a contact of an active TB case. There were a total of 27,774
individuals in this cohort.
The same measures of healthcare use were defined for the Treated LTBI Cohort as were previously defined for the Active
TB Cohort (see Chapter 4). However, we excluded the homecare measure because of low rates of homecare use before and
after initiation of LTBI treatment. Thus, the healthcare use measures that we focused on were:
•

Emergency department visits: a dichotomous measure indicating whether there was at least one visit in each
30-day period. Note that this measure was available from April 1, 2000 to March 31, 2013 only, for facilities and
residents in the Winnipeg health region.

•

Inpatient hospitalization: a dichotomous measure indicating whether there was at least one inpatient
hospitalization in each 30-day period.

•

Inpatient hospital days: total number of inpatient hospital days in each 30-day period.

•

Ambulatory family physician visits: total number of outpatient visits to family physicians in each 30-day period.

•

Ambulatory specialist visits: total number of outpatient visits to specialist physicians in each 30-day period.

•

Non-TB-related prescription drugs: number of different prescription drugs in each 30-day period. The 4th level of
the World Health Organization’s Anatomic, Therapeutic, Chemical (ATC) Classification System was used to distinguish
different drugs. The following TB-related drugs were excluded: isoniazid, rifampin, pyrazinamide, ethambutol, fixeddose combinations of these four medications, vitamin B6, Tuberculin for TSTs, rifapentine, rifabutin.

Each measure was constructed for 30-day increments prior to (and including) the study index date and then following
the study index date. A total of 12 30-day increments were defined for the pre-treatment initiation period and 24 30-day
increments were defined for the post-treatment initiation period. All hospitalizations, hospital days, physician visits, and
emergency room visits associated with pregnancy and childbirth were excluded when computing each measure.
Sociodemographic (age group, sex, income quintile, health region of residence, First Nations origin), year period of
treatment initiation, and comorbidity characteristics were included in the statistical models to test their association with
healthcare use. As well, inpatient hospitalization was included in the models for family and specialist physician visits.
The First Nations origin variable had two categories – First Nations and all other Manitobans. This classification was based
on information in the INAC Status Registry. Recall that the more detailed categorization of First Nations on- and off-reserve,
foreign-born, and Canadian-born non-First Nations is only available for the Active TB Cohort because this information is
found in the Manitoba TB Registry.
Comorbidity was measured using the Charlson Comorbidity Index and was based on the 360 days prior to and including
the study index date. In addition, a selected set of comorbid conditions were defined from diagnoses in hospital records
and physician billing claims; these included diabetes, rheumatoid arthritis, chronic obstructive pulmonary disease, heart
disease, HIV, and chronic kidney disease.
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The data were descriptively analyzed using frequencies, means and standard deviations. Plots of trends in healthcare use
were produced; these are shown using 60-day periods.
For the count outcome measures, a generalized linear model with a negative binomial distribution and generalized
estimating equations (GEEs) were used to model the trend over time. For the dichotomous outcome measures, a
generalized linear model with a logit function and GEEs was adopted to model the trend. An autoregressive correlation
structure was used in each model to account for repeated measurements of healthcare use on the same individual.
All statistical models included the main effects of age group, sex, income quintile, region of residence, index year,
comorbidity category, origin group, month, and period (i.e., pre-diagnosis, post-diagnosis). Odds ratios (ORs) and 95%
confidence intervals (95% CIs) were produced for the multivariable logistic models. Relative rates (RRs) and 95% CIs were
produced for the multivariable negative binomial distribution models. Model fit was evaluated using the scaled deviance.

Results
Emergency Department Visits
Emergency department visit data were only available for facilities in the Winnipeg health region, and therefore will not
reflect total use of emergency departments in the province. Thus, we limited our attention to the Winnipeg health region
population when describing use rates.
As Appendix Figure 4.1 reveals, emergency department use for treated LTBI cases increased slightly around the time of
treatment initiation, but largely remained constant throughout the study observation period.
Appendix Figure 4.1: Percent of Treated LTBI Cohort with an Emergency Department Visit Before and/or After Treatment Initiation,
Stratified by First Nations Status
Winnipeg Residents Only, April 1 2001 - March 31 2011

The forest plot in Appendix Figure 4.2, which focuses on the predictors of emergency department use in the Treated LTBI
Cohort, reveals that, on average, there was no difference in the odds of an emergency department visit in the post-treatment
initiation period when compared to the pre-treatment initiation period. As expected, the odds of an emergency department
visit were higher in older age groups than in the youngest age group. There were no differences in use by income quintile. The
odds of an emergency department visit were higher for First Nations than for non-First Nations cohort members. Finally, higher
comorbidity amongst individuals in the Treated LTBI Cohort was associated with higher odds of an emergency department visit.
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Appendix 4: Healthcare Use for Treated LTBI Cohort
Appendix Figure 4.2: Characteristics of Treated LTBI Cohort Associated with Emergency Department Visits
Winnipeg Residents Only, Odds Ratio Estimates and 95% CI
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Inpatient Hospitalizations and Inpatient Length of Stay
Appendix Figures 4.3 and 4.4 show the trend in inpatient hospitalizations and number of inpatient hospital days,
respectively. These trends are shown for the year prior to the initiation of treatment for LTBI and in the two-year period
following initiation of treatment.
Appendix Figure 4.3: Percent of Treated LTBI Cohort with an Inpatient Hospitalization Before and/or After Treatment Initiation,
Stratified by First Nations Status
April 1 1999 - March 31 2013

Appendix Figure 4.4: Average Number of Inpatient Hospital Days for Treated LTBI Cohort Before and/or After Treatment Initiation,
Stratified by First Nations Status
April 1 1999 - March 31 2013
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Overall, inpatient hospitalizations remained low for both First Nations and non-First Nations individuals in the Treated LTBI
Cohort throughout the study period. There was a slight increase in hospitalizations just prior to the initiation of treatment
for non-First Nations members of the cohort, but the percentage of the cohort that was hospitalized in this time period
remained below 10%. The number of hospital days showed a similar trend (Appendix Figure 4.4).
The forest plot in Appendix Figure 4.5 provides the results of the statistical analysis for inpatient hospitalizations. The
odds of hospitalization were lower in the post-treatment initiation period than in the pre-treatment initiation period. Age
and comorbidity were associated with a higher odds of hospitalization, as was a non-Winnipeg residence location. Other
covariates were not associated with the odds of hospitalization.
Appendix Figure 4.5: Characteristics of Treated LTBI Cohort Associated with Inpatient Hospitalizations*
Odds Ratio Estimates and 95% CIs
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Physician Visits
This section examines the utilization of both family and specialist physician services on an outpatient basis in the year prior to initiation
of treatment for LTBI and in the two years following initiation of treatment for LTBI. Appendix Figures 4.6 and 4.7 contain results for the
trends in family and specialist physician visits over time; the rates shown are per 100 individuals who initiated treatment for LTBI.
Appendix Figure 4.6: Rate of Family Physician Visits for Treated LTBI Cohort Before and/or After Treatment Initiation,
Stratified by First Nations Status
April 1 1999 - March 31 2013

Appendix Figure 4.7: Rate of Specialist Physician Visits for Treated LTBI Cohort Before and/or After Treatment Initiation,
Stratified by First Nations Status
April 1 1999 - March 31 2013
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Family physician visit rates were highest immediately prior to initiation of treatment and then decreased over
approximately four months following initiation of treatment for non-First Nations cohort members. For First Nations cohort
members, family physician visits were less frequent than for all other Manitobans throughout the study period and did not
show a substantial increase around the time of treatment initiation. In contrast, specialist visit rates increased just prior to
treatment initiation for First Nations cohort members and at the time of treatment initiation for non-First Nations cohort
members before decreasing.
The forest plot for family physician visits (Appendix Figure 4.8) revealed that age, sex, and comorbidity were associated
with higher visit rates, as was the presence of an inpatient hospitalization. A non-Winnipeg residence location, First
Nations status, and a later year of treatment initiation were associated with lower visit rates. The forest plot for specialist
physician visits (Appendix Figure 4.9) revealed that visit rates were higher in the post-treatment initiation period than
in the pre-treatment initiation period. The effect of age was mixed; relative to the youngest cohort members, those in
the 19-44 years age group had a lower rate of specialist visits, while cohort members in the 45+ years age group had a
slightly higher rate of specialist visits. Comorbidity was strongly associated with a higher rate of specialist visits. Lower
income quintile, a non-Winnipeg residence location, First Nation status and a later year of treatment initiation were all
associated with a lower rate of specialist physician visits.
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Appendix Figure 4.8: Characteristics of Treated LTBI Cohort Associated with Ambulatory Physician Visit Rate*
Relative Risk Estimates and 95% CIs
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Appendix Figure 4.9: Characteristics of Treated LTBI Cohort Associated with Rate of Specialist Physician Visits*
Relative Risk Estimates and 95% CIs

www.mchp.ca

107

Exploring Tuberculosis Treatment, Management, and Prevention in Manitoba’s Administrative Health Data

Non-TB Prescription Drug Use
The number of non-TB prescription drugs used showed little change over the study period for the Treated LTBI
cohort (Appendix Figure 4.10). However, utilization rates were lower for First Nations cohort members than for all
other cohort members.
Appendix Figure 4.10: Non-TB Prescription Drug Use for Treated LTBI Cohort Before and/or After Treatment Initiation,
Stratified by First Nations Status
April 1 1999 - March 31 2013

As the forest plot in Appendix Figure 4.11 reveals, rates of non-TB prescription drug use were slightly higher overall in the
post-treatment initiation period than in the pre-treatment initiation period. Age, sex, and comorbidity were also associated
with a higher RR of drug utilization, as was First Nations status. A non-Winnipeg residence location was associated with a
slightly lower RR of prescription drug utilization than a Winnipeg residence location.
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Appendix 4: Healthcare Use for Treated LTBI Cohort
Appendix Figure 4.11: Characteristics of Treated LTBI Cohort Associated with Average Number of Different Non-TB Prescription Drugs*
Relative Risk Estimates and 95% CIs
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Comparisons between the Treated LTBI Cohort and Matched Cohort
Analyses were conducted to explore differences in healthcare use between the Treated LTBI and Matched Cohort. We
compared rates of healthcare use for the two cohorts, stratified by First Nations status as defined from the INAC Status
Registry. Recall that we cannot identify individuals in the Treated LTBI Cohort as First Nations on- and off-reserve,
foreign-born, and Canadian-born non-First Nations; information about population of origin is only available for active
TB cases using the Manitoba TB Registry. In Appendix Table 4.1, values greater than 1 for the RR estimates indicate
that the Treated LTBI Cohort had higher utilization than the matched cohort, while values less than 1 indicate that
the Treated LTBI Cohort had lower utilization. The 95% confidence intervals provide information about whether these
differences were statistically significant.
For hospitalizations, rates were higher for the Treated LTBI Cohort than for the matched cohort and were similar, regardless
of population group. For family physician visits, there was no statistically significant difference between the Treated LTBI
Cohort and the matched cohort in visit rates amongst First Nations individuals. However, amongst all Manitobans, the visit
rate was 27% higher in the Treated LTBI Cohort than in the matched cohort.
Appendix Table 4.2 compares the rates of use for First Nations individuals relative to all other Manitobans in each of the
Treated LTBI Cohort and the matched cohort. As this table reveals, the size of the RR estimates was similar in both cohorts.
The differences in healthcare use between First Nations and other Manitobans were statistically significant for most of the
measures that were investigated.
Appendix Table 4.1: Healthcare Use for Treated LTBI Disease Cohort Relative to Matched Cohort, Stratified by First Nations Status

Appendix Table 4.2: Healthcare Use for First Nations Relative to All Other Manitobans, Stratified by Cohort
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