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Abstract

Introduction All pulmonary tuberculosis (PTB) cases are
presumed to be infectious to some degree. This spectrum of
infectiousness is independently described by both the acid-
fast bacilli smear and radiographic findings. Smear-positive
patients with chest radiographic findings that are typical for
adult-type PTB are believed to be most infectious.
Hypothesis Characterisation of the presumed most
infectious PTB case is possible by reference to readily
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available clinical features and laboratory results.
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chest radiograph findings.
Results Being Canadian-born, symptomatic, having a
subacute duration of symptoms and broad-spectrum
antibiotic prescriptions were all more commonly associated
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Introduction
Elimination of tuberculosis (TB) requires a
dual-
pronged approach. Both interrupting
transmission by promptly diagnosing and

Key messages
What is the key question?
►► Can we identify a highly infectious pulmonary tuber-

culosis (TB) case in high-income, low-TB incidence
settings?

What is the bottom line?
►► A combination of readily available clinical (n=6) and

laboratory (n=2) features describes the prototypical
infectious case of pulmonary TB.

Why read on?
►► The timely diagnosis of infection-spreading cases,

especially by front-line providers, is critical to interrupting transmission, and thus, to meeting TB elimination targets.

spreading cases, and
treating infection-
preventing TB among those already infected
but who have not yet developed a disease
are necessary. As TB becomes less common
in high-
income, low-
incidence settings, the
prompt diagnosis of infection-spreading cases
by front-line physicians and nurses becomes
increasingly difficult. These cases are mainly
bacillary positive (smear-
positive, culture-
positive and smear-negative, culture-positive)
pulmonary TB (hereafter ‘PTB’). Among
culture-positive PTB cases, those with smear-
positive disease are 5–10 times more likely
to generate a secondary case than those who
are smear-negative.1–3 In addition, among
persons with smear-
positive PTB, those
with ‘typical’ findings on chest radiograph
(defined below) are 10 times more likely
to generate a secondary case than smear-
positive cases without such features.4 Thus,
both the smear status and the presentation of
disease on chest radiograph contribute independently to transmission.4–7
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Six features from the medical history and two readily
available laboratory tests (the chest radiograph and
complete blood count (CBC)) have emerged, both
within the literature and clinical practice, as being critical to suspecting PTB rather than disease attributable to
other respiratory pathogens, and subsequently ordering
the collection of sputum or other specimens for mycobacteriological examination.8 9 The relative predictive
value of each variable on an outcome of PTB in a specialised TB clinic has previously been shown.10 What has not
been shown is how well the combination of these features
differentiates the highly infectious case from the minimally infectious case, among whom the collection of a
sputum is imperative for achieving public health goals.
The objective of this current study is to distinguish
smear-positive and smear-negative PTB by describing the
relative frequency of the aforementioned features in a
well-defined cohort of adult patients. While all patients
with PTB are presumed infectious to some degree, it is
the smear-positive case with typical chest radiographic
findings whose timely diagnosis offers the greatest potential for interrupting transmission, and impacting public
health. Meeting this objective could establish a clinical
threshold for front-line providers to consider the diagnosis and seek subsequent laboratory confirmation,
which is important to TB elimination efforts.11

Methods
This study was performed in Alberta—population over
4.25 million in 2016 (Statistics Canada)—one of four
major immigrant-
receiving provinces in Canada, the
other three being British Columbia, Ontario and Quebec.
In Alberta, in 2016, the crude incidence rate of TB was
5.6 per 100 000 population. University-based pulmonary
and infectious disease physicians staff three dedicated
public health clinics that provide TB services to the province.9 Language line (translation) services are available
as necessary. Introduction of an assessment form into
the two clinics supported by University of Alberta staff
occurred in 2013. It records relevant information for
each referred case. We identified a cohort of consecutive,
adult (age >14 years), culture-positive pulmonary cases
diagnosed between 1 January 2013 and 30 April 2017
from these two clinics. We supplemented data collected
through the assessment form with findings from the
Provincial Laboratory for Public Health, which performs
all mycobacteriology in the province. Per standard of
care, patients whose initial sputum specimens were
smear-negative had three additional specimens collected
at the time of reporting of the first positive culture to
confirm that they were still smear-negative on the start
date of treatment, which, in Alberta, is the date of diagnosis. The initial isolate of each case was genotyped using
mycobacterial interspersed repetitive units, and laboratory cross-contamination was excluded in all patients with
a single, smear-negative, culture-positive specimen.12
2

Basic demographic and clinical information is used to
describe the cohort of patients in this study. These data
included: age at diagnosis (15–64 years, >64 years), sex,
population group (Canadian born and foreign born),
disease type (new active vs relapse/retreatment) and
HIV status (positive, negative). We then examined the
following eight explanatory variables, which we hypothesise describe the most infectious case of PTB.
Clinical characteristics included, as above, six pieces of
information related to patient histories: (1) symptoms,
(2) duration of symptoms, (3) absence of dyspnoea, (4)
broad-spectrum antibiotic prescriptions in the 6 months
antedating diagnosis, (5) epidemiological risk of exposure to, or infection with, Mycobacterium tuberculosis, and
(6) risk factors for the reactivation of latent TB infection
(LTBI). Symptoms, if present, were reported as respiratory (dry cough, productive cough, haemoptysis or chest
pain), constitutional (fever, night sweats, weight loss or
fatigue) or both.13 The absence of dyspnoea is known
to favour a diagnosis of PTB over community-acquired
pneumonia; parallel reductions in ventilation and perfusion at sites of PTB disease are known to preserve gas
exchange.14–16 We documented antibiotic prescriptions
in individual records, and confirmed their prescription for respiratory complaints by cross-referencing the
cohort against the provincial (Alberta Health) stakeholder registry, which, in turn, reports physician claims
for the reimbursement of services provided.
Epidemiological risks include: a history of TB, and
whether it was adequately treated, a history of overt contact
with PTB, and whether it was adequately assessed (eg,
tuberculin skin test or interferon gamma release assay)
and treated, migration from a high-incidence country
of birth, or travel and work to/within a high-incidence
country, an occupational history (eg, healthcare worker),
and/or social risk factors such as homelessness, incarceration and alcohol/substance misuse where non-overt
exposures might occur. Online supplementary table 1
provides a description of social factors including homelessness, incarceration and alcohol/substance misuse.
We reported the presence or absence of one or more
‘moderate’ or ‘high risk’ factors for the reactivation of
LTBI, as described in the Canadian Tuberculosis Standards.17 Finally, we report the results of two routine
laboratory tests performed at the time of diagnosis: the
CBC and the chest radiograph. The results of the CBC
are grouped into four patterns based on the presence or
absence of anaemia, and/or leucocytosis.18 19
An experienced chest radiologist, blind to the smear
status of the patients, re-read the posterior-anterior and
lateral chest images performed at the time of diagnosis.
In the context of this study, d frontal images were divided
into four quadrants by halving a perpendicular drawn
from the apex of the lung to the dome of the hemidiaphragm. Documented were the presence or absence
of (1) parenchymal infiltrates and their dominant location—no distinction was made between infiltrates that
were airspace, interstitial, nodular or some combination
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of these; (2) cavities, defined as a gas-filled space within
pulmonary consolidation, a mass, or a nodule; (3)
adenopathy—hilar, mediastinal or both; and (4) pleural
effusion.
As previously reported, we categorised patients as
having ‘typical’ versus ‘atypical’ radiographs based on
the characteristics listed above.4 20 For patients with infiltration localised to, or predominantly in the upper long
zones, with or without cavitation, but with no discernable
intrathoracic adenopathy, the radiograph is ‘typical’ for
adult-type PTB. In patients with (1) no abnormality; (2)
intrathoracic adenopathy with or without parenchymal
disease; (3) a localised or predominant lower lung zone
infiltrate, with or without cavitation; (4) an isolated
pleural effusion; and (5) a miliary (diffuse micronodular) pattern, the radiograph is ‘atypical’ for adult-type
PTB. We report extent of disease on chest radiograph
as normal, minimal, moderately, far advanced or miliary
according to criteria established by the US National
Tuberculosis and Respiratory Disease Association.21
Statistical analysis
We describe cases by smear status according to each of
the aforementioned features. We tested the difference in
proportions, by smear status, of each feature between two
independent samples using the direct test, Fisher’s exact
test or χ2 test as appropriate. Thereafter, we generated
a combined outcome of smear status and radiographic
findings, creating an outcome for multinomial logistic
regression that was a nominal variable with four responses:
atypical smear-negative, typical smear-negative, atypical
smear-
positive and typical smear-
positive, with atypical
smear-negative considered to be the baseline group. The
model includes all features and confounders considered
clinically relevant to making a timely diagnosis of TB
from a review of the literature. The total sample size of
313 in this study achieves 80% power or greater to detect
an effect size (W) of 0.19 or greater for comparison of
proportions between four groups using 3 df, and χ2 test
with a significance level (alpha) of 0.05.22 We performed
all statistical analyses using STATA V.14, StataCorp 2015.
There were no missing data within this cohort.
Patient and public involvement
We did not involve patients and the public in this study
given its retrospective design, but we anticipate that the
findings presented herein will lead to benefits for future
cohorts of patients.
Results
There were 313 patients in the cohort, 151 (48%) smear-
positive and 162 (52%) smear-negative. Being Canadian-
born was associated with a greater likelihood of having
smear-
positive than smear-
negative disease (36% vs
20%); otherwise there were no statistically significant
differences in the age, sex, disease type,or HIV status

between these two groups (see table 1). The leading
countries of birth of foreign-born patients were the Philippines (38%), India (16%), Vietnam (5%) and Somalia
(5%); Bhutan, Ethiopia and China each contributed 3%
of foreign-born patients.
As shown in table 2, being symptomatic with either
respiratory, constitutional or both types of symptoms at
the time of diagnosis was more likely in smear-positive
than smear-negative patients (95% vs 63%). Cough (dry
or productive) and haemoptysis were more common in
smear-positive than smear-negative patients (83% vs 45%,
and 25% vs 6%, respectively). Chest pain was equally
uncommon in both groups (11% vs 9%). Dyspnoea was
also relatively uncommon in both groups (28% vs 14%).
Each of the major constitutional symptoms was more
common in smear-positive than smear-negative patients
(weight loss, 50% vs 28%; fever, 45% vs 20%; night
sweats, 24% vs 10%; and fatigue, 21% vs 12%). Finally,
having a combination of respiratory and constitutional
symptoms (70% vs 28%) and a duration of symptoms ≥2
weeks (88% vs 54%) were statistically significantly more
common in smear-positive than smear-negative patients.
Among smear-positive and smear-negative patients with
any symptoms, 93% and 86%, respectively, had symptoms
for ≥2 weeks (data not shown).
We dichotomised possible combinations of antibiotic prescription, epidemiological risk and reactivation
risk, and describe their associations with an outcome of
either smear-positive or smear-negative disease (table 3).
A history of broad-spectrum antibiotic prescription for
a respiratory complaint in the 6 months preceding the
date of diagnosis was more likely among smear-positive
patients (57% vs 23%); of those, multiple prescriptions
were also more likely among smear-positive patients (49%
vs 36%—data not shown). Macrolides, penicillins and
fluoroquinolones were, in order of frequency, the three
major classes of antibiotics prescribed. If one assumes
that antibiotic prescriptions for respiratory complaints,
in the months immediately preceding their diagnosis,
were due to PTB then there were missed opportunities to
diagnose these patients. In absolute numbers, there were
291 antibiotic prescriptions in the 6 months antedating
a TB diagnosis; 208 among persons ultimately diagnosed
with smear-positive PTB and 83 among persons ultimately
diagnosed with smear-negative PTB (data not shown).
Almost all patients in both groups (95%) had some
epidemiological risk. The distribution of social risk factors
was similar in smear-positive and smear-negative patients.
Notably, however, they were much more common among
Canadian-born than among foreign-born patients (see
online supplementary table 1). A moderate to high risk
of reactivation was similarly uncommon in both smear-
positive and smear-negative patients (6% vs 9%).
Anaemia was more common in smear-
positive than
smear-negative cases (65% vs 42%). Anaemia was usually
of the chronic disease, iron deficiency varieties or both
(data not shown). A leucocytosis was uncommon in both
groups, but more uncommon in smear-
negative cases
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Table 1 Demographic and clinical characteristics of patients with pulmonary tuberculosis by smear status
Smear status*
Total
n

Positive
n (%)

Negative
n (%)

Assessed, n
Age

313

151

162

 15–64 years

248

120 (79.4)

128 (79.0)

65

31 (20.6)

34 (21.0)

 Male

173

86 (57.0)

87 (53.8)

 Female

140

65 (43.0)

75 (46.2)

226

97 (64.3)

129 (79.7)

87

54 (35.7)

33 (20.3)

280

135 (89.4)

145 (89.5)

33

16 (10.6)

17 (10.5)

300
13

147 (97.4)
4 (2.6)

153 (94.5)
9 (5.5)

Characteristics

 >64 years

P value‡

0.38

Sex
0.56

Population group†
 Foreign-born
 Canadian-born

0.002

Disease type
 New active
 Relapse/retreatment

0.97

HIV status
 Negative
 Positive

0.19

*Smear-positive patients had to have one or more airway secretion specimens, on or before the start date of treatment, with a
semiquantitative smear size of 1+ or greater.
†Canadian-born includes 61 indigenous patients and 26 Canadian-born non-indigenous patients. Among the foreign-born patients, one
smear-positive and 28 smear-negative were referred to public health through the immigration medical screening surveillance mechanism.
‡Difference in proportions [(smear-positive)−(smear-negative)]; sample size was adequate to detect observable differences.

(21% and 7%). The mean and median haemoglobin in
smear-positive males and females was 127 and 126 g/L,
and 112 and 112 g/L, respectively. In smear-
negative
males and females, it was 135 and 142 g/L, and 123 and
124 g/L, respectively. The mean and median leucocyte
count was 8.6×109/L and 7.8×109/L in smear-
positive
cases, and 7×109/L and 7×109/L in smear-
negative
cases. The reference range for a normal haemoglobin
is 135–175 g/L and 120–160 g/L for males and females,
respectively. The reference range for a normal leucocyte
count is 4.0–11.0×109/L.
Chest radiographic features that are ‘typical’ for adult-
type PTB, bilateral disease, cavitation and moderate or
far-advanced disease were all more common in smear-
positive than smear-
negative patients (78% vs 36%;
56% vs 21%; 62% vs 6%; and 81% vs 22%, respectively).
Among smear-positive patients, those with cavitation had
a statistically significantly higher semiquantitative smear
grade (3+ to 4+) vs (1+ to 2+), 82% vs 46% than those
without cavitation (data not shown). Only three patients,
one smear positive and two smear negative, had a miliary
pattern.
Table 4 shows the findings of our multinomial logistic
regression. An absence of dyspnoea was more likely
among smear-negative patients with typical chest radiograph findings than smear-negative patients with atypical chest radiograph findings; lower lung zone disease
and dependent effusions—atypical findings on chest
4

radiograph—are presumed to more negatively affect gas
exchange (relative risk ratio (RRR) 4.71, 95% CI 1.69 to
13.18). Young age and a subacute or chronic duration
of symptoms were more greatly associated with smear-
positive patients who have typical chest radiographs than
smear-negative patients with atypical chest radiographs
(RRR 2.41; 95% CI 1.01 to 5.74, and RRR 2.93; 95%
CI 1.20 to 7.11, respectively), while being foreign born
and having a moderate to high-risk factor for reactivation were less commonly associated with smear-positive
PTB with typical chest radiographs than smear-negative
patients with PTB with atypical chest radiographs (RRR
0.40; 95% CI 0.17 to 0.92, and RRR 0.18; 95% CI 0.04
to 0.71, respectively) (see table 4 and online supplementary table 2). All major symptoms, respiratory and
constitutional, were more commonly associated with
typical presentation, cavitation, bilateral and moderate to
advanced disease on chest radiograph (see online supplementary table 3).
Discussion
It has previously been established that of the information
readily available to front-line providers, three pieces are
key to triggering suspicion of PTB. These include symptoms, especially if both respiratory and constitutional
and subacute or chronic, and typical chest radiographic
features; a public health trigger is an epidemiological
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Table 2 Symptoms and their duration in patients with pulmonary tuberculosis by smear status
Smear status
Total
n

Positive
n (%)

Negative
n (%)

P value*

Assessed, n
Symptomatic

313

151

162

–

 Yes

245

143 (94.7)

102 (63.0)

<0.001

 No

68

8 (5.3)

60 (37.0)

 Respiratory

217

133 (88.1)

84 (51.8)

  
Cough (dry)

Characteristics

Symptoms
149

90 (59.6)

59 (36.4)

  
Cough (productive)

50

36 (23.8)

14 (8.6)

  
Haemoptysis

46

37 (24.5)

9 (5.5)

  
Chest pain

31

17 (11.2)

14 (8.6)

  
Yes

249

109 (72.2)

140 (86.4)

  
No

64

42 (27.8)

22 (13.6)

 Constitutional

176

113 (74.8)

63 (38.8)

  
Weight loss

121

76 (50.3)

45 (27.7)

  
Fever

101

68 (45.0)

33 (20.3)

  
Night sweats

52

36 (23.8)

16 (9.8)

  
Fatigue

51

31 (20.5)

20 (12.3)

  
Yes

151

105 (69.5)

46 (28.4)

  
No

162

46 (30.5)

116 (71.6)

221
92

133 (88.0)
18 (12.0)

88 (54.3)
74 (45.7)

<0.001

 Absence of dyspnoea
<0.001
<0.001

 Both†
<0.001

Duration of symptoms
 ≥2 weeks
 <2 weeks

<0.001

*Difference in proportions [(smear-positive)−(smear-negative)]; sample size was adequate to detect observable differences.
†Patients with some combination of both respiratory and constitutional symptoms.

risk of having or acquiring LTBI (see figure 1). Our study
shows that although a public health risk was similarly
common in smear-positive and smear-negative cases (95%
and 97%, respectively), clinical triggers (symptoms: 95%
vs 63%, and typical chest radiographic features: 78% vs
36%) were much more common in smear-positive cases;
fortuitous given that smear positivity and typical radiographic features are presently the major determinants of
infectiousness, and therefore the public health risk PTB
poses.1–4 7 Other variables, including broad-
spectrum
antibiotic prescription history, reactivation risk factors
and the CBC findings, are supportive in considering the
likelihood of PTB.
Individually, each of the features identified in the
multinomial logistic regression model as distinguishing
(typical) smear-
positive cases from (atypical) smear-
negative cases has precedent in the literature, including
younger age23 24; symptoms and their duration25–27; less
likely to be foreign-born14 28; and less likely to have a
moderate to high-risk factor for reactivation.29–32 When
combined, the features have utility for describing the

prototypical smear-
positive patient with typical chest
radiographic features: a young middle-
aged man or
woman with an epidemiological risk for LTBI, and a
subacute or chronic duration of symptoms, a history of
broad-spectrum antibiotic prescriptions, rarely having a
risk factor for reactivation, and with an anaemia and a
normal or low leucocyte count on CBC.
In the future, semiquantitative results from the real-time
PCR method, Xpert MTB/RIF assay, may replace smear
microscopy and its current role as a proximate measure of
infectiousness.33 34 There is, however, no expectation that
this technology will impact the picture of the prototypical infectious case described herein. By contrast, cough
aerosol technology might. For reasons that are only speculative at this time, some patients, whether smear positive
or smear negative, are better able to generate an infectious aerosol than others.35 Therefore, once available,
this technology is expected to further clarify the picture
of the most infectious cases. The earlier the detection of
these cases, the lesser the transmission and the smaller
the reservoir of LTBI, the seedbed of future cases.
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Table 3 Broad-spectrum antibiotic use, epidemiological risk, reactivation risk and laboratory features in patients with
pulmonary tuberculosis by smear status
Smear status
Total
n

Positive
n (%)

Negative
n (%)

P value*

Assessed, n
Antibiotic use†

313

151

162

–

 Yes

124

86 (56.9)

38 (23.5)

 No

189

65 (43.1)

124 (76.5)

 Yes

301

144 (95.4)

157 (96.9)

 No

12

7 (4.3)

5 (3.1)

Characteristics

<0.001

Epidemiological risk‡
0.48

Reactivation risk§
 Yes

23

9 (5.9)

14 (8.6)

 No

290

142 (94.1)

148 (91.4)

0.35

7 (4.6)

1 (0.6)

0.03

139

46 (30.4)

93 (57.4)

<0.001

Complete blood count¶
 Normal haemoglobin; leucocytosis**

8

 Normal haemoglobin; normal/low leucocyte count
 Anaemia and leucocytosis**

36

25 (16.5)

11 (6.7)

0.01

130

73 (48.5)

57 (35.3)

0 .01

 Typical appearance††

176

118 (78.1)

58 (35.8)

<0.001

 Bilateral‡‡

118

84 (55.6)

34 (21.1)

<0.001

 Cavitary
 Extent: moderate to far-advanced disease§§

103
159

93 (61.5)
123 (81.4)

10 (6.1)
36 (22.2)

<0.001
<0.001

 Anaemia and normal/low leucocyte count
Chest radiographs

*Difference in proportions [(smear-positive)−(smear-negative)]; sample size was adequate to detect observable differences.
†Refers to broad-spectrum antibiotic use in the 6 months preceding the date of diagnosis (the start date of treatment).
‡Epidemiological risk for exposure to Mycobacterium tuberculosis.
§Moderate to high-risk factors for the reactivation of tuberculosis in those with latent tuberculosis (TB) infection, according to the Canadian
Tuberculosis Standards.
¶The reference range for a normal haemoglobin is 135–175 g/L and 120–160 g/L for males and females, respectively. The reference range
for a normal leucocyte count is 4.0–11.0x109/L. Anaemia and leucocytosis among smear-positive cases as compared with smear-negative
cases (65% vs 42% and 21% vs 7%) were significant at p≤0.05, using Pearson’s χ2 test.
**Fisher’s exact test and χ2 test used to test for differences.
††Typical=upper lung zone predominant infiltrate, with or without cavitation, but no discernable adenopathy.
‡‡Of the 176 cases without bilateral disease, 27 had a normal chest X-ray (CXR): 25 smear negative and 2 smear positive. One of the 25
smear-negative cases with a ‘normal’ CXR had evidence of intrathoracic adenopathy and normal-appearing lung parenchyma.
§§Includes three cases with a miliary pattern (see text).

It is a common misconception that smear-
negative
disease is early disease, and smear-positive disease is late
disease and that the extent of disease on chest radiograph
is an indication of its duration, that is, that a minimal
lesion is early disease and a moderate or advanced lesion
is old or chronic disease. Years ago, Kurt Toman used data
from longitudinal studies, and periodic X-ray surveys of
large populations to dispel this idea.27 He concluded that
both types of disease—advanced smear-positive TB and
minimal, only culture-
positive TB—usually developed
within the same time frame; thus, making a diagnosis at
first presentation an important piece of the elimination
puzzle. A recent proof-of-concept study supports his findings of different phenotypic expressions of disease.20 The
proportion of smear-positive and smear-negative patients
6

in our study that were asymptomatic (5% and 37%,
respectively) is remarkably similar to what he reported
across diverse ethnic groups many years ago.36–38
The strengths of this study include the completeness of
the data, made possible by the use of an assessment form
and the centralised nature of the programme, and the
validation of key variables, for example, the attribution of
smear status, radiographic features and broad-spectrum
antibiotic prescriptions. Consecutive patients in the jurisdiction and time period of the study were included. This
may be considered both a strength (reflecting programmatic realities and an unfiltered comparison of smear-
positive and smear-
negative disease) and a weakness
(the pathway to diagnosis in smear-negative cases may be
through active vs passive case finding activities such as
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Table 4 Multivariable multinomial regression showing the associations between demographic and clinical characteristics to a
combined smear, and radiographic outcome
Smear negative

Smear positive
Atypical

Demographic
and clinical
characteristics

Atypical
(base)

Typical

n (%)

n (%)

Assessed, n

51

111

RRR (95% CI)

n (%)

Typical
RRR (95% CI)

33

n (%)

RRR (95% CI)

118

Age (years)
 >64

15 (23.1)

19 (29.2)

1.00

14 (21.5)

1.00

17 (26.2)

 15–64

36 (14.5)

92 (37.1)

1.68 (0.71 to 3.92)

19 (7.6)

0.56 (0.20 to 1.55)

 Female

22 (15.7)

53 (37.9)

1.00

13 (9.3)

1.00

52 (37.1)

1.00

 Male

29 (16.8)

58 (33.5)

0.77 (0.38 to 1.56)

20 (11.6)

1.15 (0.45 to 2.93)

66 (38.2)

0.90 (0.44 to 1.83)

 Canadian born

12 (13.8)

21 (24.1)

1.00

1.00

46 (52.9)

1.00

 Foreign born

39 (17.3)

90 (40.0)

1.00 (0.42 to 2.37)

25 (11.0)

1.09 (0.36 to 3.32)

72 (31.7)

0.40 (0.17 to 0.92)

 No

15 (23.4)

7 (11.0)

1.00

16 (25.0)

1.00

26 (40.6)

1.00

 Yes

36 (14.4)

104 (41.8)

4.71 (1.69 to 13.18)

17 (6.8)

0.59 (0.22 to 1.60)

92 (37.0)

1.85 (0.79 to 4.34)

 <2 weeks

18 (19.5)

56 (60.9)

1.00

1.00

15 (16.3)

1.00

 ≥2 weeks

33 (14.9)

55 (24.9)

0.68 (0.31 to 1.75)

 No

35 (18.5)

89 (47.1)

1.00

13 (6.9)

1.00

52 (27.5)

1.00

 Yes‡

16 (12.9)

22 (17.7)

0.74 (0.31 to 1.75)

20 (16.1)

2.14 (0.79 to 5.82)

66 (53.2)

1.76 (0.79 to 3.89)

 None/low

24 (16.3)

45 (30.6)

1.00

17 (11.6)

1.00

61 (41.5)

1.00

 Moderate to high

27 (16.3)

66 (39.8)

0.89 (0.42 to 1.87)

16 (9.6)

1.20 (0.46 to 3.11)

57 (34.3)

0.77 (0.36 to 1.61)

44 (15.2)

104 (35.9)

1.00

28 (9.7)

1.00

7 (30.4)

7 (30.4)

0.43 (0.13 to 1.43)
1.00

101 (40.7)

1.00
2.41 (1.01 to 5.74)

Sex

Population group
8 (9.2)

Absence of dyspnoea

Duration of symptoms*
3 (3.3)
30 (13.6)

3.86 (0.93 to 15.92) 103 (46.6)

2.93 (1.20 to 7.11)

Antibiotics†

Epidemiological risk§

Reactivation risk¶
 None/low
 Moderate to high

5 (21.7)

1.24 (0.32 to 4.80)

114 (39.3)
4 (17.4)

1.00
0.18 (0.04 to 0.79)

CBC**
 Low risk

5 (11.4)

7 (15.9)

 High risk

46 (17.1)

104 (38.7)

1.26 (0.36 to 3.28)

5 (11.4)
28 (10.4)

1.00

27 (61.4)

1.00

0.64 (0.15 to 2.61)

91 (33.8)

0.49 (0.16 to 1.48)

*The presence of ‘symptoms’ and the ‘duration of symptoms’ were considered collinear—here we report just on the duration of symptoms.
†One or more broad-spectrum antibiotics prescribed in the 6 months prior to diagnosis.
‡One or more broad-spectrum antibiotic prescription(s) within six months of the PTB diagnosis with no, or a limited and unsustained
therapeuticbenefit.
§Epidemiological risks none/low=no known occupational risk, travel history, migration from endemic nation, place of residence in a high-incidence
indigenous community, recent contact with a known TB case plus no history of TB; OR, a history of TB/latent TB infection (LTBI) that has been
adequately treated. Moderate to high=occupational risk, travel history, migration from endemic nation, place of residence in a high-incidence
indigenous community, recent contact with a known tuberculosis (TB) case and/or a positive tuberculin skin test (TST)/interferon gamma release
assay (IGRA) or a history of TB that was inadequately treated or with no record of treatment.
¶Per the Canadian Tuberculosis Standards, 7th Edition.
**Low risk=combined normal haemoglobin; leucocytosis and anaemia; leucocytosis. High risk=combined normal haemoglobin; normal/low
leucocyte count and anaemia; normal/low leucocyte count.

immigration medical surveillance).39 A limitation of this
study includes the relatively small cohort, which is typical
in low-incidence settings. A second limitation includes
the retrospective study design, which affects the interpretation of the strength of relationship between clinical
features and outcomes, though collection of the data

evaluated in this study is by protocol and we are confident in their accuracy.
This study describes infectious TB cases in a high-
income, low-
incidence country where the disease is
increasingly uncommon. We anticipate this description
will contribute to the prompt submission of specimens for
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