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Detailed Methods 

 

Clinical assessment and management of contacts  

As part of contact investigation, contacts were identified and evaluated for latent TB 

infection / active TB disease. Standardized data collection tools were used. Medical 

history was obtained by chart abstraction, supplemented by patient interview, and 

contacts were asked about TB symptoms. All contacts underwent a medical examination, 

a tuberculin skin test (TST) for those without prior TB infection and chest radiography if 

TST positive. Individuals with clinical suspicion of TB disease provided three 

spontaneous or induced sputum samples, which were sent for microscopy and 

mycobacterial culture. Individuals were diagnosed with active TB on the basis of growth 

of probe-confirmed M. tuberculosis (‘confirmed TB’). Persons with clinical and 

radiographic findings consistent with TB, but absent culture confirmation, were classified 

as ‘probable’ TB. 

 

Contacts identified with prevalent TB disease were treated accordingly, while those 

infected without disease were offered nine months isoniazid (INH) prophylaxis [1].  

 

Newly-diagnosed (‘new’) TB infection  

Individuals without a previous positive TST were tested as per the Canadian TB 

standards [1]. 5 units of purified protein derivative were injected intra-dermally, with 

induration measured 48-72 hours after injection using the ballpoint pen technique. If the 

initial TST was negative, the test was repeated at 8 weeks post-contact. In accordance 



with contact investigation guidelines, a TST was considered positive if induration 

exceeded 5 mm [1].  

 

A person was considered to have ‘new’ TB infection if he/she had a positive TST, either 

with no previous TST (‘new positive’ TST) or with a previously negative TST (‘TST 

conversion’).  

 

As it is possible that an individual with a new positive TST was infected years in the past, 

we performed sensitivity analyses restricted to documented TST converters. To address 

the timing of those with a documented TST conversion, we examined the time of last 

negative test. Five of 29 (17%) cases had a previously negative test conducted within the 

year preceding the outbreak compared to 35 of 94 (37%) controls, arguing against the 

possibility that cases were more recently infected compared to controls. 

 

Exposure ascertainment  

Total exposures  

We were able to tabulate total exposures by examining the contact lists provided by the 

50 individuals with microbiologically-confirmed TB, including residence or shared 

attendance at community gathering houses. Each time a person was listed as a contact, 

this was counted as an exposure. These lists were obtained as part of the public health 

response, and were therefore only provided by those with active TB. 

 



The precise intensity of contact (i.e., duration and frequency) was not included in 

modeling of exposure, as these data were not obtained in a consistent manner throughout 

the ‘outbreak’. There were two main reasons for discrepancies in measurement of these 

variables. Firstly, given the high exposure intensity and short duration of this crisis, 

numerous individuals were repeatedly listed as contacts of persons with active TB. To 

avoid unnecessary burden on these individuals and the repetition of tuberculin skin tests / 

chest x-rays within a short period of time, they were not always re-assessed with each 

new contact. The decision to re-investigate with each new contact was made on a case-

by-case basis by local health care providers. Secondly, a large number of contacts 

occurred at gathering houses. As these were identified by public health as potential sites 

of transmission, we have included contact at these houses between attendees as well as 

residents in our analyses, but the precise duration of exposure between individuals at such 

venues was not available.   

 

Genotypic exposures  

Genotypes were assigned to each of these individuals based on a previous molecular 

epidemiologic analysis of this crisis [2]. In brief, 49/50 of those with confirmed disease 

shared the same pattern on mycobacterial interspersed repetitive units (MIRU). Using 

whole genome sequencing and epidemiologic data, it was revealed that these were 

comprised of at least 6 different subgroups of transmission, with genotypes diverging 

from one another as early as 2007 (Figure 5 in [2]). These subgroups were closely-related 

with 6 cluster-defining single nucleotide polymorphisms separating the most genetically-

divergent groups. These SNPs were bi-directional, with 3 in one subgroup and 3 in the 



other, thus precluding transmission between these cases; SNPs do not revert to wild-type 

in M. tuberculosis [3]. 

 

One isolate was unavailable for sequencing. As this isolate had a non-identical MIRU 

pattern compared to the other 49 from 2011-2012, it was therefore was considered a 

unique genotype for this analysis – yielding a potential maximum of seven different 

genotypic exposures.  

 

We assigned links based on epidemiologic data (i.e., identified during interviews). Links 

were not assigned between patients based on genotypic data alone, as suggested by 

previous studies (e.g., [4, 5]). Furthermore, such assignment would likely have 

introduced bias in favour of increased exposures for the cases, as genotypic data was not 

available for controls. As the molecular analysis was conducted retrospectively, it was 

also not feasible to re-interview individuals to assess for potentially missed contact based 

on genotyping results. Similarly, this would have been expected to a differential bias in 

favour of the cases.  

 

Covariates  

Covariate data was collected as part of routine contact investigation. These included 

address of residence, age at infection (based on first documented positive TST), sex, 

cigarette smoking, Bacillus Calmette-Guerin (BCG) vaccination and previous medical 

history including HIV and relevant comorbidities. The number of persons per room and 



residing with a person with smear positive disease were determined retrospectively, with 

details below.  

 

Current cigarette smoking  

This was assessed at the time of contact investigation and was included as a binary 

variable. Data on intensity (e.g., number of cigarettes smoked per day) were missing for 

41% of those investigated, exceeding that which can be meaningfully imputed. 

 

HIV and other comorbidities  

HIV testing was performed for all individuals with diagnosis of active TB and medical 

charts were reviewed to assess for other relevant comorbidities (e.g., diabetes, renal 

dysfunction, cancer or other immunosuppressive disorders). Due to zero/low cell counts 

for these variables among those with recent infection, these were not included in 

regression models. 

 

The number of persons per room  

This variable was used as a measure of occupancy and was calculated for each dwelling 

as the number of persons residing in a house divided by the number of rooms. These data 

were obtained/calculated as follows: 

 

The number of persons residing at each residence, regardless of infection/disease status, 

was tabulated using a population-level database provided by public health. During the 

‘outbreak’, clinical files from the village nursing station were used to obtain a complete 



listing of current residents in the community. Addresses of residence were obtained by 

cross-referencing with a community-wide census provided by the village council for this 

purpose. If discrepancies were noted between these addresses and contact investigation 

data, addresses were updated using the latter. If an individual’s address was missing from 

contact investigation data or the village census, efforts were made to obtain these data via 

consultation with patients directly if possible or alternatively, with local clinic support 

staff.  

 

The number of bedrooms per dwelling were provided by the Katavik Municipal Housing 

Bureau for houses built up before 2012, and supplemented with housing assessment data 

from [6]. The number of rooms per dwelling were therefore calculated as the number of 

bedrooms plus one room. This additional room is the equivalent of the kitchen/dining 

room and living area, as these are open-concept in all dwellings in this community. In 

accordance with Statistics Canada, storage rooms, vestibules, bathrooms and hallways 

were not counted as additional rooms [7]. 

 

Residing with a person with smear positive disease  

This was determined on a per subject basis, to assess the potential impact of household 

contact with highly contagious smear positive individuals. If an individual had smear 

positive disease, but did not reside with another person with smear positive disease, (s)he 

was assigned a value of 0 for this covariate, as one could not auto-contribute to risk of 

disease.  

 



Additional potential TB determinants  

Alcohol consumption (yes/no) was missing for 85/149 (57%) of those with recent 

infection and was therefore not included in our analyses. Data on nutritional status (e.g., 

body mass index or dietary habits) were not collected as part of routine contact 

investigation and were therefore not available for inclusion. However, a recruitment-

based case-control study in this same community in 2013 found no association between 

these factors (such as measured serum micronutrient levels, reported nutritional intake, 

body mass index, and alcohol consumption) and progression from those with recent 

infection to disease [8]. 

 

Missing data  

Three controls had missing addresses and were therefore excluded from analyses. 

Percentages of missing data for covariates were low (Table S2).  

 

Missing data were estimated using multiple imputation with chained equations (m=500), 

under a Missing At Random assumption. Separate imputation datasets were generated for 

analysis 1 (contact with any potential source, new infection) and analysis 2 (contact with 

persons with smear positive disease only, new infection). Analyses 1b and 2b were 

conducted using subsets of these. 

 

As the principles guiding development of imputation models and diagnostics are the same 

throughout, these have been described only for analysis 1a. At a minimum, imputation 

models for each variable included all covariates to be considered in the analysis model 



(age at infection, sex, persons per room, current smoking, residing with a person with 

smear positive disease). An interaction term was considered in the analysis for persons 

per room and residing with a person with smear positive disease, but did not require 

imputation as both of the subjects with missing data on persons per room were known not 

to reside with a person with smear positive disease, making this variable equal to 0. 

Finally, the outcome variable was included in all imputation models. 

 

The inclusion of auxiliary variables in addition to the above was based on whether these 

predicted the imputation variable and/or its missingness, as assessed using linear or 

logistic regression on the complete data and whether inclusion of this auxiliary variable 

improved model fit.  For smoking, such auxiliary variables included BCG vaccination 

status and presence of cough at time of contact investigation. BCG data was missing on 

three individuals; one was born after vaccination was discontinued in Nunavik, and was 

therefore coded as 0. The remaining 2 were imputed, as described, with smoking included 

as an auxiliary variable. Cough was missing for 19 individuals and was imputed. Only 5 

of those with missing cough were also missing data on smoking, and missingness was not 

associated with being diagnosed with active TB.  

 

For persons per room, the total number of people residing in the house and number of 

rooms were assessed as auxiliary variables; total residing in the house was a strong 

predictor and was subsequently included in the imputation model. To avoid implausible 

values, a truncated regression was used, with imputed values restricted to the range of the 

observed data.  



 

Final imputation diagnostics included assessment of convergence for all parameters 

(iterations increased accordingly) and comparison of the observed versus imputed data. 

Imputed values were also assessed for plausibility. The full analysis model was used to 

evaluate Monte Carlo error, with repeatability considered acceptable as per the 

recommendations of [9]. 

 

Assessing linearity of all continuous variables  

A visual inspection was first conducted using lowess regression to assess possible 

deviations from linearity. Fractional polynomials (FP) were fit for each continuous 

variable, with sequential selection. This included a log-transformation of these variables. 

With the exception of genotypic exposures for analysis 1a which was best modeled with a 

cubic function, analyses failed to reject the FP m=1 p=1 model. Therefore, all other 

continuous variables employed a linear functional form.  

 

Regression analyses  

To account for clustering by household, we used generalized estimating equations with a 

logit link and robust standard errors. Univariate analyses were conducted to examine the 

association between potential risk factors and progression to disease. Based on previously 

reported results [6], we evaluated for an interaction between residing with a person with 

smear positive disease and the number of persons per room; in order to maintain 

hierarchy, both of these variables were included in preliminary multivariate models 

regardless of significance on univariate analysis. An interaction term was considered 



significant if p<0.1. Other covariates were assessed in preliminary multivariate analyses 

if p was <0.2 on univariate analysis. Final multivariate models were selected using the 

Quasi-Information Criterion (QICu) [10]. The QIC takes into consideration both sample 

size and the number of parameters therein, to avoid over-parameterizing the models. This 

is of particular importance given the small sample size, as inclusion of unnecessary or 

extraneous variables would result in over-fitting and reduce precision of all effect 

estimates.  
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Tables 

 

TABLE S1  

Summary characteristics of the 50 persons with microbiologically confirmed active TB, 

34 of which had recent infection 
 

Characteristic No. (%) 

Age, in years 
*
  

  0-4.9  4 (8) 

  5-9.9  1 (2) 

  10-14.9  2 (4) 

  15-24.9  23 (46) 

  25-34.9  10 (20) 

  35-44.9 4 (8) 

  45+ 6 (12) 

Male sex 28 (56) 

Cavity on chest x-ray 11 (22) 

Sputum smear positive 11 (22) 
*
 Age at treatment initiation.  

 

 

TABLE S2 

Missing data imputed, confirmed cases only  
 

Variable Analysis 1a (n=149)* Analysis 2a (n=99) 

No. (%) missing current 

smoking 

21 (14) 14 (14) 

No. (%) missing persons 

per room 

2 (1) 0 (0) 

No. (%) missing BCG 2 (1) 2 (2) 

*23 children under the age of 10 were not asked by health care providers about cigarette smoking status 

and are considered non-smokers. 
 

  



TABLE S3 

Comparison of villagers with new infection and confirmed versus probable TB disease  
 

Variables of interest Confirmed TB 

disease 

(n=34) 

Probable TB disease 

(n=17) 

p value  

Age at infection, median 

(interquartile range, IQR), y 

19.5 (15.3-28.1) 5.6 (2.9-16.4) 0.002
†
 

  No. (%) under 5 y age 4 (12) 8 (47) 0.012
#
 

No. (%) male sex  18 (53) 6 (35) 0.234
‡
 

No. (%) current smoking 23 (77) 4 (25) 0.001
‡
 

No. (%) vaccinated with Bacillus 

Calmette-Guerin (BCG) 

25 (76) 7 (41) 0.016
‡
 

No. (%) residing with a person 

with smear positive disease 

7 (21) 6 (35) 0.256
‡
 

No. (%) comorbidities (HIV, 

diabetes, renal dysfunction, other 

immunosuppressive disorders) 

1 (3) 0 (0) 0.667
#
 

Total exposures, median (IQR) 15 (3-23) 3 (1-4) 0.006
†
 

Genotypic exposures, median 

(IQR) 

5 (2-6) 2 (1-3) 0.007
†
 

Persons per room, median (IQR)  1·8 (1·3-2·7) 2 (1.8-3) 0.236
†
 

† 
Mann-Whitney ranksum test. 

‡ 
Chi-square test with 2 degrees of freedom. 

#
 Fisher’s Exact test. Non-

missing data are used for the denominator of proportions. A two-sided p value of <0.05 is considered 

statistically significant. 

  



TABLE S4  
Genotypic exposures to any potential source and progression to active TB 

 
  Univariate  Multivariate 

 Odds 

ratio 

95% CI p value Odds ratio 95% CI 

Analysis 1a – Contact with any potential source, newly diagnosed infection  

Age at infection 1.00 0.97-1.03 0.806 Not in final 

model 

 

Male sex  0.93 0.44-1.94 0.844 

 

Not in final 

model 

 

Current smoking 1.61 

 

 

0.58-4.51 0.360 

 

Not in final 

model 

 

BCG 0.64 0.24-1.74 0.386 

 

Not in final 

model 

 

Residing with a 

person with smear 

positive disease 

2.03 0.67-6.14 0.208 Not in final 

model 

 

Genotypic 

exposures, cubic 

1.01 1.00-1.01 <0.0005 1.01 1.00-1.01 

Persons per room* 1.12 0.98-1.28 0.086 

 

1.16 1.01-1.34 

 

Analysis 1b - Contact with any potential source, tuberculin skin test conversion only 

Age at infection 1.01 0.98-1.04 0.593 Not in final 

model 

 

Male sex  0.72 0.31-1.67 0.442 Not in final 

model 

 

Current smoking 2.19 0.61-7.90 0.231 Not in final 

model 

 

BCG 1.30 0.33-5.21 0.707 Not in final 

model 

 

Residing with a 

person with smear 

positive disease  

3.17 0.85-11.79 0.085 0.18 0.01-3.50 

Genotypic 

exposures, linear 

1.12 1.06-1.18 <0.0005 1.79  1.35-2.37 

Persons per room*  1.13 1.00-1.28 0.056   

Persons per room* 

when not residing 

with a person with 

smear positive 

disease 

   1.12 1.00-1.27 

Persons per room* 

when residing with 

an person with 

smear positive 

disease 

   1.54
†
 1.10-2.16 



*For comparability to [6]. Persons per room scaled such that odds ratio corresponds to a 1 person increase 

in a 5-person house. 
†
p=0.018 for interaction between persons per room and residing with a person with 

smear positive disease; this OR represents the joint effect of adding 1 person to a 5-person house when 

residing with an individual with smear positive disease. Age at infection and persons per room are centered 

at the overall mean for analysis 1a, at 20.8 years and 1.7 persons per room, respectively. 

 
 

  



TABLE S5 

Exposure to potential sources with smear positive disease only and progression to active 

TB 

 
  Univariate  Multivariate  

 Odds ratio 95% CI p value Odds ratio 95% CI 

Analysis 2a – Potential sources with smear positive disease only, newly diagnosed infection 

Age at 

infection 

1.01 0.97-1.05 0.603 Not in final model  

Male sex 1.23 0.54-2.81 0.623 Not in final model  

Current 

smoking 

1.26 0.36-4.38 0.719 Not in final model  

BCG 0.93 0.23-3.71 0.922 Not in final model  

Residing with a 

person with 

smear positive 

disease 

1.40 0.44-4.43 0.572 Not in final model  

Genotypic 

exposures, 

linear 

1.52 1.16-2.01 0.003 1.69 1.27-2.26 

Persons per 

room* 

1.24 1.09-1.41 0.001 1.31 1.13-1.51 

 

Analysis 2b – Potential sources with smear positive disease only, tuberculin skin test conversion only 

Age at 

infection 

1.01 0.97-1.06 0.574 Not in final model  

Male sex  1.00 0.40-2.52 1.000 Not in final model  

Current 

smoking 

1.42 0.36-5.64 0.621 Not in final model  

BCG 1.28 0.23-6.95 0.778 Not in final model  

Residing with a 

person with 

smear positive 

disease 

2.10 0.54-8.15 0.284 Not in final model  

Genotypic 

exposures, 

linear 

1.60 1.20-2.14 0.001 1.80 1.35-2.40 

Persons per 

room* 

1.29 1.12-1.48 0.001 1.36 1.16-1.60 

For comparability to
  
[6].

 *
Persons per room scaled such that odds ratio corresponds to a 1 person increase 

in a 5 person house. Age and persons per room are centered at the overall mean for analysis 1a, at 20.8 

years and 1.7 persons per room, respectively. Genotypic exposures centered at 1, as all individuals had at 

least 1 contact. 

 

 


