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Abstract

People who use illicit drugs (PWUDs) have been identified as a key at-risk group for tubercu-
losis (TB). Examination of illicit drug use networks has potential to assess the risk of TB
exposure and disease progression. Research also is needed to assess mechanisms for
accelerated TB transmission in this population. This study aims to 1) assess the rate of TB
exposure, risk of disease progression, and disease burden among PWUD; 2) estimate the
proportion of active TB cases resulting from recent transmission within this network; and 3)
evaluate whether PWUD with TB disease have physiologic characteristics associated with
more efficient TB transmission. Our cross-sectional, observational study aims to assess TB
transmission through illicit drug use networks, focusing on methamphetamine and Mandrax
(methaqualone) use, in a high TB burden setting and identify mechanisms underlying accel-
erated transmission. We will recruit and enroll 750 PWUD (living with and without HIV)
through respondent driven sampling in Worcester, South Africa. Drug use will be measured
through self-report and biological measures, with sputum specimens collected to identify TB
disease by Xpert Ultra (Cepheid) and mycobacterial culture. We will co-enroll those with
microbiologic evidence of TB disease in Aim 2 for molecular and social network study.
Whole genome sequencing of Mycobacteria tuberculosis (Mtb) specimens and social
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contact surveys will be done for those diagnosed with TB. For Aim 3, aerosolized Mtb will be
compared in individuals with newly diagnosed TB who do and do not smoke illicit drug.
Knowledge from this study will provide the basis for a strategy to interrupt TB transmission
in PWUD and provide insight into how this fuels overall community transmission. Results
have potential for informing interventions to reduce TB spread applicable to high TB and
HIV burden settings.

Trial registration: Clinicaltrials.gov Registration Number: NCT041515602. Date of Reg-
istration: 5 November 2019.

Introduction

Tuberculosis (TB) is one of the leading infectious diseases globally that cause death, including
among people living with HIV (PLHIV) [1]. An effective method to reduce TB incidence and
mortality is to interrupt transmission, which requires finding and treating individuals with
subclinical and clinical TB disease early. Molecular epidemiologic studies and mathematical
models have shown that household contact tracing, our primary approach to case finding,
identifies less than 19% of transmissions in high TB and TB/HIV burden settings [2]. There is
a clear need to identify additional risk groups and settings where TB transmission occurs. New
approaches have focused on congregate settings, such as prisons and healthcare facilities, to
identify additional TB transmission [3]. A major source of transmission also may exist in ven-
ues where individuals smoke illicit drugs, making these social networks potential amplifiers
for the broader population epidemic and a group to target for transmission interventions.

Globally, people who use drugs (PWUD) have higher TB infection prevalence and disease
incidence compared to people who do not use drugs, likely reflecting a combination of within-
group transmission and clustered vulnerability [4]. In the US, nearly one third of persons > 15
years old with TB disease reported problem alcohol or drug use [5], and the majority of US-
based outbreaks between 2002 and 2015 were among PWUD. TB outbreaks among PWUD
have also been reported in other countries [6-11]. In the past 20 years, TB incidence has
decreased in most high-income countries with TB disease burden concentrated in at-risk sub-
populations, including PWUD [12]. Similar higher rates of TB disease among PWUD may
occur in high TB burden settings as well, reflecting increased transmission within these
groups, but the phenomenon may be harder to isolate given the general high population
burden.

South Africa is an ideal context to study the relationship between drug use and TB due to
its concurrent high TB/HIV burden and high drug use prevalence [13, 14]. Nationally, an esti-
mated 13.3% of the adult population meet criteria for a lifetime substance use disorder (SUD),
with rates as high as 20.6% for the Western Cape Province [14]. Community-based data related
to illicit drug use in South Africa are limited but suggest a growing problem. A 2012 popula-
tion-based study of adults found the past 3-month prevalence was 4.0% for cannabis, 0.4% for
sedatives, and 0.3% for amphetamines [13]. A 2017 national study estimated the prevalence of
any drug use in the last 3 months increased to 8.6% of adults, largely driven by cannabis use
followed by Mandrax (methaqualone) and stimulants such as methamphetamine [15]. Poly-
substance use is common [16, 17], and likely to be under-reported due to the illicit nature of
substance use and concerns about stigma. In the Western Cape, methamphetamine (referred
to as tik), which is generally smoked, has been a popular self-reported drug of choice among
patients entering SUD treatment for a number of years.
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PWUD, particularly those who smoke drugs, may be especially efficient TB transmitters,
due to the sharing of pipes and other drug equipment, and time spent in close, poorly venti-
lated settings [6]. Physiological effects of smoked drugs induce repeated coughing and lung
trauma, which likely facilitates TB spread [18, 19]. Illicit drug use also frequently co-occurs
with other TB disease risk factors, including tobacco and alcohol use, HIV, and environmental
risk factors such as homelessness, malnutrition, and incarceration history [6, 20-23]. Symp-
toms of regular drug use, including chronic cough, weight loss, and sweats, also often overlap
with TB symptoms, leading to delayed evaluation [24, 25]. In addition, PWUD often wait lon-
ger to present for treatment due to perceived stigma or fear of withdrawal, especially if hospi-
talized [26]. Routine TB investigations and contact tracing may miss links between PWUD
due to underreporting of relationships which involve drug use or sales [27]. Hereafter, PWUD
refers to those who smoke illicit drugs (rather than inject or ingest).

Respondent Driven Sampling (RDS), developed to understand and address infectious dis-
ease epidemics in hard-to-reach or hidden populations [28, 29], may be effective for recruiting
PWUD into community-based TB studies and provide opportunities to understand social
dynamics of TB transmission. RDS uses coupons with unique numbers to track recruitment,
incentives for survey participation and for recruiting others into study activities and is initiated
by purposively selecting initial members of the target population, known as seeds. A variant of
chain referral sampling, RDS has the advantage of using statistical estimation methods to limit
biases from peer-driven recruitment [29]. While RDS has successfully reached and recruited
PWUD (30, 31] to understand drug use, involvement in illegal activities, and HIV risk behav-
iours in Cape Town’s peri-urban communities, it has not been widely utilised in rural settings
or for TB transmission studies. In preparation for RDS, formative work was conducted with
eight focus groups with participants from the study’s target population, namely, individuals
who self-reported current methamphetamine and/or Mandrax use, to obtain recommenda-
tions for recruitment, confirm whether RDS would be a feasible strategy and identify potential
seeds.

Primary objectives

The Transmission Of Tuberculosis Among illicit drug use Linkages (TOTAL) study has three
aims. The first is to assess the TB exposure, risk of disease progression, and disease burden
among PWUD, including people living with and without HIV. We hypothesize that TB preva-
lence in PWUD will be significantly higher compared to results from a community-wide sur-
vey [32] and that the prevalence of incipient TB (host RNA signature presence) will be
significantly higher among PWUD compared to the general community. We also hypothesize
that PWUD living with HIV will have higher rates of incipient, subclinical, and clinical TB dis-
ease compared to those PWUD who are HIV negative.

Second, we aim to estimate the proportion of active TB cases that are the result of transmis-
sion within the social network of PWUD. We hypothesize that there will be a high proportion
of linked isolates from Aim 1, reflecting predominance of recent transmission within this
cohort. We also expect that persons with TB/HIV co-infection will more often appear as con-
tacts with fewer links compared to persons with TB disease alone, reflecting their increased
susceptibility to TB and their decreased ability to transmit TB.

Third, we aim to evaluate whether PWUD with TB disease have physiologic characteristics
associated with more efficient TB transmission compared to people with TB disease who do
not use drugs. Among individuals with TB, we hypothesize that PWUD will produce larger
amounts of aerosolized Mtb than people who do not use drugs, after adjusting for bacterial
burden (tested by mycobacterial culture time to positivity and GeneXpert Ultra). We will
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Initial seeds
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AIM 1

include people with and without HIV in each arm to assess any modifying effects of HIV, and
record other smoked substances (tobacco, cannabis) and alcohol use to assess their impact as
well.

Methods

TOTAL is a cross-sectional, observational study. The protocol for this study was developed
using the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE)
guidelines [33] and this checklist can be found in S1 Checklist. For Aim 1, RDS will be used to
recruit 750 people who use methamphetamine and/or Mandrax. For Aim 2, we will screen and
enroll those participants from Aim 1 with TB disease based on positive microbiology (projected
45-75 participants) to estimate the proportion that reflect recent TB transmission via Whole
Genome Sequencing (WGS) and social epidemiologic links. For Aim 3, we will enroll 100 par-
ticipants who are diagnosed with TB and compare PWUD (Arm 1) with people who do not use
drugs (Arm 2). For Arm 1 we will recruit 50 participants, most from Aim 2, who have active,
untreated pulmonary TB and use methamphetamine and/or Mandrax. For Arm 2 we will
recruit 50 persons who do not smoke illicit drugs but have been newly diagnosed with TB dis-
ease and have received less than five days of treatment. The study design is shown in Fig 1.

The protocol for this study has been approved by the following health research ethics com-
mittees: Stellenbosch University (primary institution: N19/10/128), South African Medical
Research Council (defers to primary institution of approval) and University of Cape Town
(604/2020) and Boston Medical Center Institutional Review Board (H-38910). All participants
in this study are informed about the study procedures and agree to participate in this study

| ~8-12 enrollment waves |

l

Screening & Enrollment
1. Screening for eligibility (incl.
urine drug test)
2. Final screening and eligibility
3. Informed consent

Fig 1. Study design.
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https://doi.org/10.1371/journal.pone.0262440.9001
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and informed consent is obtained from all participants. For participants under 18 years old,
parental consent will first be obtained prior to informed consent. All methods were performed
in accordance with the relevant guidelines and regulations.

Study site selection

We will recruit participants residing in the greater Worcester area. Worcester is the main town
of the Breede Valley municipality in the Western Cape Province, South Africa, and is a promi-
nent wine producing region [34] with high rates of TB and HIV. Though the prevalence of
methamphetamine and Mandrax use in this community is not precisely known, both drugs
are widely available as reflected in reports from local SUD treatment providers [16]. We
recently found that among persons initiating TB treatment and recruited into a prospective
research study in the Worcester Community Day Centre (CDC), 53% reported smoked drug
use including methamphetamines, Mandrax, and cannabis [35].

Participant eligibility criteria

Study participants will be recruited by referral chains of PWUD that start with seeds who will
be >15 years old, reside locally, are willing and able to provide written informed consent and
participate in study activities. Inclusion criteria by study arm in shown in Fig 2. For Aim 1,
additional inclusion criteria will include self-reported methamphetamine or Mandrax use in
the past month and a positive urine drug screen for either of these drugs at enrollment, and a
coupon indicating their recruitment into the study by another participant (with the exception
of seeds). For Aims 2 and 3, individuals will have microbiologic evidence of active TB disease
Xpert Ultra (Cepheid, CA) or Mtb culture]. For Aim 3, participants will be excluded if they are
pregnant, have taken >5 days of TB medication, or for the control group in Aim 3 Arm 2, if
they self-report any past month drug use or have positive urine drug test results. Exclusion cri-
teria for all study aims will include current alcohol or drug intoxication and inability to pro-
vide informed consent.

Recruitment and assessment of primary objectives

For Aim 1, we will invite eligible participants to enroll as initial study participants (seeds).

Enrollment Schema (addition to general inclusion/exclusion criteria)

AIM 1 AIM 2 AIM 3 ARM 1 AIM 3 ARM 2
Inclusion Criteria: Inclusion Criteria: Inclusion Criteria: (1) Attend the Worcester
Community Day Clinic, the
(1) Self-reported meth or (1) Have evidence of (1) No current Empilisweni Clinic, or any
Mandraxuse in the past active TB disease on pregnancy by urine other clinicand live in the
month Xpert Ultra or Mtb pregnancy test general Worcester area
(2) Urine drug screen * culture from theirAim1 |~ | (2) Initiated T8 (2) Have newly diagnosed
positive for meth and/or visit testing or report a medicationin the 18
Mandrax recent TB diagnosis previous 5 days
(3) All participantsother (within the past month) And exclusion criteria:
than the seeds must also i
have evidence that they (1) No self-reported drug
have been recruited by a use or evidence of drug use
peer (the coupon) by urine test

(2) No current pregnancy
(3) Initiated T8
medicationin the
previousS days

Fig 2. TOTAL participant inclusion criteria per study arm.

https://doi.org/10.1371/journal.pone.0262440.9002
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Individuals will provide written informed consent (and parental consent will be obtained
for individuals <18 years) before being screened for Aim 1 eligibility. Enrollment will include
the collection of biometric fingerprints. Seeds will then complete interviewer-administered
biobehavioural questionnaires and provide blood for COVID-19 serology, rapid HIV testing,
and host RNA sequencing, and induced sputa for Xpert Ultra and mycobacterial culture
respectively. Those with a new HIV diagnosis will be referred to a clinic so that they can access
HIV care services. For the latter, sputum will be liquefied and decontaminated (N-Acetyl-
L-Cysteine) and neutralized in PBS. The bacilli will be collected by centrifugation, with posi-
tive MGIT cultures assessed for acid fast bacilli and Capilia TB Testing to confirm the Mtb
presence.

Each seed will then be given two coupons to recruit two people with whom they currently
use methamphetamine and/or Mandrax. The initial recruits who are successfully enrolled into
the study will be given two recruitment coupons to disperse in the same manner. This will con-
tinue until we reach 750 participants. Additional seeds will be included as needed until we
reach the target sample size (n = 750).

Participants will be asked to return approximately two weeks after their first visit to receive
their Xpert Ultra. Detailed contact information will be obtained from participants in order to
be able to contact them. If any of the coupon that they disperse result in successful enrollments,
they will receive an additional grocery voucher to reimburse them for these efforts. At this
time, they will also complete their second RDS interview (to track number of coupons handed
out to date). If a participant’s specimen has negative initial TB culture results, we will ask for
two additional sputum samples. If the Xpert test is positive and we believe the participant has
current TB disease (has not been treated for active TB disease in prior two years which would
cause a false positive test results), we will ask them to return to the study site and refer and
transport them to their local clinic for confirmation testing and treatment initiation. If the cul-
ture results come back as positive at a later stage, participants will be contacted, tracked in the
community and asked to come in for a TB result visit. Participants from Aim 1 with evidence
of TB disease (i.e., positive Xpert Ultra results and/or positive Mtb culture) will be asked to
consent to enroll into Aim 2 in which we will estimate the proportion of participants that
reflect recent within-network transmission via WGS and social epidemiologic links. Study
staff will conduct interviews to identify individual’s social contacts and places of social aggre-
gation. Participants will then provide two additional sputa for additional mycobacterial culture
and WGS analysis. One sputum specimen will be stored as raw sputum (for direct DNA
extraction), while the other will be decontaminated and used to inoculated MGIT medium as
described above. Genomic Mtb DNA will be extracted from the MGIT culture, decontami-
nated sputum remnants or directly from the raw sputum specimen, (following depletion of
human and other bacterial DNA) using the hexadecyltrimethylammonium bromide (CTAB)
method. WGS analysis will be performed using an Illumina Next-Generation sequencing plat-
form, facilitated by the NTH/NIAID TB Portals Program. If successful, WGS of the DNA
extracted directly from sputum will provide analysis of the Mtb population structure without
culture bias. Altogether, WGS data will be used to identify transmission of Mtb among
PWUDs.

For Aim 3 Arm 1, 50 PWUD with active, untreated pulmonary TB will be recruited from
Aim 2, and if necessary, the rest will be recruited from local health clinics. After providing
informed consent, participants will receive a chest radiograph and undergo bioaerosol sam-
pling. In Aim 3 Arm 2, study staff will recruit patients recently diagnosed with active TB dis-
ease who initiated treatment less than five days prior, or who are scheduled for treatment
initiation from medical records at local health clinics, if they have provided permission to be
contacted for this study. Study materials will also be placed within clinics and hospitals in the
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Worcester area so that individuals can contact study staff directly. Once individuals are
screened for eligibility, informed consent is obtained and participants are enrolled, partici-
pants will then complete all study procedures that Arm 1 participants completed in Aim 2 and
also undergo the Aim 3 procedures previously described.

Exhaled bioaerosol collection

For Aim 3, exhaled bioaerosols will be collected with a modified Coriolis®p Air Sampler,
developed to quantitate the infectiousness of expired air [36]. This Respiratory Air Sampling
Chamber (RASC) is used to collect and concentrate biological airborne particles (0.5-20 pm)
using a high-flow wet walled cyclone, as previously described [37], with some modifications
which include reducing the sampling period to two consecutive 15-minute sessions and the
removal of continuous CO,, aerodynamic particle, temperature, and humidity monitoring.
Droplet digital polymerase chain reaction (ddPCR) analysis will be used to detect Mtb within
the exhaled air [38].

RNA sequencing

RNA will be extracted from PAXgene tubes collected during Aim 2 or Aim 3 Arm 2 study pro-
cedures, and complimentary or cDNA prepared using an automated mRNA extraction, which
would be done with a Hamilton EasyBlood Star at Stellenbosch University and cDNA synthe-
sis procedure together with the PAXgene Blood RNA Kit (Qiagen, Germany). We will use the
Fluidigm microfluidic qRT-PCR platform to evaluate the expression of genes selected from
different published TB transcriptomic biosignatures, using TagMan primer-probes. Assays
will be run on either the 96.96 or 192.24 Gene Expression chips (Fluidigm) on a Biomark HD
multiplex microfluidic QRT-PCR instrument. Analysis of gene expression data, including PCR
controls and assessment of internal quality control samples to monitor performance of assays
across individual Gene Expression chips, and computation of signature scores will be done
with pre-prepared R scripts [39-41]. We will look for prevalence of the 16-gene host RNA sig-
nature previously studied by other research institutes in Worcester [32, 42], as well as other
available signatures shown to be associated with higher risk of disease progression.

Substance use and biobehavioural measures

TOTAL uses validated self-report questionnaires to assess patterns of substance use (Table 1).
The Alcohol, Smoking and Other Substance Involvement Screening Tool (ASSIST) [43],
Timeline Follow Back (TLFB) technique for drug use [44], and a modified version of The
Important People Instrument [45], which assesses substance use within the participant’s social
network, will capture substance use behaviour including frequency, quantity, patterns, and
types of substances used. Participants who are identified as high risk for problems due to their
substance use according to the ASSIST will be offered a referral to local treatment services.

Depressive symptoms will be screened for using The Center for Epidemiologic Studies
Depression Scale (CES-D) [46], while the K-10 Kessler Psychological Distress Scale will be
used to assess general psychological distress [47]. The Medical Outcomes Survey’s Social Sup-
port Scale [48], HIV risk-taking behaviour scale [49] and the Household Hunger Scale will also
be used. Validity of these scales has been demonstrated in South Africa which have been widely
used in populations of PLHIV/TB who use alcohol or other drugs [50-52]. Referrals will also
be made if there are any concerns about individual’s mental well-being.

We will use the World Health Organization (WHO) four-symptom screening (current
cough, a cough lasting >2 weeks, weight loss, night sweats, or fever) to evaluate for clinical ver-
sus subclinical TB [53].
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Table 1. Biobehavioral assessments at study visit time periods.

Biological Measures and Specimen Collection

Aim | Rapid Sputum for
1 Testing Xpert Ultra, Mtb
*urinalysis Culture
for meth/
Mandrax
*blood for Blood for Host
rapid HIV RNA Signature
test Measurement
and COVID-19
Serology
Aim Sputum
2 collection for
Mtb culture and
WGS (whole
genome
sequencing)
Aim | Rapid Chest
3a | Testing radiograph
*urinalysis
for meth/
Mandrax
*pregnancy
test
Aim | Rapid Chest Sputum
3b | Testing radiograph | collection for
“urinalysis Mtb culture and
for meth/ WGS (whole
Mandrax genome
. sequencing),
pregnancy Blood for Host
test RNA Signature
Measurement
and COVID-19
Serology

https://doi.org/10.1371/journal.pone.0262440.t001

Bioaerosol
assessment
*Respiratory
Air Sampling
Chamber
(RASC)

Bioaerosol
assessment
*Respiratory
Air Sampling
Chamber
(RASC)

Assessment Measures

Behavioural Psychosocial Measures Biological assessment

assessment

Substance Use | Mental | MOSS-S Household | TB Medical

Measures health (Medical Hunger symptom | History

measures | Outcomes | Survey screen (including

Social HIV risk
Support behaviour)
Survey)

*ASSIST *CESD

(Alcohol, “K-10

Smoking,

Substance Use

Involvement

Screening

Tool)

* Timeline

Follow back

(Meth/

Mandrax)

Substance Use | Mental | MOSS-S Household | TB Medical

Measures health (Medical Hunger symptom | History

measures | Outcomes | Survey screen (including

* ASSIST “CESD Social HIV risk

(Alcohol, Support behaviour)

Smoking, “K-10) Survey)

Substance Use

Involvement

Screening

Tool)*

Data analysis

RDS
*Network Size

*RDS
rejection
recruitment
questionnaire
“important
people survey

*social
contact
survey

*important
people survey

*Social
contact
survey

Sample size assumptions. For Aim 1, our estimated sample size of 750 individuals using
RDS was calculated based on feasibility. Previous work suggests PWUD compared to non-
users have a 2-6 fold increase in TB prevalence, translating into potentially detecting 30-90
TB cases from Aim 1 [12]. TB prevalence among the general population is estimated to range
between 1-4% [32]. We assumed prevalence of drug use at 2.6% in the general population [54]
and an estimated design effect (DE) of 4 allowing us to detect a three-fold increase in preva-
lence to 7.2% for PWUD with 80% power; if DE = 2 we can detect a two-fold increase to 5.7%.
We therefore concluded that this sample size was appropriate under a variety of reasonable
assumptions. Our sample size continues to provide 80% power if prevalence increases to 3%.
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The incipient disease signature prevalence in the community has been estimated at 13%,
meaning that we have 80% power to detect a 1.4 (DE = 2) or 1.5 (DE = 4) fold increase in incip-
ient disease among PWUD.

For Aim 2, other studies have consistently estimated that individuals who are in close con-
tact with one another are linked by WGS in more than 70% of the sample [55]. If this is the
case among PWUD, then for a sample size of 50 individuals, our precision will be 24.6% mean-
ing our 95% confidence interval (CI) will range from 56.2% to 80.9%.

Patterson et al. found that 43% of individuals who had tested positive for drug-sensitive pul-
monary TB by with Xpert Ultra had positive cough aerosols and those with non-zero colony
forming units (CFU) measuring bacterial load had a median of 2.5 CFU [38]. Assuming that
this is similar in controls, this would mean that by enrolling of 50 PWUD and 50 controls for
Aim 3, we have 80% power to detect a 70% positive CFU probability in PWUD. Among those
positive, we have 80% power to detect a 2.5-fold increase in the median CFU value with
Mann-Whitney test and assuming CFU values are exponentially distributed. Similarly, assum-
ing exhalation pattern frequency of 23.9 in controls, we have 80% power to detect a 2-fold
increase in median exhalation frequency between PWUD and controls to enable us to demon-
strate good power for the hypothesized drug use effect.

Assessment of primary objectives

For the primary analysis, TB prevalence among PWUD will be estimated according to the
Volz-Heckathorn estimator [56]. Analysis will be performed using the RDS package within R
(r-project.org) and sensitivity analysis will be implemented using the SS estimator. Prevalence
of TB among PLHIV and those without HIV will be estimated and compared to community
survey estimates [57].

For the second aim, we will estimate the prevalence of clustered cases via WGS in our popu-
lation of PWUD and check additional thresholds to confirm robustness. A combination of
software packages has previously been assembled with optimised parameters, together with in-
house developed scripts, to create a customised pipeline for the analysis of mycobacterial
genomes, with specific focus on variant calling. This customised pipeline has been automated
for Mtb WGS data analysis [58]. An in-house developed script is used to identify the variants,
and high confidence single nucleotide polymorphisms are then used in further analyses. Phy-
logenetic software will be used including RaxML, IQ-TREE and MEGA, and phylogenomic
trees will be visualised using FigTree software [59-61]. For clustering analysis, the single nucle-
otide variants used for phylogenomic inference will be used to determine the variant distances
between isolates and cluster analysis will be performed with the R-programming language,
implementing the APE (Analyses of Phylogenetics and Evolution) and ADEGENET (Explor-
atory Analysis of Genetic and Genomic Data) packages.

During statistical analysis we will employ a novel approach, using a Bayesian classification
tool, to estimate a more nuanced probability of transmission between TB cases linked by drug
use [62]. A subset of the data will be randomly selected to be the test set and links determined
by a combination of WGS and social contacts are used as a gold standard. The Bayesian classi-
fier is trained on this dataset to determine the relative contribution of other potential predic-
tors of transmission, such as time between disease diagnosis/onset, gender, geographic
distance and smear grade, and will be applied to the validation dataset to estimate the probabil-
ity of a link between the remaining individuals in the dataset. This is done repeatedly, ran-
domly selecting 1000 different training sets and estimating probabilities for each potential
transmission pair to allow for the potential of an infector outside of the observed data network.
We will also infer the relative contribution of attributes, such as HIV, to transmission
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probabilities. Simulations that we have performed with this approach show the area under the
curve (AUC) of 0.85 compared to 0.65 with random covariates and excellent ability to deter-
mine the true infector.

For the third aim, we will investigate differences in Mitb transmission between participants
with and without illicit drug use. Data generated from the ddPCR reaction will be analysed via
the umbrella pipeline [63] to measure the difference between PUWD and those participants
who do not use illegal drugs. Linear regression models will also be run, with the main predictor
in this model will be an indicator of methamphetamine/Mandrax use. We will control for
potential confounders of bacterial load, HIV status, radiographic findings, and smoking other
substances for this model. A generalized estimating equation (GEE) approach will be used to
account for matching on age and gender.

Project status

Formative work was completed in February 2020, recruitment for the main study is ongoing
(began April 2021 and is expected to end in August 2023).

Discussion

This study will examine whether individuals with TB disease who smoke illicit drugs, particu-
larly methamphetamine and Mandrax, are more likely to be infected by TB, progress to dis-
ease, and transmit Mtb compared to individuals with TB disease who do not smoke illicit
drugs.

The main expected challenges in working with this target population is the timing of enroll-
ment, attrition and a potentially lower number of TB cases than anticipated. Due to the fact
that PWUD are a hidden population, there is a risk of not obtaining our sample size within the
specified period due to challenges in engaging the target population. We will closely monitor
enrollment patterns, and consequently implement strategies such as working closely with the
community to generate interest around the study and extending the recruitment period until
we are able to obtain our sample. The use of RDS should circumvent this challenge to a degree.
Alternatively, interest may be greater, and enrollment faster than we anticipate, leading to
challenges in managing participant flow. If enrollment is more rapid, we may hire additional
staff. The risk of participant attrition is another challenge, but this will be limited by incorpo-
rating recruitment strategies that have been successful with previous studies that focused on
PWUD, such as collecting detailed locator information and actively tracking participants
between appointments, as well as the provision of reminders and reimbursement [64, 65].
COVID-19 also presents challenges in conducting study activities with South Africa having
experienced a lengthy lockdown period in 2020 during which research activities were halted.

Through TOTAL’s approach of using RDS to estimate TB risk and disease prevalence in a
sample of PWUD, we will utilise a well-established method for recruiting hard-to-reach popu-
lations in HIV research and apply this to examine TB and TB/HIV estimations. We will learn
how to efficiently reach these and other high-risk networks for TB testing and linkage to care
for future studies.

We will use novel approaches to increase understanding of TB disease in a potentially key
population. This includes the use of host RNA signatures [39] to predict elevated risk of TB
disease progression. We will leverage cutting-edge, Bayesian classification methods that use
Mtb DNA WGS to create recent transmission probability scores. This approach will allow us
to estimate the degree to which PWUD transmit TB to others and how frequently their infec-
tions reflect exposure in the network. We will also compare Mtb sequences isolated directly
rather than cultured samples to maximize capture of Mtb genetic diversity. We will
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demonstrate that direct from specimen sequencing without enrichment is feasible [66] and
assess whether additional linkages are captured between transmitter-contacts.

This cross-sectional investigation of the association between illicit drug use and TB trans-
mission may reveal opportunities for innovative new interventions based on physiologic and
behavioural factors. TOTAL'’s study findings may inform new strategies for addressing the
complex relationship between drug use, TB and HIV, such as investigating the roles of prompt
identification and treatment of subclinical TB, increased HIV treatment, and increased aware-
ness of drug use locations as sites of TB transmission.

Supporting information

S1 Checklist. Completed STROBE checklist for protocol.
(PDF)

S1 File. TOTAL protocol. This document provides the full protocol for the TOTAL Study as
of May 2021.
(PDF)

S2 File.
(DOCX)

Acknowledgments

The authors thank our study team, and study participants without whom our work would not
be possible. In particular, we would like to thank Sarah Weber, Misaki Kobayashi and Tersius
Lambrechts for their input into this study.

Author Contributions

Conceptualization: Tara Carney, Bronwyn Myers, Robin Wood, Laura F. White, Christina S.
Meade, Robert Horsburgh, Robin M. Warren, Karen R. Jacobson.

Formal analysis: Laura F. White.
Funding acquisition: Robin M. Warren, Karen R. Jacobson.

Methodology: Tara Carney, Nandi Niemand, Danie Theron, Robin Wood, Laura F. White,
Christina S. Meade, Novel N. Chegou, Gerhard Walzl, Robert Horsburgh, Robin M. War-
ren, Karen R. Jacobson.

Project administration: Jennifer A. Rooney, Nandi Niemand, Danie Theron, Elizabeth
Ragan, Karen R. Jacobson.

Supervision: Nandi Niemand.
Visualization: Karen R. Jacobson.

Writing - original draft: Tara Carney, Jennifer A. Rooney, Nandi Niemand, Bronwyn Myers,
Novel N. Chegou, Robin M. Warren, Karen R. Jacobson.

Writing - review & editing: Tara Carney, Jennifer A. Rooney, Nandi Niemand, Bronwyn
Myers, Robin Wood, Laura F. White, Christina S. Meade, Novel N. Chegou, Elizabeth
Ragan, Gerhard Walzl, Robert Horsburgh, Robin M. Warren, Karen R. Jacobson.

PLOS ONE | https://doi.org/10.1371/journal.pone.0262440 February 15, 2022 11/15


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262440.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262440.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0262440.s003
https://doi.org/10.1371/journal.pone.0262440

PLOS ONE

Transmission Of Tuberculosis Among illicit drug use Linkages

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

World Health Organization. Global Tuberculosis Report 2020. World Health Organization: Geneva;
2021.

McCreesh N, White RG. An explanation for the low proportion of tuberculosis that results from transmis-
sion between household and known social contacts. Sci Rep. 2018; 8(1): 5382. https://doi.org/10.1038/
541598-018-23797-2 PMID: 29599463

Mathema B, Andrews JR, Cohen T, Borgdorff MW, Behr M, Glynn JR, et al. Drivers of tuberculosis
transmission. J Infect Dis 2017; 216(suppl_6): 644—653. https://doi.org/10.1093/infdis/jix354 PMID:
29112745

Reichman LB, Felton CP, Edsall JR. Drug dependence, a possible new risk factor for tuberculosis dis-
ease. Arch Intern Med 1979; 139(3): 337-339. https://doi:10.1001/archinte.1979.03630400053020.
PMID: 426578

QOeltmann JE, Kammerer SJ, Pevzner ES, Moonan PK. Tuberculosis and substance abuse in the
United States, 1997—2006. Arch Intern Med 2009; 169(2): 189—-197. https://doi.org/10.1001/
archinternmed.2008.535 PMID: 19171816

Deiss RG, Rodwell TC, Garfein RS. Tuberculosis and illicit drug use: review and update. Clin Infect Dis
2009; 48(1): 72-82. https://doi.org/10.1086/594126 PMID: 19046064

Punnotok J, Shaffer N, Naiwatanakul T, Pumprueg U, Subhannachart P, Ittiravivongs A, et al. Human
immunodeficiency virus-related tuberculosis and primary drug resistance in Bangkok, Thailand. Int J
Tuberc Lung Dis: 2000; 4(6): 537-543. PMID: 10864184

Palmero D, Ritacco V, Ambroggi M, Poggi S, Gliemes Gurtubay J, Alberti F, et al. Multidrug-resistant
tuberculosis in AIDS patients at the beginning of the millennium. Medicina 2006; 66(5): 399—-404.
https://doi:10.3201/eid0908.020474. PMID: 17137168

Morozova |, Riekstina V, Sture G, Wells C, Leimane V. Impact of the growing HIV-1 epidemic on multi-
drug-resistant tuberculosis control in Latvia. Int J Tuberc Lung Dis 2003; 7(9): 903—-906. https://
doi:10.1086/594126. PMID: 12971677

Hannan M.M., Peres H., Maltez F., Hayward A. C., Machado J., Morgado A. et al. Investigation and con-
trol of a large outbreak of multi-drug resistant tuberculosis at a central Lisbon hospital. J Hosp Infect
2001; 47(2): 91-97. https://doi.org/10.1053/jhin.2000.0884 PMID: 11170771

Abubakar I, Lipman M, Anderson C, Davies P, Zumla A. Tuberculosis in the UK—time to regain control.
BMJ 2011; 343: d4281. https://doi.org/10.1136/bmj.d4281 PMID: 21804155

The Stop TB Partnership. Key Populations Brief: People Who Use Drugs. 2016; The Stop TB Partner-
ship: Geneva, Switzerland.

Peltzer K, Phaswana-Mafuya N. Drug use among youth and adults in a population-based survey in
South Africa. S Afr J Psychiatr 2018; 24: a1139. https://doi:10.4102/sajpsychiatry.v24i0.1139.

Herman AA, Stein DJ, Seedat S, Heeringa SG, Hashim M, Williams DR. The South African Stress and
Health (SASH) study: 12-month and lifetime prevalence of common mental disorders. SAMJ 2009; 99
(5 Pt 2): 339-344. PMID: 19588796

Pengpid S, Peltzer K, Ramlagan S. Prevalence and correlates of hazardous, harmful or dependent
alcohol use and drug use amongst persons 15 years and older in South Africa: Results of a national sur-
vey in 2017. Afr J Prim Health Care Fam Med 2021; 13(1), 2847. https://doi.org/10.4102/phcfm.v13i1.
2847 PMID: 33764134

Dada S, Harker Burnhams N, Erasmus J, Lucas W, Parry C, Bhana A, et al. South African Community
Epidemiology Network on Drug Use: July-December 2019. Monitoring Alcohol, Tobacco and Other
Drug Abuse Treatment Admissions in South Africa. November 2020, South African Medical Research
Council: Tygerberg, South Africa.

Harker N., et al., Is South Africa being spared the global opioid crisis? A review of trends in drug treat-
ment demand for heroin, nyaope and codeine-related medicines in South Africa (2012-2017). Int J
Drug Policy 2020; 83: 102839. https://doi.org/10.1016/j.drugpo.2020.102839 PMID: 32650228

Gotway MB, Marder SR, Hanks DK, Leung JW, Dawn SK, Gean AD et al., Thoracic complications of
illicit drug use: an organ system approach. Radiographics 2002; 22 Spec No: S119-35. https://
doi:10.1148/radiographics.22.suppl_1.9g020c01s119.

Waurcel AG, Merchant EA, Clark RP, Stone DR. Emerging and underrecognized complications of illicit
drug use. Clin Infect Dis 2015; 61(12): 1840-9. https://doi.org/10.1093/cid/civ689 PMID: 26270683

Getahun H, Baddeley A, Raviglione M. Managing tuberculosis in people who use and inject illicit drugs.
Bull. World Health Organ 2013; 91(2): 154—156. https://doi.org/10.2471/BLT.13.117267 PMID: 23554532

Bruchfeld J, Correia-Neves M, Kallenius G. Tuberculosis and HIV Coinfection. Cold Spring Harb Perspect
Med 2015; 5(7): a017871-a017871. https://doi.org/10.1101/cshperspect.a017871 PMID: 25722472

PLOS ONE | https://doi.org/10.1371/journal.pone.0262440 February 15, 2022 12/15


https://doi.org/10.1038/s41598-018-23797-2
https://doi.org/10.1038/s41598-018-23797-2
http://www.ncbi.nlm.nih.gov/pubmed/29599463
https://doi.org/10.1093/infdis/jix354
http://www.ncbi.nlm.nih.gov/pubmed/29112745
http://www.ncbi.nlm.nih.gov/pubmed/426578
https://doi.org/10.1001/archinternmed.2008.535
https://doi.org/10.1001/archinternmed.2008.535
http://www.ncbi.nlm.nih.gov/pubmed/19171816
https://doi.org/10.1086/594126
http://www.ncbi.nlm.nih.gov/pubmed/19046064
http://www.ncbi.nlm.nih.gov/pubmed/10864184
http://www.ncbi.nlm.nih.gov/pubmed/17137168
http://www.ncbi.nlm.nih.gov/pubmed/12971677
https://doi.org/10.1053/jhin.2000.0884
http://www.ncbi.nlm.nih.gov/pubmed/11170771
https://doi.org/10.1136/bmj.d4281
http://www.ncbi.nlm.nih.gov/pubmed/21804155
http://www.ncbi.nlm.nih.gov/pubmed/19588796
https://doi.org/10.4102/phcfm.v13i1.2847
https://doi.org/10.4102/phcfm.v13i1.2847
http://www.ncbi.nlm.nih.gov/pubmed/33764134
https://doi.org/10.1016/j.drugpo.2020.102839
http://www.ncbi.nlm.nih.gov/pubmed/32650228
https://doi.org/10.1093/cid/civ689
http://www.ncbi.nlm.nih.gov/pubmed/26270683
https://doi.org/10.2471/BLT.13.117267
http://www.ncbi.nlm.nih.gov/pubmed/23554532
https://doi.org/10.1101/cshperspect.a017871
http://www.ncbi.nlm.nih.gov/pubmed/25722472
https://doi.org/10.1371/journal.pone.0262440

PLOS ONE

Transmission Of Tuberculosis Among illicit drug use Linkages

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Aho J, Lacroix C, Bazargani M, Milot DM, Sylvestre JL, Pucella E, et al. Outbreak of tuberculosis among
substance users and homeless people in Greater Montréal, Canada, 2003—2016. Can Commun Dis
Rep 2017. 43(3): 72—-6. https://doi:10.14745/ccdr.v43i34a03.

Yuen CM, Kammerer JS, Marks K, Navin TR, France A, Recent transmission of tuberculosis—United
States, 2011-2014. PLOS ONE 2016; 11(4): e0153728. https://doi:10.1371/journal.pone.0153728.

Lorvick J, Bourgois P, Wenger LD, Arreola SG, Lutnick A, Wechsberg WM, et al., Sexual pleasure and
sexual risk among women who use methamphetamine: a mixed methods study. Int J Drug Policy 2012;
23(5): 385-92. https://doi.org/10.1016/j.drugpo.2012.07.005 PMID: 22954501

Rawson RA, Gonzales R, Pearce V, Ang A, Marinelli-Casey P, Brummer J. et al. Methamphetamine
dependence and human immunodeficiency virus risk behavior. J Subst Abuse Treat, 2008. 35(3): p.
279-84. https://doi.org/10.1016/j.jsat.2007.11.003 PMID: 18329225

Golub JE, Bur S, Cronin WA, Gange S, Baruch N, Comstock GW, et al. Delayed tuberculosis diagnosis
and tuberculosis transmission. Int J Tuberc Lung Dis 2006; 10(1): 24—-30. PMID: 16466033

Mitruka K, Blake H, Ricks P, Miramontes R, Bamrah S, Chee C, et al. A tuberculosis outbreak fueled by
cross-border travel and illicit substances: Nevada and Arizona. Public Health Rep 2014; 129(1): 78-85.
https://doi.org/10.1177/003335491412900112 PMID: 24381363

Heckathorn DD. SNOWBALL VERSUS RESPONDENT-DRIVEN SAMPLING. Sociol Methodol 2011;
41(1):355-366. https://doi.org/10.1111/j.1467-9531.2011.01244.x PMID: 22228916

Johnston LG, Sabin K. Sampling hard-to-reach populations with respondent driven sampling. Method
Innov 2010: 5(2); 38—48. https://doi.org/10.1080/09540120903373557 PMID: 20467937

Harker Burnhams N, Laubscher R, Howell S, Shaw M, Erasmus J, Townsend L. Using respondent-
driven sampling (RDS) to recruit illegal poly-substance users in Cape Town, South Africa: implications
and future directions. Subst Abuse Treat Prev Policy 2016; 11(1): 31. https://doi.org/10.1186/s13011-
016-0074-1 PMID: 27586507

Kimani SM, Watt MH, Merli MG, Skinner D, Myers B, Pieterse D, et al. Respondent driven sampling is an
effective method for engaging methamphetamine users in HIV prevention research in South Africa. Drug
Alcohol Depend 2014; 143: 134—140. https://doi.org/10.1016/j.drugalcdep.2014.07.018 PMID: 25128957

Scriba TJ, Fiore-Gartland A, Penn-Nicholson A, Mulenga H, Kimbung Mbandi S, Borate B. Biomarker-
guided tuberculosis preventive therapy (CORTIS): a randomised controlled trial. Lancet Infect Dis 2021;
21(3): 354-365. https://doi.org/10.1016/S1473-3099(20)30914-2 PMID: 33508224

von Elm E, Altman DG, Egger M, Pocock SJ, Getzsche PC, Vandenbroucke JP, et al. Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting
observational studies. Ann Intern Med 2007; 335(7624): 806—808. https://doi:10.7326/0003-4819-147-
8-200710160-00010.

Olivier L, Urban M, Chersich M, Temmerman M, Viljoen D. Burden of fetal alcohol syndrome in a rural
West Coast area of South Africa. SAMJ 2013; 103(6):402—-5. https://doi.org/10.7196/samj.6249 PMID:
23725961

Myers B, Carney T, Rooney J, Theron D, Ragan E, Horsburgh CR, et al. High prevalence of smoked
drug use in a cohort of patients with drug susceptible TB in Worcester, South Africa. The 51st Union
World Conference on Lung Health: Advancing Prevention. 2020. Virtual Event.

Wood R, Morrow C, Barry CE |ll, Bryden WA, Call CJ, Hickey AJ, et al. Real-Time Investigation of
Tuberculosis Transmission: Developing the Respiratory Aerosol Sampling Chamber (RASC). PLoS
ONE 2016; 11(1): e0146658. https://doi.org/10.1371/journal.pone.0146658 PMID: 26807816

Patterson B, Dinkele R, Gessner S, Morrow C, Kamariza M, Bertozzi CR, et al. Sensitivity optimisation
of tuberculosis bioaerosol sampling. PLoS ONE 2020; 15(9): €0238193. https://doi.org/10.1371/
journal.pone.0238193 PMID: 32881875

Patterson B, Morrow C, Singh V, Moosa A, Ggada M, Woodward J, et al. Detection of Mycobacterium
tuberculosis bacilli in bio-aerosols from untreated TB patients. Gates Open Res 2018; 1:11 https://doi.
org/10.12688/gatesopenres.12758.2 PMID: 29355225

Zak DE, Penn-Nicholson A, Scriba TJ, Thompson E, Suliman S, Amon LM, et al. A blood RNA signature
for tuberculosis disease risk: a prospective cohort study. Lancet 2016; 387(10035): 2312-2322. https://
doi.org/10.1016/S0140-6736(15)01316-1 PMID: 27017310

Darboe F, Mbandi SK, Thompson EG, Fisher M, Rodo M, van Rooyen M, et al., Diagnostic performance
of an optimized transcriptomic signature of risk of tuberculosis in cryopreserved peripheral blood mono-
nuclear cells. Tuberculosis (edinb) 2017; 108: 124—126. https://doi.org/10.1016/j.tube.2017.11.001
PMID: 29523312

Duffy FJ, Thompson E, Downing K, Suliman S, Mayanja-Kizza H, Boom WH, et al. A serum circulating
mirna signature for short-term risk of progression to active tuberculosis among household contacts.
Front Immunol 2018; 13: 9:661. https://doi.org/10.3389/fimmu.2018.00661 PMID: 29706954

PLOS ONE | https://doi.org/10.1371/journal.pone.0262440 February 15, 2022 13/15


https://doi.org/10.1016/j.drugpo.2012.07.005
http://www.ncbi.nlm.nih.gov/pubmed/22954501
https://doi.org/10.1016/j.jsat.2007.11.003
http://www.ncbi.nlm.nih.gov/pubmed/18329225
http://www.ncbi.nlm.nih.gov/pubmed/16466033
https://doi.org/10.1177/003335491412900112
http://www.ncbi.nlm.nih.gov/pubmed/24381363
https://doi.org/10.1111/j.1467-9531.2011.01244.x
http://www.ncbi.nlm.nih.gov/pubmed/22228916
https://doi.org/10.1080/09540120903373557
http://www.ncbi.nlm.nih.gov/pubmed/20467937
https://doi.org/10.1186/s13011-016-0074-1
https://doi.org/10.1186/s13011-016-0074-1
http://www.ncbi.nlm.nih.gov/pubmed/27586507
https://doi.org/10.1016/j.drugalcdep.2014.07.018
http://www.ncbi.nlm.nih.gov/pubmed/25128957
https://doi.org/10.1016/S1473-3099(20)30914-2
http://www.ncbi.nlm.nih.gov/pubmed/33508224
https://doi.org/10.7196/samj.6249
http://www.ncbi.nlm.nih.gov/pubmed/23725961
https://doi.org/10.1371/journal.pone.0146658
http://www.ncbi.nlm.nih.gov/pubmed/26807816
https://doi.org/10.1371/journal.pone.0238193
https://doi.org/10.1371/journal.pone.0238193
http://www.ncbi.nlm.nih.gov/pubmed/32881875
https://doi.org/10.12688/gatesopenres.12758.2
https://doi.org/10.12688/gatesopenres.12758.2
http://www.ncbi.nlm.nih.gov/pubmed/29355225
https://doi.org/10.1016/S0140-6736(15)01316-1
https://doi.org/10.1016/S0140-6736(15)01316-1
http://www.ncbi.nlm.nih.gov/pubmed/27017310
https://doi.org/10.1016/j.tube.2017.11.001
http://www.ncbi.nlm.nih.gov/pubmed/29523312
https://doi.org/10.3389/fimmu.2018.00661
http://www.ncbi.nlm.nih.gov/pubmed/29706954
https://doi.org/10.1371/journal.pone.0262440

PLOS ONE

Transmission Of Tuberculosis Among illicit drug use Linkages

42,

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Fiore-Gartland A, Carpp LN, Naidoo K, Thompson E, Zak DE, Self S et al., Considerations for bio-
marker-targeted intervention strategies for tuberculosis disease prevention. Tuberculosis (Edinb) 2018;
109: 61-68. https://doi.org/10.1016/j.tube.2017.11.009 PMID: 29559122

World Health Organization. The Alcohol, Smoking and Substance Involvement Screening Test
(ASSIST): development, reliability and feasibility. Addiction 2002; 97(9): 1183-94. https://doi.org/10.
1046/j.1360-0443.2002.00185.x PMID: 12199834

Sobell LC, Sobell MB, Buchan G, Cleland PA, Fedoroff I, Leo, Gl. The reliability of the Timeline Follow-
back method applied to drug, cigarette, and cannabis use. 30th Annual Meeting of the Association for
Advancement of Behavior Therapy. 1996: New York, NY.

Longabaugh R, Zywiak W. Manual for the administration of the Important People Instrument adapted
for use by Project COMBINE. Brown University Center for Alcohol and Addiction Studies 1999: Provi-
dence, Rhode Island.

Radloff LS. The CES-D Scale: a self-report depression scale for research in the general population.
Appl Psychol Meas 1977; 1(3): 385—401. https://doi:10.1177/014662167700100306.

Kessler RC, Barker PR, Colpe LJ, Epstein JF, Gfroerer JC, Hiripi E et al. Screening for serious mental
iliness in the general population. Arch Gen Psychiatry 2003; 60(2): 184—9. https://doi.org/10.1001/
archpsyc.60.2.184 PMID: 12578436

Sherbourne CD, Stewart AL. The MOS social support survey. Soc Sci Med 1991; 32(6): 705—-14.
https://doi.org/10.1016/0277-9536(91)90150-b PMID: 2035047

Darke S, Heather N, Ward J, Wodak A. The reliability and validity of a scale to measure HIV risk-taking
behaviour among intravenous drug users. Aids 1991; 5(2): 181-5. https://doi.org/10.1097/00002030-
199102000-00008 PMID: 2031690

Parry CD, Morojele NK, Myers BJ, Kekwaletswe CT, Manda SOM, Sorsdahl K et al. Efficacy of an alco-
hol-focused intervention for improving adherence to antiretroviral therapy (ART) and HIV treatment out-
comes—a randomised controlled trial protocol. BMC Infect Dis 2014; 14:500. https://doi.org/10.1186/
1471-2334-14-500 PMID: 25212696

Myers B, Lund C, Lombard C, Joska J, Levitt N, Butler C, et al. Comparing dedicated and designated
models of integrating mental health into chronic disease care: study protocol for a cluster randomized
controlled trial. Trials 2018; 19(1): 185 https://doi.org/10.1186/s13063-018-2568-9 PMID: 29548302

Myers B, Bouton TC, Ragan EJ, White LF, Mcilleron, Theron D, et al. Impact of alcohol consumption on
tuberculosis treatment outcomes: a prospective longitudinal cohort study protocol. BMC Infect Dis
2018; 18(1): 488 https://doi.org/10.1186/s12879-018-3396-y PMID: 30268101

World Health Organization. Systematic screening for active tuberculosis: principles and recommenda-
tions. 2013; World Health Organization: Geneva, Switzerland.

Wejnert C, Pham H, Krishna N, Le B, DiNenno E. Estimating design effect and calculating sample size
for respondent-driven sampling studies of injection drug users in the United States. AIDS Behav 2012;
16(4): 797-806. https://doi.org/10.1007/s10461-012-0147-8 PMID: 22350828

Verver S, Warren RM, Munch Z, Vynnycky E, van Helden PD, Richardson M et al, Transmission of
tuberculosis in a high incidence urban community in South Africa. Int J Epidemiol 2004; 33: 351-7.
https://doi.org/10.1093/ije/dyh021 PMID: 15082639

Gile KJ, Johnston LG, Salganik MJ. Diagnostics for Respondent-driven Sampling. J R Stat Soc Ser A
Stat Soc, 2015. 178(1): 241-269. https://doi.org/10.1111/rssa.12059 PMID: 27226702

Riley RL, Mills CC, Nyka W, Weinstock N, Storey PB, Sultan LU. Aerial dissemination of pulmonary
tuberculosis. A two-year study of contagion in a tuberculosis ward. 1959. Am J Epidemiol 1995; 142(1):
3—-14. https://doi.org/10.1093/oxfordjournals.aje.a117542 PMID: 7785671

Bolger AM, Lohse M, Usadel B. Trimmomatic: a flexible trimmer for lllumina sequence data. Bioinfor-
matics. 2014; 30(15): 2114-20. https://doi.org/10.1093/bioinformatics/btu170 PMID: 24695404

Des Jarlais D, Khue PM, Feelemyer J, Arasteh K, Thi Huong D, Thi Hai Oanh K| et al. Using dual cap-
ture/recapture studies to estimate the population size of persons who inject drugs (PWID) in the city of
Hai Phong, Vietnam. Drug Alcohol Depend 2018; 185:106—111. https://doi.org/10.1016/j.drugalcdep.
2017.11.033 PMID: 29432973

Nguyen LT, Schmidt HA, von Haeseler A, Minh BQ. IQ-TREE: a fast and effective stochastic algorithm
for estimating maximum-likelihood phylogenies. Mol Biol Evol 2015; 32(1): 268—74. https://doi.org/10.
1093/molbev/msu300 PMID: 25371430

Stamatakis A. Using RAXML to Infer Phylogenies. Curr Protoc Bioinformatics 2015; 51(1): 6.14.1—
6.14.14. https://doi:10.1002/0471250953.bi0614s51.

Leavitt SV, Lee RS, Sebastiani P, Horsburgh CR, Jenkins HE, White LF. Estimating the relative proba-
bility of direct transmission between infectious disease patients. Int J Epidemiol 2020; 49(3): 764—-775.
https://doi.org/10.1093/ije/dyaa031 PMID: 32211747

PLOS ONE | https://doi.org/10.1371/journal.pone.0262440 February 15, 2022 14/15


https://doi.org/10.1016/j.tube.2017.11.009
http://www.ncbi.nlm.nih.gov/pubmed/29559122
https://doi.org/10.1046/j.1360-0443.2002.00185.x
https://doi.org/10.1046/j.1360-0443.2002.00185.x
http://www.ncbi.nlm.nih.gov/pubmed/12199834
https://doi.org/10.1001/archpsyc.60.2.184
https://doi.org/10.1001/archpsyc.60.2.184
http://www.ncbi.nlm.nih.gov/pubmed/12578436
https://doi.org/10.1016/0277-9536(91)90150-b
http://www.ncbi.nlm.nih.gov/pubmed/2035047
https://doi.org/10.1097/00002030-199102000-00008
https://doi.org/10.1097/00002030-199102000-00008
http://www.ncbi.nlm.nih.gov/pubmed/2031690
https://doi.org/10.1186/1471-2334-14-500
https://doi.org/10.1186/1471-2334-14-500
http://www.ncbi.nlm.nih.gov/pubmed/25212696
https://doi.org/10.1186/s13063-018-2568-9
http://www.ncbi.nlm.nih.gov/pubmed/29548302
https://doi.org/10.1186/s12879-018-3396-y
http://www.ncbi.nlm.nih.gov/pubmed/30268101
https://doi.org/10.1007/s10461-012-0147-8
http://www.ncbi.nlm.nih.gov/pubmed/22350828
https://doi.org/10.1093/ije/dyh021
http://www.ncbi.nlm.nih.gov/pubmed/15082639
https://doi.org/10.1111/rssa.12059
http://www.ncbi.nlm.nih.gov/pubmed/27226702
https://doi.org/10.1093/oxfordjournals.aje.a117542
http://www.ncbi.nlm.nih.gov/pubmed/7785671
https://doi.org/10.1093/bioinformatics/btu170
http://www.ncbi.nlm.nih.gov/pubmed/24695404
https://doi.org/10.1016/j.drugalcdep.2017.11.033
https://doi.org/10.1016/j.drugalcdep.2017.11.033
http://www.ncbi.nlm.nih.gov/pubmed/29432973
https://doi.org/10.1093/molbev/msu300
https://doi.org/10.1093/molbev/msu300
http://www.ncbi.nlm.nih.gov/pubmed/25371430
https://doi.org/10.1093/ije/dyaa031
http://www.ncbi.nlm.nih.gov/pubmed/32211747
https://doi.org/10.1371/journal.pone.0262440

PLOS ONE

Transmission Of Tuberculosis Among illicit drug use Linkages

63.

64.

65.

66.

Jacobs BKM, Goetghebeur E, Vandesompele Jo, De Ganck A, Nijs N, Beckers A, et al. Model-Based
Classification for Digital PCR: Your Umbrella for Rain. Anal Chem 2017; 89(8): 4461—4467. https://doi.
org/10.1021/acs.analchem.6b04208 PMID: 28350455

Carney T, Browne FA, Myers B, Kline TL, Howard B, Wechsberg WM. Adolescent female school drop-
outs who use drugs and engage in risky sex: effects of a brief pilot intervention in Cape Town, South
Africa. AIDS Care 2019; 31(1):77-84. https://doi.org/10.1080/09540121.2018.1500008 PMID:
30021470

Myers B, Browne FA, Carney T, Kline T, Bonner CP, Wechsberg WM. The Association of recurrent and
multiple types of abuse with adverse mental health, substance use, and sexual health outcomes among
out-of-school adolescent girls and young women in Cape Town, South Africa. Int. J. Environ. Res. Pub-
lic Health 2021; 18(21), 11403. https://doi.org/10.3390/ijerph182111403 PMID: 34769920

Nimmo C, Shaw LP, Doyle R, Williams R, Brien K, Burgess C, et al. Whole genome sequencing Myco-
bacterium tuberculosis directly from sputum identifies more genetic diversity than sequencing from cul-
ture. BMC Genomics 2019; 20(1):389. https://doi.org/10.1186/s12864-019-5782-2 PMID: 31109296

PLOS ONE | https://doi.org/10.1371/journal.pone.0262440 February 15, 2022 15/15


https://doi.org/10.1021/acs.analchem.6b04208
https://doi.org/10.1021/acs.analchem.6b04208
http://www.ncbi.nlm.nih.gov/pubmed/28350455
https://doi.org/10.1080/09540121.2018.1500008
http://www.ncbi.nlm.nih.gov/pubmed/30021470
https://doi.org/10.3390/ijerph182111403
http://www.ncbi.nlm.nih.gov/pubmed/34769920
https://doi.org/10.1186/s12864-019-5782-2
http://www.ncbi.nlm.nih.gov/pubmed/31109296
https://doi.org/10.1371/journal.pone.0262440

