THE PREVALENCE OF LATENT TUBERCULOSIS INFECTION AND
ASSOCIATED RISK FACTORS AMONG YOUNG PEOPLE IN SOUTH AFRICA:
A SYSTEMATIC REVIEW AND META-ANALYSIS

UDEH JUDITH NGOZI

A research report submitted to the Faculty of Health Sciences in partial fulfillment of the
requirement for the Degree of

MASTER OF SCIENCE IN EPIDEMIOLOGY AND BIOSTATISTICS

SEPTEMBER 2018



DECLARATION

I, Judith Ngozi Udeh, student number 720384, declare that this research report is my own
work and that | contributed adequately towards research findings published in the article
stated below which are included in my research report. It is being submitted in partial
fulfilment of the requirements for the degree of Masters of Science in Epidemiology and
Biostatistics at the University of the Witwatersrand Johannesburg. It has not been submitted
before for any degree or examination at the University of the Witwatersrand Johannesburg or
any other university.

Full Name:  Udeh Judith Ngozi

Signature of student: " A SSe Date: 10™ September, 2018
Name of primary supervisor: Ncayiyana Jabulani
Signature of primary supervisor: Date: 10" September 2018

Agreement by co-authors: By signing this declaration, the co-authors listed below agree to
the use of the article by the student as part of her research report.

Articles 1: Title: The prevalence of latent Tuberculosis infection among young people in
South Africa: A Systematic review and meta-analysis

Authors Name Signature Date
1%t author Udeh Judith N. \ &6 10" September 2018
2" author Dr. Jabulani Ncayiyana |

Page | ii




DEDICATION
| dedicate this work to my beloved husband, Mr Chukwudi Austin-Willy Udeh and my
precious daughter, Miss Angel Chimamanda Udeh. Thank you for always standing by me.

Page | iii



ACKNOWLEDGMENT

This research acknowledges the contribution of Dr. Sibusiso Nkwananzi of Demography and
Population Studies, University of the Witwatersrand, Johannesburg, South Africa for being a
reviewer in this study. | thank the Librarians at the School of Public Health Library,
University of the Witwatersrand Johannesburg, South Africa, for their guide during the
literature search. The authors of the reviewed articles contained in this research report, most
especially those who responded to my questions regarding their own research work are
warmly acknowledged. My heartfelt gratitude goes to all my class mates and lecturers
especially my supervisor Dr. Jabulani Ncayiyana for instilling the best in me and Pharm.
Emmanuel Otukpa for editing this work.

| acknowledge the chaplain of St Luke the physician Chapel, University of Lagos Teaching
Hospital (LASUTH) and the librarians at the LASUTH library for giving me the opportunity
to complete this work in their premises. Pastor Bassey Ezekiel Etim of Grace Exploit
Christian Center, Lagos and all the Grace family members are highly recognized for their
prayers and encouragements during the research. | sincerely thank my mother Mrs Agnes
Udeh, my mother in-law Mrs Cecilia Udeh and all my siblings for their emotional supports
and prayers.

My warmest regard goes to my beloved husband who defiled all odds to ensure that I
complete this programme and not forgetting to specially thank my little girl Angel
Chimamanda Udeh who had to cope without me all through this research period. Above all, 1
thank the trinity for their divine enablement and for upholding me and my family to surmount
all the challenges we encountered during the course of this programme.

Page | iv



TABLE OF CONTENT

Contents
DECLARATION ...ttt ettt ettt ettt s b et b e she et e sbe e st e bt she et e e bt eatenbesbeenbesbeeneenbesbeenee i
DEDICATION ...ttt sttt ettt s h et s h e ea et she et e s bt e atesbesb e e be s bt eate bt satenbesbeeatentesaeenbens iii
ACKNOWLEDGMENT ...ttt ettt b et st sttt b e e sbe e s bt e sateebeesbeesbeesaeesanesane iv
TABLE OF CONTENT ...ttt ettt ettt st ettt e b e s he e satesate e b e e bt e sbeesaeesnteensean v
LIST OF TABLES ... oottt ettt e h e st sttt e bt e bt e s bt e s ae e sat e eabeesbeesbeesaeesaeesaee ix
LIST OF ABBREVIATIONS ... .ottt bt sttt sttt et sbe et sbe et e b saeenee X
ABSTRACT ettt b ettt s h et s bt e ht e bt e bt e st e bt e a e et e she et e b e eh e e beebeeat e bt eat e teeaeeatas 1
KBYWOITS ...ttt ettt sttt et e et e et e e te e besae et e s beeas e besbeestesbeesaesbesssentebeessenteseeensesteesaansesrnenes 1
INTRODUGCTION ...ttt sttt sttt ettt sttt ettt e e sbe e sae e satessteesbeesbeesaeesasesaseenbeenbaesseesaeesnsesnsean 2
ODJECTIVES ...ttt ettt b e bbbt et e e et s e eb e bt e b e b et e b et et e st e st e bt ebeebeneenen 3
REVIEW QUESTION: ...ttt ettt a ettt et b bbb et et et et e st ebeebesbenne e 3
MATERIALS AND METHODS ...ttt sttt sttt be e st eaee e es 4
DESIGNS NG SCOPE....eveetiiteeieiteeterte et ete ettt et e e e e s e et e steessesbesssessesbeessestesseessesseessassesssensesseensessesseans 4
EHGIDIIITY CIITEITAL ...ttt ettt b e sb b e 4
OULCOIME MEASUIES ....ceuveeieuterteeueestesitetesteeute bt eatetesbe et e sbesbeebesbeeste bt saeenbesbesaseseesbeeabesbeeneenbesaeensennesanen 4
EXDOSUIE IMEASUIES. ... eeeeteeeteeeiteeste e sttt e st e sttt e sttt e sbeeesabeesabeesbteesabeeebbeesabeesasaeesabeesasseennseessaeenaseens 4
SBAICI SETALEQY . .viveeeietieie ettt ettt ettt et et e st e et e st e e be e besbeestebeeasesbesbeessesteebsenbesteessenteeaaentenreeneas 5
Screening and data COHBCIION .........ceeiiiicecec ettt sttt st e besae e b e beeanas 5
Study quality and critical @pPraiSal.........c.cceieeieiiieece e e 6
QUATTLY BSSUIAINCE ..euveureeeieiesieetesteeeteteeteetesteeseetesteessestesseessessesssaseeseessesseassessesseensessesssensesseensessensees 6
DALA SYNINESIS ...eevitieeeeiicteee ettt e e s e e s te e s e et e s st essesseessestesseensesseestenseeseenseareensenteeneens 7
D 1 BT L] TP 7
SUDGIOUP MELA-ANATYSIS ...eevveiveeieciieietiete ettt ettt ettt e s e e et e e e et e s be et e steebeeabesteessesbeeanessesseennas 7
ASSESSMENT OF NELEIOGENEILY ... .eceieiicieeiecie ettt sttt sbesbe e e e besteesbesbeennesteeseens 7
APProach 10 MISSING TALA.......ccueeieierieeee ettt ettt st estesbeeneesbeeaeensesaeeneeseeeneens 7
RESULT ..ttt ettt h et b s he et s bt s a et s bt et e s b e e st e bt e bt emt e e bt eat e st e sbeenbesbeentenbesaeenes 8
S 010 Y 1 [0 SRR 8
SUMMAary Of INCIUAEA STUAIES: .....cveeeeiiceeeceeee ettt st a e s se et e reennas 9
ASSESSMENT OF FISK OF DIBS. ... 12
Meta-analysis of prevalence using TST > 10 MM ..ceeviiririniniieeeeeeeere s 19
OVEIAll PrEVAIBNCE ... ettt ettt et e bt et e s beentenbesneenseeneeneas 19

Page | v



Prevalence stratified By StUAY AeSIgN .......oovieieii ettt 20

Prevalence stratified by the qUAlIty SCOTES ......ccvieeceiieeececeeeeeee e 21
Prevalence stratified by province (the study SEtting) ..........cocevererieieirirenerereeeeee e 22
Prevalence stratified DY SAMPIE SIZE ......couovviiiieie e 23
Prevalence stratified by the reCruitment Qreas ...........coceeverererieieieeeeeeee s 24
Prevalence stratified DY age CAtEJOIY.......ooirieiiiieeseeeee ettt et ernens 25
Prevalence stratified DY GENAEN .........c.vcviiiieeee ettt s ernens 26
Prevalence stratified Dy the STUAY YEAT..........c.oviieeciieceeteeeee et 26
OENEE TACTOTS. ... ettt sttt ettt b e bbbt ettt ebe b e b e nnenes 26
Meta-analysis of prevalence USING IGRAS: ......oouciiiiieeereeeee e 26
OVETAIl PrEVAIBINCE ...ttt ettt se b e nes 26
Prevalence stratified by the StUdY deSIgN .....c.eevveiieeiiceceeeee et 27
Prevalence stratified by the qUAlITy SCOIES ......cciiieiiiiceeeceeee et 28
Prevalence stratified by province (the study SEttiNg) ..........cocerverrerieiieirenenerereeeeeesese e 29
OENEE TACTOTS. ...ttt ettt ettt b e bbbt e e et e st eseebenbeneenen 30
DISCUSSION ....ceetiiiteiie ettt sttt et e s e st st e et e e beesbee s st e satesabesabeebeenbeesbeesaeesaseenteesseesseesaneans 31
PREVAIENCE ...ttt ettt b ettt b ettt na e 31
RISK FACTOTS: ...ttt b bbbttt bttt b e 33
0 SRS 33
GBNAET ..ttt sttt 33
RACE: ... 33
Presence OFf BCG SCAIES ..ottt 34
HIV STAIUS ...ttt sr e et n e s resanesresmea 34
Prior @XPOSUIE 10 TB .. .ooiiiiieeieeieeteete ettt sttt ettt st et e s be e e e sbesbaenbesbeesaebesasassesseensesteesnans 34

The density 0f NOUSENOIM: .........c.eoiiiiieeeecee et et st anas 35
Year of parents’ €AUCALION ........cceeviiiieeiereceete ettt st e st eseeseesre e s e steessensesenenes 35
Parental INCOME: ........cviiiiiiici bbb 35
OLNET TACTONS. ...ttt ettt sttt 35
CONCLUSION ...ttt ettt sttt e be e be e e be e sat e satesabe e be e be e bt e sbeesaeesaeeentean 37
REFERENCES. ...ttt sttt et b e s he e sat e s bt et e e bt e s bt e s bt e satesateebeenbeesbeesaeanas 40
APPENDICIES : ... .ttt ettt e b e e s bt e s at e st e et e e bt e sb e e sbe e saeeeabeeabeenbeesbeesanenas 43
Appendix A: Additional figures and tabIes..........ccvveeviiiiecerecee e 43
SUPPIEIMENES: ..ttt ettt et e et e st e e st e s te e st et e eseessasseessessesseessesseessensesssessessenssessenseans 45
AppendixX B: APProved ProtoCOL..........oeeviiieiereeiee ettt 48

Page | vi



Appendix C: Approved ethiCS WAIVET ........ccceceeeerieierieseee e
Appendix D: Turnitin plagiarism report ..........ccceceeveveneeceseeeeseeeeeese e

Appendix E: Author’s guideline for publication (BMC Public Health Journal)

Page | vii



LIST OF FIGURES

Figure 1
Figure 2
Figure 3
Figure 4
Figure 5
Figure 6
Figure 7
Figure 8
Figure 9
Figure 10
Figure 11
Figure 12
Figure 13

Page | viii

PRISMA 2009 Flow chart

Percentage risk of bias items in the included studies
The overall prevalence using TST

The prevalence stratified by study design

The prevalence stratified by quality scores

The prevalence stratified by Province

The prevalence stratified by sample size category
Prevalence stratified by recruitment area

The overall prevalence using IGRAs

Prevalence stratified by study design

Prevalence stratified by quality scores
Prevalence stratified by Province

Funnel plot of the selected studies

PAGE

15
20
21
22
23
24
25
27
28
29
30
42



LIST OF TABLES PAGES

Table 1
Table 2
Table 3
Table 4
Table 5
Table 6
Table 7
Table 8

Table 9

Table 10
Table 11
Table 12
Table 13

Page | ix

Keywords modified as needed in different MeSH terms 5
Inclusion criteria 6
Summary of the included studies 11
Excluded studies with reasons 12
Percentage risk of bias items in the included studies 13
Assessment of risk of bias items in included studies 14
Results extracted on prevalence of LTBI 16
Extracted results on risk factors of LTBI (TST cut off >10mm, OR 95% CI)
18
Screening Form 1 43
Screening form 2 43
Data extraction form 43
Quality Assessment checklist for prevalence studies (Hoy et al [*°) 44
Checklist PRISMA-P 2015 checklist 46



LIST OF ABBREVIATIONS

LTBI: Latent tuberculosis Infection

TB: Tuberculosis

mTB: Mycobacterium Tuberculosis

PmTB: Pulmonary Mycobacterium Tuberculosis
WHO: World Health Organization

TST: Tuberculin Skin Test

IGRAS: InterFERON Gamma Release Assays
CL: Confidence Interval

PRISMA-P:  Preferred Reporting Items for Systematic reviews and Meta-analysis Protocol

Page | x



ABSTRACT

Background: Latent tuberculosis infection (LTBI) is a condition whereby people harbour
live Mycobacterium tuberculosis (M. tuberculosis) without any evidence of active
tuberculosis (TB) infection. The World Health Organisation (WHO) agenda for eradicating
TB revolves on screening and treating people with LTBI in high TB prevalent regions.
Studies on LTBI claim that by the typical age of sexual debut, about 50% of the young people
in South Africa harbour LTBI and roughly 75% by the age of 25 years. It is imperative to
contribute to South Africa’s readiness towards WHO agenda for LTBI treatment. Using a
Systematic Review and Meta-Analysis, we summed up study measures of effects on LTBI
and made a conclusion on the purported prevalence and associated risk factors of LTBI
among young people (0-19 years) in South Africa.

Method and analysis: We used studies which estimated the prevalence and risk factors of
LTBI among young people (0-19 years) in South Africa as diagnosed by Tuberculin skin test
(TST) and InterFERON Gamma Release Assays (IGRAs). Studies were selected using pre-
defined eligibility criteria and quality assessment tools to minimize bias. Random-effects
model was used to weight the studies and Heterogeneities were determined using I-squared
(1) heterogeneity statistic. Effect measures were extracted at 95% confidence interval (CI)
and the overall estimates pooled using Stata version 14 at 90% CI to accommodate minor
variations in the selected studies.

Result: Due to lack of data for all the Provinces, the results obtained in this review are for
two Provinces (Western Cape and Gauteng) only. We found the pooled prevalence of LTBI
among young people in the two Provinces to be 37% (90% CI: 34%, 41%) using TST and
40% (90% CI: 34%, 46%) using IGRAs. Pooled prevalence for Western Cape is 41% (90%
Cl: 37%, 44%) and Gauteng is 23% (90% CI: 19%, 26%).

Conclusion: This Systematic review and meta-analysis did not establish the fact that the
burden of LTBI among young people in South Africa is high as there were no studies in all
the Provinces to back the claim. The available studies on the subject did not represent the
national burden of LTBI among the study population given that they covered only two
provinces of South Africa.

Keywords: LTBI, prevalence, risk factors, young people, South Africa.
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INTRODUCTION
Background

LTBI is defined as a condition whereby people harbour live Mycobacterium tuberculosis (M.
tuberculosis) without showing any clinical signs or symptoms of active tuberculosis (1). It
has also been defined by World Health Organization (WHO) as an immune response to M.
tuberculosis antigen with no medical evidence or symptom associated with active TB
infection (2). LTBI is caused by an acid-fast bacillus; an agent which has the ability to remain
dormant in its host for many years and can be transmitted through droplets of aerosols from
an active TB patient to a susceptible host. Given that the period of latency cannot be
predictable since M. tuberculosis can persist unnoticed for so many years inside its host;
LTBI is a grave health concern worldwide and the principal contributory factor to active TB
cases. Amongst individuals who have been exposed to active TB, 30% will show evidence of
LTBI using TST and on the average, 5-10% of this number will progress to active TB in
about two years (3). LTBI therefore, contributes massively to the 15% TB burden in young
people which leads to about 1 million TB cases in the population group annually (4). It also
adds to the global 8.8 million new TB cases and 1.4 million TB deaths that occur annually

(2).

South African schools record LTBI prevalence as high as 50% or more among adolescents in
poor socio-economic settings with high TB and HIV prevalent (5). On the whole, 80% of
South African population in informal settlements and townships are reported to harbour LTBI
(5). Young people who are HIV positive with household TB contact have been classified as a
risk group for LTBI acquisition. Nevertheless, among healthy South African children and
adolescents who are HIV negative, LTBI is still considered to be very high with some studies
recording a prevalence of 28.0% in the age group 5-10 years representing about one third of
the group; 41.7% in 11-15 years and 65.7% in 16-20 years which is a two third of the age
category (6). By the average age of sexual debut, 50% of young people in South African
communities have LTBI and by the age of 25 years, approximately 75% of the individuals
will have evidence of LTBI (6) which is a public health concern. The above figures,
therefore, imply that the risk of TB transmission in South Africa will remain high because of
the massive pool of LTBI among young people and will consequently impact on the
effectiveness of TB control programs in the country.

Some studies claim that it is not feasible to identify living bacilli in individuals who have
LTBI (1). Other studies suggest that diagnosis of LTBI can be done using either TST (an in
vivo method that uses a combination of antigens taken as a protein precipitate from M.
tuberculosis liquid cultures) or IGRAs, (an ex vivo method which is designed to identify
immune response against M. tuberculosis antigens) amongst other methods (7). Andvoid
established that the pattern of TB infection in an adult cohort is determined by the same
pattern of the infection in their childhood (8). This he explained by stating that TB death is
trailed by the same pattern from childhood up to adulthood; hence, LTBI in young people
develops into active TB in their adult cohort after so many years of primary infection. Some
studies argue that although childhood infection determines TB mortality in later life, it is as a
result of the immunological response from re-infection and not as a result of reactivation of
LTBI (9). Canetti sustained this opinion by stating that most TB infection disappears after the
primary infection causing TB recurrence to be due to re-infection and not due to reactivation
of LTBI (10). According to, Mack et al (1),

“the fact remains that testing positive to LTBI (using immune-based diagnostic tests)
is mainly a measure of an immunological response to stimulation by mycobacterial
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antigens that cannot necessarily be attributed to the presence of live M. tuberculosis in
the human host” (1).

On the contrary, Tufariello et al (11) proved that M. Tuberculosis has the ability to persevere
silently in the host with a minute number of bacilli which is insufficient to cause any clinical
signs of TB infection until certain triggers that alter the immunological response occur,
causing a higher metabolic rate and replication of the bacilli resulting in the clinical
manifestation of TB disease (11). Without a doubt, the extent to which LTBI in young people
can cause active TB later on in life is not well understood.

The immunological factors implicated in the causation and/or prevention of LTBI is complex.
(12). Nevertheless, persons with LTBI are said to have a higher percentage of antigen-
specific CD8 T cells that support bacterial Killing needed to cause LTBI (12). Despite
different opinions on this topic, current researchers use both TST and IGRAs amongst others
to diagnose LTBI. These methods are widely used to diagnose LTBI in young people. Many
studies which employed TST and IGRAs to determine the prevalence and risk factors
associated with LTBI exist in South Africa although with undeniable discrepancies in their
findings. This systematic review and Meta-Analysis, therefore, aims to pool the actual
prevalence and risk factors of LTBI among young people in South Africa from existing
studies.

Objectives:

Primary objectives
I.  To estimate the pooled prevalence of LTBI among young people in South Africa.
ii.  To determine the pooled effect estimates of the specified risk factors associated with
LTBI prevalence among young people in South Africa.
Secondary objectives
i. To explore the trend over the study years and the effect of age groups on the
prevalence of LTBI.
ii.  To critically appraise the quality of the extracted data.

Review question:
This systematic review and meta-analysis will be guided by the question: what is the
prevalence of LTBI and associated risk factors among the young people in South Africa?
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MATERIALS AND METHODS

This review addressed the recommended items presented in the Preferred Reporting Items for
Systematic reviews and Meta-Analyses Protocols (PRISMA-P) 2015 checklist (13). This
review has been registered and published in the PROSPERO International Prospective
Register of Systematic Reviews with PROSPERO Registration Number: CRD42016046228

Designs and scope

This systematic review and Meta-Analysis comprise research reports that examined the
prevalence of LTBI and associated risk factors among young people in South Africa. We
included both published and unpublished studies ranging from January 2000 to December
2016.

Eligibility criteria:

We included all studies irrespective of the study designs which investigated the prevalence of
LTBI among young people in South Africa. Participants were within the age group 0 to 19
years and living in South Africa between the year 2000 and 2016. All recognized ethnic
groups and socioeconomic status including academic backgrounds were considered. Only
studies written in the English language were considered and included in the review if they
met the criteria for inclusion. Only studies that determined LTBI using TST and or IGRAS
were used. We used the most recent and comprehensive versions of same studies appearing in
different journals. Studies that determined LTBI on subgroup of people different from young
people in South Africa, example, the mine and healthcare workers were not included. Studies
that reported the prevalence of LTBI that are restricted to only a subgroup of young people
which are not representative of this population, example, studies on the prevalence of LTBI
restricted to cancer patients or HIV positive individuals were not included. We examined
studies that investigated LTBI on mixed population but extracted data only for our study
population (0 to 19 years). All studies on the subject that lacked details of data collection or
clear methods of analysis were not included. Case report or case series, personal opinions,
personal write-ups and descriptive reviews on the subjects were excluded. Studies that did not
meet the qualities stipulated in the eligibility screening were excluded. Studies on LTBI
treatments outcomes were excluded.

Outcome measures

The outcome assessed in this review is the prevalence and risk factors of LTBI among young
people in South Africa as reported in studies from the year 2000 to 2016. All considered
studies reported the prevalence of LTBI by diagnosing M. tuberculosis using TST at 10mm
cut off and or IGRAs. Young people with LTBI are classified as having TST or IGRAs
positive results for M. tuberculosis but with no clinical signs or symptoms of TB infection.
Studies that determined prevalence using TST at 10mm cut off and risk factors at 5mm cut
off were included in the systematic review. Studies on established active TB cases were
excluded.

Exposure measures

The risk factors associated with LTBI: covariates of interest in this review include
demographic variables (gender, age, and racial groups); socioeconomic variables (subject’s
education, years of parents’ education, parental income); Household level factors (prior
exposure to active TB infection and density of household); HIV status and BCG scars. The
covariates were identified with caution using our judgments with respect to the author’s
definitions.

All considered studies measured risk factors as Odd Ratios. Other measures other than Odd
Ratios were not included in the risk factor review.
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Search strategy

With the help of the Librarians at the School of Public Health Library, University of
Witwatersrand Johannesburg, South Africa, we developed a comprehensive search strategy to
identify the relevant studies. We used medical subject headings (MeSH) modified according
to different databases for the search. We searched a number of databases which includes
PubMed (Medline), SCOPUS, DARE, CINAHL and Web of Science on the subject. Using
different MeSH combinations suitable for each database, we found studies with related
keywords in table 1.

Table 1: Keywords modified as needed in different MeSH terms

#1  LTBI #7 tuberculin skin test

#2  Latent TB #8 TST

#3  Latent TB infection #9 Interferon-gamma release assays
#4  Latent tuberculosis #10 IGRASs

#5  Latent tuberculosis infection #11 South Africa

#6  Latent mycobacterium tuberculosis #12

To ensure we had exhausted all the available studies on the subject, we examined the
reference lists of the retrieved articles and authors’ personal profiles for more studies.

Finally, we hand-searched the journal sections of libraries for published and unpublished
articles and searched for presented papers on TB conferences. We used no language or time
restriction in all our searches, however, only studies written in English language and from the
year 2000 were filtered at the end of the search.

Screening and data collection

We used a reference manager (Mendeley 1.17.1) to download and handle the selected
articles. The articles were passed through series of filters to select the ones that have the
important data sets. Firstly, we independently scanned through the titles and the abstracts of
the retrieved articles to select those that matched the predefined inclusion criteria in table 2.
The studies were allocated any of the above: included (1), excluded (2) and uncertain (3) if
the reviewer is not very sure. Articles that were marked “included” were assumed to have the
matching titles and abstracts relevant to our study and hence, preceded to the second phase of
the screening. We excluded the studies we considered inappropriate (those that were marked
excluded). Collectively, we re-examined those that scored 3 (uncertain) and reached an
agreement as which of the studies to exclude or include in the next phase of the screening.

At the second phase of the screening, we carefully and independently studied the articles that
were marked included to determine their prospective significance to our review. The methods
employed to screen LTBI, the study populations and other relevant information appearing in
the included studies were recorded. The studies were further allocated any of the above
words: (1) include, (2) excluded and (3) uncertain. Once again, we collectively, re-examined
those that were marked uncertain and reached an agreement as to which of the studies to
exclude or include in the assessment of bias phase.

Thirdly, we evaluated all included articles for quality and eligibility criteria by using Hoy et
al (14) quality scores assessment tool to reduce the risk of bias. Standardized data extractions
on the eligible studies were carried out independently by the two reviewers. The study
information and data extracted include the authors and publication years, study settings,
designs, sample size, age, the prevalence of LTBI at 95% CI and risk factors with their odd
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ratios at 95% CI. The risk factors considered include the BCG scars, HIV status, age
category, gender, race, socioeconomic status, prior exposure to TB and density of household.
The two independent reviewers compared the extracted data sets and reached consensus
where discrepancies were noted. We presented the selection procedures in a flow chart for
transparency.

Table 2 Inclusion criteria

Characteristics Criterion
Types of study All study designs
Participants Young people aged 0 to 19 years
Settings Studies must take place in South Africa
Diagnoses LTBI diagnosed with TST and/or IGRAs
Outcome measures Prevalence rate at 95% CI

Odd ratio (OR) for risk factors at 95% CI
Results Prevalence and risk factors

Study quality and critical appraisal

We rated the study qualities by scoring them using the quality assessment checklist for
prevalent studies adapted from (14). The scores ranged as follows: low risk (<5), moderate
risk (6-8) and high risk (>8). The scoring was independently done by the two reviewers and
reconciliations were made afterward by the third reviewer. Articles that met the eligibility
criteria were carefully selected to avoid potential bias and sensitivity analyses were carried
out to check for causes of heterogeneity observed in the selected studies.

Quiality assurance

We expected possible biases to arise from the following: publication, selection,
misclassification, and confounding. To minimize these biases, we employed the following
measures:

1. In case-control studies, we watched out for selection bias by checking if the same
method was used to select the LTBI cases and the controls (LTBI negative) and if
both arms came from the same study population. Only the articles that did not have
selection bias were included in the review.

2. We only included longitudinal studies that used proper methods to determine the
absence of LTBI before the study began and after a follow-up period and studies that
selected exposure group with respect to their likelihood of acquiring LTBI.

3. We checked the comparability of the groups being compared to minimize
confounding effects. Only studies with comparable baseline characteristics between
the non-exposed and the exposed groups were included.

4. To avoid misclassification bias all the included studies met the quality and eligibility
criteria.

5. Publication bias was investigated using funnel plot.
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Data synthesis

We extracted the adjusted and the unadjusted prevalence rates at 95% CI and using the
denominators (total number of participants); we re-calculated the numerators (cases) where
they were not given. Using the numerators and the denominators, we re-generated the
proportions and calculated the standard errors. We generated the constant and used the
standard stata command (-vwls-) to get the inverse variance-weighted proportion. Random
effect meta-analysis using metan command was used to calculate the pooled prevalence
estimate across the studies at 90% CI. Only the unadjusted pooled prevalence was re-
calculated using both TST and IGRAs while the adjusted prevalence was stated in the
narrative review. The odd ratios at 95% CI were also presented and compared in the narrative
review.

Data analysis

After we had extracted the relevant data sets, the combined estimates of the prevalence at
90% confidence interval were summed up in meta-analysis using STATA version 14. The
confidence interval of 90% was used to accommodate little inconsistencies among the
selected studies. We investigated the trend of LTBI over the study period and we compared
the prevalence in the younger age group (< 10 years) and the adolescents (11 to 19 years) in
the subgroup analysis.

Subgroup analysis

We carried out further investigation on heterogeneity using subgroup analysis of the studies
classified into various groups. Examples of subgroup analysis that were performed include
plotting and comparing results of different quality scores to ascertain how they vary from the
overall results and assessing if different study designs and the settings used have effects on
meta-analysis result. Studies were also analyzed based on their recruitment areas and sample
size categories to check if they had an effect on the heterogeneity of the selected studies.

Assessment of heterogeneity

The extent of variation between the selected studies was accessed using 1° heterogeneity
statistic presented as percentages: <25% (low), 26%-50% (moderate), 51%-75% (significant)
and 76% -100% (substantial). Using the forest plot, overlapped confidence intervals signified
a non statistical significant difference in the prevalence of the selected studies. Poor overlaps
of Cls or I? statistic >50% indicate significant heterogeneity. Where heterogeneity was
significant, we performed subgroup analysis to investigate the causes of heterogeneity.

Approach to missing data

We wrote the corresponding authors requesting for information on the missing data. Only a
few authors responded accordingly. However, no study was excluded on the basis of missing
data.
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RESULT

Study flow:

Figure 1 displays the study flow from the search result. We identified a total of 850 studies
through databases (n=835) and other sources (n=15). We excluded 48 studies which were
identified as having duplicates and screened 802 studies in the first phase. Of the total studies
screened, 696 studies did not meet our desired title and abstract in the first screening. A total
of 106 studies were screened in the second phase and 28 articles qualified for full-text
eligibility assessments of which 10 studies were excluded with reasons. Of the remaining
studies, 18 were included in the quantitative synthesis and 16 in the quantitative synthesis
(meta-analysis).
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Figure 1:

Summary of included studies:

Studies included in this review comprised of 18 peer-reviewed journals; 15 of which were
conducted in Western Cape Province and 3 in Gauteng, precisely Soweto (n=2) and Northern
Johannesburg (n=1). The bulk of the studies carried out in Western Cape were conducted in
Cape Town (n=14) and only one in Worcester. Twelve of the studies measured LTBI by TST
only; six by both TST and IGRAs and none measured by IGRAs only.

Two study designs were identified from the 16 studies included in the quantitative synthesis:
cross-sectional (n=11) and longitudinal/cohort (n=5). Sample sizes ranged from 169
participants to 49,835 participants aged 0 to 20 years except for one study (15) that
categorized age 18 to 22 years together; however, this was not included in the analysis. Some
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of the studies were carried out in residential plots (households, n=7), schools (n=7), hospitals
(n=2) and Epidemiological research sites (n=2). Mostly, random selection methods were used
for the sampling of the households that participated in the studies.

Most of the studies were conducted in urban communities and township settlements with one

study in a peri-urban area. Basically, all the settings were classified as impoverished South
African settings with high TB and HIV prevalence. All the studies were conducted in only
two provinces of South Africa and covered mainly the black populations. Population
description of the participants cut across the relevant demographic variables (age and sex).
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Table 3

Summary of the included studies:

STUDY METHOD
S/ Author/year of Setting Design Sample Study age Recruitment Population description
N publication size areas
1 Shanaube et al, Western Cross-sectional 49,835 6to 11 yrs Schools School children in both urban
2009 Cape and rural communities
2 den Boon et al, Cape Town  Cross-sectional 1344 <15yrs Residences Children  from  low-income
2007 suburbs
3 Wood et al, CapeTown  Cross-sectional 832 510 20 yrs Residences Healthy school attendees from
2010 survey crowded townships rated among
the townships with the highest
prevalence of TB and HIV in
the world
4 Middelkoop et Western Retrospective 1100 5to> 15 yrs Schools Children from crowded peri-
al, 2014 Cape geographic urban township
analysis
5 Mandalakas et Cape Town  Cohort 247 3 Months to Hospital
al, 2013 15 yrs Children from impoverished
urban communities presenting
for  out-patient care at
Tygerberg Children Hospital
6 Preez, 2011 Cape Town Cross-sectional 199 3 Months to Residences Healthy South African children
15yrs from  impoverished  urban
communities
7 Middelkoop et Western Cross-sectional 820 13-22 yrs Schools Secondary school learners in a
al. 2011 Cape high HIV and TB prevalence
community
8 Obihara et al, CapeTown  Cross-sectional 337 6-14 yrs Epidemiological Children from poor urban
2005 research site community
9 Shah etal, 2011  Soweto prospective 263 >6 Months to Residences Children with adult household
longitudinal <16 yrs TB contact
10 Obihara et al, Cape Town  Cross-sectional 841 6 to 14 yrs Epidemiological ~ Children  from randomly
2006 research site selected households in Poor
communities
11  Kiritzingeret al, Cape Town  Longitudinal 1954 6to9yrs Schools Children from all primary
2009 schools in the study setting
12 Mandalakas et Cape Town  Prospective 1343 6 Months to Residences Children from high TB and HIV
al, 2015 community-based <15yrs burden settings
13 Mahomed et al, Western Prospective 5244 12 to 18 yrs Schools Adolescents  attending  high
2011 Cape community-based schools
14 Ncayiyana et al, northern A community- 169 0-14 yrs Residences Children living in one of the
2016 Johannesbur  based survey with poorest urban informal
g a random settlements, Diepsloot,
sampling Johannesburg.
15 Kasambira et al, Soweto Cross-sectional 254 >6 mon - Hospital Children  with an  adult
2011 <16yrs household contact with
pulmonary TB
16  Middelkoop et Western Cross-sectional 831 5-17 yrs School School going children from a
al, 2008 Cape community experiencing
increasing TB and HIV
prevalence.
17 Mahomed et al, Worcester Cross-sectional 6363 12 to 18 yrs Schools Adolescents attending  high
2013 schools
18 Mandalakas et Cape Town  Cohort 536 3 Months to Residences Children from impoverished
al, 2012 15.6 yrs urban communities
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Table 4

Excluded studies with reasons

Authors Title Reasons for exclusion
1 CID, 2009 On the relationship between ages, the annual rate of infection, Correspondence:
and prevalence of Mycobacterium tuberculosis in a South methodology is not clear
African township.
2 Mahomed et al, TB Incidence in an Adolescent Cohort in South Africa 2 Bacteriologically confirmed
2013 cases of TB
3 Marais et al, 2005 The prevalence of symptoms associated with pulmonary TST cut off point >15mm
tuberculosis in randomly selected children from a high burden  was used
community.
4 Mahomed et al, The Tuberculin Skin Test versus QuantiFERON TB Gold (R) Comparing predictive value
2011 in Predicting Tuberculosis Disease in an Adolescent Cohort of TST and IGRAs
Study in South Africa
5 Van Wyk et al, 2012  Tuberculosis contact investigation in a high-burden setting Small sample size (12
children)
6 Liebeschuetz et al, Diagnosis of tuberculosis in South African children with a T- TB suspects were used
2014 cell-based assay
7 Webb et al, 2009 High prevalence of Mycobacterium tuberculosis infection and  Children and adolescents with
disease in children and adolescents with type 1 diabetes type 1 diabetes
mellitus.
8 Lebina et al, 2015 Latent tuberculosis infection in schoolchildren and contact LTBI measured by neither
tracing in Matlosana North West province, South Africa TST nor IGRAs
9 Moyo et al, 2011 Tuberculin skin test and QuantiFERON (R) assay in young TB suspects were used
children investigated for tuberculosis in South Africa
10 stefan et al, 2010 Interferon-gamma release assays for the detection of Children with cancer

Mycobacterium tuberculosis infection in children with cancer 2

Assessment of risk of bias
The included studies were assessed for nine bias items outlined in table 5 using Hoy et al
(14). Four of the bias items were not identified in any of the studies and these include the
non-response and instrument bias. According to our findings, the studies controlled for non
responses bias satisfactorily and the instruments used to diagnose LTBI were shown to have
reliability and validity. Data were collected directly from the subject as opposed to proxies
since the test for LTBI requires a diagnosis on the subjects. Other data that could have been
collected from the subjects’ proxies such as the socioeconomic and religious variables were
not considered in answering this question.
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Table 5 Percentage risk of bias items in the included studies

List of bias items Total Percentage (%)

A Was the study’s target population a close representation of the national 10 41.67%
population in relation to relevant variables, e.g. age, sex, occupation?

B Was the sampling frame a true or close representation of the target 7 29.17%
population?
C Was some form of random selection used to select the sample, OR, 4 16.67%

was a census undertaken?

0%
0%
4.17%
0%

Was the likelihood of non-response bias minimal?
Were data collected directly from the subjects (as opposed to a proxy)?

Was an acceptable case definition used in the study?

® T m O
©o »r O o

Was the study instrument that measured the parameter of interest (e.g.
prevalence of low back pain) shown to have reliability and validity (if
necessary)?

H Was the same mode of data collection used for all subjects?

o

0%

| Were the numerator(s) and denominator r(s) for the parameter of 2 8.33%
interest appropriate

Total 24 100

The same mode of data collection was used for all the subjects in all the studies. Acceptable
case definitions were used and all studies which measured LTBI by TST used the cut off
point > 10 mm except for one study (16), that used 5 mm cut off point in the analysis of risk
factors. Unacceptable case definitions accounted for only 4.17% bias in the included studies
while subjects’ selection bias accounted for 16.6%.

The study’s target populations were not a close representation of the national population in
most of the studies (n=10). Inappropriate sample sizes accounted for 46.67% of the bias
present in the included studies. In relation to age, all the study participants were within the
study age group (0-19 years) except in one study (15), where participants up to 22 years were
included in the age category. In terms of sex, the studies are representative of both sexes
since most of the studies did not have baseline differences between the male and the female
participants. Occupation wise, most of the participants can be classified as school going
children and make up the bulk of the dependent population in the settings which is evident in
some of the studies being conducted in primary or secondary schools and créches (n=7).
Seven studies did not have their sampling frame as a true or close representation of the target
population and this accounted for 29.17% of the bias in the included studies.

The numerators and the denominators of the parameters of interest were appropriate for most
studies and contributed only 8.3% of the examined bias. Overall, we classified 17 out of the
18 included studies as having low risk and only one study as having a moderate risk with
none of the studies recording high level of risk (table 6).
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Table 6

Assessment of risk of bias items in included studies

Risk of bias items

© 00 N oo g B~ W N B

I el e e T i =
0 N o oA W N P O

Study

Shanaube et al, 2009
den Boon et al, 2007
Wood et al, 2010
Middelkoop et al, 2014
Mandalakas et al, 2013
Preez, 2011
Middelkoop et al, 2011
Obihara et al, 2005
Shah et al, 2011
Obihara et al, 2006
Kritzingeret al, 2009
Mandalakas et al, 2015
Mahomed et al, 2011
Ncayiyana et al, 2016
Kasambira et al, 2011
Middelkoop et al, 2008
Mahomed et al, 2013
Mandalakas et al, 2012

A

B O O P kP O O F KB kP B O FP P O R, O O

B

P O O P b O O OO P P O P B OO o o

cC D
0 ©
0 0
0 ©
1 0
1 0
0 0
0 ©
0 0
1 0
0 0
0 0
0 0
0 0
0 O
1 0
0 O
0 ©
0 O

m

P O O O O O O O O o o o o o o o o o

T

O O O O kB O O O O O O O O O o o o o

(@)

O O O O O O O O O O O O o o o o o o

I

O O O O O O O O O O O O O o o o o o

O O O kP O O O O O O kP O O O O o o o

Quality
scores
0

N O O A W O O P P W W O N W P +—» O

Level of Risk

Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Low
Moderate
Low
Low

Low

Figure 2 represents the chart for the percentage risk of bias as presented and narrated above.
The bias with the most risk in the included study is ‘A’ representing the question: was the
study’s target population a close representation of the national population in relation to
relevant variables, e.g. age, sex, occupation? Most of the studies used inadequate sample
sizes which were not close to the study population at the study setting even though there was
no much difference in the baseline characteristics in relation to age, sex, and occupation. ‘B’
accounted for the second highest in the study and it sought to know if the sampling frames
were the true or close representation of the target population? ‘C’ accounted for the third

most biased item and D, E, G and H accounted for 0% each.
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Figure 2: Percentage risk of bias items in the included studies

percentage risk of bias items (%)
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Table 7

Results extracted on prevalence of LTBI

STUDY

S/N

10
11
12

13

14

15
16

Author/year of publication

Shanaube et al, 2009
den BOON et al, 2007

Wood et al, 2010

Middelkoop et al, 2014

Mandalakas et al, 2013
Preez, 2011
Middelkoop et al. 2011

Obihara et al, 2005
Shah et al, 2011
Obihara et al, 2006
Kritzingeret al, 2009
Mandalakas et al, 2015

Mahomed et al, 2011

Ncayiyana et al, 2016

Kasambira et al, 2011
Middelkoop et al, 2008

TST ( cut off > 10mm)

Sample size

49,835
1344

832

1100

247
199
820

337
263
841
1954
1343

5244

169

254
831

TST+

15199
430

484

84
99
365

179
70

328
565
536

2213

32

56
311

IGRAS
Prevalence (95% CI) ngple
size

Unadjusted Adjusted
30.3 (22.6-38) 30.5(22.9-38.2)
32
Prevalence by age category
28.0 (24.1-32.3)  5-10yrs
417 (37.2-46.3)  11-15yrs
65.7 (56.0-74.2)  16-20 yrs

44
Prevalence by age category
5-9 yrs 29
10-14 yrs 41
>15 yrs 54
34 228
495
44.5
Prevalence by Age category
28 5-9 yrs
42.4 10-14 yrs
50.6 15-17 yrs
58.8 18-22 yrs
Prevalence by gender
47.8 Male
41.8 Female
53
27(21-32)
38.9
28.9 (27.0-30.9)
39.9 1343
42.2 (40.9-43.6) 5244
18.8 (10.0-32.5)
22 (0.17-0.28) 270

374

Prevalence by age category

Prevalence
(95% ClI)

Unadjusted

25

41.2

509  (49.5-
52.2)

29 (24-35)
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17
18

Mahomed et al, 2013
Mandalakas et al, 2012

6363
536

2679
305

26.2
315
451
52.5
421
56.9

5-8 yrs

9-11 yrs

12-13 yrs

14-1 7yrs
6363
536

53.5
52.4
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Table 8

Results extracted on risk factors of LTBI: OR (95% CI) using TST ( cut off >10mm)

Author/year of Age Gender Race
publication
Age category  Unadjusted OR Adjusted OR (95% CI)
(95% CI)
den Boon et al, 04 1 (Reference) 1 (Reference)
2007
5-9yrs 2.11 (1.57-2.84) 2.13 (1.57-2.89)
10-14yrs 3.39 (2.46-4.67) 3.60 (2.59-5.00)
Preez, 2011 1.57 (0.82-3.00)
Adjusted OR(95% CI)
Middelkoop et al. 1.10(1.01-1.21) M: 1(Ref)
2011
F: 0.65(0.47-0.9)
Mandalakas et al, 1.01 (1.01-1.02
2015
Mahomed et al, >15years 1.4 (1.3-1.6) Female: Reference  Indian/White
2011 Male:1.07 (0.96-1.20) (reference) Mixed
race: 7.96 (5.97-
10.64) Black race:
8.65 (6.35-11.82)
Kasambira et al, <2 Unadjusted Adjusted Male: Reference
2011 Reference Reference
2-5 1.9 (0.78-4.6) 1.5 (0.61-3.9) Unadj: 1.2 (0.63-2.1)
6-10 1.3 (0.56-3.1) 1.2 (0.50-2.9) Adj: 1.1 (0.57-2.0)
>10 2.5(0.92-6.6) 2.4 (0.85-6.6)
Middelkoop et al, 1.19 (1.12— 1.25)
2008
presence of BCG HIV status Exposure to TB Years of parent's
Scares education
den Boon et al, Unadj: 2.20 (1.63-2.96
2007
Adj:  2.01(1.46-2.77)
Middelkoop et al, Adjusted
2014
5-9yrs: 2.0 (1.1-3.5)
10-14yrs: 2.4 (1.5-3.6)
>15yrs: 1.4 (0.9-2.0)
Total: 1.9 (1.4-2.4)
Adjusted

Mandalakas et al,
2013

Preez, 2011

Middelkoop et al.
2011

Mandalakas et al,
2015

Adj:
2.46)

0.72 (0.21,

Present: reference
Absent: 1.30 (0.85-
1.99)

+ve: 1.04 (0.93, 1.16) Unadj: 1.18 (1.04, 1.35)

_ve: 1.23 (1.08, 1.40) Adj:

1.07 (1.01-1.13)

1.14 (0.99, 1.30)

Unadjusted OR(CI)

0.53 (0.27-1.05)

-ve: 0.99 (0.94-1.04) 1.17 (1.11-1.23)

+ve: 1.29 (1.07-1.57)
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Mahomed
2011

et al,

Kasambira et al,
2011

Present (reference)
Abscent:0.86 (0.75-
0.99)

Present (reference)

Absent:
Unadjusted: 2.6
(0.35-19)

Adjusted: 1.9 (0.25-
15.1)

-ve: Reference

Unadjusted:
+ve: 1.0 (0.3-3.5)

Adjusted:
+ve: 1.1 (0.30-4.4)

No (reference)
2.52 (2.20-2.88)

Yes: Maternal

2.49 (2.15-2.84)

Paternal
level <
2.38 (1.97-2.87)

highest
primary

highest education
level < primary

school:

education
school:

Preez, 2011

Mahomed et al, 2011

Meta-analysis of prevalence using TST > 10 mm

Parental income

>Z AR4000(reference) <ZAR4000/month: 3.40 (2.91-

3.97)

Overall prevalence

Figure 3 sums up the overall prevalence as presented by the selected studies. The graph
includes the individual study prevalence, the Wald confidence intervals, the 12 statistic and
the overall pooled prevalence at 90% Cls. Using TST, this review found the overall pooled
prevalence of LTBI to be 37% (90% CI: 34%, 41%). The 12 statistic which describes the
extent of variation due to inter-study heterogeneity shows a very high level of heterogeneity
(98.3%, p< 0.001) among the studies. This result does not support the pooling of all the
studies into one pooled measure and hence, subgroup analyses were carried out by stratifying

the studies into subgroups to further investigate heterogeneity.
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Figure 3

Author

Shanaube et al
den BOON et al
Preez
Middelkoop et al
Mandalakas et al
Obihara et al
Shah, et al
Obihara et al
Kritzingeret al
Mandalakas et al
Mahomed et al, 2011
Ncayiyana et al
Kasambira et al
Middelkoop et al
Mahomed et al

Mandalakas et al

Year

2009

2007

2011

2011

2013

2005

2011

2006

2009

2015

2011

2016

2011

2008

2013

2012

Overall (I-squared = 98.3%, p = 0.000)

Total

49835

1344

199

820

247

337

263

841

1954

1343

5244

169

254

831

6363

536

NOTE: Weights are from random effects analysis

Cases

15199

430

99

365

84

179

70

328

565

536

2214

311

2679

305

Graph of the overall prevalence

-4
Proportions

ES (90% CI)

0.30(0.30, 0.31)

0.32(0.30, 0.34)

0.50 (0.4, 0.56)

0.45 (0.42, 0.47)

0.34(0.29, 0.39)

0.53 (0.49, 0.58)

0.27 (0.22,0.31)

0.39(0.36,0.42)

0.29(0.27,0.31)

0.40(0.38,0.42)

042 (041, 0.43)

0.19 (0.14,0.24)

0.22(0.18, 0.26)

0.37 (0.35, 0.40)

0.42 (0.41,0.43)

0.57 (0.53, 0.60)

0.37 (0.34, 0.41)

%

Weight

6.69

6.52

5.53

6.37

5.81

5.95

5.95

6.39

6.58

6.50

6.64

5.81

6.01

6.39

6.65

6.22

100.00

Prevalence stratified by study design
Studies were stratified into two groups according to their study designs: cross-sectional (n=11
studies) and longitudinal/cohort (n=5 studies). The pooled prevalence was the same for the
groups (37%) with the cross-sectional design having a narrower confidence interval (90% ClI:
33%, 41%) compared to the cohort group with confidence interval of 29% to 46%. The
overlap of the two Cls shows that there is no statistical difference between the two study
designs. However, both groups recorded very high heterogeneity statistic (1> = 98.6% and
97.5% for cross-sectional and cohort respectively and P<0.001).
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Figure 4 Graph of the prevalence stratified by study design

%

Author Year  Total Cases ES (90% CI) Weight
T

cross sectional :

Shanaube et al 2009 49835 15199 L) : 0.30(0.30, 0.31) 6.69

den BOON et al 2007 1344 430 - : 0.32(0.30, 0.34) 6.52

Preez 2011 199 99 : —_—— 0.50 (0.44, 0.56) 553

Middelkoop et al 2011 820 365 : - 0.45 (0.42, 0.47) 6.37

Obihara et al 2005 337 179 : —_— 0.53 (0.49, 0.58) 5.95

Obihara et al 2006 841 328 Jl-o- 0.39 (0.36, 0.42) 6.39

Mahomed et al, 2011 2011 5244 2214 : L ] 0.42 (0.41,0.43) 6.64

Ncayiyana et al 2016 169 32 —_— : 0.19 (0.14,0.24) 5.81

Kasambira et al 2011 254 56 —— : 0.22 (0.18, 0.26) 6.01

Middelkoop et al 2008 831 311 -?- 0.37 (0.35, 0.40) 6.39

Mahomed et al 2013 6363 2679 : * 0.42 (0.41,0.43) 6.65

Subtotal (I-squared = 98.6%, p = 0.000) O 0.37(0.33,0.41) 68.95
|

Cohort :

Mandalakas et al 2013 247 84 —0—1— 0.34 (0.29, 0.39) 5.81

Shah, et al 2011 263 70 —— : 0.27 (0.22,0.31) 5.95

Kritzingeret al 2009 1954 565 - : 0.29 (0.27,0.31) 6.58

Mandalakas et al 2015 1343 536 :*' 0.40 (0.38,0.42) 6.50

Mandalakas et al 2012 536 305 : —&— 0.57(0.53,0.60) 6.22

Subtotal (I-squared = 97.5%, p = 0.000) <> 0.37 (0.29, 0.46) 31.05
|

Overall (I-squared = 98.3%, p = 0.000) 0 0.37 (0.34, 0.41) 100.00
1

NOTE: Weights are from random effects analysis :

I I
-.604 0 .604

Proportions

Prevalence stratified by the quality scores

All the studies recorded low level of bias with the exception of one (17) which recorded
moderate level in the quality assessment scores. Due to lack of many groups in this category,
the studies were therefore stratified into five groups according to their quality scores. The
groups that scored ‘0’, ‘3’ and ‘1’ have overlapped Cls indicating no statistically significant
differences in the three groups while groups that scored ‘2’ and ‘4’ are statistically different
from each other and from the rest of the groups. All the five groups recorded substantial
heterogeneity with 1? ranging from 96% to 99% and P< 0.001.
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Figure 5 Graph of the prevalence stratified by quality scores

%

Author Year Total Cases ES (90% ClI) Weight
0 1

Shanaube et al 2009 49835 15199 . : 0.30(0.30,0.31) 6.69
den BOON et al 2007 1344 430 - ! 0.32(0.30,0.34) 6.52
Middelkoop et al 2011 820 365 : - 0.45 (0.42,0.47) 6.37
Mandalakas et al 2015 1343 536 :-0- 0.40 (0.38,0.42) 6.50
Mahomed et al, 2011 2011 5244 2214 | . 0.42(0.41,0.43) 6.64
Middelkoop et al 2008 831 311 -?- 0.37 (0.35,0.40) 6.39
Mahomed et al 2013 6363 2679 . 0.42 (0.41,0.43) 6.65
Subtotal (I-squared = 99.0%, p = 0.000) 0.38 (0.34,0.43) 45.76
. 1

2 :

Preez 2011 199 99 | —— 0.50 (0.44, 0.56) 5.53
Subtotal (I-squared = .%, p = .) ! < 050(044,056) 553
. 1

3 :

Mandalakas et al 2013 247 84 —r 0.34(0.29,0.39) 5.81
Obihara et al 2005 337 179 : —— 0.53(0.49,0.58) 5.95
Shah, et al 2011 263 70 - 0.27 (0.22,0.31) 5.95
Ncayiyana et al 2016 169 32 —_— : 0.19 (0.14, 0.24) 5.81
Mandalakas et al 2012 536 305 1 -4— 0.57(0.53,0.60) 6.22
Subtotal (I-squared = 97.5%, p = 0.000) <> 0.38 (0.25,0.51) 29.73
. 1

1 :

Obihara et al 2006 841 328 -~ 0.39 (0.36,0.42) 6.39
Kritzingeret al 2009 1954 565 - : 0.29 (0.27,0.31) 6.58
Subtotal (I-squared = 96.2%, p = 0.000) - 0.34(0.26,0.42) 12.97
: |

4 1

Kasambira et al 2011 254 56 - : 0.22 (0.18, 0.26) 6.01
Subtotal (I-squared = .%, p = .) <> : 0.22(0.18,0.26) 6.01
. 1

Overall (I-squared = 98.3%, p = 0.000) Q 0.37 (0.34, 0.41) 100.00

NOTE: Weights are from random effects analysis

I I
-.604 0 604
Proportions

Prevalence stratified by province (the study setting):

The studies were stratified into two provinces according to their settings: Majority of the
studies were conducted in Western Cape Province (n=13) while a few were carried out in
Gauteng (n=3). Studies in Western Cape recorded a higher pooled prevalence of 41% (90%
Cl: 37%, 44%) compared to a pooled prevalence of 23% (90% CI: 19%, 26%) recorded by
the studies in Gauteng. There is a statistically significant difference in the studies carried out
in both provinces. Studies conducted in Western Cape showed a substantial heterogeneity
within the group (12=98.6% and p< 0.001) but those carried out in Gauteng recorded medium
heterogeneity (1% of 45.8% and p-value = 0.158).

However, it is important to note that the studies in Gauteng used very small sample sizes and
the pooled prevalence might be misleading due to the poor coverage of the study population.
On the other hand, this could be a very good hint that points to the fact that prevalence of
LTBI is much lower among the young people in Gauteng compared to the young people in
Western Cape.
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Figure 6 Graph of the prevalence stratified by Province

%
Author Year Total Cases ES (90% CI) Weight
T
Western Cape :
Shanaube et al 2009 49835 15199 . : 0.30 (0.30, 0.31) 6.69
den BOON et al 2007 1344 430 - : 0.32(0.30, 0.34) 6.52
Preez 2011 199 99 : —_—— 0.50 (0.44, 0.56) 5.53
Middelkoop et al 2011 820 365 : - 0.45 (0.42, 0.47) 6.37
Mandalakas et al 2013 247 84 —0+ 0.34(0.29, 0.39) 5.81
Obihara et al 2005 337 179 : —&—  053(0.49,058) 5.95
Obihara et al 2006 841 328 JI'O- 0.39(0.36, 0.42) 6.39
Kritzingeret al 2009 1954 565 -+ : 0.29 (0.27,0.31) 6.58
Mandalakas et al 2015 1343 536 :'.' 0.40 (0.38,0.42) 6.50
Mahomed et al, 2011 2011 5244 2214 : L J 0.42 (0.41,0.43) 6.64
Middelkoop et al 2008 831 311 -Io- 0.37 (0.35, 0.40) 6.39
Mahomed et al 2013 6363 2679 : . 0.42 (0.41, 0.43) 6.65
Mandalakas et al 2012 536 305 : =—&— 0.57(0.53,0.60) 6.22
Subtotal (I-squared = 98.6%, p = 0.000) 0 0.41 (0.37, 0.44) 82.23
h
1
1
Gauteng :
Shah, et al 2011 263 70 —— : 0.27 (0.22,0.31) 5.95
Ncayiyana et al 2016 169 32 — : 0.19 (0.14, 0.24) 5.81
Kasambira et al 2011 254 56 — : 0.22 (0.18, 0.26) 6.01
- = 0/ = I
Subtotal (I-squared = 45.8%, p = 0.158) 0 . 0.23 (0.19, 0.26) 17.77
1
1
Overall (I-squared = 98.3%, p = 0.000) 0 0.37 (0.34, 0.41) 100.00
1
NOTE: Weights are from random effects analysis :
I I
-.604 0 .604

Proportions

Prevalence stratified by sample size

Sample sizes of the included studies were categorized into four groups according to the levels
to which they were considered to cover the target population in the study settings. The groups
are as follows: adequate (> 5000), good (1000 to <5000), poor (500 to < 1000) very poor
(<500).

Studies with adequate sample sizes recorded a pooled prevalence of 38% (90% CI: 31%,
46%). Studies classified as having good and very poor sample size levels recorded the same
and the lowest pooled prevalence of 34% (90% Cls: 28%, 39% and 24%, 44% respectively)
which indicates an overlap and no significant difference between the two groups. However,
the category with poor sample sizes recorded the highest pooled prevalence of 44% (90% CI.
38%, 51%). The subtotal I? statistic for each group shows substantial heterogeneity with 12
ranging from 95% to 99.6%, p<0.001. The levels of sample sizes used could not explain the
heterogeneity observed among the identified studies. Therefore, the huge difference in the
pooled prevalence noted by the provinces cannot be attributed to differences in the sample
sizes.

Page | 23




Figure 7

Author

Adequate
Shanaube et al
Mahomed et al, 2011

Mahomed et al

Year

2009
2011
2013

Total

49835
5244
6363

Subtotal (I-squared = 99.6%, p = 0.000)

Good

den BOON et al
Kritzingeret al
Mandalakas et al

2007
2009
2015

1344
1954
1343

Subtotal (I-squared = 95.4%, p = 0.000)

Very poor

Preez
Mandalakas et al
Obihara et al
Shah, et al
Ncayiyana et al
Kasambira et al

2011
2013
2005
2011
2016
2011

199
247
337
263
169
254

Subtotal (I-squared = 95.9%, p = 0.000)

Poor
Middelkoop et al
Obihara et al
Middelkoop et al
Mandalakas et al

2011
2006
2008
2012

820
841
831
536

Subtotal (I-squared = 95.0%, p = 0.000)

Overall (I-squared = 98.3%, p = 0.000)

Cases

15199
2214

2679

430
565
536

99
84
179
70
32
56

365
328
311
305

NOTE: Weights are from random effects analysis

Graph of the prevalence stratified by sample size category

ES (90% CI)

0.30 (0.30, 0.31)
0.42 (0.41, 0.43)
0.42 (0.41, 0.43)
0.38 (0.31, 0.46)

0.32 (0.30, 0.34)
0.29 (0.27, 0.31)
0.40 (0.38, 0.42)
0.34 (0.28, 0.39)

0.50 (0.44, 0.56)
0.34 (0.29, 0.39)
0.53 (0.49, 0.58)
0.27 (0.22, 0.31)
0.19 (0.14, 0.24)
0.22 (0.18, 0.26)
0.34 (0.24, 0.44)

0.45 (0.42, 0.47)
0.39 (0.36, 0.42)
0.37 (0.35, 0.40)
0.57 (0.53, 0.60)
0.44 (0.38, 0.51)

0.37 (0.34, 0.41)

%
Weight

6.69
6.64
6.65
19.98

6.52
6.58
6.50
19.59

5.53
5.81
5.95
5.95
5.81
6.01
35.06

6.37
6.39
6.39
6.22
25.37

100.00

I
-.604

Proportions

0

.604

Prevalence stratified by the recruitment areas:
Studies were stratified by their recruitment areas into schools (n=6), residence (n=6), hospital
(n=2), and epidemiological site (n=2). All the groups had substantial heterogeneity with 2
ranging from 88.9% for the group conducted in the hospitals to 99.2% for the group
conducted in schools. The studies conducted at epidemiological sites had the highest pooled
prevalence of 46% (90%Cl: 34%, 58%) while the studies carried out in the hospitals recorded

the lowest prevalence of 28% (90% CI:. 18%, 38%).

between the groups that were carried out in the hospitals and residences.
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Figure 8 Graph of the prevalence stratified by recruitment area

%

Author Year Total Cases ES (90% CI) Weight
School :
Shanaube et al 2009 49835 15199 L4 : 0.30(0.30, 0.31) 6.69
Middelkoop et al 2011 820 365 [ o 0.45 (0.42, 0.47) 6.37
Kritzingeret al 2009 1954 565 - : 0.29 (0.27,0.31) 6.58
Mahomed et al, 2011 2011 5244 2214 : L J 0.42 (0.41, 0.43) 6.64
Middelkoop et al 2008 831 311 - 0.37 (0.35, 0.40) 6.39
Mahomed et al 2013 6363 2679 : * 0.42 (0.41, 0.43) 6.65
Subtotal (I-squared = 99.2%, p = 0.000) <> 0.38(0.33,0.43) 39.32
1
Residence :
den BOON et al 2007 1344 430 - : 0.32(0.30, 0.34) 6.52
Preez 2011 199 99 1 —_—— 0.50 (0.44, 0.56) 5.53
Shah, et al 2011 263 70 — : 0.27 (0.22,0.31) 5.95
Mandalakas et al 2015 1343 536 :-0- 0.40 (0.38, 0.42) 6.50
Ncayiyana et al 2016 169 32 — 1 0.19 (0.14, 0.24)  5.81
Mandalakas et al 2012 536 305 : =—4— 057(0.53,060) 6.22
Subtotal (I-squared = 97.1%, p = 0.000) <> 0.37 (0.30,0.45)  36.52
. 1
Hospital :
Mandalakas et al 2013 247 84 — 0.34(0.29,0.39) 5.81
Kasambira et al 2011 254 56 — : 0.22 (0.18, 0.26) 6.01
Subtotal (I-squared = 88.9%, p = 0.003) <>} 0.28(0.18,0.38)  11.82
. 1
Epidemiology site :
Obihara et al 2005 337 179 : —%— 053(0.49,0.58) 5.95
Obihara et al 2006 841 328 - 0.39 (0.36, 0.42) 6.39
Subtotal (I-squared = 94.9%, p = 0.000) I<> 0.46 (0.34,0.58) 12.34
. 1
Overall (l-squared = 98.3%, p = 0.000) ¢ 0.37 (0.34,0.41)  100.00
1
1

NOTE: Weights are from random effects analysis

I I
-.604 0 604
Proportion

Prevalence stratified by age category

The data extracted on the prevalence of LTBI classified by age categories were not clear
enough to analyze the influence of age group on the heterogeneity. Authors classified age
groups based on convenience and not by the Standard International Age Classifications
recommended by the United Nations (18). However, (15) and (19) had similar age
categorization, but while one recorded the unadjusted prevalence, the other recorded the
adjusted prevalence. For this reason, we could not combine the two studies to determine the
age-specific pooled prevalence. Nevertheless, the two studies showed much similarity in the
prevalence across the age categories as presented below:

Age 5-9 recorded the unadjusted prevalence of 28% and the adjusted prevalence of 29% in
2011 and 2014 respectively (15,19). Age group 10-14 vyears recorded the unadjusted
prevalence of 42.4% and the adjusted prevalence of 41% in 2011 and 2014 respectively while
age 15-17 years recorded the unadjusted prevalence of 50.6% in 2011 and age greater than 15
years recorded the adjusted prevalence of 54% in 2014 (15,19). Age group 18-22 years had
the highest recorded prevalence of 58.8% in 2011 (15).
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Prevalence stratified by Gender

From the selected studies, only (15) measured the prevalence of LTBI by the participants’
gender. Therefore, there are not enough data to determine the effect of gender on the
heterogeneity of the studies. The study recorded a higher prevalence of 47.8% in male and a
lower prevalence of 41.8% in their female counterpart.

Prevalence stratified by the study year
Some of the studies were carried out over a long period of time making it difficult to
determine the actual year that LTBI was screened in the participants.

Other factors
We did not find prevalence data on other factors such as the socioeconomic and household
level factors.

Meta-analysis of prevalence using IGRAS:

Overall prevalence

Six eligible studies were selected for the meta-analysis of the prevalence using IGRAs. Like
other graphs above, figure 8 illustrates the overall pooled prevalence of the studies at 90%
Cls, the individual study prevalence, the Wald confidence intervals and the 12 statistic. The
pooled prevalence was 40% (90% CI: 34%, 46%). Despite the fewer number of studies
analyzed in this session, substantial heterogeneity (1> = 98.3%, p< 0.001) was also observed
as in the case of TST.
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Figure 9 The overall prevalence (IGRAS)

%
Author ES (90% CI) Weight
T
|
|
Mandalakas et al, 2013 —_— : 0.25 (0.21, 0.30) 15.88
1
1
1
Mandalakas et al, 2015 - 0.41 (0.39, 0.43) 17.06
1
|
|
Mahomed et al, 2011 i *  051(050,052) 17.35
1
1
1
Kasambira et al, 2011 —— ! 0.29 (0.25, 0.34) 15.87
1
1
1
1
Mahomed et al, 2013 L dl 0.38(0.37, 0.39) 17.38
1
1
1
Mandalakas et, al 2012 : —&— 0.52(0.49, 0.56) 16.46
1
Overall (I-squared = 98.3%, p = 0.000) @ 0.40 (0.34, 0.46) 100.00
1
1
1
1
NOTE: Weights are from random effects analysis 1
1
|
T T

-.56 0
Proportions

Prevalence stratified by the study design

Figure 11 stratified the analysis by the two study designs: cross-sectional (n=3) and cohort
(n=3). The two groups were very similar having the same pooled prevalence of 40% and
overlapped Cls: 30%, 49% and 29%, 50% for cross-sectional and cohort respectively. Both
had substantial heterogeneity and p< 0.001. There is no difference in the two study designs
used and so they could not account for the heterogeneity in the studies.
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Figure 10: Graph of the prevalence stratified by study design

%

Author ES (90% Cl) Weight
I
I

Cohort I
I
I

Mandalakas et al, 2013 —— : 0.25(0.21, 0.30) 15.88
]

Mandalakas et al, 2015 70- 0.41 (0.39, 0.43) 17.06
]

Mandalakas et, al 2012 : = 0.52(0.49, 0.56) 16.46

Subtotal (I-squared = 96.7%, p = 0.000) <> 0.40 (0.29, 0.50) 49.40
1
]
I
]

cross sectional :
]

Mahomed et al, 2011 : ¢ 051(0.50,0.52) 17.35
]

Kasambira et al, 2011 — : 0.29(0.25,0.34) 15.87
]

Mahomed et al, 2013 0: 0.38 (0.37,0.39) 17.38
I

Subtotal (I-squared = 99.1%, p = 0.000) <> 0.40 (0.30, 0.49) 50.60
I
I
]

Overall (I-squared = 98.3%, p = 0.000) <> 0.40 (0.34, 0.46) 100.00
I
]

NOTE: Weights are from random effects analysis :

T ' T
-.56 0 .56

Proportions

Prevalence stratified by the quality scores

Figure 12 shows the sensitivity analysis of the studies by their quality scores. The group
which scored ‘0’ (n=3) had the highest pooled prevalence of 43% (90% CI: 36%, 51%)
followed by the group that scored ‘3’ (n=2) with the pooled prevalence of 39% (90% CI:
16%, 61%). There is no statistical difference between the groups that scored ‘3’ with the rest
of the groups; however, there is a significant difference between the two groups that scored
‘0’ and ‘4’. The heterogeneity statistic I? remain very high with p<0.001 in each group.
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Figure 11: Graph of the prevalence stratified by quality scores

%

Author ES (90% CI) Weight
|

3 1
1

Mandalakas et al, 2013 - 0.25 (0.21, 0.30) 15.88
1

Mandalakas et, al 2012 : - 0.52 (0.49, 0.56) 16.46

Subtotal (I-squared = 98.4%, p = 0.000) <> 0.39 (0.16, 0.61) 32.34
1
|

0 |
1

Mandalakas et al, 2015 - 0.41 (0.39, 0.43) 17.06
1

Mahomed et al, 2011 . 0.51 (0.50, 0.52) 17.35
1

Mahomed et al, 2013 0: 0.38 (0.37, 0.39) 17.38

Subtotal (I-squared = 99.0%, p = 0.000) <> 0.43 (0.36, 0.51) 51.79
)
1
|

4 |
1

Kasambira et al, 2011 - 0.29 (0.25, 0.34) 15.87
1

Subtotal (I-squared =.%, p =.) O X 0.29 (0.25, 0.34) 15.87
1
1
1

Overall (I-squared = 98.3%, p = 0.000) <> 0.40 (0.34, 0.46) 100.00
1
1

NOTE: Weights are from random effects analysis !
1

I I
-.613 0 .613

Proportions

Prevalence stratified by province (the study setting)

Stratified by the study setting, there is an observed statistically significant difference between
the studies carried out in Western Cape and the only study carried out in Gauteng. The
studies conducted in Western Cape recorded a higher pooled prevalence of 42% (90% CI:
35%, 48%) compared to the study in Gauteng which has a prevalence of 29% (90% ClI: 25%,
34%), (figure 13).
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Figure 12: Graph of the prevalence stratified by Province

%

Author ES (90% CI) Weight
1
1

Western Cape 1
1
1

Mandalakas et al, 2013 — ! 0.25 (0.21, 0.30) 15.88
1
1

Mandalakas et al, 2015 -:-0- 0.41 (0.39, 0.43) 17.06
1

Mahomed et al, 2011 : - 0.51 (0.50, 0.52) 17.35
1

Mahomed et al, 2013 0: 0.38 (0.37, 0.39) 17.38
1

Mandalakas et, al 2012 : —<— 0.52(0.49, 0.56) 16.46
1

Subtotal (I-squared = 98.5%, p = 0.000) 0 0.42 (0.35, 0.48) 84.13
1
1
|

Gauteng :
1
1

Kasambira et al, 2011 —_— 0.29 (0.25, 0.34) 15.87
1
1

Subtotal (I-squared = .%, p =.) <> 1 0.29 (0.25, 0.34) 15.87
1
1
|

Overall (I-squared = 98.3%, p = 0.000) <> 0.40 (0.34, 0.46) 100.00
1
1

NOTE: Weights are from random effects analysis :
1

I I

-.56 0 56
Proportions

Other factors

There are no other available data to further explain the cause of heterogeneity among the
studies.

Meta-analysis of risk factors
The available data are not adequate for the Meta analysis of the risk factors either due to lack

of data for the groups or as a result of improper categorization of the groups. Nevertheless,
the risk factors were presented as a narrative review in the discussion.
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DISCUSSION

Prevalence

This systematic review and meta-analysis aimed to investigate the actual prevalence and the
risk factors of LTBI among young people in South Africa. We found the pooled prevalence
of LTBI to be 37% (90% CI: 34%, 41%) using TST and 40% (90% CI: 34%, 46%) using
IGRAs. Both methods recorded substantial heterogeneity (12 = 98.3%, p< 0.001) and did not
support pooling of the results into one group. Sub group meta-analysis showed inter study
variations and could not explain causes of heterogeneity. Only two provinces of South Africa
were represented in the selected studies. Western Cape Province has a higher pooled
prevalence of 41% (90% CI: 37%, 44%) compared to Gauteng with pooled prevalence of
23% (90% CI: 19%, 26%). Studies conducted in Western Cape showed a substantial
heterogeneity within the group (1°=98.6% and p< 0.001) but those carried out in Gauteng
recorded medium and acceptable heterogeneity (1>=45.8%, p=0.158). There is a statistical
significant difference in the studies carried out in both provinces. Due to the substantial
heterogeneity observed in the studies, we further present this study as a narrative review.

In 2010, the study by Wood et al (6), carried out in a poor township setting of Cape Town
among healthy children and adolescents who were HIV negative estimated a prevalence of
28.0% (95% CI: 24.1, 32.3) in the age group 5-10 years representing about one third of the
group (6). About half of the adolescents aged 11-15 years were shown to have LTBI
prevalence of 41.7% (95% CI: 37.2, 46.3) and 65.7% (95% CI: 56.0, 74.2) in the age group
16-20 years old which is a two-thirds of the age category (6). These indicate that the
prevalence of LTBI increases with increase in age category among healthy South African
children. This observation was established to be true in this review even though we could not
illustrate it graphically due to the inappropriate categorization of age groups by authors and
the mixed ages (0-20 years) used in the studies. Notwithstanding the differences in the age
categorizations, the prevalence of LTBI increased significantly with increase in age category
in all the selected studies that examined prevalence by age group (6,15,19,20,25). Wood et al
(6) demonstrated in their study that the prevalence rate changes significantly from age 5 and
peaks at age 13 but with much similarities between male and female within each age category
(6). In addition, the study maintained that there has been a decrease in LTBI transmission in
recent years which was indicated by the concave upward shaped transmission curve in the
age group 5-15 years old.

In a retrospective geographic analysis of household contributions to TB in young South
African Township Children, Middelkoop et al (19) showed that the adjusted prevalence of
TST positive infection among children and adolescents in 2014 was 44% (19). This is a
common finding among our selected studies and points to the fact that exposure to adult TB
cases is a strong predictor of LTBI among the young people that share the same residential
plots with adult TB patients. Middelkoop and associates’ study was almost a confirmation of
Mahomed et al (21,22) studies which recorded the prevalence of 42.2% and 42.1% in 2011
and 2013 respectively (19,21,22). The results were consistent regardless of the different study
years and the fact that two different study designs with two different study samples in the
same age group (12-18 years) were used (21,22).

On the other hand, the study by Du Preez and colleagues which investigated the effect of
environmental tobacco smoke exposure and the risk of TB infection in children shows LTBI
prevalence of 49.5% in 2011 using TST (23). Du Preez et al (23) study is one example of
such studies which demonstrated that about half of the adolescents in South Africa have
LTBI (13,23,24).
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In 2009, a cross-sectional study of children aged 6-11 years by Shanaube and associates on

the annual risk of TB infection in eight South African communities with high prevalence of
TB and HIV reported a total adjusted prevalence of 30.5% (95% CI: 22.9, 38.2) and the
unadjusted prevalence of 30.3% (95% CI: 22.6, 38.0) (20). In general, the study showed that
there is a high degree of variability in the LTBI prevalence between communities in the same
region among household contacts (range: 24.8% to 42.6 %) (20). Similar to Shanaube and
associates, Middlekoop et al (25) study which investigated the rate of TB transmission to
children and adolescents in a South African community with high prevalence of HIV
infection among adults reported a prevalence of 31.5% (25). These two studies reported
almost the same prevalence in 2008 and 2009 in age groups 9-11 and 6-11 respectively.
Although the total prevalence stipulated by Middlekoop and associates among children and
adolescents aged 5-17 years was 37.4%, the prevalence for age category 9-11 was similar to
those aged 6-11 years in Shanaube et al, (20,25). Nevertheless, it is important to note that
while Shanaube and associates did not report prevalence by age categories, Middlekoop et al
(25) used age categories (5-8, 9-11, 12-13, and 14-17) which are not supported by the
Standard International Age Classifications (25).

Obihara et al (26), recorded a higher prevalence of 53% in 2005 in a cross-sectional study of
Cape Town children aged 6-14 years (26). The high prevalence seems improbable
considering the reports from 2006 and onwards but could be proper and might have resulted
from improper TB intervention at the time. Another study by the same authors in 2006
reported a lower prevalence of 38.9% in children of the same age group (6-14 years) in Cape
Town (27). Kritzingeret et al (28), reported even a much lower prevalence of 28.9 (95% CI:
27.0, 30.9) in a longitudinal study of children aged 6-9 years in the same Cape Town in 2006
(28). These reports demonstrate that, though the prevalence of LTBI was very high in 2005, it
drastically reduced in 2006 probably due to the efficacy of the TB interventions adopted that
year. A cross-sectional study of children aged 13-22 years by Middlekoop et al (15),
confirmed the last report (prevalence of 28%) in a related age category (5-9 years). Webb et
al, recorded slightly higher prevalence 29.8% in age < 21 years in Western Cape in 2009
(29). These reports might appear irregular but are very informative on the actual pattern of
the prevalence of LTBI in the study settings over time.

Mandalakas et al (12), reported the highest prevalence (56.9%) in 2012 in children 3 months
to 15.6 years in Cape Town (12). There are no other identified studies carried out in 2012 to
confirm this high prevalence. Further, if Libeschuetz and associates’ claim that TST
sensitivity is greatly reduced in children < 36 months is true, one should expect a lower
prevalence by Mandalakas study considering the study age (3 months to < 16 years). Despite
the rise and fall in prevalence noted by this review, an up shoot to 57% is unclear although
not disputable.

Ncayiyana et al (16), reported the lowest prevalence of 18.8% in 2016 among northern
Johannesburg children aged 0-14 years (16,30). This low prevalence is also not consistent
with the observed trend in our review but could be attributed to the young age of the study
participants and the study setting (Northern Johannesburg). Our findings show that
prevalence of LTBI is much lower in Gauteng province compared to Western Cape Province
(table 6).

In general, South Africa has a much higher prevalence of LTBI among young people when
compared to other African countries with high TB burden. For example, in 2015, Mumpe-
Mwanja and associates reported only a prevalence of 16.1% among adolescents in Uganda
(31). Although the study reported an increase in LTBI prevalence with an increase in the age
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which is consistent with studies in South Africa, a total prevalence of 16.1% is far less than
what is reported in South Africa. According to Kizza et al (32), a high prevalence of 36% was
observed in 2015 in Kampala Uganda though among the age group 15-24 years (32). In 2010,
the prevalence of LTBI was estimated to be 10.2% in a national TST survey of Kenyan
children aged 6-14 years and this has been consistent for over two decades (33).

Risk factors:

Age:

From the included studies, the odds of age being a predictor of LTBI range from 1.01 (1.01-
1.02) to 3.39 (2.46-4.67); and 2.13 (1.57-2.89) to 3.60 (2.59-5.00) for the unadjusted and
adjusted OR respectively. Six studies investigated age as a risk factor in their studies
(15,17,24,25,29,34). According to De Boon et al (34), the odds of LTBI increases with
increase in age category in the study population both in the adjusted and the unadjusted
models. Age 5-9 years had about two times the odds of LTBI (unadjusted OR: 2.11, 95% CI:
1.57, 2.84; adjusted OR: 2.13, 95% CI: 1.57, 2.89) compared to age 0-4 years (34). Age 10-
14 years had about 3 times the odds of LTBI in the unadjusted model (OR: 3.39, 95% CI:
2.46, 4.67) and about four times the odds when adjusted for the effect of passive smoking
(unadjusted OR:  3.60, 95% CI: 259, 5.00) compared to age 1-4 year (34).
Similarly,(15,17,24) found significant association between age and LTBI among the study
population (OR: 1.10, 955 CI: 1.01, 1.21; OR: 1.01, 95% CI: 1.01, 1.02; and OR: 1.4, 95%
Cl: 1.3, 1.6) respectively. These studies are of the same opinion with another study by
Middlekoop et al (25) which reported in 2008 that age category was positively associated
with TST positivity (adjusted OR=1.19; 95% ClI, 1.2, 1.25; P<0.001) (25). Middelkoop and
associates confirmed their previous report in another study which recorded increase in the
prevalence of LTBI with the increase in age category in 2014 (15,19).

On the contrary, in the study by Kasambira et al (17), TST positivity is not associated with
any age category. According to the study, there is no difference in the odds of LTBI among
ages: 2-5 (unadjusted OR: 1.9, 95% CI: 0.78, 4.6); 6-10 (unadjusted OR: 1.3, 95% CI: 0.56%,
3.1%); >10 (unadjusted OR: 2.5, 95% CI: 0.92, 6.6) and <2 years (reference age) (17).

Gender:

The odds of gender being a risk factor for LTBI from the included studies range from 1.07
(0.96-1.20) to 1.1 (0.57-2.0). Three studies (15,17,24) examined the relationship between
gender and LTBI. Whilst (17,24) found no association (OR: Male: 1.07, 95% CI: 0.96, 1.20
and OR: female: 1.2, 95% CI: 0.63, 2.1 respectively); (15) found that the females have a
slight lower odds of LTBI compared to the males (OR: 0.65, 95% ClI: 0.47, 0.9). Otherwise,
no association was found between LTBI and gender within this study population.

Race:

The ranges of the included studies are 7.96 (5.97-10.64) to 8.65 (6.35-11.82) for mixed and
black races respectively. Two of the selected studies (21,23) analyzed the effect of race on
LTBI and had contrary views in their findings. Du Preez et al (23) recorded no significant
relationship between ethnicity and LTBI in both univariate (OR: 1.54; 95% CI: 0.82, 3.00)
and multivariate (OR: 0.68; 95% CI: 0.27, 1.69) analyses (23). The odds of LTBI were the
same for the mixed and black races while Mahomed et al (21) recorded a higher odds in
mixed race (OR: 7.96; 95% CI: 5.97, 10.64) and black race (OR: 8.65; 95% 6.35, 11.82)
compared to Indian/White races (reference) (21) .
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Presence of BCG Scares:

The BCG scares not being a predisposing factor to LTBI ranges from 0.86 (0.75-0.99) to 2.6
(0.35-1.9). From the four studies (17,21,24,34) which examined BCG scars; one (17,21)
slightly disagreed with the findings reported by others. According to Mahomed et al (21),
people with BCG scars have a slightly lower odds of LTBI (OR: 0.86; 95% CI: 0.75, 0.99)
compared to people without BCG scars implying that little association exists between BCG
and LTBI. Contrary to this finding, Kasambira et al (17) reported that there is no relationship
between BCG and LTBI (OR: 2.6; 95% CI: 0.35, 19) (17). Concurrently, the two studies by
Mandalaka et al (24,34) have similar opinion whereby, they reported no relationship between
BCG scars and LTBI in 2013 and 2015 respectively (OR: 0.72, 95% CI: 0.21, 2.46 and OR:
1.30, 95% CI: 0.85, 1.99). The above three reports established Middlekoop et al (25) earlier
study in 2008 which reported no significant difference in the prevalence between those with
BCG scars and those without BCG scars (mean reaction indurations’ sizes of 6.2 and 7.0mm
respectively, P-value=0.28) (25).

HIV status:

From the selected studies, the ranges of the odds of HIV infection being a risk factor to LTBI
are 0.53 (0.75-0.99) to 1.30 (0.85-1.99). Amongst the studies (15,17,24,34) in this category,
Mandalakas et al (34), reported that TST is more likely to be positive in HIV uninfected
individuals (OR: 1.23, 95% CI: 1.08, 1.40) than HIV infected individuals (OR: 1.04, 95% CI:
0.93, 1.16) but no difference in IGRAs positivity between the two groups (34). This
observation was contradicted by the same authors in 2015 where they reported TST positivity
being more likely to be positive in HIV infected persons (OR: 1.29, 95% CI: 1.07, 1.57) than
the HIV uninfected persons (OR: 0.99, 95% CI: 0.94, 1.04) (24). On the other hand, the two
remaining studies found no relationship between HIV status and LTBI (OR: 0.53, 95% CI:
0.27,1.05and OR: 1.1, 95% CI: 0.3, 3.5) (15,23).

Prior exposure to TB:

The unadjusted OR ranges from 1.18 (1.04-1.35) to 2.20 (1.63-2.96) from the included
studies. According to Du Boon et al (23), those who had prior or current exposure to TB have
2 times the odds of LTBI (Unadjusted OR: 2.20; 95% CI: 1.63, 2.96) compared to those who
had no exposure (23). This was supported by Middlekoop and associates which reported 2
times the odds of LTBI (adjusted OR of 1.9, 95% CI: 1.4, 2.4) in the TB exposed compared
to TB non exposed individuals (24). Mahomed et al (21), reported about 3 times odds (OR:
2.52, 95% CI: 2.20, 2.88) in the same group and (23,24) reported associations between the
two variables (OR: 1.07, 95% ClI: 1.01, 1.13 and OR: 1.17, 95% CI: 1.11, 1.23 respectively).

Middlekoop et al (19) found associations in the age group 5-9 (AOR: 2.0; 95% CI: 1.1, 3.5)
and the age group 10-14 years (AOR: 2.4, 95% CI: 1.5, 3.6) but no association in age greater
than 15 years (AOR: 1.4, 95% CI: 0.9, 2.0) (19). Reasons for no association between adult
TB cases in the residential plot and age 15 years and above is unknown. Nevertheless, this
could probably be linked to this age group being more independent and having fewer
interactions with the adults in the same residential plot.

Ncayiyana et al (15) although used TST cut off point of 5 mm, showed that those with the
history of previous household TB contacts had twice the odds of LTBI compared to those
with no previous household TB contact (OR = 2.33, 95 % CI: 1.03, 5.28) (15).
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Mandalakas et al (34) reported an association in the unadjusted model (OR: 1.18, 95% CI:
1.04, 1.35) and no association in the adjusted model (OR: 1.14, 95% CI: 0.99, 1.30) (34).

The density of household:
Du Preez and associates found no relationship between the household membership size and
the prevalence of LTBI (OR: 0.96; 95% CI: 0.88, 1.04) (23)

Year of parents’ education:

Only Mohamed et al (21) found that children with parents who have no formal education or
whose highest education level are primary educations had a higher odd of LTBI compared to
children with parents that have more than primary education (Maternal: OR: 2.49, 95% CI.
2.15, 2.84; paternal: OR: 2.38, 95% ClI: 1.97, 2.87).

Parental Income:

Mahomed et al (21) examined this relationship and found that children whose parents earned
less than ZAR4000/month had about 3 times the odds of LTBI (OR: 3.40, 95% CI: 2.91,
3.97) compared to children whose parents earned greater than ZAR4000/month.

Other factors:

Other factors such as the participants’ education level and type of residence as outlined in the
study protocol were not examined in this review for lack of data.

In general, the strong predictors of LTBI recorded by Mumpe-Mwanja et al and associates in
Uganda were consistent with the findings in South Africa. However, this review neither
supports nor disproves Mumpe-Mwanja et al and other studies on the claim that HIV is not a
predictor of LTBI. Going by Libeschuetz et al, TST sensitivity is greatly reduced in children
who are HIV positive and this factor might have led to under-reporting of prevalence in HIV
positive participants in some studies which could explain the disagreement arising from the
association between LTBI and HIV in our review. Similar opinions were noted on the
relationship between gender and LTBI as recorded in South Africa and other countries.
Whilst some studies in other countries supported by some studies in South African observed
no association between gender and LTBI, a few studies in South Africa associated female
gender with a lower prevalence of LTBI. Such studies suggested that high social mixing and
mode of interaction among South African males such as the inappropriate drinking habits
usually observed among group of male friends predispose them to LTBI more than their
female counterparts. However, in this review, the above theory did not hold considering the
fact that our study population are young and have less independence for certain social mixing
and interaction compared to the older populations. Therefore, most studies in this review
concluded that gender is not a predictor of LTBI.

Our finding on BCG scars partly disagrees with Young et al work on risk factors associated
with LTBI where the record of BCG scar was established to have a relationship with LTBI
among children in Mexican American and confirmed by Mumpe-Mwanja et al among
Ugandan children. We were not able to conclude on the relationship since different
conclusions were drawn by different authors on the association.

The authors suggest that the huge proportion of LTBI in children and young adults were as a
result of household exposure to TB cases and associated the increasing LTBI among young
children with the accumulative exposure to TB due to increasing social mixing and
interaction. This finding is also common among our selected studies and points to household
exposure or prior exposure to TB as the strongest predictor of LTBI in the study group.
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From the discussion on the parental income and level of education, we observed that low
parental education and income which is synonymous with low socioeconomic status is
associated with LTBI compared to higher parental education and income which is
synonymous with high socioeconomic status. This could be ascribed to more social
interaction and inappropriate mixing among those with a low socioeconomic status which
could aid more LTBI acquisition and transmission in the group compared to those with high
socioeconomic status.

Black populations have a higher prevalence of LTBI compared to White/Indian races. This
finding may be explained by the poor socioeconomic setting such as overcrowding, poor
housing, and pattern of mixing and interaction among the South African black community.
However, most of our selected studies did not examine this variable.

Finally, the density of household was found not to be associated with LTBI in the only study
which examined it in our review. We expected the opposite, whereby young people in
crowded households will be more likely to have a higher prevalence of LTBI. Although this
could depend on other factors such as the presence of TB in the household, this finding may
call for further investigations knowing that overcrowding could be a risk factor in TB spread
especially in TB endemic areas.
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CONCLUSION

This review has shown that the prevalence of LTBI among young people in South Africa is
not as high as some studies purport. From our meta-analysis results, we have been able to
prove that not up to half (50%) of the young people in South Africa have LTBI. The
prevalence of LTBI seemed to be on the decrease for sometime but gradually increases in
recent years; hence this review confirms the pattern of PTB infection reported by NICDs in
Cape Town area.

Regardless, available studies on this subject do not represent South Africa’s national
population of this study population since they were carried out in only two provinces out of
the nine Provinces in South Africa. Socioeconomic markers such as race, religion, wealth
indices and geographical locations were not adequately covered in the available studies and
so the findings in this review cannot be generalized to the national population of young
people in South Africa.

This review demonstrates that LTBI increases with increase in the age group in the study
population hence making the adolescents (15-19 years) to be at the highest risk of LTBI
acquisition. Adult TB contact is a very strong predictor of LTBI among young South African
People; hence, TB management and interventions should be strengthened in South Africa
especially the Western Cape Province. Urgent treatment of young people with LTBI
particularly in Western Cape is paramount to controlling TB epidemics in South Africa to
avoid conversion of this pool of LTBI to active TB.

We, therefore, recommend more screening of LTBI among this population in other provinces
and across all socioeconomic variables and geographical settings in South Africa. In addition
to treating and caring for active TB patients, urgent and mass treatment of LTBI should be
given an immediate consideration to curb TB epidemic in South Africa.

Strengths and limitations of this review:

e To our knowledge, this review is the first systematic review conducted on the
prevalence and risk factors associated with LTBI in South Africa.

e This review provided insight as to why adolescents in Western Cape Province of
South Africa should be considered as a high-risk group for LTBI and should be
enrolled for screening and treatment of LTBI as recommended by WHO.

e This review will encourage more studies on Systematic review and meta-analysis to
investigate the alleged prevalence of LTBI among different population groups in high
TB burden counties in Africa.

e Our report was guided by the Preferred Reporting Items for systematic reviews and
meta-analysis (PRISMA) guidelines.

e Our review was restricted to studies written in the English language and these could
have led to inexhaustibility of the available studies.

e This review was limited to only two Provinces in South Africa for lack of data in
other Provinces.
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e The precise location of some studies carried out in the Western Cape could not be
confirmed hence, a generalised conclusion on the burden of LTBI in the Province
was made.

e Data on Socioeconomic status was not sufficient to investigate heterogeneity in the
study.

e There was an absence of a clear use of PICO framework in the review which may
have caused some bias. Example, Shanaube et al has Zambia comparator which could
have affected its method and scope with respect to other included studies.

e The study population is a broad age group with wide variations in characteristics that
could result to diverse risk factors of LTBI that are logically conflicting.
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APPENDICIES:

Appendix A: Additional figures and tables
Figure 13: Funnel plot of the selected studies indicating asymmetry and publication bias.
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Table 9:

Screening Form 1

List of Topic Abstract Study Study setting Included Excluded Reasons for Pending
identified population exclusion
studies Passed=\
Passed=\ Passed=\ Passed=\ Failed=X
Failed=X Failed=X Failed=X
1.
2.
Do not proceed if excluded/pending.
Table 10 Screening form 2
Study ID
Title
Author(s) /year of publication
Outcome measured
Prevalence? Yes
No
If Yes: Diagnostic method used TST (= 10 mm)
IGRAS
Both TST and IGRAs
None of the above
Risk Factors? Yes
No
1. Included 2. Excluded 3. Uncertain
REASONS: 1 1

Do not proceed if excluded

Table 11

Data extraction form

Study ID

Title

Author(s) /year of publication
METHODS

Setting

Design

Sample Size

Age

Population description
MEASURES OF EFFECT

TST > 10 mm Prevalence (95% CI)
Adjusted Unadjusted

Comment(s):

Name of the
reviewer:

IGRAS Prevalence (95%)

Adjusted Unadjusted

Risk Factors: OR (95% CI)
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Supplements:

Table 12: Quality Assessment checklist for prevalence studies (adapted from Hoy et al [19)

Name of author(s):
Year of publication:
Study title:

Risk of bias items

Risk of bias levels

Was the study’s target population a close
representation of the national population
in relation to relevant variables, e.g. age,
sex, occupation?

Yes (LOW RISK): The study’s target population was a close
representation of the national population.

No (HIGH RISK): The study’s target population was clearly NOT
representative of the national population

Was the sampling frame a true or close
representation of the target population?

Yes (LOW RISK): The sampling frame was a true or close
representation of the target population.

No (HIGH RISK): The sampling frame was NOT a true or close
representation of the target population

Was some form of random selection
used to select the sample, OR, was a
census undertaken?

Yes (LOW RISK): A census was undertaken, OR, some form of
random selection was used to select the sample (e.g. simple random
sampling, stratified random sampling, cluster sampling, systematic
sampling).

No (HIGH RISK): A census was NOT undertaken, AND some form
of random selection was NOT used to select the sample.

Was the likelihood of non-response bias
minimal?

Yes (LOW RISK): The response rate for the study was >75%, OR, an
analysis was performed that showed no significant difference in
relevant demographic characteristics between responders and non-
responders

No (HIGH RISK): The response rate was <75%, and if any analysis
comparing responders and non-responders was done, it showed a
significant difference in relevant responders and non-demographic
characteristics between responders

Were data collected directly from the
subjects (as opposed to a proxy)?

Yes (LOW RISK): All data were collected directly from the subjects.

No (HIGH RISK): In some instances, data were collected from a
proxy.

Was an acceptable case definition used
in the study?

Yes (LOW RISK): An acceptable case definition was used.

No (HIGH RISK): An acceptable case definition was NOT used

Was the study instrument that measured
the parameter of interest (e.g. prevalence
of low back pain) shown to have
reliability and validity (if necessary)?

Yes (LOW RISK): The study instrument had been shown to have
reliability and validity (if this was necessary), e.g. test-re-test, piloting,
validation in a previous study, etc.

No (HIGH RISK): The study instrument had NOT been shown to have
reliability or validity (if this was necessary)
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Was the same mode of data collection
8 used for all subjects?

Yes (LOW RISK): The same mode of data collection was used for all
subjects 0

No (HIGH RISK): The same mode of data collection was NOT used | 1
for all subjects

appropriate

Were the numerator(s) and denominator
9 r(s) for the parameter

Yes (LOW RISK): The paper presented appropriate numerator(s)
AND denominator(s) for the parameter of interest (e.g. the prevalence | 0
of low back pain).

interest

No (HIGH RISK): The paper did present numerator(s) AND | 1
denominator(s) for the parameter of interest but one or more of these
were inappropriate.

bias

10 | Summary of the overall risk of study

LOW RISK 0-3
MODERATE RISK 4-6
HIGH RISK 7-9

Table 13: Checklist PRISMA-P (Preferred Reporting Items for Systematic review and meta-analysis Protocols) 2015 checklist:
recommended items to address in a systematic review protocol*

Section and topic

Item

No

Checklist item

ADMINISTRATIVE INFORMATION

Title:

Identification

Update
Registration
Authors:

Contact

Contributions
Amendments

Support:
Sources
Sponsor
Role of sponsor or
funder

INTRODUCTION
Rationale
Objectives

METHODS
Eligibility criteria
Information sources
Search strategy

Study records:
Data management

Selection process

Data collection

la
1b
2

3a

5a
5b
5c

(e}

10

1la

11b

1llc

The prevalence of latent tuberculosis infection and associated risk factors among young
people in South Africa: a systematic review and meta-analysis protocol.

Identify the report as a protocol of a systematic review

If the protocol is for an update of a previous systematic review, identify as such

If registered, provide the name of the registry (such as PROSPERO) and registration number

Provide name, institutional affiliation, e-mail address of all protocol authors; provide physical
mailing address of corresponding author

Describe contributions of protocol authors and identify the guarantor of the review

If the protocol represents an amendment of a previously completed or published protocol,
identify as such and list changes; otherwise, state plan for documenting important protocol
amendments

Indicate sources of financial or other support for the review
Provide name for the review funder and/or sponsor
Describe roles of funder(s), sponsor(s), and/or institution(s), if any, in developing the protocol

Describe the rationale for the review in the context of what is already known
Provide an explicit statement of the question(s) the review will address with reference to
participants, interventions, comparators, and outcomes (PICO)

Specify the study characteristics (such as PICO, study design, setting, time frame) and report
characteristics (such as years considered, language, publication status) to be used as criteria
for eligibility for the review

Describe all intended information sources (such as electronic databases, contact with study
authors, trial registers or other grey literature sources) with planned dates of coverage

Present draft of search strategy to be used for at least one electronic database, including
planned limits, such that it could be repeated

Describe the mechanism(s) that will be used to manage records and data throughout the
review

State the process that will be used for selecting studies (such as two independent reviewers)
through each phase of the review (that is, screening, eligibility and inclusion in meta-
analysis)

Describe planned method of extracting data from reports (such as piloting forms, done
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process
Data items
Outcomes and
prioritization

Risk  of  bias in
individual studies

Data synthesis

Meta-bias(es)

Confidence in
cumulative evidence

12

13

14

15a

15b

15¢

15d
16

17

independently, in duplicate), any processes for obtaining and confirming data from
investigators

List and define all variables for which data will be sought (such as PICO items, funding
sources), any pre-planned data assumptions and simplifications

List and define all outcomes for which data will be sought, including prioritization of main
and additional outcomes, with rationale

Describe anticipated methods for assessing risk of bias of individual studies, including
whether this will be done at the outcome or study level, or both; state how this information
will be used in data synthesis

Describe criteria under which study data will be quantitatively synthesised

If data are appropriate for quantitative synthesis, describe planned summary measures,
methods of handling data and methods of combining data from studies, including any planned
exploration of consistency (such as 12, Kendall’s 1)

Describe any proposed additional analyses (such as sensitivity or subgroup analyses, meta-
regression)

If quantitative synthesis is not appropriate, describe the type of summary planned

Specify any planned assessment of meta-bias(es) (such as publication bias across studies,
selective reporting within studies)

Describe how the strength of the body of evidence will be assessed (such as GRADE)

From: Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, Shekelle P,
Stewart L, PRISMA-P Group. Preferred reporting items for systematic review and meta-
analysis protocols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015 Jan
2;349(jan02 1):97647.
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BACKGROUND

Introduction:

Latent tuberculosis infection (LTBI) is a condition whereby individuals harbour live
Mycobacterium tuberculosis (M. Tuberculosis) without presenting with clinical
manifestations or symptoms of active tuberculosis (TB) infection 2. According to the
Global Tuberculosis Report ©®, “LTBI is also defined as the immune response to M.
tuberculosis antigen without clinical evidence of active TB” ®). The causative agent for LTBI
is M. tuberculosis; an acid-fast bacillus which can persevere for decades within a human host.
M. tuberculosis is highly infectious and can be transmitted from an active TB infected person
to a susceptible host via droplets of inhaled aerosols. LTBI can be diagnosed either by
tuberculin skin test (TST) in vivo or by using ex vivo interferon-gamma release assays
(IGRASs) to detect memory T-cell response against M. tuberculosis ¢,

Literature review

The degree to which latent TB in children or re-infection can cause TB in later life is not
clearly understood. For example, Andvoid’s © early work in the 20™ century demonstrated
that the epidemiology of TB infection in children determines its consequent epidemiology
infection in adults ®. According to the same author, an increase or decrease in TB mortality
during childhood is followed by a similar increase or decrease in TB mortality when the
cohort has reached adulthood. This can be explained by the prevalence of LTBI in children
which progresses to active TB in the same cohort after many years of primary infections. In
reconciling the historical, epidemiological, bacteriological and immunological observations
in TB, Kuh ® highlighted that being infected as a child establishes the mortality from TB in
later life not as a result of the reactivation of LTBI, but as a result of immunological
response from re-infection as suggested by Koch @ in his study on aetiology of TB ©7),
However, Canetti ® disagreed with the above views by emphasizing that most TB primary
infections die off and TB recurrence can only be due to re-infection and not as a result of
latent TB reactivation ®. According to Mack et al @:

“the fact remains that testing positive to LTBI (using immune-based diagnostic tests)
is mainly a measure of an immunological response to stimulation by mycobacterial
antigens that cannot necessarily be attributed to the presence of live M. tuberculosis in
the human host” @.

Conversely, Tufariello et al © have shown that M. Tuberculosis persist latently with a small
number of bacilli not sufficient to cause the clinical manifestation of the disease until certain
changes in immunological response occur . According to Tufariello ), these changes result
in higher rates of metabolism and multiplication of the bacilli which leads to clinical disease
manifestation ©.

Understanding LTBI in humans is very challenging since it is difficult to interpret which
immunological factors are responsible for preventing or establishing LTBI @9, However,
patients with LTBI have been shown to have much higher proportion of antigen-specific CD8
T cells which produces protein inflammatory Thl-type cytokines such as interferon gamma
(IFN-y), tumor necrosis factors (TNF) and interleukin-2 (IL-2) that promote bacterial killing
necessary to establish latent infection 9. In a study by Mahomed et al ®» on predictive
factors for LTBI in high-burden areas in South Africa; the following factors were found to
predict LTBI using TST: male gender; age greater than 15 years; black racial group and
mixed races compared to white and Indian racial groups. Low parent’s income classified as
earning less than 4000 Rands per month and parents education classified as maternal and
paternal highest education level were associated with LTBI. Young people who had current
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or prior household TB exposures and those without BCG scars had lower odds of LTBI
compared to those with no prior household TB exposure and with BCG scars. Current
allergy-related conditions such as asthma and hospitalization six months prior to enrolment
into the study were not predictors of LTBI @Y. The above finding on BCG scars contradicts
an earlier study by Young et al ® on risk factors associated with LTBI whereby the history
of BCG vaccination was found to be associated with LTBI in Mexican American Children
(12) " Another study on the prevalence and risk factors of LTBI in rural Eastern Uganda by
Mumpe-Mwanja et al @ confirmed the presence of BCG scars to be a predictor of TST
confirmed LTBI. According to Mumpe-Mwanja et al ¥, the covariates: male gender, age 15-
18 years, out of school and household TB contact were strong predictors of LTBI while HIV
infection is not associated with LTBI ¢,

Amongst TB exposed individuals, 30% will test positive to LTBI using TST and an average
of 5-10% will develop active TB within two years of exposure 9, On the other hand, a
majority of the exposed persons will develop LTBI and this is estimated at 2 billion persons
worldwide, which is a massive pool for possible future transmission %, Studies conducted in
developing countries on LTBI show that the burden of LTBI is quite high ( greater than
48%), which causes an enormous barrier to global TB management and control 11419 |n
Uganda, the prevalence of LTBI was reported to be 16.1% among adolescents but increased
progressively with increasing age among this group ®®. About half of the adolescents in
South African schools especially in areas with high TB prevalence and poor socio-economic
status had LTBI @34, In general, South Africa has 80% of the population with LTBI, and
88% of the infection recorded among the age group 30-39 years in informal settlements and
townships ©.

In LTBI, the period of latency is unpredictable and so LTBI has a great effect on the
approach to TB interventions due to its massive pool of TB transmission. Current studies on
TB treatment and control have acknowledged that control of TB depends on identifying and
treating individuals who have LTBI (8. Therefore, embarking on TB elimination or
eradication strategy will require a reduction of the prevalence of LTBI in those who are at
risk of TB reactivation in future 9. In view of this, the objective of this review is to estimate
the prevalence of LTBI and associated risk factors among young people in South Africa.

Problem statement

M. tuberculosis in its latent state has the ability to persist unnoticed for years inside the
human host; hence, it is a serious global health concern and a major factor contributing to the
pool of active TB cases worldwide. It has been shown that by the average age of sexual debut
(15 years), that 50% of young people in South African communities have LTBI and by the
age of 25 years, approximately 75% of the individuals will have evidence of LTBI Y which
is a public health concern. The above statement, therefore, implies that the risk of TB
transmission in South Africa will remain high because of the massive pool of LTBI among
young people and will consequently impact on the effectiveness of TB control programs in
the country. Therefore, testing and treating LTBI in young people will reduce the recent TB
transmission and improve the effectiveness of TB control in the country ®7),

Study justification

The global TB eradication effort is currently focused on detecting and treating cases of LTBI
in high-risk groups in TB prevalent regions. This is the World Health Organisation (WHO)
call for reducing TB incidence and mortality rates by 90% and 95% respectively by 2035
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compared to 2015 levels ¢®  As a result, there is an urgent need to contribute to South
Africa’s preparedness for the programmatic implementation of LTBI management and
intervention as a component of the new post-2015 End TB Strategy. It has been reported that
young people are a high-risk group, and LTBI is a strong predictor of active TB in this group
in South Africa *9, Therefore, young people, especially the adolescents from poor
communities in South Africa should be considered as the target groups for LTBI treatments
and interventions. However, there have been some discrepancies arising from studies on the
factors associated with LTBI among these age groups and this call for further investigation
using systematic review and meta-analysis. Such discrepancies include the presence of BCG
scars: Whereas some studies associate BCG scar with LTBI, other studies suggest otherwise
(11-1320) '\We, therefore, propose a systematic review and meta-analysis to examine the burden
of LTBI and verify its predictive factors among young people resident in South Africa as
reported in studies from 2000 to 2016.

REVIEW QUESTION

This review will be guided by the question: what is the prevalence of LTBI and associated
risk factors among young people in South?

AIM: To conduct a systematic review and meta-analysis of research studies (from 2000 to
2016) that investigated the prevalence of LTBI and its associated risk factors among young
people in South Africa.

REVIEW OBJECTIVES

1. To estimate the prevalence of LTBI among young people in South Africa.

2. To determine pooled effect estimates of the specified risk factors associated with
LTBI prevalence among young people in South Africa.

3. To critically appraise the quality of the extracted data.

Inclusion criteria:

1. All study designs (except case reports or case series) used to estimate the prevalence
of LTBI among young people (0-19 years) in South Africa including all ethnicity,
socio-economic and educational backgrounds.

2. Only studies that determined LTBI as diagnosed by TST and or IGRAs.

3. Published and unpublished studies on the subject presented at meetings and
conferences from 2000 to 2016.

4. Articles that are written in English.

Exclusion criteria:
1. For the same articles published in different journals, the most comprehensive and
recent version of the study will be used.
2. Studies on subgroups of people with LTBI (other than young people) such as
healthcare workers or miners.
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3. Descriptive reviews, personal opinions, write-ups or articles without primary data
collections and/or clear methodology for analysis.

4. Studies which did not meet the quality and eligibility criteria.

5. Studies on outcomes of LTBI treatments.

Study population: Young people (from the age of 0 to19 years) who are resident in South
Africa from 2000 and 2016.

Variables to be considered in the review: The variables will be defined using various
definitions stipulated by the authors.

Covariates:

e Demographic and socio-economic factors: Parental income, years of parent's
education, gender, income, racial group, education, place of residence.

e Household level factors: Having a family relationship with a TB patient, type of
residence and density of household members.

e The presence of BCG TB vaccine scar: BCG is a TB vaccine used in children in
regions where TB prevalence is high.

e HIV status.

Outcome:

e The prevalence of LTBI among young people as confirmed by TST and or IGRA in
South Africa from the year 2000 to 2016.

METHODS

Search strategy

The search approach for this paper will include searching databases such as PubMed
(Medline), SCOPUS, DARE, CINAHL, Web of Science, and TB journals on the prevalence
and associated factors of LTBI among young people in South Africa. Medical subject
headings (MesH) will be used to extensively search the appropriate literature on electronic
databases using related keywords to latent TB. Expansive search terms will include the
following: tuberculosis, TB, latent TB, LTBI, and different MeSH heading terms and
keywords. We will search specific TB journals examples, the International Journal of TB and
Lung Disease, the Indian Journal of TB as well as the WHO bulletins on TB. To ensure that
articles are exhausted, we will examine the reference lists of the articles that are included or
related reviews that will be collected and author’s personal profiles. This study will address
the recommended items presented in the Preferred Reporting Items for Systematic reviews
and Meta- Analyses Protocols (PRISMA-P) 2015 checklist @Y.

Study selection:

Firstly, the titles of the identified studies will be scanned through and the abstracts thoroughly
studied by two independent reviewers to recognize their potential relevance to the topic. The
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two reviewers will independently evaluate and appraise the search results and allocate marks
to the studies as follows 1 (included), 2 (excluded) and 3 (uncertain; if the reviewer is not
able to make a decision). Studies considered not to be relevant based on topics or abstract
will be excluded. Secondly, all qualified full-text articles will be evaluated for quality and
eligibility through the use of quality score assessment tool to minimize the risk of bias and a
standardized data extraction will be carried out. The independent results will then be
compared, differences discussed and agreement reached between the two reviewers; if
necessary, a third reviewer will act as arbitrator. Transparency of the selection process will be
represented in a flow chart.

Data extraction and management

Mendeley (a reference manager) will be used to retrieve and manage the relevant articles
which will pass through a multi-level filter to select those with relevant data sets. Eligible
studies for inclusion will be fully studied and data extracted using self-designed data
extraction forms by two independent reviewers. The data extracted will include specific
details about the topic and all study methods eligible for inclusion will be used. All outcomes
of significance to the review questions and objectives will be extracted. The extracted data
sets will be compared and sent to a third reviewer for the reconciliation of any disagreements
arising between the two reviewers.

Quiality assessment:

Study quality will be rated using a quality assessment tool and scored as <5 (low risk), 6-8
(moderate risk) and >8 (high risk). All the eligible articles will be independently scored by
the two reviewers using the quality assessment tool. The result of the scores from the
independent reviewers will be compared and discrepancies discussed and resolved by
agreement or by a third reviewer where consensus is not reached. After consensus is reached,
data will be extracted from the chosen articles and risk of bias evaluated using sensitivity
analysis.

Data synthesis and analysis:

Objective 1: Outcome variable; count: Data sources will be identified and extraction of the
estimates of the prevalence of LTBI carried out. The prevalence will be extracted using
STATA version 14 and the aggregates of the pooled estimates at 90% confidence interval
will be summed up using meta-analysis so as to account for variability between studies. The
trend of LTBI over time may be investigated and the prevalence in adolescents (11 to 19
years) and younger ages may be compared. Standard errors will be determined where the
numerators and denominators are known and non-overlapped confidence intervals will
signify the statistically significant difference.

Objective 2: Categorical explanatory variables: gender, age group, race, socioeconomic
status, education level, BCG scars, Parents’ income and parents’ education levels. Extraction
of the risk factors associated with LTBI will be carried out and random-effects model in
STATA version 14 will be used to combine the Odds Ratios. If adequate data collections are
made, subgroup meta-analyses will be carried out by the participant’s HIV status, BCG scars,
and socioeconomic markers.
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Objective 3: Heterogeneity test: The extent of variations in the studies will be determined
using 12 heterogeneity statistic reported as a percentage which will range as follows: low
(£25%), reasonable (26 — 50%), significant (51 — 75%) and extensive heterogeneity (76% -
100%). Further investigation of heterogeneity will be carried out with a forest plot at alpha
10% significant level and 12 statistic with >50% or poor overlap of confidence interval
signifying a significant heterogeneity. If heterogeneity is statistically significant, sensitivity
analysis will be carried out to check for possible causes and explanations. Examples of
sensitivity analysis that will be performed include plotting and comparing results of high
qualities to ascertain how they vary from the overall results and assessing if different study
designs and the model used have effects on meta-analysis result. Studies with considerable
heterogeneity will be narrated and presented using tables and figures where necessary.

Discrepancies between reviewers will be discussed and resolved; however, where consensus
is not reached, a third reviewer will intervene. Finally, a list of excluded studies will be
produced with reasons for their exclusions.

Assessment of biases:

Possible bias will be minimized by carefully selecting articles that meet the eligibility criteria.
The symmetry of funnel plot will be used to check for selection of unbiased studies if more
than ten eligible studies are identified.

Reporting:

This review will be reported according to the Preferred Reporting Items for systematic
reviews and Meta-analysis (PRISMA) guidelines @Y. Flow diagrams will be used to
summarize the eligibility criteria and selection process used. Supplementary documents will
also be published and these will include the tools employed for quality appraisal assessments
and the search strategies.

Limitation:
Excluding studies done in languages other than English may lead to poor exhaustion of
available studies and datasets.

Ethics and Dissemination:

There is no formal ethical review required since this study is a systematic review of
documents which are publicly available and so does not directly involve human participation.
This systematic review will be presented in conference proceedings and published in peer-
reviewed journals for open access.
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Appendices:

Search table: MeSH term (modified as needed for use in other databases)

#1 | LTBI #8 TST
#2 | Latent TB #9 Interferon-gamma release assays
#3 | Latent TB infection #10 IGRAS
#4 Latent tuberculosis #11 South Africa
#5 | Latent tuberculosis infection #12 #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10
#6 | Latent mycobacterium tuberculosis #13 #11 AND #12
#7 | tuberculin skin test
TIMELINE
Schedules Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr
16 16 16 16 16 16 16 17 17 17 17
1 | Protocol
development
2 | Literature Search
3 | Assessors meeting
4 | Data extraction
5 | Introduction and
literature review
6 | Systematic  review
and meta-analysis
7 | compilation of
reports
8 | Submission for
corrections
9 | Final corrections and
assessment
BUDGET
Sin COST (Rand)
1 Internet and modem 1,800
2 Printer 1,500
3 Printing papers 700
4 Conference paper presentation 5,000
5 Protocol publication 29,064.75
6 Project publication 29,064.75
Total 67,129.5
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