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Abstract 
Background. To end tuberculosis, a substantial expansion of active case-finding and tuberculosis 

preventive treatment is urgently needed. Furthermore, these biomedical interventions, which form the 

backbone of the global tuberculosis response, should be integrated with socioeconomic interventions to 

address the poverty-related risk factors principally driving tuberculosis incidence. This research aimed to 

inform the implementation and integration of these interventions for contacts of patients with tuberculosis. 
 
Methods. The research was divided into three phases, all of which were undertaken in Lima, Peru: 

i) FUNDAMENTALS. A cohort study characterising tuberculosis epidemiology and case-finding 

among adult contacts of patients with infectious tuberculosis. An individual-level risk score 

predicting tuberculosis was derived and validated in a separate cohort. 

ii) CRESIPT. The score was integrated within a community randomised trial of socioeconomic 

supported for tuberculosis-affected households (the CRESIPT study). The impact of this 

intervention on access to healthcare and long-term health outcomes of contacts was evaluated.  
iii) POST-CRESIPT. Experiences during the CRESIPT study informed the derivation of a 

household-level risk score predicting tuberculosis. This score was derived using data from one 

cohort and validated in a separate cohort. 

 
Results. The first phase demonstrated that: adult contacts of patients with TB have a high and prolonged 

risk of tuberculosis; active case-finding can make an important contribution to tuberculosis case-finding; and 

tuberculosis can be predicted using a simple individual-level score. The second phase demonstrated that 

integrating this score with socioeconomic support achieved large increases in the proportions of contacts 
who completed active case-finding and tuberculosis preventive treatment; and reduced the risk of 

tuberculosis by approximately 40%. The third phase demonstrated that tuberculosis can be predicted using a 

simple household-level score. 
 
Conclusions. The research presented in this thesis provides rigorous evidence to support a novel, 

transformative, and holistic approach to the management of contacts of patients with tuberculosis. 
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Abbreviations and key definitions 
All abbreviations are described in full in the text when they first appear and are summarised here for further 

reference. 

Abbreviation Meaning Notes 
TUBERCULOSIS ABBREVIATIONS 

TB Tuberculosis Clinical or microbiological evidence of the disease 
state caused by the pathogen M. tuberculosis. 

LTBI Latent TB infection 
Evidence of infection with M. tuberculosis but with 
no clinical or microbiological evidence of current 
disease. 

RS-TB Rifampicin-sensitive TB M. tuberculosis with no evidence of resistance to 
rifampicin. 

RR-TB Rifampicin-resistant TB M. tuberculosis with evidence of resistance to 
rifampicin. 

MDR-TB Multi-drug resistant TB M. tuberculosis with evidence of resistance to 
rifampicin and isoniazid. 

XDR-TB Extensively-drug resistant TB 

M. tuberculosis with evidence of resistance to 
rifampicin, isoniazid, a fluroquinolone, and any of 
the three injectable second-line drugs (kanamycin, 
capreomycin, or amikacin). 

TPT TB preventive treatment 

Treatment to prevent progression to TB among 
people exposed and/or who have evidence of LTBI. 
Previously referred to as Isoniazid Preventive 
Therapy or Chemoprophylaxis. 

ACF Active case-finding Systematic screening and surveillance for TB. 

PCF Passive case-finding 
Investigation for TB starting from when people 
present to health services with symptoms 
suggestive of TB. 

MODS Microscopic-observation drug-
susceptibility assay 

A TB diagnostic test using liquid culture to provide 
rapid results and sensitivities for rifampicin and 
isoniazid. 

TST Tuberculin skin testing 
A skin test to demonstrate evidence of an 
immunological reaction to tuberculin. A positive 
result is often considered to be evidence of LTBI. 

IGRA Interferon-gamma release assays 

A blood test to quantify the amount of interferon-
gamma produced in response to specific M. 
tuberculosis antigens. A positive result is often 
considered to be evidence of LTBI. 

BCG Bacillus Calmette-Guérin 
vaccination A TB vaccine  

INSTITUTIONAL ABBREVIATIONS 
MINSA Peruvian Ministry of Health 

Not applicable WHO World Health Organization 
NTP National TB Programme 
STATISTICAL ABBREVIATIONS 
SD Standard deviation 

Not applicable 

IQR Interquartile range 
95%CI 95% confidence interval 
IR Incident rate 
IRR Incident rate ratio 
OR Odds ratio 
HR Hazard ratio 
aOR Adjusted odds ratio 
aHR Adjusted hazard ratio 
NNT Number needed to treat 
BMI Body mass index 
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OTHER ABBREVIATIONS 

IFHAD Innovation For Health And 
Development www.ifhad.org  

ISIAT 
Innovative Socioeconomic 
Interventions Against 
Tuberculosis 

https://doi.org/10.5588/ijtld.10.0447  

HRESIPT 
Household Randomised 
Evaluation of a Socioeconomic 
Intervention to Prevent TB 

https://doi.org/10.1016/S0140-6736(17)30412-9  

CRESIPT 
Community Randomised 
Evaluation of a Socioeconomic 
Intervention to Prevent TB 

http://www.isrctn.com/ISRCTN17820976  

PEN Peruvian Nuevos Soles Data were collected in PEN and converted to USD 
using the exchange rate $1 USD=S/3.27 PEN, 
which was the approximate average during the 
period when this research was done.  USD United States Dollars 
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 - Introduction 
This chapter overviews background and general methodology providing broad context to the detailed 

introduction and methods sections in each of the subsequent research chapters.  

 

Background 
The oldest known evidence of tuberculosis (TB) appears in the bones of a woman and her infant, buried 

together in one of the first human villages with evidence of agriculture and animal domestication, in what is 
now modern-day Israel.1 This highly symbolic case of a mother and her young child dying of TB has been 

tragically repeated many millions of times over the subsequent 9000 years, capturing the imagination and 

fear of Kings and Queens; artists, writers, and musicians; and doctors and scientists throughout history. At 

its peak in Europe in the 19th century, a quarter of the population were thought to be suffering from TB, 

leading to a huge effort to further humanity’s understanding of the disease.2 The discovery of Mycobacterium 

tuberculosis (M. tuberculosis) in 1882 by Robert Koch and the subsequent development of streptomycin in 

1943 provided us with the tools needed to diagnose and treat TB. TB incidence, however, was declining in 

many settings long before these biomedical discoveries. This decline is believed to have been driven 
principally by changes in social determinants such as improved nutrition and living conditions.3,4  

 

In the modern era, TB causes more deaths than any other infectious agent, killing approximately 1.5 million 

people in 2018.5 In its End TB Strategy, the World Health Organization (WHO) has set ambitious targets to 

significantly reduce TB incidence and mortality by 2030, ending TB as a public health problem.6 Among 

others, three fundamental obstacles have been identified that must be addressed in order to achieve these 

targets.7 First, approximately a third of people living with TB are thought not to be diagnosed, treated, or 
reported. These “missing” people represent a significant source of ongoing transmission in households and 

communities, and those who are untreated are at high risk of TB-related morbidity and mortality.8,9 Second, 

approximately one quarter of the world’s population is thought to have latent TB infection (LTBI) and thus be 

at high risk of developing TB during their lifetimes.10,11 Identifying who in this population is at highest risk of 

developing TB is a critical question for TB care and prevention, in order to efficiently target TB preventive 

treatment (TPT) to people at highest risk.12,13 Third, TB is a social as well as infectious disease, principally 

affecting poorer people in low- and middle-income countries.3,4 Poverty increases the risk of TB through 

factors such as undernutrition and crowding. TB in turn exacerbates poverty by increasing costs, reducing 
income, and causing stigma and discrimination.14–16 Indeed, poverty is the key driver of TB incidence, with 

several studies demonstrating how rates rise and fall in association with measures of socioeconomic 

development and social protection.17–21 In contrast, measures of biomedical care have had no detectable 

impact on TB incidence, despite helping to save millions of lives.19 The WHO recognizes the importance of 

addressing the social determinants of TB in the End TB Strategy, but little evidence exists to inform how 

interventions should be implemented.22–26  

 
TB-affected households are a known source of intense TB transmission, with contacts of people living with 

TB at substantially higher risk than other community members of LTBI and TB.27,28 Although the majority of 

TB transmission may occur outside the household, comprehensive interventions targeted to TB-affected 

households have the potential to reduce the population-level burden of TB.29–33 Such interventions include 

contact investigation, involving active case-finding (ACF) and TPT for contacts, to find undiagnosed TB and 

prevent TB in contacts at highest risk34, integrated with socioeconomic interventions to incentivise and 
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enable access to healthcare, and concurrently reduce poverty-related TB risk factors.35,36 The 

implementation of these interventions in TB-affected households has been hampered by a lack of 

programmatic focus on TB case-finding and prevention by national TB programmes (NTP), principally 

because resources have historically been prioritised for TB diagnosis and treatment.37 However, there is 

widespread recognition that TB elimination will only be possible with the scale up of TB case-finding and 

prevention, and the integration of these biomedical interventions with socioeconomic interventions to 
address the underlying social determinants driving the TB epidemic.4,7  

 

The research presented in this thesis aimed to provide evidence to address key knowledge gaps and inform 

the optimal delivery of biomedical and socioeconomic interventions for TB-affected households. Over the 

course of this four-year PhD, a planned series of research studies was conducted to address the issues 

described above. Each is summarized below and described in detail in its own chapter, including a focussed 

literature review. 

 
Chapter 2. TB epidemiology and case-finding among contacts. This initial study aimed to characterise 

TB epidemiology among a cohort of contacts of people living with TB who were prospectively followed for the 

development of TB for 10 years. The study additionally described the relative contribution of ACF and 

passive case-finding (PCF) to TB case-finding among contacts and compared sociodemographic and 

disease characteristics between contacts diagnosed through ACF versus PCF.  

 

Chapter 3. An individual-level risk score to predict TB among contacts. Having established the high risk 
of TB among contacts and the potential value of ACF for improving case-finding among contacts, this second 

study used data from the same cohort to characterise risk factors for the development of TB among contacts. 

These data were used to derive and externally validate a simple individual-level risk score, including clinical 

and demographic risk factors, which predicts TB independently of baseline LTBI status. 

 

Chapter 4. The CRESIPT study: A Community Randomised Evaluation of a Socioeconomic 
Intervention to Prevent TB (CRESIPT). The risk score described above was integrated for evaluation in a 

community randomised trial of socioeconomic support for TB-affected households. This chapter summarizes 
the protocol and statistical analysis plan for this study, focussing on how the intervention aimed to improve 

access to ACF and TPT among contacts in TB-affected households, reduce poverty-related TB risk factors, 

and thus impact on the long-term health outcomes of contacts.  

 

Chapter 5. Secondary outcomes of the CRESIPT study. This chapter describes the impact of the 

CRESIPT intervention on completion of ACF and TPT among contacts. 

 

Chapter 6. Primary outcomes of the CRESIPT study. This chapter describes the impact of the CRESIPT 
intervention on the long-term health outcomes of contacts. 

 

Chapter 7. A household-level risk score to predict TB among contacts. Lessons learned during the 

CRESIPT study suggested that a risk score may be of greater pragmatic value if it identified households 

(rather than individuals) in which contacts are at high risk of TB. Such a risk score could facilitate 
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prioritisation of comprehensive, household-level interventions to households most likely to benefit. This 

chapter describes a study to derive and externally validate such a score, based on a much larger cohort of 

contacts.  

 

In summary, this PhD research: characterised TB epidemiology among contacts of people living with TB; 

derived and externally validated an individual-level risk score to predict TB; evaluated integrating this risk 
score with a socioeconomic intervention for TB-affected households; and learnt lessons from this 

intervention to derive and externally validate a household-level risk score to predict TB.  
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General methods 
Setting 
Peru is an upper-middle income in Latin America with an estimated TB incidence of 123/100,000 people in 

2018. 8.1% of people with TB are estimated to have multi-drug resistant (MDR-TB) or rifampicin-resistant TB 

(RR-TB), and 6.0% are estimated to have HIV co-infection.5 Extensively drug-resistant TB (XDR-TB) is an 

increasing problem, with over 100 cases reported in 2015.5,38 The WHO estimates that 80% of TB cases in 

Peru are notified, meaning that approximately one in five cases are either not diagnosed, treated, or 
reported. The overall case fatality ratio is estimated to be 7.0%.5 Although Peru is an upper-middle income 

country it has high rates of inequality and poverty, with a GINI index of 43 and an estimated 21% of the 

population living below the national poverty line.39,40 The research described in this thesis was undertaken in 

two areas of Peru with a high TB burden and relatively high poverty indicators (Figure 1.1). 

 

Ventanilla. The Innovation For Health And Development (IFHAD) research group has been conducting 

studies on TB in Ventanilla continuously since 2002. Ventanilla comprises 15 desert shantytowns in the area 
north of Lima, originally populated in the 1980s by internal migrants from Peru’s mountainous and jungle 

provinces in response to displacement due to terrorism.41 It is an area of profound poverty, with many people 

living in wooden or adobe housing with poor access to essential services and utilities.42 The TB case 

notification rate in Ventanilla collected collaboratively with Peruvian Ministry of Health (MINSA)-run health 

posts was 114/100,000 people in 2016, but as described above the true TB incidence is estimated to be 

significantly higher (approximately 137/100,000 assuming an 80% case detection rate).  

 

Callao. In 2013, the IFHAD research group expanded activities to 17 urban communities in Callao, the 
northern coastal extension of Lima. This district has marked differences in population demographics, 

monetary poverty, and material living conditions from Ventanilla.42 The TB case notification rate in Callao 

was 139/100,000 people in 2016 (incidence estimated to be approximately 167/100,000 people assuming an 

80% case detection rate). 

 

Participants 
Index patients were defined as people diagnosed with TB registered to receive treatment in MINSA-run 
health posts. 

 

Contacts were defined as people who reported being in the same house as the index patient for over six 

hours/week in the two weeks preceding index patient treatment initiation. Contacts were not eligible if they 

were already taking or awaiting TB treatment at the time the index patient started treatment.   

 

TB-affected households. The household including the index patient and their eligible contacts.  

 
Statistical analysis 
All statistical analyses presented in this thesis were performed using Stata (version 13, StataCorp) and all p 

values generated were two-sided with statistical significance assessed at the 5% level. 
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Ethics 
Ethical approvals for all the research described in this thesis included the Callao Ministry of Health, Peru; 

Asociación Benéfica PRISMA, Peru; and Imperial College London, UK. All recruited participants gave their 

written informed consent and, when possible in the case of minors, assent to participate. All the research 

was performed with the approval and collaboration of the Peruvian NTP. 
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Figure 1.1 Map of the study setting 

 

The dark areas of the map are sub-districts in Callao, which were not studied as they are relatively wealthier and have low TB incidence. Statistics are taken 
from the Peruvian Instituto Nacional de Estadistica e Informatica42, except for case notification rate and population, which were collected collaboratively as detailed 
above. Photographs were taken by the candidate. 
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 - TB epidemiology and case-finding among contacts 
This chapter is adapted from the peer reviewed, published manuscript: Saunders MJ et al. “Active and 

passive case-finding in TB-affected households: A 10-year prospective cohort study, Peru.” Lancet Inf Dis 

2019; 19(5):519-28 - https://doi.org/10.1016/S1473-3099(18)30753-9. The candidate led study conception, 

supervision of final data collection (i.e. follow-up), data analysis and interpretation, and preparation of the 

manuscript. The candidate was not involved in the conception, design, nor data collection for the original 

cohort, which took place between 2002 and 2006 as part of ongoing research led by the supervisor.  

 

Introduction 
Reducing TB transmission in households and communities requires the early diagnosis of people living with 

TB followed by rapid initiation of appropriate treatment before TB becomes sputum smear positive and more 

infectious.8 In most low- and middle-income countries with a high TB burden, investigation for TB usually 

only starts when people present to health services with symptoms suggestive of pulmonary TB, termed PCF. 

In addition, the WHO recommends that contacts of newly diagnosed patients are themselves systematically 

screened due to their well-established high risk of disease, termed ACF or commonly contact investigation.43 

However, this ACF among contacts is inconsistently implemented in high TB burden settings and evidence 

to inform its optimal delivery is lacking.35,37  

 

In most settings, the majority of TB cases and deaths are reported in men.5 Recent analyses of prevalence 

surveys consolidate these case notification data and demonstrate that overall TB prevalence is twice as high 

in men than in women.44 However, the great majority of these data originated in South East Asia, Africa, and 

the Western Pacific with only two small sub-national surveys in relatively isolated indigenous communities 

from Latin America contributing to the analysis. In Latin America, case notifications are consistently higher in 

men and in 2015 61% of cases notified in Peru were reported in men.5,38 However, these two prevalence 

surveys imply a more equal TB prevalence by sex.45,46 In previous work in Peru we found TB diagnostic 

delay to be greater among women47, and qualitative research revealed a common perception that women’s 

health and TB care was of secondary importance to that of men, hampering equitable access to 

healthcare.48,49 These observations support the hypothesis that the observed sex difference in TB case 

notifications in Peru may in part be explained by under-detection of TB in women. 

 

In this study, we investigated the long-term burden of TB in contacts of patients with TB, described the 

relative contribution of ACF and PCF to TB case-finding, and compared sex and disease characteristics 

between contacts diagnosed through ACF versus PCF. These data will characterise the epidemiology of TB 

among contacts, informing the optimal delivery of ACF among contacts in low- and middle-income countries; 

and provide important insights into the nature of sex differences in TB burden in Peru. 
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Methods 
Study design, setting, and participants (Figure 2.1) 

Between 2002 and 2006 we did a prospective cohort study with follow-up until March 2016 of contacts aged 

≥15 years of index patients with TB in Ventanilla. For this study, index patients were people who had 

laboratory confirmed pulmonary TB, which in this setting almost always implied sputum smear microscopy 

positive TB. Index patients were the first person we identified with TB among household members and were 

eligible for inclusion in this study if they had at least one contact aged ≥15 years. They were not invited if 

they had been previously recruited or were a contact of a patient who we had already recruited, so 

households were only invited to participate once. We restricted this investigation to contacts aged ≥15 years 

because in this setting younger contacts may have received TPT and are often treated for TB empirically, 

confounding interpretation of TB diagnosis in children. 

 

Recruitment procedures 

Study research nurses worked in collaboration with MINSA-run health posts to recruit index patients when 

they were diagnosed with TB. Index patients were invited to give a sputum sample, which was tested by 

smear microscopy and the microscopic-observation drug-susceptibility (MODS) assay including liquid and 

solid Lowenstein-Jensen culture.50 Study nurses then visited the index patient’s household and completed a 

census of all contacts. Contacts were invited to participate in a randomised controlled trial of micronutrient 

supplementation to prevent TB. Because micronutrient supplementation was shown not to affect TB rates, all 

contacts are included in this study, irrespective of allocation, or whether they participated in the trial.51 All 

index patients and contacts recruited to this trial completed a baseline questionnaire characterising 

demographics, socioeconomic factors, and other TB risk factors.52  

 

Outcomes 

The primary outcome was TB diagnosis among contacts. Time to TB was defined from the date the index 

patient initiated TB treatment until the date the contact was diagnosed with TB, or if this date was 

unavailable, the date they initiated treatment. For contacts not diagnosed with TB, follow-up was censored at 

the date they were last known to be alive and free of TB. Any case of TB ascertained through one of the 

following three strategies (Table 2.1) was considered an incident case in the follow-up period. 

 

1. All ACF 

1a. Programmatic ACF  

During the study, the MINSA recommended ACF for contacts, principally involving clinical evaluation and 

sputum smear microscopy without culture testing, usually in the first week after the index patient initiated 

treatment. This is commonly termed contact investigation but for the purposes of this chapter is referred to 

as programmatic ACF in order to provide clarity and contrast with the other TB ascertainment strategies 

described below. Peruvian national guidelines recommended collecting two spot samples from contacts with 

cough for greater than two weeks, although in practice one or two sputum samples were typically collected 

from all contacts, irrespective of symptoms.53 Chest radiography was not recommended and only rarely 

performed for contacts at the assessing doctor’s discretion. All contacts were eligible for this programmatic 

ACF, which, with the exception of chest radiography, was provided free of direct charges at participating 

MINSA-run health posts. This programmatic ACF was not influenced by our study. 
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1b. Intensified study ACF  

Study research nurses visited households at recruitment; after two, four, six and eight weeks; and then every 

four weeks throughout index patient treatment (usually six months but longer for patients with RR-TB/MDR-

TB). During these visits, study nurses offered ACF to all participating contacts. This involved offering free 

sputum testing for contacts who had any symptom suggestive of TB: cough of any duration and type 

(whether productive or not), fever, night sweats, weight loss or chest pain. Spot sputum samples were 

collected with careful instruction in the privacy of the person’s own home.54 The sample provided (whether it 

appeared macroscopically to be sputum or saliva) was tested by smear microscopy and cultured using the 

MODS assay. Following index patient treatment completion, we visited households on three occasions, 

approximately every four years. At these visits we offered all available contacts free sputum testing with 

smear microscopy and culture using the MDR/XDR-TB Colour Test thin-layer agar assay.55 At the first two 

visits, testing was offered only to contacts who had symptoms. At the final visit, testing was offered 

universally to all contacts. If a contact was not present at the time of an ACF visit, another household 

member completed the screening questions on behalf of the absent contact and sputum pots were left with 

instructions and collected 24 hours later. 

 

2. Programmatic PCF 

Throughout the duration of follow-up contacts had access to PCF at MINSA-run health posts, free of direct 

charges, both in and outside the study area. The main diagnostic test available for TB during the study 

period was and remains smear microscopy of sputum usually collected with little instruction. Chest 

radiography was performed at the contact’s expense and was interpreted by the consulting medical doctor 

and rarely reported by a radiologist. Investigation for TB was typically initiated among individuals presenting 

to health posts with cough for greater than two weeks.53 TB in this setting was also diagnosed and treated in 

MINSA-run hospitals, employer-insured health facilities for people with formal employment, prisons, and in 

private clinics.   

 

All participating contacts were provided with integrated programmatic ACF, intensified study ACF, and 

programmatic PCF. 

 

Data ascertainment 

All contacts were followed for TB diagnosis by checking NTP records in participating MINSA-run health posts 

until 1st March 2016. Upon diagnosis and at subsequent household visits we characterised TB episodes 

among contacts, including asking about symptom duration, and asked about both extra-pulmonary and 

pulmonary TB diagnosed and/or treated outside the jurisdiction of the health posts in Ventanilla. Self-

reported TB episodes were confirmed against NTP records in participating MINSA-run health posts 

whenever possible.  

 

Statistical analysis 

Continuous data were examined for normality and summarized by their medians and interquartile ranges 

(IQR) because they were skewed. They were compared using the Mann-Whitney U test. Categorical data 

were summarized as proportions and compared using the two-sample proportion test. Because missing data 

were infrequent, occurring in <5% of cases for baseline characteristics, the median value was used to 
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complete baseline data in Table 2.2. For each year following index patient treatment initiation, we calculated 

TB incidence rates (IR) per 100 person-years and generated 95% confidence intervals (95%CI) based on the 

Poisson distribution. We plotted these IR against community TB incidence, which was calculated using the 

average TB case notification rate among adults aged ≥15 years in Ventanilla between 2002 and 2014, 

adjusted by 20% to correct for under-diagnosis and reporting because this is the estimated case detection 

gap in Peru.5,38 We compared TB incidence between male and female contacts by calculating incidence rate 

ratios (IRR). We derived and plotted the Kaplan-Meier function to calculate cumulative TB risk over time.  

 

The six-monthly rolling average and cumulative proportion of contacts diagnosed with TB according to TB 

ascertainment strategy were plotted and compared overall, and at the end of six months because this was 

when both programmatic and intensified study ACF were principally implemented. To elucidate sex 

differences in TB diagnosis by ascertainment strategy, we compared the proportion of people who were 

female between contacts diagnosed through both programmatic and intensified study ACF (collectively 

referred to as all ACF), contacts diagnosed through programmatic PCF, index patients (who had been 

principally diagnosed through programmatic PCF), the national proportion of new cases notified in 2015, and 

regional and global incidence data.38,56 We compared overall symptom duration prior to diagnosis between 

contacts diagnosed through all ACF versus programmatic PCF for contacts with data available and plotted 

the proportion of contacts who had symptoms for less than 15, 30, 60 and 90 days to illustrate differences at 

relevant thresholds of symptom duration. Finally, we compared sputum smear grade and treatment success 

(defined as cured or completed treatment according to NTP records) percentage between contacts 

diagnosed through all ACF versus programmatic PCF. To assess the socioeconomic equity of ACF we 

compared household secondary education and household income between contacts diagnosed through all 

ACF versus programmatic PCF.  
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Results 
Baseline data (Table 2.2 and Figure 2.1) 

715 index patients were recruited with a median age of 27 years (IQR=20-36) of whom 41% (n=290) were 

female. 2,681 contacts were censused of whom 15 (ten males and five females) were excluded because 

they were taking or awaiting TB treatment. The study population therefore included 2,666 contacts. The 

median age at recruitment was 29 years (IQR=21-42) and 54% (1,429) were female.  

 

TB burden  

Contacts were followed for a total of 23,758 person-years equating to a median follow-up of 10 years per 

contact (IQR=7.5-11). During follow-up, 8.7% (232/2,666) of contacts were diagnosed with TB: a 2-year 

cumulative risk of TB of 4.6% (95%CI=3.5-5.5) (Figure 2.2). 3.0% (80/2,666) of contacts died. The overall 

incidence of TB was 0.98/100 person-years (95%CI=0.86-1.1) (Figure 2.3). Incidence was highest during the 

first three years after the index patient initiated treatment and remained higher than the estimated community 

incidence throughout the duration of follow-up. 

 

TB ascertainment  

Of the 232 contacts diagnosed with TB, 23% (53/232) were diagnosed through all ACF: 7.3% (17/232) by 

programmatic ACF; and 16% (36/232) by intensified study ACF. The remaining 77% (179/232) were 

diagnosed through programmatic PCF. Of these, 88% (158/179) were diagnosed by MINSA-run health posts 

and hospitals; and 12% (21/179) were diagnosed by health institutions outside of MINSA. 84% (196/232) of 

contact’s diagnoses were confirmed by checking NTP records. During the first six months after the index 

patient initiated treatment, 22% (51/232) were diagnosed with TB. Of these, 45% (23/51) were diagnosed 

through all ACF and 55% (28/51) were diagnosed through programmatic PCF. The six-monthly rolling 

average and cumulative proportion of contacts with TB according to ascertainment strategy are shown in 

Figure 2.4 and Figure 2.5. Details of the number of TB tests performed during intensified study ACF are 

shown in Table 2.3. 

 

Sex differences in TB diagnoses 

Of the 232 contacts diagnosed with TB, 49% (121/232) were female. Contacts diagnosed through all ACF 

were more likely to be female than their index patients (who had been diagnosed through programmatic 

PCF) (68% [36/53] versus 41% [290/715], p<0.001). Among contacts diagnosed through programmatic and 

intensified study ACF, 71% (12/17) and 67% (24/36) were female respectively. Among contacts diagnosed 

through programmatic PCF, 47% (85/179) were female. Contacts diagnosed through all ACF were 

significantly more likely to be female than contacts diagnosed through programmatic PCF (68% [36/53] 

versus 47% [85/179], p=0.009) (Figure 2.6). 

 

Sex differences in TB rates 

During follow-up, 8.5% (121/1,429) of female and 9.0% (111/1,237) of male contacts were diagnosed with 

TB. Females were followed for a total of 13,047 person-years and males for a total of 10,711 person-years 

equating to overall incidence rates of 0.93/100 person-years and 1.0/100 person-years respectively. There 

was no significant difference in TB incidence for male versus female contacts: IRR=1.1 (95%CI=0.86-1.5, 

p=0.4) (Figure 2.7 and Figure 2.8). 
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TB morbidity 

Overall, contacts diagnosed through all ACF had a significantly shorter symptom duration prior to diagnosis 

than contacts diagnosed through PCF (p=0.03) (Figure 2.9). The median symptom duration for contacts with 

data available (n=163) diagnosed through: programmatic ACF was 30 days (IQR=30-45); intensified study 

ACF was 22 days (IQR=10-40); and programmatic PCF was 32 days (IQR=20-60). Among contacts 

diagnosed through all ACF, 47% (17/36) had symptoms for less than 30 days compared to 29% (37/127) of 

contacts diagnosed through programmatic PCF. 25% (9/36) had symptoms for less than 15 days compared 

to 8% (10/127) of contacts diagnosed through programmatic PCF. 

 

The distribution of contact’s laboratory results is summarised in Figure 2.10. Overall, 62% (33/53) of contacts 

diagnosed through all ACF had sputum smear negative TB versus 35% (62/179) of contacts diagnosed 

through programmatic PCF (p<0.001). This was also true considering only contacts with a sputum smear 

result available and only contacts who had laboratory confirmed TB (Figure 2.11 and Figure 2.12). Among 

contacts diagnosed through intensified study ACF, 81% (29/36) had sputum smear negative, culture positive 

TB. The proportion of contacts who had TB treatment success was not significantly different among contacts 

diagnosed by all ACF versus programmatic PCF (72% (38/53) versus 73% (131/179), p=0.8).  

 

Equity 

The proportion of households in which the head of the household had not completed secondary education 

was not significantly different between contacts diagnosed through all ACF versus PCF (75% (40/53) versus 

69% (123/179, p=0.3). Household income was not significantly different between contacts diagnosed 

through all ACF versus PCF (median income=$153 United States Dollars [USD] (IQR=122-248) versus 

median income=$153 USD (IQR=92-248), p=0.1).
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Discussion 
This prospective cohort study of 2,666 contacts aged ≥15 years provides important evidence to support and 

optimise the early implementation of ACF among contacts of patients with TB in low- and middle-income 

countries. ACF detected a substantial TB burden among this group, accounting for nearly half of all cases 

diagnosed in the first six months after index patient diagnosis. Intensified ACF (repeated household visits 

with culture testing) detected more TB cases than programmatic ACF (relying on contacts to visit health 

posts for sputum smear microscopy). Compared to PCF, ACF was equitable and detected TB earlier and 

when contacts were less likely to have highly infectious, sputum smear positive TB. Furthermore, in this 

setting, ACF detected TB in a higher proportion of women than men, providing evidence to support our 

hypothesis that higher TB case notifications in men in Peru may reflect a healthcare disparity, with PCF 

failing to adequately detect TB in women. Despite these findings, PCF was responsible for detecting the 

majority of the TB case burden among contacts, demonstrating the importance of improving both access to, 

and quality of, PCF for both men and women.  

 

A substantial burden of TB was diagnosed through ACF, extending evidence from a recent cluster 

randomised trial that demonstrated the effectiveness of ACF among contacts using repeated chest 

radiography and sputum culture testing for increasing TB case-finding.57 It is difficult to ascertain how often 

ACF accelerated detection of TB that would have later been diagnosed through PCF; versus ‘additionality’ 

from ACF detecting cases that would never have been diagnosed through PCF (because they would have 

resolved, died, or remained chronically undetected). However, intensified ACF mainly occurred after 

programmatic ACF and found more cases than programmatic ACF, so added considerably to the overall 

diagnostic yield. Early diagnosis and initiation of appropriate treatment rapidly render patients with TB non-

infectious, averting further transmission.58,59 Concordantly, mathematical models suggest that ACF and 

treatment of subclinical TB should have a greater impact towards TB elimination than increasing PCF.60 The 

data presented in this study support these projections because contacts that were diagnosed through ACF 

had a shorter symptom duration prior to diagnosis and, upon diagnosis, were more likely to have sputum 

smear negative TB. Taken together, our results suggest that additional case-finding efforts, using more 

sensitive, rapid diagnostics (potentially including molecular tests), and more relaxed symptomatic criteria for 

TB testing among people with known recent TB exposure, are likely to be critical to the early detection and 

treatment of TB in high burden settings. 

 

The results also suggest that some of the observed sex differences in TB burden may be due to disparities in 

access to care under programmatic PCF, and not just differences between the sexes in exposure and 

susceptibility to TB. The globally observed predominance of TB among men has been attributed to increased 

exposure61 or increased susceptibility because of factors including larger lung volumes, sex hormones, and 

lower hepcidin levels.62,63 In this study, TB exposure variation by sex was minimised by studying household 

contacts of patients with infectious TB. In this population, we found that women were as likely as men to 

develop TB. In other settings, high HIV prevalence is driving an increased TB burden among women64, but 

this is unlikely in Peru where population HIV prevalence is low (approximately 0.2% of women aged 15 to 49 

years) and only four contacts were known to have HIV.65 Other explanations for globally higher TB case 

notifications among men are that men may have better access to healthcare or provide better quality sputum 

for TB diagnosis.66 We found that both intensified and programmatic ACF diagnosed TB in significantly more 
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women than men, revealing a large burden of undetected TB among women that was overcome by ACF. 

Interpretation of this finding is complex because slightly more contacts were women, and women who may 

have had more intense exposures to predominantly male index patients, but it is supported by a previous 

study of contacts in Peru, in which women were also significantly more likely to be diagnosed by ACF than 

men.67 Peruvian society is known for being particularly patriarchal, reflected by our previous work 

demonstrating longer diagnostic delay among women,47 and a greater community emphasis on men’s 

health, with woman’s health considered to be of lower priority.48 Our results suggest that instructed sputum 

collection in the privacy of the contact’s own home, and perseverance with repeated opportunities for testing 

overcame this sex bias of prioritization of men’s health and provided better access for women than PCF. 

This is important because it demonstrates the potential of ACF interventions to provide healthcare equity for 

hard to reach, underserved groups. These results could also be partly explained by men being less likely to 

access ACF if they were less often present during household visits, a hypothesis supported by global data 

indicating that men are less likely to participate in prevalence surveys.44 We do not believe this to be the 

case in our study because if men were not present during household visits, another household member was 

able to complete the screening interview on their behalf and sputum pots were left to facilitate sputum 

collection at the contact’s convenience. Overall, these complexities highlight the importance of further 

research to investigate equitable strategies to optimise access to TB testing in both ACF and PCF strategies 

for members of both sexes.  

 

A further novel finding of this study is that PCF accounted for most of the overall TB burden among contacts. 

This may in part be because PCF continued for a median of 10 years whilst ACF was principally 

implemented during the first six months and then only once every four years. However, even during the first 

six months, PCF diagnosed more TB than ACF. This is a somewhat surprising finding that may partly be 

explained by a “spill-over” effect if ACF made contacts more aware of TB symptoms and signs and how to 

access free TB testing. Thus, even if their diagnosis was missed by ACF or their TB developed after ACF, 

ACF activities may have directly increased subsequent uptake of PCF, highlighting the potential of peer-led 

education as a core component of any ACF strategy to increase access to PCF.68–71 It is worth further noting 

that visiting households at four-yearly intervals to offer re-screening only detected a small number of 

additional cases. In summary, these findings support the idea that ACF may need to be done more 

frequently among contacts, particularly during the first three years after exposure when incidence is highest, 

to detect more cases at an earlier stage.   

 

Finally, these results characterising the TB burden among contacts extend those presented in a recent 

systematic review and demonstrate an overall TB risk of approximately 5% during the first two years 

following exposure.28 We showed that, in this setting, the incidence of TB among contacts is highest in the 

first three years after exposure and remains higher than the background incidence for at least ten years, 

longer than previously demonstrated and indicative of the urgent need to expand the use of TPT for this 

population, which accounts for many millions of people globally. This persistent risk may be explained by a 

combination of: late reactivation of LTBI; re-infection due to ongoing community transmission; and clustering 

of poverty-related risk factors within TB-affected households. A strength of our study is the comprehensive 

follow-up to ascertain TB diagnoses both within the study area at participating MINSA-run health posts using 
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NTP records, and outside of the study area by asking about TB episodes at other health posts, private 

clinics, and employer-insured health facilities.  

 

This study had limitations. Our intensified study ACF did not include chest radiography, meaning intensified 

ACF was unable to diagnose TB in people without symptoms who had radiological signs suggestive of TB. 

Although we reported treatment success proportions that are consistent with previous research in this 

setting72, we were unable to identify people who were diagnosed with TB through PCF, but who never 

started treatment, as these people are rarely recorded in NTP records. Furthermore, much larger studies are 

required to investigate the effect of ACF on long-term TB treatment outcomes, including recurrence and 

disability. Because ACF among contacts aims to diagnose all cases of TB irrespective of the primary source 

of infection, we did not use molecular techniques to identify TB strains and confirm transmission from index 

patients to contacts because it would not affect our conclusions. Finally, we did not collect data on the costs 

associated with the intensified study ACF described. However, ACF has been shown to be both feasible and 

cost-effective in a variety of settings73,74 and, integrated with TPT for contacts, is likely to have an important 

impact on TB incidence, making it worth further investment.31–33 

 

Despite widespread implementation in high-income countries, ACF among contacts is infrequently 

implemented and accessed in low- and middle-income countries. This study demonstrates the important 

contribution ACF can make to diagnosing TB among contacts and suggests that more intensified ACF, 

including using more sensitive diagnostics, has the potential to find more TB cases. ACF was equitable, 

diagnosed TB at an earlier, usually less infectious stage, and revealed a high burden of undetected TB 

among women, reversing apparent sex differences in TB case notifications in this setting. 
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Tables and figures 
Table 2.1 Definitions of tuberculosis ascertainment strategies used in this chapter.   

Ascertainment strategy Definition 

Programmatic active case-finding 

This was provided by local Ministry of Health-run health posts free of direct 

charges without influence by our study and is commonly termed contact 

investigation. This involved clinical evaluation and sputum smear microscopy 

without culture testing for all contacts, provided in the first week after the index 

patient initiated treatment.  

Intensified study active case-finding 

This was provided by study research nurses and involved household visits at 

recruitment; after two, four, six and eight weeks; and then every four weeks 

throughout index patient treatment. During these visits, study nurses offered free 

sputum testing for contacts who had any symptom suggestive of tuberculosis: 

cough of any duration and type (whether productive or not), fever, night sweats, 

weight loss or chest pain. The sample provided (whether it appeared 

macroscopically to be sputum or saliva) was tested by smear microscopy and 

culture. Following index patient treatment completion, study research nurses 

visited households on three occasions, approximately every four years and 

offered contacts further sputum testing with smear microscopy and culture.  

Programmatic passive case-finding 

This was provided by local Ministry of Health-run health posts and other health 

facilities outside of the study setting without influence by our study. This involved 

investigation for tuberculosis starting from when contacts presented to health 

services with symptoms suggestive of pulmonary tuberculosis (cough for greater 

than two weeks). The main tests used to evaluate people presenting to health 

posts were smear microscopy and chest radiography.  
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Table 2.2 Baseline characteristics of contacts, index patients and households 

CONTACT CHARACTERISTICS (n=2,666) 

Age at recruitment (median years; IQR) 29 (21-42) 

Male/Female 1,237 (46%)/ 1,429 (54%) 

Known to have HIV infection 4 (0.15%) 

INDEX PATIENT CHARACTERISTICS (n=715) 

Age at recruitment (median years; IQR) 27 (20-36) 

Male/Female 425 (60%) / 290 (41%) 

Sputum smear grade 

Negative 16 (2.2%) 

+ 253 (35%) 

++ 210 (29%) 

+++ 236 (33%) 

Drug susceptibility 

Sensitive 581 (81%) 

Isoniazid mono-resistant 59 (8.3%) 

Multi-drug resistant1 75 (11%) 

HOUSEHOLD CHARACTERISTCS (n=715) 
Principally cook with kerosene or solid cooking fuels  
(wood, coal, animal dung or crop wastes) 258 (36%) 

Wall material  

Adobe 77 (11%) 

Wood 344 (48%) 

Cement/brick 294 (41%) 

Floor material 

Dirt 258 (36%) 

Cement 415 (58%) 

Tiles/laminated 42 (5.9%) 

Access to piped water inside the house 327 (46%) 

Access to a toilet inside the house  297 (42%) 

Electric lighting  662 (93%) 

Asset ownership 

Television 649 (91%) 

Stove 696 (97%) 

Fridge 319 (45%) 

Head of household did not complete secondary education 429 (60%) 

Number of rooms (median; IQR) 3 (2-3) 

Number of people sleeping in the household (median; IQR) 5 (4-6) 

Crowding (>2 people sleeping per room) 268 (37%) 

Monthly household income in United States Dollars (USD)2 (median; IQR) 153 (98-214) 

IQR indicates interquartile range. Missing data were imputed using the median value as no variables had 
greater than 5% of data missing. 
1Multidrug-resistant tuberculosis was defined in patients initially prescribed a multidrug-resistant tuberculosis 
treatment regimen or who had microbiological evidence of resistance to rifampicin and isoniazid. 
2Data were collected in Peruvian Nuevos Soles (PEN) and converted to USD using the exchange rate $1 
USD=S/3.27 PEN (13 July 2018) 
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Table 2.3 Summary of numbers of contacts screened by intensified study active case-finding (ACF) 

 
Testing only symptomatic contacts Testing all 

contacts 
 During the first 

six months after 
recruitment 

During the 
second six 

months after 
recruitment 

During years 2-
10 before the 

final household 
visit 

At the final 
household visit 

(2015-2016) 

Number of contacts eligible for intensified study 
ACF 2,666 2,666 2,666 2,666 

Number of tuberculosis tests performed 643 83 268 770 
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Figure 2.1 Study profile 
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Figure 2.2 Cumulative risk of tuberculosis among contacts (n=2,666) 
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Figure 2.3 Incidence of tuberculosis among contacts (n=2,666) 

 
Error bars represent 95% confidence intervals 
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Figure 2.4 Six monthly rolling average number of contacts diagnosed with tuberculosis (n=232) according to tuberculosis ascertainment strategy 
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Figure 2.5 Cumulative proportion of contacts diagnosed with tuberculosis (n=232) according to tuberculosis ascertainment strategy 
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Figure 2.6 Proportion of people with tuberculosis who were female according to tuberculosis ascertainment strategy 

 
Global and Latin American data were derived from the estimated tuberculosis incidence among people aged ≥15 years reported by the World Health Organization.56 
Peruvian data were derived from routinely available data.38 The p values indicate two-sample proportion tests. 
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Figure 2.7 Cumulative risk of tuberculosis among contacts stratified by sex (n=2,666) 
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Figure 2.8 Incidence of tuberculosis among contacts (n=2,666) stratified by sex 

 
Error bars represent 95% confidence intervals. 
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Figure 2.9 Total symptom duration in days prior to diagnosis among contacts with tuberculosis with data available (n=163) according to tuberculosis ascertainment 
strategy 

 
The p value indicates a Mann-Whitney U test comparing total symptom duration between the two tuberculosis ascertainment strategies. 
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Figure 2.10 Laboratory results among contacts diagnosed with tuberculosis (n=232) according to tuberculosis ascertainment strategy 

 
The numbers within the bars indicate percentages. The p value indicates a two-sample proportion test comparing the proportion smear negative between the two 
tuberculosis ascertainment strategies. 
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Figure 2.11 Sputum smear grade results among contacts with data available for smear result (n=181) according to tuberculosis ascertainment strategy  

 
The numbers within the bars indicate percentages. The p value indicates a two-sample proportion test comparing the proportion smear negative between the two 
ascertainment strategies. 
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Figure 2.12 Sputum smear grade and culture results among contacts with laboratory confirmed tuberculosis (n=170) according to tuberculosis ascertainment 
strategy  

 
The numbers within the bars indicate percentages. The p value indicates a two-sample proportion test comparing the proportion smear negative, culture positive 
between the two ascertainment strategies. 
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 - An individual-level risk score to predict TB among contacts 
This chapter is adapted from the peer reviewed, published manuscript: Saunders MJ et al. “A score to predict 

and stratify risk of tuberculosis in adult contacts of tuberculosis index cases: a prospective derivation and 

external validation cohort study.” Lancet Inf Dis. 2017; 17(11):1190-99 - https://doi.org/10.1016/S1473-

3099(17)30447-4. The candidate led study conception, supervision of final data collection (i.e. follow-up), data 

analysis and interpretation, and preparation of the manuscript. The candidate was not involved in the 

conception, design, nor data collection for the original cohort, which took place between 2002 and 2006 as 

part of ongoing research led by the supervisor. 

 

Introduction 
The study presented in Chapter 2 described the high and prolonged risk of developing TB among adult 

contacts of index patients with TB and demonstrated the potential value of ACF for improving TB case-finding 

in this population. ACF including initial screening and subsequent surveillance for TB is considered a core 

component of contact investigation, which also includes the provision of TPT for contacts at high risk of 

developing TB.34,35 However, NTP resources for contact investigation are often limited and adult contacts are 

rarely prioritised, frequently fail to complete ACF, and commonly do not take TPT.37 Furthermore, the tests for 

LTBI that are used to guide TPT prescription, such as tuberculin skin testing (TST) and interferon-gamma 

release assays (IGRA), are fraught with technical and logistical challenges.36,75–78 This makes it difficult to 

assess who has LTBI, and even when infection is confirmed, who is at high risk of progression to TB and 

therefore most likely to benefit from TPT. 

 

In low- and middle-income countries, international guidelines have often recommended that contacts aged <5 

years or those who have HIV infection are prioritised for TPT.79 However, there is widespread recognition that 

to end the TB epidemic, the use of TPT needs to be scaled up and more effectively targeted to larger 

numbers of people at high risk of developing TB.12 This is reflected in the updated guidelines for programmatic 

management of LTBI published by the WHO in 2020, which explicitly recommend that TPT should be 

considered for all contacts of patients with pulmonary TB, including adults.43 However, adult contacts are a 

numerous group and are likely to have heterogeneous TB risk, challenging effective and targeted TPT 

implementation. 

 

Risk of LTBI and progression to TB among contacts are associated with several established index patient, 

household and contact risk factors.80–86 This study aimed to use these factors to derive a risk score to predict 

TB in contacts aged ≥15 years; and subsequently externally validate this risk score. Due to the challenges of 

administering and interpreting the TST, we aimed to create an algorithm that could be used without testing for 

LTBI. A risk score utilising readily collected data could be used to target ACF and TPT to contacts at highest 

risk of TB.
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Methods 
Study design, setting, and participants 
Data collected from two independent cohorts were used to first derive a risk score, and then subsequently 

externally validate it (Figure 1.1 and Figure 3.1). Risk score derivation used data from the cohort of index 

patients and contacts recruited in Ventanilla between 2002 and 2006 described in Chapter 2. The number of 

contacts included in this study differs from the number described in Chapter 2 because the current study only 

included contacts with data available on risk factors, which were collected only for contacts who participated 

in a randomised controlled trial of micronutrient supplementation to prevent TB.51 External validation of the 

risk score used data from a cohort of index patients and contacts recruited in Callao between 2014 and 

2015. For both cohorts, index patients were people who had laboratory confirmed pulmonary TB, and 

contacts were individuals aged ≥15 years, as described in the participants section of Chapters 1 and 2.  

 

Derivation cohort measurements 
Index patients and their contacts were identified by collaboration with participating MINSA-run health posts 

and were invited to participate as soon as possible after the index patient was diagnosed. Participants 

completed a questionnaire characterising demographics; medical history including self-reported 

comorbidities such as HIV infection and previous TB; and other TB risk factors.87 Baseline TST was offered 

to all contacts but TST conversion was not studied.88 Height and weight were measured and body mass 

index (BMI) calculated. Bacillus Calmette-Guérin (BCG) vaccination was assessed by examination for scars 

by a trained nurse, complemented by participant and family recall. Relative community household 

socioeconomic position was measured using a household poverty index which combined 12 variables 

characterising education, access to services and material living conditions into one continuous variable that 

we dichotomised into two equal categories.87 Exposure to indoor air pollution was defined as living in a 

household that cooked predominantly with kerosene (or occasionally solid fuels: wood, coal, animal dung or 

crop wastes). All index patients were invited to give a sputum sample, which was tested by smear 

microscopy and the MODS assay.50  
 

After the initial assessment, households were visited every two to four weeks for the duration of the index 

patient’s treatment, and every four years after recruitment, as described in Chapter 2. We considered a 

contact to have developed TB either by microbiological confirmation in sputum collected during follow-up, 

ascertainment of a diagnosis of extra-pulmonary or pulmonary TB confirmed in NTP records until 1st March 

2016, or self-reported diagnosis outside the study area. Time to TB was defined as the date the index patient 

initiated treatment until the date their contact first initiated treatment, or if this date was unavailable, until the 

date their contact was diagnosed. For contacts who did not develop TB, follow-up was censored at the date 

they were last known to be alive and free of TB. 

 
Risk score derivation 

Continuous data were summarised by their means and standard deviations (SD) for parametric data and 

medians and IQR for non-parametric data. Categorical data were summarised as proportions with 95%CI. To 

facilitate comparison of BMI across all ages, we adjusted BMI for participants aged 15-18 years estimating 

what their BMI would have been if they were aged 19 years using the WHO BMI-for-age tables.89 BMI is 

presented as a continuous variable as the relationship with TB incidence was linear and most strongly 
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influenced risk. To facilitate field implementation of a score, other continuous variables were examined for 

linearity with TB incidence and were dichotomised if linearly associated. Specifically, prolonged exposure to 

the index patient was defined if the contact spent at least five hours in the same room as the index patient in 

the two weeks preceding diagnosis, and fewer windows per room was defined if households had less than 

0.67 windows per room. We examined age-specific incidence in five-yearly categories and defined a 

dichotomous variable with contacts aged 15-19 and >50 years compared to contacts aged 20-50 years 

because contacts aged 15-19 and >50 years had similar TB incidence, which was significantly higher than 

the incidence in those aged 20-50 years. 
 

For each year following TB exposure, we calculated TB IR per 100 person-years and generated 95%CI 

based on the Poisson distribution. For each risk factor, overall IR were calculated and IRR were generated. 

Cox-proportional hazards models with robust standard errors adjusted for household clustering using a 

clustered sandwich estimator were fitted to investigate factors associated with TB. We first performed 

univariable analyses testing each variable alone, and subsequently included plausible variables that showed 

an association with p<0.2 in a multivariable model. The maximal multivariable model was reduced by 

eliminating variables sequentially and comparing each model with likelihood ratio tests. We evaluated 

multiple interaction terms described in the results section. The proportional-hazards assumption was tested 

by examination of the Schoenfeld residuals.  
 

To derive a risk score, we assigned integer points proportional to each variable’s regression coefficient from 

the final model. Whole numbers were used rather than exact regression coefficients in order to create an 

easily calculable score for field use. A risk score was calculated for each contact by combining these points 

with each contact’s characteristics. Three groups: low risk (≥19 points); medium risk (12-18 points); and high 

risk (≤11 points) were arbitrarily defined so that the high-risk group predicted approximately 50% of the 

cohort TB burden, and the high and medium groups together predicted approximately 90%. We estimated 

each contact’s 10-year predicted TB risk by combining the exact regression coefficients from the final model 

with each contact’s characteristics, and with the baseline survival function for all contacts.90 The baseline 

survival function was estimated from the Cox regression model based on zero values of centred continuous 

risk factors with all binary risk factors set to zero, and the 10-year value was extracted. To assess calibration 

of the integer score compared to the exact model we derived the 10-year observed risk in risk 

groups/population deciles from Kaplan-Meier functions and compared this with the mean 10-year predicted 

risk in each risk group/population decile. To assess the added value of including TST results in a score, we 

generated a further multivariable model including TST results and evaluated its predictive performance.  

 
Risk score evaluation  
IR were calculated for each risk group, incidence trends plotted, and IRR generated to compare incidence 

between the defined risk groups. Kaplan-Meier functions were derived, plotted and compared using the log-

rank test. We generated histograms illustrating differences between risk groups after 1, 2.5, 5 and 10 years 

and also compared this to the community rate, which was calculated using the average TB case notification 

rate during corresponding years, corrected by 20% because this is the estimated case detection gap in Peru 

as described in Chapters 1 and 2. Harrell’s C-statistic was calculated to assess overall prediction of the 

continuous risk score. The number of contacts needed to treat (NNT) with TPT in each risk group to prevent 
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one TB case over 5 and 10 years was calculated assuming TPT was 75% effective on an intention to treat 

basis.91–94 We further evaluated score performance stratifying by TST result and index patient drug 

sensitivity result. We performed a sensitivity analysis evaluating the score excluding contacts who initiated 

TB treatment within six months of the index patient. 

 

Risk score internal validation 
Because statistical models are generated to provide the best fit for the available data, they typically provide 

an optimistic assessment of predictive ability.95,96 To correct for this optimism and internally validate the 

score, we repeatedly fit the model with 200 bootstrap samples and calculated the optimism-adjusted C-

statistic. This method is recommended for internal validation as it produces the most robust estimates of 

external performance.96  

 

Risk score external validation 
For the external validation cohort in Callao, all index patients completed a questionnaire in health posts 

exploring index patient, household, and contact characteristics. The advantage of this approach is that the 

data collected are operational and a more realistic estimate of data that might be collected by healthcare 

staff at the time of contact investigation. We used these prospectively collected data to retrospectively 

calculate a risk score for each contact. Data were available on all variables included in the score except for 

the number of windows per room a house had. For this variable, we assigned all participants a mid-range 

value. Our data on contact exposure to the index patient differed in this cohort because instead of 

quantifying daily exposure, we asked the total hours spent with the index patient whilst the index patient had 

symptoms. As for the derivation cohort, we examined the association between this variable and TB incidence 

and because the relationship was linear, defined contacts as having prolonged exposure if they had spent at 

least the median value of 60 hours with the index patient. Contacts were followed for TB using NTP records 

until 1st March 2017. We used the same statistical methods described above to externally validate the score. 

Prediction was assessed by calculating the C-statistic, deriving and plotting Kaplan-Meier functions, and 

generating histograms illustrating differences between risk groups at 1 and 2.5 years post-exposure. 

Calibration was assessed by comparing the 2.5-year observed risks in population deciles derived from 

Kaplan-Meier functions with the mean 2.5-year predicted risk in each decile.
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Results 
Derivation cohort 
From the total potential population of eligible contacts, 2,017/2,681 (75%) were recruited. The median age 

was 30 years (IQR=22-43) and 40% (95%CI=38-43) were male. Amongst those not recruited, the median 

age was 28 (IQR=21-42) and 65% (95%CI=61-69) were male. Contacts were followed for a median 11 years 

(IQR=9.5-12). Baseline characteristics are shown in Table 3.1, where they are compared to baseline 

characteristics in the external validation cohort, and in detail in Table 3.2.  

 

Derivation cohort TB incidence 
TB was diagnosed in 178/2,017 (8.8%) contacts during 19,147 person-years of follow-up equating to an IR of 

0.93/100 person-years (95%CI=0.80-1.1). Of these, 161 (90%) were microbiologically confirmed and/or 

registered in NTP records in participating health posts and 17 were treated outside of the jurisdiction of these 

health posts. As described in Chapter 2, the IR were highest in the first three years following exposure and 

remained more than double the rate of the local population for the duration of follow-up (Figure 3.2).  
 

Derivation cohort risk factors 
The results of univariable analysis are shown in Table 3.2. In the final multivariable model (Table 3.3) 

contacts who developed TB were independently more likely to: have a lower BMI (adjusted hazard ratio, 

aHR per integer increase in BMI=0.87, p<0.001); have had TB previously (aHR=1.8, p=0.005); be aged 15-

19 or >50 years (aHR=1.3, p=0.09); have had prolonged exposure to the index patient (aHR=1.8, p<0.001); 

have had exposure to a male index patient (aHR=1.7, p=0.001); be from a poorer household (aHR=1.3, 

p=0.1); have had exposure to indoor air pollution (aHR=1.4, p=0.07); have a household member who 

previously had TB (aHR=1.7, p=0.001); and live in a household with fewer windows per room (aHR=1.6, 

p=0.004). No significant interactions between these variables and others were found, as described in the 

footnote to Table 3.3.  

 
Risk score derivation 
Table 3.3 shows the regression coefficients and number of integer points assigned to each variable. An 

example risk score and its distribution plotted against 10-year predicted risk are shown in Figure 3.3 and 

Figure 3.4 respectively. Classification assigned 601 (30%) contacts as low-risk, 881 (44%) as medium-risk 

and 535 (27%) as high-risk. Of the 178 TB cases occurring in contacts, 17 (9.6%) occurred in the low risk 

group, 54 (30%) in the medium risk group and 107 (60%) in the high risk group. The 10-year observed risk 

for the integer model was similar to the 10-year predicted risk derived from the model using exact regression 

coefficients, suggesting little accuracy was lost as a result of our approach (Figure 3.5) 

 

Risk score evaluation and internal validation 
Trends in TB incidence for each risk group are shown in Figure 3.6. The IRR between the high versus low 

risk groups was 8.1 (95%CI=4.8-14, p<0.001); between the high versus medium risk groups was 3.6 

(95%CI=2.6-5.1, p<0.001); and between the medium versus low risk groups was 2.2 (95%CI=1.3-4.1, 

p=0.03). The 10-year observed risks in the low, medium and high risk groups were 2.8% (95%CI=1.7-4.4); 

6.2% (95%CI=4.8-8.1); and 21% (95%CI=17-24) (log-rank: p<0.001) (Figure 3.7a and Figure 3.8a). The C-

statistic was 0.72 and after bootstrap resampling internal validation the optimism adjusted C-statistic was 

0.71. The risk score performed similarly among contacts of drug-sensitive TB and TB resistant to isoniazid 
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and/or rifampicin (C-statistics 0.71 and 0.73, respectively). In a sensitivity analysis excluding cases 

diagnosed within six months of the index patient, the 10-year observed risks in the low, medium and high risk 

groups were 2.1% (95%CI=1.2-3.7); 4.8% (95%CI=3.5-6.7); and 18% (95%CI=15-22) with a C-statistic of 

0.74 (log-rank: p<0.001) (Figure 3.9a). 

 

NNT  
If TPT were to be 75% effective91–94, the NNT to prevent one TB case over 10 years in the low, medium and 

high risk groups was 48, 22 and 6 respectively (Figure 3.10). To prevent one case over 5 years, the 

corresponding NNT were 67, 32 and 8. 

 

TST results 
There were no differences in the proportions of contacts who were TST-positive in each risk group (Chi-

squared: p=0.13) (Figure 3.11) Within each risk group, there were no statistically significant differences in TB 

risk when stratified by TST result (Figure 3.12). Within each TST result, the score stratified contacts with 

significantly different TB risks (log-rank: p<0.001 for each TST result). In a multivariable model including TST 

results, TST-negative contacts were not significantly less likely to develop TB than those with an unknown 

result (aHR=0.64, p=0.1). Furthermore, TST-positive contacts were no more likely to develop TB than those 

with an unknown result (aHR=1.1, p=0.5). However, as expected, TST-positive contacts were more likely to 

develop TB than TST-negative contacts (aHR=1.8, p=0.02). Including TST results added little predictive 

value to the model, which had a C-statistic of 0.73 versus 0.72 for the original model (Table 3.4). 

 

External validation 
We recruited 631 index patients and identified their 2,000 contacts aged ≥15 years. Of these, 1,910 (96%) 

had data available to calculate a risk score. Contacts were followed for a median 2.0 years (IQR=1.6-2.4). 

Baseline characteristics are shown in Table 3.1 and, consistent with national statistics (Figure 1.1), were 

significantly different from contacts in the derivation cohort, particularly when considering material living 

conditions.  

 

Overall, 65/1,910 (3.4%) contacts developed TB during 3,771 person-years of follow-up equating to an 

overall IR of 1.7/100 person-years (95%CI=1.4-2.2). Classification assigned 575 (30%) contacts as low-risk, 

918 (48%) as medium-risk and 417 (22%) as high-risk. The observed 2.5-year risks of TB in the low, medium 

and high risk groups were 1.4% (95%CI=0.70-2.8); 3.9% (95%CI=2.5-5.9); and 8.6% (95%CI=5.9-13) with a 

C-statistic of 0.67 (log-rank: p<0.001) (Figure 3.7b and Figure 3.8b) In a sensitivity analysis excluding cases 

diagnosed within six months of the index patient, the 2.5-year observed risks in the low, medium and high 

risk groups were 0.18% (95%CI=0.02-1.2); 2.8% (95%CI=1.6-4.8); and 6.4% (95%CI=4.0-10) with a C-

statistic of 0.75 (log-rank: p<0.001) (Figure 3.9b) The risk score generally performed well, although among 

people with higher scores the observed 2.5-year risk was marginally lower than the 2.5-year predicted risk 

(Figure 3.13). 
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Discussion 
In this study of contacts aged ≥15 years from two independent cohorts in Peru, we derived and externally 

validated a risk score that effectively stratified contacts with significantly different risks of developing TB. Our 

score integrates data on nine readily collectable clinical and demographic factors into a field tool predicting 

TB risk independently of TST results. This study demonstrates that it is possible to predict TB for at least 10 

years after exposure without any laboratory or invasive test. Our risk score therefore enables a paradigm 

shift from the current, “one-size fits all” approach to contact investigation and may be used to facilitate 

targeted ACF and TPT to adult contacts who are most likely to benefit. This may reduce the number needed 

to treat with TPT, and potentially improve the impact of these interventions, especially in resource-

constrained settings. 

 

TPT provided both post-exposure and as part of a comprehensive HIV care package is a core component of 

the WHO End TB Strategy.6 TPT has been shown to provide robust and sustained protection, especially to 

HIV-uninfected individuals91–94, and has the potential to not only prevent TB in the recipient, but also confer 

indirect protection by preventing secondary transmission.12 In Alaska, where TB was endemic in the 1950s, 

the effect of TPT was sustained for at least 20 years.97 More recently in Brazil, the THRio study 

demonstrated that six months of TPT was 83% effective in people living with HIV for at least seven years.98 

In a setting such as Peru, with medium TB incidence and low HIV prevalence making it comparable 

epidemiologically to Alaska in the 1950s, post-exposure TPT has the potential to confer long-term protection 

to contacts at high risk of TB and is likely to become a priority for the NTP as efforts to end the TB epidemic 

increasingly focus on prevention. Of note, our score includes adults whose risk of TPT-related hepatitis 

increases with age.91,99 Implementing our score should improve the risk-benefit ratio for TPT, allowing the 

risks, costs, and inconveniences to be better informed and hence restricted to those who will benefit most. 

 

The three risk groups we arbitrarily defined demonstrate one method of utilising our risk score. In practice, it 

may be used with different cut-offs depending on contact and prescriber preferences, and the availability of 

resources. Indeed, due to the high overall TB risk in both cohorts, our findings also support the conclusion 

that TPT should be given to all contacts, with specific prioritisation for those at higher risk. Furthermore, the 

differences in early TB incidence between risk groups highlight a role for our score as an adjunct to prioritise 

ACF - including screening, educational interventions, and future surveillance for contacts at highest risk. One 

previous study proposed a similar algorithm to predict TB among child contacts but is challenged by its 

reliance on TST results and the uncertainty in diagnosing paediatric TB.100 Another study described a simple 

algorithm incorporating exposure variables into a score predicting LTBI among children aged<15 years, 

facilitating targeted TPT for this group.101 A recent study derived and validated a blood RNA signature for 

predicting TB among adolescents and adults.102 Although the results were promising, the gene signature 

only had predictive ability for up to 18 months and the technology and infrastructure required are unlikely to 

be feasible for implementation in resource-constrained settings. By contrast, our risk score predicted TB risk 

for at least 10 years after exposure with comparable accuracy. At the time of writing this thesis, 

transcriptomic technology has continued to advance and recently a simple finger-prick blood test has been 

developed, which holds promise for further evaluation in field studies.103,104 
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Among our cohort, positive TST results were common and had similar frequency in the low, medium and 

high risk groups. In high incidence settings, TST has reduced specificity and limited power as a predictor 

who will develop TB.75 Furthermore, TST may be falsely negative in people at highest risk of TB, such as 

those who are undernourished or have HIV, and falsely positive in people with BCG vaccinations.105,106 We 

chose not to include TST results in our model because these limitations are exacerbated by operational 

barriers, including needing trained staff to perform the test, repeated clinic visits, and problems with 

availability in resource-constrained settings.37,76 Our approach is justified by the fact that addition of TST 

results to the model did not significantly improve its predictive power. Importantly, our score accurately 

stratified contacts with differing TB risks independently of TST results. 

 

The variables that make up our score include several established risk factors for developing TB and highlight 

the complex relationship between TB in contacts and index patient and household characteristics.35  

Our results corroborate findings from a meta-analysis showing a consistent log-linear relationship between 

BMI and TB incidence.107 Prolonged exposure to the index patient and having had TB previously are both 

well-established risk factors, particularly among children101, and the observed association by age group is 

similar to both national and regional data on TB incidence rates.108 Operationally, users of our score are 

required to determine if a contact is from the relatively poorer half of community households. Although 

socioeconomic position will vary between settings, users could be assisted to make this assessment using a 

poverty index appropriate to each setting. Moreover, as the WHO places increasing emphasis on 

documenting TB-related costs, the process of evaluating which households within a given community are 

poorer is likely to become more clearly defined.16 Our study adds to the evidence suggesting that exposure 

to indoor air pollution and living in poorly ventilated households increase TB risk.109,110 A strength of our 

assessment is that we did not use expensive equipment to quantify exposure to particulates or ventilation, so 

our operational definitions reflect real-world data that a NTP could realistically collect. On a broader level, 

government departments may target these risks factors directly through providing clean cooking stoves and 

fuel, education on maintaining ventilation, and ultimately improved housing to communities with a high TB 

burden. 

 

Global TB care and prevention efforts aim to improve the diagnosis and prevention of all TB cases, 

irrespective of the primary source of infection. Therefore, for the current study objectives we did not identify 

TB strains with molecular techniques to confirm index patient to contact TB transmission because it would 

not influence our conclusions. Although we did not confirm transmission, we found that index patient smear-

positivity grade and self-reported cough frequency did not predict contact TB risk. These data suggest that 

these measures are unreliable markers of infectiousness, supporting the use of objective acoustic 

parameters, viability microscopy, and cough aerosol cultures to assess infectiousness in future 

research.111,112 In contrast to recently published data, we found no evidence that contacts of MDR-TB were 

at lower risk than contacts of drug-sensitive TB.113 Furthermore, the high TB burden observed among these 

contacts highlights the importance of prolonged surveillance and utilisation of available TPT in order to 

prevent ongoing community transmission.114  

 

Strengths of this study include comprehensive follow-up to ascertain TB diagnosis; robust internal validation; 

and subsequent external validation on a distinct population with different TB epidemiology at a different time. 
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Importantly, the risk factors included in our model have documented associations with TB across diverse 

locations, including high-income countries.81,83 This lends promise to the use and adaptation of this score 

across broad public health settings. Limitations to our study include a risk of selection bias in the study 

design for the derivation cohort, although this was reduced by high follow-up rates and subsequent high 

recruitment in the validation cohort. We were unable to observe how risk factors changed with time and did 

not collect data from contacts on subsequent TB exposures. However, these data were not desirable for our 

objectives as we aimed to derive a model specifically for use during initial contact investigation. Furthermore, 

we did not perfectly characterise other established risk factors and did not detect an association with 

comorbidities and TB, perhaps because self-reporting co-morbidities may have under-estimated their 

prevalence. Although our HIV data were limited as universal testing was not available, population prevalence 

is low (as described in Chapter 2) and is unlikely to have significantly affected our results. Importantly, 

people living with HIV and those with diabetes are already prioritised for interventions, so our score does not 

discriminate against these people but acts as an adjunct to identify others at high risk. Finally, the data used 

in our external validation cohort were operational and reported by the index patient, including estimates of 

contact weight and height. We did not have data available on windows per room and our variable 

characterising prolonged exposure to the index patient was defined differently. Despite this, the score had 

good discrimination under the operational conditions of the validation cohort, whether including or excluding 

cases diagnosed in the first six months. Although the observed risk among contacts in the high risk group 

was slightly lower in the validation cohort than the predicted risk, this may be because ascertainment only 

included cases identified through health post treatment registers, without augmentation of these data from 

household visits. 

  

In conclusion, an intuitive and practical risk score was derived and externally validated that identified which 

adult contacts are at highest risk of developing TB. 
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Tables and figures 
Table 3.1 Characteristics of the derivation and external validation cohorts 

 

Ventanilla 
derivation 

cohort 
(n=2,017) 

Callao 
validation 

cohort 
(n=1,910) 

p value 

CONTACT CHARACTERISTICS 
Age at recruitment (years) 30 (22-43) 38 (25-52) <0.0001a 

High-risk age group (aged 15-19 or >50 years) 602 (30%) 761 (40%) <0.0001 

Sex (Male/Female) 814 (40%) / 
1203(60%) 

914 (48%) / 
996 (52%) <0.0001 

BMI (mean; adjusted for age1) 25 (4.2) 26 (3.9) 0.005b 

History of previous tuberculosis (%) 222 (11%) 197 (10%) 0.5 
INDEX PATIENT CHARACTERISTICS 
Age at recruitment (years) 26 (20-36) 28 (21-42) <0.0001a 

Sex (% male) 1210 (60%) 1240 (65%) 0.001 

Sputum smear grade (%) 

Negative 53 (2.6%) 126 (6.6%) 

<0.0001 
+ 726 (36%) 1104 (58%) 
++ 635 (31%) 402 (21%) 
+++ 603 (30%) 278 (15%) 

Drug-sensitivity2 (%) 
Sensitive 1,620 (80%) 1,498 (78%) 

0.004 Isoniazid mono-resistant 171 (8.5%) 223 (12%) 
Multi-drug resistant 226 (11%) 189 (10%) 

Prolonged exposure to the index patient3 (%) 1,071 (53%) 1,188 (62%) <0.0001 
Migrant from costal, mountainous or jungle area of Peru (%) 1,054 (52%) 414 (22%) <0.0001 
HOUSEHOLD CHARACTERISTCS 
Exposure to indoor air pollution (%) 698 (35%) 20 (1.0%) <0.0001 
Any other household member known to have previously had tuberculosis (%) 742 (37%) 801 (42%) 0.001 
Fewer windows per room4 (%) 797 (40%) - - 

Wall material (%)  
Adobe 223 (12%) 75 (3.9%) 

<0.0001 Wood 842 (42%) 257 (13%) 
Cement/brick 942 (47%) 1,578 (83%) 

Floor material (%)  
Dirt 641 (32%) 105 (5.5%) 

<0.0001 Cement 1212 (60%) 1301 (68%) 
Tiles/laminated 164 (8.1%) 504 (26%) 

Access to piped water inside the house (%) 1049 (52%) 1,852 (97%) <0.0001 
Access to a toilet inside the house (%) 972 (48%) 1,851 (97%) <0.0001 
Electric lighting (%) 1911 (95%) 1868 (98%) <0.0001 

Asset ownership (%) 
Television 1859 (92%) 1865 (98%) <0.0001 
Stove 1979 (98%) 1843 (96%) 0.002 
Fridge 988 (49%) 1604 (84%) <0.0001 

Head of household did not complete secondary education (%) 1155 (57%) 730 (38%) <0.0001 
Data are median (IQR), number (%), or mean (SD). All p values stated represent chi-squared tests unless 
otherwise stated. A full description of these variables, and the rationale for their definition, can be found in 
the methods and in Table 3.2  
1 BMI indicates body mass index and was adjusted for age using the WHO BMI-for-age charts. For those 
aged 15, 16, 17 or 18 years, BMI was multiplied by 1.12, 1.09, 1.05 and 1.02 respectively. The units of BMI 
are kg/m2. 
2 Multi-drug resistant tuberculosis was defined in patients initially prescribed a multi-drug resistant 
tuberculosis regimen, or who had microbiological evidence of resistance to both rifampicin and isoniazid.  
3 In the derivation cohort prolonged exposure to the index patient was defined if the contact had spent 5 or 
more hours per day with the index patient in the two weeks preceding index patient diagnosis. In the 
validation cohort, prolonged exposure was defined if the contact had spent 60 or more hours with the index 
patient whilst the index patient had symptoms. These were the median values for each cohort.  
4 In the derivation cohort, fewer windows per room was defined as lower than 0.67 per room. Data on 
windows per room were not available for the validation cohort. To calculate a risk score for the contacts in 
the validation cohort we gave all participants an average value (see methods). 
a Mann-Whitney U test. 
b Two sample t-test. 



 

 53 

Table 3.2 Characteristics of the Ventanilla derivation cohort, tuberculosis incidence rates and rate ratios, and univariable Cox-regression analysis for associations 
with tuberculosis 

 

 

 

 

Ventanilla 
derivation cohort 

(n=2,017) 

Tuberculosis 
incidence rate if 

factor present (per 
100 person-years) 

(95%CI) 

Tuberculosis 
incidence rate if 

factor not 
present (per 100 

person-years) 
(95%CI) 

Tuberculosis 
incidence rate 

ratio 
(95%CI) 

Unadjusted 
hazard ratio 

(HR) for 
tuberculosis 

(95%CI) 

p value for 
HR 

CONTACT CHARACTERISTICS 

General 

Age at recruitment (median years; IQR) 30 (22-43) NA 

High-risk age group (aged 15-19 or >50 years) (%; 95%CI) 30 (28-32) 1.2 (0.95-1.1) 0.81 (0.68-0.98) 1.5 (1.1-2.0) 1.5 (1.1-2.0) 0.01 

Sex (% male; 95%CI) 40 (38-43) 1.0 (0.82-1.3) 0.86 (0.71-1.1) 1.2 (0.87-1.6) 1.2 (0.87-1.6) 0.3 

Smoker
1
 (≥1 cigarette smoked in the last week; %; 95%CI) 7.7 (6.1-9.6) 0.56 (0.21-1.5) 0.73 (0.57-0.94) 0.76 (0.20-2.1) 0.77 (0.28-2.1) 0.6 

Drug user
1
 (%; 95%CI) 6.4 (4.9-8.2) 0.90 (0.37-2.2) 0.70 (0.55-0.91) 1.3 (0.40-3.1) 1.2 (0.50-3.1) 0.7 

Alcohol use (≥1 day intoxicated in previous month) (%; 95%CI) 19 (18-21) 0.65 (0.44-0.97) 1.0 (0.85-1.2) 0.66 (0.41-1.0) 0.65 (0.42-1.0) 0.06 

Incomplete schooling (<secondary completed) (%; 95%CI) 57 (54-59) 1.0 (0.85-1.2) 0.79 (0.62-1.0) 1.3 (0.95-1.8) 1.3 (0.95-1.8) 0.1 

Food insecurity (went to bed hungry at least 1 day in the last month)  

(%; 95%CI) 
26 (24-27) 1.2 (0.86-1.5) 0.87 (0.74-1.0) 1.3 (0.92-1.9) 1.2 (0.87-1.8) 0.2 

Migrant from costal, mountainous or jungle area of Peru (%; 95%CI) 55 (53-57) 0.80 (0.65-0.99) 1.1 (0.88-1.3) 0.74 (0.54-1.0) 0.74 (0.55-1.0) 0.05 

Prescribed tuberculosis preventive treatment (%; 95%CI) 0 (0-0) NA 

Self-reported co-morbidities (%; 95%CI) 

Known to have HIV infection
2
 0.20 (0.054-0.51) NA 

Any of the below self-reported co-morbidities 22 (20-24) 0.99 (0.73-1.3) 0.91 (0.77-1.1) 1.1 (0.75-1.6) 1.1 (0.75-1.5) 0.7 

Diabetes 1.1 (0.68-1.6) 1.0 (0.30-4.1) 0.93 (0.80-1.1) 1.1 (0.13-4.1) 1.0 (0.26-4.2) 0.95 

Heart disease 3.9 (3.1-4.8) 1.3 (0.67-2.4) 0.92 (0.79-1.1) 1.4 (0.62-2.7) 1.3 (0.69-2.6) 0.4 

Cancer 0.84 (0.48-1.3) NA 

Kidney disease 5.1 (4.1-6.1) 0.73 (0.35-1.5) 0.94 (0.81-1.1) 0.78 (0.31-1.6) 0.77 (0.37-1.6) 0.5 

Liver disease 4.3 (3.4-5.2) 1.1 (0.6-2.1) 0.9 (0.80-1.1) 1.2 (0.55-2.4) 1.2 (0.59-2.5) 0.6 

Autoimmune disease 1.4 (0.92-2.0) 1.5 (0.60-4.1) 0.9 (0.80-1.1) 1.7 (0.45-4.3) 1.6 (0.64-4.2) 0.3 
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Respiratory disease other than tuberculosis 4.3 (3.4-5.2) 0.62 (0.26-1.5) 0.94 (0.81-1.1) 0.66 (0.21-1.6) 0.66 (0.27-1.6) 0.4 

Neurological disease 1.6 (1.1-2.3) 1.2 (0.45-3.2) 0.93 (0.80-1.1) 1.3 (0.35-3.3) 1.3 (0.48-3.5) 0.6 

Anthropometry 

Weight (kg) (mean; SD) 61 (11) NA 

Height (cm) (mean; SD) 156 (8.4) NA 

BMI (mean; SD) (adjusted for age
3
) 25 (4.2) NA 0.90 (0.87-0.93) 0.87 (0.84-0.91) <0.001 

Previous tuberculosis exposure 

BCG vaccination scar(s) visible 

(%; 95%CI) 

0 12 (10-13) 0.87 (0.55-1.4) Reference Reference Reference 

1 47 (44-49) 0.97 (0.80-1.2) 1.1 (0.67-1.9) 1.1 (0.70-1.8) 0.6 

≥2 42 (40-44) 0.90 (0.72-1.2) 1.0 (0.62-1.8) 1.1 (0.63-1.7) 0.9 

History of previous tuberculosis (%; 95%CI) 11 (9.6-13) 1.7 (1.2-2.4) 0.84 (0.71-0.99) 2.1 (1.4-3.0) 2.0 (1.4-2.9) <0.001 

Tuberculin skin test result 

(%; 95%CI) 

Unknown 28 (26-30) 0.99 (0.76-1.3) Reference Reference Reference 

Negative 22 (21-24) 0.58 (0.39-0.86) 0.60 (0.35-0.96) 0.60 (0.35-1.0) 0.05 

Positive 50 (48-52) 1.1 (0.87-1.3) 1.1 (0.76-1.5) 1.1 (0.74-1.5) 0.8 

INDEX PATIENT CHARACTERISTICS 

General 

Age (median; IQR) 26 (20-36) NA 1.0 (0.99-1.0) 1.0 (0.99-1.0) 0.7 

Sex (% male; 95%CI) 60 (58-62) 1.1 (0.90-1.3) 0.73 (0.56-0.94) 1.5 (1.1-2.1) 1.5 (1.0-2.1) 0.03 

Sputum smear grade (%; 95%CI)  

Negative 2.6 (2.0-3.4) 

0.95 (0.75-1.2)
10 

Reference
10 

Reference
10

 Reference
10

 

+ 36 (34-38) 

++ 31 (30-34) 0.82 (0.62-1.1) 0.87 (0.60-1.3) 0.87 (0.61-1.3) 0.5 

+++ 30 (28-32) 1.0 (0.79-1.3) 1.1 (0.75-1.6) 1.1 (0.77-1.5) 0.7 

Drug sensitivity (%; 95%CI) 

Sensitive 80 (79-82) 0.93 (0.79-1.1) Reference Reference Reference 

Isoniazid mono-resistant 8.5 (7.3-10) 0.70 (0.39-1.3) 0.75 (0.37-1.4) 0.74 (0.42-1.3) 0.3 

Multi-drug resistant
4 

11 (10-13) 1.1 (0.75-1.7) 1.2 (0.75-1.9) 1.2 (0.73-2.0) 0.5 
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Long diagnostic delay (≥ 60 days of symptoms prior to diagnosis) (%; 95%CI) 53 (51-55) 0.96 (0.78-1.2) 0.90 (0.72-1.1) 1.1 (0.78-1.4) 1.1 (0.80-1.5) 0.6 

Frequent cough
5
 (every few seconds/minutes vs every few hours/no cough)  

(%; 95%CI) 
11 (10-13) 0.91 (0.59-1.4) 0.93 (0.80-1.1) 0.98 (0.58-1.6) 1.0 (0.61-1.6) 0.99 

Known to have HIV infection
6
 (%; 95%CI) 1.8 (1.3-2.5) NA NA NA 

Exposure to index patient 
A)

 Contact hours spent in the same room per day with index patient in the two 

weeks preceding index patient diagnosis (median hours; IQR) 
5 (2-10) NA 1.03 (1.0-1.05) 1.02 (1.0-1.05) 0.03 

B)
 Prolonged exposure to the index patient

7 
(≥ 5 hours spent in the same room 

per day in the two weeks preceding index patient diagnosis) (%; 95%CI) 
53 (51-55) 1.1 (0.94-1.4) 0.71 (0.55-0.90) 1.6 (1.2-2.2) 1.6 (1.2-2.2) 0.003 

HOUSEHOLD CHARACTERISTICS 

Lower community household socioeconomic position (%; 95%CI) 45 (42-47) 1.1 (0.92-1.4) 0.78 (0.63-0.96) 1.5 (1.1-2.0) 1.4 (1.0-2.0) 0.03 

Exposure to indoor air pollution (%; 95%CI) 35 (32-37) 1.3 (1.0-1.6) 0.75 (0.61-0.92) 1.7 (1.2-2.3) 1.7 (1.3-2.4) 0.001 

Any other household member known to have previously had tuberculosis
8
  

(%; 95%CI) 
37 (35-39) 1.3 (1.0-1.5) 0.74 (0.60-0.91) 1.7 (1.3-2.3) 1.7 (1.2-2.3) 0.001 

C)
 Windows per room (median windows per room; IQR) 0.67 (0.5-1.0) NA 0.74 (0.60-0.92) 0.70 (0.51-0.96) 0.03 

D)
 Fewer windows per room

9
 (<0.67 windows per room) (%; 95%CI) 40 (37-42) 1.2 (0.96-1.5) 0.76 (0.62-0.94) 1.6 (1.1-2.1) 1.6 (1.1-2.2) 0.006 

NA indicates not applicable. BCG indicates Bacillus Calmette-Guerin. HIV indicates human immunodeficiency virus. IQR indicates interquartile range. 95%CI 
indicates 95% confidence interval. SD indicates standard deviation. For variables where missing data were less than 2%, the median value was used to estimate the 
data and measures were then calculated for all participants. 
1 Data were unavailable for 54% of participants who were excluded from this analysis. 
2 Three of the four contacts known to have HIV infection were diagnosed during study follow-up and the time of seroconversion is not known. As HIV testing was not 
universal, we did not consider this variable for inclusion in a risk score due to potential bias.  
3 BMI indicated body mass index and was adjusted for age using the WHO BMI-for-age charts. For those aged 15, 16, 17 or 18 years, BMI was multiplied by 1.12, 
1.09, 1.05 and 1.02 respectively. The units of BMI are kg/m2 
4 Multi-drug resistant tuberculosis was defined in patients initially prescribed a multi-drug resistant tuberculosis regimen, or who had microbiological evidence of 
resistance to both rifampicin and isoniazid.  
5 Data were self-reported and were unavailable for 14% of participants. The median value was used to estimate the data. Measures were then calculated for all 
participants. 
6 HIV testing among index patients was not universal and therefore we did not consider this variable eligible for inclusion in a risk score due to potential bias. In 
analysis using the data available, the hazard ratio for tuberculosis in contacts if the index patients had known HIV infection was 1.7 (p=0.2).   
7 The relationship between hours (A) as a continuous variable and tuberculosis incidence was linear and this variable was therefore dichotomised by the median value 
(B). 
8 This variable includes the index patient but excludes the current episode of illness affecting the index patient. 
9 The relationship between windows per room (C) as a continuous variable and tuberculosis incidence was linear and this variable was therefore dichotomised by the 
median value (D). 
10 The reference category for sputum smear grade was combined as negative and + due to the small number of participants with sputum smear negative 
tuberculosis. 
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Table 3.3 Multivariable Cox-regression analysis of factors associated with tuberculosis in the Ventanilla 
derivation cohort (n=2,017) 

Variable 
Unadjusted 

hazard ratio (HR) 
(95%CI) 

Adjusted hazard 
ratio (HR) 
(95%CI) 

p value Regression 
coefficient 

Points 
assigned 

in risk 
score1 

CONTACT CHARACTERISTICS 

BMI 0.87 (0.84-0.91) 0.87 (0.83-0.91) <0.0001 -0.138 Value of 
BMI 

History of previous tuberculosis 2.0 (1.4-2.9) 1.8 (1.2-2.6) 0.005 0.566 -4 

High risk age group (aged 15-19 or >50 
years) 1.5 (1.1-2.0) 1.3 (0.96-1.8) 0.09 0.272 -2 

INDEX PATIENT CHARACTERISTICS 

Prolonged exposure to the index patient 1.6 (1.2-2.2) 1.8 (1.3-2.4) <0.0001 0.573 -4 

Exposure to a male index patient 1.5 (1.0-2.1) 1.7 (1.2-2.4) 0.001 0.554 -4 

HOUSEHOLD CHARACTERISTICS 

Lower community household socioeconomic 
position 1.4 (1.0-2.0) 1.3 (0.95-1.8) 0.1 0.281 -2 

Exposed to indoor air pollution 1.7 (1.3-2.4) 1.4 (0.97-1.9) 0.07 0.302 -2 

Any other household member known to have 
previously had tuberculosis 1.7 (1.2-2.3) 1.7 (1.2-2.3) 0.001 0.530 -4 

Fewer windows per room 1.6 (1.1-2.2) 1.6 (1.2-2.2) 0.004 0.469 -3 

A full description of these variables, and the rationale for their definition, can be found in methods and in 
Table 3.2. BMI indicates body mass index. 95%CI indicates 95% confidence interval.  
1 Points assigned were calculated by multiplying the Cox-regression coefficient by a constant (-7.25) and 
rounding to the nearest whole number. The constant was chosen so that actual BMI could be used in the 
score using the reciprocal (1/-0.138). 
The test of proportional hazards assumption for the entire model was: x2=7.27, p=0.61 
Interactions tested between: prolonged exposure and index sex (p for interaction=0.8); index sex and index 
smear positivity status (p for interaction=0.7); exposure to indoor air pollution and fewer windows per room (p 
for interaction=0.5); prolonged exposure and fewer windows per room (p for interaction=0.6); and index sex 
and socioeconomic position (p for interaction=0.07), made no significant differences to the model when 
tested using the likelihood-ratio test and were therefore not included in the final model. 
Amongst the household characteristics, the only statistically significant associations were between: indoor air 
pollution and socioeconomic position (p<0.001); indoor air pollution and fewer windows per room (p<0.001); 
and indoor air pollution and previous TB among household members (p<0.001). 
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Table 3.4 Multivariable Cox-regression analysis of factors associated with tuberculosis in the Ventanilla 
derivation cohort including tuberculin skin test (TST) (n=2,017) 

Variable 
Unadjusted hazard 

ratio 
(95%CI) 

Adjusted hazard 
ratio 

(95%CI) 
p value Regression 

coefficient 

CONTACT CHARACTERISTICS 

BMI 0.87 (0.84-0.91) 0.87 (0.83-0.91) <0.001 -0.143 

History of previous tuberculosis 2.0 (1.4-2.9) 1.7 (1.1-2.5) 0.01 0.514 

High risk age group (aged 15-19 or ≥50 years) 1.5 (1.1-2.0) 1.4 (0.98-1.8) 0.06 0.297 

TST result1 

Unknown  Reference Reference Reference Reference 

Negative 0.60 (0.35-1.0) 0.64 (0.38-1.1) 0.1 -0.440 

Positive 1.1 (0.74-1.5) 1.1 (0.79-1.6) 0.5 0.127 

INDEX PATIENT CHARACTERISTCS 

Prolonged exposure to the index patient 1.6 (1.2-2.2) 1.8 (1.3-2.4) <0.001 0.565 

Exposure to a male index patient 1.5 (1.0-2.1) 1.7 (1.2-2.4) 0.001 0.543 

HOUSEHOLD CHARACTERISTICS 

Lower community household socioeconomic 
position 1.4 (1.0-2.0) 1.3 (0.94-1.8) 0.1 0.267 

Exposed to indoor air pollution 1.7 (1.3-2.4) 1.4 (0.98-1.9) 0.07 0.304 

Any other household member known to have 
previously had tuberculosis 1.7 (1.2-2.3) 1.6 (1.2-2.2) 0.002 0.488 

Fewer windows per room 1.6 (1.1-2.2) 1.6 (1.2-2.2) 0.004 0.470 

A full description of these variables, and the rationale for their definition, can be found in methods and in 
Table 3.2. BMI indicates body mass index. 95%CI indicates 95% confidence interval.  
1 In analysis only including people with a known TST result, the unadjusted hazard ratio for tuberculosis for 
having a positive TST result compared to a negative TST result was 1.8 (95%CI=1.1-2.9; p=0.02) and the 
hazard ratio adjusted for all other variables in the model was 1.8 (95%CI=1.1-3.0, p=0.02). 
The test of proportional hazards assumption for the entire model: x2=8.02, p=0.71 
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Figure 3.1 Study profile 

 
TB indicates tuberculosis. Contacts were ineligible if they were on TB treatment at the time of recruitment but were recruited independently of any symptoms they 
had. A) The model was derived as described. B) Bootstrap internal validation. 200 hypothetical bootstrap datasets were created by resampling from the original 
cohort. These datasets are therefore comparable to the original cohort and representative of the target population. In each bootstrap replication, a model was 
derived and subsequently validated on the original dataset with C-statistics calculated for both the “derivation” and “validation” datasets. The optimism adjusted C-
statistic is calculated by subtracting the “optimism”, defined as the mean of the differences between the C-statistics from each bootstrap replication, from the C-
statistic calculated from the model fitted to the original cohort. C) The risk score was externally validated in this independent cohort.  
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Figure 3.2 Annual tuberculosis incidence rate following exposure among all contacts in the Ventanilla derivation cohort (n=2,017) plotted against community case 
notification rate 2002-2014 

 
Error bars represent 95% confidence intervals. Community rate is defined in the methods.
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Figure 3.3 An example risk score for field use 

 

 
TB indicates tuberculosis.
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Figure 3.4 Predicted 10-year risk of tuberculosis plotted against risk score 

 
The solid black line represents 10-year predicted risk of tuberculosis and corresponds to the left axis. The bar chart represents the distribution of the risk score and 
corresponds to the right axis.  
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Figure 3.5 10-year predicted risk of tuberculosis derived from the exact cox-regression model (dotted line) versus 10-year observed risk of tuberculosis derived from 
Kaplan-Meier functions (solid bars) for risk score deciles of population and pre-defined risk score groups in the Ventanilla derivation cohort (n=2,017) 

 
For the purpose of this chart, the integer risk score was split into ten deciles of approximately equal population size. 10-year predicted risk was calculated for each 
contact using the exact regression coefficients from the Cox model and the mean in each decile/group taken. The 10-year observed risk within each decile/group 
was derived from Kaplan-Meier functions. 
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Figure 3.6 Trends in tuberculosis incidence among contacts in the Ventanilla derivation cohort (n=2,017) following exposure stratified by risk score group as low risk 
(n=601), medium risk (n=881) and high risk (n=535) 

  

Logarithmic trend lines were fitted for ease of interpretation. The r2 values for the low, medium and high risk groups were 0.68, 0.57 and 0.84 respectively. 
Community rate is defined in the methods. 
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Figure 3.7 Cumulative risk of tuberculosis among contacts stratified by risk score group (Kaplan-Meier)  

Figure 3.7a Ventanilla derivation cohort (n=2,017). C-statistic=0.72       Figure 3.7b Callao validation cohort (n=1,910). C-statistic=0.67 

 
The data table present observed risk of tuberculosis at specific time points derived from Kaplan-Meier functions. A more detailed version of this figure including 
numbers at risk at different time-points can be found in Figure 3.8. Community risk is defined in the methods. The C-statistics were calculated using the continuous 
risk score as the predictor variable.  
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Figure 3.8 Cumulative risk of tuberculosis among contacts stratified by risk score group (bars)  

Figure 3.8a Ventanilla derivation cohort (n=2,017). C-statistic=0.72       Figure 3.8b Callao validation cohort (n=1,910). C-statistic=0.67 

 
Error bars represent 95% confidence intervals. The data tables present observed risk of tuberculosis at specific time points derived from Kaplan-Meier functions with 
95% confidence intervals and the number at risk at each time point with corresponding failure events. Community risk is defined in the methods. The C-statistics 
were calculated using the continuous risk score as the predictor variable.  
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Figure 3.9 Sensitivity analysis. Cumulative risk of tuberculosis among contacts stratified by risk score group excluding contacts who initiated tuberculosis treatment 
within six months of the index patient  

Figure 3.9a Ventanilla derivation cohort (n=2,017). C-statistic=0.74       Figure 3.9b Callao validation cohort (n=1,910). C-statistic=0.75 

 
Error bars represent 95% confidence intervals. The data tables present observed risk of tuberculosis at specific time points derived from Kaplan-Meier functions with 
95% confidence intervals and the number at risk at each time point with corresponding failure events. The C-statistics were calculated using the continuous risk 
score as the predictor variable.  
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Figure 3.10 Number needed to treat with tuberculosis preventive treatment to prevent one case of tuberculosis in each risk score group 
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Figure 3.11 Tuberculin skin test results (TST) among contacts in the Ventanilla derivation cohort (n=2,017) stratified by risk score group 
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Figure 3.12 Observed 10-year risk of tuberculosis stratified by tuberculin skin test (TST) results and risk 

score group in the Ventanilla derivation cohort (n=2,017) 

 

Error bars represent 95% confidence intervals. The data table present 10-year risk of tuberculosis derived 

from Kaplan Meier functions. P values represent log-rank tests for equality of survival functions. Shading is 

consistent with Figure 3.11. 
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Figure 3.13 Calibration chart plotting 2.5-year predicted risk of tuberculosis against 2.5-year observed risk of tuberculosis 

 
For the purposes of this chart, the integer risk score was split into ten deciles of approximately equal population size which are represented by the plotted points. 
2.5-year observed risk within each decile of integer risk score was derived from Kaplan-Meier functions. Mean 2.5-year predicted risk was derived from the original 
cox model. Error bars represent 95% confidence intervals for observed risk. The dotted line represents perfect calibration, i.e. predicted risk=observed risk. The solid 
line is a linear trend line for the plotted points. The r2 for this line was 0.74. 
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 - The CRESIPT study: A Community Randomised Evaluation of a Socioeconomic 
Intervention to Prevent TB  
This chapter is adapted from the CRESIPT study protocol and statistical analysis plan. At the time of writing 

this thesis, these documents had been adapted into manuscripts and were imminently expected to be 

submitted to a peer-reviewed journal for publication.  

 

The candidate has been a key member of the CRESIPT study management group, leading data collection 
and analysis activities related to TB case-finding and prevention among contacts of patients with TB. 

Furthermore, the candidate has been integrally involved with all aspects of writing the CRESIPT study 

protocol, led the writing of the statistical analysis plan, and led the writing of these manuscripts for 

publication. For this chapter, procedures and interventions are written in the present tense because at the 

time of writing the socioeconomic intervention continues to support a small number of TB-affected 

households for which the patient remains in treatment for RR-TB. Analysis procedures are written in the 

future tense, as this was appropriate at the time of writing the statistical analysis plan.  

 
Introduction 
The study presented in Chapter 2 described the high risk of developing TB among adult contacts of index 

patients with TB and demonstrated the potential value of ACF for improving case-finding in this population. 

The study presented in Chapter 3 described the derivation and external validation of an individual-level risk 

score for predicting TB among adult contacts of index patients with TB, facilitating targeted ACF and TPT for 

contacts at highest risk. The current chapter describes how this risk score was integrated within a community 

randomised trial of socioeconomic support for TB-affected households – the CRESIPT study – led by the 
candidate’s supervisor. The CRESIPT study aims to impact a broad range of outcomes among both patients 

with TB and their contacts. The research presented in this thesis focuses on preventing TB in contacts of 

patients with TB. Aspects of the CRESIPT study related to patients with TB are not described in this thesis 

and can be found in the trial registration.115 

 

As described in the introduction to this thesis, poverty is the key driver of global TB incidence. The WHO End 

TB Strategy has recently formally integrated socioeconomic support for TB-affected households as a key 

component of the global response to TB.6 However, there is very little published evidence to inform policy 
makers about what social and/or economic support would be most effective to strengthen TB care and 

prevention and how they should be implemented. The IFHAD research group, led by the candidate’s 

supervisor, has pioneered research on addressing the social determinants of TB over the last two 

decades.14,15 First, the candidate’s supervisor and others were commissioned by WHO to review evidence 

for socioeconomic support strengthening TB care and prevention.22,23 This demonstrated that there is 

potential to impact important TB risk factors (e.g. food security, nutrition, living conditions, and health seeking 

behaviours), but studies of direct effects on TB are lacking and there is an urgent need for impact evaluation 

research. Subsequently, a large cohort study of TB-affected households defined a threshold above which 
costs of accessing “free” TB care became catastrophic, predicting adverse treatment outcomes among 

patients with TB.16 This threshold was endorsed in the End TB Strategy, which emphasises eliminating 

catastrophic costs for TB-affected households as one of its principal objectives. Other observational studies 

from the IFHAD research group have demonstrated the importance of knowledge, wellbeing, stigma, and 

depression for predicting adverse outcomes in members of TB-affected households.116–119  
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These observational studies informed the design and evaluation of socioeconomic interventions for TB-

affected households. The Innovative Socioeconomic Interventions Against Tuberculosis (ISIAT) project 

piloted a diverse panel of psychosocial and economic support interventions to increase access to TB care 

and prevention.87 These included education, community mobilisation, and psychological and social support 

integrated with poverty-reduction interventions such as food and cash transfers, microcredit, microenterprise, 

and vocational training. The ISIAT socioeconomic support improved treatment success among patients with 
TB, and overcame inequalities in TB prevention, increasing TPT completion among poorer families, who 

were most in need of TB care but were least likely to access it.120,121 The most feasible and acceptable 

aspects of the ISIAT socioeconomic support were then combined into a standardised intervention consisting 

of integrated social and economic support for TB-affected households. This intervention was evaluated in the 

Household Randomised Evaluation of a Socioeconomic Intervention to Prevent TB (HRESIPT) study122 and 

demonstrated improved treatment success among patients with TB,123 improved TPT completion among 

contacts,72 and a reduction in the proportion of TB-affected households incurring catastrophic costs.124 The 

primary objective of the HRESIPT study was to inform the design of the much larger, community randomised 
CRESIPT study, which aims to rigorously evaluate the impact of socioeconomic support on the long-term 

outcomes of members of TB-affected households.  
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Participants, interventions, and outcomes 
Design 

The CRESIPT study is a phase III community randomised trial of a socioeconomic intervention to improve 

TB outcomes in TB-affected households in 32 desert shantytown and urban communities in Callao, Peru 

(see Chapter 1 for more details of the study setting). 

 

Participants and eligibility criteria 
All patients living in the 32 communities participating in the study who are initiating or have within the past six 

weeks initiated TB treatment at MINSA-run health posts, and their contacts who spend more than six hours 

per week in the patient’s household, who are able and willing to give informed written consent/assent to 

participate in this study, including completing the recruitment questionnaire and recruitment household visit. 

Patients who were taking a previous course of TB treatment and then experienced an adverse TB treatment 

outcome that occurred after the study start date are excluded. Contacts already taking or awaiting TB 

treatment on the same day as the patient initiates treatment are invited to be recruited but excluded from the 
analysis of the primary and secondary outcomes because they are considered to already have a TB 

diagnosis. 

 

Interventions and allocation 

Communities (clusters) are allocated to be 'supported' (n=16) or 'comparison' (n=16) in a 1:1 ratio by 

restricted randomisation. The restriction variables are: average case notification rates per cluster; average 

cluster-level percentage registered to receive national health insurance; average cluster-level percentage of 

TB cases lost to follow-up; and average cluster-level percentage of TB cases resistant to any first-line drugs. 
Spill over effects from supported to comparison communities are minimized because the communities are 

geographically separate and each community has its own health post.  

 

All communities: Patients with TB and their contacts in all 32 communities (16 supported and 16 comparison) 

receive the standard care provided free of charge at MINSA-run health posts. This includes treatment and 

MDR-TB testing for all patients, ACF and TPT for their contacts, and limited psychosocial and nutritional 

support.125 
 

Comparison communities: Patients with TB and their contacts in the 16 comparison communities are 

recruited but receive no additional intervention.  

 

Supported communities: Patients with TB and their contacts in the 16 supported communities are 

additionally offered for the duration of their treatment a socioeconomic intervention led by recovering patients 

who are termed peer mentors. This intervention consists of integrated: 1. Social support constituting 

household visits and TB clubs providing information and peer support; and 2. Economic support constituting 

cash transfers as incentives and enablers, defraying household's average TB-related costs.  

 

Peer mentors implement all aspects of the socioeconomic intervention. Peer mentors are recovering patients 
with TB, i.e. recently cured or who are recovering because they have successful treatment adherence 

throughout initial treatment that has been associated with negativisation of sputum microscopy, resolution of 
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their symptoms and/or significant gain in their body weight. Peer mentors are recruited in the household 

visits and TB clubs and are trained in the first part of each TB club. Peer mentors are monitored, supervised, 

and managed by the study team. Each patient receiving the socioeconomic intervention is paired with a peer 

mentor living nearby. If the patient is unhappy with this peer mentor pairing, they are able to work with the 

study team to identify a replacement peer mentor. For each cash transfer that a patient with TB receives for 

achieving the NTP and study conditions, their peer mentor receives a partial cash transfer. Thus, peer 
mentors are incentivised to support patients and their contacts to achieve outcomes. Each recovering patient 

is encouraged to become a peer mentor for at least one other patient but is able to support additional 

patients if they wish. The study team initially recruit and train the peer mentors, after which peer mentors are 

expected to lead these activities, with support and guidance from the study team. 

 

Social support 

The social support component of the socioeconomic intervention constitutes household visits and TB clubs 

providing information and peer support. The first household visit introduces the peer mentor, confirms the 
household census, invites the patient’s contacts to give informed written consent to participate, assesses 

their TB risk (see below), and invites the household to TB clubs. All household visits provide TB information 

and support using the same syllabus as the TB clubs. This syllabus aims to empower individuals by 

resolving knowledge gaps and misunderstandings concerning the facts about TB to facilitate prevention, 

diagnosis, and cure. Information provision is discussion-based, including TB risk factors (such as poor 

nutrition and depression); the importance of empowering behaviours (such as uninterrupted TPT 

adherence); and potentially beneficial effects of optimal nutrition in preventing TB and achieving cure. The 
economic component of the socioeconomic intervention is also described. The frequency of household visits 

is the joint decision of the patient, their contacts, and the peer mentor. Local TB clubs every two to usually 

four weeks each consist of three sequential sessions, each lasting approximately one hour: i) training and 

advocacy for people who are (or plan to become) peer mentors; then all patients with TB and their contacts 

are invited to; ii) educational discussions; and then iii) peer support. This peer support aims to reduce 

depression, marginalisation, and harmful stigma effects by identifying personally-significant stigmatizing 

events and the associated emotions (e.g. fear, anxiety, depression); disempowering automatic thoughts; and 

self-defeating behaviours (e.g. concealment and isolation); and by encouraging rational alternative thoughts 
and behaviours that empower TB-stigmatized individuals to access and optimally complete NTP activities, 

tests, and medicines. 

 

Economic support 

The economic support component of the socioeconomic intervention constitutes cash transfers as incentives 

and enablers, defraying household's average TB-related costs. 

 

Patients with TB. Upon recruitment at the initial household visit, which takes place as soon as possible after 
the patient is diagnosed with TB, patients with rifampicin-sensitive TB (RS-TB) receive S/40 Peruvian 

Nuevos Soles (PEN)=$12, which is intended to help them to complete the first month of their prescribed TB 

treatment. They subsequently receive S/40 per month of prescribed TB treatment that is softly conditional on 

good adherence in the previous month. Therefore, all payments are provided in advance. When patients 

complete treatment and are given a clinical outcome by the treating team, they receive a further S/40. In 
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order to incentivise and enable participation in TB clubs, for only the first TB club that patients attend, they 

receive an additional S/40. All payments are available throughout the duration of prescribed treatment until 

patients have a defined treatment outcome and are doubled (S/80=$24) when patients are prescribed 

treatment for RR-TB. If treatment is extended because of poor adherence, payments are not continued 

unless the reason for poor adherence is due to economic barriers.  

 
Contacts. Upon recruitment at the initial household visit, contacts each receive S/20=$6.1, which is intended 

to help them complete ACF and initiate TPT at MINSA-run health posts. They subsequently each receive 

S/20 per month of their prescribed TPT that is conditional on having taken TPT in the previous month. 

Therefore, all payments are provided in advance. When contacts have completed TPT, they each receive a 

further S/20. In order to incentivise and enable participation in TB clubs, for only the first TB club that 

contacts attend, they each receive S/20. 

 

Engagement in ACF activities. At the initial household visit, patients with TB are trained to collect sputum 
samples from their contacts and other social contacts they may have in the community who are at high risk 

of TB. Each patient receives S/40 if they participate in this training. Subsequently, each patient receives 

S/10=$3.1 per sputum sample they collect and deliver to local health posts. The patient is asked to collect a 

single sample of sputum (or saliva if sputum is unavailable) from all of their contacts who were recruited to 

the CRESIPT study, plus up to five other social contacts they may have in the community who are at high 

risk of having TB, either because they have exhibited symptoms suggestive of TB (such as cough) or 

because they have obvious TB risk factors (such as underweight) or have been most heavily exposed to TB 
(for example by sharing a room with an infectious index patient). If this process is completed during the first 

eight weeks of treatment, they receive a further S/40. If one of the screened people were to be diagnosed 

with TB and start treatment in a health post in the supported communities, the patient receives a further 

S/100=$31 and is offered the opportunity to be the peer mentor for the new patient. 

 

Arrangement of payments. The first payment is made at the recruitment household visit and is made to one 

member of the household on behalf of everyone present. Payment can be made directly to a bank account, 

or to a mobile phone.126 Subsequent payments are arranged at the TB clubs described above. At least one 
member of the household must be present at these TB clubs in order to sign for and process the payment. 

However, if no members of the household were to attend, the payments carry over to the following TB club 

and are not lost. The patient's TB treatment card is used to validate and organise all payments. 

 

Peer mentors. Each peer mentor assigned to support a household receives half of the payments provided to 

the household, excluding payments provided for engagement in ACF activities because these are not 

anticipated to require peer mentor support. The peer mentor must be present at the recruitment household 

visit, and at the subsequent TB clubs, to receive these payments.   
 

Typical economic support provided per household affected by RS-TB. For households with three contacts, a 

total of S/960=$294 is available if all members of the household participate fully with study activities (Table 

4.1). If a member of the household also becomes a peer mentor for a subsequent typical household affected 

by RS-TB, a further S/400=$122 is available for supporting members of that household to participate fully 
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with study activities. Therefore, a total of S/1360=$416 per household is available. This is typically available 

over at least six months equating to $69 per month per household. For comparison, the monthly minimum 

wage per person in Peru during the period when this research was done was approximately S/900=$275 per 

month. 

 

Typical economic support provided per household affected by RR-TB. For households with three contacts, a 
total of S/1820=$557 is available if all members of the household participate fully with study activities (Table 

4.2). This typical estimate does not include support provided for TPT, because TPT is extremely rarely 

prescribed in this setting for contacts of patients with RR-TB (usually implying MDR-TB). However, if 

contacts of a patient with RR-TB are prescribed TPT (e.g. in cases when the patient has TB with mono-

resistance to rifampicin), they are supported in the same way as contacts of patients with RS-TB. If a 

member of the household also becomes a peer mentor for a subsequent typical household affected by RR-

TB, a further S/830=$254 is available for supporting members of that household to participate fully with study 

activities. Therefore, a total of S/2650=$810 is available. This is typically available over at least 18 months 
equating to $45 per month per household. For comparison, the monthly minimum wage per person in Peru 

during the period when this research was done was approximately S/900=$275 per month. 

 

Soft conditionality of the cash transfers implies that rules are applied flexibly127 ensuring that: i) participants 

are not penalised if programmatic difficulties prevent them from meeting the conditions specified above; and 

ii) the most vulnerable, highest-risk TB-affected households can still receive economic support if they attempt 

to meet the conditions specified above but, for example, are too unwell to do so.  
 

Economic empowerment information. This involves discussing with TB-affected households the most 

efficient use of income (including cash transfers) to mitigate the negative impact of TB on domestic finances; 

how to avoid unnecessary TB-related costs (e.g. by avoiding expensive foods and by accessing free tests 

rather than paying for them); and local resources and opportunities that may help income generation (e.g. 

local government grants and training).  

 

TB risk assessment 

For contacts aged ≥15 years, this involves completing a Spanish language translation of the risk score 

shown in Figure 4.1. Because this score does not include contacts aged <15 years nor other adult contacts 

with comorbidities such as HIV who are known to be at high risk of TB, these contacts complete a separate 

sheet shown in Figure 4.2. Contacts are then encouraged and supported to attend their local health post, 

complete ACF, and initiate, adhere to, and complete TPT. Decisions regarding TPT initiation are made by 

the healthcare provider in each health post. The risk score aims to inform contacts and their healthcare 

provider of each individual’s risk of developing TB, and of the importance and benefits of TPT. National 

guidelines principally prioritise six months of TPT with isoniazid for all contacts aged <5 years of patients 
with pulmonary TB, and for contacts aged 5-19 years who are TST positive (although TST is frequently 

unavailable in the study setting).125 However, national guidelines additionally emphasise that TPT can be 

provided for anyone at the discretion of the healthcare provider based on their assessment of TB risk, which 

the risk score aims to formalise. National guidelines recommend that TPT is not prescribed for contacts of 
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patients with TB resistant to isoniazid, but TPT can be prescribed to contacts of RR-TB without resistance to 

isoniazid.  

 

Figure 4.3 shows how this integrated intervention aims to impact the CRESIPT study outcomes. 

 

Choice of comparator 

For this community randomised trial of a socioeconomic intervention for TB-affected households, the 

comparator was chosen in conjunction with key stakeholders to be the standard of care. This is because 

studies evaluating the effect of socioeconomic support directly on TB outcomes are lacking and rigorous 

evaluation compared to the standard of care is required prior to widespread implementation. 

 

Blinding 

Due to the nature of the socioeconomic intervention, it is not feasible to blind the study team, the local 

MINSA-run health post staff, or participants.  
 

Adherence to the intervention 

Participants are free to choose how much they engage with the socioeconomic intervention and are free to 

decline participation in any of the activities if they wish. Adherence to the socioeconomic intervention is 

assessed by participant engagement with both the social and economic aspects of the intervention. 

Specifically, we record which participants were present during the initial household visit and enumerate the 

number of TB clubs that participants attended. Cash transfers made are documented and the proportion of 
available cash transfers is calculated for each TB-affected household – a measure related to both adherence 

to the social aspects of the intervention, and adherence to TB treatment and TPT.  

 

Concomitant interventions 

No specific concomitant care or interventions for participants in both the supported and comparison 

communities are specifically prohibited. For example, if a participant wishes to supplement TB treatment with 

dietary supplements, they are permitted to do so.  

 
Primary outcomes 
1. “Find TB in those at high risk.” TB diagnosis in the contacts of patients with TB during the first eight weeks 

from when the patient with TB initiated treatment is measured by reviewing NTP records when patient 

treatment ends, and follow-up constituting an interview for self-reported incident TB approximately 18 

months after recruitment. 

 

2. “Prevent TB in patient households.” TB diagnosis in the contacts of patients with TB at any time from eight 

weeks after the patient with TB initiated treatment is measured by reviewing NTP records when patient 

treatment ends, and follow-up constituting an interview for self-reported incident TB and a prevalence survey 
to test for laboratory proven prevalent TB approximately 18 months after recruitment. 
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Secondary outcomes 

The secondary outcomes are measured approximately six months after recruitment. These two outcomes 

are measured using NTP records, but because NTP records are sometimes incomplete for outcomes related 

to contacts, data are supplemented by self-reported outcomes at the six-month follow-up. 

 

1. “ACF (TB screening)”. Measured using NTP records as the proportion of contacts of patients with TB who 
complete TB screening. Completing TB screening is defined as completing a face-to-face consultation with a 

medical doctor in a participating health post to be assessed for TB symptoms and decide whether or not to 

initiate TPT. This is commonly termed contact investigation and is termed ACF for the purposes of this thesis 

to provide resonance with the definition of programmatic ACF described in Chapter 2 and in Table 2.1. 

 

2. “TPT”. Measured using NTP records as the number of weeks of TPT taken by the contacts of patients with 

TB. Completing TPT is defined in people who are registered as having received at least 20 weeks of TPT, or 

who initiated TPT and are shown by NTP records or by their self-report to still be completing the six-month 
course. 
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Data collection, management, and analysis 
Recruitment 

MINSA-run health post staff communicate to the study team when a patient is about to initiate TB treatment. 

The study team completes all patient recruitment processes by visiting the patient in the health post and 

inviting them to give informed written consent to participate in this study. When recruited, eligible patients 

agree to the study team visiting their household with them, contacts of patients are invited to give informed 

written consent to participate in the study. All consenting participants in the supported and comparison 
communities are assisted by the study team to complete detailed questionnaires quantifying potential TB risk 

factors including TB-related knowledge gaps, stigma effects, depression, marginalisation, TB-related costs, 

impoverishment, treatment response, and nutrition at the time of recruitment and during follow-up. These 

questionnaires can be downloaded from: https://bit.ly/2UJrN8O  

 

Follow-up 

Participants in both the supported and comparison communities are followed up approximately six months 
and 18 months after the patient with TB initiates TB treatment. The six-month follow-up involves completing 

detailed questionnaires to characterise the secondary outcomes. The 18-month follow-up includes a 

prevalence survey for all patients and their contacts to screen for TB recurrence and prevalent TB. 

 

Laboratory methods and diagnostic tests beneficial to all participants 

All participating patients with TB at recruitment in both supported and comparison communities are invited to 

provide TB diagnostic sample(s). For all patients, a single sample is requested of sputum (or saliva if sputum 

is unavailable, or stool for young children and others unable to provide sputum or saliva). An additional 
sample is requested (e.g. urine) if extra-pulmonary TB is suspected (e.g. kidney TB). No invasive procedures 

of any kind are done for the study. These samples are tested for TB and when positive, drug resistance 

testing is done using the best tests we can provide as a benefit and incentive for participation. All samples 

undergo smear-microscopy, culture, conventional first and second line drug-susceptibility testing, and the 

GeneXpert rapid molecular test, although the tests done vary over time depending on NTP policy and test 

availability, in order to complement tests provided by the NTP. All prevalence survey samples are tested by 

microscopy and culture and GeneXpert testing of prevalence survey samples is only performed if they are 
positive.55 All clinically relevant results are provided printed to patients and their MINSA-run health post to 

maximise potential benefit to participants.  

 

Data quality control 

It is important that recruitment processes and study data collection are standardised between study staff and 

between supported and comparison community participants. This standardisation is facilitated by study team 

training, by ensuring that all staff are always concurrently working with similar numbers of supported and 

comparison communities, and by rotating study staff regularly and randomly between the participating 
communities.  
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Data entry, monitoring and coding 

Data are completed on paper questionnaires and transferred to our secure research office in Lima where 

they are scanned and archived. All questionnaires are coded and digitised by a trained administrative team 

into a password protected, relational database with field parameters to maximise data quality.  

 

Sample size  

The data from the ISIAT project suggest that improving access to TB care and prevention and reducing 

poverty-related TB risk factors may considerably reduce the TB burden in affected households but there are 

no published data available to inform estimates. Consultation with TB care and prevention experts and 

review of cost-effectiveness analyses128–130 suggest that if rigorous evidence were to demonstrate that a 

socioeconomic intervention that added less than 50% to the cost of biomedical treatment reduced TB risk by 

approximately one-third then this would be likely to justify policy change and widespread implementation. In 

contrast, evidence for smaller effects or much more expensive interventions would be unlikely to cause 

widespread change in policy and practice. Power calculations in the first version of the approved protocol 
(not shown in this thesis) were based on reductions of this magnitude and on recruitment projections 

estimated from the ISIAT project. However, because the population demographics have changed since the 

ISIAT project, recruitment to CRESIPT has been lower than expected, whilst intervention impact is expected 

to be greater than one-third. Therefore, the power calculations have been revised with approval from the trial 

steering committee and integrated data and safety monitoring board (TSC/DSMB) and are calculated based 

on actual recruitment rates to the CRESIPT study, with an estimated intervention impact of 50%.  

 
1. “Find TB in those at high risk”. Preliminary data in this setting suggest that 1.0% of contacts are diagnosed 

with TB during the first eight weeks of a patient’s treatment and that the community coefficient of variation is 

k=0.15. On average, 3.2 contacts are expected to be recruited in each household, totalling an average of 

163 contacts per community. Therefore, community clustered power calculations predict that the study will 

have 80% power to test for a doubling of TB diagnoses in contacts of patients with TB during the first eight 

weeks of patient treatment. 

 

2. “Prevent TB in patient households”. Preliminary data suggest that 3.0% of contacts are diagnosed with TB 
eight weeks to 18 months after the patient started treatment (including prevalent TB diagnosed at final 

follow-up) and that the community coefficient of variation is k=0.15. Therefore, community clustered power 

calculations predict that the study will have 92% power to detect a halving of TB diagnoses in the contacts of 

patients with TB eight weeks to 18 months after the patient started treatment. 

 

Statistical analysis 

Recruitment, withdrawal, and follow-up. Study reporting will follow the 2010 CONSORT guidelines.131 A 

study profile figure based on the draft in Figure 4.4 will be produced illustrating the following, comparing 
supported versus comparison communities: 

i) Number of patients with TB and their contacts assessed for eligibility and reasons for exclusion 

(ineligible; declined; not located) 

ii) Number of patients with TB and contacts recruited and therefore eligible to receive the allocated 

intervention*  
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iii) Number of patients with TB and contacts completing follow-up at the approximately six-month 

visit and reasons for non-completion (not interviewed; withdrew) 

iv) Number of patients with TB and contacts completing follow-up at the approximately 18-month 

visit and reasons for non-completion (not interviewed; withdrew). 

 

*Recruited and eligible patients with TB/contacts in supported communities are all considered to have 
received the allocated intervention because the study is community randomised. 

 

Analysis populations. The primary analysis for all outcomes will be intention-to-treat. Specific per protocol 

subgroup analyses are described below for each outcome.  

 

Missing data. Data collection and daily digitisation includes a rigorous process to identify missing or 

impossible data values, which then leads to these values being corrected. This process minimises missing or 

incorrect data. Missing data will be analysed for each variable and for each participant to identify patterns in 
the data, comparing supported participants with comparison participants to assess for bias. Participants who 

were lost to follow-up and have data available for the outcome being analysed will be included in the analysis 

on an intention to treat basis (for example data concerning treatment outcome that is defined by the NTP). 

Participants who were lost to follow-up and do not have data available for the outcome being analysed will 

be excluded from the analysis of these outcomes (for example data concerning post-TB wellbeing, which 

requires completion of a follow-up questionnaire to be assessed). 

 

Primary outcomes. Statistical methods for the analysis of the primary outcomes will utilise time-to-event 

techniques comparing recruited contacts in supported communities versus those in comparison 

communities. Crude proportions of contacts experiencing the outcome and rates per 100 person-years will 

be presented. For outcome 1, time will be indexed on the day the patient initiated TB treatment (or if a 

recruited patient were to not initiate treatment, or were delayed in initiating treatment for some reason, then 

the date of TB diagnosis) and time-to-event will be defined until the date of TB diagnosis in contacts. For 

outcome 2, time will be indexed on day 57 after the patient initiated TB treatment/was diagnosed (because 

the first 56 days constitute outcome 1), and time-to-event will be defined until the date of TB diagnosis in 
contacts. In addition, because using a cut-off of 56 days is arbitrary (see discussion of statistical issues 

section), we will conduct an analysis using an alternative cut-off for when a TB diagnosis in contacts is 

considered as “co-prevalent” (outcome 1) versus “incident” (outcome 2), which will be given equal weight to 

the analysis using a 56 day cut off and used for the sensitivity and subgroup analyses. The data will be 

inspected to define the time point at which co-prevalent and incident TB diagnoses appear to diverge, and 

the outcomes will be analysed using this time point as the cut-off instead of 56 days. For the primary 

analysis, TB diagnoses (ascertained either by reviewing NTP records, interview, or the final prevalence 

survey) will be considered up to a maximum of 18 months (548 days) from the day the patient initiated TB 
treatment and participants will be right censored at the last date they were known to be alive and not have a 

TB diagnosis, up to a maximum of 548 days. In addition, we will conduct a sensitivity analyses where TB 

diagnoses and censoring are considered up to and including the last date the contact was followed up, 

without an upper time limit. For both outcomes, a TB diagnosis will be dated the day that the first positive 

sample that results in a TB diagnosis is collected and will include clinically diagnosed, microbiologically 
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negative people (using the date of TB diagnosis). People with a single microbiologically positive result 

reviewed by a clinician who decides that the person should not be treated for TB because it is a false 

positive laboratory result will not be considered as having a TB diagnosis.  

 

Cox proportional hazards regression models will be fitted with inclusion of gamma distributed random effects 

to adjust for community clustering. HR, 95%CI, and p values will be presented, and Kaplan-Meier curves will 
be plotted. To test the proportional hazards assumption, log-log plots and Schoenfield residuals will be used. 

Analyses will be done without any other variables (i.e. unadjusted analyses) and then repeated with 

additional terms used to adjust for any potentially confounding variables (e.g. sex, RR-TB, substance abuse) 

showing substantive imbalance between supported and comparison communities at baseline measured at 

individual and/or community levels (i.e. adjusted analyses).  

 

Secondary outcomes. Statistical methods for the analysis of the secondary outcomes will utilise logistic 

regression as both outcomes will be analysed as dichotomous variables. Crude data values will be 
presented for each secondary outcome, including the numbers, percentages, and their 95%CI. Logistic 

regression models will be fitted with inclusion of normally distributed random effects to adjust for community 

clustering. Odds ratios (OR), 95%CI, and p values will be presented. Analyses will be done without any other 

variables (i.e. unadjusted analyses) and then repeated with additional terms used to adjust for any potentially 

confounding variables (e.g. sex, RR-TB, substance abuse) showing substantive imbalance between 

supported and comparison communities at baseline measured at individual and/or community levels (i.e. 

adjusted analyses). For secondary outcome 2, a sensitivity analysis will also be performed comparing TPT 
initiation among contacts in supported communities versus those in comparison communities. 

 

Subgroup analysis. For all outcomes, additional terms will be included in the regression models to obtain 

stratum-specific parameter estimates of the effect of the socioeconomic intervention in the following 

subgroups: i) contacts of RR-TB versus other types of TB; ii) poverty score; iii) contacts who engaged with 

the socioeconomic intervention versus those who did not (defined by attendance by that contact in at least 

one TB club); iv) age group; and v) predicted risk of TB among contacts aged ≥15 years, defined using the 

risk score described above. In addition to presenting stratum-specific parameter estimates, an overall test for 
effect modification for each subgroup analysis will be presented. For secondary outcome 2, a further 

subgroup analysis will compare TPT completion only among contacts who initiated TPT.  

 

Economic impact analysis plan. The study budget includes the costs of working with comparison 

communities, a prevalence survey, and support for an international team of research experts. The social and 

economic support costs are monitored separately from research costs to facilitate health economics 

assessment of the cost of any improvements in access to care and finally the cost per TB and MDR-TB case 

prevented. This allows comparison of the cost-effectiveness of the social and economic support compared 
with the well-defined costs of biomedical TB care and prevention. The economic impact analysis is beyond 

the scope of this PhD thesis. 
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Ethical issues 
Study oversight 

The study is overseen by the independent TSC on behalf of the sponsor (Imperial College London) and the 

funders (Medical Research Council, UKAid, and the Wellcome Trust). The TSC is made up of independent 

experts on TB care and prevention, a representative of the sponsor, and an independent local community 

representative. The TSC meets approximately annually to monitor and supervise the progress of the study 

towards its objectives ensuring that there are no major deviations from the study protocol and aiming to 
maximise the chances of completing the study within the desired timeframe. Because the study outcomes 

are only meaningful at the end of study, no interim analyses are planned. It has therefore been agreed with 

the funders that the TSC also take the role of a DSMB. The role of the DSMB for this study is to consider any 

requests for the release of interim study data and in the event of further funding being sought, to provide to 

the funder information and advice on the data gathered to date that will not jeopardise the integrity of the 

study. 

 

Research ethics approval 

Ethical approval has been granted by the following research ethics committees: 

1. The Peruvian Ministry of Health DIRESA Callao ethics committee, 20/04/2016, ref: 790-2014-DG 

2. The non-governmental organization Asociacion Benefica PRISMA, Peru Research Ethics Committee, 

Lima, 21/04/2016, ref: CE0970.16 

3. Imperial College London Research Ethics Committee, 09/05/2016, ref: 14IC2191 

 

The protocol has also been approved by: 
4. The London School of Hygiene and Tropical Medicine Research Ethics Committee, 26/05/2016, ref: 

11625  

5. Universidad Peruana Cayetano Heredia, Lima, Peru Research Ethics Committee, 02/05/2016, ref: 231-11-

16 

 

Ethics amendments 

Any proposed changes to the study protocol are confirmed with the TSC/DSMB and reported to the ethics 
committees detailed above to request approval for proposed amendments. 

 

Trial registration 

The trial was prospectively registered on the 19th October 2016, and can be viewed at: 

http://www.isrctn.com/ISRCTN17820976  

 

Consent/assent 

The study healthcare professionals spend time with each participant at their local health post discussing the 
consent document, what the patient can expect, and why the study is being undertaken to ensure that their 

assent/consent is informed, as has been the practice of our multi-disciplinary team working with these 

communities for more than a decade. Participation in the study involves no costs for participants (public 

transport costs of participants engaging in community-based study activities are reimbursed by the project). 

There are no local health service cost implications for this study. As for our work with these communities for 
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the past decade, the same information and paperwork are used for consent and assent because children 

and minors frequently have better reading skills than adults. The combined assent/consent document is 

written in plain, simple language designed to be understandable to all age groups. Specifically, the Flesch-

Kincaid Grade Level of the combined assent and consent and information document is 7.7 years, implying 

that it is highly readable by minors and also by adults with limited schooling. As this study is a community-

based evaluation of a socioeconomic intervention rather than a biomedical intervention, a copy of the 
informed consent document is not included in the patient’s medical history. 

 

Some participants are from poor and socially marginalised vulnerable groups including people with drug 

dependency or misuse, HIV, and previous incarceration. These vulnerable groups are not deliberately 

searched for or actively recruited, but naturally are passively included by recruitment of study participants. 

These vulnerable groups are included in this study in the interest of equity of making the research findings 

applicable to the impoverished settings where most TB occurs. Our study healthcare professionals spend 

time with these patients and when applicable their parents or guardians discussing the study, explaining 
what the patient can expect and focusing on how participation influences them. For example, in the case of 

young patients these discussions are in the context of home, school, and social activities. 

 

The study team only aim to recruit people who wish to participate and have no reason to coerce participants. 

The recruitment process and informed written consent both emphasise freedom to choose whether or not to 

participate. The assent/consent document states, and it is explained to the patient at recruitment, that care 

from the NTP is not influenced by: choosing to either participate or not participate in the study; any study 
activities; or if they choose to withdraw from the study at any time, with or without giving a reason. If a 

participant withdraws then the data already collected is maintained and analysed but all records identifying 

the participant are destroyed if they wish. 

 

Confidentiality  

The nature of the study requires that the investigators know the patients’ TB treatment history. Each 

participant is given a unique identification code. The unique identifier corresponds to a unique identifier in 

another table containing the participants’ name and address. This table will be destroyed when our TB 
research projects in Peru are all closed. All databases are password protected and access to the computers 

containing these databases are restricted by password and physical controls. The anonymised data may be 

shared with collaborators, but the identifiable personal information is only kept on the secure study 

computers in our locked research office in Lima, Peru. All paper records and recordings are stored securely 

in this study office. 

 

Risks to participants 

No risks to participants, dangers to their health or wellbeing are expected. The study team have years of 
experience ensuring confidentiality and preventing stigmatisation in this setting. Within the comparison 

communities, patient participation only constitutes the interviews and sputum specimens detailed above. The 

participants in supported communities are offered voluntary household visits and local TB clubs. This 

requires a greater time commitment than standard TB treatment. However, this is anticipated to be beneficial 

to the patient. If any negative effects of the socioeconomic intervention were to occur, we anticipate being 
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able to detect them through regular engagement with participants during study activities and aim to respond 

to them promptly. For example, other cash transfer programmes have reported episodes of jealousy and 

hostility experienced by the cash transfer beneficiaries from the non-beneficiaries of the programmes, 

complaining about unfair targeting strategies.132 In order to minimise this risk, time is spent with each 

participant discussing the study, explaining the randomisation procedure and addressing individual questions 

to alleviate specific concerns. It is emphasised to supported patients, and to healthcare staff working in the 
supported communities, that cash transfers are not designed to be a reward for participation but rather to act 

as incentives and enablers to access NTP activities and to mitigate the costs associated with TB. If any harm 

or adverse event were to occur then the study principal investigator would immediately be informed and 

would immediately inform the chair of the TSC/DSMB to discuss whether the event warrants urgent 

involvement of the other members of the TSC/DSMB and ethics committees or if this may be deferred until 

their next scheduled communications. As detailed above, the TSC/DSMB performs important roles providing 

independent advice and reports through its chair to the study sponsors, funders and host institution as the 

study progresses, including any potential adverse events. 
 

Risks to researchers 

The study team work within the study communities where there is some risk to personal safety. This risk is 

taken seriously and a number of control measures have been put in place. Each member of the team 

records a daily itinerary including their working locations and expected timings of arrival and departure. All 

team members are provided with free-of-charge study mobile telephones to remain in contact with the office 

and each other. We have local contacts within the communities who can be called upon to help in 
emergency situations and the entire study team are trained in first aid. We have contact numbers of family 

members in case of an emergency. The laboratory team manipulate TB specimens and cultures only within a 

controlled, dedicated, TB lab with access restricted to specialised laboratory personnel wearing appropriate 

protective clothing. Biosafety measures are followed and where required testing is completed within certified 

biological safety cabinets. All staff agree to control measures before joining this study. 

 

Strategies to minimise infection risk 

While implementing any intervention that involves patients with TB and in particular patients with RR-TB, it is 
vital to maintain infection control measures and to avoid transmission of TB. We have a duty to our patients 

and staff to minimise any infection risk whilst attending our community meetings. Patients with RR-TB are at 

higher risk of treatment failure and incurring catastrophic costs than patients with fully sensitive TB.16 In 

addition, patients with RR-TB are more likely to have comorbidities such as HIV and drug dependency.133 

Patients with RR-TB take longer for their sputum smear to become negative, remaining infectious for longer 

than those with fully sensitive TB.59 Putting these factors together, for a socioeconomic intervention in 

patients with RR-TB to have most effect, it seems likely that it must begin early in the treatment of patients 

with RR-TB whilst they are still sputum smear positive and therefore infectious. 
 

To address these issues, we have a number of policies: 

*Patients with RS-TB who have been on uninterrupted appropriate anti-TB treatment for at least two weeks 

and have clinical/laboratory evidence of treatment response may participate in the general TB clubs; 
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*Patients with RR-TB who have been on uninterrupted appropriate anti-TB treatment for at least two weeks 

and who have two negative sputum samples (by smear or culture) may join the general TB clubs; 

*Contacts of patients with RR-TB who have no TB symptoms may attend general TB clubs. 
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Discussion of statistical issues 
The registration of trials, their protocols, and their statistical analysis plans are critically important for 

ensuring transparent and appropriate reporting of clinical trials. This chapter reports the part of the statistical 

analysis plan for the CRESIPT study that is relevant to this thesis, in line with recent guidance published for 

the content of statistical analysis plans.134 During this process, we debated and considered a number of 

approaches for optimally analysing the study outcomes. 

 

Clustering. Because the study is randomised at the level of the community, analysis must account for 

clustering within the study design. Because there are >15 supported communities and >15 comparison 

communities, the outcomes will all be analysed at the level of the individual, with regression models including 

random effects to adjust for community level clustering.135 We opted to use random effects models rather 

than alternative approaches to adjust for clustering (robust standard errors and generalized estimating 

equations) because random effects models explicitly model the between-cluster variance, facilitating 

adjustment of the parameter estimates, as well as the standard errors, for clustering.135  
 

TB prevention - when to censor? Outcome 2, “Prevent TB in patient households”, will be analysed using 

time-to-event analysis, censoring on the date the contact had a TB diagnosis or was last followed up by the 

research team and known not to have a TB diagnosis, up to a maximum of 18 months (548 days), as stated 

in the published trial registration. As described above, we will also conduct a sensitivity analysis where TB 

diagnoses and censoring are considered up to and including the last date the contact was followed up, 

without an upper time limit. However, operationally the timing of final follow-up has varied and recently has 

been delayed because of the COVID-19 pandemic. Therefore, this analysis should be interpreted with 
caution as it could be impacted and distorted by small sub-groups of contacts with prolonged follow-up and 

the possibility that the effect of the socioeconomic intervention may be diluted over time, for example by TB 

in contacts resulting from subsequent TB exposures that the socioeconomic intervention could not have 

prevented. 

 

TB diagnosis in contacts (Figure 4.5). The issue of when a TB diagnosis in contacts is considered as “co-

prevalent” (outcome 1, “Find TB in those at high risk”) versus “incident” (outcome 2, “Prevent TB in patient 
households) is inherently complex and using an arbitrary, artificial cut-off of 56 days from when the patient 

with TB initiates treatment may not be optimal. Co-prevalent TB is typically considered to be undiagnosed TB 

in contacts that is already present at the time the patient with TB initiates treatment and is thus non-

preventable. The aim of ACF in contacts is to detect this undiagnosed TB and initiate prompt TB treatment. 

In contrast, “incident TB” is considered to be TB that subsequently develops and thus can be prevented. This 

distinction is particularly complex and important in light of the fact that the socioeconomic intervention 

concurrently aims to improve access to ACF and thus increase detection of co-prevalent TB, whilst also 

preventing incident TB by improving access to TPT, improving patient care, and reducing poverty-related TB 
risk factors.  

 

It has become clear during the CRESIPT study that operationally these concurrent aims of the 

socioeconomic intervention are competing, and although ACF is emphasised early, and TPT emphasised 

after ACF, they are not separated by an arbitrary cut-off of 56 days. For example, if a contact developed TB 
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symptoms after 56 days, they are likely to have benefited from improved PCF through receiving social and 

economic support (including education concerning TB symptoms and the importance of early TB diagnosis), 

which continued for at least six months.136 Thus, there may have been improved TB case-finding among 

contacts in the supported communities after the 56 day cut-off point, potentially underestimating the effect of 

the socioeconomic intervention for preventing incident TB. Similarly, early and increased initiation of TPT in 

contacts in the supported communities may prevent TB during the first 56 days, potentially underestimating 
the effect of the socioeconomic intervention for increasing detection of co-prevalent TB. There is a lack of 

consensus in the literature for when a TB diagnosis should be considered as co-prevalent and thus non-

preventable versus incident and thus preventable with studies using a range of cut-off points. Some studies 

have considered a TB diagnosis as co-prevalent TB only if it was present at the time of initial contact 

investigation113,137–139 or diagnosed within the first 14 or 30 days.80,140,141 Other studies have used longer cut-

off points, including two142 or three months78,143, and even up to six months.84 In light of this complexity, in 

addition to the arbitrary 56 day cut-off, we plan to inspect the data to assess when co-prevalent and incident 

TB diagnoses appear to diverge, and analyse the outcomes using this cut-off. This analysis will be given 
equal weight to the analysis using a 56 day cut-off and will be used for the sensitivity and subgroup analysis.   

 

TPT. Although the number of weeks of TPT taken is intuitively a continuous variable, analysis of it in this 

form is subject to a number of challenges. First, the majority of contacts in the study setting do not take TPT, 

meaning the distribution is heavily skewed and includes a large number of zero values. Although this could 

be handled by using a zero-inflated regression model, we believe this would be inherently challenging for 

readers of the analysis to interpret and contextualise. Second, measuring the number of weeks of TPT taken 
at the six-month follow-up is complicated by the wide variability in when TPT is initiated. For example, for 

some contacts TPT may be initiated very rapidly after the patient starts treatment, but for others there may 

be a significant delay in initiating TPT whilst ACF is carried out. We have therefore chosen a pragmatic 

definition of completing TPT in people who are registered as having received 20 weeks of TPT, or who 

initiated TPT and are still adhering to it at the time of the six-month follow-up. This analysis will be 

supplemented by the analyses described above: comparing contacts initiating TPT and comparing TPT 

completion only among those who initiate it. We believe this approach is an optimal compromise and will 

provide meaningful data to readers and policy makers as they interpret the results.  
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Discussion of potential impact 
Although some NTPs already include basic socioeconomic support interventions in their activities, the 

CRESIPT study will be the first study to rigorously evaluate their health impact and cost-effectiveness.  

 

The CRESIPT study responds to the call of the WHO End TB Strategy and the Sustainable Development 

Goals for a more integrated approach to the control of diseases disproportionately affecting low- and middle-

income countries.7,144 In particular, it addresses increasing interest of the WHO to explore innovative 
interventions supporting the End TB Strategy and evaluating the feasibility and cost-effectiveness of primary 

prevention strategies addressing the social determinants of TB. For this reason, together with other initiatives 

in Brazil, Pakistan, and South Africa, the study has been already proposed as part of a collaborative network 

to undertake a multi-site evaluation of these interventions in settings characterised by a different social 

protection environment and TB epidemic profile. 

 

Sustainability and generalizability are core themes in the design of the socioeconomic intervention. The 
study has been designed through a decade long collaboration with the Peruvian NTP and is coherent with its 

objectives and those of all other key stakeholders. The socioeconomic intervention aims to be generalizable 

to other settings and is relatively inexpensive to deliver. The communities selected to be part of the study are 

typical of poor communities in the Lima/Callao area and are typical of many poor communities around the 

world. However positive the study findings, between-country variations will necessitate setting-specific 

adaptation to be applied elsewhere. We are aiming to provide strong evidence whether this approach to TB 

care and prevention is feasible and effective and can represent a model on which other studies can build 

alternative interventions using a cross-sectoral approach to address the social determinants of TB. Thus, the 
socioeconomic intervention has great potential to impact other settings and to inform and strengthen the End 

TB Strategy. 

 

In summary, if the CRESIPT study demonstrates that the socioeconomic intervention is effective for 

improving outcomes in TB-affected households, this would provide rigorous evidence strengthening policies 

and practices to reduce TB, associated distress, and impoverishment. 
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Tables and figures 
Table 4.1 Typical economic support provided in the CRESIPT study for a household affected by rifampicin-sensitive TB (RS-TB) if the patient and all contacts fully 
participate 

 ACF ACTIVITIES 

OTHER ACTIVITIES 

TOTALS 
TB club 

attendance 

Months of TB treatment or TPT** 
Treatment 
completion 

1 2 3 4 5 6 

Patient 40 40 40 40 40 40 40 40 40 360 

Contact 1 10 20 20 20 20 20 20 20 20 170 

Contact 2 10 20 20 20 20 20 20 20 20 170 

Contact 3 10 20 20 20 20 20 20 20 20 170 

Other social 
contacts 
(maximum 5)* 

90                90 

   

Total available 
for household 160 100 100 100 100 100 100 100 100 960 

Total available 
for peer 
mentor***  

0 50 50 50 50 50 50 50 50 400 

CRESIPT indicates Community Randomised Evaluation of a Socioeconomic Intervention to Prevent Tuberculosis. TB indicates tuberculosis. TPT indicates TB 
preventive treatment. ACF indicates active case-finding. All values are in Peruvian Nuevos Soles (PEN) 
*S/10 are provided per additional social contact screened to a maximum of five. Upon completion of screening all contacts and five social contacts, an additional 
S/40 are provided as a final incentive. If a screened person is diagnosed with TB and starts treatment, the patient who helped to screen them receives an additional 
S/100. 
**Some patients with RS-TB are prescribed treatment for longer than six months (eg. TB/HIV co-infection). In these circumstances, patients continue to receive S/40 
for each month of prescribed treatment. 
***Each peer mentor assigned to support a household receives half of the payments provided to the household, excluding payments provided for engagement in 
ACF activities because these are not anticipated to require peer mentor support. The peer mentor must be present at the recruitment household visit, and at the 
subsequent TB clubs, to receive these payments.  
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Table 4.2 Typical economic support provided in the CRESIPT study for a household affected by rifampicin-resistant TB (RR-TB) if the patient and all contacts fully 
participate 

  

ACF 
ACTIVITIES 

OTHER ACTIVITIES 

TOTALS 
TB club 

attendance 

Months of TB treatment or TPT** 
Treatment 
completion 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

Patient 40 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 1,640 

Contact 1 10 20                    30 

Contact 2 10 20                    30 

Contact 3 10 20                    30 

Other social 
contacts 
(maximum 5)* 

90                      90 

   

Total 
available for 
household 

160 140 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 80 1,820 

Total 
available for 
peer 
mentor*** 

0 70 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 830 

CRESIPT indicates Community Randomised Evaluation of a Socioeconomic Intervention to Prevent Tuberculosis. TB indicates tuberculosis. TPT indicates TB 
preventive treatment. ACF indicates active case-finding. All values are in Peruvian Nuevos Soles (PEN).  
*S/10 are provided per additional social contact screened to a maximum of five. Upon completion of screening all contacts and five social contacts, an additional 
S/40 are provided as a final incentive. If a screened person is diagnosed with TB and starts treatment, the patient who helped to screen them receives an additional 
S/100. 
**Some patients with RR-TB are prescribed treatment for longer than 18 months. In these circumstances, patients continue to receive S/80 for each month of 
prescribed treatment. 
***Each peer mentor assigned to support a household receives half of the payments provided to the household, excluding payments provided for engagement in 
ACF activities because these are not anticipated to require peer mentor support. The peer mentor must be present at the recruitment household visit, and at the 
subsequent TB clubs, to receive these payments. 
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Figure 4.1 Risk score for contacts aged ≥15 years, translated into English 



 

 93 



 

 94 

Figure 4.2 Risk sheet for other high-risk contacts, translated into English 
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Figure 4.3 Conceptual framework for how integration of the risk score with socioeconomic support aims to impact the outcomes 

 

TB indicates tuberculosis
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Figure 4.4 CONSORT flow diagram for the Community Randomised Evaluation of a Socioeconomic Intervention to Prevent Tuberculosis (CRESIPT) study 

 

TB indicates tuberculosis
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Figure 4.5 Illustrative timeline of the primary outcomes 

 

TB indicates tuberculosis. Contact 1 is not known to have a TB diagnosis and completes final follow-up, censored at 18 months (548 days). Contact 2 is not known 

to have a TB diagnosis but is lost to follow-up before 548 days, censored at the date he/she was last known to be alive and not have a TB diagnosis. Contact 3 has 

a TB diagnosis after the cut-off point used to define the primary outcomes, which is thus considered as preventable “incident TB” - outcome 2. Contact 4 has a TB 

diagnosis before the cut-off point used to define the primary outcomes, which is thus considered non-preventable “co-prevalent TB” – outcome 1.
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 - Secondary outcomes of the CRESIPT study 
This chapter builds upon the peer-reviewed, published abstract: Saunders MJ et al. “Socioeconomic support 

to improve tuberculosis screening and preventive therapy completion in tuberculosis-affected households in 

Peru: a cluster randomised trial.” Int J Tuberc Lung Dis 2019; 23(10 Suppl 1): S581. This abstract was 

presented as an oral presentation at the Union/CDC late breaker session on TB at the 50th Union World 

Conference on Lung Health, Hyderabad, 2019: https://hyderabad.worldlunghealth.org/wp-

content/uploads/2019/11/20191101_UNION2019_Abstracts_Final.pdf; presented at the Official Press 
Conference on TB prevention: https://www.youtube.com/watch?v=rPXiJ43gbh0; and highlighted in the 

scientific highlights of the conference: https://hyderabad.worldlunghealth.org/2019/11/scientific-highlights-

saturday-2-november/. This chapter will subsequently be adapted into a manuscript and submitted to a peer-

reviewed journal for publication.  

 

As described previously, the candidate has been a key member of the CRESIPT study management group, 

leading data collection and analysis activities related to TB case-finding and prevention among contacts of 
patients with TB.  

 

Introduction 
The study presented in Chapter 2 described the high risk of developing TB among adult contacts of index 

patients with TB and demonstrated the potential value of ACF for improving case-finding in this population. 

The study presented in Chapter 3 described the derivation and external validation of an individual-level risk 

score for predicting TB among adult contacts of index patients with TB, facilitating targeted ACF and TPT for 

contacts at highest risk. Chapter 4 described how this risk score was integrated within a community 
randomised trial of socioeconomic support for TB-affected households – the CRESIPT study – in order to 

facilitate targeted ACF and TPT for contacts at high risk. This chapter reports the impact of this integrated 

intervention on the CRESIPT secondary outcomes – ACF and TPT completion.  
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Methods 
The methods for the research presented in this chapter, including the statistical analysis plan, are described 

in detail in the following sections of this thesis: “Chapter 1 - Introduction” and “Chapter 4 - The CRESIPT 

study: A Community Randomised Evaluation of a Socioeconomic Intervention to Prevent TB”.  

 

Briefly, the CRESIPT study was a community randomised trial assessing socioeconomic support for TB-

affected households (patients with TB and their contacts) in 32 desert shantytown and urban communities in 
Peru. In 16 randomly selected supported communities, socioeconomic intervention activities were led by 

peer mentors (recovering patients with TB) and consisted of integrated social support constituting household 

visits and TB clubs providing information, peer support, and assessment of TB risk; and economic support 

constituting cash transfers as incentives and enablers. These were compared with 16 randomly selected 

comparison communities that did not receive the socioeconomic intervention. All healthcare was provided 

free of direct charges at participating MINSA-run health posts. The CRESIPT secondary outcomes are 

reproduced here directly from Chapter 4 for reference. Analysis of these outcomes involves inclusion of 
random effects to adjust for community clustering: 

 

1. “ACF (TB screening)”. Measured using NTP records as the proportion of contacts of patients with TB who 

complete TB screening. Completing TB screening is defined as completing a face-to-face consultation with a 

medical doctor in a participating health post to be assessed for TB symptoms and decide whether or not to 

initiate TPT. This is commonly termed contact investigation and is termed ACF for the purposes of this thesis 

to provide resonance with the definition of programmatic ACF described in Chapter 2 and Table 2.1. 

 
2. “TPT”. Measured using NTP records as the number of weeks of TPT taken by the contacts of patients with 

TB. Completing TPT is defined in people who are registered as having received at least 20 weeks of TPT, or 

who initiated TPT and are shown by NTP records or by their self-report to still be completing the six-month 

course. 
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Results 
Baseline characteristics 
Recruitment to the CRESIPT study commenced on the 18th November 2016 and continued until the 17th 

November 2018 (Figure 5.1). In total, 1,623 index patients with TB were recruited; 813 in the supported 

communities and 810 in the comparison communities. In the supported communities, 3.7 contacts were 

identified per index patient totalling 2,993 people, of whom 87% (2,600/2,993) were eligible and recruited. 

Therefore, 3.2 contacts were recruited per index patient. The median age was 22 years (IQR=9-42) and 44% 
(1,135/2,600) were male. In the comparison communities, 3.1 contacts were identified per index patient 

totalling 2,516 people, of whom 83% (2,099/2,517) were eligible and recruited. Therefore, 2.6 contacts were 

recruited per index patient. The median age was 24 years (IQR=9-44) and 41% (868/2,099) were male. 

There were no substantial baseline imbalances between contacts in the two groups, although HIV 

prevalence was slightly higher among index patients in the comparison communities compared to the 

supported communities (8.9% versus 6.0%) (Table 5.1). No adjusted analyses were performed for the 

analyses presented in this chapter because index patient HIV status was not considered to be a confounding 
variable for ACF and TPT completion. 

 
ACF completion 
98% (2,536/2,600) of contacts in the supported communities and 94% (1,981/2,099) of contacts in the 

comparison communities had data available on completion of ACF and were included in the analysis. 

Because ACF was not reliably recorded in NTP records during the study, this outcome was principally 

ascertained through self-report at the six-month follow-up. Overall, contacts in the supported communities 

were significantly more likely to complete ACF than contacts in the comparison communities (60% 
[1,512/2,536] versus 39% [778/1,981], OR=2.5 [95%CI=1.6-4.1], p<0.0001) (Figure 5.2). In a post-hoc 

analysis, contacts in the supported communities were significantly more likely to give at least one sputum 

sample for smear microscopy testing (79% [2,013/2,533] versus 71% [1,418/1,987], OR=1.5 [95%CI=1.1-

2.2], p=0.02). Considering only those contacts aged ≥15 years (i.e. the age group that in this setting is 

recommended to undergo sputum testing for TB125), this result remained statistically significant (90% 

[1,456/1,614] versus 84% [1,070/1,274], OR=1.6 [95%CI=1.0-2.7], p=0.05). However, it should be noted that 

the great majority (84%) of contacts eligible to provide a sputum sample for testing did so without receiving 
any socioeconomic intervention.  

 
TPT completion 
All contacts in both the supported and comparison communities had data available on completion of TPT, 

which was generally completely recorded in NTP records as part of the prescription process and further 

supplemented by self-report at the six-month follow-up. Contacts in supported communities were significantly 

more likely to initiate TPT than contacts in comparison communities (46% [1,191/2,600] versus 16% 

[340/2,099], OR=4.3 [95%CI=2.8-6.6], p<0.0001). Among contacts who initiated TPT, those in the supported 
communities were significantly more likely to complete it than those in the comparison communities (86% 

[1,029/1,191] versus 65% [221/340], OR=3.0 [95%CI=1.7-5.3], p<0.0001). Therefore, overall, contacts in the 

supported communities were significantly more likely to complete TPT than contacts in the comparison 

communities (40% [1,029/2,600] versus 11% [221/2,099], OR=5.3 [95%CI=3.4-8.3], p<0.0001) (Figure 5.2).  
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Subgroup analyses 
Pre-specified subgroup analyses stratified by age; participation in intervention activities; index patient 

treatment scheme; poverty; and risk group for contacts aged ≥15 years defined using the risk score derived 

in Chapter 3 are shown in Table 5.2. The effect of the intervention for increasing ACF completion was 

consistent across age groups, with no evidence of effect modification (Figure 5.3a). For TPT completion, the 

effect of the intervention was significant in each age group and was greatest among contacts aged ≥20 years 
(OR=41, 95%CI=19-87) and lower among contacts aged <5 years (OR=2.1, 95%CI=1.2-3.7) (p value for 

effect modification<0.0001, Figure 5.3b). Contacts in supported communities who did not participate in 

intervention activities (i.e. did not attend a TB club) had similar ACF and TPT completion to contacts in 

comparison communities (OR=0.98, 95%CI=0.60-1.6 and OR=1.5, 95%CI=0.91-2.5 respectively). In 

contrast, contacts in supported communities who attended at least one TB club had significantly higher ACF 

and TPT completion compared to contacts in the comparison communities (OR=4.1, 95%CI=2.5-6.7 and 

OR=8.5, 95%CI=5.2-14 respectively) (p value for effect modification<0.0001, Figure 5.3a and Figure 5.3b). 

The effect of the intervention for increasing ACF completion was similar between contacts of index patients 
treated for RS-TB and contacts of index patients treated for RR-TB. However, the effect of the intervention 

was greater for increasing TPT completion among contacts of index patients treated for RS-TB (OR=5.7, 

95%CI=3.6-9.0) compared to contacts of index patients treated for RR-TB (OR=1.5, 95%CI=0.62-3.6) (p 

value for effect modification=0.001). Among contacts aged ≥15 years, the effect of the intervention for 

increasing ACF and TPT completion was similar across risk groups. Although there was a trend for the effect 

of the intervention increasing TPT completion being greatest among contacts classified as the low risk group, 

the low numbers of contacts aged ≥15 years in comparison communities completing TPT resulted in wide, 
overlapping confidence intervals between subgroups, making this result difficult to interpret.  
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Discussion 
In this community randomised trial of socioeconomic support for TB-affected households in Peru, contacts of 

patients with TB in supported communities were nearly twice as likely to complete ACF and four-times as 

likely to complete TPT compared to contacts in comparison communities who did not receive socioeconomic 

support. These important findings provide rigorous evidence demonstrating the value of socioeconomic 

interventions for improving equitable access to healthcare among members of TB-affected households, 

informing the implementation, adaptation, and scale-up of these interventions in other low- and middle-
income countries.  

 

Mathematical modelling studies have suggested that TB elimination can only be achieved if ACF and prompt 

effective treatment for TB are integrated with efforts to prevent TB among high-risk groups.145,146 As the 

research described in this thesis has demonstrated, contacts of patients with TB are one such high-risk 

group and are therefore considered a priority for ACF and TPT in the WHO End TB Strategy.6 Despite strong 

evidence for their impact34,35, implementation of these interventions for contacts has been suboptimal, 
particularly in the low- and middle-income countries where most TB occurs globally, with contacts lost at 

various steps in the so-called “cascade of care”.37 This is reflected in our setting by the fact that only 

approximately four in 10 contacts in comparison communities completed ACF and only one in 10 completed 

TPT. Although a higher proportion of contacts completed partial ACF activities (e.g. giving one or two sputum 

samples for smear microscopy testing as is typical in Peru), our definition of completing ACF was 

deliberately chosen to include completing a clinical evaluation to rule out active TB because contacts should 

usually only be prescribed TPT after completing this evaluation. The low proportion of contacts in 

comparison communities completing TPT can also partially be explained by the fact that national guidelines 
emphasise TPT principally for children and adolescents (see Chapter 4)125 who account for only a minority of 

contacts. However, even among contacts in comparison communities aged <5 years only one in three 

completed TPT. In contrast, providing socioeconomic support to contacts significantly and equitably 

increased completion of both ACF and TPT. Importantly, contacts in supported communities were both more 

likely to initiate TPT and subsequently adhere to and complete the recommended course, maximising its 

potential effectiveness.91–94  

 
A novel aspect of this study was the use of a simple individual-level risk score to inform contacts aged ≥15 

years of their risk of developing TB.52 This risk score aimed to identify the relatively small number of adult 

contacts at highest risk of TB and, by providing them and their healthcare provider this information, maximise 

completion and impact of ACF and TPT. Although integrating the use of the risk score with socioeconomic 

support resulted in a large increase in TPT completion among adult contacts, the effectiveness of the 

intervention was not limited to those at highest risk as similar proportions of contacts completed TPT in each 

of the pre-defined low, medium, and high-risk groups. Feedback from members of TB-affected households 

and the study team suggests that this was because if an adult contact at higher risk of developing TB 
initiated TPT, it was common for all members of the same household to also initiate TPT, including the more 

numerous contacts defined as low- and medium-risk. Healthcare providers similarly reported that it was 

logistically easier to provide TPT to all contacts at the household level, rather than identifying and following 

up a small number of higher-risk contacts from a large number of disparate households. Taken together, 

these experiences suggest that a risk score may be easier to use and have more practical value if it could be 
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used at the time of patient diagnosis to identify households in which contacts are at high risk of TB. ACF and 

TPT could then be efficiently provided to all household members and integrated with other interventions to 

reduce poverty-related TB risk factors at the household-level, such as providing clean cooking utilities to 

reduce indoor air pollution.109 This concept is considered in greater detail in Chapter 7. 

 

Overall, approximately one in two child contacts and one in three adult contacts in supported communities 
completed TPT. Although this was markedly higher than in comparison communities, the finding that the 

majority did not complete TPT despite it being integrated with socioeconomic support highlights an important 

area for improvement in future research and practice. Although TPT is not indicated for all contacts in Peru 

(see Chapter 4), NTPs in low- and middle-income countries are currently aiming to scale up TPT provision in 

response to updated WHO guidance.43 Tools such as the risk score used in this study can help to facilitate 

this by guiding decision making, maximising the potential benefit of TPT and avoiding unnecessary 

treatment-related adverse events in contacts at lower risk of developing TB. A recent mathematical 

modelling study suggested that in high-burden settings, providing TPT to all contacts would have significant 
public health impact and that the risk of treatment-related adverse events could be minimised by using 

treatment regimens that do not contain isoniazid and, for adult contacts, by focusing treatment on contacts 

with a positive TST.31 However, widespread use of TST is associated with significant logistical challenges 

and is a major barrier to TPT initiation37, whilst only having limited value for predicting incident disease.75–77 

Further prospective research should compare different programmatic approaches to TPT provision, 

potentially evaluating a “treat-all” versus “treat if TST-positive” versus an “individualised approach to TPT” 

(as conceptualised in this study). Such research should evaluate the public health impact of these different 
approaches, as well as characterising adverse events and costs to generate a robust evidence base so that 

NTPs can make informed decisions based on their local epidemiological profile and resource availability.  

 
This study builds on the results of our previous studies in Peru evaluating socioeconomic interventions for 

TB-affected households, providing rigorous evidence to support a biosocial approach to ending the TB 

epidemic.14,15 Broadly, this refers to the integration of biomedical interventions with socioeconomic 

interventions to address the poverty-related TB risk factors that principally drive global TB incidence.4 In this 

study, conditional cash transfers were integrated with household visits and community mobilisation meetings 
(TB clubs), which involved the provision of information and peer support aiming to reduce TB stigma and 

empower contacts to access the biomedical healthcare provided free of direct charges at participating health 

posts. This integration of social and economic support is important because whilst global TB policy 

principally focuses on economic support alone to reduce TB-related catastrophic costs6, participants in our 

research have consistently valued social support more highly than economic support.147 Furthermore, only 

contacts who engaged with the social support aspects of the intervention had improved ACF and TPT 

completion, which suggests that economic support alone might have limited impact on health-related 

outcomes.148,149 Future research should therefore compare whether providing relatively lower cost social 
support alone can achieve similar improvements in TB care and prevention indicators compared to the 

integrated socioeconomic support offered in this study, and economic support alone.  

 

Strengths of this study include the rigorous community randomised design with a large sample size, high 

recruitment and follow-up rates, and standardisation of the social and economic support, maximising 
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potential applicability in other settings. Although some contacts could not be recruited, the proportion 

refusing was very low and many of those who were missed could not be recruited because they were not in 

Lima at the time of recruitment. Nevertheless, more research is required to evaluate how these 

socioeconomic interventions can be most cost-effectively implemented in settings with different 

characteristics, including settings with a high HIV prevalence. The study also had several limitations. First, 

ACF and TPT completion were measured using NTP records and self-report, which are potentially prone to 
reporting bias and cannot take into account possible non-adherence to the prescribed and dispensed doses 

of TPT. This is important because multiple studies have demonstrated that a significant proportion of 

prescribed and dispensed doses of TPT have not been taken, especially among people who are not acutely 

unwell.150,151 Second, a higher number of contacts were identified per patient in supported communities 

compared to comparison communities. This could be an unintended consequence of the cluster 

randomisation, or because patients in supported communities declared more contacts in the hope of 

receiving greater financial incentives. However, contacts were declared to the study team before it was 

explained to household members that they would be offered socioeconomic support, and, importantly, there 
were no significant baseline imbalances between contacts in the two groups. Third, because of the nature of 

the intervention, TB-affected households and the study team could not be blinded to allocation.  

 
In conclusion, the CRESIPT study has rigorously demonstrated the potential of socioeconomic interventions 

to improve equitable access to healthcare among contacts of patients with TB. Whether these improvements 

impacted the long-term health outcomes of contacts will be addressed in the next chapter.  
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Tables and figures 
Table 5.1 Baseline characteristics of the study population 

 
 
  

Allocation 

INDEX PATIENT CHARACTERISTICS Supported 
communities (n=813) 

Comparison 
communities (n=810) 

Age (years) 
Median (IQR) 28 (21-45) 30 (21-47) 
Number with data missing 0 0 

Sex 
Male 493 (61) 521 (64) 
Female 320 (39) 289 (36) 
Number with data missing 0 0 

Treatment scheme 
Rifampicin sensitive 732 (90) 713 (88) 
Rifampicin resistant 81 (10) 97 (12) 
Number with data missing 0 0 

Type of tuberculosis and 
sputum smear grade 

Extra-pulmonary 111 (14) 131 (17) 
Pulmonary smear negative, clinically diagnosed 124 (15) 122 (15) 
Pulmonary smear negative, laboratory confirmed 117 (14) 128 (16) 
Pulmonary smear + 179 (22) 171 (21) 
Pulmonary smear ++ 125 (16) 131 (16) 
Pulmonary smear +++ 157 (20) 127 (16) 
Number with data missing 0 0 

HIV infection 
Uninfected 764 (94) 738 (91) 
Infected 49 (6.0) 72 (8.9) 
Number with data missing 0 0 

HOUSEHOLD CHARACTERISTICS Supported 
communities (n=813) 

Comparison 
communities (n=810) 

Total household monthly 
income (PEN)  

Median (IQR) 1,300 (800-2,000) 1,210 (850-2,000) 
Number with data missing 0 1 

Total household weekly 
spending on food (PEN)  

Median (IQR) 175 (140-210) 175 (125-210) 
Number with data missing 15 8 

Household crowding  

No 432 (53) 480 (5) 
Yes 377 (47) 327 (41) 
Number with data missing 4 3 

Poverty tercile* 

Poorest tercile 278 (35) 285 (37) 
Poor tercile 264 (33) 259 (33) 
Less poor tercile 253 (32) 230 (30) 
Number with data missing 18 36 

CONTACT CHARACTERISTICS Supported 
communities (n=2,600) 

Comparison 
communities (n=2,099) 

Age (years) 
Median (IQR) 22 (9-42) 24 (9-44) 
Number with data missing 0 1 

Sex 
Male 1,135 (44) 868 (41) 
Female 1,465 (56) 1,231 (59) 
Number with data missing 0 0 

Previous tuberculosis  

No 2,415 (93) 1,950 (93) 
Yes 181 (7.0) 147 (7.0) 
Number with data missing 4 2 

Number of hours per 
day spent in the same 
room as the index 
patient in the two weeks 
before treatment started 

Mean (SD) 6 (2-12) 6 (2-12) 

Number with data missing 1 2 

IQR indicates interquartile range. SD indicates standard deviation. PEN indicates Peruvian Nuevos Soles.  
Data are n (%) unless otherwise stated 
*Poverty tercile was defined using a visual analogue nurse assessment at the time of the recruitment 
household visit.  
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Table 5.2 Subgroup analyses for active case-finding and tuberculosis preventive treatment completion 

 

Contacts in 
supported 

communities 
% (n) 

Contacts in 
comparison 
communities 

% (n) 

OR (95%CI) 
Supported vs. 
comparison 

p value 
p value for 

effect 
modification 

Subgroup analyses for completing active case-finding 

Age 

<5 years 77 (269/351) 57 (150/262) 2.5 (1.4-4.6) 0.003 

0.7 
5-14 years 71 (405/570) 51 (227/449) 2.6 (1.5-4.5) 0.001 

15-19 years 60 (120/217) 40 (60/152) 2.1 (1.1-4.0) 0.03 

≥20 years 51 (718/1,398) 31 (341/1,116) 2.8 (1.7-4.6) <0.0001 

Participation in 
intervention 
activities* 

No TB club 37 (295/795) 39 (778/1,981) 0.98 (0.60-1.6) 0.96 
<0.0001 

At least one TB club 70 (1,217/1,741) 39 (778/1,981) 4.1 (2.5-6.7) <0.0001 

Index patient 
treatment 
scheme 

Rifampicin sensitive 59 (1,351/2,284) 38 (666/1,764) 2.6 (1.6-4.2) <0.0001 
0.2 

Rifampicin resistant 64 (161/252) 52 (112/217) 2.0 (1.1-3.6) 0.03 

Poverty 

Poorest 65 (530/814) 43 (292/674) 3.3 (2.0-5.6) <0.0001 

0.05 Poorer 58 (460/793) 39 (268/683) 2.3 (1.4-3.9) 0.001 

Less poor 56 (516/918) 33 (192/582) 2.3 (1.4-3.8) 0.002 

Risk group for 
contacts aged 
≥15 years 

Low 47 (322/688) 29 (168/570) 2.4 (1.4-4.1) 0.002 

0.3 Medium 56 (359/639) 31 (138/444) 3.1 (1.8-5.4) <0.0001 

High 54 (153/282) 38 (93/245) 2.7 (1.4-4.8) 0.002 

Subgroup analyses for completing TB preventive treatment 

Age 

<5 years 54 (200/367) 34 (95/276) 2.1 (1.2-3.7) 0.01 

<0.0001 
5-14 years 56 (324/581) 22 (104/471) 4.4 (2.5-7.5) <0.0001 

15-19 years 43 (96/223) 6.9 (11/160) 8.7 (3.8-20) <0.0001 

≥20 years 29 (409/1,429) 0.9 (11/1,191) 41 (19-87) <0.0001 

Participation in 
intervention 
activities* 

No TB club 17 (146/840) 11 (221/2,099) 1.5 (0.91-2.5) 0.1 
<0.0001 

At least one TB club 50 (883/1,760) 11 (221/2,099) 8.5 (5.2-14) <0.0001 

Index patient 
treatment 
scheme 

Rifampicin sensitive 43 (1,008/2,332) 11 (209/1,866) 5.7 (3.6-9.0) <0.0001 
0.001 

Rifampicin resistant 7.8 (21/268) 5.2 (12/233) 1.5 (0.62-3.6) 0.4 

Poverty 

Poorest 41 (347/849) 13 (91/712) 5.1 (3.1-8.4) <0.0001 

0.4 Poorer 43 (350/815) 9.1 (65/716) 6.3 (3.8-11) <0.0001 

Less poor 35 (328/933) 10 (61/620) 4.8 (2.8-8.0) <0.0001 

Risk group for 
contacts aged 
≥15 years 

Low 28 (195/699) 0.5 (3/603) 85 (22-330) <0.0001 

0.04 Medium 35 (231/653) 2.3 (11/474) 26 (9.9-67) <0.0001 

High 26 (77/293) 2.7 (7/264) 16 (5.4-48) <0.0001 

TB indicates tuberculosis. OR indicates odds ratio.  
 *For participation, both subgroups of contacts in the supported communities (i.e. those who did not attend a 
club and those who attended at least one TB club) are compared to all contacts in the comparison 
communities. 
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Figure 5.1 Study profile 

 
TB indicates tuberculosis
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Figure 5.2 Active case-finding and tuberculosis (TB) preventive treatment completion comparing contacts in supported versus comparison communities 
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Figure 5.3 Active case-finding and tuberculosis preventive treatment completion comparing contacts in supported versus comparison communities stratified by age 
group and participation in socioeconomic intervention activities 

Figure 5.3a Active case-finding 
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Figure 5.3b Tuberculosis preventive treatment 

 

 
 



 

 111 

 - Primary outcomes of the CRESIPT study 
This chapter presents a provisional analysis of the CRESIPT primary outcomes related to contacts of 

patients with TB. At the time of writing, over 90% of households had completed final follow-up approximately 

18 months after recruitment. Upon completion of follow-up, these results will be re-analysed, adapted into a 

manuscript, and submitted to a peer-reviewed journal for publication.  

 

As described previously, the candidate has been a key member of the CRESIPT study management group, 

leading data collection and analysis activities related to TB case-finding and prevention among contacts of 

patients with TB.  

 

Introduction 
Chapter 5 presented the impact of the socioeconomic intervention evaluated in the CRESIPT study, 

integrated with the use of the TB risk score described in Chapter 3, on ACF and TPT completion among 

contacts. These secondary outcomes of the CRESIPT study showed large increases in the proportions of 

contacts who completed ACF and TPT in supported communities versus comparison communities, 

demonstrating the potential of socioeconomic interventions to improve equitable access to healthcare among 

contacts of patients with TB. Two of the three primary outcomes of the CRESIPT study concern the long-

term health outcomes of contacts and this chapter reports both of these outcomes.  
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Methods 
The methods for the research presented in this chapter, including the statistical analysis plan, are described 

in detail in the following sections of this thesis: “Chapter 1 - Introduction” and “Chapter 4 - The CRESIPT 

study: A Community Randomised Evaluation of a Socioeconomic Intervention to Prevent TB”.  

 

Briefly, the CRESIPT study was a community randomised trial assessing socioeconomic support for TB-

affected households (patients with TB and their contacts) in 32 desert shantytown and urban communities in 

Peru. In 16 randomly selected supported communities, socioeconomic intervention activities were led by 

peer mentors (recovering patients with TB) and consisted of integrated social support constituting household 

visits and TB clubs providing information, peer support, and assessment of TB risk; and economic support 

constituting cash transfers as incentives and enablers. These were compared with 16 randomly selected 

comparison communities that did not receive the socioeconomic intervention. All healthcare was provided 

free of direct charges at participating MINSA-run health posts. Two of the three CRESIPT primary outcomes 

concern TB in contacts and these outcomes are reproduced here directly from Chapter 4 for reference. 

Analysis of these outcomes involved inclusion of random effects to adjust for community clustering: 

 

1. “Find TB in those at high risk.” TB diagnosis in the contacts of patients with TB during the first eight weeks 

from when the patient with TB initiated treatment is measured by reviewing NTP records when patient 

treatment ends, and follow-up constituting an interview for self-reported incident TB approximately 18 

months after recruitment. 

 

2. “Prevent TB in patient households.” TB diagnosis in the contacts of patients with TB at any time from eight 

weeks after the patient with TB initiated treatment is measured by reviewing NTP records when patient 

treatment ends, and follow-up constituting an interview for self-reported incident TB and a prevalence survey 

to test for laboratory proven prevalent TB approximately 18 months after recruitment. 

 

The above eight week (56 day) cut-off between these two primary outcomes was stated in the CRESIPT 

study trial registration.115 For the reasons described in Chapter 4, the 56 day cut-off between these two 

primary outcomes is arbitrary and may not be optimal. In the CRESPT study statistical analysis plan an 

alternative analysis was pre-planned in which the data should be inspected to assess when TB diagnoses 

appeared to diverge between contacts in supported communities and contacts in comparison communities, 

and the outcomes analysed using this cut-off point. This analysis was given equal weight to the analysis 

using a 56 day cut-off and was used for the adjusted, sensitivity, and subgroup analyses.   
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Results 
Baseline characteristics (reproduced identically from Chapter 5) 

Recruitment to the CRESIPT study commenced on the 18th November 2016 and continued until the 17th 

November 2018 (Figure 6.1). In total, 1,623 index patients with TB were recruited; 813 in the supported 

communities and 810 in the comparison communities. In the supported communities, 3.7 contacts were 

identified per index patient totalling 2,993 people, of whom 87% (2,600/2,993) were eligible and recruited. 

Therefore, 3.2 contacts were recruited per index patient. The median age was 22 years (IQR=9-42) and 44% 

(1,135/2,600) were male. In the comparison communities, 3.1 contacts were identified per index patient 

totalling 2,516 people, of whom 83% (2,099/2,517) were eligible and recruited. Therefore, 2.6 contacts were 

recruited per index patient. The median age was 24 years (IQR=9-44) and 41% (868/2,099) were male. 

There were no substantial baseline imbalances between contacts in the two groups, although HIV 

prevalence was slightly higher among index patients in the comparison communities compared to the 

supported communities (8.9% versus 6.0%) (Table 6.1). Because contacts of index patients with HIV 

infection might be at lower risk of TB than contacts of index patients without HIV infection152, an analysis was 

also performed adjusting for this.  

 

Overall TB incidence 

In the comparison communities, TB was diagnosed in 3.9% (82/2,099) of contacts during 2,912 person-years 

of follow-up, equating to an IR of 2.8/100 person-years (95%CI=2.3-3.5). In the supported communities, TB 

was diagnosed in 2.5% (65/2,600) of contacts during 3,654 person-years of follow-up, equating to an IR of 

1.8/100 person-years (95%CI=1.4-2.3). The overall cumulative incidence of TB among contacts is shown in 

Figure 6.2. TB incidence began to diverge between the two groups after seven days from when the index 

patient initiated TB treatment. Therefore, in addition to analysing the primary outcomes using a cut-off point 

of 56 days (see Chapter 4), we also analysed them using this cut-off point of seven days (including day 

seven in the analysis of “FIND TB”).  

 

Find TB  

During the first seven days from when the index patient initiated TB treatment, TB was diagnosed in 0.48% 

(10/2,099) of contacts in the comparison communities during 40 person-years of follow-up, an IR of 25/100 

person-years (95%CI=13-46). In the supported communities, TB was diagnosed in 0.5% (13/2,600) of 

contacts during 50 person-years of follow-up, an IR of 26/100 person-years (95%CI=15-45). There was no 

significant difference in TB diagnosed during the first seven days comparing contacts in supported 

communities with those in comparison communities (HR=1.1 [95%CI=0.46-2.4], p=0.9) (Figure 6.3). 

Adjusting for index patient HIV infection did not change this result (aHR=1.0 [95%CI=0.44-2.4], p=0.9). 

Subgroup analyses either showed no effect modification or were unable to be performed because some 

subgroups had no events (Table 6.2). Although the overall test for effect modification was significant for 

poverty, this result should be interpreted with caution because of the low number of events and wide, 

overlapping confidence intervals for the IRs between the two groups.  

 

In addition to the above analysis strategy defined in the CRESIPT study statistical analysis plan, the 

following analysis was also performed as planned in the CRESIPT study trial registration. During the first 56 

days from when the index patient initiated TB treatment, TB was diagnosed in 1.6% (33/2,099) of contacts in 
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the comparison communities during 317 person-years of follow-up, an IR of 10/100 person-years 

(95%CI=7.4-15). In the supported communities, TB was diagnosed in 1.0% (27/2,099) of contacts during 394 

person-years of follow-up, an IR of 6.8/100 person-years (95%CI=4.7-10). There was no significant 

difference in TB diagnosed during the first 56 days comparing contacts in supported communities with those 

in comparison communities (HR=0.74 [95%CI=0.36-1.5], p=0.4) (Figure A.1 in the Appendix)  

 

Prevent TB 

After the first seven days from when the index patient initiated TB treatment until a maximum of 18 months, 

TB was diagnosed in 3.5% (72/2,086) of contacts in the comparison communities during 2,872 person-years 

of follow-up, an IR of 2.5/100 person-years (95%CI=2.0-3.2). In the supported communities, TB was 

diagnosed in 2.5% (65/2,579) of contacts during 3,604 person-years of follow-up, an IR of 1.4/100 person-

years (95%CI=1.1-1.9). Contacts in supported communities had a significantly lower risk of TB diagnosis in 

this period than contacts in comparison communities (HR=0.58 [95%CI=0.40-0.85], p=0.005) (Figure 6.4). 

Adjusting for index patient HIV infection did not change this result (HR=0.58 [95%CI=0.39-0.85], p=0.005). In 

the sensitivity analysis without an upper time limit on censoring, this result remained statistically significant 

(HR=0.67 [95%CI=0.47-0.94], p=0.02). Subgroup analyses showed a consistent effect of the intervention 

without any evidence of effect modification (Table 6.2).  

 

In addition to the above analysis strategy defined in the CRESIPT study statistical analysis plan, the 

following analysis was also performed as planned in the CRESIPT study trial registration. After the first 56 

days from when the index patient initiated TB treatment until a maximum of 18 months, TB was diagnosed in 

2.4% (49/2,055) of contacts in the comparison communities during 2,595 person-years of follow-up, an IR of 

1.9/100 person-years (95%CI=1.4-2.5). In the supported communities, TB was diagnosed in 1.4% (38/2,565) 

of contacts during 3,259 person-years of follow-up, an IR of 1.2/100 person-years (0.85-1.6). Contacts in 

supported communities had a significantly lower risk of TB diagnosis in this period than those in comparison 

communities (HR=0.62 [95%CI=0.39-0.98), p=0.04) (Figure A.2 in the Appendix).  
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Discussion 
In this community randomised trial of socioeconomic support for TB-affected households in Peru, contacts of 

patients with TB in supported communities were approximately 40% less likely to develop TB compared to 

contacts in comparison communities who did not receive socioeconomic support. Whilst our previous 

research has demonstrated the potential of socioeconomic interventions for improving equitable access to 

healthcare among contacts of patients with TB72,87, the CRESIPT study is the first to evaluate their long-term 

impact on health outcomes. These results provide rigorous evidence supporting the biosocial approach to 

ending the TB epidemic outlined in the WHO End TB Strategy, which calls for the integration of biomedical 

interventions with socioeconomic interventions to address the poverty-related TB risk factors that principally 

drive global TB incidence.4,6  

 

The intervention evaluated in the CRESIPT study consisted of integrated social and economic support for 

members of TB-affected households, which continued for the duration of the patient’s TB treatment. This 

intervention is likely to have prevented TB among contacts through three principal mechanisms. First, as 

described in Chapter 5, contacts in supported communities were significantly more likely to initiate and 

complete six months of TPT compared to contacts in comparison communities. Social support consisting of 

household visits and TB clubs provided information, assessment of TB risk, and peer support to help reduce 

TB stigma and inform and empower contacts to access the healthcare provided free of direct charges at 

participating MINSA-run health posts. This was complemented by economic support, which in this context 

acted as an incentive for contacts to initiate and complete TPT and enabled them to do so by defraying their 

costs (e.g. the cost of travel to the health post).25 TPT is highly effective for preventing TB91–94 and its 

provision for a greater proportion of contacts has the potential to have an important impact on TB incidence, 

particularly among children.31,33 Second, providing socioeconomic support to households at risk of TB-related 

impoverishment is likely to have reduced poverty-related TB risk factors such as acute food insecurity by 

defraying TB-related costs and preventing catastrophic costs.16,124 Third, socioeconomic support is likely to 

have reduced TB transmission from index patients to contacts by increasing the proportion of patients who 

achieved long-term cure.153,154 

 

Although the socioeconomic intervention evaluated in the CRESIPT study significantly prevented TB among 

contacts, it had no detectable impact on TB diagnosed during the first 56 days from when the index patient 

initiated TB treatment. During study design and planning, we hypothesised that providing socioeconomic 

support to contacts would improve completion of the ACF provided at participating MINSA-run health posts 

and that this would result in an increase in TB diagnosed during the period immediately following index 

patient treatment initiation. Indeed, contacts in supported communities were significantly more likely to 

complete the study definition of ACF, which included completing a medical consultation to be assessed for 

TB symptoms and decide whether or not to initiate TPT (see Chapter 5). However, TB rates in contacts in 

the supported communities were never higher than contacts in the comparison communities and were 

beginning to diverge and decrease relative to contacts in the comparison communities after seven days from 

when the index patient initiated treatment. There are two probable explanations for this. First, although fewer 

contacts in comparison communities completed the study definition of ACF, which was chosen principally 

because of its relevance to the TPT cascade of care37, approximately 85% of contacts aged ≥15 years 

participated in partial ACF activities by giving at least one sputum sample for testing using smear microscopy 
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(see Chapter 5). The socioeconomic intervention aimed only to incentivise and enable contacts to access the 

healthcare being provided at participating MINSA-run health posts, which is typically limited to a baseline 

evaluation for TB and sputum testing using smear microscopy. Because this baseline sputum smear 

microscopy testing was completed by almost all eligible contacts in the comparison communities (although 

often without complementary clinical evaluation), there was limited capacity to further increase case-finding 

without implementing a more comprehensive screening strategy. Indeed, our previous research described in 

Chapter 2 and the results of a large cluster randomised trial of ACF among contacts in Vietnam have both 

highlighted the importance of repeat screening among contacts using more sensitive diagnostic tests in order 

to optimise the yield of ACF.57,136 Second, the intervention concurrently aimed to improve access to ACF and 

thus increase detection of TB, whilst also preventing TB by improving access to TPT, improving patient care, 

and reducing poverty-related TB risk factors. TPT initiation and completion were approximately four-times 

higher among contacts in the supported communities, potentially preventing TB during the first 56 days and 

therefore underestimating the effect of the intervention for increasing TB case-finding in this time period. 

Similarly, the effect of the intervention for preventing TB may be an underestimate because if a contact 

developed TB symptoms at any time during the 18-month follow-up, they are likely to have benefited from 

improved PCF through having received at least six months of socioeconomic support (including education 

concerning TB symptoms and the importance of early TB diagnosis). 

 

The results from the CRESIPT study provide evidence to underpin the expansion of socioeconomic 

interventions for TB-affected households in low- and middle-income countries. However, a number of 

important questions remain.14,15 First, cost-effectiveness needs to be defined including how scarce resources 

should be optimally allocated with targeted strategies focussing on TB-affected households at highest risk of 

adverse outcomes.155 A rigorous health economic evaluation is planned for the CRESIPT study, which will 

provide important information to policy makers but is beyond the scope of this thesis. Second, WHO policy 

focuses on providing economic support alone to prevent TB-related catastrophic costs, but it is striking that 

in all of our previous research participants have consistently valued social support more highly than 

economic support.147 Social support might be expected to have a similar or greater impact on TB-related 

outcomes as economic support, whilst potentially being significantly more cost-effective. A priority for future 

research should therefore be a robust trial comparing economic versus social versus integrated 

socioeconomic support versus existing standard of care for TB-affected households. Third, although 

socioeconomic support has had positive impacts in Lima, the transferability of carefully standardised, simple 

interventions to settings with different characteristics is unknown. Ultimately, adaptation is likely to be 

needed to ensure that socioeconomic interventions for TB-affected households are locally appropriate, 

impactful, and sustainable. Finally, the CRESIPT study evaluated a TB-specific socioeconomic support 

intervention, focusing on supporting TB-affected households after diagnosis and throughout treatment. How 

these TB-specific interventions can be complemented by TB-sensitive socioeconomic interventions, which 

involve adapting national social protection strategies to be inclusive to people at high risk of TB14,15, is a 

critical question for TB care and prevention. Such interventions have been shown to be associated with 

improved TB treatment outcomes among patients156–158, and reduced population-level TB incidence.17,18 

Although TB-sensitive interventions are likely to be more expensive, they could lead to improved long-term 

population health and wellbeing outcomes beyond TB.159 In order to comprehensively address the social 
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determinants of TB, a combination of these two approaches is likely to be the most impactful and 

sustainable.  

  

Strengths of this study include the rigorous community randomised design with a large sample size, high 

recruitment and follow-up rates, and use of NTP records, self-report, and a final prevalence survey to 

ascertain TB diagnoses among contacts. Although some contacts could not be recruited, the proportion 

refusing was very low and many of those who were missed could not be recruited because they were not in 

Lima at the time of recruitment. Although we cannot exclude the possibility that TB diagnosis was not 

ascertained in some contacts, our previous research has demonstrated this ascertainment strategy to be 

comprehensive.52,136 Furthermore, we would expect that any bias in case ascertainment between the two 

groups would lead to an underestimate of the effect of the intervention for preventing TB because 

participation in follow-up was marginally lower among contacts in comparison communities compared to 

those in supported communities. The study also has several limitations. First, a higher number of contacts 

were identified per patient in supported communities compared to comparison communities. This could be 

an unintended consequence of the cluster randomisation, or because patients in supported communities 

declared more contacts in the hope of receiving greater financial incentives. However, contacts were 

declared to the study team before it was explained to household members that they would be offered 

socioeconomic support, and, importantly, there were no significant baseline imbalances between contacts in 

the two groups. Second, because of the nature of the intervention, TB-affected households and the study 

team could not be blinded to allocation. Third, an inherent limitation of this socioeconomic intervention was 

that it relied on a functioning health system to effectively deliver ACF and TPT to contacts. Despite Peru 

having an acclaimed NTP and the intervention significantly increasing the proportion of contacts who 

completed of ACF and TPT, important gaps in coverage persisted. Ultimately, it seems clear that 

socioeconomic interventions to improve access to healthcare and reduce poverty-related TB risk factors 

should be integrated with health system strengthening interventions to maximise the potential impact of 

these proven biomedical interventions.  

 

In conclusion, the CRESIPT study rigorously demonstrated the potential of socioeconomic interventions to 

improve the long-term health outcomes of contacts of patients with TB.  
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Tables and figures 
Table 6.1 Baseline characteristics of the study population 

 
 
  

Allocation 

INDEX PATIENT CHARACTERISTICS 
Supported 

communities (n=813) 

Comparison 

communities (n=810) 

Age (years) 
Median (IQR) 28 (21-45) 30 (21-47) 
Number with data missing 0 0 

Sex 
Male 493 (61) 521 (64) 
Female 320 (39) 289 (36) 
Number with data missing 0 0 

Treatment scheme 
Rifampicin sensitive 732 (90) 713 (88) 
Rifampicin resistant 81 (10) 97 (12) 
Number with data missing 0 0 

Type of tuberculosis and 
sputum smear grade 

Extra-pulmonary 111 (14) 131 (17) 
Pulmonary smear negative, clinically diagnosed 124 (15) 122 (15) 
Pulmonary smear negative, laboratory confirmed 117 (14) 128 (16) 
Pulmonary smear + 179 (22) 171 (21) 
Pulmonary smear ++ 125 (16) 131 (16) 
Pulmonary smear +++ 157 (20) 127 (16) 
Number with data missing 0 0 

HIV infection 
Uninfected 764 (94) 738 (91) 
Infected 49 (6.0) 72 (8.9) 
Number with data missing 0 0 

HOUSEHOLD CHARACTERISTICS 
Supported 

communities (n=813) 

Comparison 

communities (n=810) 

Total household monthly 
income (PEN)  

Median (IQR) 1,300 (800-2,000) 1,210 (850-2,000) 
Number with data missing 0 1 

Total household weekly 
spending on food (PEN)  

Median (IQR) 175 (140-210) 175 (125-210) 
Number with data missing 15 8 

Household crowding  

No 432 (53) 480 (5) 
Yes 377 (47) 327 (41) 
Number with data missing 4 3 

Poverty tercile* 

Poorest tercile 278 (35) 285 (37) 
Poor tercile 264 (33) 259 (33) 
Less poor tercile 253 (32) 230 (30) 
Number with data missing 18 36 

CONTACT CHARACTERISTICS 
Supported 

communities (n=2,600) 

Comparison 

communities (n=2,099) 

Age (years) 
Median (IQR) 22 (9-42) 24 (9-44) 
Number with data missing 0 1 

Sex 
Male 1,135 (44) 868 (41) 
Female 1,465 (56) 1,231 (59) 
Number with data missing 0 0 

Previous tuberculosis  

No 2,415 (93) 1,950 (93) 
Yes 181 (7.0) 147 (7.0) 
Number with data missing 4 2 

Number of hours per 
day spent in the same 
room as the index 
patient in the two weeks 
before treatment started 

Mean (SD) 6 (2-12) 6 (2-12) 

Number with data missing 1 2 

This table is reproduced identically from Chapter 5. IQR indicates interquartile range. SD indicates standard 
deviation. PEN indicates Peruvian Nuevos Soles.  
Data are n (%) unless otherwise stated 
*Poverty tercile was defined using a visual analogue nurse assessment at the time of the recruitment 
household visit.  
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Table 6.2 Subgroup analyses for FIND TB and PREVENT TB 

 

IR in contacts 

in supported 

communities 

per 100 

person-years 

(95%CI) 

IR in contacts 

in comparison 

communities 

per 100-

person-years 

(95%CI) 

HR (95%CI) 

Supported vs. 

comparison 
p value 

p value for 

effect 

modification 

Subgroup analyses for TB diagnoses occurring in the first seven days from when the index patient initiated treatment 

(FIND TB) 

Age 
<15 years 11 (2.8-44) 28 (11-75) 0.39 (0.07-2.2) 0.3 

0.2 
≥15 years 35 (19-63) 23 (10-52) 1.5 (0.56-4.1) 0.4 

Participation in 
intervention 
activities* 

No TB club 0 25 (13-47) - - 
- 

At least one TB club 39 (22-67) 25 (13-47) 1.6 (0.66-3.7) 0.3 

Index patient 
treatment 
scheme 

Rifampicin sensitive 29 (17-50) 22 (11-45) 1.3 (0.54-3.1) 0.6 
- 

Rifampicin resistant 0 45 (11-180) - - 

Poverty 
Poorer 39 (21-73) 14 (4.5-43) 3.1 (0.79-12) 0.1 

0.01 
Less poor 13 (4.1-39) 40 (19-83) 0.29 (0.07-1.2) 0.09 

Risk group for 
contacts aged 
≥15 years 

Low 22 (7.2-70) 8.7 (1.2-62) 2.6 (0.27-25) 0.4 
0.6 

Medium/High 44 (22-89) 35 (15-85) 1.3 (0.41-3.8) 0.7 

Subgroup analyses for TB diagnoses occurring after seven days from when the index patient initiated treatment  

(PREVENT TB) 

Age 
<15 years 1.1 (0.69-1.9) 3.0 (2.1-4.2) 0.39 (0.21-0.74) 0.004 

0.1 
≥15 years 1.6 (1.2-2.2) 2.3 (1.7-3.1) 0.73 (0.46-1.2) 0.2 

Participation in 
intervention 
activities* 

No TB club 0.94 (0.52-1.7) 2.5 (2.0-3.2) 0.38 (0.20-0.73) 0.003 
0.07 

At least one TB club 1.7 (1.2-2.3) 2.5 (2.0-3.2) 0.68 (0.46-1.0) 0.06 

Index patient 
treatment 
scheme 

Rifampicin sensitive 1.5 (1.2-2.0) 2.6 (2.0-3.3) 0.61 (0.42-0.91) 0.01 
0.3 

Rifampicin resistant 0.53 (0.13-2.11) 2.1 (1.0-4.5) 0.26 (0.05-1.3) 0.09 

Poverty 
Poorer 1.8 (1.3-2.5) 2.7 (2.0-3.6) 0.67 (0.42-1.1)a 0.09a 

0.3a 

Less poor 1.1 (0.66-1.7) 2.3 (1.6-3.3) 0.46 (0.25-0.82)a 0.009a 

Risk group for 
contacts aged 
≥15 years 

Low 0.51 (0.21-1.2) 1.2 (0.64-2.2) 0.43 (0.15-1.3)a 0.1a 

0.3a 

Medium/High 2.5 (1.7-3.5) 3.1 (2.2-4.4) 0.80 (0.49-1.3)a 0.4a 

TB indicates tuberculosis. IR indicates incidence rate. HR indicates hazard ratio.  
*For participation, both subgroups of contacts in the supported communities (i.e. those who did not attend a 
club and those who attended at least one TB club) are compared to all contacts in the comparison 
communities.  
aSubgroup analyses could not be computed using a Cox regression model with random effects so were done 
using a standard Cox regression model without adjusting for community clustering. 
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Figure 6.1 Study profile 

 
TB indicates tuberculosis
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Figure 6.2 Overall cumulative incidence of tuberculosis comparing contacts in supported versus comparison communities 
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Figure 6.3 FIND TB - cumulative incidence of tuberculosis comparing contacts in supported versus comparison communities during the first seven days from index 
patient treatment initiation (including day seven) 
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Figure 6.4 PREVENT TB - cumulative incidence of tuberculosis comparing contacts in supported versus comparison communities from seven days after index 
patient treatment initiation 
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 - A household-level risk score to predict TB among contacts 
This chapter is adapted from the peer reviewed, published manuscript: Saunders MJ et al. “A household-level 

score to predict the risk of tuberculosis among contacts of patients with tuberculosis: derivation and external 

validation prospective cohort studies.” Lancet Inf Dis 2020; 20(1):110-112 - https://doi.org/10.1016/S1473-

3099(19)30423-2. The candidate led study conception, supervision of final data collection, data analysis and 
interpretation, and preparation of the manuscript. The candidate was not involved in the conception, design, 

nor data collection for the original cohort, which took place between 2007 and 2015 as part of ongoing 

research led by the supervisor. 

 

Introduction 
In Chapter 3, we derived and externally validated a score to predict individual risk of TB among adult contacts 

of patients with laboratory confirmed pulmonary TB.52 This individual-level risk score, including clinical and 

sociodemographic risk factors, predicted TB independently of baseline LTBI status and was evaluated within 
the CRESIPT study to facilitate targeted ACF and TPT, described in Chapters 4-6. However, our experiences 

during this trial suggest that a score may be of greater pragmatic value if, rather than identifying individual 

contacts at high risk of TB, it identified households in which contacts are at high risk of TB that could then be 

prioritised for household-level interventions.36 Furthermore, because TB is a disease that clusters in 

households, a household-level risk score may be a more effective method of prioritising resources to 

maximise epidemiological impact.  

 
The current much larger study used data from two cohort studies of contacts of patients with all forms of TB, 

including extra-pulmonary and clinically diagnosed TB, to derive and externally validate such a score. As in 

our previous work, we aimed to derive a score that could be used without testing for LTBI because these tests 

are poor predictors of TB among contacts and are hampered by logistical and technical barriers to 

implementation.37,75  
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Methods 
Study design, setting and participants 
As in Chapter 3, we used prospectively collected data from a cohort of TB-affected households in Ventanilla 

to first derive a risk score (collected between 2007 and 2015), and data from a separate cohort of TB-

affected households in Callao to subsequently externally validate it (collected between 2014 and 2015) 

(Figure 1.1). Index patients and contacts are defined in Chapter 1. Contacts were not eligible for this study if 

it was known that they received at least four weeks of TPT because of exposure to the current TB episode. 
Households were not included if the index patient had no eligible contacts or lived alone.  

 

Procedures 
Study research nurses worked in collaboration with participating MINSA-run health posts to recruit index 

patients as soon as they were diagnosed with TB. Index patients were invited to give a sputum sample, 

which was tested by a combination of smear microscopy, the MODS assay50, the MDR/XDR-TB Colour Test 

thin-layer agar assay55, and the Cepheid GeneXpert MTB/RIF assay. Study nurses then interviewed the 
index patient in the health post to complete a demographic census of all eligible contacts and a 

questionnaire characterising baseline index patient, household, and contact characteristics (Table 7.1)  

 

Outcomes 
The primary outcome was household TB, a binary outcome defined as positive if any of the contacts in a 

household were known to have started TB treatment or been diagnosed with pulmonary or extra-pulmonary 

TB within three years of the date that the index patient started treatment. We censored follow-up at three 

years because our previous work described in Chapter 2 has shown that the majority of TB among contacts 
occurs then.136 Household TB was ascertained by cross-referencing our contact census with NTP records at 

participating MINSA-run health posts in the study setting using national identifier numbers and names. 

Identifier numbers were available for approximately 50% of contacts and if names were used then they were 

cross referenced with age and/or date of birth to ensure accuracy. For households known to have had 

household TB, time to TB was defined from the date the index patient initiated treatment until the first date a 

contact in a household started treatment for, or was diagnosed with, TB.  

 
Statistical analysis 
Continuous data were plotted and summarised by their medians and interquartile ranges (IQR) because their 

distributions were non-parametric. Categorical data were summarised as proportions. We compared 

baseline characteristics between the derivation and external validation cohorts using the Mann-Whitney U 

test for continuous data, and the chi-squared test for categorical data.  
 

Risk score derivation  
Univariable logistic regression was used to investigate the association of index patient, household and 
contact characteristics with the outcome, household TB, for households recruited to the derivation cohort. 

Although we had data available on time to TB, we were not able to censor households that moved away or 

account for contacts that died. Furthermore, because we aimed to derive a score that could be used at the 

time of index patient diagnosis, we did not collect data on how variables changed over time. Therefore, we 

were not able to optimally use time-to-event analysis in this study. Although missing data were few for the 
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majority of candidate predictor variables (Table 7.1), a number of potentially important variables had higher 

percentages of missing data because they were not collected initially from participants recruited to the 

derivation cohort. We therefore used multiple imputation with chained equations to replace missing values 

and facilitate modelling analysis including all households recruited to the derivation cohort.160 The equations 

used to impute missing data included all potential predictor variables and the outcome variable (household 

TB, which was complete and therefore not imputed). We carried out ten imputations and used Rubin’s rules 
to combine estimates across the imputed datasets.160  
 

A multivariable model was then built including predictors that we considered to be clinically important for 

household TB, whilst also being easily recordable and consistent across diverse settings. We removed 

variables sequentially from the multivariable model that added little clinical or predictive value, assessed by 

examining regression coefficients and p values (threshold <0.2) for each variable in the context of the overall 

multivariable model. To derive a score, we used the coefficients for each variable included in the final model 

as weights.52 We calculated a score for each household using integers proportional to these weights and 
derived the predicted three-year risk of household TB for each score value using the score regression 

coefficient and model constant. Because some of the variables included in our score may be unavailable in 

some settings, we also derived a simplified score including only very basic data that is likely to be available 

in all settings. 

 
Variable definition, transformation and modelling strategy 
Index patient characteristics. Index patient age was first examined in deciles, and, because we observed a 
higher risk of TB in households where the index patient was aged under 20 years, and a lower risk in 

households where the index patient was aged over 50 years, we created an ordinal categorical variable 

defining index patients aged over 50 years, 20-49 years, and under 20 years. Because the relationship 

between this three-tier categorical variable and log odds of household TB was approximately linear in 

univariable regression, we included this variable as a linear term in our multivariable model. We examined 

the association of index patient cough duration (of any type) and household TB as a continuous variable and 

created a dichotomous variable defining index patients as having had a longer cough if they had a cough for 

at least 21 days (three weeks). We chose this threshold because we felt it should be easily interpretable in a 
field setting and because after this point the risk of household TB stabilised. Index patient type of TB and 

sputum smear grade were analysed as an ordinal categorical variable. Because the relationship between 

this variable and log odds of household TB was approximately linear in univariable regression, we included 

this variable as a linear term in our multivariable model. Index patient resistance to rifampicin was defined if 

the patient had microbiological evidence of resistance, or if they were prescribed a treatment regimen for 

RR-TB. Finally, we examined the association between the maximum number of hours any contact had spent 

with the index patient while they had cough (of any type) and household TB. Because this variable showed 

an approximately linear relationship with the outcome, we created a three-tier categorical variable choosing 
thresholds that we felt would be easily definable in a field setting. 

 

Household characteristics. We calculated household monthly income and weekly food spending per person 

sleeping in the household and dichotomised these variables by their median value to investigate their 

association with household TB. We chose this strategy in order to test our hypothesis that households with 
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lower relative monetary indicators of poverty would have a higher risk of household TB, and because we felt 

that if these variables were to be included in a score, they would be most easily interpreted in other settings 

using this relative, dichotomised approach. We did not investigate the association of wall material, floor 

material, access to piped water and access to a toilet with household TB because we felt that these variables 

may not be applicable in other settings. Any member of the household being a drug user was defined if the 

patient or any of their contacts reported currently using any of: marihuana; cocaine (including an 
intermediary cocaine paste frequently smoked in Peru); ecstasy; heroin; or glue. Any member of the 

household drinking alcohol to excess was defined if the patient or any of their contacts reported drinking 

alcohol to the extent that they were extremely drunk (e.g. unable to remember events) at least once in the 

last month. The highest level of schooling attended by the female head of the household was examined as 

an ordinal categorical variable (higher, secondary completed, secondary incomplete and primary/no 

education) in univariable regression. If there was no female head of the household, data from the male head 

of the household were used. Because the relationship between this variable and log odds of household TB 

was approximately linear in univariable regression, we included this variable as a linear term in our 
multivariable model. Household crowding was defined if an average of two or more people were sleeping in 

each room (excluding bathrooms, kitchens, hallways and any external buildings such as garages).  

 

Contact characteristics. Contacts were defined as children if aged under 15 years and adults if aged 15 

years or older. If contacts were present at the time of index patient recruitment, they were weighed and 

measured. If they were not present, they were either telephoned to provide an estimate, or the index patient 

estimated the contact’s weight and height based on local references. For some children who were not 
present, weight and height data were obtained from a health post growth record book, if it was available. For 

adults aged 19 years or over, weight was defined as lower weight (BMI<20.0), normal weight (BMI=20.0-

24.9), overweight (BMI=25.0-29.9), and obese (BMI³30.0). For adults aged 15-18 years, BMI was adjusted 

using WHO reference standards as in our previous work and the same classification used.52 For children 

aged 2-14 years, weight was defined using BMI-for-age Z scores derived from WHO reference standards as 

lower weight (Z score<-1), normal weight (Z score³-1 and Z score<1), overweight (Z score³1 and Z score<2) 

and obese (Z score³2). For children aged under 2 years, weight was defined using WHO weight-for-age Z 

scores using the same cut-offs as above. The number of contacts in a household who were lower weight, 

normal weight, overweight, and obese were calculated separately for adults and children and investigated 
initially as linear variables. Although we observed clear linear associations both for the number, and the 

weight, of adult contacts with household TB, weight of child contacts did not show a clear association with 

household TB. Furthermore, the risk of household TB increased if any of the contacts were children but did 

not increase linearly with the number of children living in the household. Therefore, because children are a 

priority group for TB care and prevention, we created a dichotomous variable if any of the contacts were 

children. Finally, because the relationship between the number of people who had previously had TB apart 

from the currently diagnosed index patient and household TB was approximately linear, we included this 
variable as a linear term in all our regression models. This variable included all contacts (including contacts 

who were not eligible because they were already taking treatment or received four weeks of TPT because of 

exposure to the current index patient) and previous household members who weren’t currently living in the 

household.  
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Interactions 

In our multivariable model we investigated three interaction terms: age of the index patient with type of TB 

and sputum smear grade; type of TB and sputum smear grade with maximum exposure any contact had; 

and low household food spending with number of lower weight adult contacts. These interactions terms did 

not improve the predictive performance of the model and were therefore not included in the final model.  

 
Risk score evaluation 
We evaluated the score’s performance in both cohorts separately only in households that had complete data. 

To characterise overall discrimination for predicting household TB we calculated the C-statistic with 95%CI. 

Population quintiles of score were derived, and the risk of household TB in each quintile plotted with 95%CI. 

Time to TB curves were plotted and stratified by risk score quintile. We also evaluated the performance of 

the score to separately predict household TB diagnosed within the first three months after index patient 

treatment initiation; and household TB diagnosed after the first three months. We assessed calibration in the 

external validation cohort by comparing for each quintile the mean predicted risk of household TB with the 
observed risk. Because the score performed similarly in the derivation and external validation cohorts, we 

combined data from both cohorts to illustrate how it could be used to inform clinical and public health 

decision making by calculating the score’s sensitivity for all TB among contacts and specificity for any 

household TB, which were plotted against the predicted risk of household TB and the score distribution. We 

calculated the proportion of all TB among contacts captured by the highest scoring quarter, third, half and 

two thirds of households. We summarised these data for both the derivation and external validation cohorts 

separately.  
 

Sensitivity analysis for the score 
Because lower than the median weekly household food spending per person may be difficult to ascertain in 

some settings, we performed a sensitivity analysis replacing this variable in the risk score with lower than the 

median household monthly income per person. In this sensitivity analysis, having a household monthly 

income per person lower than median was given the same score weighting as having lower weekly 

household food spending per person. 
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Results 
Baseline characteristics 
90% (3,301/3,661) of TB-affected households in Ventanilla were included in the derivation cohort, including 

16,505 eligible contacts (Figure 7.1). 85% (924/1,083) of TB-affected households in Callao were included in 

the external validation cohort including 4,248 eligible contacts. Table 7.1 demonstrates the extensive 

differences in baseline characteristics between the two cohorts.  

 
Predictors of household TB 
Overall, 3.4% (568/16,505) of contacts from 13% (430/3,301, 95%CI=12-14) of households included in the 

derivation cohort had TB within three years. The results of univariable analysis are shown in Table 7.2. In the 

final multivariable model, index patient, household and contact characteristics were all independently 

associated with household TB (Table 7.3). Index patient predictors were: age (adjusted odds ratio 

[aOR]=1.47 per level) type of TB and sputum smear grade (aOR=1.35 per level); and maximum number of 

hours a contact had spent with the index patient while they had any cough (aOR=1.39 per level). Household 
predictors were: drug use (aOR=1.63); schooling of the female head of the household (aOR=1.15 per level); 

and lower spending on food per person (aOR=1.38). Contact predictors were: any of the contacts children 

(aOR=1.57) number of lower weight adult contacts (aOR=1.55 per contact); number of normal weight adult 

contacts (aOR=1.18 per contact); and number of past or present household members who previously had 

TB apart from the currently diagnosed index patient (aOR=1.27 per person). The overall number of contacts, 

and the number of overweight or obese adult contacts were not associated with household TB in 

multivariable analysis. Index patient cough duration, household income per person, household alcohol 

excess, and crowding were all associated with household TB in univariable analysis but not in multivariable 
analysis. Index patient resistance to rifampicin was not associated with household TB (OR=1.11, 

95%CI=0.79-1.58). 

 
Score derivation and validation 
Table 7.3 shows the regression coefficients used as weights to derive the risk score in the derivation cohort. 

An example of how these coefficients can be combined as integers into a score for field use is shown in 

Figure 7.2. The proportion of missing data in the derivation cohort was small for the great majority of 
predictors included in the score (Table 7.1). However, only 43% of households (1,416/3,301) in the 

derivation cohort had data available on drug use because this was not asked initially. Thus, overall, 33% 

(1,088/3,301) of households had complete data for all predictors and were used to evaluate the score in the 

derivation cohort. The C-statistic assessing the score’s discrimination for household TB was 0.77 

(95%CI=0.72-0.81). The risks of household TB in population quintiles of score are shown in Figure 7.3. In 

the highest scoring quintile, the risk of household TB was 31% (65/211) (95%CI=25-38) compared to 8.9% 

(20/224) (95%CI=5.5-13) in the middle quintile and 1.7% (4/231) (95%CI=0.05-4.4) in the lowest scoring 

quintile.  
 

In the validation cohort, 3.7% (159/4,248) of contacts from 13% (120/924, 95%CI=11-15) of households had 

TB within three years. 86% (798/924) of households had complete data on all predictors (including drug use) 

and were used to evaluate the score. The C-statistic was 0.75 (95%CI=0.70-0.79) and the corresponding 

risks in population quintiles were 28% (43/154) (95%CI=21-36); 12% (19/165) (95%CI=7.1-17); and 1.4% 
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(2/148) (95%CI=0.02-4.8), respectively. The score was excellently calibrated when comparing predicted 

versus observed risk in these quintiles (Figure 7.4). Time to TB curves for the whole cohort and for both the 

derivation and validation cohorts separately are shown in Figure 7.5 and Figure 7.6. In the sensitivity 

analysis replacing lower household food spending per person with lower household income per person, the 

performance of the score was virtually identical: C-statistics in the derivation and external validation cohorts 

were 0.76 (95%CI=0.72-0.81) and 0.75 (95%CI=70-79), respectively. 
 

In the derivation cohort, 35% (150/430) of household TB was diagnosed in the first three months after the 

index patient initiated treatment. The score’s C-statistic for predicting this TB was 0.72 (95%CI=0.65-0.79). 

In the validation cohort, 33% (39/120) of household TB was diagnosed in the first three months after the 

index patient initiated treatment and the score’s respective C-statistic was 0.73 (0.67-0.80). In the derivation 

cohort, 65% (280/430) of household TB was diagnosed after the first three months after the index patient 

initiated treatment. The score’s C-statistic for predicting this TB was 0.78 (95%CI=0.73-0.83). In the 

validation cohort, 68% (81/120) of household TB was diagnosed after the first three months after the index 
patient initiated treatment and the score’s respective C-statistic was 0.74 (0.69-0.80). 

 

Decision making 
Considering households from both cohorts combined (n=1,886), 3.6% (305/8,545) of contacts from 12% 

(229/1,886) of households had TB. The sensitivity of the score for all TB among contacts and specificity for 

household TB are plotted in Figure 7.7 with score distribution and predicted risk of household TB for each 

score value. Selecting the approximately highest scoring: third of households (33% [618/1,886]) captured 
72% (220/305) of all TB among contacts; and two thirds of households (66% [1,224/1,886]) captured 93% 

(285/305). These data are summarised for each cohort separately at different thresholds in Table 7.4. 

 
Simplified risk score 
Five variables were included in a multivariable model to derive a simplified risk score. Index patient 

predictors were: age (aOR=1.43 per level) and type of TB and sputum smear grade (aOR=1.41 per level). 

Contact predictors were: any of the contacts children (aOR=1.55); number of adult contacts (aOR=1.15 per 

contact); and number of past or present household members who previously had TB apart from the currently 
diagnosed index patient (aOR=1.28; per person) (Table 7.5). An example of how the results of this 

multivariable model could be combined in a risk score is shown in Figure 7.8. 98% (3,226/3,3301) of 

households in the derivation cohort had complete data to evaluate the score and the C-statistic was 0.71 

(95%CI=0.68-0.73). 95% (878/924) of households in the validation cohort had complete data to evaluate the 

score and the C-statistic was 0.74 (95%CI=0.70-0.79). Risk of TB and time to TB curves for population 

quintiles are shown in Figure 7.9 and Figure 7.10.
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Discussion 
In this study of TB-affected households including over 20,000 contacts from two independent cohorts, we 

derived and externally validated a household-level risk score that stratified households with large differences 

in the risk of TB occurring among contacts. This score combines data from readily collectable index patient, 

household and contact factors into a model that could be used to target comprehensive biosocial, 

household-level interventions to households at highest risk. Whilst these interventions should be considered 

for all TB-affected households, using a risk stratification approach may considerably improve their impact 
and cost-effectiveness, especially in resource-constrained settings.  

 

We envisage that this score could be used at the time of index patient diagnosis to prioritise: enhanced ACF 

among contacts to detect TB earlier at a less infectious stage136; TPT; and socioeconomic interventions to 

maximise access to healthcare and address poverty-related TB risk factors.14,15 Although these interventions 

have potential benefits for all TB-affected households, our score could be used by decision makers to 

prioritise interventions in several ways. For example, one approach in severely resource-constrained settings 
may be to focus on the highest scoring third of households, of which approximately one in four is likely to 

have household TB within three years. This is an extremely high proportion when considering that TB 

typically affects less than 1% of households in a community at a given time.27 In other settings, decision 

makers may use a more inclusive threshold. For example, prioritising the highest scoring two thirds of 

households would capture over 90% of all TB among contacts. Prioritising a higher proportion of TB-affected 

households is likely to increase the epidemiological impact of household-level interventions and can be 

balanced against the availability of resources in specific settings.  

 
The strategy used to derive a score was based on a preconceived framework of index patient, household 

and contact factors that we considered to be potentially important predictors of household TB. We 

demonstrated an approximately linear relationship between index patient type of TB and sputum smear 

grade, and risk of household TB. It is interesting that in our previous work among adult contacts of patients 

with TB who were nearly all sputum smear positive, smear grade did not predict TB among individuals.52 

However, in the current, larger study, a strength of which is the inclusion of patients with extra-pulmonary TB 

and bacteriologically unconfirmed pulmonary TB, type of TB and smear grade strongly predicted TB 
assessed at a household level. This may partly be because another strength of the current study was to 

include children, whose principal exposure is more likely to be the current index patient. In contrast, our 

previous study only included adults who may have had multiple exposures throughout their lives, reducing 

the importance of the infectiousness of the currently diagnosed index patient.61 Although an isolated sputum 

smear result is likely to be a crude measure of infectiousness, our results are important because smear 

microscopy is still the most widely available diagnostic test globally, particularly in resource-constrained 

settings.54 Optimising microscopy using strategies such as viability staining111 to identify the most infectious 

patients could potentially complement and further improve our score. Importantly, we showed in multivariable 
analysis that the maximum duration of exposure any contact had to the index patient while they had cough 

predicted household TB in a dose-dependent relationship, independently of index patient type of TB and 

sputum smear grade. We also showed an important association between index patient age and risk of 

household TB. Households in which the index patient was a child had the highest risk of TB, possibly 

because of undetected TB among adults in the household.136 Households in which the index patient was 
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aged over 50 years had the lowest risk of TB possibly because these patients more commonly present with 

atypical symptoms161, and because older people may be more commonly isolated when unwell. Although we 

did not observe an increased risk of household TB among households affected by RR-TB, the individual, 

household and public health consequences of RR-TB strongly support the prioritisation of these households 

for interventions, independent of this risk score.  
 
The other variables included in our score demonstrate the importance of a biosocial approach to ending the 

TB epidemic.4 TB inequitably affects poorer households, principally in lower income countries.3 Our finding 

that households in which the female head had less schooling, a general marker of household poverty,162 had 

a higher risk of household TB further demonstrates this. In this study, we extended our previous findings 

demonstrating the importance of nutritional factors for determining TB risk.52 Our results suggest that it is the 

nutritional status of contacts, and not the overall number of contacts, that best predicts which households will 

have a contact who has TB. For example, in multivariable analysis, the number of lower weight adult 

contacts was an important risk factor for household TB, the number of normal weight adult contacts 
somewhat increased risk, whilst the number of overweight adult contacts did not increase risk. Although we 

did not observe a clear linear relationship between the number of child contacts, or their weight, and 

household TB, households which included children were at substantially higher risk of household TB than 

those without children. This reinforces the importance of optimal management of child contacts to reduce 

childhood TB morbidity and mortality.33,163,164 

 

Relatedly, we showed that households that spent relatively less on food per person had an increased risk of 
household TB. This variable may be an indicator of overall monetary poverty, reflected by the fact that when 

replaced by income the score performed equally well; and may also reflect both food security and the quality 

of food consumed by household members. Furthermore, households that included anyone who used drugs 

were at higher risk of household TB, and households that included anyone who drank alcohol to excess were 

at higher risk of household TB in univariable analysis. Our score may therefore be used to prioritise holistic 

interventions aiming to optimise the nutritional status of members of households at highest risk and address 

these harmful health behaviours. Importantly, as well as reducing TB risk, improved nutrition and reduced 

harmful substance use are likely to have far reaching health benefits. Finally, we demonstrated a dose-
dependent increased risk of household TB among households previously affected by TB. This supports our 

approach of deriving a household-level risk score because TB clusters in households, frequently affects 

multiple household members, and may be explained by an increased number of exposures for all contacts, 

previous TB conferring a high risk of subsequent TB among individuals165, and because households 

previously affected by TB are likely to be poorer than households that have never been affected by TB.16 

 

This study had limitations. We may have underestimated the number of households in which a contact had 

TB because we did not perform active follow-up to ascertain TB that was diagnosed outside of the study 
setting, for example in private health facilities. However, our previous work demonstrated that these cases 

account for a small proportion of the overall TB burden among contacts, so this is unlikely to have affected 

our results.136 We were unable to account for censoring of households that moved away or contacts that 

died. However, our experiences of working in this setting since 2002 suggest this is rare.136 Relatedly, we did 

not collect data on how variables changed over time because we aimed to derive a score that could be used 
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at the time of index patient diagnosis using baseline data. Although a significant proportion of households 

had missing data on some variables in the derivation cohort, we used robust multiple imputation methods to 

complete these data and facilitate increased power for score derivation, evaluated the score among only 

households with complete data, and externally validated the score in a distinct cohort of households for 

which the great majority had complete data. This external validation established similar predictive 

performance, with excellent calibration, and lends promise to the use, further validation, and impact 
evaluation of our score in other settings. Indeed, a strength of our approach was to include variables that are 

likely to be consistent and easily recordable by health workers across settings, which, given their importance 

for determining TB risk, should be integrated into routinely collected data systems. Importantly, in settings 

where some of these data are not available, the simplified score including only five variables could be used 

with only a small reduction in performance. We did not have data on other important risk factors such as 

household ventilation or HIV infection among contacts. However, HIV prevalence in Peru is low 

(approximately 0.2% of women aged 15-49 years) and is unlikely to impact the interpretation of our results.65 

In our previous study we demonstrated an increased TB risk among contacts exposed to indoor air pollution 
from cooking fuels.52 We were unable to investigate this variable for our current cohort because there has 

been a near universal shift to clean, gas cookers in our setting. The use of our score in other settings should 

therefore consider local epidemiology, health behaviours, and household characteristics to facilitate further 

external validation, refinement, and impact evaluation. Finally, programmatic interventions targeted to TB-

affected households aim to detect and prevent all cases of TB among contacts, irrespective of the source of 

infection. We therefore did not use molecular techniques to confirm transmission from index patients to 

contacts because it would not affect our findings. 
 

In conclusion, a simple household-level risk score was derived and externally validated that stratifies TB-

affected households with different risks of TB among contacts.  
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Tables and figures 
Table 7.1 Characteristics of the derivation and external validation cohorts. P values are for statistical tests 
comparing these characteristics between the two cohorts 

  
  
  
  

Tuberculosis-affected households 
 p value Ventanilla derivation 

cohort (n=3,301) 
Callao validation 

cohort  
(n=924) 

INDEX PATIENT CHARACTERISTICS 

Age (years) 
Median (IQR) 28 (20-42) 30 (21-44) 

0.05 
Number with data missing 4 (0.12%) 1 (0.11%) 

Sex 

Male 2,011 (61%) 575 (62%) 

0.3 Female 1290 (39%) 349 (38%) 

Number with data missing 0 (0%) 0 (0%) 

Type of tuberculosis and 
sputum smear grade 

Extra-pulmonary 469 (15%) 81 (9.2%) 

<0.0001 

Pulmonary smear negative 796 (25%) 215 (24%) 

Pulmonary smear + 737 (23%) 253 (29%) 

Pulmonary smear ++ 596 (18%) 169 (19%) 

Pulmonary smear +++ 628 (19%) 160 (18%) 

Number with data missing 75 (2.3%) 46 (5.0%) 

Drug sensitivity 

Rifampicin sensitive 3,012 (91%) 796 (86%) 

<0.0001 Rifampicin resistant 289 (8.8%) 127 (14%) 

Number with data missing 0 (0%) 0 (0%) 

Cough duration prior to 
diagnosis (days) 

Median (IQR) 30 (7-60) 23 (9-45) 
0.03 

Number with data missing 103 (3.1%) 51 (1.5%) 

Total symptom duration prior 
to diagnosis (days) 

Median (IQR) 30 (12-60) 30 (15-60) 
0.03 

Number with data missing 96 (2.9%) 45 (4.9%) 

Maximum number of hours a 
contact had spent with the 
index patient while they had 
any cough 

Median (IQR) 120 (10-360) 150 (14-400) 
0.009 

Number with data missing 1,064 (32%) 5 (0.54%) 

HOUSEHOLD CHARACTERISTICS 

Access to piped water in the 
household 

No 1,206 (37%) 31 (3.4%) 

<0.0001 Yes 2,071 (63%) 877 (97%) 

Number with data missing 24 (0.73%) 16 (1.7%) 

Access to a toilet in the 
household 

No 1,480 (45%) 34 (3.7%) 

<0.0001 Yes 1,797 (55%) 875 (96%) 

Number with data missing 24 (0.72%) 15 (1.6%) 

Wall material 

Adobe and other dirt 516 (16%) 56 (6.2%) 

<0.0001 
Wood 1,306 (40%) 116 (13%) 

Brick/cement 1,459 (44%) 737 (81%) 

Number with data missing 20 (0.61%) 15 (1.6%) 

Floor material 

Dirt 966 (29%) 57 (6.3%) 

<0.0001 
Cement/wood 2,113 (64%) 621 (68%) 

Tiles/ceramic 202 (6.1%) 231 (25%) 

Number with data missing 20 (0.61%) 15 (1.6%) 

Total household monthly 
income (PEN) 

Median (IQR) 820 (560-1400) 1500 (1000-2400) 
<0.0001 

Number with data missing 70 (2.1%) 17 (1.8%) 

Total household weekly 
spending on food (PEN) 

Median (IQR) 140 (105-175) 140 (120-210) 
<0.0001 

Number with data missing 38 (1.2%) 15 (1.6%) 

Any member of the 
household a current drug 
user 

No 1,093 (77%) 706 (80%) 
0.2 

Yes 323 (23%) 182 (21%) 
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Number with data missing 1,885 (57%) 36 (3.9%) 

Any member of the 
household drinking alcohol 
to excess 

No 963 (78%) 671 (75%) 

0.1 Yes 279 (22%) 227 (25%) 

Number with data missing 2,059 (62%) 26 (2.8%) 

Level of schooling of female 
head of household 
(if there was no female 
head, the schooling level of 
the male head of the 
household was used) 

Primary or no formal 
education 1,011 (36%) 222 (26%) 

<0.0001 

Secondary incomplete 637 (23%) 184 (21%) 

Secondary complete 952 (34%) 346 (40%) 

Higher complete 191 (6.8%) 113 (13%) 

Number with data missing 510 (15%) 59 (6.4%) 

Household crowding 

No 1,446 (49%) 554 (61%) 

<0.0001 Yes 1,511 (51%) 355 (39%) 

Number with data missing 344 (10%) 15 (1.6%) 

CONTACT CHARACTERISTICS (PER HOUSEHOLD) 

Number of contacts Median (IQR) 5 (3-7) 4 (3-6) 0.001 

Number of males Median (IQR)a 2 (1-3)  2 (1-3) 0.01 
Number of children  
(aged under 15 years) Median (IQR)b 1 (0-2) 1 (0-2) 0.0004 

Number of people who 
previously had tuberculosis 
apart from the currently 
diagnosed index patient (all 
contacts and other previous 
household members) 

0 2,003 (61%) 576 (62%) 

0.02 

1 878 (27%) 204 (21%) 

2 306 (9.3%) 104 (11%) 

3 79 (2.4%) 24 (2.6%) 

4+ 35 (1.1%) 16 (3.7%) 

CONTACT CHARACTERISTICS (INDIVIDUAL) Ventanilla derivation 
cohort (n=16,505) 

Callao validation 
cohort  

(n=4,248) 
 

Age (years) 
Median (IQR) 24 (12-40) 28 (14-46) 

<0.0001 
Number with data missing 279 (1.7%) 39 (0.92%) 

Sex 

Male 8,054 (49%) 2,068 (49%) 

0.9 Female 8,449 (51%) 2,177 (51%) 

Number with data missing 2 (0.01%) 3 (0.07%) 

Weight 

Lower weight 904 (6.9%) 182 (4.5%) 

<0.0001 

Normal weight 5,568 (43%) 1,782 (44%) 

Overweight 4,577 (35%) 1,489 (36%) 

Obese 1,977 (15%) 638 (16%) 

Number with data missing 3,479 (21%) 157 (3.7%) 

IQR indicates interquartile range. PEN indicates Peruvian Nuevos Soles.  
For a detailed description of variable definitions see the methods.  
Data are n (%) unless otherwise stated. Note, for percentages the denominator is considered as people with 
data available. For missing data percentages, the denominator is considered as the total population.  
For dichotomous and categorical data, the p values represent chi squared tests. For continuous data 
presented as median (IQR), the p values represent Mann Whitney tests. Statistical tests exclude participants 
with missing data.  
aMean values were 2.44 in the derivation cohort and 2.23 in the validation cohort. 
bMean values were 1.45 in the derivation cohort and 1.19 in the validation cohort.
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Table 7.2 Univariable logistic regression of factors associated with household tuberculosis in the derivation 
cohort (n=3,301) 

    Unadjusted OR (95%CI) p value 

INDEX PATIENT CHARACTERISTICS 

Age 

50 years or over Reference Reference 

20-50 years 1.68 (1.22-2.32) 0.002 

Under 20 years 2.24 (1.57-3.18) <0.0001 

Sex 
Female Reference Reference 

Male 0.96 (0.78-1.18) 0.7 

Type of tuberculosis and sputum smear grade 

Extra-pulmonary Reference Reference 

Pulmonary smear negative 1.94 (1.21-3.13) 0.006 

Pulmonary smear + 2.78 (1.75-4.44) <0.0001 

Pulmonary smear ++ 4.02 (2.54-6.38) <0.0001 

Pulmonary smear +++ 4.50 (2.85-7.10) <0.0001 

Drug sensitivity 
Rifampicin sensitive Reference Reference 

Rifampicin resistant 1.11 (0.79-1.58) 0.5 

Cough for greater than three weeks prior to diagnosis 
No Reference Reference 

Yes 1.90 (1.51-2.38) <0.0001 

Maximum number of hours a contact had spent with the 
index patient while they had cough 

<72 hours Reference Reference 

72 hours to 335 hours 1.55 (1.16-2.08) 0.004 

336 hours or more 2.30 (1.75-3.03) <0.0001 

HOUSEHOLD CHARACTERISTICS 
Has relatively less income than other tuberculosis-affected 
households (lower than the median household monthly 
income) 

No Reference Reference 

Yes 1.58 (1.27-1.96) <0.0001 

Spends relatively less on food per person than other 
tuberculosis-affected households (lower than the median 
household weekly spending on food per person) 

No Reference Reference 

Yes 1.83 (1.47-2.28) <0.0001 

Any member of the household a current drug user 
No Reference Reference 

Yes 2.03 (1.49-2.86) <0.0001 

Any member of the household drinking alcohol to excess 
No Reference Reference 

Yes 1.38 (1.05-1.82) 0.02 

Level of schooling of female head of household 
(if there was no female head, the schooling level of the male 
head of the household was used) 

Higher complete Reference Reference 

Secondary incomplete 1.17 (0.66-2.07) 0.6 

Secondary complete 1.48 (0.84-2.67) 0.2 

Primary 1.77 (1.02-3.08) 0.04 

Household crowding  
No Reference Reference 

Yes 1.55 (1.25-1.91) 0.0001 

CONTACT CHARACTERISTICS (PER HOUSEHOLD) 

Number of contacts Per contact 1.12 (1.09-1.16) <0.0001 

Any of the contacts children 
No Reference Reference 

Yes 1.67 (1.32-2.11) <0.0001 

Number of lower weight adult contacts Per contact 1.76 (1.48-2.01) <0.0001 

Number of normal weight adult contacts Per contact 1.27 (1.19-1.35) <0.0001 

Number of overweight adult contacts Per contact 1.17 (1.09-1.26) <0.0001 

Number of obese adult contacts Per contact 1.05 (0.91-1.23) 0.5 
Number of past or present household members who 
previously had tuberculosis apart from the currently 
diagnosed index patient (including all contacts and other 
previous household members) 

Per person 1.44 (1.30-1.58) <0.0001 

OR indicates odds ratio. 95%CI indicates 95% confidence interval.  
For a detailed description of variable definitions and analysis, including interactions investigated, see the 
methods.  
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Table 7.3 Multivariable logistic regression of predictors associated with household tuberculosis in the derivation cohort after multiple imputation (n=3,301) 

 
  Adjusted OR (95%CI) p value Regression 

coefficient 
Points assigned 

in risk scorea 
INDEX PATIENT CHARACTERISTICS 

Age of the index patient 
Over 50 years Reference Reference Reference 0 
20-49 years 

1.47 (1.24-1.75)* <0.0001 0.387 
11 

Under 20 years 22 

Type of tuberculosis and sputum smear grade 

Extra-pulmonary Reference Reference Reference 0 
Pulmonary smear negative 

1.35 (1.24-1.47)* <0.0001 0.299 

8 
Pulmonary smear + 16 
Pulmonary smear ++ 24 
Pulmonary smear +++ 32 

Maximum number of hours any contact had spent with the index patient while 
they had any cough 

<72 hours Reference Reference Reference 0 
72 hours to 335 hours 

1.39 (1.20-1.61)* <0.0001 0.327 
9 

336 hours or more 18 
HOUSEHOLD CHARACTERISTICS 

Level of schooling of female head of household 
(if there was no female head, the schooling level of the male head of the 
household was used) 

Higher complete Reference Ref Ref 0 
Secondary complete 

1.15 (1.02-1.31)* 0.03 0.143 
4 

Secondary incomplete 8 
Primary or no formal education 12 

Spends relatively less on food per person than other tuberculosis-affected 
households (lower than the median household weekly spending on food per 
person) 

No Reference Reference Reference 0 

Yes 1.38 (1.09-1.74) 0.007 0.322 9 

Any member of the household a current drug user 
No Reference Reference Reference 0 
Yes 1.63 (1.19-2.24) 0.003 0.488 14 

CONTACT CHARACTERISTICS 
Any of the contacts children 
(aged under 15 years) 

No Reference Reference Reference 0 
Yes 1.57 (1.23-2.02) 0.0004 0.453 13 

Number of lower weight adult contacts (BMI<20.0) Per additional contact 1.55 (1.29-1.87) <0.0001 0.440 12 
Number of normal weight adult contacts (BMI=20.0-24.9) Per additional contact 1.18 (1.10-1.27) <0.0001 0.169 5 
Number of people who previously had tuberculosis apart from the currently 
diagnosed index patient (all contacts and other previous household members) Per additional person 1.27 (1.14-1.42) <0.0001 0.240 7 

OR indicates odds ratio. 95%CI indicates 95% confidence interval. BMI indicates body mass index.  
aTo calculate the number of points to be included in the score, regression coefficients were multiplied by a constant (6.99) and then multiplied by four and rounded to 
the nearest whole number. 
*Age; type of tuberculosis and sputum smear grade; level of schooling of female head of household; and maximum number of hours any contact had spent with the 
index patient while they had any cough were modelled as linear variables after examination as ordinal categorical variables in univariable regression. The OR 
therefore indicates the increase in odds for each level of the variable. For a detailed description of variable definitions and analysis, including interactions 
investigated, see the methods. 
Among the household characteristics schooling was associated with food spending (p for trend<0.0001) but not drug use (p for trend=0.26). Food spending was also 
associated with drug use (p<0.0001)
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Table 7.4 Implications for decision making at different score thresholds stratified by cohort 

 Derivation 
cohort 

External 
validation 

cohort 
Both cohorts 

together 

OVERALL PERFORMANCE 

Number of households with complete data available for score 1,088 798 1,886 

Total number of contacts in these households 4,860 3,685 8,545 

Proportion of contacts who had tuberculosis within three years 3.5% 
(172/4,860) 

3.6% 
(133/3,685) 

3.6% 
(305/8,545) 

Absolute risk of household tuberculosis 12% 
(129/1,088) 

13% 
(100/798) 

12% 
(229/1,886) 

Overall C-statistic for predicting household tuberculosis 
(95% confidence interval) 

0.77 
(0.72-0.81) 

0.75 
(0.70-0.79) 

0.76 
(0.73-0.79) 

SCORE THRESHOLD 59 

Proportion of households with a score at least as high  65%  
(703/1,088) 

68%  
(541/798) 

66%  
(1,224/1,886) 

Proportion of total number of contacts in these households 74% 
(3,596/4,860) 

77% 
(2,835/3,685) 

75% 
(6,431/8,545) 

Proportion of all tuberculosis in contacts within three years  93%  
(160/172) 

94%  
(125/133) 

93%  
(285/305) 

Absolute risk of household tuberculosis above this threshold 17% 
(118/703) 

17% 
(94/541) 

17% 
(212/1,224) 

SCORE THRESHOLD 70 

Proportion of households with a score at least as high  49%  
(532/1,088) 

52%  
(413/798) 

50%  
(945/1,886) 

Proportion of total number of contacts in these households 60% 
(2,906/4,860) 

63% 
(2,304/3,685) 

61% 
(5,210/8,545) 

Proportion of all tuberculosis in contacts within three years  84%  
(145/172) 

86%  
(114/133) 

85%  
(259/305) 

Absolute risk of household tuberculosis above this threshold 19% 
(103/532) 

21% 
(85/413) 

20% 
(188/945) 

SCORE THRESHOLD 80 

Proportion of households with a score at least as high  32%  
(350/1,088) 

34%  
(268/798) 

33%  
(618/1,886) 

Proportion of total number of contacts in these households 43% 
(2,068/4,860) 

46% 
(1,709/3,685) 

44% 
(3,777/8,545) 

Proportion of all tuberculosis in contacts within three years  75%  
(129/172) 

68%  
(91/133) 

72%  
(220/305) 

Absolute risk of household tuberculosis above this threshold 25% 
(87/360) 

24% 
(65/268) 

25% 
(152/618) 

SCORE THRESHOLD 86   

Proportion of households with a score at least as high  25% 
(269/1,088) 

25%  
(202/798) 

25%  
(471/1,886) 

Proportion of total number of contacts in these households 34% 
(1,650/4,860) 

38% 
(1,386/3,685) 

36% 
(3,306/8,545) 

Proportion of all tuberculosis in contacts within three years  66%  
(114/172) 

55%  
(73/133) 

61%  
(187/305) 

Absolute risk of household tuberculosis above this threshold 28% 
(74/269) 

26% 
(53/202) 

27% 
(127/471) 

SCORE THRESHOLD 96 

Proportion of households with a score at least as high  15% 
(163/1,088) 

15% 
(119/798) 

15% 
(282/1,886) 

Proportion of total number of contacts in these households 22% 
(1,089/4,860) 

24% 
(884/3,685) 

23% 
(1,976/8,545) 

Proportion of all tuberculosis in contacts within three years  51% 
(88/172) 

35% 
(46/133) 

44% 
(134/305) 

Absolute risk of household tuberculosis above this threshold 33% 
(53/163) 

27% 
(32/119) 

30% 
(85/282) 
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Table 7.5 Multivariable logistic regression of predictors associated with household tuberculosis in the derivation cohort after multiple imputation (n=3,301) – 
simplified model 

  
  Adjusted OR (95%CI) p value Regression 

coefficient 
Points 

assigned in risk 
scorea 

INDEX PATIENT CHARACTERISTICS 

Age of the index patient 

Over 50 years Reference Reference Reference 0 

20-49 years 
1.43 (1.21-1.70)* <0.0001 0.361 

10 

Under 20 years 20 

Type of tuberculosis and sputum smear grade 

Extra-pulmonary Reference Reference Reference 0 

Pulmonary smear negative 

1.41 (1.29-1.53)* <0.0001 0.340 

10 

Pulmonary smear + 20 

Pulmonary smear ++ 30 

Pulmonary smear +++ 40 

CONTACT CHARACTERISTICS 

Any of the contacts children 
(aged under 15 years) 

No Reference Reference Reference 0 

Yes 1.55 (1.21-1.98) 0.0004 0.438 12 

Number of adult contacts Per additional contact 1.15 (1.10-1.20) <0.0001 0.143 4 

Number of people who previously had tuberculosis apart from the currently 
diagnosed index patient (all contacts and other previous household members) Per additional person 1.28 (1.15-1.43) <0.0001 0.246 7 

OR indicates odds ratio. 95%CI indicates 95% confidence interval. BMI indicates body mass index.  
aTo calculate the number of points to be included in the score, regression coefficients were multiplied by a constant (6.99) and then multiplied by four and rounded to 
the nearest whole number. 
*Age; and type of tuberculosis and sputum smear grade were modelled as linear variables after examination as ordinal categorical variables in univariable 
regression. The OR therefore indicates the increase in odds for each level of the variable. For a detailed description of variable definitions and analysis, including 
interactions investigated, see the methods.
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Figure 7.1 Study profile 

 
TB indicates tuberculosis. 
*1,590 contacts were not eligible because they were known to have taken TB preventive treatment and 132 contacts because they were already on TB treatment. 
^27 contacts were not eligible because they were known to have taken TB preventive treatment and 100 contacts because they were already on TB treatment. 
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Figure 7.2 A risk score for field use 
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Figure 7.3 Risk of household tuberculosis in population quintiles of risk score in both the derivation (n=1,088) and external validation cohorts (n=798) 
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Figure 7.4 Calibration plot comparing observed three-year risk of household tuberculosis in score quintiles (plotted points) with average predicted three-year risk for 
the validation cohort (n=798)  

 
Error bars indicate 95% confidence intervals. The dotted line represents perfect prediction. The solid line is a linear trend line for the plotted points. The R2 value for 
this trend line was 0.95.
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Figure 7.5 Time to household tuberculosis stratified by risk score quintile including data from both cohorts (n=1,886) 



 

 145 

Figure 7.6  Time to tuberculosis curves for household tuberculosis stratified by risk score quintile 

Figure 7.6a: Derivation cohort (n=1,088) 
 

 
 
Figure 7.6b: Validation cohort (n=798) 
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Figure 7.7 Sensitivity for all tuberculosis among contacts, specificity for household tuberculosis, and 
predicted risk of household tuberculosis plotted against the population distribution of the risk score including 
households from both cohorts (n=1,886) 
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Figure 7.8 A simplified risk score for field use 
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Figure 7.9 Risk of household tuberculosis in population quintiles of the simplified risk score in both the derivation (n=3,226) and external validation cohorts (n=878) 



 

 149 

Figure 7.10 Time to household tuberculosis stratified by simplified risk score quintile including data from both cohorts (n=4,104) 
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 - Final conclusions 
It is well recognised that without substantial expansion of ACF and TPT, very little progress can be expected 

in achieving the ambitious global targets set out in the WHO End TB Strategy.6 Taken together, these 

interventions have the potential to be strongly synergistic - ACF to detect undiagnosed TB, reducing TB 

prevalence and transmission8; and TPT to treat LTBI and reduce future TB incidence.12 Furthermore, there is 

widespread consensus that in order to end the TB epidemic, these biomedical interventions should be 

integrated with socioeconomic interventions to comprehensively address the social determinants of TB – the 

principal drivers of global TB incidence.4 However, despite being widespread practice in high-income 

countries with a low TB burden, few low- and middle-income countries with a high TB burden have 

successfully scaled-up ACF and TPT37, and although socioeconomic interventions are recommended by the 

WHO in the End TB Strategy, little evidence exists to inform their implementation.22,23 The research 

presented in this thesis addresses key knowledge gaps and provides robust evidence from an upper-middle 

income country with a high TB burden informing the optimal implementation of biomedical and 

socioeconomic interventions for contacts of patients with TB - a group at high risk of TB who are readily 

accessible to health services and frequently motivated to participate in TB care and prevention efforts 

because of their first-hand experience of TB.34–36  

 

First, TB epidemiology among adult contacts of patients with laboratory confirmed pulmonary TB was 

characterised in a prospective cohort study with follow-up for approximately 10 years. This study 

demonstrated that adult contacts are at extremely high risk of TB and that this risk is greatest in the first 

three years following exposure. These findings reinforce data from other settings28 and support the 

expanded use of TPT in adult contacts, as recently recommended by the WHO.43 Furthermore, this study 

characterised the contribution of ACF and PCF for TB case-finding among contacts and demonstrated the 

potential of ACF not only to detect undiagnosed TB, but to detect it earlier, when contacts were less likely to 

have highly infectious, sputum smear-positive TB. Importantly, ACF in this setting detected TB in a higher 

proportion of women than men, reversing apparent sex differences in TB case notifications in Peru38 and 

demonstrating its potential to provide health-care equity for underserved groups.  

 

Data were then used from the same cohort to derive a simple individual-level risk score to predict TB among 

contacts, which was subsequently externally validated in a separate cohort of contacts. This risk score, 

which was based on nine clinical and demographic risk factors, accurately stratified contacts with large 

differences in TB risk, independently of TST results. The score shows that whilst well-nourished contacts 

living in well ventilated houses among residents with no history of TB and low exposure to the index patient 

have a predicted 10-year risk of about one in 100, underweight contacts living in poorly ventilated houses 

among residents with a history of TB and substantial exposure to the index patient have a predicted 10-year 

risk of TB approaching one in three. The derivation of this risk score represents a transformative step for TB 

care and prevention, facilitating a paradigm shift from the current “one size fits all” approach to ACF and TPT 

policies to an approach targeting these interventions to people who are most likely to benefit, maximising 

their potential impact and cost-effectiveness.   

 

This individual-level risk score was then integrated within a community randomised trial of a socioeconomic 

intervention for TB-affected households – the CRESIPT study. In 16 randomly selected supported 
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communities, socioeconomic intervention activities were led by peer mentors (recovering patients with TB) 

and consisted of integrated social support constituting household visits and TB clubs providing information, 

peer support, and assessment of TB risk; and economic support constituting cash transfers as incentives 

and enablers. These were compared with 16 randomly selected comparison communities that did not 

receive the socioeconomic intervention. All healthcare was provided free of direct charges at participating 

MINSA-run health posts. The results of the CRESIPT study are also transformative for TB care and 

prevention efforts, providing rigorous evidence to underpin the expansion of socioeconomic interventions in 

the low- and middle-income countries where most TB occurs globally. First, the results demonstrated the 

potential of socioeconomic interventions to improve equitable access to healthcare among contacts of 

patients with TB. Contacts in supported communities were approximately twice as likely to complete ACF 

and four-times as likely to complete TPT compared to contacts in comparison communities who did not 

receive socioeconomic support. Second, the results provided the first evidence of the impact of 

socioeconomic interventions on the long-term health outcomes of contacts. During the 18-month follow-up, 

contacts in supported communities were approximately 40% less likely to develop TB than contacts in 

comparison communities. These results provide clear evidence that socioeconomic interventions for TB are 

both achievable and impactful, reinforcing the urgent need to integrate biomedical interventions with 

socioeconomic interventions that fight poverty.14,15 This holistic approach to TB care and prevention not only 

has the capacity to impact TB-related outcomes, but can also support other public health priorities and 

ultimately contribute to sustainable health, wellbeing, and development.  

 

Although the integration of the individual-level risk score with socioeconomic support achieved meaningful 

increases in ACF and TPT completion among contacts of patients with TB and contributed to a significant, 

clinically meaningful reduction in TB risk, it became clear during the CRESIPT study that a risk score would 

have more pragmatic value if, instead of identifying individuals, it could be used to identify households in 

which contacts are at high risk of TB. Furthermore, the individual-level risk score was limited because it was 

only validated for use in adult contacts of patients with laboratory confirmed pulmonary TB. Therefore, data 

from a large cohort study of contacts of patients with all forms of TB, including extra-pulmonary and clinically 

diagnosed TB, were used to derive a household-level risk score to predict TB developing in any contact 

within three years. This household-level risk score was subsequently validated in a separate cohort of 

contacts and simplified into a tool including only five, readily collectable risk factors. The risk score shows 

that relatively wealthier households, in which the index patient has extra-pulmonary TB and the majority of 

contacts are adults without a history of TB, have a risk of household tuberculosis of about one in 100. In 

contrast, relatively poorer households, in which the index patient has pulmonary TB with a high sputum 

smear grade and the majority of contacts are children or adults with a history of TB, have a risk of household 

tuberculosis of about one in four. In different settings this household-level risk score can be used in diverse 

ways. For example, prioritising the highest scoring third of households would capture more than 70% of the 

overall TB burden among contacts, and prioritising the highest scoring two-thirds of households would 

capture more than 90% of the overall TB burden among contacts. This externally validated score should 

enable comprehensive biosocial, household-level interventions to be targeted to TB-affected households that 

are most likely to benefit, maximising their potential impact and cost-effectiveness.  
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Taken together, the research studies presented in this thesis support a novel, transformative, and holistic 

approach to the management of contacts of patients with TB. However, although interventions targeted to 

TB-affected households have the potential to reduce the population-level burden of TB, even more ambitious 

strategies might be required to rapidly alter the trajectory of the global TB epidemic.31–33 This is particularly 

true in the context of the COVID-19 pandemic; the social, economic, and biomedical consequences of which 

are likely to combine to create a “perfect storm” with respect to TB, potentially reversing years of progress.166 

An increasing body of evidence emphasises that, at least prior to the COVID-19 pandemic, the majority of 

TB transmission occurred in the community outside of TB-affected households.27,29 Community-wide ACF in 

settings with a high TB burden is a promising strategy to reduce TB prevalence, with evidence of its 

effectiveness demonstrated in Zambia, Zimbabwe, and Vietnam.167–169 If this strategy could be combined 

with even more ambitious programmes to scale-up the use of TPT in the general community and support 

poorer people to enrol in national social protection programmes, the impact on TB burden could potentially 

be even larger. Such interventions would require the mobilisation of significant human and material 

resources but could potentially be made much more impactful and cost-effective if a community-level risk 

score identifying healthy households at highest risk of TB could be derived.170 Whilst these logistical 

challenges might seem insurmountable, they should be viewed through the lens of the global response to the 

COVID-19 pandemic. In only a few months the scientific and global health communities have mobilised in an 

unprecedent effort to address a grave threat to global health, albeit one that to-date has principally affected 

wealthier countries. Meanwhile, TB, the world’s oldest pandemic that causes an enormous burden of 

morbidity and mortality in poorer countries, has received only a small fraction of the equivalent attention and 

research funding171,172 and continues the slow, lethal march that inspired the names “Consumption” and 

“Captain of all these men of death”.  

 

In the context of TB, research is often considered to refer to the biomedical: developing new drugs, vaccines, 

and tests. Whilst such research remains critical to the long-term prospects for TB elimination, more than 

ever, funding organisations and policy makers must prioritise and invest in operational research to learn how 

to effectively and efficiently integrate these biomedical interventions with socioeconomic interventions to 

address the underlying drivers of the TB epidemic. This thesis has attempted to address some of these 

knowledge gaps and inspire others to take a similar approach in the hope that, during the candidate’s 

lifetime, millions of people are no longer dying from the world’s oldest preventable and curable disease.  
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Additional figures 
Figure A.1 FIND TB - cumulative incidence of tuberculosis comparing contacts in supported versus comparison communities during the first 56 days from index 
patient treatment initiation (see Chapter 6) 
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Figure A.2 PREVENT TB - cumulative incidence of tuberculosis comparing contacts in supported versus comparison communities from 56 days after index patient 

treatment initiation (see Chapter 6) 
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