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ABSTRACT
Background: Prevention of drug-resistant tuberculosis (TB) is a global health priority, however, trials evaluating the effectiveness of treating TB infection among contacts of people with drug-resistant TB are lacking.
Methods: We conducted a double-blind randomized controlled trial comparing six months of daily levofloxacin (weight-based dosing) with placebo to treat TB infection. The study population comprised household contacts of bacteriologically-confirmed rifampin-resistant/multidrug-resistant (RR/MDR)-TB patients in Vietnam. Contacts of any age with a positive tuberculin skin test or immunological impairment were eligible. The primary end-point was bacteriologically-confirmed TB within 30 months. Secondary end-points included grade 3-4 adverse events, death from any cause and acquired drug resistance. 
Results: Among 3,904 individuals screened for eligibility, 61 people (1.6%) had co-prevalent TB and 2,041 were randomized. Of these, 1,995 (97.7%) either completed 30 months of follow-up or reached an endpoint. Six cases (0.6%) of confirmed TB occurred in the levofloxacin group and 11 (1.1%) in the placebo group (incidence rate ratio: 0.55; 95% confidence interval [CI]: 0.19-1.62). There was no difference in grade 3-4 adverse events between groups (risk difference: 1.0%; 95% CI: -0.3- 2.4).  Adverse events of any grade were reported in 306 (31.9%) participants taking levofloxacin and 125 (13.0%) taking placebo (risk difference 18.9%, 95% CI: 14.2, 23.6). No acquired fluoroquinolone resistance was observed.
Conclusions: Though the incidence of TB was lower in the levofloxacin group compared to the placebo group at 30 months, this was not statistically significant. (Trial registration number: ACTRN12616000215426.)


Rifampicin-resistant (RR) and multidrug-resistant (MDR) tuberculosis (TB) affect 410,000 people each year globally.1 Treatment outcomes for people with MDR/RR-TB are worse than for people with drug-susceptible forms of TB,2,3 with just 63% of people treated successfully1 and a high proportion experience economic costs4 and ongoing morbidity.5 An estimated 19 million people are presumed to have drug-resistant TB infection, a state of persistent immune response to Mycobacterium tuberculosis which indicates a higher risk of developing TB disease.6  

The prevention of RR/MDR-TB is a major clinical, public health priority.7 Fluoroquinolones are a component of standard therapy for RR/MDR-TB disease8,9 and hold promise for the treatment of TB infection among contacts of people with drug-resistant TB. Observational studies suggest levofloxacin may reduce the incidence of TB among close contacts of patients with RR/MDR-TB.10,11 However, the effectiveness and tolerability of levofloxacin TB preventive treatment for RR/MDR-TB in adults and children has not been established.12 The VQUIN MDR Trial aimed to determine the effectiveness of a 6-month regimen of levofloxacin for the prevention of active TB among household contacts of people with confirmed RR/MDR-TB.

METHODS
Trial design and objectives
We conducted a double-blind parallel group randomized controlled trial comparing a six-month regimen of daily levofloxacin with placebo for the treatment of TB infection. The primary objective of this study was to determine the efficacy of levofloxacin in preventing the development of bacteriologically confirmed TB. Detailed study methods have been reported previously13 and can be found in the protocol and SAP at nejm.org.

Intervention
The intervention comprised 180 days of self-administered oral levofloxacin, or an indistinguishable placebo, composed predominantly of cellulose, once per day. Tablets were dispensed every four weeks, and a pill count performed at each visit. The daily dosing range was 10-15mg/kg for adults, and 15-20mg/kg for children, with a maximum dose of 750mg (Supplementary Table S1). 

Population eligibility and randomization
The study was conducted in Vietnam, a high-incidence country for TB and RR/MDR-TB.14 Participants were recruited in 10 provinces, including urban and rural settings. Study sites delivered standard treatment within the National Tuberculosis Program (NTP).

The study population comprised household contacts of all ages living with patients diagnosed with bacteriologically-confirmed RR/MDR-TB who commenced treatment within the previous three months. Contacts were eligible for enrolment if they had evidence of TB infection without the presence of TB disease. TB infection was defined as a tuberculin skin test (TST) induration diameter of 10 mm or greater at the first reading, or TST conversion. People living with HIV or with a body mass index <16kg/m2 were eligible for randomization regardless of TST size. Pregnant women were eligible to be randomized postpartum.

During the initial recruitment period, adults 15 years and over were randomized; children under 15 years were randomized from October 2018, after Institutional Review Board approval. 

Exclusion criteria included allergy to fluoroquinolones, use of medications reported to increase the cardiac QTc, prior RR/MDR-TB, fluoroquinolone use in the preceding month, liver failure, an estimated glomerular filtration rate of <20mL/min or TB disease.

Prior to randomization, all contacts completed a symptom screen, chest radiography and were asked to provide a sputum sample for PCR testing using Xpert MTB/RIF. If abnormalities were identified, three additional sputum samples were requested for culture and one for Xpert MTB/RIF to exclude co-prevalent TB. The randomization process is described in the Supplementary Methods.

During the six-month treatment period, participants attended clinic monthly to support adherence and assess for toxicity, according to the CTCAE v4.028. Patients were also phoned between scheduled visits, every two weeks. Following treatment, participants attended follow-up to assess for incident TB with a symptom screen and chest radiograph at 6, 12, 18, 24 and 30 months. 

Outcome ascertainment
Outcomes were reported at the individual participant level. The primary study end point was bacteriologically-confirmed TB, defined as a positive identification of M. tuberculosis by culture or a molecular WHO-recommended rapid diagnostic in a close contact with clinical and/or radiological evidence of TB disease. Secondary end-points included all forms of TB (bacteriologically-confirmed or clinically probable), completion of therapy, treatment discontinuation due to an adverse event, grade 3 or 4 adverse events, death or acquired resistance to fluoroquinolones in comparison to the index isolate using Whole Genome Sequencing (Supplementary Methods). Completion of treatment was defined as taking at least 80% of doses within 270 days after commencing therapy, in keeping with trials in prevention of drug-susceptible TB15. 

Statistical analysis
The risk of incident TB in the placebo group was expected to be 3% over the follow-up period.16,17 We expected that levofloxacin would reduce incident TB by 70% in the treatment group, based on mid-range estimates of isoniazid efficacy for TB infection in drug-susceptible TB.18 The sample size was increased to allow for 17% fluoroquinolone resistance among patients with RR/MDR-TB in Vietnam, and a 10% drop-out rate,19 and design effect of 1.04 at the district level and 1.07 at the level of the household.20 To determine superiority, we calculated the required sample size was 1,003 per arm on the basis of a two-sided alpha level of 0.05 and a power of 80% allowing for clustering at district and household levels.

Statistical analyses were conducted by the trial statistician, in consultation with the investigators according to a pre-specified statistical analysis plan. Group assignment was blinded until analyses were complete. The primary analysis included the intention to treat (ITT) population. ITT analyses were also performed on the secondary (composite) outcomes of bacteriologically-confirmed or clinically probable TB, and all-cause mortality. The per-protocol population included all randomized participants who completed at least 80% of their assigned treatment. 

Incidence rate ratios and 95% confidence intervals (CIs) were estimated using a marginal Poisson regression model fitted via generalized estimating equations (GEE). To account for follow-up time (duration of ‘exposure’ from randomization to the point of diagnosis with TB, loss to follow-up or withdrawal from the study, death or 30 months, whichever was earlier), log of follow up time was included as an offset variable in the model. To adjust for correlation of outcomes between individuals clustered by households, robust standard errors with an exchangeable correlation structure were used. Risk differences were calculated using GEE models with a binomial distribution, identity link, clustered by households and an independent correlation structure. Data were assumed to be missing at random. We report point estimates and 95% confidence intervals for outcomes, as we did not pre-specify a plan to account for multiplicity. The widths of the intervals have not been adjusted for multiplicity. The interpretation of these confidence intervals should avoid the language of definitive conclusions used to report statistically significant findings as assessed by formal hypothesis testing. 

Oversight
The study was approved by the Human Research Ethics Committee of the University of Sydney (2014/929) and by the Institutional Review Board at the Ministry of Health Vietnam (4640/QD-BYT and 94/CN-HDDD). All authors vouch for the completeness and accuracy of the data presented and fidelity to the protocol. 

RESULTS

We assessed 4,104 household contacts between March 2016 and August 2019; 61 of 3,904 (1.6%) people who completed screening were diagnosed with confirmed TB prior to randomization and were deemed to have co-prevalent TB (Figure 1). Among eligible contacts, 2,041 were randomized to either levofloxacin or placebo and included in the ITT population. Participants were 2 to 87 years old. Demographic and clinical characteristics of study participants are presented in Table 1 and Supplementary Tables S2 and S3. TST positivity or TST conversion (as defined) was documented in 99.8% (2,036 people) of those randomized. The median number of contacts per household was 1 (interquartile range [IQR] 1-2; maximum 13). A defined study endpoint was reached by 1,995 (97.7% of the ITT population). No participants had missing data for any baseline characteristics.

The proportion of participants completing six months’ treatment was lower in the levofloxacin group (68.4%) than the placebo group (82.9%, risk difference -14.5%; 95% CI: -19.4%, -9.6%) (Supplementary Table S4). Treatment discontinuation due to a low-grade adverse event was more likely in the levofloxacin group. Participants taking levofloxacin (23.2%) were more likely than participants taking placebo (9.1%) to decide to stop taking treatment. Participants who did and did not complete follow-up had similar age, gender, educational characteristics and comorbidities in both groups (Supplementary Table S5). These characteristics were not different between those who did and did not complete treatment (Supplementary Table S6).


Incidence of TB disease
During the 30-month follow-up period, 6 patients were diagnosed with bacteriologically-confirmed TB in the levofloxacin group and 11 in the placebo group. In addition, one patient developed clinically-diagnosed TB in the levofloxacin group and two in the placebo group. In the ITT population, the incidence rate ratio for confirmed TB was 0.55 (95% CI: 0.19, 1.62) (Table 2) (Figure 2). In the per-protocol population, the incidence rate ratio was 0.60 (95% CI: 0.15, 2.40). The characteristics of the 40 participants lost to follow-up are shown in Supplementary Table S7. Incidence was higher among those not completing treatment for both groups. The characteristics of participants who developed incident TB are shown in Table S8. Treatment outcomes for participants developing incident TB are shown in Supplementary Table S9. Median duration of follow-up was 30 (IQR: 30, 30) months in the levofloxacin group and 30 (IQR:30, 30) months in the placebo group.

Safety and mortality
One or more adverse events of any grade was reported in 306 (31.9%) participants taking levofloxacin and 125 (13.0%) taking placebo (risk difference 18.9%, 95% CI: 14.2, 23.6, p<0.001) (Table 3). There was no difference in the incidence of severe (grade 3 or 4) adverse events between the two groups (risk difference 1.0%, 95% CI: -0.3, 2.4) (Table 4). Adverse events resulted in treatment discontinuation in 71 (7.4%) levofloxacin and 11 (1.1%) placebo recipients. Further details about the frequency of adverse events, according to grade, are shown in Supplementary Tables S10-S12. No deaths occurred in either group within 21 days of treatment completion. Seven deaths that occurred following treatment were assessed as unrelated to TB by the blinded expert clinical panel (4 receiving levofloxacin, 3 receiving placebo; Supplementary Table S13). The study population was drawn from households of patients that were nationally representative (Supplementary Table S14).


Genomic analyses
Among 17 people with confirmed incident TB, genotypic drug resistance predictions were available for 8; 2 had gyrA mutations associated with quinolone resistance and 7 did not. Isolates were available for both the index case and the household contact for two pairs in the levofloxacin group and six in the control group. In the levofloxacin group, both contacts had rifampin and isoniazid resistance while in the control group, four developed MDR-TB, one isoniazid-resistant TB and one pan-susceptible TB. Bacterial isolates from the household contact with incident TB were classified as genotypically matching with baseline isolates of their index case in 1 of 2 pairs from the levofloxacin group and 4 of 6 pairs from the placebo group. No acquired fluoroquinolone resistance was detected following randomization.  The Consort Checklist is shown in Table S15. 

DISCUSSION
This randomized trial among 2,041 household RR/MDR-TB contacts in Vietnam, with evidence of infection but no active disease, found that the incidence of confirmed TB was lower among those taking levofloxacin than those taking placebo, however the difference did not reach statistical significance. Levofloxacin was associated with a low incidence of serious adverse events and with no evidence for acquired resistance to fluoroquinolones. In the levofloxacin group, a higher proportion of individuals discontinued treatment than in the placebo group.

The reduction in incidence with levofloxacin suggests that it may have a role in preventing TB among household contacts of patients with RR/MDR-TB. However, the estimate of effect was imprecise. The observed 1.1% incidence in the control group was less than the 3% upon which our sample size estimate was based.13 This was substantially lower than that reported in a previous cohort study23 and two meta-analyses.24,25 A likely explanation for our finding is that a high proportion of contacts who developed TB had already done so prior to enrolment. In contrast to the 17 patients with incident confirmed TB diagnosed during follow-up, we identified 44 individuals with microbiologically-confirmed TB among those screened prior to randomization. This may be attributable to the prolonged period of infectiousness of the index case prior to starting treatment, resulting from delays in their diagnosis and treatment for drug-resistant TB, and that the risk of disease diminishes over time.26 

Levofloxacin satisfies most of the qualities recommended by WHO for a suitable TB preventive treatment regimen, including safety, no evidence of drug resistance promotion, adequate adherence and low cost.27 While the lower than expected number of events in the control group led to a lack of precision in the effect estimate, combining these findings with results from another trial have suggested possible effectiveness of the regimen.21 This trial shows that six months of fluoroquinolone therapy has a low rate of serious adverse events. However, around a third of contacts of contacts taking levofloxacin chose not to complete therapy, and a higher proportion of the levofloxacin group reported grade 1 or 2 adverse events, particularly musculoskeletal symptoms. For every 1,000 people taking levofloxacin, 63 stopped treatment on account of an adverse event (Table 3). This finding indicates that for otherwise healthy contacts, low-grade symptoms can be a significant barrier to treatment completion. Levofloxacin use was not associated prolongation of the corrected QT segment or tendinopathy. Potential effects upon the human microbiome, including long-term reductions in bacterial diversity and the emergence of resistant organisms in the gastrointestinal and respiratory tracts, also need to be considered. 

Nearly half of contacts who developed TB acquired their infection from a different source than the identified index case. This finding reflects the likelihood that a different agent, such as rifampin or isoniazid, may provide benefit. The study also reinforces the importance of ongoing efforts to reduce the transmission of M. tuberculosis in the community, in addition to among specific high-risk groups. 

No patients taking levofloxacin were diagnosed with incident TB during the treatment period, in contrast to the placebo group. This suggests that levofloxacin may have its greatest effect during and shortly after treatment. Beyond 12 months, the parallel lines on the Kaplan Meir curve imply that the benefit of treatment may not be enduring, probably due to the high risk of re-infection with TB in this high prevalence environment. Under-reporting of TB is an unlikely explanation for the low number of patients developing incident TB, given the high follow-up rate and cross-checking of the small number of participants who were lost to follow-up against TB treatment records.

This study had a number of strengths. The trial employed a placebo-controlled double-blind design, providing confidence that outcomes were not affected by behavior relating to the knowledge by patients or healthcare providers about their group allocation. Almost all participants had a diagnosis of TB infection and the primary outcome was microbiologically confirmed incident TB.  The follow-up rate was high – over 97% in both groups. The trial was conducted among contacts of all ages in rural and urban provinces of Vietnam. Hence, trial findings are generalizable to household contacts of patients with RR/MDR-TB in a range of settings where HIV prevalence is low. The findings of our study complement those of the TB-CHAMP trial, which was conducted among children and adolescents.21 Combining the data from these two studies, which were designed in collaboration and share common outcome definitions, allows additional insight into the possible effectiveness of levofloxacin for MDR-TB contacts 22. Finally, co-prevalent disease was carefully excluded at baseline, including attempted collection of sputum for molecular testing for all participants, avoiding misclassifying of co-prevalent disease as incident disease. 

In conclusion, the point estimate for incidence of TB was lower among participants given levofloxacin than participants given placebo, for treating TB infection, although this difference was not statistically significant. Levofloxacin use was not associated with an increase in grade 3-4 adverse events, however lower grade adverse events were more common. Findings of this study need to be combined with those from other settings to allow additional insights.



Disclosure forms provided by the authors are available with the full text of this article at NEJM.org.

Funding 
This project was funded by a National Health and Medical Research Council (NHMRC) Project Grant. This research also received funding from Vietnam National Foundation for Science and Technology Development (NHMRC.108.02-2018.0).

Acknowledgements
We acknowledge the collective efforts of the staff at 10 Provincial and City Hospitals across the Vietnam National TB Program network participating in this study. We thank Dr Hazel Goldberg, A/Prof. Suman Majumdar, A/Prof. Anthony Byrne and Dr David Isaacs (members of the expert clinical panel), and Profs Bill Burman, Carole Mitnick, Payam Nahid and James Seddon (members of the Scientific Advisory Committee). We also thank Prof. Andrew Nunn, Prof. Charles Daley and Dr Linh Nguyen (members of the Independent Data Monitoring Committee), as well as all trial staff, tuberculosis treatment providers and study participants.


References
1.	World Health Organization. Global Tuberculosis Report. Geneva, Switzerland: World  Health Organization; 2023.
2.	Günther G, Lange C, Alexandru S, et al. Treatment Outcomes in Multidrug-Resistant Tuberculosis. N Engl J Med 2016;375:1103-5.
3.	Collaborative Group for the Meta-Analysis of Individual Patient Data in MDR-TB treatment, Ahmad N, Ahuja SD, et al. Treatment correlates of successful outcomes in pulmonary multidrug-resistant tuberculosis: an individual patient data meta-analysis. Lancet 2018;392:821-34.
4.	Ghazy RM, El Saeh HM, Abdulaziz S, et al. A systematic review and meta-analysis of the catastrophic costs incurred by tuberculosis patients. Scientific Reports 2022;12:558.
5.	Alene KA, Wangdi K, Colquhoun S, et al. Tuberculosis related disability: a systematic review and meta-analysis. BMC Med 2021;19:203.
6.	Knight GM, McQuaid CF, Dodd PJ, Houben R. Global burden of latent multidrug-resistant tuberculosis: trends and estimates based on mathematical modelling. Lancet Infect Dis 2019;19:903-12.
7.	World Health Organization. Latent tuberculosis infection. Updated and consolidated guidelines for programmatic management. Geneva: Switzerland; 2018.
8.	World Health Organization. Rapid communication: Key changes to the treatment of drug-resistant tuberculosis2022.
9.	World Health Organization. WHO Consolidated Guidelines on Tuberculosis, Module 4: Treatment - Drug-Resistant Tuberculosis Treatment. Geneva: WHO; 2020.
10.	Byrne AL, Fox GJ, Marais BJ. Better than a pound of cure: preventing the development of multidrug-resistant tuberculosis. Future microbiology 2018;13:577-88.
11.	Fox GJ, Oxlade O, Menzies D. Fluoroquinolone Therapy for the Prevention of Multidrug-Resistant Tuberculosis in Contacts. A Cost-Effectiveness Analysis. Am J Respir Crit Care Med 2015;192:229-37.
12.	Dartois VA, Rubin EJ. Anti-tuberculosis treatment strategies and drug development: challenges and priorities. Nat Rev Microbiol 2022;20:685-701.
13.	Fox GJ, Nguyen CB, Nguyen TA, et al. Levofloxacin versus placebo for the treatment of latent tuberculosis among contacts of patients with multidrug-resistant tuberculosis (the VQUIN MDR trial): a protocol for a randomised controlled trial. BMJ Open 2020;10:e033945.
14.	WHO global lists of high burden countries for tuberculosis (TB), TB/HIV and multidrug/rifampicin-resistant TB (MDR/RR-TB), 2021–2025. 2021. at https://cdn.who.int/media/docs/default-source/hq-tuberculosis/who_globalhbcliststb_2021-2025_backgrounddocument.pdf?sfvrsn=f6b854c2_9 (Accessed 2 December 2022).)
15.	Menzies D, Adjobimey M, Ruslami R, et al. Four Months of Rifampin or Nine Months of Isoniazid for Latent Tuberculosis in Adults. N Engl J Med 2018;379:440-53.
16.	Morrison J, Pai M, Hopewell PC. Tuberculosis and latent tuberculosis infection in close contacts of people with pulmonary tuberculosis in low-income and middle-income countries: a systematic review and meta-analysis. Lancet Infect Dis 2008;8:359-68.
17.	Fox GJ, Barry SE, Britton WJ, Marks GB. Contact investigation for tuberculosis: a systematic review and meta-analysis. Eur Respir J 2013;41:134-50.
18.	Lobue P, Menzies D. Treatment of latent tuberculosis infection: An update. Respirology 2010;15:603-22.
19.	Nguyen HB, Nguyen NV, Tran HT, Nguyen HV, Bui QT. Prevalence of resistance to second-line tuberculosis drug among multidrug-resistant tuberculosis patients in Viet Nam, 2011. Western Pac Surveill Response J 2016;7:35-40.
20.	Fox GJ, Nhung NV, Sy DN, et al. Household-contact investigation for the detection of tuberculosis in Vietnam. New Engl J Med 2018;378:221-9.
21.	Hesseling A. et al. TB CHAMP study. New Engl J Med (submitted jointly with this manuscript).
22.	Duong T TB, Layton C, White I, Seddon J, Schaaf S, Fairlie Lee, Martinson N, Garden F, Bendetti A, Nguyen TA, Nguyen VN, Marais B, Marks GB, Hesseling A, Fox G. Individual participant data meta-analysis of levofloxacin for the prevention of multidrug-resistant tuberculosis in household contacts. NEJM (Jointly submitted with this manuscript).
23.	Grandjean L, Gilman RH, Martin L, et al. Transmission of Multidrug-Resistant and Drug-Susceptible Tuberculosis within Households: A Prospective Cohort Study. PLoS Med 2015;12:e1001843; discussion e.
24.	Shah NS, Yuen CM, Heo M, Tolman AW, Becerra MC. Yield of contact investigations in households of patients with drug-resistant tuberculosis: systematic review and meta-analysis. Clin Infect Dis 2014;58:381-91.
25.	Velen K, Shingde RV, Ho J, Fox GJ. The effectiveness of contact investigation among contacts of tuberculosis patients: a systematic review and meta-analysis. Eur Respir J 2021;58.
26.	Vynnycky E, Fine PE. The natural history of tuberculosis: the implications of age-dependent risks of disease and the role of reinfection. Epidemiol Infect 1997;119:183-201.
27.	Den Boon S, Lienhardt C, Zignol M, et al. WHO target product profiles for TB preventive treatment. Int J Tuberc Lung Dis 2022;26:302-9.
28.	United States Department of Health and Human Services. Common Terminology Criteria for Adverse Events (CTCAE) version 4.0 2010.
29.	Saukkonen JJ, Cohn DL, Jasmer RM, et al. An official ATS statement: hepatotoxicity of antituberculosis therapy. Am J Respir Crit Care Med 2006;174:935-52.


Figure 1: Participant recruitment and follow-up
Figure 1 shows screening and randomisation process for household contacts included in the study. 46 people (2.3%) did not complete follow-up to 30 months, or reach a study endpoint. ^Participants under 15 years were only enrolled in the final 6 months of the study owing to local IRB requirements.  

Figure 2.  Kaplan-Meier plot of incident bacteriologically-confirmed tuberculosis over time, according to treatment group
We report point estimates and 95% confidence intervals for outcomes, as we did not pre-specify a plan to account for multiplicity. The widths of the intervals have not been adjusted for multiplicity. The interpretation of these confidence intervals should avoid the language of definitive conclusions used to report statistically significant findings as assessed by formal hypothesis testing.
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Table 1. Baseline characteristics by treatment arm, in the intention-to-treat population
	Characteristic
	
	Levofloxacin 
	Placebo 
	

	
	
	n (%)
	n (%)
	Total

	Total
	
	1023 (100%)
	1018 (100%)
	2041 (100%)

	Age
	
	
	

	Median age (IQR)
	41 (28, 52)
	39 (28, 53)
	40 (28, 52)

	< 15 years
	27 (2.6%)
	33 (3.2%)
	60 (2.9%)

	15-29 years
	262 (25.6%)
	253 (24.9%)
	515 (25.2%)

	30-44 years
	290 (28.4%)
	324 (31.8%)
	614 (30.1%)

	45 to 59 years
	329 (32.2%)
	277 (27.2%)
	606 (29.7%)

	60 years and over
	115 (11.2%)
	131 (12.9%)
	246 (12.1%)

	Male gender
	374 (36.6%)
	361 (35.5%)
	735 (36.0%)

	Comorbidities
	
	
	

	Diabetes
	38 (3.7%)
	38 (3.7%)
	76 (3.7%)

	Insulin requiring 
	36 (3.5%)
	35 (3.4%)
	71 (3.5%)

	Non-insulin requiring 
	2 (0.2%)
	3 (0.3%)
	5 (0.2%)

	Chronic kidney disease
	1 (0.1%)
	1 (0.1%)
	2 (0.1%)

	Hepatitis B
	12 (1.2%)
	22 (2.2%)
	34 (1.7%)

	Hepatitis C
	1 (0.1%)
	1 (0.1%)
	2 (0.1%)

	HIV positive+
	2 (0.2%)
	6 (0.6%)
	8 (0.4%)

	Chronic lung disease
	12 (1.2%)
	8 (0.8%)
	20 (1.0%)

	Past history of TB
	
	
	

	Yes
	56 (5.5%)
	50 (4.9%)
	106 (5.2%)

	No
	967 (94.5%)
	968 (95.1%)
	1935 (94.8%)

	Past history of drug-resistant TB
	
	
	

	Yes
	1 (0.1%)
	1 (0.1%)
	2 (0.1%)

	No
	1022 (99.9%)
	1017 (99.9%)
	2039 (99.9%)

	Smoking history
	
	
	

	Ever smoked 
	227 (22.2%)
	225 (22.1%)
	452 (22.2%)

	Current smoker, among ever smokers
	175 (77.1%)
	183 (81.3%)
	358 (79.2%)

	Median pack-years smoking, among ever smokers (IQR)
	9.6 (3.5, 20.0)
	9.5 (3.4, 21.0)
	9.5 (3.4, 20.5)

	Median body mass index; kg/m2 (IQR) 
	21.8 (19.6, 24.0)
	21.7 (19.8, 23.8)
	21.8 (19.7, 23.9)

	Tuberculin skin test status*
	
	
	

	TST positive
	920 (89.9%)
	907 (89.1%)
	1827 (89.5%)

	TST conversion
	101 (9.9%)
	108 (10.6%)
	209 (10.2%)

	TST negative and HIV positive
	1 (0.1%)
	1 (0.1%)
	2 (0.1%)

	TST negative and malnourished**
	1 (0.1%)
	2 (0.2%)
	3 (0.2%)


Additional baseline characteristics are reported in Table S2. *Tuberculin skin test (TST) positivity was defined as TST of 10mm or greater at first reading. + conversion defined as either: (a) the first test was <5mm with a size of 10mm or greater at second reading; OR (b) If the first test was 5-9mm and an increase of 6mm or greater was measured at the second reading. **Body mass index < 16kg/m2 


Table 2. Incidence of tuberculosis disease by treatment arm, in the intention to treat population

	

	Levofloxacin group
	Incidence per 100 person-years
	Placebo group
	Incidence per 100 person-years
	Incidence rate ratio (95% CI)*

	Intention to treat population
	
	
	
	
	

	Number of participants
	1,023
	--
	1,018
	--
	--

	Completed 30 months follow up or reached a trial end-point, n (%)
	996 (97.4%)
	--
	999 (98.1%)
	--
	--

	Total follow-up time, person-years
	2,586.1
	--
	2,564.6
	--
	--

	Bacteriologically-confirmed cases 
	6
	0.232
	11
	0.429
	0.55 (0.19, 1.62)

	Clinically-diagnosed
	1
	0.039
	2
	0.078
	0.49 (0.045, 5.46)

	Bacteriologically-confirmed or clinically diagnosed TB** n (%)
	7 
	0.271
	13 
	0.507
	0.54 (0.20, 1.46)

	Per-protocol population
	
	
	
	
	

	Number of participants
	700
	--
			844
	--
	--

	Completed 30 months follow up or reached a trial end-point, n (%)
	690 (98.6%)
	--
	834 (98.8%)
	--
	--

	Total -person-years follow-up
	1,783.7
	--
	2,145.3
	--
	--

	Bacteriologically-confirmed cases 
	3
	0.168
	6
	0.280
	0.60 (0.15, 2.40)

	Clinically-diagnosed
	0
	0
	1
	0.047
	Not estimable

	Bacteriologically-confirmed or clinically diagnosed TB, n (%)
	3 
	0.168
	7 
	0.326
	0.52 (0.14, 1.99)

	Modified Intention to treat***
	
	
	
	
	

	Number of participants
	907
	
	897
	
	

	Completed 30 months follow up or reached a trial end-point, n (%)
	884 (97.5%)
	
	881 (98.2%)
	
	

	Total -person-years follow-up
	2297.9
	
	2264.4
	
	

	Bacteriologically-confirmed cases 
	4
	0.174
	9
	0.397
	0.44 (0.14, 1.41)

	Clinically-diagnosed
	0
	0
	1
	0.044
	Not estimable

	Bacteriologically-confirmed or clinically diagnosed TB, n (%)
	4
	0.174
	10
	0.442
	0.39 (0.12, 1.25)



*Incidence rate ratio accounts for clustering at the household level. The intra-class correlation for the primary outcome was 0.0168.
**In the levofloxacin group, among two contacts with drug-susceptibility testing results from Whole Genome Sequencing, both developed TB that was resistant to both isoniazid and rifampicin. In the placebo group, among six contacts with drug susceptibility testing results from Whole Genome Sequencing four developed TB that was resistant to both isoniazid and rifampicin, one had resistance only to isoniazid and one had susceptibility to both isoniazid and rifampicin. 
***The modified intention to treat analyses excluded household contacts of index patients who were incorrectly classified (those in whom the index patient was Xpert RIF positive but phenotypic rifampicin susceptible), and contacts who did not commence therapy on account of early withdrawal prior to treatment.
We report point estimates and 95% confidence intervals for outcomes, as we did not pre-specify a plan to account for multiplicity. The widths of the intervals have not been adjusted for multiplicity. The interpretation of these confidence intervals should avoid the language of definitive conclusions used to report statistically significant findings as assessed by formal hypothesis testing. 
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Table 3. Adverse events occurring during the treatment period among participants taking at least one dose of the study drug

	
	Levofloxacin 
	Placebo 
	Risk difference  
	p-value

	
	n (%)
	n (%)
	% (95% CI)
	

	Participants taking at least one dose of the study drug&
	960 (93.8%)
	962 (94.5%)
	-0.7% (-3.5, 2.2)
	0.647

	Participants with one or more adverse events*
	
	
	
	

	Any (one or more)
	306 (31.9%)
	125 (13.0%)
	18.9% (14.2, 23.6)
	<0.0001

	Grade 1 or 2
	290 (30.2%)
	111 (11.5%)
	18.7% (14.0, 23.3)
	<0.0001

	Grade 3 or 4
	29 (3.0%)
	19 (2.0%)
	1.0% (-0.3, 2.4)
	0.140

	Permanent discontinuation of  study drug because of adverse event
	
	
	
	

	Total
	71 (7.4%)
	11 (1.1%)
	6.3% (4.3, 8.2)
	<0.0001

	Grade 1 or 2 adverse event^
	59 (6.2%)
	7 (0.7%)
	5.4% (3.6, 7.3)
	<0.0001

	Grade 3, pregnancy only
	4 (0.4%)
	3 (0.3%)
	0.1% (-0.4, 0.6)
	0.701

	Grade 3, non-pregnancy related
	8 (0.8%)
	1 (0.1%)
	0.7% (0.1, 1.3)
	0.019

	Grade 3 or 4 hepatotoxic event
	1 (0.1%)
	0 (0%)
	0.1% (-0.1, 0.3)$
	0.5$

	Grade 3 or 4 musculoskeletal event
	1 (0.1%)
	0 (0%)
	0.1% (-0.1, 0.3)$
	0.5$

	     Grade 3 or 4 QTc prolongation
	0 (0%)
	0 (0%)
	--
	--

	   Death
	0 (0%)
	0 (0%)
	--
	--

	Adverse events, in those taking at least one dose of the study drug, multiple per person allowed
	
	
	--
	--

	Total
	422 (100%)
	162 (100%)
	
	

	Adverse events classified grade 3 or 4, n (%)**
	31 (7.4%)
	20 (12.4%)
	-5.0% (-11.3, 1.3)
	0.117

	Grade 3-5 adverse event that were probably related to trial drug, n (%)
	
	
	
	

	Grade 3-5 adverse event of any type
	10 (2.4%)
	2 (1.2%)
	1.1% (-1.0, 3.3)
	0.308

	Grade 3 or 4 hepatotoxic event
	1 (0.2%)
	0 (0%)
	0.2% (-0.2, 0.7)$
	0.999$

	Grade 3 or 4 musculoskeletal event 
	2 (0.5%)
	1 (0.6%)
	0.1% (-1.5, 1.2)
	0.839

	Grade 3 or 4 QTc prolongation
	0 (0%)
	0 (0%)
	0
	--



&Of the 1922 subjects who received at least one dose of a study drug, 1491 (77.6%)
had no adverse event, 330 (17.2%) had one adverse event, and 101 (5.3%) had more than one adverse event. We report point estimates and 95% confidence intervals for outcomes, as we did not pre-specify a plan to account for multiplicity. The widths of the intervals have not been adjusted for multiplicity. The interpretation of these confidence intervals should avoid the language of definitive conclusions used to report statistically significant findings as assessed by formal hypothesis testing. * Adverse events graded 3-5 were reviewed by a four-member Expert Clinical Panel who were blinded to group allocation. At least three members were required to report each adverse event. Severity was classified according to the CTCAE v4.028, and for hepatotoxicity according to American Thoracic Society criteria29.
**If an individual had more than one adverse event, then each adverse event is counted separately. The proportion represents the ratio of adverse events per 100 participants.
Adverse events were reported up to 21 days after the completion of the last dose of treatment.
^Grade 1-2 adverse events were classified by the local medical officer. Grade 3-5 were classified by an Expert Clinical Panel.
$ confidence interval and p-value calculated using exact method due to zero cell count.


