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Abstract

Background—Evidence-based recommendations for treating persons having presumed latent
tuberculosis (LTBI) after contact to infectious multidrug-resistant (MDR) tuberculosis (TB) are
lacking because published data consist of small observational studies. Tuberculosis incidence in
persons treated for latent MDR -TB infection is unknown.

Methods—We conducted a systematic review of studies published 1 January 1994-31 December
2014 to analyze TB incidence, treatment completion and discontinuation, and cost-effectiveness.
We considered contacts with LTBI effectively treated if they were on =1 medication to which their
MDR-TB strain was likely susceptible. We selected studies that compared treatment vs
nontreatment outcomes and performed a meta-analysis to estimate the relative risk of TB
incidence and its 95% confidence interval.

Results—We abstracted data from 21 articles that met inclusion criteria. Six articles presented
outcomes for contacts who were treated compared with those not treated for MDR-LTBI; 10
presented outcomes only for treated contacts, and 5 presented outcomes only for untreated
contacts. The estimated MDR-TB incidence reduction was 90% (9%—-99%) using data from 5
comparison studies. We also found high treatment discontinuation rates due to adverse effects in
persons taking pyrazinamide-containing regimens. Cost-effectiveness was greatest using a
fluoroquinolone/ethambutol combination regimen.

Conclusions—Few studies met inclusion criteria, therefore results should be cautiously
interpreted. We found a reduced risk of TB incidence with treatment for MDR-LTBI, suggesting
effectiveness in prevention of progression to MDR-TB, and confirmed cost-effectiveness.
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However, we found that pyrazinamide-containing MDR-LTBI regimens often resulted in treatment
discontinuation due to adverse effects.

Keywords
tuberculosis; multidrug-resistant; treatment; contacts; cost

Evidence-based recommendations for treatment of persons (ie, contacts) having presumed
multidrug-resistant latent tuberculosis (MDR-LTBI) after contact to a patient with infectious
MDR tuberculosis (TB) are lacking because published data consist of small observational
studies. Three international clinical trials of MDR-LTBI regimens are ongoing in household
contacts, with expected completion in 2021: (1) Tuberculosis child and adolescent
multidrug-resistant preventive therapy trial (TB CHAMP) (levofloxacin [LEV] vs placebo in
children/adolescents); (2) V-QUIN (LEV vs placebo in children/adolescents); and (3)
protecting households on exposure to newly diagnosed index multidrug-resistant
tuberculosis patients (PHOENIX) (delamanid vs isoniazid) [1]. Current guidance for
managing persons having contact with infectious MDR-TB is therefore based on expert
opinion.

The US Centers for Disease Control and Prevention (CDC) published guidance in 1992 and
2000 that advised (1) no treatment for MDR-LTBI for persons not at high risk for
progression to TB, but provision of clinical follow-up for TB signs and symptoms, and (2)
6-12 months of treatment with =2 medications to which the isolate of the source case is
susceptible [2]. The Curry International Tuberculosis Center suggests an MDR-LTBI
regimen of levofloxacin or moxifloxacin alone or combined with a second medication to
which the isolate of the infectious source patient is susceptible [3]. A recent policy brief
published by Harvard Medical School after review of existing evidence stated that “further
evidence is urgently needed in this field and findings from the planned clinical trials are
keenly awaited. However, in the interim, action can be taken. Postexposure management of
household contacts of MDR-TB is effective, feasible, and cost efficient, and could be
implemented immediately” [4].

There have been recently published studies of the use of treatment for MDR-LTBI that add
to existing literature and might provide additional evidence to address the gaps in knowledge
that influence MDR-LTBI treatment guidelines. TB incidence in persons having contact with
infectious MDR-TB who were treated for MDR-LTBI has not been aggregated through
meta-analysis and treatment discontinuation due to adverse effects has not been
systematically documented.

Our goal was to assess, using systematic review and meta-analysis, whether MDR-LTBI
treatment is significantly associated with lower TB incidence, compared with no medical
treatment. We also examined treatment completion, adverse effects, and cost-effectiveness.

METHODS

We developed and examined a population, intervention, comparison, and outcome (PICO)
question following Cochrane procedures [5]. Our PICO question was: “Among contacts to

Clin Infect Dis. Author manuscript; available in PMC 2017 December 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Marks et al.

Page 3

infectious MDR-TB patients with presumed MDR-LTBI, should MDR-LTBI treatment
compared with no effective medical treatment be used?” We conducted a systematic review
of published studies (1 January 1994-31 December 2014) in English or Spanish that
presented data on persons having contact to infectious MDR-TB, who had documented LTBI
test reactivity or presumed (for children <5 years of age or living with human
immunodeficiency virus [HIV]) LTBI, treated or untreated MDR-LTBI, and TB incidence
rates. The outcome of MDR-TB incidence was verified by culture and drug susceptibility
testing, except for some children, who often are culture negative and thus have no drug
susceptibility results. We searched PubMed, Embase, and the Cochrane Library for the
keywords tuberculosis, multidrug resistant, contacts, and treatment. \We excluded case
reports with <10 participants and studies only reporting on the diagnosis or treatment of
MDR-TB. We used individual study definitions of contacts and of LTBI, based on positive
reactions to tuberculin skin tests (TSTSs), but included child contacts <5 years of age or any
contacts with HIV as having presumed LTBI and eligible for LTBI treatment regardless of
TST result. We considered that persons having contact to infectious MDR-TB were
effectively treated for LTBI if they received =1 medication (using intention-to-treat
categorization) to which their MDR-TB strain was likely susceptible (based on the known/
presumed drug susceptibilities of the index patient), otherwise they were not effectively
treated. Our definition of effective treatment did not exclude monotherapy despite CDC
guidelines, as clinicians have often used monotherapy (usually a fluoroquinolone) for MDR-
LTBI treatment, and a mouse model study [6] demonstrated efficacy of fluoroquinolones
against latent Mycobacterium tuberculosis. We identified review articles and performed a
manual search of their references, but excluded the reviews to avoid duplication. We
searched journal article titles and abstracts, then reviewed the full text of selected articles.

We abstracted data on the outcome of TB incidence associated with treatment or no
treatment. Person-time TB incidence data were available from few studies and were
estimated when unavailable. To analyze TB incidence, we excluded 1 comparison study
(Attamna et al [7]) and 1 treatment-only study (Feja et al [8]) that relied solely on registry
matches, which are considerably influenced by patient mobility and loss to follow-up,
resulting in inability to accurately identify incident TB. Moreover, their inclusion
significantly inflates study denominators, creating great meta-analysis heterogeneity.
However, we included studies in which registry matches were only 1 component of follow-
up to identify incident TB and registry match studies of other outcomes. We selected studies
that compared treatment vs nontreatment outcomes and performed meta-analysis to estimate
the incident relative risk of TB and its 95% confidence interval (Cl). We estimated and
controlled for differing person-time of follow-up using Poisson, zero-inflated Poisson, zero-
inflated Poisson with random effects, and negative binomial regression methods.

In addition to analyzing data from studies that included persons both treated and untreated
for MDR-LTBI in the same study, we aggregated data on TB incidence from studies only
reporting on persons treated for MDR-LTBI and separately for studies only reporting on
untreated persons.

Where available, we abstracted data on MDR-LTBI treatment completion and adverse
effects and report proportions and their Cls. We aggregated individual level adverse effects
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data by regimen, if they were documented, to compute the proportion of persons on the
regimen who experienced adverse effects and the proportion who stopped MDR-LTBI
treatment because of adverse effects. We also updated a decision analysis of MDR-LTBI
treatment [9] by applying adverse effect rates by regimen.

To assess incremental cost-effectiveness of individual regimens, we applied the regimen-
specific completion and adverse effects discontinuation averages from our review, MDR-TB
societal costs (excluding deaths) [10, 11] in 2014 US dollars [12], along with efficacy
estimates from mouse models [6] and LTBI treatment costs (updated to 2014 dollars) used
by Holland et al [9] to conduct a decision analysis (Supplementary Appendix) from the
societal perspective of a hypothetical cohort of 100 MDR-TB cases and their contacts per
year for 40 years. We also used the following quality-adjusted life year (QALY) estimates:
[13] 0.53 alive after MDR-TB, 0.90 alive with MDR-LTBI, 0.80 alive with MDR LTBI
post—adverse effect treatment stop, and 0.75 alive with MDR-LTBI posthospitalization for
adverse effect treatment stop. We assumed a LTBI reactivation rate of 3% over 40 years,
calculated from 2011-2012 National Health and Nutrition Examination Survey data [14].
One-way sensitivity analyses were conducted to assess the effect of increasing adverse
effects by 50% with each regimen.

Ninety-five references met inclusion criteria (Figure 1). After reviewing titles and abstracts,
we excluded 71 studies, but included additional references from 6 review articles [1, 3, 15—
18]. Of 24 remaining studies (22 articles and 2 abstracts), 1 was excluded due to
insufficiently reported data. Two conference abstracts were requested from authors, but not
received. We reviewed and abstracted full text for 21 articles: 6 “comparison” studies
presented outcomes for persons both treated and untreated for MDR-LTBI [7,19-23], 10
presented only outcomes for persons treated [8,24-32], and 5 only outcomes for untreated
persons [33-37].

Of the 6 comparison studies, all but Bamrah et al [19] (Micronesia) and Schaaf et al [21]
(South Africa) were conducted in countries having low TB incidence: Adler-Shohet et al
[22] (United States), Attamna et al [7] (Israel), Denholm et al [20] (Australia), and Williams
et al [23] (United Kingdom). Among the studies in low-incidence settings, only Denholm et
al reported any TB cases (2/49 [4%] study subjects) after 2—6 years following treated and
untreated persons. After exclusion of the Attamna et al registry match, 5 comparison studies
(Table 1) were included in the meta-analysis.

Adler-Shohet et al [22] observed 31 children with MDR-LTBI prospectively for 2 years in
California. Twenty-six were treated with LEV and pyrazinamide (PZA) for 9 months, and
57% (15/26) completed treatment. Five children received no treatment. There was no TB
incidence. While all treated children experienced adverse effects, 42% (11/26) resulted in
treatment discontinuation.

Bamrah et al [19] conducted a prospective observational study of 119 persons (median age,
24 years) with MDR LTBI, with linkage to index-case molecular results, in Chuuk,
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Micronesia. One hundred four of the 119 persons (87%) received effective treatment with 12
months of daily moxifloxacin (MOX) or LEV alone, MOX or LEV combined with
ethambutol (EMB), or LEV combined with ethionamide (ETA). Eighty-nine percent
(93/104) of persons completed treatment. Persons with MDR-LTBI were followed for 3
years. There were no TB cases in treated persons and 3 (20%) TB cases in those untreated.
Of the 104 persons treated, 56 (53%) experienced adverse effects (33% nausea, 25%
dizziness/headache, 15% fatigue), and 4 (4%) stopped treatment due to adverse effects (2
nausea, 1 muscle/joint pain, 1 hepatitis diagnosed with acute hepatitis A).

Denholm et al [20] performed a retrospective review of medical records of contacts to
infectious MDR-TB reported from 1995-2010 and molecular analysis of index-case MDR-
TB isolates in Victoria, Australia. Of 570 contacts, 49 (9%; median age 27) had presumed
MDR LTBI. Eleven of 49 (22%) persons with MDR-LTBI received effective treatment with
1-2 medications (mostly moxifloxacin alone or with EMB; PZA with EMB, isoniazid
[INH], or rifampin [RIF]; ciprofloxacin alone or with PZA) for 6-9 months. Eighty-two
percent completed treatment; 2 (18%) stopped due to adverse effects. Persons were followed
for approximately 5 years. No TB cases occurred in persons treated for MDR-LTBI, and 2
(5%) TB cases occurred in untreated persons.

Schaaf et al [21] performed a prospective observational study from 1994-2000 of 105
children <5 years of age who had household contact to infectious MDR-TB in South Africa.
Molecular results were unavailable for some index cases. Forty-one (39%) received effective
treatment with 3—4 drug combinations of INH/PZA/EMB/ETA for 6 months. All children
completed =6 months of treatment and were followed for 30 months. Two of 41 (5%) treated
children developed TB, vs 13 of 64 (20%) untreated children. While the use of ETA caused
adverse gastrointestinal effects in some, all children continued to complete at least 6 months
of therapy.

Williams et al [23] retrospectively reviewed 12 children with MDR-LTBI in the United
Kingdom and followed them for 2 years. Regimens varied for the 8 treated children, but
included 2 effective medications for 6-12 months and all completed. Four children received
no treatment. There were no incident TB cases.

After combining data from the comparison studies of Adler-Shohet et al [22], Bamrah et al
[19], Denholm et al [20], Schaaf et al [21], and Williams et al [23], we found a statistically
significant reduction in TB incidence among treated vs untreated persons (Figure 2). The
reduction in MDR TB incidence was found using several methods (a 91%-92% risk
reduction controlling for person-time using Poisson regression alone or controlling for zero
inflation and random effects) to analyze count data with multiple zero outcomes. However,
the best fit was a negative binomial model that controlled for person-time and overdispersion
that found a 90% risk reduction, but with a very wide CI (9%-99%).

After excluding 6 of the 10 treatment-only studies that did not report TB incidence, 1 that
reported incidence based solely on a registry match, and 1 that did not report methods to
ascertain incidence and had 48% of patients lost to follow-up, we abstracted TB incidence
results from 2 treatment-only studies [25, 31] and 5 studies on untreated persons [33-37]
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(Table 2). Aggregated incidence in the 3 treatment studies was 3.0% (6/210), vs 3.7%
(94/2551) in the no-effective-treatment studies.

The outcome of MDR-LTBI treatment completion was assessed for 13 studies that reported
it. Mean treatment completion was 68% (428/633) (95% ClI, 64%-71%) [8, 19-23, 25-31].

The mean percentage of persons experiencing adverse effects resulting in treatment
discontinuation (19% [106/558]; 95% CI, 16%—22%) was aggregated from 12 studies [8,
19-22, 25-27, 29-32]. In 4 studies of children aged <15 years [21, 22, 25, 31], treatment
discontinuation due to adverse effects averaged 5% (13/277), compared with 33% (93/281)
in the remaining 8 studies. Nearly all those in the Adler-Shohet et al [22] and Schaaf et al
[21] studies were treated with PZA regimens; in Garcia-Prats et al [25] and Seddon et al
[31], children were treated with fluoroquinolone (FQ)/EMB regimens. The fixed relative risk
(RR) of child treatment discontinuation vs adult discontinuation was 0.14 (95% CI, .08-.25).

Eleven treatment studies [19-22, 25-27, 29-32] reported data on adverse effects by
treatment regimen. Regimens containing PZA had the highest percentage of adverse effects
(average, 66%) and adverse effects resulting in discontinuation of MDR-LTBI treatment
(average, 51%; 95% CI, 44%-59%) (Table 3). Fluoroquinolone (FQ)-containing regimens
(without PZA) had a high percentage (33%) of adverse effects, but these did not often result
in treatment stop (2%; 95% ClI, 1%-4%). The fixed RR of treatment discontinuation using
PZA-containing regimens vs FQ (excluding PZA/FQ) regimens was 27.23 (95% CI, 12.2—
60.9). In children <15 years of age, treatment discontinuation was low with PZA/EMB (0%;
95% Cl, 0%—25%) or FQ/EMB (1%; 95% ClI, 0%-3%), but high with PZA/FQ (42%; 95%
Cl, 23%—63%).

We found that the most effective regimen was FQ combined with ETA; however, it was
significantly (>2 times) more expensive than any other regimen and was not considered cost
effective in all scenarios examined. The most cost-effective regimen was FQ/EMB, followed
by FQ alone, then by PZA/ EMB (Tables 4-6). A PZA/FQ regimen was particularly toxic, as
measured by treatment discontinuation, and prevented about half as many TB cases as the
most cost-effective option. While we did not comprehensively estimate the costs of a no
MDR-LTBI treatment option, we estimated 24 months of monitoring costs extrapolated from
Holland et al [9]. There were estimated cost savings vs no treatment for all MDR-LTBI
treatment regimens (because of the high societal cost [$225 000] of MDR-TB). Sensitivity
analysis to assess increases in regimen adverse effects by 50% resulted in PZA/FQ
becoming similar to no treatment (assumes all stop treatment), with FQ/EMB combinations
still cost saving.

DISCUSSION

MDR-TB is an emerging condition of public health significance. Globally, an estimated 5%
of persons with TB have MDR-TB, an estimated 480 000 cases in 2014 [38]. While only
100 cases (1% of total cases) on average have been reported to the CDC each year from
2010 to 2014, MDR-TB causes greater morbidity and mortality, and patient outcomes are
worse (ie, result in death, relapse, treatment failure, or disability) than for drug-susceptible
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TB. People exposed to MDR-TB, especially children <5 years of age or those with
immunosuppression, are at great risk of progressing to this serious, often deadly airborne
disease that takes years to treat. Current MDR-LTBI treatment guidelines are based on
expert opinion from observational studies while clinical trial results are awaited. Several
entities (CDC, American Thoracic Society, World Health Organization) are in the process of
developing formal guidelines for the treatment of MDR-TB and MDR-LTBI; however, final
guidance is not expected until 2018. We conducted a systematic review of published studies
and found 5 studies that might be comparable. Only 1 of the 5 studies was large enough to
show statistically significant results on its own. We found, by using meta-analysis of the 5
studies, empirical evidence for an approximately 90% reduction in MDR-TB incidence from
MDR-LTBI treatment.

A registry match study [39] reporting results of MOX or PZA/MOX MDR-LTBI treatment
regimens used in 2 outbreaks, mostly among persons with HIV, in New York City was
published 3 months after completion of our systematic review, but would have been
excluded from our meta-analysis because it was a registry match. Of those started on MDR-
LTBI treatment, 60% (30/50) completed treatment and 6% (3/50) stopped due to adverse
effects. This study found, by matching LTBI and TB registries, no related (by genotype)
incident MDR-TB cases 9 years postexposure. However, many persons died or were lost to
follow-up before completing evaluation for TB. The authors concluded that “contacts at
greatest risk for development of disease may have done so during the outbreak
investigation.”

Our review found many studies with no related MDR-TB incidence among contacts during
1-6 years of follow-up, implying little risk of developing disease, treated or not. More likely,
the risk of disease is so low that small studies are not statistically powered to identify future
cases. In the United States, it would take 2-5.5 years to detect 1 incident MDR-TB case
(Supplementary Appendix). Attamna et al [7], Feja et al [8], and Trieu et al [39] used
registry matches and found no related incident MDR-TB cases. Because MDR-TB is so rare
in low-incidence settings and occurs largely in foreign-born persons, it is possible that
moves/relocations resulted in no matches. Inclusion of these registry matches in our meta-
analysis would have resulted in a statistically insignificant association of MDR-LTBI
treatment with TB incidence.

Additional limitations include possible publication bias toward studies showing an effect,
observational design of included studies, possible preference for treating highest-risk
contacts (would bias against an effect), study-specific definitions of contacts and LTBI, and
the lack of consistent reporting of treatment completion, adverse effects, and TB incidence
by regimen within the studies. Data are and conclusions should be limited to the regimens
presented. Also, with current diagnostics, the drug susceptibility of LTBI cannot be assessed.

All MDR-LTBI regimens examined were cost saving compared with no treatment with 40
remaining years of life at 3% risk of reactivation. At younger ages (more remaining years of
life) or with comorbidities (or higher TB prevalence settings) that increase TB risk over 40
years to 4% or greater, FQ monotherapy becomes more cost effective. Other modeling
studies also show that treatment of MDR-LTBI is cost effective: Holland et al [9] found
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FQ/EMB most cost effective; Fox et al [40] found FQ monotherapy cost saving. Large
studies or trials are needed to fully evaluate the efficacy, effectiveness, and costs of MDR-
LTBI treatment. However, while awaiting these results, the data we present are useful to
guide decisions in the interim.

CONCLUSIONS

We found, using meta-analysis, empirical evidence for the effectiveness of LTBI treatment to
prevent progression to MDR-TB. Very few studies met inclusion criteria, so results should
be cautiously interpreted. We also found high treatment discontinuation rates due to adverse
effects in persons taking PZA-containing MDR-LTBI regimens (especially PZA-FQ). This
review adds to mounting evidence of the probable effectiveness and cost-effectiveness of
preventing MDR-TB through treatment of MDR-LTBI and suggests that 1 or 2 drug MDR-
LTBI regimens excluding PZA might be the most cost-effective.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Systematic Review Process

extracted from 6 review articles

95 references identified, including references

71 references excluded after review of titles
and abstracts:

Studies reporting just MDR-TB
disease treatment

Studies reporting diagnostic
evaluations

Case reports (<10 patients)

24 met inclusion criteria
. 22 articles full text reviewed
. 2 conference abstracts requested

- = 1 article excluded due to insufficient data

= 2 conference abstracts not obtained

6 articles included comparison
of LTBI treatment vs none

15 articles analyzed separately:
= 10 single treatment anm
= 5 no treatment

Figure 1.
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Of 6 comparison studies, 5 (Bamrah et al [19], Denholm et al [20], Schaaf et al [21], Adler-
Shohet et al [22], Williams et al [23]) were used for tuberculosis incidence and treatment
completion, and 4 (Bamrah, Denholm, Schaaf, Adler-Shohet) for treatment discontinuation
due to adverse effects. Of 10 single-treatment-arm studies, 8 (Feja et al [8], Garcia-Prats et
al [25], Horn et al [26], Lou et al [27], Miramontes et al [28], Papastavros et al [29], Ridzon
et al [30], Seddon et al [31]) contributed to treatment completion and 8 (Feja, Garcia-Prats,
Horn, Lou, Papastavros, Ridzon, Seddon, Younossian et al [32]) to treatment discontinuation

due to adverse effects. Five no-treatment studies contributed to tuberculosis incidence.
Abbreviations: LTBI, latent tuberculosis; MDR, multidrug-resistant; TB, tuberculosis.
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Bamrah Denholm Schaaf Adler-Shohet  Williams

(PM=3744)  (PM=594)  (PM=1230) PM=624) (PMI=192) Model RR
100.00
10.00
100 0.83

0.53
0.24 0.21
0.10 0.10
0.02

0.01
0.00

Figure 2.

Relative risks of tuberculosis incidence after multidrug-resistant latent tuberculosis
treatment compared with no treatment, from meta-analysis of 5 comparison studies.

Abbreviations: PM, person-months of observation with and following treatment; RR,

relative risk.
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Tuberculosis Incidence Data from 5 Comparison Studies of Treatment of Presumed Multidrug-Resistant

Latent Tuberculosis

Study TB NoTB Total
Adler-Shohet et al [22]

LTBI Tx 0 26 26

No LTBI Tx 0 5 5

Total 0 31 31
Bamrah et al [19]

LTBI Tx 0 104 104

No LTBI Tx 3 12 15

Total 3 116 119
Demholm et al [20]

LTBI Tx 0 11 11

No LTBI Tx 2 36 38

Total 2 47 49
Schaaf et al [21]

LTBI Tx 2 39 41

No LTBITx 13 51 64

Total 15 90 105
Williams et al [23]

LTBI Tx 0 8 8

No LTBI Tx 0 4 4

Total 0 12 12

Overall TB incidence was 3% in Micronesia (Bamrah et al), 4% in Australia (Denholm et al), and 14% in South Africa (Schaaf et al). The

Table 1

Page 13

individual study relative risks of TB incidence with multidrug-resistant LTBI treatment compared with no treatment, adding 0.5 to zero cells, were:

0.21 (95% confidence interval [CI], .005-9.38) in Adler-Shohet et al; 0.02 (95% ClI, .001-.4) in Bamrah et al; 0.83 (95% Cl, .04-17.06) in
Denholm et al; 0.24 (95% ClI, .06-1.01) in Schaaf et al; and 0.53 (95% ClI, .01-22.5) in Williams et al.

Abbreviations: LTBI, latent tuberculosis; TB, tuberculosis; Tx, treatment.
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Table 2

Tuberculosis Incidence Data from 2 Latent Tuberculosis Treatment Studies and 5 No-Effective-Treatment
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Studies

Study Tuberculosis

No

Tuberculosis Total

Treatment studies

Garcia-Prats et al [25] 0 24 24
Seddon et al [31] 6 180 186
Total 6 204 210
No-treatment studies
Amanullah et al [33] 2 59 61
Bayona et al [34] 7 938 945
Becerra et al [35] 67 1232 1299
Kritski et al [36] 15 173 188
Nitta et al [37] 3 55 58
Total 94 2457 2551

Clin Infect Dis. Author manuscript; available in PMC 2017 December 15.
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