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Faculty of Medicine, Universitas Indonesia, (MDR) and rifampicin-resistant (RR) TB, remains a major global
Persahabatan General Hospital, Jakarta | public health problem. This narrative review aims to summarize
erlina_burhan@yahoo.com evidence regarding the effectiveness and safety of levofloxacin as

tuberculosis preventive therapy (TPT) among household contacts
of DR-TB patients and its implementation in Indonesia. The clinical
spectrum of TB spans from infection to active disease, the
progression of which can be prevented through TPT. Drug
resistance in TB develops through genetic mutations. Levofloxacin
Respir Sci. 2026; 6(3): 229-44 (Lfx) exerts antimycobacterial activity by inhibiting the
https://doi.org/10.36497/respirsci.v6i3.235 deoxyribonucleic acid (DNA) gyrase enzyme. The Vietnam
Quinolones for MDR-TB Trial (VQUIN) demonstrated an incidence
rate ratio of TB disease of 0.55 (95% confidence interval
[CI]=0.19-1.62) in the Lfx group compared with the placebo group.
In the Tuberculosis Child Multidrug-Resistant Preventive Therapy
(TB-CHAMP) study, the hazard ratio for TB disease was 0.44 (95%
CI=0.15-1.25) in the Lfx group compared with placebo. Although
neither trial individually achieves statistical significance in reducing
TB incidence, a meta-analysis of both studies revealed a significant
relative reduction in cumulative TB incidence of 0.41 (95%
CI=0.18-0.92) in the Lfx group compared with placebo. The
administration of Lfx was associated with low-grade
musculoskeletal adverse events (risk ratio=6.36; 95% CI=4.30-
9.42). Overall, daily administration of Lfx for six months is
recommended as the standard TPT regimen for DR-TB, particularly
among household contacts of MDR/RR-TB cases.
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INTRODUCTION tuberculosis) that is associated with a
higher risk of progression to active disease.

Drug-resistant  (DR) tuberculosis _ _ _
It is further estimated that, worldwide,

(TB) persists as a major threat to public

approximately 3 per 1,000 individuals have
health worldwide because some people PP y=p

] ] latent MDR-TB infection, with a prevalence
have a persistent immune response to

. . estimated to be twice as high among
Mycobacterium tuberculosis (M.
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individuals aged <15 years.!

According to the Global Tuberculosis
Report 2024 released by the World Health
Organization (WHO), an estimated
400,000 (95% uncertainty interval
[UI]=360,000—440,000) patients were
diagnosed with multidrug-resistant (MDR)
TB or rifampicin-resistant (RR) TB
worldwide in 2023. The proportion of
MDR/RR-TB was estimated at 3.2% (95%
UI=2.5-3.8%) among incident TB cases
and 16% (95% UI=9.0-24%) among
individuals with prior TB treatment.
Indonesia accounted for 7.4% of new
MDR/RR-TB cases globally in 2023, placing
it third among those with the highest
incidence of MDR/RR-TB.2

In 2024, WHO included MDR/RR-TB
in the priority list of antibiotic-resistant
bacterial pathogens due to its high burden
of morbidity and mortality, long-term
impact on health systems, as well as the
cost and complexity of the public health
response.>* This makes drug resistance a
major challenge to ending the global TB
epidemic.

The risk of TB infection and disease
is found to be higher among TB contacts,
where individuals who have been in
contact with TB patients.>® Tuberculosis
preventive therapy (TPT), including for
contacts of MDR/RR-TB, is the key public
health measure available to lower the risk
of progression from infection to active
disease.>”®

The End TB Strategy, announced by
WHO in 2015 to eliminate TB by 2035, for
the first time incorporated the diagnosis
and management of TB infection, including
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among household contacts of MDR/RR-TB
cases, as part of essential interventions.
However, no specific management
recommendations were provided other
than close monitoring for the development
of active TB disease among MDR/RR-TB
contacts for a minimum of two years. This
was due to the lack of scientific evidence
identified through systematic literature
reviews to support specific
recommendations for the prevention of
DR-TB as a public health intervention.*

Two large randomized controlled
trials were conducted to evaluate the
efficacy of TPT among contacts of
MDR/RR-TB, namely the Vietham
Quinolones for MDR-TB Trial (VQUIN) and
the Tuberculosis Child Multidrug-Resistant
Preventive Therapy (TB-CHAMP) study,
which informed the WHO’s Ilatest
consolidated guidelines on TPT published
in 2024. One of the strong
recommendations in the updated WHO
consolidated guidelines is the use of daily
levofloxacin (Lfx) for six months as the
preferred TPT regimen for contacts of
MDR/RR-TB.’

Therefore, this narrative review
summarizes global evidence regarding the
effectiveness and safety of Lfx as TPT
among household contacts of DR-TB
patients, as well as its implementation in
Indonesia.

METHODS

This article is a narrative literature
review that was conducted using PubMed,
Scopus, and Google Scholar databases,
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with the inclusion criteria being published
from 2015
combinations of the keywords: “drug-

onwards and using

resistant tuberculosis”, “multidrug-
resistant  tuberculosis”,  “tuberculosis
preventive therapy”, “levofloxacin”,
“household  contacts”, and “latent

tuberculosis infection”.

International guidelines from the
World Health Organization (WHO) and
national Indonesian tuberculosis guidelines
were also reviewed. Priority was given to
articles with randomized controlled trials,
meta-analyses, and recent guideline
documents relevant to preventive therapy
for household contacts of DR-TB.

CLINICAL SPECTRUM OF TB

For pragmatic purposes in clinical
practice and public health, patients are
commonly classified into latent TB infection
and active (pulmonary) TB disease.’ Latent
TB infection is defined as a condition that
occurs after exposure to M. tuberculosis, in
which infection is established and an
immune response develops to control the
pathogen, rendering it in a quiescent

Not Infected
(70%)
Exposure to
TB pathogen
Infected
(30%)

state.”!® Latent TB infection is
asymptomatic and non-transmissible.® 0

Meanwhile, active pulmonary TB
disease is characterized by respiratory
symptoms (persistent cough, hemoptysis)
and systemic symptoms (fever, fatigue,
loss of appetite, and weight loss).
Pulmonary TB is transmissible and can be
confirmed by microbiological diagnostic
testing.®

Following exposure to M.
tuberculosis, approximately 30% of close
contacts or individuals who have been
exposed to a patient with TB become
infected.’>'> Among those infected, 5-
10% will progress to active TB disease
within the first year after infection, while
the remaining 95% will enter latent TB
infection.!?

After the first year, approximately 3—
5% of individuals with latent TB infection
will subsequently develop active TB
disease. In contrast, the remaining 95%
will maintain latent infection throughout
their lifetime.!? Figure 1 illustrates the
proportion of outcomes among individuals
exposed to M. tuberculosis through close
contact with TB patients.

Active TB
(5%)
Reactivation
(5%)
Latent TB
(95%) Remain as
Latent TB
(95%)

Figure 1. Outcomes in individuals exposed to M. tuberculosis’?
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Some individuals can eliminate M.
tuberculosis through innate immune
responses or adaptive immune responses
without T-cell activation or the formation
of memory T cells. In this group, TST or
interferon-y release assay (IGRA) results
are negative. Other individuals can
eliminate M. tuberculosis and develop
memory T-cell responses, resulting in
positive TST or IGRA results. There is no
risk of TB transmission or evidence
supporting the benefit of TPT in this
group.’

If M. tuberculosis is not successfully
eliminated, the organism may persist in a
dormant state, resulting in TB infection
that can be identified through positive TST
or IGRA findings. In this stage, TPT plays
an important role in reducing the risk of
progression to active TB disease.’

There is also an intermediary stage
within the TB disease spectrum, subdlinical
TB, which is represented by individuals do
not report recognized TB-related symptoms
but exhibit radiological and/or
microbiological abnormalities consistent with
TB. Because bacillary burden is often low,

Table 1. Clinical spectrum of TB disease®

sputum acid-fast bacilli (AFB) smears may be
negative despite positive culture or
molecular test results.”'>* Consequently,
subclinical TB may be missed by symptom-
based screening alone and is more likely to
be identified through active case-finding
strategies incorporating chest radiography.!!

The subsequent clinical spectrum is
active TB disease, which is usually
accompanied by symptoms such as cough,
fever, and weight loss, and can be
confirmed by sputum AFB smear
microscopy, culture, and molecular WHO-
recommended rapid diagnostic test
(mWRD). Individuals with subclinical TB as
well as those with active TB disease should
be treated with standard anti-tuberculosis
drug (ATD) regimens consisting of an
intensive phase with four drugs followed
by a continuation phase with two drugs.®1!

Therefore, an understanding of the
clinical spectrum of TB disease is essential
for establishing an accurate diagnosis and
providing appropriate management.!!
Table 1 summarizes the clinical spectrum
of TB disease.

Infection eliminated

Parameter With innate With acquired

Latent TB Subclinical TB Active TB disease

. . infection disease
immune response immune response
TST Negative Positive Positive Positive Usually, positive
IGRA Negative Positive Positive Positive Usually, positive
Culture Negative Negative Negative Interm_lt_tently Positive
positive
AFB smear Negative Negative Negative  Usually, negative Positive or negative
Infectious status No No No Sporadically Yes
Symptoms None None None Mild or none Mild to severe
Preferred None None TPT ATD ATD
treatment

Note: TB=tuberculosis; TST=tuberculin skin test; IGRA=interferon-y release assay; AFB=acid-fast bacilli;
TPT=tuberculosis preventive therapy; ATD=anti-tuberculosis drugs

a https://respiratoryscience.or.id/
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PATHOGENESIS OF DRUG RESISTANCE
INTB

According to the WHO, DR-TB is
classified into five categories:?

1) isoniazid-resistant TB, defined as TB
resistant only to isoniazid;

2) rifampicin-resistant TB (RR-TB), defined
as TB resistant only to rifampicin;

3) multidrug-resistant TB  (MDR-TB),
defined as TB resistant to both
rifampicin and isoniazid;

4) pre—extensively drug-resistant TB (pre-
XDR-TB), defined as TB resistant to
rifampicin and any fluoroquinolone (one
class of second-line ATD); and

5) extensively drug-resistant TB (XDR-TB),
defined as TB resistant to rifampicin,
plus any fluoroquinolone and at least
one of either bedaquiline or linezolid.

Since the first clinical trial of ATD
involving human subjects in 1948, the
phenomenon of drug resistance in TB has
been described. Subsequently, each time a
new ATD has been introduced into clinical
practice, drug-resistant strains of M.
tuberculosis have emerged and spread
widely, typically within a decade.’

There are two main mechanisms of
drug resistance in TB. The first mechanism is
target modification, for example is mutation
of the M. tuberculosis ribonucleic acid (RNA)
polymerase, which confers resistance to
rifampicin.>> The second mechanism is
defective enzymatic conversion of prodrugs
into their active forms, with a representative
example being resistance to isoniazid.’

As a prodrug, isoniazid requires
activation by a catalase enzyme encoded

by the katG gene to be converted into its
active form and inhibit mycolic acid
synthesis in M. tuberculosis. This inhibitory
process is facilitated by nicotinamide
adenine dinucleotide hydrogen (NADH)-
dependent enoyl-acyl carrier protein (ACP)
reductase encoded by the inhA gene.
Mutations in the katG or inhA genes
constitute  the  principal  molecular
mechanisms of isoniazid resistance.'®

In relation to the natural course of
TB disease, the development of drug
resistance in TB occurs through two
mechanisms, acquired resistance and
transmitted resistance. Acquired resistance
refers to the intrapatient evolution of drug
resistance, which usually arises from poor
treatment adherence or problems related
to drug diffusion within the body.
Transmitted resistance occurs when an
individual is infected with M. tuberculosis
that is genetically resistant to ATD.!®

For more than a decade, the
estimated proportion of MDR/RR-TB
among new TB cases has remained at
approximately 3-4%, whereas among
previously treated TB cases it has
remained in the range of 18-21%. This
indicates that the substantial burden of
DR-TB is largely driven by ongoing
transmission. Thus, contact investigation
and the provision of TPT for contacts of
DR-TB are critically vital.*

MECHANISM OF ACTION OF LFXIN TB

As a 3rd-generation fluoroquinolone
antibiotic, Lfx targets the intracellular
metabolism of M. tuberculosis. This drug

Respir Sci 2026, Vol.6 No.3 a
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inhibits the enzyme DNA gyrase, which is
essential for bacterial DNA replication. In
M. tuberculosis, DNA gyrase is the only
topoisomerase that serves as a drug
target. Enzyme DNA gyrase is an A:B:
protein, consisting of two A-subunits and
two B-subunits. Inhibition of DNA gyrase at
any subunit results in blockade of DNA
replication, suppression of cell division,
and ultimately cell death, both in
replicatihng and non-replicating M.
tuberculosis.\’®

The antimycobacterial activity of Lfx
depends on its molecular affinity for the
target enzyme and efflux pumps, as well as
on the permeability of the M. tuberculosis
cell wall, which is inherently low. This
fluoroquinolone exhibits
excellent early bactericidal activity,
enabling rapid killing of TB bacilli during

antibiotic

the initial phase of treatment. In addition,
Lfx has high sterilizing activity, as it can
eliminate residual bacteria after the initial
treatment phase, including persistent
subpopulations of M. tuberculosis whose
metabolic states render them less
susceptible to drug-mediated killing.!”/18

EVALUATION OF THE EFFICACY OF LFX
AMONG CONTACTS OF MDR/RR-TB

The VQUIN Study

The VQUIN study by Fox et al was a
double-blind,
controlled phase-3 clinical trial conducted
across 10 provinces in Vietham between
2016 and 2019. It evaluated the efficacy
and safety of a six-month daily Lfx regimen
(6Lfx; 10-15 mg/kg for adults, 15-20

a https://respiratoryscience.or.id/

randomized, placebo-

mg/kg for children) compared with a
matched placebo among household
contacts of all ages living with
bacteriologically confirmed MDR/RR-TB
index patients.”

A total of 2,041 participants with
documented M. tuberculosis infection
(positive TST) in the absence of active
disease were randomized in a 1:1 ratio.
Follow-up assessments for active TB
incidence were systematically performed
through symptom screening and chest
radiography at months 6, 12, 18, 24, and
30.7,8

Out of 1,995 participants who
completed the 30-month follow-up,
bacteriologically confirmed active TB disease
developed in 6 participants (0.6%) in the Lfx
group and 11 participants (1.1%) in the
placebo group. This yielded an incidence rate
ratio of 0.55 (95% confidence interval
[CI]=0.19-1.62), demonstrating a 45%
reduction in TB incidence that did not reach
statistical ~ significance due to the
unexpectedly low number of overall TB
events during follow-up.”-8

Regarding safety, mild-to-moderate
(grade 1-2) adverse events were
significantly higher in the Lfx group
(31.9%) than in the placebo group
(13.0%) (risk difference=18.9%; 95%
CI=14.2-23.6; P<0.001), leading to early
treatment discontinuation in 7.4% of the
intervention cohort, although no grade 3—
4 events or deaths were drug-related.”®

The TB-CHAMP Study
The TB-CHAMP study by Hesseling et
al was a randomized, double-blind, placebo-


https://respiratoryscience.or.id/index.php/journal/index

Levofloxacin as Tuberculosis Preventive Therapy for Household Contacts of Drug-Resistant Tuberculosis

controlled trial conducted in five provinces
in South Africa between 2017 and 2023. It
evaluated a 24-week daily Lfx regimen (15—
20 mg/kg) against a matched placebo
specifically among pediatric and adolescent
household contacts (predominantly aged
<5 years) exposed to adult pulmonary
MDR-TB index patients.”:*

A total of 922 eligible children
confirmed to be free of active TB disease
at baseline were randomized. Efficacy and
safety endpoints were monitored through
regular clinical visits at weeks 4, 8, 12, 16,
24, 48, and 72, utilizing rigorous symptom
monitoring, weight evaluation, and
targeted microbiological investigations.”°

In the modified intention-to-treat
(mITT) population (n=916) assessed at
week 48, active TB disease developed in 5
of 451 children (1.1%) in the Lfx group
compared with 12 of 465 children (2.6%)
in the placebo group. This corresponded to
a hazard ratio (HR) of 0.44 (95% CI=0.15-
1.25; P=0.12), showing a substantial
clinical effect size that mirrored the VQUIN
study, but similarly missed individual
statistical significance due to wide
confidence intervals driven by low baseline
event rates.”!°

However, daily Lfx demonstrated
excellent tolerability in this pediatric
population. Grade >3 adverse events did
not differ significantly (HR=0.52; 95%
CI=0.16-1.71; P=0.29) between the arms
(0.9% in Lfx vs. 1.7% in placebo), and
treatment discontinuation due to toxicity
occurred in only 1.3% of the Lfx group and
0.2% of the placebo group (HR=5.00;
95% CI=0.61-41.32; P=0.14).”%°

Critical Synthesis of The VQUIN and
TB-CHAMP Studies

A critical comparison of the VQUIN
and TB-CHAMP studies provides important
clinical insights arising from differences in
study design and target populations.
Although both studies evaluated the 6Lfx
intervention and demonstrated
comparable reductions in active TB
incidence among household contacts of
MDR/RR-TB, neither study individually
achieved statistical significance. A major
shared limitation was the overestimation of
baseline TB incidence during sample size
calculation, resulting in underpowered
cohorts because of lower-than-expected
event rates during follow-up.81?

Differences in tolerability profiles
were also observed between the two
studies. In the VQUIN study, which
predominantly included adults, mild-to-
moderate adverse events were relatively
common and contributed to treatment
discontinuation in 7.4% of participants.® In
contrast, the pediatric-focused TB-CHAMP
trial demonstrated favorable tolerability of
daily Lfx in young children, with low rates
of toxicity-related discontinuation (1.3%)
and no evidence of musculoskeletal
cartilage toxicity.!°

These findings have important
implications for clinical practice and
programmatic implementation. First, they
support the feasibility of implementing 6Lfx
as a programmatic preventive strategy for
household contacts of MDR/RR-TB,
particularly with pediatric formulations that
may improve adherence and tolerability.
Second, the studies highlight the

Respir Sci 2026, Vol.6 No.3 a
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importance of pooled individual participant
data meta-analysis in overcoming the
limited statistical power of individual trials
and supporting current DR-TPT
recommendations.?1°

Nevertheless, important evidence
gaps remain, particularly regarding
pregnant and breastfeeding women, who
were not included in either trial. Therefore,
limited trial-based safety data in routine

clinical practice continue.

Meta-Analysis of Two Clinical Trials of
Lfx as Preventive Therapy for DR-TB

The role of TPT is crucial in
protecting individuals with latent TB
infection from progression to active TB
disease and in reducing further
transmission. However, scientific evidence
from clinical trials evaluating TPT among
individuals exposed to MDR/RR-TB
patients remains limited. Although two
phase 3 clinical trials have evaluated Lfx as
TPT for MDR-TB in adults and children, i.e.,
the VQUIN and TB-CHAMP studies, but the
reductions in TB incidence observed in
both trials did not reach statistical
significance.?°

Consequently, Duong et al
conducted a meta-analysis of these two
trials to evaluate the efficacy and safety of
Lfx as TPT for MDR-TB. This meta-analysis
employed standard individual participant
data (IPD) methods to estimate the overall
treatment effect, as well as Bayesian
methods to estimate efficacy within each
trial with greater precision.?°

The primary efficacy endpoint of the
meta-analysis was the incidence of

a https://respiratoryscience.or.id/

bacteriologically confirmed or clinically

diagnosed TB disease up to week 54 after

randomization. Safety endpoints included:?°

1) grade =3 AEs from treatment initiation
through 21 days after the last dose of
study drug;

2) drug-related grade >3 AEs;

3) serious AEs occurring up to 21 days
after the last dose of study drug;

4) treatment discontinuation due to AEs of
any grade; and

5) five prespecified AE domains of special
interest, including  musculoskeletal
effects  (arthritis,
tendinitis) occurring at any time from
treatment initiation.

arthralgia, or

Bayesian methods were used to
estimate the efficacy of Lfx in the VQUIN
population by “borrowing” information
from TB-CHAMP, and vice versa.?’ This
approach enhanced statistical power
compared with analyses of each trial alone.

Overall, by week 54, TB disease
occurred in 8 participants in the Lfx group
compared with 21 participants in the
placebo group. The relative difference in
cumulative TB incidence was 0.41 (95%
CI=0.18-0.92; P=0.03).!® Administration
of Lfx was not associated with an increased
risk of grade >3 AEs (risk ratio [RR]=1.07;
95% CI=0.70-1.65).%°

However, the
musculoskeletal AEs of any grade was

incidence of

higher in the Lfx group than in the placebo
group (RR=6.36; 95% CI=4.30-9.42).
Post hoc analysis demonstrated that
musculoskeletal AEs did not occur in
children aged <10 years. Nearly all
musculoskeletal AEs were grade 1 (62%)
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or grade 2 (35%).%°

The meta-analysis of the VQUIN and
TB-CHAMP studies demonstrated that Lfx
was significantly associated with a relative
reduction of approximately 60% in TB
incidence among adults and children who
were household contacts of MDR-TB
patients. In addition, Lfx as TPT for MDR-
TB was associated with an increased
incidence of low-grade AEs, particularly
musculoskeletal AEs (RR=6.36; 95%
CI=4.30-9.42; P<0.001).%°

Early treatment discontinuation due
to AEs occurred more frequently in the Lfx
group than in the placebo group (RR=6.32;
95% CI=3.43-11.63; P<0.001).
Nevertheless, most AEs leading to early
treatment discontinuation were of low
severity. Further evaluation is required to

better define the risk—benefit balance,
tolerability, and cost-effectiveness of MDR-
TB preventive therapy across different
populations.?°

CONTACT INVESTIGATION AMONG
CONTACTS OF DR-TB

Contact investigation is an activity
conducted to enhance TB case detection
through the early and systematic
identification of individuals who have been
in contact with a source of TB infection.?*
In cases of DR-TB, contact investigation is
useful for identifying individuals who are
indicated for DR-TB preventive therapy
(DR-TPT). Contact investigation also
serves as a means of active case finding for
DR-TB patients, both adults and children.??

* ldentification of contacts based on index case data

* Household visit information

¢ Scheduling arrangements by community health workers and medical
staff (Forms TB.16K, TB.16.RK)

* Preparation of masks, assignment letters, identification badges, as
well as communication, information, and education materials

* Coordination with community leaders, neighborhood heads (RT/RW),
village heads, and other relevant stakeholders

* Household visits

=) * |dentification and registration of at least eight contacts

* Referral of symptomatic contacts to the primary health center with

accompaniment by community health workers or medical staff

* Recording of screening results by community health workers

* Data compilation and validation by medical staff

health facilities

* Public health center staff receive referrals from community health workers
or medical staff

* Conduct diagnostic procedures in accordance with the DR-TB screening and
TPT algorithm for contacts

* Mandatory referral of children aged < 5 years who are contacts of MDR/RR-
TB patients to designated MDR/RR-TB referral facilities or other appointed

* Ensure that sputum specimens for mWRD meet quality requirements

* Provide feedback on examination results as well as validate TB.16K and
TB.16RK reports

* Recording and reporting using the TB.16 forms by public health center staff
to the district/municipal health office

mmm)| - Advanced-level referral health facility

Figure 2. Series of contact investigation activities in DR-TB cases??

Respir Sci 2026, Vol.6 No.3 [7£¥/
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As in cases of drug-susceptible TB,
the principles of contact investigation
among contacts of DR-TB also refer to the
2020 Technical Guidelines for the
Management of Latent TB Infection, the
2023 Technical Guidelines for the
Management of TB in Children and
Adolescents, and the Regulation of the
Minister of Health of the Republic of
Indonesia Number 67 of 2016 on
Tuberculosis Control.?> The series of
contact investigation activities in DR-TB
cases is illustrated in Figure 2.

Contact investigation can be
conducted at both the community level and
healthcare facility level. At the community
level, contact investigation is carried out by
community health volunteers accompanied
by primary healthcare center staff. At the
healthcare facility level, contact
investigation is conducted by physicians
together with other healthcare workers.
The implementation of contact investigation
involves collaboration between healthcare
providers and community members, such
as health volunteers, directly observed
treatment (DOT) supporters, educators,
and peers selected by the primary
healthcare center.??

These selected community members
receive training, orientation, official
assignment letters, and identification cards
from the head of the primary healthcare
center. During contact investigation
activities, proper recording and reporting
must be carried out using TB.01 forms (TB
patient treatment cards for index cases)
and TB.16K forms (contact examination
forms).??

a https://respiratoryscience.or.id/

PRINCIPLES OF TPT FOR CONTACTS
OF DR-TB

The algorithm for screening and TPT
among DR-TB contacts is presented in
Figure 3. Symptom screening should be
performed for individuals who are
household contacts of DR-TB patients. If
there are no TB symptoms and the contact
is aged <5 years, the individual may be
given DR-TPT directly, provided there are
no contraindications. If there are no TB
symptoms and the contact is aged =5
years, a chest X-ray should be
performed.?

If the chest X-ray is suggestive of TB,
an mWRD should be conducted.?® If the
mWRD result is negative or testing cannot
be performed, diagnosis and follow-up
should be determined by the physician
based on the patient’s clinical condition,
with possible diagnoses being either
clinical TB or non-TB. If diagnosed as
clinical TB, the contact should be managed
as a TB patient.”

For asymptomatic household
contacts of DR-TB aged =5 years, if the
chest X-ray is not suggestive of TB or is
entirely unavailable, immunological testing
via TST or IGRA is no longer required
under the latest simplified guidelines. The
clinical protocol routes these individuals
directly to contraindication screening. In
the absence of clinical contraindications
(such as acute hepatic injury or severe
neuropathy), a standard DR-TPT regimen
should be immediately initiated. This
streamlined pathway has eliminated
diagnostic barriers.”?3
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[ Household contact of DS-/DR-TB ]

[ TB symptoms ]

[ < 5 years ] [ = 5 years ]

[ Chest X-ray ]

Yes

- Negative or P
[ Not suggesting TB ] [SuggestingTB ][ unavailable ]l Positive I

or unavailable

[ Chest X-ray ]

No
contraindication
to TPT

Administration of
DS-/DR-TPT

| Positive I MNegative or Not . Suggest-
unavailable suggesting ing TB
TB or

unavailable

Diagnosis and follow-up
based on the physician's

clinical judgment }

[ Not TB ][ C"_'Ifl';a' ]
[ Bacteriologically ]

confirmed TB

Figure 3. Screening and TPT algorithm for DR-TB contacts?

For household contacts of DR-TB
presenting TB symptoms, an mWRD must
be promptly performed. If the result is
positive, the contact is managed as a
bacteriologically confirmed TB case, and
the drug resistance profile guides the
appropriate anti-TB treatment regimen.”:?3

Conversely, if the mWRD result is
negative or unavailable, a chest X-ray should
be conducted. If the chest X-ray is
suggestive of TB, the contact undergoes
clinical evaluation by a physician to
differentiate between clinically diagnosed TB
and a non-TB status. However, if the chest

X-ray is not suggestive of TB or remains
unavailable, the presence of active TB
disease is reasonably ruled out. The contact
is routed directly to TPT contraindication
screening to safely initiate DR-TPT, following
the same recommendation described
previously for non-TB individuals.”->3

As for the standard recommended
DR-TPT regimen, which is 6Lfx, it consists
of daily administration for six months.”-11:22
The Lfx dose should be adjusted based on
the contact’'s age and body weight. For
contacts aged <15 years, the Lfx dose
range for TPT is 15—-20 mg/kg body weight

Respir Sci 2026, Vol.6 No.3 a
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per day. A 100 mg dispersible tablet
formulation of Lfx is available for children.
For contacts aged >15 years, the Lfx dose
is 750 mg/day for body weight <45 kg, or
1 g/day for body weight >45 kg.!!
Levofloxacin can be administered with or
without food.?* Table 2 summarizes the Lfx
dosing for DR-TPT.

Table 2. Dosing of Lfx for DR-TPT!!

Body weight Dose
Age (k) (mg/day)

<15 years 5-<10 150

10 - <16 200-300

16 - <24 300-400

24 - <35 500-750
>15 years <45 750
>45 1,000

If drug susceptibility testing (DST) of
the index case shows fluoroquinolone
resistance, indicating a pre-XDR-TB case,
the Lfx regimen cannot be used, and the
clinical expert team should determine TPT.
If DST of the index case reveals resistance
to fluoroquinolones and at least one
additional Group A drug (bedaquiline or
linezolid), the index case is classified as an
XDR-TB case.??

Although there are no established
recommendations for TPT regimens for
contacts of XDR-TB cases, the principle is
to use an ATD regimen that does not
include fluoroquinolones and to prioritize
the use of novel drugs such as delamanid
or bedaquiline. Therefore, further research
is needed to identify optimal TPT regimens
for contacts of XDR-TB patients.??

Several general principles apply to
the administration and monitoring of TPT
among DR-TB contacts. Patients or their
parents must receive counseling before

m https://respiratoryscience.or.id/

TPT initiation and provide informed
consent. Close monitoring for adverse drug
reactions (ADRs) is essential. During the
first two months, the drug susceptibility
results of the index DR-TB case should be
reviewed to detect possible resistance to
fluoroquinolones or other second-line
ATDs. Coordination between hospital and
primary healthcare staff is required to
monitor DST results of the index case.?
During TPT administration, if TB
symptoms develop, immediate re-
evaluation should be performed to
determine whether the contact has
developed TB disease. Examples of ADRs
that require monitoring include
gastrointestinal  disturbances, cardiac
rhythm abnormalities, and headache. After
completing TPT, DR-TB contacts should
undergo clinical observation and follow-up
every six months for at least two years.
Follow-up assessments include evaluation
of TB symptoms and body weight. If TB
symptoms appear before the scheduled
follow-up, the individual should promptly
return to the DR-TB healthcare facility.?

COVERAGE OF TPT AMONG CONTACTS
OF DR-TB IN INDONESIA

According to the 2020-2024 National
Strategy for Tuberculosis Control in
Indonesia, the target coverage of TPT
among household contacts in Indonesia
was set at 58% by 2023.%> Unfortunately,
based on the 2023 Tuberculosis Control
Report published by the Ministry of Health
of the Republic of Indonesia in 2024, the
national coverage of TPT among household
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contacts had reached only 2.6%. Although
this coverage remains far below the target,
an increasing trend in TPT coverage among
household contacts in Indonesia has been
observed from 2020 to 2023, as shown in
Figure 4. The highest TPT coverage was
reported in Banten Province (10.1%), while
the lowest was observed in Papua
Pegunungan Province (0.0%). No province
in Indonesia achieved the targeted TPT
coverage in 2023.%

Several TPT regimens are used for
contacts of drug-susceptible TB, including
3HP, daily isoniazid and rifampicin for three
months (3HR), daily isoniazid for six
months (6H), and 1HP. The 2023
Tuberculosis Control Report indicated that
the DR-TPT regimen 6Lfx, with a
proportion of 1.91%, ranked fourth among
the most commonly used TPT regimens in
Indonesia. The proportion of the 6Lfx
regimen was only one rank higher than that
of the 1HP regimen (0.06%), which has not

1,600,000

1,400,000 1367.284 1,367,284

1,200,000

yet been included in the national TPT
program and is still in the piloting phase.?®

Regarding treatment outcomes, TPT
recipients are considered to have
completed treatment if they have taken at
least 80% of the prescribed preventive
therapy according to the duration of the
regimen used. TPT completion rates among
household contacts in Indonesia are
reported in cohort analyses based on the
number of TPT recipients reported one year
earlier.®

In 2023, the treatment completion
proportion for the DR-TPT 6Lfx regimen
was 75.52%. The 6Lfx regimen was
associated with the highest proportions of
loss to follow-up, treatment discontinuation
due to adverse events, and not evaluated
outcomes, at 15.1%, 7.29%, and 2.08%,
respectively. Nevertheless, no cases of
treatment failure or death were reported
among recipients of the DR-TPT 6Lfx
regimen.2®
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Figure 4. National coverage of TPT provision among household contacts in Indonesia, 2020-2023%
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CONCLUSION

Robust clinical evidence from the
VQUIN and TB-CHAMP trials, further
strengthened by a recent individual
participant data meta-analysis,
demonstrates that the 6Lfx regimen
significantly reduces the cumulative
incidence of tuberculosis among household
contacts exposed to MDR/RR-TB. This
preventive regimen has shown an
acceptable safety profile, with adverse
events predominantly limited to mild and
manageable musculoskeletal symptoms.
Consequently, 6Lfx is currently
recommended as the standard DR-TPT
regimen for eligible household contacts
across age groups.

Programmatically, active and
integrated contact investigation remains a
key component for excluding active TB
disease and identifying candidates for
preventive therapy. However, DR-TPT
coverage in Indonesia remains below
national targets, highlighting the need to
strengthen implementation  strategies,
optimize healthcare delivery, and improve
access to preventive care.

REFERENCES

1. Knight GM, McQuaid CF, Dodd PJ,
Houben RMGJ. Global burden of latent
multidrug-resistant tuberculosis:
trends and estimates based on
mathematical modelling.  Lancet
Infect Dis. 2019;19(8):903-12.

2. WHO. Global tuberculosis report
2024. WHO; 2024.

a https://respiratoryscience.or.id/

Antimicrobial ~ Resistance  Division
(AMR) II and RC (IRC). WHO bacterial
priority pathogens list, 2024: Bacterial
pathogens of public health importance
to guide research, development and
strategies to prevent and control
antimicrobial resistance. WHO; 2024.
44-56 p.

Matteelli A, Lovatti S, Rossi B, Rossi L.
Update on multidrug-resistant
tuberculosis preventive therapy toward
the global tuberculosis elimination.
International Journal of Infectious
Diseases. 2025;155:107849.

Reichler MR, Khan A, Sterling TR,
Zhao H, Moran ], McAuley J, et al. Risk
and Timing of Tuberculosis Among
Close Contacts of Persons with
Infectious Tuberculosis. J Infect Dis.
2018;218(6):1000-8.

Reichler MR, Reves R, Bur S,
Thompson V, Mangura BT, Ford J, et
al. Evaluation of Investigations
Conducted to Detect and Prevent
Transmission of Tuberculosis. JAMA.
2002;287(8):991-5.

Global Programme on Tuberculosis
and Lung Health (GTB) GRC. WHO
consolidated guidelines on
tuberculosis Module 1: prevention -
tuberculosis preventive treatment,
second edition. WHO; 2024.

Fox GJ, Nhung NV, Cam Binh N, Hoa
NB, Garden FL, Benedetti A, et al.
Levofloxacin for the Prevention of
Multidrug-Resistant Tuberculosis in
Vietnam. New England Journal of
Medicine. 2024;391(24):2304-14.


https://respiratoryscience.or.id/index.php/journal/index

Levofloxacin as Tuberculosis Preventive Therapy for Household Contacts of Drug-Resistant Tuberculosis

10.

11.

12.

13.

14.

15.

16.

Pai M, Behr MA, Dowdy D, Dheda K,
Divangahi M, Boehme CC, et al.
Tuberculosis. Nat Rev Dis Primers.
2016;2:16076.

Parrish NM, Dick JD, Bishai WR.
Mechanisms of latency in
Mycobacterium tuberculosis. Trends
Microbiol. 1998;6(3):107-12.
Direktorat Jenderal Pencegahan dan
Pengedalian  Penyakit. = Petunjuk
Teknis Tata Laksana Tuberkulosis
Anak  dan Remaja. Jakarta:
Kementerian Kesehatan; 2023.
Isbaniah F, Burhan E, Sinaga B,
Yanifitri
Tuberkulosis pedoman diagnosis dan

D, Handayani R, Harsini.

penatalaksanaan di Indonesia.
Jakarta: PDPI; 2006.

Frascella B, Richards AS, Sossen B,
Emery JC, Odone A, Law I, et al.
Subclinical Tuberculosis Disease—A
Review and Analysis of Prevalence
Surveys to Inform  Definitions,
Burden, Associations, and Screening
Methodology.  Clinical  Infectious
Diseases. 2021;73(3):e830—41.
Migliori GB, Ong CWM, Petrone L,
D’Ambrosio L, Centis R, Goletti D. The
definition of tuberculosis infection
based on the spectrum of tuberculosis
disease. Breathe. 2021;17(3):210079.
Liebenberg D, Gordhan BG, Kana BD.
Drug resistant tuberculosis:
Implications for transmission,
diagnosis, and disease management.
Front Cell
2022;12:943545.
Palomino J, Martin A. Drug Resistance

Mechanisms in Mycobacterium

Infect Microbiol.

17.

18.

19.

20.

21.

22,

23.

tuberculosis. Antibiotics.
2014;3(3):317-40.

Global Programme on Tuberculosis
(GTB). WHO

operational handbook on tuberculosis.

and Lung Health

Module 4: treatment - drug-resistant
tuberculosis treatment, 2022 update.
WHO; 2022.

Horsburgh CR, Barry CE, Lange C.
Treatment of Tuberculosis. New
England Journal of Medicine.
2015;373(22):2149-60.

Hesseling AC, Purchase SE, Martinson
NA, Fairlie L, Schaaf HS, Brigden J, et
al. Levofloxacin Preventive Treatment
in  Children Exposed to MDR
Tuberculosis. New England Journal of
Medicine. 2024;391(24):2315-26.
Duong T, Brigden J, Simon Schaaf H,
Garden F, Marais BJ, Anh Nguyen T,
et al. A Meta-Analysis of Levofloxacin
for Contacts of Multidrug-Resistant
Tuberculosis. NEIM
2025;4(1):EVID0a2400190.
Direktorat p Jenderal Pencegahan dan

Evidence.

Pengendalian  Penyakit. Petunjuk
Teknis Penanganan Infeksi Laten
Tuberkulosis (ILTB). Jakarta:

Kementerian Kesehatan RI; 2020.

Direktorat Jenderal Pencegahan dan
Pengedalian  Penyakit. = Petunjuk
Teknis Penatalaksanaan Tuberkulosis
Resistan Obat di Indonesia. Jakarta:
Kementerian Kesehatan RI; 2024.

Kementerian Kesehatan RI. Petunjuk
Teknis Investigasi Kontak Terintegrasi
Terapi
Jakarta: Kementerian Kesehatan RI;

2025.

Pencegahan Tuberkulosis

Respir Sci 2026, Vol.6 No.3 a



Kemas Rakhmat Notariza, et al

24. Podder V, Patel P, Sadiq NM.
Levofloxacin. StatPearls Publishing;

2024.
25. Kementerian Kesehatan Republik
Indonesia. Strategi Nasional

Penanggulangan  Tuberkulosis  di
Indonesia 2020-2024. Jakarta:
Kementerian Kesehatan Republik
Indonesia; 2021. 184188 p.

26. Kementerian Kesehatan RI. Laporan
Program Penanggulangan Tuberkulosis
Tahun 2023. Jakarta; 2024.

a https://respiratoryscience.or.id/


https://respiratoryscience.or.id/index.php/journal/index

