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Abstract: Tuberculosis (TB) continues to impose a significant clinical and socioeconomic burden
globally. In 2015, there were 10.4 million new cases of TB and 1.8 million deaths attributable to the disease
worldwide. While there has been significant progress in the diagnosis and management of the infection in
recent decades, many challenges remain. In addition to addressing the burden of disease caused by drug-
sensitive T'B, it is important to tackle the increasing threat of multidrug-resistant TB (MDR TB) and latent
TB infection (LTBI). Improvements are needed in both diagnostic tools and therapeutic regimens. This
article provides an update on the clinical approach to managing drug-sensitive, drug-resistant and latent TB.
The global epidemiology of the disease, clinical presentation and approaches to management are discussed.

Future research and clinical priorities are considered.
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Background

Despite recent advances in diagnostics and treatment
options, tuberculosis (TB) remains a substantial global
health challenge. Worldwide, in 2015, there were
10.4 million new cases of TB and 1.8 million deaths
attributable to the disease (1). Through intensified research,
improvement in the provision of integrated patient care and
implementation of sustainable health policies, the World
Health Organisation (WHO) has set a target of reducing
the TB incidence rate by 90% and the number of TB-
related deaths by 95% by the year 2035, as outlined in its
‘End TB Strategy’ (2). The ultimate aim is to attain global
eradication of TB.

However, to achieve these ambitions, several challenges
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pertaining to TB management will need to be overcome.
In addition to addressing the burden of disease caused by
drug-sensitive T'B, it is important to tackle the increasing
threat of multidrug-resistant (MDR) TB, defined as TB
caused by M. tuberculosis isolates that are resistant to both
rifampicin and isoniazid (1). Furthermore, a key component
of TB eradication includes targeted identification and
treatment of latent TB, an asymptomatic state in which the
immune system of an individual has successfully contained
the infection but a risk of converting to active TB disease
remains should the immune response diminish or fail (3).
Concurrent treatment of HIV-coinfection among TB
patients is a further important issue.

"This article provides an update on the clinical approach
to managing drug-sensitive, drug-resistant and latent
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TB. The global epidemiology of the disease, clinical
presentation and approaches to management are discussed.
Future research and clinical priorities are considered.

Global epidemiology

Accurate estimates of TB incidence rely on robust national
surveillance mechanisms that seek to address problems
of under-reporting. TB incidence per country may be
estimated using various approaches: case notification data
may be combined with expert opinions on the likely degree
of under-reporting and under-diagnosis; high-income
countries may apply an adjustment factor to their reported
notification number to account for under-reporting and
under-diagnosis; incidence may be estimated using results
from TB prevalence studies (1).

There was a 1.5% decrease in TB incidence globally
between 2014 and 2015. In 2015, the country with the
highest burden of TB disease was India, with an estimated
total TB incidence of 2.84 million (uncertainty interval
1.47-4.65 million). Of the 10.4 million incident TB cases
that year, 60% of cases were reported from the following six
countries in decreasing order of incidence: India, Indonesia,
China, Nigeria, Pakistan and South Africa. By region, 61%
of cases were in Asia; 26% in Africa; 7% in the Eastern
Mediterranean; 3% in Europe; and 3% in the Americas.
HIV coinfection was reported in 11% of cases and was
greatest in countries in southern Africa (1).

In the same year, there were 1.4 million deaths from TB
among HIV-negative people (19 per 100,000 population),
of which 84% occurred in Africa and Southeast Asia. There
were a further 0.39 million deaths from TB among HIV-
positive individuals. India and Nigeria accounted for 43 %
of the total number of TB deaths among HIV-negative and
HIV-positive people combined. Overall, TB mortality rates
have been falling in all continents and there has been a 34%
reduction in the TB mortality rate between 2000 and 2015 (1).

MDR TB and rifampicin-resistant (RR) TB accounted
for 3.9% of new TB cases and 21% of previously treated
TB cases in 2015. MDR and RR TB accounted for 580,000
cases of incident TB cases and 250,000 deaths globally.
China, India and Russia accounted for 45% of the global
total MDR and RR TB case burden (1).

Diagnosis of TB needs to take account of clinical history,
microbiological results and radiological findings.
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Clinical bistory and risk factors for TB

Clinical manifestations of TB disease depend upon the site
of TB infection. Classically, pulmonary TB is characterised
by a history of chronic cough, sputum production,
haemoptysis, fever, night sweats and weight loss (4). The
haematogenous spread of TB to multiple organs results in
miliary TB.

Symptoms of extrapulmonary TB can be variable (5) and

require a high degree of clinical suspicion:

% TB lymphadenitis is characterised by painless,
progressive lymph node swelling (6). Cervical chain
lymph nodes are the commonest site (7);

% Pleural TB may be asymptomatic but is often
associated with the typical pulmonary symptoms of
TB, including pleuritic chest pain (8);

% Central nervous system TB may manifest in the

form of TB meningitis, tuberculomas or TB brain

abscesses (9). TB meningitis usually presents with
classical symptoms of meningitis, including headache,

fever, meningism and focal neurological deficits (10);

% Skeletal TB includes: spinal TB (Pott’s disease), which

is characterised by localised pain, spinal deformity (11)

'’

and may be associated with complications such
as paraspinal abscesses, psoas abscesses (12) and
neurological sequelae; and peripheral osteoarticular
TB, which typically affects long weight-bearing bones
causing localised bony pain, or it may cause joint pains
in the context of TB osteomyelitis (13);

% TB peritonitis is characterised most commonly
by abdominal pain, fever and weight loss. Other
gastrointestinal manifestations include diarrhoea,
ascites, hepatomegaly and splenomegaly (14);

% Genitourinary TB may result in dysuria, haematuria,
flank pain, pelvic inflammatory disease and epidydimal
masses depending on the specific site of infection (15);

% 'T'B pericarditis is rare, characterised by symptoms of
chest pain, cough and dyspnoea and clinical findings
include fever, tachycardia, cardiomegaly and a
pericardial rub (16).

Various factors increase the risk of contracting TB, as

listed in Zable 1 (17).

Microbiological investigations for pulmonary TB

International guidelines state that all patients suspected
of having pulmonary TB infection should have at least
two (ideally three) sputum samples sent for microscopic
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Table 1 Risk factors for acquiring TB infection (17)

Prolonged exposure to a case of sputum smear-positive TB

Country of birth: higher risk in individuals born in Asia, Africa and
South America

HIV coinfection

Use of immunosuppressants: systemic corticosteroids, biological
therapies such as anti-tumour necrosis factor (TNF) agents

Malnutrition
Diabetes

Young age

Smoking

Alcohol excess
Malignancy
Occupational exposure: e.g., healthcare workers
Intravenous drug use
Overcrowding

Indoor air pollution
Homelessness

Low socioeconomic status

TB, tuberculosis.

analysis and subsequent culture, with at least one sample
sent in the early-morning as this is associated with the
highest acid-fast bacilli (AFB) yield (18). If patients cannot
produce sputum, the use of induced sputum techniques and
bronchoscopy can be considered to obtain specimens (19).
Smear-positive cases of TB, defined as cases where at
least one sputum sample is positive for AFB, are the most
infectious cases. They require particular attention to
minimise infection transmission and appropriate contract
tracing is required (20).

Radiological findings in pulmonary TB

Thoracic imaging is important both for diagnosing
pulmonary TB and monitoring response to treatment (21).
The commonest radiographic findings for
primary pulmonary TB include parenchymal disease,
lymphadenopathy, pleural effusions and miliary disease (22).
Homogenous parenchymal consolidation of the middle
and lower lung lobes is suggestive of disease, although
differential diagnoses would include a host of other bacterial
infections (22). Unilateral right hilar and right paratracheal
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region lymphadenopathy are typical, although bilateral
hilar lymphadenopathy is also common. CT evidence of
intrathoracic lymph nodes with a diameter greater than 2 cm
with central areas of low attenuation is suggestive of caseous
necrosis and highly indicative of active TB disease (23).
Pleural involvement has been reported in up to 38% of
cases of primary pulmonary TB (24). High resolution CT
scans of the chest are particularly sensitive at detecting
miliary TB, which is characterised by diffuse 2-3 mm
nodules throughout the lung parenchyma (25).

Post-primary TB, which refers to TB reinfection or
reactivation and typically affects adults, is characterised
by parenchymal disease which usually has a different
radiographic distribution and appearance to that of primary
T'B. Parenchymal involvement in post-primary TB typically
affects the lung apices and posterior segments of the upper
lobes. Cavitation is the hallmark of post-primary TB (26).
The presence of a ‘tree-in-bud” appearance on CT, whereby
multiple centrilobular nodules are connected to multiple
linear branching opacities, may also be suggestive of
TB, although it has been demonstrated in several other
respiratory conditions (27). A combination of cavitation
and ‘tree-in-bud’ is highly suggestive of TB. The majority
of patients with endobronchial TB will have some degree
of endobronchial stenosis (28) which will be demonstrable
on CT imaging. Extension of TB disease to the pleura may
result in multiseptated empyema, which has the potential to
develop into a bronchopleural fistula (22).

Diagnosing drug-resistant TB

"To establish the presence of drug resistance in M. tuberculosis
isolates, WHO endorses the use of phenotypic drug
susceptibility tests (DST) and nucleic acid amplification
tests (NAATS) such as the Xpert® MTB/RIF assay (Cepheid,
Sunnyvale, CA, USA) and molecular line probe assays
(LPAs) (29).

Phenotypic DST

Susceptibility testing for first- and second-line drugs can
be undertaken using liquid cultures. While this approach
is more sensitive than using solid cultures and offers a
faster turnaround time for results, it can still take 2 weeks
for pulmonary TB to be confirmed followed by a further
2 weeks to obtain the final DST result. Other drawbacks
include the high equipment costs and the need to ensure
that processing methods minimise the risk of culture
contamination. Using solid cultures instead is cheaper, but
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confirmatory results take significantly longer: up to 8 weeks
for pulmonary TB confirmation followed by 6 weeks to
obtain the final DST results. Testing for DST to second-
line drugs has also not been fully validated using the solid
culture method (29). The significant time taken to yield
final results by the conventional DST method carries
a risk of patients with drug-resistant TB being treated
with antibiotic regimens that may be ineffective, which
may permit further spread of drug-resistant strains and
potentially promote selection of strains with even greater
resistance (30).

To address this problem, rapid diagnostic methods are
needed. The microscopic-observation drug-susceptibility
(MODS) assay is a faster, less expensive culture-based
method that can be used instead of conventional culture
methods to identify drug resistance (31). In this assay,
liquid media either contain anti-TB drugs or are drug-free.
After inoculation of the liquid media with sputum, light
microscopy is used to detect the growth of M. tuberculosis
colonies. The presence of colonies in only the drug-free
liquid media indicates a positive culture result; the presence
of colonies in both the drug-free and drug-containing liquid
media indicates drug resistance (31,32). There is greater
agreement between the MODS assay and conventional
culture methods when testing for isolate susceptibility to
rifampicin or isoniazid than when testing for susceptibility
to ethambutol or streptomycin (33). A drawback of the
MODS assay is the need to use an inverted microscope,
which may not be routinely available in diagnostic
laboratories (34). The use of the thin-layer agar (TLA)
method circumvents this problem: it uses a solid medium,
requires standard microscopy and has a higher sensitivity
than conventional culture methods (35).

Xpert® MTB/RIF assays

The Xpert® MTB/RIF assay is an automated, real-time
NAAT assay that allows both detection of M. ruberculosis
and detection of mutations in the 7poB gene which confers
M. tuberculosis with resistance to rifampicin (36). Results
are available after approximately 90 minutes. The test has
been shown to be sensitive, specific and cost-effective (37):
it can detect 92.2% of culture positive patients and detects
rifampicin resistance with a sensitivity of 99.1% (38).
Nevertheless, its use in settings with low TB incidence has
been questioned given the test’s lower sensitivity in the
context of less extensive disease (39). In addition, there is a
potential risk of a higher positive rate for drug resistance in
low incidence settings (40). However, the test has recently
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been shown to have a very high negative predictive value in
such settings (41).

In the UK, which is a low incidence setting, findings from
one centre showed that discordance between the Xpert®
MTB/RIF assay and culture results mainly occurred for
non-respiratory specimens (42). However, considering that
the culture confirmation rate is low in extrapulmonary 1B,
there is still a role for molecular tools like the Xpert® MTB/
RIF assay (with the exception of pleural disease where its
sensitivity is low compared to conventional culture) (43).
The assay has been shown to be a useful adjunct in the
diagnosis of mediastinal nodal TB using endobronchial
ultrasound, particularly when used in conjunction with
cytology obtained from transbronchial needle aspiration (44).

Molecular LPAs

Molecular LPAs are another type of genotypic test that
allow rapid detection of M. tuberculosis and mutations that
confer resistance to rifampicin and isoniazid (45). The
mutations are detected in the 7poB, katG and inhA genes (46).
A recent systematic review of three LPAs (Hain
Genotype MTBDRplusV1, MTBDRplusV2 and Nipro
NTM+MDRTB) has demonstrated that they detect
rifampicin resistance with a pooled sensitivity of 96.7%
[95% confidence interval (CI): 95.6-97.5%] and pooled
specificity of 98.8% (95% CI: 98.2-99.2%), while they
detect isoniazid resistance with a pooled sensitivity of
90.2% (95% CI: 88.2-91.9%) and pooled specificity of
99.2% (95% CI: 98.7-99.5%); furthermore the assays
have a sensitivity of 94.4% in smear-positive samples but a
sensitivity of 44% in smear-negative samples (47).

Identifying latent TB infection (LTBI)

Risk stratifying for LTBI
It has been estimated that one in three people globally is latently
infected with TB (48) and that they have a 5-10% lifetime risk
of progressing from L'I'BI to active TB disease (49). It would
be neither practical nor clinically beneficial to identify
and treat every individual with UTBI. Instead, guidelines
call for a more pragmatic approach in which individuals
considered to be at high-risk of having IT'BI or at high-risk
of converting from latent to active infection are targeted
for testing and treatment. Those suspected of having LI'BI
should be asked about symptoms and chest radiography
should be undertaken to exclude active disease.

WHO guidance on which groups to investigate and
treat for LT'BI in high-income and upper middle-income
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Table 2 WHO recommendations for at-risk groups to investigate
and treat for LTBI in high-income and upper middle-income
countries with a TB incidence less than 100 per 100,000
population (49)

Group 1: testing & treatment recommended
HIV coinfection
Contacts of confirmed pulmonary TB cases
Due to commence anti-TNF treatment
Due to commence dialysis
Preparing for organ or haematological transplant
Silicosis patients
Group 2: testing & treatment should be considered
Prisoners
Healthcare workers
Immigrants from high TB burden countries
Homeless people
lllicit drug users

Group 3: testing & treatment not recommended (unless already
included in group 1 or 2)

Diabetics
Alcohol excess
Tobacco smokers

Underweight people

WHO, World Health Organisation; LTBI, latent tuberculosis
infection.

countries with a TB incidence less than 100 per 100,000
population is summarised in Tizble 2 (49). For resource-
limited countries and those middle-income countries that
do not fit into the previously described category, testing
and treatment for I'T'BI is advised in all patients with HIV
infection and children under 5 years of age who have been
contacts of TB and who have been found not to have active
TB (49). This is because these two groups have been shown
to be at particularly high risk of developing active TB
disease after being in contact with confirmed TB cases (50).

Diagnostic tests for LTBI
There is no agreed gold standard test for diagnosing I'TBI.
Indirect screening information is available from two types
of test: tuberculin skins tests (T'STs) and interferon-gamma
release assays (IGRAs).

Two widely used IGRAs are the QuantiFERON-TB
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Gold In-Tube (QFT-GIT) (Cellestis Ltd., Carnegie,
Australia) and T-SPOT.TB (Oxford Immunotec Ltd.,
Oxford, UK). QFT-GIT is a whole-blood based enzyme-
linked immunosorbent assay which measures the amount of
interferon-gamma produced in response to exposure to the
M. tuberculosis antigens ESAT-6, CFP-10 and TB7.7 (51).
An upgraded version of this test has recently been
introduced: the QuantiFERON-TB Plus (QFT-Plus)
(Qiagen, Hilden, Germany) works in a similar way to QFT-
GIT but differs because it contains an additional antigen
tube that can stimulate both CD4 and CD8 T cells to
produce interferon-gamma and it also dispenses with the
TB7.7 antigen (52). T-SPOT.TB is an enzyme-linked
immunospot-based test which measures the number of
peripheral mononuclear cells producing interferon-gamma
in response to ESAT-6 and CFP-10 (51). In resource-
limited countries, WHO advises that IGRA should not
replace the use of TST; this decision takes account of the
performance and cost of the test in these settings (49,51).
In high-income and upper middle-income countries, either
TST or IGRA can be used (49).

TSTs may give false positive results if there is a history
of BCG vaccination or exposure to non-tuberculous
mycobacteria (53). False negative results may occur due
to: patients being immunocompromised secondary to HIV
infection, malignancy or use of immunosuppressant agents;
extremes of patient age; improper administration of the
tuberculin antigen (54). In patients with HIV infection, the
decreased sensitivity of TST testing has been attributed to
the phenomenon of anergy, which refers to a diminished
delayed-type hypersensitivity response in previously
sensitised individuals (55). Furthermore, repeated TST
testing is associated with problems such as: boosting,
where the immunological recall to previous exposure to
mycobacterial antigens causes the TST response to increase;
conversion of negative results to positive results due to new
infections; reversion of positive results to negative results;
and issues relating to variable biological response and
variability among clinicians in reading the final results (56).

IGRAs are not affected by previous BCG vaccination
or most non-tuberculous infections, which reduces the
likelihood of false positive results compared to TSTs (57),
although cross-reactivity has been demonstrated between
IGRAs and both Mycobacterium marinum and Mycobacterium
kansasii (58). IGRAs show variability in the reproducibility
of their results even when the tests are conducted under
identical conditions (59) and a significant number of
conversions and reversions occur upon repeat testing (60).
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Table 3 Doses of first-line drugs used in the treatment of drug-sensitive TB (20)

Drug Recommended daily dose (mg/kg) Recommended daily dose range (mg/kg) Maximum daily dose (mg)
Rifampicin 10 8-12 600

Isoniazid 5 4-6 300
Pyrazinamide 25 20-30 -

Ethambutol 15 15-20 -

Potential sources of variability in IGRAs include the
manufacturing source, pre-analytical sources (such as delay
in incubation), analytical sources (caused by inter-operator
and inter-laboratory imprecision) and immunological
sources (such as boosting caused by purified protein
derivative) (61).

Agreement between QFT-GIT and TST has been
shown to increase as TST diameter increases (62).
However, neither TSTs nor IGRAs can distinguish
between latent and active TB infection (63). There is no
significant difference between TST and QFT-GIT at
detecting LTBI in children; nor is there any significant
difference TST and T-SPOT.TB at detecting LTBI in
immunocompromised patients (64). Although neither
TSTs nor IGRAs have a sufficiently high accuracy to
predict progression from LTBI to active disease (65),
individuals with a TST induration >15 mm or a QFT-GIT
result >10 IU/mL have been shown to be at greatest risk of
developing active TB (66).

Recently there has been interest in understanding how
the immunological signature of LT'BI may be a predictor for
progression to active TB as this may have implications for
targeted L'TBI treatment. A study has shown that recently
acquired LTBI has a cellular immune signature that is more
similar to the signature found in patients with active TB
than in those with distantly acquired LTBI (67).

Clinical management
Trreatment of drug-sensitive TB

First-line treatment of drug-sensitive TB is divided into
a two-month intensive phase of treatment comprised
of rifampicin, isoniazid, pyrazinamide and ethambutol
followed by a four-month continuation phase consisting of
rifampicin and isoniazid. Table 3 shows the recommended
daily dosing of each of these drugs (20). Four-drug fixed
dose combination regimens have been shown to have a
similar efficacy to separately administered drugs (68) and
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the use of the former has been advocated as the prospect
of taking fewer tablets may improve medication adherence
among patients (20). In extra-pulmonary TB, the duration
of therapy varies depending on the site of TB infection (69).
For example, treatment for TB meningitis may be for up to
12 months (70).

There are various practical considerations in the
administration of anti-TB drugs. As with all drugs, the
safety profile, side effects and potential for interactions
with other medications needs to be considered. Baseline
and monitoring tests include blood tests to monitor liver
function and assessment of visual acuity (71). Drug-induced
liver injury from anti-TB medications is a particular
concern. A recent retrospective study from one centre in
the UK showed that almost 7% of patients started on anti-
T'B treatment developed drug-induced liver injury, but only
a quarter of these met national criteria for liver function
monitoring (72). A policy of checking liver function 2
weeks after starting anti-TB treatment has been advocated
rather than purely using a risk-factor based approach to
monitoring liver function (73).

The first-line anti-TB drugs may cause a range of
adverse effects. Rifampicin is associated with hepatitis,
gastrointestinal symptoms, pruritus, thrombocytopaenia,
haemolytic anaemia and red discolouration of body
secretions. It is a hepatic enzyme inducer that increases the
metabolism of various drugs and is associated with a risk
of postnatal haemorrhage in pregnant women. Isoniazid
is associated with hepatitis, peripheral neuropathy (which
may be prevented by supplementation with pyridoxine) and
lupus-like syndrome. It is a hepatic enzyme inhibitor which
increases the toxicity of multiple drugs. Pyrazinamide may
be complicated by hepatitis, gastrointestinal disturbances,
gout, arthralgia, sideroblastic anaemia and photosensitive
dermatitis. Ethambutol may cause optic neuritis and
arthralgia. The potential for complications demands close
monitoring of patients during anti-TB therapy (20).

European guidelines recommend that a test of cure is
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Table 4 Drugs used in the treatment of MDR TB (76)
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Group Drugs

Group A: fluoroquinolones

Group B: second-line injectable agents

Levofloxacin, moxifloxacin, gatifloxacin

Amikacin, capreomycin, kanamycin, streptomycin (may be substituted for other

second-line injectable agents in certain circumstances)

Group C: other core second-line agents

Group D: add-on agents (not part of the core MDR
TB regimen)

Ethionamide/prothionamide, cycloserine/terizidone, linezolid, clofazimine

Pyrazinamide, ethambutol, high-dose isoniazid, bedaquiline, delamanid,
p-aminosalicylic acid, imipenem-cilastatin, meropenem, amoxicillin-clavulanate,

thioacetazone (provided patient is HIV negative)

MDR TB, multidrug-resistant TB.

undertaken during the continuation phase of treatment to
demonstrate conversion to a culture-negative state (74).
However, the appropriateness of this has been questioned
in low incidence settings where patients are clinically well at
the end of treatment, as further testing may be unnecessarily
invasive (75).

Tireatment of drug-resistant TB

An assessment should be made of the potential for drug
resistance. This can be both mono-resistance, such as
isoniazid-resistance or rifampicin-resistance, or MDR
TB. Any assessment should utilise information on the
background prevalence of drug-resistant TB, possible
exposure to drug-resistant T'B and its development through
poor medication adherence.

Revised WHO guidelines for MDR TB
In 2016, WHO updated its guidance on the treatment of
MDR TB. It was acknowledged that the quality of evidence
for the effectiveness of many medications is low due to
most studies being observational in design and there being
a paucity of randomised controlled trials. The groups of
drugs used to treat MDR T'B are summarised in Table 4 (76).
The guidelines for the revised MDR TB regimens
have been based on two sources: a meta-analysis of three
systematic reviews; and evidence from unpublished data
in a meta-analysis undertaken by WHO (77,78). MDR
TB regimens should now consist of at least five agents:
pyrazinamide (unless there is confirmed pyrazinamide-
resistance) and four core-second line drugs (groups A-C
in Table 4). Such regimens seek to improve cure rates and
mortality rates while decreasing spread of further resistance
(76). The standard duration for conventional MDR TB
treatment is 20-24 months. A retrospective study of MDR 'TB
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cases in the UK has shown that MDR TB treatment regimens
are associated with successful outcomes but initial hospital
admissions are prolonged and patient adherence to treatment is
a limiting factor (79).

Fluoroquinolones in particular are now regarded as the
most important component of the MDR TB regimen (76).
Their utility in treating MDR TB and in shortening the
length of treatment for drug-sensitive TB has been the
focus of much research (80). Bedaquiline (TMC207), a
diarylquinoline which inhibits adenosine triphosphate (ATP)
synthase in M. tuberculosis (81), was granted accelerated
approval for use in the treatment of MDR TB by the US
Food and Drug Administration in 2012 (82) and WHO
issued interim guidance on its use in 2013 (83). A review of
bedaquiline was commissioned by WHO in 2016 to evaluate
the latest evidence for its use in MDR TB; no changes to
the 2013 guidelines were recommended (84). Delamanid
(OPC-67683), a nitro-dihydro-imidazooxazole derivative
which inhibits mycolic acid synthesis (85), was approved
by WHO in 2014 for use in adults with MDR TB (86).
In 2016, WHO issued recommendations for its use in
paediatric patients with MDR TB (87). In both population
groups, patients should meet strict inclusion criteria and
treatment requires close monitoring (86,87).

The list of side effects for second-line agents is
extensive. For example, ototoxicity is a significant
problem with second-line injectable agents (88). Various
resources may be consulted for information on the
important adverse effects, interactions and monitoring
requirements of drugs used in treating MDR TB (71,89).
WHO guidelines provide important information on
the need for adequate nutritional support, careful
monitoring of patients taking anti-retroviral therapy for
HIV coinfection and the role of surgical intervention in

patients with MDR TB (90).
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Shortened MDR TB regimen

Shortening the duration of treatment while retaining
efficacy is naturally desirable. In 2016, WHO issued
conditional recommendations on a shortened treatment
regimen for MDR TB, which comprises initial
treatment for 4-6 months with kanamycin, moxifloxacin,
prothionamide, clofazimine, pyrazinamide, high-dose
isoniazid and ethambutol followed by 5 months of
moxifloxacin, clofazimine, pyrazinamide and ethambutol.
Exclusion criteria for the shortened regimen are as follows:
confirmed resistance to or suspected ineffectiveness of
drugs in the shortened regimen (excluding isoniazid
resistance); exposure to one or more second-line drugs
in the shortened regimen for more than one month;
intolerance to one or more drugs in the shortened
regimen; risk of toxicity from the drugs used; pregnancy;
extrapulmonary disease; and lack of availability of one of
the drugs in the regimen (91).

The shortened regimen was derived from a study that
trialled the so-called ‘Bangladesh regimen’, in which
206 MDR TB patients were treated with gatifloxacin,
clofazimine, ethambutol and pyrazinamide for 9 months
alongside prothionamide, kanamycin and high-dose
isoniazid for a minimum of the first 4 months of treatment; a
cure rate of 87.9% (95% CI: 82.7-91.6%) was reported (92).
A follow-up to this study involving 515 patients
subsequently demonstrated a favourable outcome in 84.4%
of cases treated with the shortened MDR TB treatment
regimen and showed that fluoroquinolone resistance was
the most important risk factor for unfavourable outcomes,
particularly when compounded by additional resistance to
pyrazinamide (93).

Although the shortened MDR TB regimen has been
advocated for use by the British Thoracic Society (BTS),
careful selection and monitoring of outcomes of appropriate
patients for the shorter regimen is recommended given the
differing patterns of drug resistance within the UK. The
BTS guidance also takes account of local supply issues:
for example, kanamycin is not easily available in the UK
and the use of amikacin or capreomycin in its place is
advised (94). A range of logistical challenges relating to
implementation of the shortened regimen remain to be
addressed in low-income countries (95). An important issue
is whether countries have the resources to test for resistance
against all the drugs in the regimen (96). Furthermore, a
large proportion of MDR TB patients may not be eligible
for the shortened regimen, as it has been demonstrated
that more than 40% of cases may demonstrate resistance
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to fluoroquinolones or kanamycin (97). This raises the
question as to what drugs can be safely and effectively
substituted into the regimen should one of the core drugs
be ineffective (96).

The first randomised controlled trial evaluating the
shortened MDR TB treatment regimen is currently
underway. Stage 1 of the STREAM (Evaluation of a
Standard Treatment Regimen of Anti-tuberculosis Drugs
for Patients with Multidrug-resistant Tuberculosis) is
evaluating the efficacy and safety of the regimen while stage
2 examines regimens that include bedaquiline (98). Other
novel short treatment regimens are also under investigation
and have shown promising results thus far: the combination
of pretomanid (PA-824), moxifloxacin and pyrazinamide has
shown favourable outcomes when used in treatment of drug-
susceptible and MDR T'B for 8 weeks in a phase 2b trial (99);
a phase 3 trial entitled STAND (Shortening Treatment
by Advancing Novel Drugs) is now underway (100).
The results of these trials will provide important evidence
regarding the clinical utility of shortened MDR TB

treatment regimens.

Tirreatment of LTBI

Successful screening for LTBI plays a crucial role in
identifying and treating individuals who might otherwise go
on to develop active disease (101). Screening and treating
new migrants to the UK from countries with high TB
prevalence has been shown to be cost-effective (102).

WHO guidelines recommend any of the following
treatment options for LT'BI (49):

% 6 months of isoniazid monotherapy;

“ 9 months of isoniazid monotherapy;

% 3 months of weekly rifapentine plus isoniazid;

% 3-4 months of isoniazid plus rifampicin;

% 3—4 months of rifampicin monotherapy.

The recommendations were made based on a meta-
analysis evaluating the efficacy and safety of various
treatment regimens for LTBI (103). While WHO
panel members agreed unanimously that the first three
options were equivalent, there was less agreement
regarding the equivalence of the final two regimens (49).
Additionally, the 6-month isoniazid regimen was
associated with more hepatotoxic events than the 3- to
4-month rifampicin regimen; and the 9-month isoniazid
regimen was associated with more hepatotoxic events
than the 3-month weekly rifapentine plus isoniazid
regimen (49).
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Future priorities

There have clearly been significant advances in approaches
to the diagnosis and treatment of TB. However, there is still
much progress to be made.

Recognising those patients who are at greatest risk
of converting from latent to active TB will enable a
more targeted approach to LTBI treatment. Treating
before conversion to active disease will not only reduce
patient morbidity but also have important long-term
cost saving implications. To achieve this, further research
and improvements in the efficacy and interpretation of
diagnostic tools are needed. This is already underway. In
the UK, the PREDICT trial, which is a study of the efficacy
of IGRAs compared to TSTs at predicting conversion to
active TB disease in 10,000 participants, is due to report
imminently (104). Importantly, even if TST or IGRA
testing is negative among contacts of confirmed TB cases,
such contacts should still be advised to rapidly engage
with healthcare services in the future should symptoms
develop (105).

Furthermore, studies have started evaluating the clinical
utility of the recently developed QFT-Plus, which has
been shown to have a stronger association with surrogate
markers of exposure to TB than QFT-GIT in the context of
contact screening, although the absence of a gold-standard
for diagnosing LTBI makes the discordance between QFT-
GIT and QFT-Plus difficult to evaluate (106). Nevertheless,
the findings suggest a possible role for QFT-Plus in
identifying patients at increased risk of conversion to active
disease (105). In a study among healthcare workers in a
low TB incidence setting, QFT-Plus and QFT-GIT were
shown to have a high degree of agreement (107). In another
study in patients with active TB, QFT-Plus sensitivity has
been shown to be lower among HIV patients with severe
immunosuppression (108). Further large-scale studies and
comparators to the T-SPOT.TB test are needed.

Recently a new approach to diagnosing TB infection
using a novel skin test has been evaluated. C-Tb is a M.
tuberculosis-specific skin test containing the antigens ESAT-
6 and CFP-10. Although it has been shown to have a similar
sensitivity to QFT-GIT, there was discordance between
the two tests, which was attributed to the different antigen
makeup of the tests and the different immune responses that
they subsequently elicit; additionally, the sensitivity of C-Tb
was reduced in HIV-infected patients who were severely
immunocompromised (109). Its utility in clinical practice
remains to be determined.
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There have also been developments in diagnostic tests
for MDR TB. The Xpert® MTB/RIF Ultra assay has
recently been endorsed by WHO as a non-inferior option
to using the Xpert® MTB/RIF assay. To improve sensitivity
for detecting M. tuberculosis, the Xpert® MTB/RIF Ultra
assay incorporates two different amplification targets and
a larger DNA reaction chamber. To improve detection of
rifampicin resistance, the assay uses melting temperature-
based analysis instead of real-time polymerase chain
reaction (PCR) (110). A multicentre study found that the
Xpert® MTB/RIF Ultra assay has a higher sensitivity than
the Xpert® MTB/RIF assay, particularly among smear-
negative patients and those with HIV coinfection, and
that rifampicin resistance detection was at least as good as
that achieved by the Xpert® MTB/RIF assay. However, the
higher sensitivity of Xpert® MTB/RIF Ultra comes at the
expense of its specificity, which is lower than that of Xpert®
MTB/RIF (111).

Research is already underway into the use of next-
generation sequencing (NGS) to expedite the diagnosis
of TB. Whole-genome sequencing (WGS) can be used to
identify mutations conferring drug susceptibility as well
as drug resistance (112). Furthermore, NGS can be used
to identify the extent to which specific mutations affect an
isolate’s resistance to particular drugs; that is, the effect of a
specific mutation on the minimum inhibitory concentration
(MIC) can be determined (113). For example, a mutation
in the katG gene at S3157T is associated with high level
isoniazid resistance (MIC 2-8 micrograms/mL); while a
mutation in the nhA promoter results in low level isoniazid
resistance (MIC 0.2-0.5 micrograms/mL) (114,115).
NGS has also shown that key genes in TB demonstrate
heteroresistance, a phenomenon whereby incomplete gene
mutations result in isolate cultures that simultaneously
grow drug-susceptible and drug-resistant colonies: NGS
is particularly sensitive at detecting pncA heteroresistance
which determines the degree of resistance to pyrazinamide
(116). The clinical utility of WGS in determining anti-TB
drug resistance profiles directly from sputum samples has
already been demonstrated (117). However, standardisation
and validation of DNA extraction from sputum samples will
be required if widespread uptake of WGS in T'B diagnostics
is to be achieved (118).

Many challenges also remain in improving treatment
protocols and outcomes. The complexity of treating
MDR TB has already been addressed, but a further issue
is the growing threat of extensively drug-resistant (XDR)
TB, which is caused by M. ruberculosis isolates resistant to
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rifampicin, isoniazid, fluoroquinolones and at least one
of the second-like injectable drugs. One hundred and
seventeen countries had reported cases of XDR TB by the
end of 2015: 9.5% of MDR TB cases had XDR TB (1).
Various trials evaluating effective treatment protocols for
XDR TB are currently underway: the NiX-TB trial is
evaluating the use of a 6-month regimen of pretomanid
(PA-824), bedaquiline and linezolid; the TB-PRACTECAL
trial is evaluating the use of regimens containing
bedaquiline, pretomanid (PA-824) and linezolid, with or
without clofazimine or moxifloxacin (119).

The utility of other novel therapies to treat TB is also the
focus of current research. The role of vitamin D deficiency
in the pathogenesis of TB has been under investigation for
some time: low vitamin D has been associated with both
active TB and LTBI and it has been implicated as a risk
factor for extrapulmonary TB (120,121). However, evidence
for the role of vitamin D replacement in TB treatment
is conflicting. While it has been argued that vitamin D
accelerates recovery from tuberculosis (122), this notion has
been challenged in various studies (123,124). The value of
vitamin D replacement in TB requires further research.

Curtailing the TB crisis globally requires countries
to have a strategy to provide coordinated and integrated
care at a national level (125). Diagnostic tests need to
be both clinically effective and cost-effective if they are
to be implemented in national programmes. Treatment
regimens need to be safe, efficacious and tolerable to
patients. Developing shorter, more effective regimens with
fewer adverse effects will promote adherence to therapy.
Additionally, eliminating TB will require consideration of
other factors that have not been discussed in this review,
such as improved efficacy of anti-TB vaccinations; robust
strategies for HIV testing, treatment and monitoring;
economic support for lower-income countries in
establishing high-quality, sustainable facilities for TB
diagnosis and treatment; and tailoring services for those
with certain social risk factors such as homelessness and
drug abuse (126,127). Furthermore, given that TB incidence
is greatest among those originating from high TB burden
settings (128-130), implementation of effective screening
programmes for new migrants is important. For these goals
to be achieved, greater investment in health and social
care infrastructure as well as engagement with the private
sector will be necessary (131). Ultimately, eradicating TB
in the coming decades will require a globally coordinated
programmatic approach to address the current deficits in
strategies for TB prevention, diagnosis and treatment (132).
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