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Background

Australia has among the world's lowest rates of tuberculosis
(TB). However, it remains a leading global cause of morhidity
and mortality. In Australia, TB remains more common in
Indigenous than non-Indigenous Australians, and rates are rising
among migrants, reflecting changing immigration patterns and
rising rates in their homelands.

Objective

This article reviews recent developments in TB of relevance to
Australian general practice and provides an update of advances
in the diagnosis and management of TB, and the role of the
general practitioners in co-managing people with TB.

Discussion

First hand experience with imported multidrug resistant TB
(MDR-TB) is increasing and is anticipated to rise in Australia.
The reach of extensively drug resistant TB is also expanding.
Although standard guidelines for management of drug
susceptible TB remain unchanged, recent progress in the
understanding, diagnosis and management of TB has occurred,
driven by the need to respond to the challenges of MDR-TB and
HIV-TB co-infection.

B Appreciation of what's new in tuberculosis (TB) requires a
perspective of what's old: Mycobacterium tuberculosis (MTB)
and other members of the MTB complex (Table 1) have been
infecting humans since antiquity."2 Being therefore
consummately adapted to life within the human host MTB
infects up to one-third of the global population, is
characterised by a dormant phase which confounds diagnosis
and control, and in 2006 accounted for an estimated 9.2 million
new cases and 1.7 million deaths worldwide.*

Australia largely avoided the late 20t century global TB resurgence,
which prompted the declaration of TB as a ‘global emergency’ by
the World Health Organization (WHO) in 1993. The millennium
development goals set a target of reducing prevalence and death
rates of TB by 50% by 2015. Although many countries are on track to
attain these rates, highest burden countries, notably in sub-Saharan
Africa where multidrug resistant TB (MDR-TB) and the overlap of TB
and HIV epidemics pose crippling challenges, are not.*

Against this background, Australia in 2006 reported 1201 TB
cases, an incidence of 5.8 per 100 000 population,® with preliminary
2008 figures being similar.? The national strategic plan for TB
control recognises the importance of favourable socioeconomic
circumstances; successful post-World War Il national TB campaigns;
specialised, multidisciplinary, free TB services; and effective
premigration screening as contributors to Australia’s low TB rates.’
New challenges faced by Australian practitioners include addressing
high rates of TB (~1360/100 000) in Indonesian fishermen entering
Northern Territory waters,® and MDR-TB (25% of cases) in Papua New
Guinean nationals seeking treatment in the Torres Strait protected
zone.? This provides a preview of cases Australian practitioners are
likely to be more frequently presented with in coming years as the
distribution of MDR-TB continues to expand.

Tuberculosis treatment in Australia is conducted by specialists
within centralised, coordinated TB services. Failure to manage TB in
this fashion is associated with higher risks of treatment failure and
emergence of drug resistance.'® However, general practitioners have
the key responsibilities of recognising at risk people and coordinating
care for affected families. In particular, the most vital contribution GPs
can make is to avoid TB diagnostic delay by sending sputum specimens
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for specific examination for acid fast bacilli (AFB) and reviewing chest
radiograph findings in at risk people with suspicious cough (>2 weeks
or ‘chronic pneumonia’). This review presents recent developments
in TB relevant to Australian general practice. Comprehensive TB
management guidelines are provided elsewhere (see Resources).

Who is at risk in Australia?

Tuberculosis requires particular consideration in migrants and
refugees from high incidence countries. Approximately 85% of new
Australian TB cases occur in people born overseas.® Highest global
per capita TB rates occur in sub-Saharan Africa,* reflected in high TB
notification rates in Australians of sub-Saharan origin.> Commonest
countries of origin of people with TB in Australia (consistent with
relative sizes of migrant populations) are India, Vietnam, the
Philippines, China and Indonesia.® Tuberculosis cases in migrants are
usually attributable to reactivation of latent TB infection (LTBI) (often
within the first 2 years after migration),'" with smaller contributions
from local transmission within migrant communities, and newly
acquired infections after visits home.'? Negative premigration
or arrival TB screening does not therefore negate the possibility
of subsequent TB.

Indigenous Australians (in some communities more than others)
are at higher risk than non-Indigenous Australian born people (6.6
vs. 0.9 per 100 000).5 Other commonly identified TB risk factors in
Australia are household contact with TB, or residence in a TB high
prevalence country for more than 3 months.® Returned travellers
uncommonly present with TB.'3

Human immunodeficiency virus confers the greatest single
risk for TB, increasing the chance of latent TB reactivation up to
20-fold."15 In Australia, HIV-TB co-infection is uncommon, but the
reporting of HIV status in people with TB, at 37%, is much lower
than recommended.> A new diagnosis of TB must prompt an offer
of HIV testing as per local and international recommendations.'6-18
Other forms of immunosuppression also significantly increase the
likelihood of LTBI reactivation. In people with LTBI, such as migrants
and indigenous people from high TB burden communities, chronic
renal failure and high dose corticosteroid use approximately doubles
the risk of developing active TB, while TNF-a. blockers (eg. infliximab)
increase the risk five-fold compared with the comparative population
risk of LTBI reactivation.'320

These at risk groups require screening for LTBI if asymptomatic
(see below and Table 2), or investigation for active pulmonary or extra
pulmonary TB if symptomatic with a clinically relevant syndrome.
People with LTBI at risk of progression to active TB, require LTBI

Table 1. Mycobacterium TB and other members of the MTB complex

Mycobacterium genus

e (Gram positive, acid fast bacilli. Those pathogenic to humans
include mycobacteria of the MTB complex, pathogenic non-
tuberculous mycobacteria (NTM) and M. leprae

e Tuberculosis causing group — MTB complex:
— M. tuberculosis
— M. bovis
— M. africanum

M. bovis Bacillus Calmette Guerin (BCG) (attenuated
vaccine strain, able to cause disseminated tuberculosis in
immunocompromised hosts)

— Uncommon: M. microti, M. bovis subspecies capra,

M. tuberculosis subspecies canettii, M. pinnipedii

treatment (7able 3). Detailed screening and LTBI treatment guidelines
are provided elsewhere.!21-25

What's new in TB diagnostics?

Globally, the commonest method for diagnosing TB remains sputum
microscopy only; therefore improved access to inexpensive diagnostics
is a priority in under resourced settings. There has been promising
progress in the development of such tests, including improved
microscopy and culture techniques, and rapid molecular methods for
detection of rifampicin and isoniazid resistance gene mutations.2
These can provide rifampicin/isoniazid susceptibility results within
1-2 days, compared with approximately 42 days using liquid culture
media.Z’ A reliable point of care test such as antigen detection on
blood or sputum would be the ‘holy grail’ of TB diagnostics; such
tests are under investigation? but not yet commercially available.
Nucleic acid amplification tests, including polymerase chain reaction
(PCR), have high specificity. Although negative predictive value is
low, the possibility of a positive result in smear negative disease can
allow more rapid diagnosis while awaiting culture; recently updated
Centres for Disease Control (USA) guidelines therefore recommend
sputum MTB nucleic acid amplification testing where available and
affordable, in cases of suspected, unconfirmed TB, if results would
alter management.2?

Interferon gamma release assays

Interferon gamma release assays (IGRA), such as QuantiFERON-TB
Gold, are potential supplements or alternatives to tuberculin skin
testing (TST) for detecting TB exposure. Currently, Australia’s National
Tuberculosis Advisory Committee discourages use of these tests in
clinical settings pending further research into sensitivity, specificity
and cost effectiveness (Table 2), favouring use of clinical history
and TST.2'30 |ike the TST, IGRA detect T-cell responsiveness to MTB
antigens, but this is measured on a blood sample as interferon (IFN)-y
production rather than an in vivo skin reaction, and the antigens used
to elicit the response are more specific to MTB than those contained
in purified protein derivative. Some diagnostic algorithms incorporate
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these tests as adjuncts t0,3' or replacements of 3233 TST, hence some
familiarity with this test is required.

A "take home message’ is that a positive result in either IGRA or TST
does not confirm, and a negative test does not exclude, TB exposure.

What's new in TB treatment?

Standard treatment regimens for active and latent disease caused
by drug susceptible MTB have not changed in Australia in recent
decades (7able 3), however, new developments are discussed below.

New drugs for TB

The drought in new TB drug discovery appears to be breaking, with
about 30 new agents in the developmental pipeline.*3 A metronidazole
related antibiotic, PA-824, has been found to be successful against MTB
in vitro and in mouse models®® and is now in phase 2 human trials.
Novel agents targeting specific MTB genes are under investigation.”
Quinolones, with a well established place in the treatment of MDR-TB,
are under investigation for their potential to shorten treatment durations
in drug sensitive TB.3 Of critical importance is the need to limit misuse
of new drugs, eg. use of quinolones as monotherapy in TB misdiagnosed
as pneumonia is associated with development of resistance and
delayed TB diagnosis.®

What's new in TB? THEME

HIV-TB co-infection management
Traditionally, delayed commencement of antiretroviral treatment
(ART) was recommended in HIV-TB co-infection due to overlapping
drug toxicities, drug interactions, and the potential for paradoxical
waorsening of TB pathology due to immune restoration inflammatory
syndrome.*® However, it is becoming clearer that benefits of early ART
outweigh these risks, and that despite rifampicin induced increased
clearance of non-nucleoside reverse transcriptase drugs (efavirenz/
nevirapine), serum levels of these drugs can remain adequately
efficacious to permit their use.*’ Current guidelines recommend
starting ART within 2-8 weeks of TB treatment initiation if CD4 <200,
and after 8 weeks if CD4 200-350, preferably using an efavirenz
based regimen.!74041

The importance of TB screening in people with HIV (eg. using
a combination of symptom check, sputum microscopy, TST), and
isoniazid preventive therapy if LTBI is identified, are increasingly
recognised as critical and underutilised public health measures.*

MDR-TB management

Multidrug resistant TB was initially recognised to result from poor
treatment programs with low adherence, leading to selection of
drug resistance mutations in infecting MTB strains.*® However, it

Table 2. Advantages and disadvantages of interferon gamma release assays257-62

IGRA disadvantages compared with tuberculin skin testing

Currently less collective experience with IGRA exists, and there are uncertainties in how to interpret results, eg. when there is discordance
between IGRA and TST, discordance between different IGRA types, and when serial IGRA results change (reversion/conversion)

Requires blood taking, which in infants (a common target group for screening) is more difficult, and often not done by rural/remote health

workers and registered nurses

Loss of patient educational opportunities which are provided when TB nurse performs and reads TST

IGRA possibly less sensitive
IGRA test kit more expensive than PPD

Reversions from positive to negative can occur over time and are difficult to interpret (but usually only occur when the initial reading was

low-positive)

Requires laboratory reagents and staff not generally available in resource limited settings, thereby restricting accessibility in remote settings
Indeterminate results can occur, eg. due to failures of controls, inadequate cell separation, cross contamination
Greater incidence of discordance between IGRA and TST in children (usually TST positive, IGRA negative)

IGRA advantages compared with TST

IGRA only target antigens present in MTB ‘region of difference 1 (RDI1) such as CFP10 and ESAT6, which are not shared by other
mycobacteria except M. kansasii, M. marinum and M. szulgai, thereby increasing the specificity of the test

Unaffected by prior BCG vaccination, for same reason as above (RDI antigens not present in M. bovis BCG)

Only requires one clinic attendance if negative
Disadvantages of both IGRA and TST

Unable to distinguish active from latent disease

False negatives occur especially in immunosuppression

No gold standard for LTBI diagnosis, therefore the true sensitivity and specificity of both tests cannot be accurately evaluated

A niche for IGRA use?

QTF-G may be strategically used in settings such as previously BCG vaccinated TB contacts with a positive skin test, and BCG vaccinated
health care workers in low TB incidence countries who require repeat testing
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Table 3. Anti-TB agents and treatment strategies

Anti-TB agents, WHO classification®

Group 1 First line oral antituberculosis agents

Group 2 Injectable antituberculosisagents

Group 3 Fluroquinolones

Group 4 Second line oral bacteriostatic antituberculosis agents
Group 5 Antituberculosis agents with unclear efficacy

Standard first line TB treatment

Drug

Isoniazid, rifampicin, ethambutol, pyrazinamide, rifabutin
Streptomycin, kanamycin, amikacin, capreomycin
Moxifloxacin, levofloxacin, ofloxacin

Ethionamide, protionamide, cycloserine, terizidone, para-
aminosalicylic acid

Clofazimine, amoxicillin/clavulanate, linezolid, thioacetazone,
imipenem/cilastin, high dose isoniazid, clarithromycin

Rifampicin, isoniazid*, pyrazinamide, ethambutol daily or thrice weekly for 2 month ‘intensive phase’ then rifampicin and isoniazid daily or
thrice weekly for 4 month ‘continuation phase’. Dosing (see reference 23)

Standard LTBI treatment**
Isoniazid* daily 9 months23-25
MDR-TB treatment strategies

Two phase regimen using at least five drugs to which the infecting isolate is sensitive. Drugs include remaining first line drugs to which
the organism is sensitive (ethambutol and/or pyrazinamide) plus a quinolone (descending order of potency against MTB: moxifloxacin =
gatifloxacin > levofloxacin > ofloxacin = ciprofloxacin) plus an injectible agent from Group 2 above, plus others as required. High dose
isoniazid may retain efficacy against MDR isolates with low level isoniazid resistance®6°

Phase 1: includes injectible agent, minimum 6 month duration and at least 4 months past culture conversion

Phase 2: after cessation of the injectible agent, continued for at least 18 months after culture conversion83.68

LTBI treatment where infecting strain is thought to he MDR-TB

No Level 1 evidence. Two drug regimen tailored to the sensitivity profile of the MTB isolated from the contact may be efficacious, eg.
pyrazinamide + ethambutol or a quinolone 612 months;5° alternatively, a monitoring approach may be appropriate, especially in children

is increasingly found to be a primary transmitted organism in high
MDR burden areas, emphasising the vital importance of infection
control #4445 Multidrug resistant TB treatment regimens (7able 3)
are prolonged, costly, and associated with significant side effects
and adherence difficulties. However, well functioning programs,
especially those incorporating the WHO recommendations of >18
months treatment duration after culture conversion and directly
observed therapy throughout, report cure rates of >60%.% Similar
success rates have recently been reported for extensively drug
resistant TB (XDR-TB) in some programs.*” (Note: XDR-TB = resistant
to rifampicin, isoniazid, any fluoroquinolone and at least one second
line injectible agent such as amikacin, capreomycin or kanamycin).
This has overturned the spectre of ‘untreatable TB’ which has
surrounded XDR-TB,* and comprehensive new recommendations for
combating XDR-TB are available.*®

How can GPs care for patients with TB?

Although speciality TB treatment units have the responsibility
for reporting and treating TB, managing medication adverse events
and ensuring adequate contact tracing (see Resources), GPs
are at the forefront of having to suspect TB and LTBI, and integrate
TB care with other medical needs of the affected individual and
their family.

Avoid diagnostic delay
By considering pulmonary TB in people with symptoms (eg. cough
>2-3 weeks, fever >3 weeks, loss of >10% body weight) and
epidemiological risk factors, GPs have the valuable opportunity
to avoid diagnostic delay. Delayed diagnosis aggravates the
individual's morbidity, increases public health risk, and complicates
the subsequent contact tracing required.
Key actions to making a timely diagnosis are:
e request AFB examination on sputum in addition to standard
microscopy/culture
e improve yield by requesting morning sputum specimens, and
arranging 2-3 collections, and
e assiduous follow up of chest radiography.
As a negative smear does not exclude pulmonary TB, clinical suspicion
in a person from a TB endemic country warrants referral to TB services
(see Resources), regardless of AFB sputum smear result.

Infection control

General practices require a policy for ensuring adequate respiratory
precautions for people with suspected or confirmed infectious
pulmonary TB attending their practice, or whom they care for in
nursing homes, prisons or other institutions, including avoidance of
communal areas and use of face masks.222*
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Avoid drug interactions

Rifampicin is a potent inhibitor of cytochrome P450 isoenzymes,
especially CYP3A4 and CYP2(C8/9, and therefore great attention
to other medications metabolised by these enzymes, especially
anticonvulsants, oral contraceptives and warfarin, is required.

Nutrition

Malnutrition contributes to TB risk and complicates active TB.50
Specific micronutrients with immunological functions such as vitamin
D may be of particular importance,®'%2 but trial outcomes examining
use of these agents as supplements in TB treatment are pending.
Food scarcity is obviously less problematic in Australia than in high
TB burden countries, but nutritional optimisation and replacement of
deficient nutrients in individuals with TB is in keeping with current
WHO recommendations.5

Smoking cessation

Active and passive smoking are associated with elevated TB risk and
worse outcomes from TB infection.5* Smoking cessation is therefore an
important potential intervention area, although the impact of quitting
after diagnosis on individual patient outcomes remains to be determined.

Psychological support and adherence help

Psychological and practical supports are key requirements of TB
care. Tuberculosis remains deeply stigmatised in many societies, and
confinement in respiratory isolation can be traumatising.?® A diagnosis
of TB can therefore require management of negative psychological
effects. The prolonged duration of therapy requires assiduous
measures to promote adherence. The most widely used of these
is the WHO sanctioned ‘DOTS’ (directly observed therapy — short
course). Other adherence promoting measures include addressing
financial costs of leave from work by assisting in accessing short
term disability pensions, addressing any problematic beliefs about
TB including those to do with law and migration status, and providing
ongoing education about the need to continue treatment even after
symptom resolution.%

Conclusion

Important new developments in TB diagnosis and treatment
have occurred in recent years. These include the availability of
new diagnostic tests, updated guidelines on managing HIV-TB
co-infection, new data showing better prognoses for people with
MDR-TB/XDR-TB, and renewed emphasis on the importance of
infection control. Australia remains in the fortunate position of
having very low TB rates by global standards, low drug resistance
(although increasing cases are projected), infrequent cases of HIV
co-infection, and access to MTB culture and susceptibility testing.
Maintaining this position despite the high global burden of TB
requires ongoing timely TB screening, a low threshold for considering
the diagnosis of active TB in people at risk, and psychosocial support
to assist adherence to treatment.

What's new in TB? THEME

Resources

Australian state and territory TB contacts

e Australian Capital Territory Tuberculosis Service, ¢/o Thoracic Unit, The
Canberra Hospital. Telephone 02 6244 2066

e New South Wales Tuberculosis Program, NSW Department of Health.
Telephone 02 9391 9277

¢ Northern Territory Tuberculosis Unit, Centre for Disease Control. Telephone
08 8922 8804

¢ (Queensland Tuberculosis Control Centre. Telephone 07 3896 3939

o South Australian Tuberculosis Services, Royal Adelaide Hospital Chest
Clinic. Telephone 08 8222 4867

¢ Tasmanian Tuberculosis Services, Souther Region — Respiratory Unit, Royal
Hobart Hospital, phone 03 6222 7353; Northern Region — Respiratory Unit,
Launceston General Hospital, telephone 03 6348 7708; North-Western
Region — Chest Clinic, Community Nursing, telephone 03 6421 7700

e Victorian Tuberculosis Control Section, Department of Human Services.
Telephone 03 9096 5110 or 1300 651 160

e \Western Australian Tuberculosis Control Program, Perth Chest Clinic.
Telephone 08 9219 3222.

Guidelines and resources

o Australian National Tuberculosis Advisory Committee (NTAC). Available
at www.health.gov.au/internet/main/publishing.nsf/Content/cdna-ntac-
about.htm

e Management, control and prevention of tuberculosis. Guidelines for
health care providers (2002—2005). Rural and Regional Health and Aged
Care Services Division, Victorian Government Department of Human
Services, 2002. Available at www.health.vic.gov.au/__data/assets/
pdf_file/0006/19986/th_mgmt_guide.pdf

o (Centre for Disease Control Northern Territory. Guidelines for the control of
tuberculosis in the Northern Territory. 4th edn, 2008. Department of Health
and Community Services, Northern Territory Government. Available at
www.health.nt.gov.au/library/scripts/objectifyMedia.aspx?file=pdf/25/05.
pdf&sitelD=1&str_title=Tuberculosis Control Guidelines.pdf

o Australasian Society for Infectious Diseases Writing Group. Diagnosis,
management and prevention of infections in recently arrived refugees.
2002. Available at www.asid.net.au/downloads/RefugeeGuidelines.pdf

¢ World Health Organization TB publications. Available at www.who.int/th/
publications/en/index.html

e World Health Organization. Toman's tuberculosis case detection, treat-
ment and monitoring: Questions & answers. 2nd edn, 2004. Available at
whglibdoc.who.int/publications/2004/9241546034.pdf

e Stop TB Partnership. Available at www.stopth.org/.

Fact sheets for patients

e www.health.vic.gov.au/ideas/diseases/th_facts

¢ www.health.nt.gov.au/Centre_for_Disease_Control/Publications/CDC_
Factsheets/index.aspx.

Conflict of interest: none declared.

Acknowledgments

Anna Ralph is supported by the National Health and Medical Research Council
(NHMRC) and a Royal Australasian College of Physicians — Covance Award.
Paul Kelly is supported by NHMRC. We thank the members of the National TB
Advisory Committee for providing the contacts listed in the resources table.

References

1. Taylor GM, Murphy E, Hopkins R, Rutland P, Chistov Y. First report of
Mycobacterium bovis DNA in human remains from the Iron Age. Microbiology
2007;153:1243-9.

2. Kappelman J, Alcicek MC, Kazanci N, Schultz M, Ozkul M, Sen S. First homo
erectus from Turkey and implications for migrations into temperate Eurasia. Am J
Phys Anthropol 2008;135:110-6.

Reprinted from AUSTRALIAN FAMILY PHYSICIAN Val. 38, No. 8, August 2009 583




&

THEME  What's new in TB?

20.

21.

22.

23.

24.

25.

26.

21.

Flynn JL, Chan J. Immune evasion by Mycobacterium tuberculosis: Living with the
enemy. Curr Opin Immunol 2003;15:450-5.

World Health Organization. Global tuberculosis control: surveillance, planning,
financing: WHO report 2008 WHO/HTM/TB/2008.393 ed. Geneva: WHQO, 2008.
Roche PW, Krause V, Konstantinos A, et al. Tuberculosis notifications in Australia,
2006. Commun Dis Intell 2008;32:1-11.

Australian Government Department of Health and Ageing. National Notifiable
Diseases Surveillance System. Available at www39.health.gov.au/cda/Source/
Rpt_4.cfm [Accessed March 2009].

Communicable Diseases Network of Australia. National Strategic Plan for TB
Control in Australia Beyond 2000. Australian Government Department of Health
and Ageing, Canberra, 2002. Available at www.health.gov.au/internet/wcms/
publishing.nsf/Content/cda-pubs-other-th_plan.htm. [Accessed January 2009].
Gray N, Hansen-Knarhoi M, Krause V. Tuberculosis in illegal foreign fishermen;
whose public health are we protecting? Med J Aust 2008;188:144-7.

Gilpin C, Simpson G, Vincent S, et al. Evidence of primary transmission of multi-
drug resistant tuberculosis in the Western Province of Papua New Guinea. Med J
Aust 2008;188:148-52.

Rao SN, Mookerjee AL, Obasanjo 00, Chaisson RE. Errors in the treatment of
tuberculosis in Baltimore. Chest 2000;117:734-7.

. Australasian Society for Infectious Diseases Writing Group. Diagnosis, manage-

ment and prevention of infections in recently arrived refugees, 2002. Available at
www.asid.net.au/downloads/RefugeeGuidelines.pdf [Assessed January 2009].
Hargreaves S, Carballo M, Friedland JS. Screening migrants for tuberculosis:
Where next? Lancet Infect Dis 2009;9:139-40.

(0'Brien DP, Leder K, Matchett E, Brown GV, Torresi J. lliness in returned travelers
and immigrants/refugees: The 6-year experience of two Australian infectious
diseases units. J Travel Med 2006;13:145-52.

Allen S, Batungwanayo J, Kerlikowske K, et al. Two-year incidence of tuberculosis
in cohorts of HIV—infected and uninfected urban Rwandan women. Am Rev Respir
Dis 1992;146:1439-44.

Selwyn PA, Hartel D, Lewis VA, et al. A prospective study of the risk of tuberculo-
sis among intravenous drug users with human immunodeficiency virus infection.
N Engl J Med 1989;320:545-50.

Bastian |, Krause VL. Tuberculosis: the dis-ease that didn't dis-appear. Med J Aust
2008;188:131-2.

World Health Organization. Antiretroviral therapy for HIV infection in adults and
adolescents: Recommendations for a public health approach. Geneva: WHO, 2006.
Available at www.who.int/hiv/pub/guidelines/artadultguidelines.pdf [Accessed
January 2009].

Post JJ, Emerson CR. To routinely offer testing for HIV infection in all cases of
tuberculosis: a rational clinical approach? Med J Aust 2008;188:162-3.

BTS recommendations for assessing risk and for managing Mycobacterium tuber-
culosis infection and disease in patients due to start anti-TNF-alpha treatment.
Thorax 2005;60:800-5.

Horsburgh CR, Jr. Priorities for the treatment of latent tuberculosis infection in the
United States. N Engl J Med 2004;350:2060-7.

Davis JS, Currie BJ, Fisher DA, et al. Prevention of opportunistic infections in
immunosuppressed patients in the tropical top end of the Northern Territory.
Commun Dis Intell 2003;27:526-32.

Inge LD, Wilson JW. Update on the treatment of tuberculosis. Am Fam Physician
2008;78:457-65.

Therapeutic Guidelines: Antibiotic. Therapeutic Guidelines Limited. Available at
http://proxy9.use.hcn.com.auy/.

Management, Control and Prevention of Tuberculosis. Guidelines for Health
Care Providers (2002—2005). Rural and Regional Health and Aged Care Services
Division, Victorian Government Department of Human Services, Melbourne
Victoria. Available at www.health.vic.gov.au/_data/assets/pdf_file/0006/19986/
th_mgmt_guide.pdf.

Centre for Disease Control Darwin. Guidelines for the Control of Tuberculosis
in the Northern Territory, 2002. Available at http://nt.gov.au/health/cdc/treat-
ment_protocol/TB.pdf.

Pai M, Ramsay A, 0'Brien R. Evidence-based tuberculosis diagnosis. PLoS Med
2008;5:e156.

Ling DI, Zwerling AA, Pai M. GenoType MTBDR assays for the diagnosis of
multidrug-resistant tuberculosis: A meta-analysis. Eur Respir J 2008;32:1165-74.

28.

29.

30.

31

32.

33.

34

35.

36.

37.

38.

39.

40.

4.

42.

43.

44.

45.

46.

41.

48.

49.

50.

51.

52.

Perkins MD, Cunningham J. Facing the crisis:improving the diagnosis of tuberculo-
sis in the HIV era. J Infect Dis 2007;196:S15-27.

Updated guidelines for the use of nucleic acid amplification tests in the diagnosis
of tuberculosis. MMWR Morb Mortal Wkly Rep 2009;58:7-10.

National Tuberculosis Advisory Committee. Position Statement on Interferon-
Release Immunoassays in the Detection of Latent Tuberculosis Infection. 2007.
Available at www.health.gov.au/internet/main/publishing.nsf/Content/cdna—
ntac-interferon.htm [Accessed January 2009].

Guo N, Marra F, Marra CA. Measuring health-related quality of life in tuberculosis:
a systematic review. Health Qual Life Outcomes 2009;7:14.

Gupta A, Street AC, Macrae FA. Tumour necrosis factor alpha inhibitors: screen-
ing for tuberculosis infection in inflammatory bowel disease. Med J Aust
2008;188:168-70.

Mazurek GH, Jereb J, Lobue P, lademarco MF, Metchock B, Vernon A. Guidelines
for using the QuantiFERON-TB Gold test for detecting Mycobacterium tuberculosis
infection, United States. MMWR Recomm Rep 2005;54(RR-15):49-55.

Lenaerts AJ, Degroote MA, Orme IM. Preclinical testing of new drugs for tubercu-
losis: Current challenges. Trends Microbiol 2008;16:48-54.

Check E. After decades of drought, new drug possibilities flood TB pipeline. Nat
Med 2007;13:266.

Lenaerts AJ, Gruppo V, Marietta KS, Johnson CM, Driscoll DK, Tompkins NM,
et al. Preclinical testing of the nitroimidazopyran PA-824 for activity against
Mycobacterium tuberculosis in a series of in vitro and in vivo models. Antimicrob
Agents Chemother 2005;49:2294-301.

Murphy DJ, Brown JR. Novel drug target strategies against Mycobacterium tuber-
culosis. Curr Opin Microbiol 2008;11:422-7.

Rustomjee R, Lienhardt C, Kanyok T, et al. A Phase Il study of the sterilising activi-
ties of ofloxacin, gatifloxacin and moxifloxacin in pulmonary tuberculosis. Int J
Tuberc Lung Dis 2008;12:128-38.

Singh A. Fluoroquinolones should not be the first-line antibiotics to treat com-
munity-acquired pneumonia in areas of tuberculosis endemicity. Clin Infect Dis
2007;45:133; author reply 4-5.

Harries AD, Zachariah R, Lawn SD. Providing HIV care for co-infected tuber-
culosis patients: a perspective from sub-Saharan Africa. Int J Tuberc Lung Dis
2009;13:6-16.

Centres for Diseases Control and Prevention. Managing drug interactions in the
treatment of HIV-related tuberculosis. 2007. Available at www.cdc.gov/th/publi-
cations/qguidelines/TB_HIV_Drugs/default.htm.

Reid MJ, Shah NS. Approaches to tuberculosis screening and diagnosis in people
with HIV in resource-limited settings. Lancet Infect Dis 2009;9:173-84.

Cobelens FG, Heldal E, Kimerling ME, et al. Scaling up programmatic manage-
ment of drug-resistant tuberculosis: A prioritized research agenda. PLoS Med
2008;5:e150.

Andrews JR, Gandhi NR, Moodley P. et al. Exogenous reinfection as a cause of
multidrug-resistant and extensively drug-resistant tuberculosis in rural South
Africa. J Infect Dis 2008;198:1582-9.

Cox HS, Sibilia K, Feuerriegel S, et al. Emergence of extensive drug resist-
ance during treatment for multidrug-resistant tuberculosis. N Engl J Med
2008;359:2398-400.

Orenstein EW, Basu S, Shah NS, et al. Treatment outcomes among patients with
multidrug-resistant tuberculosis: Systematic review and meta-analysis. Lancet
Infect Dis 2009;9:153-61.

Mitnick CD, Shin SS, Seung KJ, et al. Comprehensive treatment of extensively
drug-resistant tuberculosis. N Engl J Med 2008;359:563-74.

Emergence of Mycobacterium tuberculosis with extensive resistance to second-
line drugs worldwide, 2000-2004. MMWR Morb Mortal Wkly Rep 2006;55:301-5.
Plan to combat extensively drug-resistant tuberculosis: Recommendations of the
Federal Tuberculosis Task Force. MMWR Recomm Rep 2009;58(RR-3):1-43.
Africa’s Health in 2010 Project, United States Agency for International
Development. Nutrition and Tuberculosis: A review of the literature and consid-
erations for TB control programs, 2008. Available at www.aidsportal.org/repos/
Nutrition%20and%20TB_Final.pdf [Accessed January 2009].

Ralph AP, Kelly PM, Anstey NM. L-arginine and vitamin D: Novel adjunctive immu-
notherapies in tuberculosis. Trends Microbiol 2008;16:336—44.

Liu PT, Stenger S, Li H, et al. Toll-like receptor triggering of a vitamin D-mediated
human antimicrobial response. Science 2006;311:1770-3.

584 Reprinted from AUSTRALIAN FAMILY PHYSICIAN Vol. 38, No.8, August 2009



53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

World Health Organization. Guidelines for the programmatic management of drug-
resistant tuberculosis. Geneva: WHQ, 2006. Available at http:whglibdocwhoint/
pblications/2006/9241546956_engpdf [Accessed June 2007].

World Health Organization, International Union against TB and Lung disease. A
WHO/The Union monograph on TB and tobacco control. Joining efforts to control
two related global epidemics. Document no. WHO/HTM/TB/2007390, 2007.

Baral SC, Karki DK, Newell JN. Causes of stigma and discrimination associated
with tuberculosis in Nepal: A qualitative study. BMC Public Health 2007;7:211.
Munro SA, Lewin SA, Smith HJ, Engel ME, Fretheim A, Volmink J. Patient adher-
ence to tuberculosis treatment: A systematic review of qualitative research. PLoS
Med 2007;4.238.

Pai M, Riley LW, Colford JM, Jr. Interferon-gamma assays in the immunodiagnosis
of tuberculosis: A systematic review. Lancet Infect Dis 2004;4:761-76.

Connell TG, Ritz N, Paxton GA, Buttery JP. Curtis N, Ranganathan SC. A three-way
comparison of tuberculin skin testing, QuantiFERON-TB gold and T-SPOT.TB in
children. PLoS ONE 2008;3:62624.

Pai M, Joshi R, Dogra S, Zwerling AA, Gajalakshmi D, Goswami K, et al. T-cell
assay conversions and reversions among household contacts of tuberculosis
patients in rural India. Int J Tuberc Lung Dis 2009;13:84-92.

Pai M, Zwerling A, Menzies D. Systematic review: T-cell-based assays for
the diagnosis of latent tuberculosis infection: an update. Ann Intern Med
20085;149:177-84.

Marra F. Marra CA, Sadatsafavi M, Moran-Mendoza 0, Cook V. Elwood RK, et al.
Cost-effectiveness of a new interferon-based blood assay, QuantiFERON(R)-TB
Gold, in screening tuberculosis contacts. Int J Tuberc Lung Dis 2008;12:1414-24.
de Perio MA, Tsevat J, Roselle GA, Kralovic SM, Eckman MH. Cost-effectiveness
of interferon gamma release assays vs tuberculin skin tests in health care
workers. Arch Intern Med 2009;169:179-87.

World Health Organization. Guidelines for the programmatic management of
drug-resistant tuberculosis: Emergency update. WHO/HTM/TB/2008.402, 2008.
Available at http://whglibdoc.who.int/publications/2008/9789241547581_eng.pdf
[Accessed March 2009].

Katiyar SK, Bihari S, Prakash S, Mamtani M, Kulkarni H. A randomised controlled
trial of high-dose isoniazid adjuvant therapy for multidrug-resistant tuberculosis.
Int J Tuberc Lung Dis 2008;12:139-45.

Schaaf HS, Gie RP, Kennedy M, Beyers N, Hesseling PB, Donald PR. Evaluation of
young children in contact with adult multidrug-resistant pulmonary tuberculosis: A
30-month follow-up. Pediatrics 2002;109:765-71.

National Tuberculosis Advisory Committee multi-drug resistant tuberculosis:
Information paper (October 2007). Commun Dis Intell 2007;31:406-9.

World Health Organization. Toman's tuberculosis case detection, treatment and
monitoring: Questions and answers. 2nd edn. 2004. Available at http://whglibdoc.
who.int/publications/2004/9241546034.pdf [Accessed January 2009].

Y . \ = =4 CORRESPONDENCE afp@racgp.org.au

What's new in TB? THEME

Reprinted from AUSTRALIAN FAMILY PHYSICIAN Val. 38, No. 8, August 2009 585



