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Learning Objectives

• Understand the current epidemiologic state of 
TB globally and in the United States

• Discuss current diagnostics and treatment 
options for persons with TB infection 

• Understand the basics of TB disease



Outline

• Epidemiology 
– Global
– Domestic

• Tuberculosis infection versus disease
• Diagnosing TB infection
• Treatment of TB infection
• Basics of TB disease
• Resources



Source: WHO Global Tuberculosis Report 2016



Source: WHO Global Tuberculosis Report 2016



1/3 of world’s population has latent TB infection





Reported Tuberculosis (TB) Cases 
United States, 1982–2015*

*As of June 9, 2016.
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2016 9287 2.9

Schmit KM, Wansaula Z, Pratt R, Price SF, Langer AJ. Tuberculosis — United 
States, 2016. MMWR Morb Mortal Wkly Rep 2017;66:289–294



*Cases per 100,000 population; as of June 9, 2016.

TB Case Rates,* United States, 2015



TB Case Rates by Race/Ethnicity,* 
United States, 2003–2015†

* All races are non-Hispanic. 
† As of June 9, 2016.
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TB Case Rates, by Age Group and 
Race/Ethnicity,* United States, 2015†

* All races are non-Hispanic; multiple race indicates two or more races reported for a person, but does 
not include persons of Hispanic/Latino origin.

† As of June 9, 2016.
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Number of TB Cases Among U.S.-Born versus 
Foreign-Born Persons, United States, 1993–2015*

* As of June 9, 2016.
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• 85% of cases are in minorities
• 68% of all cases are in foreign-born
• Case rate in foreign-born is 14x higher than 

US-born 



Reported TB Cases, by Origin and Race/Ethnicity†, 
United States, 2015*

U.S.-born persons Foreign-born persons§

† All races are non-Hispanic;  multiple race indicates two or more races reported for a person, but does not include persons of Hispanic/Latino 
origin.

* As of June 9, 2016.
§ American Indian/Alaska Native and Native Hawaiian/Other Pacific Islander accounted for <1% of cases among foreign-born persons and are not 

shown.



* As of June 9, 2016.

Percentage of Foreign-Born Persons
Among TB Cases, United States,* 2005 and 2015



Percentage of Foreign-Born Persons with TB,
by Time of Residence in U.S. Before Diagnosis, 2015*

* As of June 9, 2016.
† Foreign-born TB patients for whom information on length of residence in the United States before diagnosis is unknown or 

missing.
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Number of tuberculosis cases diagnosed among foreign-
born persons <10 years and ≥10 years after arrival in the 

United States, 1993–2015

Tsang CA, Langer AJ, Navin TR, Armstrong LR. Tuberculosis Among 
Foreign-Born Persons Diagnosed ≥10 Years After Arrival in the United 
States, 2010–2015. MMWR 2017



TB in Pennsylvania

Pennsylvania – 2015 State Health Profile; CDC

2015 200 cases
2016 174 cases
2016 Case rate 1.4



Summary of Trends in US

• Number of cases increased in 2015, but down in 2016; case 
rate similar

• 2/3 of all cases are in people born outside the US, the 
majority of whom have been residing in US > 5 years

• HIV coinfection has decreased to < 6%
• TB cases among homeless individuals has also declined 

(<5%)
• Resuming and intensifying progress to TB elimination (≤ 1 

case/million) requires 
– Existing priorities - case identification, early treatment, contact 

tracing – needed to prevent resurgence
– Tb elimination requires new strategies especially to detect and 

treat latent TB infection in at-risk groups



TB Infection (LTBI) in the US

• Up to 13 million people in US infected; ~ 4.5%
• 5-10% may go on to have active TB if untreated
• ~ 70% of LTBI in foreign born individuals
• 19% of US born with LTBI treated; 10% of foreign born
• Treatment 90% effective
• 80% active cases arise from prior infection
• No significant decline in TST or IGRA positivity over past 

decade

Mancuso et al, AJRCCM, 2016



TB Infection in US

Mancuso et al, AJRCCM, 2016



TB Infection in the US

• Up to 13 million people in US infected; ~ 4.5%
• 5-10% may go on to have active TB if untreated
• 80% active cases arise from prior infection
• ~ 70% of LTBI in foreign born individuals
• No significant decline in TST or IGRA positivity over past 

decade
• A large reservoir of LTBI remains, and continues to be a 

barrier to TB elimination
• Ramping up targeted testing and treatment is the path to TB 

elimination
• Clinicians, health care agencies, community organizations, 

esp those serving at-risk patients, are critical to success



Targeted testing and treatment
– CDC and USPSTF recommend testing in those 

at increased risk
• USPSTF 

– Those from countries with increased TB 
prevalence, regardless of time in US 

– Those in high risk congregate settings
– Consult with L/SHD about populations at risk

• CDC still recommends testing
– HCW
– Close contacts
– Certain medical illnesses (HIV, DM,etc.)
– Before starting medications such as TNFα

blocker

Clinicians and community organizations 
critical to TB elimination

– Many at high risk not seen by HD
– TB disease often missed by today’s clinician
– TB education/outreach needed

CDC & 
USPSTF



Tuberculosis  (LTBI)
• Definitions
• Diagnosis
• Treatment



A Person with Latent TB Infection A Person with Active TB Disease

 Has no symptoms 

 Does not feel sick 

 Cannot spread TB to others 

 Usually has a positive skin test or      

Interferon Gamma Release Assay 

(IGRA) 

 Has a normal CXR and sputum 

test 

 Has symptoms that may include: 
• a bad cough that lasts longer than 
2 weeks 
• pain in the chest 
• coughing up blood or sputum 
• weakness or fatigue 
• weight loss 
• no appetite 
• chills 
• fever 
• night sweats 

 May spread TB to others 
 Usually has a positive skin test or 

IGRA
 May have an abnormal chest x-ray, or 

positive sputum smear or culture

TB Infection vs. TB Disease



Who do we test?
– High risk of infection

• Close contacts
• Work/live high-risk 

settings
• Those from countries 

where TB is common
– High risk of progression

• HIV infection
• Recently infected
• Young children
• IDU
• Immunocompromised
• Those not properly 

treated for TB disease in 
past



Diagnosis of TB Infection
• No definitive or gold standard test 
• Tests do not distinguish latent from active TB
• Tuberculin Skin Testing (in use > 100 years)
• Interferon Gamma Release Assays (IGRA)

– Quanti-FERON® TB Gold In Tube
– T-SPOT ®.TB

• Testing goal is to identify those who will most benefit from 
treatment
– Likelihood of infection
– Risk of progression and morbidity
– Lower the risk of future transmission



TST Limitations

• Cross reacts with BCG and non-tuberculous mycobacteria
• Limited sensitivity, especially in immunosuppressed
• Poor positive predictive value: Very few will go on to develop 

TB disease
• Requires technical expertise for administration and test 

interpretation
• Patient must return for 2nd visit



Interferon 
Gamma Release
Assays (IGRAs)

• In-vitro blood tests
• Measure interferon 

gamma release 
from T-cells 
stimulated by 
specific antigens



Quanti-FERON ® Gold In Tube Method

Tubes:
Nil
TB Antigen
Mitogen

Measure 
IFN -
gamma



T-SPOT ®.TB Test



Andersen et al., Lancet, 2000.

Interferon 
Gamma Release
Assays (IGRAs)



Overall Test Performance  More specific
Sensitivity** Specificity (BCG 

vaccinated 
population)

Specificity (non-
BCG vaccinated 
population)

TST 71-82% *60% 97%
QFT 81-86% > 95% > 95%
T-SPOT.TB 90-95% 98%

* Variable, depends on when and how often BCG was 
given
**Sensitivity wanes in HIV or young children

Pai, M etal. Clinical Microbiology Reviews, 2014
King et al., AJRCCM, 2015

Advantages: one visit, blood test, more specific



IGRA Interpretation

Result Nil TB Response Mitogen Interpretation

Positive ≤ 10 spots ≥ 8 spots Any M.tb infection likely

Borderline ≤ 10 spots 5, 6, 7 spots Any Uncertain likelihood of 
infection

Negative ≤ 10 spots ≤  4 spots ≥  20 spots M.tb infection unlikely

Indeterminate > 10
≤ 10 spots

Any
≤  4 spots

Any
< 20 spots

Uncertain likelihood of 
infection

Result Nil TB Ag – Nil (IU/ml) Mitogen –
Nil (IU/ml)

Interpretation

Positive ≤ 8.0 ≥ 0.35 and ≥ 25% nil Any M.tb infection likely

Negative ≤ 8.0 <0.35 or < 25% nil ≥ 0.5 M.tb infection unlikely

Indeterminate ≤ 8.0
> 8.0

<0.35 or < 25% nil
Any

<0.5
Any

Uncertain likelihood of 
infection

QFT-GIT

TB-SPOT.TB



Indeterminate and Borderline Tests

• Indeterminate
– Poor response to mitogen (+ control), may improve with repeat test

• Delay in processing
• Technical errors
• Patient factors: immunocompromised

– High background IFN gamma in nil (- control)

• Borderline (T-SPOT®)

– In borderline zone close to cut point

• If result borderline, invalid or indeterminate and reason to test 
still exists, can repeat test



Sources of variability in IGRAs

Pai M et al. Clin. Microbiol. Rev. 2014;27:3-20



Clinical Infectious Diseases (2017): Vol 64

• Prior Guidelines from 1999 and 2003.



LTBI Diagnostic Approach

Lewinsohn et al. ATS/IDSA/CDC: Diagnosis of TB in Adults and Children. CID 2017:64



LTBI Diagnostic Approach

Lewinsohn et al. ATS/IDSA/CDC: Diagnosis of TB in Adults and Children. CID 2017:64



Testing in Health Care Workers

• Serial testing can result in conversions, reversions, boosting, 
random variability

• Criteria for conversion and boosting have been established for 
TST

• Definite criteria for conversions and reversions with IGRA not 
clear yet

• Some studies show quite a bit of variability around the IGRA 
cut point with serial testing  true infection/conversion versus 
false positive

• In one large HCW study, IGRA conversion was seen more 
frequently then TST conversion 



A 45 y.o. health care worker who works in 
a TB clinic, and is otherwise healthy, has 
an indeterminate QFT GIT test. 

What should be done next? 

Repeat IGRA and try to avoid delays in 
processing



A college’s student health service is 
developing a policy on testing for TB infection. 
In the past, the clinic has had < 50% students 
return after their initial visit. Some of their 
students are international exchange students 
from South Asia and Central America. 

If you were asked to choose an IGRA or TST 
for this clinic’s mode of LTBI diagnosis, which 
would you choose?

IGRA is the better choice given difficulty 
getting students back as well as students who 
have likely had BCG vaccine



Diagnosis of LTBI - Summary
• TST and IGRA are imperfect tests for identifying TB infection; 

IGRA more specific
• Neither rules out TB Disease
• Neither differentiates TB Disease from TB infection
• Avoid testing in low risk people
• All tests have lower sensitivity in immunocompromised patients
• IGRA is preferred in BCG vaccinated individuals and in those 

unlikely to return for 2nd visit, who are likely to have M.tb
infection and have low/intermed risk of progression (2017 
guidelines - strong recommendation)

• Both IGRA and TST may be helpful in certain populations 
(2017 guidelines – conditional recommendations)

• Retesting may be indicated in borderline or indeterminate 
results



Treatment of TB Infection

• Rule out TB disease
– History, exam, chest radiograph, bacteriology if needed

• Assess risks and benefits of treatment
• Educate and counsel patient 

– Why treatment is indicated
– Potential side effects
– Duration of therapy

• Completion of treatment is low
– Maximize with shorter regimen, selecting right population



Treatment Regimens for LTBI

Drugs Months of 
Duration Interval Minimum 

Doses

INH 9*
Daily 270

2x wkly** 76

INH 6
Daily 180

2x wkly** 52

RIF 4 Daily 120

INH-RPT 3 Weekly** 12

*Preferred              ** Intermittent treatment only with directly observed 
therapy (DOT)



TB Infection Treatment

• Completion of Isoniazid for 9 months (9H) is variable, but 
poor even in controlled situations
– 52%-69% (latter in a controlled study)

• Why?
– Hepatotoxicity
– Provider preferences
– Duration and pill burden



TBTC Study 26: PREVENT TB

Patients with LTBI at high risk for reactivation
(mainly close contacts of active cases)

9 months of daily
INH, self-
administered
(270 doses)

3 months of
once weekly INH and
rifapentine by DOT
(12 doses)

Study endpoint: development of active TB at 33 months



INH and Rifapentine for 12 weeks (3HP)

• Efficacy was similar 
• 82% in INH-RPT vs. 69% completion in standard 

therapy group
• Fewer adverse events in INH-RPT arm
• More hepatotoxicity in INH alone group
• More ‘possible hypersensitivity’ reactions in INH-

RPT



INH-RPT Recommendations

• Equal alternative to 9 months INH in otherwise healthy 
individuals ≥ 12 years old + high risk for TB disease:
– Close contact
– Converter
– Fibrotic changes on CXR
– HIV not on ART, otherwise healthy

• Others are considered on an individual basis 
• Main limitation: Need for directly observed therapy



INH-RPT NOT Recommended

• Children < 2 years old
• HIV on ART
• Pregnancy, or likely to become pregnant during treatment
• Presumed INH or RIF resistance
• Prior adverse effects with INH or rifamycins



Self Administration or Modified DOT

iAdhere Study:
• Directly observed therapy (DOT) v self administered      

(SAT) v self administered with  weekly text reminders  
(eSAT)

• Completion rates were measured in multiple countries
• SAT in the US was non-inferior to DOT
• Discontinuation due to adverse events was similar among 

groups
Video DOT
• Use of recorded or video visits being studied at several 

sites
• Convenient, well accepted

Belknap et al., CROI, 2015
Gold et al., Open Forum Infectious 
Diseases, 2016

 Awaiting CDC recommendation on SAT and modified DOT 
 Such strategies may improve initiation and adherence to therapy



RPT Adverse Effects

• Reddening of secretions
• Uncommon

– Hepatotoxicity (0.4%)
– Leukopenia
– Thrombocytopenia
– Hypersensitivity seen with other rifamycins (3.8%)

• Fever, ‘flu-like’, pruritus, hypotension, headache, 
petechiae

• Hepatic induction of drug metabolism
• Be observant of other potential adverse effects as regimen 

more widely used
• Report: ltbidrugevents@cdc.gov; MedWatch

mailto:ltbidrugevents@cdc.gov


Other Short-Course Regimens for TB Infection

• RIF daily for 4 months (4R)
– INH resistant or intolerant
– Patient unlikely to be adherent for longer treatment period
– 80-85% treatment completion rates

• In situations where Rifampin cannot be used (e.g., HIV-
infected persons receiving protease inhibitors), Rifabutin
may be substituted

• Increases completion rate, lessens burden on public 
health clinic

• Caveats – Be aware of drug interactions
– Methadone, Prednisone, Protease Inhibitors, Oral 

contraceptives, Many others



Treatment of LTBI: Comparison of INH vs. RIF 

Comparison of Regimen Features: 9H and 4R
Regimen Feature 9H 4R
High efficacy X X*
Lower hepatotoxicity X
Lower overall cost X
Higher adherence X
More effective against INH-resistant strains X
(e.g., among foreign-born persons)
Shorter duration X
Fewer drug-drug interactions X

AJRCCM 170; 832-835, 2004

* Good evidence that 3R is at least as efficacious as 6H.  Inferential reasoning 
from other evidence suggests that efficacy of 4R may approach that of 9H.



A 47 y.o. household contact to a 
patient with active TB is found to 
be QFT GIT positive. She is 
known to be TST negative in the 
past. She is on no medications 
and is otherwise healthy. She 
works from home and lives with 
the index case.

Which regimen is best for this 
patient?

Short – course INH + 
Rifapentine weekly 
for 12 weeks via 
DOT
• No other interfering 
medications
• Index case also 
getting home DOT –
convenient
•Fits study population





TB Infection: Future Directions

• Emphasize use of short-course rifamycin containing 
regimens

• Ongoing trials
– 9H v 4R
– 9H v 1 month daily INH and Rifapentine
– Self-administered weekly INH and Rifapentine with text 

messaging reminders (iAdhere)

• Role of Rifabutin



Advances in TB Disease

• Diagnosis
– GeneXpert
– Line probe assays
– Urine LAM

• Treatment
– New uses for known drugs
– New drugs
– Short course and novel regimens



TB Disease

• Maintain a high index of suspicion especially in high-
risk groups 
– Transplant, patients on TNF blockers, patients receiving 

chemotherapy, dialysis patients
– Consult with local health department to understand who is at-

risk in your community

• Diagnostic tools are only useful if disease is suspected
• New diagnostics allow for more rapid identification 

AND treatment of TB  preventing transmission
• Prevention (by identifying and treating 
LTBI) is the key







Summary – “Unite to End TB”

• Demographics of TB in US are changing
• USPSTF policy + advances in 

diagnosing (IGRA) + treating (3HP and 
other short course regimens) TB infection 
will help get us to TB elimination

• New strategies and partnerships 
between public health and other health 
care providers key

• Newer, faster diagnostics for TB disease, 
but need to “think TB”

• There are many resources available in 
different formats; know your local and 
regional experts



globaltb.njms.rutgers.edu



Northeastern Regional Training and Medical Consultation Center 
Global TB Institute

1 (800) 482 3627
mc_gtbi@njms.rutgers.edu
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