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Tuberculosis Concerns 

• HIV co-infection

• Increasing incidence of TB in some areas

• Increasing drug-resistant tuberculosis

• Extensively drug resistant tuberculosis
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Epidemiology of 
Tuberculosis

• People infected: 2 billion

• Annual incidence of disease: 9-10 million

• Annual deaths: 1.8 million
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Incidence of TB
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TB incidence 2005 - Top 30 Countries 

Other countries of interestOther countries of interest

China 100

El Salvador 51

India 168

Iraq 168

Laos 155

Liberia 301

Korea 96

Mexico 23

Pakistan 181

Philippines 291

Russia 119

Thailand 142

Somalia 224

USA 5

Vietnam 175

Global - 136/100,000
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Lancet Dec 17,2010, published online
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Lancet  376:2055, 2010
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 TB lawsuit will cost 
Ramsey County 
millions

 Article by: , Star Tribune 

Updated: May 11, 2010 - 5:48 AM

 Ramsey County and a group of former 
workhouse inmates who contracted or were 
exposed to tuberculosis while in custody 
have reached a tentative settlement that 
could reach $10 million.

Both sides are seeking approval from U.S. 
District Judge Richard Kyle to have the 
settlement be a class action because there 
could be 100 or more people in line to 
receive compensation that includes medical 
care and cash.

The inmates sued in October 2008, claiming 
the county didn't properly test an infected 
inmate, and intense negotiations have gone 
on since. Attorneys for both sides called the 
proposed deal a major compromise.

"I think we've achieved a positive result and 
outcome for inmates who, through no fault 
of their own, contracted a terrible disease," 

 said Robert Bennett, lead attorney for the 
plaintiffs.

A second related federal lawsuit filed by the 
original infected inmate is pending. It seeks 
$14 million in damages.

If the class-action agreement is approved, 
the county would admit no fault. "By settling 
the case, the county is able to focus on 
looking forward rather than backward," said 
Cliff Greene, whose firm, Greene Espel, 
worked on the case for the county.

It's difficult to pinpoint exactly how much 
money will be spent, but it will come from the 
county's self-insurance fund. Taxpayer 
money is budgeted to fill that fund every 
year.

Under the proposed settlement, the county 
would pay for claims as they come in, not cut 
one big check that would be divided among 
the eligible people. That means the costs 
could be spread over a few budgets.

"The driving force behind this settlement 
was public health," said Victoria Reinhardt, 
chairwoman of the Ramsey County Board.

Since the TB was discovered, the county has 
been taking steps to make sure the infection 

Advertisement

The settlement would cover inmates 
who were at the workhouse 
between April 17, 2008, and June 9, 
2008. After the infected inmates 
came forward, the county sought out 
people who were there during that 
time and offered to test them for the 
disease. About 170 former inmates 
tested negative, while 93 tested 
positive for latent infection and 
seven tested positive for active 
TB. Nearly 200 more people need to 
be tested.
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Drug-resistant TB
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KwaZulu Natal

• 53 cases of extensively drug-resistant tuberculosis reported from a hospital  
in South Africa

• Represented 6% of all patients with culture-confirmed tuberculosis

• All 44 patients tested for HIV were positive

• 52 patients died

• The mean time to death was 16 days from the time of diagnosis

• 55% had no prior TB treatment

• 67% had a recent hospital admission

Gandhi et al. Lancet 368:1575, 2006
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Tuberculosis and HIV 
Co-infection

• Co-infected: 11 million

• In some countries the prevalence of HIV in newly diagnosed TB is 
80%

• TB is the most common cause of death among HIV patients

• People living with HIV are 20X more likely to develop active TB  

• 26% of all HIV-related deaths caused by TB 

• Between 1990-2005, the incidence of TB increased by 7%  per 
year in countries where the prevalence of HIV among adults is 
greater than 5%.
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Change in Clinical Presentation

• Lack of cavitation on chest radiograph

• More disease with smear-negative sputum

• Mediastinal adenopathy common

• CNS TB with increase in mass lesions

• Overall increased extrapulmonary disease
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Immune Reconstitution 
Inflammatory Syndrome

(IRIS)

• Initial presentation or worsening of opportunistic 
infections associated with starting anti-retroviral 
therapy  (ART)

• Can occur within days to months after starting ART

• Most episodes are mild, but IRIS can be life-threatening

• Patients with lowest CD4 counts at highest risk
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CASE
Initial Presentation

• 28 yo man admitted for anorexia, weight 
loss, neck mass, epigastric pain. Has 
intermittent dry cough

• Thrush, right cervical, supraclavicular, and 
axillary tender lymph nodes, right 
abdominal tenderness.

• Born in Central America, in the US for 2 
years, in MN for 5 months, exposure to 
horses

• Mother has diabetes

• CXR- miliary nodules, LUL infiltrate

• AFB sputum- smear positive (1/3), 
RNA probe-positive, culture 
positive.

• AFB lymph node- culture positive

• TSPOT- positive

• HIV antibody- positive

• CD4-25, Viral load- 41,000

• CT- adenopathy of neck, abdomen
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CASE
Clinical Course

• Started on 4-drug tuberculosis rx

• Discharged one week after admission. 
Was feeling better, regained appetite, 
decreased lymph node swelling

• HIV medication (ART), Atripla plus 
efavirenz started 2 weeks after TB meds

• 12 days after starting ART, had increasing 
LAD, headache, nausea and vomiting, 
readmitted to hospital. Diagnosed with 
IRIS, had head CT scan, started on 
prednisone, discharged from hospital

• 2 weeks later hospitalized for the 3rd 
time with severe abdominal pain, nausea/
vomiting, had partial small bowel 
obstruction, CD4- 257, CXR showing 
LUL cavities

• Abdominal pain improving, diagnosed 
with H. pylori infection, continuing on TB 
and HIV therapy.
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TB anywhere is TB 
everywhere
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Tuberculosis: Current Management

• Diagnosis

• TST

• Interferon gamma release 
assay

• AFB smear and culture

• Biopsy with histology

• Treatment

• Active disease

• Latent infection

• Drug susceptibility testing

• 1st and 2nd line medication

• Directly observed therapy

• Prevention

• Screening for latent infection

• Treatment of latent infection

• Contact investigation

• Genotyping of TB isolates

• Respiratory isolation
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Current TB Diagnosis

Sputum AFB smear

Sputum AFB culture

Drug Susceptibility Testing

one day

up to 6 weeks

up to 8 or more weeks

Tuberculin Skin Test two to three days
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Problems with current diagnostic tests

• Delay in making diagnosis

• Lack of sensitivity and specificity of TST and 
sputum smears

• Lack of availability of sputum cultures and drug 
susceptibility testing in many regions of the world
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100 years and counting

Tuberculin Skin Test
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Tuberculin Skin Test

• Non-tuberculous 
mycobacteria

• BCG

• Improper reading

• Active tuberculosis

• Cell-mediated 
immunosuppression by

• disease  

• medication

• extremes of age

• Some chronic diseases (A)

• Severe or febrile illness (B)

• <1 month after 

• live virus vaccine (C)

• some illnesses (D)

• Improper placement or 
reading

A. Chronic renal failure, 
cirrhosis, malnutrition, 
sarcoidosis

B. Includes tuberculosis

C. MMR, Polio, Yellow Fever

D. Measles, mumps, rubella, 
varicella, mononcleosis, 
typhoid, brucellosis, 
influenza

False-positive False-negative
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New TB Diagnostic Tests

Sputum AFB smear

Sputum AFB culture

Drug Susceptibility Testing

Tuberculin Skin Test Interferon gamma release assay

Nucleic acid amplification test

Molecular probe for drug susceptibility

Gene sequencing
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Interferon gamma release assays

• Measures release of interferon gamma by lymphocytes 
to stimulation by specific MTB antigens- ESAT-6, 
CFP-10, TB7.7(QFT only)

• Test has positive and negative controls

• No cross-reactivity with BCG or Mycobacterium 
avium-intracellulare

• Single blood test

• Two approved tests- Quantiferon and T-Spot
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Interferon gamma release assays

Quantiferon

T-SPOT
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NO 
GOLD STANDARD 

FOR DIAGNOSIS

Latent Tuberculosis
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Test Sensitivity 
(%)

Active TB Disease

TST QFT T-Spot

70
81*
84*

88*
89*

Diel et al. Chest 137:952, 2010
Meta-analysis of commercial IGRAs
Sensitivity based on detection of active disease

*in developed countries
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Test Specificity 
(%)

TST QFT T-Spot

- 99 86

Diel et al. Chest 137:952, 2010
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Test Specificity 
(%)

TST QFT T-Spot

Korea 2006 79 92 85

Germany 2007 58 100 98

Japan 2008 51 93 (81) -

Diel et al. Chest 137:952, 2010 
From primary references in article
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IndeterminateTests 
(%)

QFT T-Spot

Overall 2.1 3.8

Immunosuppressed 4.4 6.1

Diel et al. Chest 137:952, 2010 
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CDC Guidelines for IGRA Use
2010

QFT-G may be used in place of (but not in addition 
to) a TST in all situations in which CDC recommends 
TST as an aid in diagnosing MTB infections...
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CDC Guidelines for IGRA Use (2005)
Cautions and Limitations

• Certain limitations of QFT-G are similar to those of the TST, but these 
limitations have not been studied extensively for QFT-G.

• Sensitivity for particular groups of TB patients (e.g., young children and 
immunocompromised patients) has not been determined.

• QFT -G sensitivity for LTBI might be less than that of the TST, although the lack 
of a confirmatory test makes this difficult to assess.

• QFT-G, as with the TST, cannot differentiate infection associated with TB 
disease from LTBI.

• As with a negative TST result, negative QFT-G results should not be used alone 
to exclude M. tuberculosis infection in persons with symptoms or signs 
suggestive of TB disease.

• The performance of QFT-G, in particluar its sensitivity and its rate of 
indeterminate results, has not been determined in persons who, because of 
impaired immune function, are at increased risk for M. tuberculosis infection 
progressing to TB disease.
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Impaired Immune Function
Likely to affect TST and IGRA 

• HIV/AIDS

• Current treatment with immunosuppressive drugs  including high-dose 
corticosteroids, TNF-alpha antagonists, drugs used for managing organ 
transplantation, malignancies, rheumatologic disorders

• Selected hematologic disorders such as myeloproliferative disorders, 
leukemias, and lymphomas

• Carcinoma of the head, neck, or lung

• Diabetes

• Silicosis

• Chronic renal failure
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Possible Uses for IGRA

• Routine testing

• Evaluation of infections in person with 
history of BCG

• Increasing sensitivity for detection of 
infection

• Single blood draw is preferable
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AFB Smear

• False-positive result from nontuberculous 
mycobacteria

• False negative in up to 50% of culture-positive cases

• Only test available for diagnosing TB in many parts of 
the world

12/29/10 09:51Google Image Result for http://www.cosmosbiomedical.com/education/bacteriology/fig1.jpg
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Mycobacterium tuberculosis
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Nucleic acid amplification

• identifies unique sequence for MTB from 
ribosomal RNA/DNA by sequencing or 
probe

• M. tuberculosis can be identified in one day

• More sensitive on smear-positive specimens

• Also available for avium-intracellulare, 
kansasii, gordonae
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Traditional Drug Susceptibility Testing

• Liquid and solid media

• 1% proportional growth is considered resistance

• Requires growth of bacteria

• Significant technical expertise, infrastructure 
required
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Microscopic Observation Drug Susceptibility

• Sputum sample is directly 
inoculated into liquid 
medium

• Growth is recognized by 
characteristic cord 
formation

• Can inoculate into medium 
with antibiotic to test for 
drug resistance. 

• Excellent sensitivity and 
specificity

Thursday, April 12, 2012



Molecular Detection of MTB

• Extract MTB DNA/RNA from clinical 
specimens or from culture

• Increase amount of DNA/RNA by nucleic 
acid amplification

• Identify MTB by:

• Sequencing DNA

• Hybridization to specific probes
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Genetic mutations account for drug resistance

• Rifampin- 95% (rpoB)

• Isoniazid- 80% (katG and inhA)

• Pyrazinamide- 70% (pncA)

• Ethambutol- 70% (embB)

• Streptomycin- 70% (16rRNA and rpsL)
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Rifampin resistance
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Molecular Beacon

amplified DNA from specimen

Probe for wild-type sequence

No mutation leads to fluorescence
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Line Probe Assay
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Cepheid GeneXpert 

Boehme et al. NEJM 363:1005, 2010
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Limitations of molecular diagnosis

• Insufficient DNA or contamination

• Mixed susceptible and resistant populations

• Neutral polymorphisms

• Silent mutations (falsely interpreted as 
resistant)

• Not all mutations associated with 
resistance are known
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Treatment of Tuberculosis
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TB Drugs
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Treatment of Tuberculosis

Rapidly multiplying

Slowly multiplying

Sporadically multiplying

Populations of MTB

INH>RIF>ETB

PZA>RIF>INH

RIF>INH
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Early Bactericidal activity
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EBA of quinolones
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Quinolones

• Key drug in the treatment of MDR-TB

• Substitution for first-line drugs when necessary

• Trial under way to see if use of quinolones 
substituting for other standard drugs can shorten 
total duration of therapy
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Rifamycins
• Rifapentine

• Trial to use in short course therapy for latent 
tuberculosis

• Trial to combine with moxifloxacin to shorten 
treatment duration to 4 months 

• Rifampin- studies to use higher dosing in treatment

• Rifabutin- used as substitute for rifampin in HIV 
patient, access in many regions is a problem
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Linezolid

• Has been used successfully in XDR-TB

• Side effects are a limiting factor
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Status of New Drugs

• TMC-207: bactericidal, effective in clinical trial 
against MDR-TB

• OPC-67683: impressive in vitro activity, clinical trial 
in MDR-TB underway

• PA-824: excellent in vitro activity, bactericidal, 
clinical trials underway

• PNU-100480: an oxazolidinone, human safety/
mycobacterial activity trial completed
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Summary

• Tuberculosis remains a significant medical problem 
in the world

• The combination of lack of advancement of 
diagnostic/treatment options and the lack of 
resources in many regions in the world threaten 
the progress we have made against tuberculosis

• New technological breakthroughs and new drugs 
are tools that may lead to significant progress in 
tuberculosis control  

• There is a possibility of eradicating tuberculosis
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