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 Definitions, resources, 
background

 Most common active TB 
disease labs:
• AFB smear microscopy
• TB PCR/ NAAT
• Culture
• Susceptibility

 Other related labs you 
may see:
• NTM cultures
• IGRAs
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Definitions of Abbreviations Used in 
This Presentation

PCR and NAAT
Acid Fast Bacillus Polymerase Chain 

Reaction

AFB NTM
Non-tuberculous 
Mycobacteria

IGRA
Interferon Gamma 
Release Assay

MTBC
Mycobacterium 
tuberculosis complex

Nucleic Acid 
Amplification Testing

DST
Drug Susceptibility 
Testing

WSLH
Wisconsin State 
Laboratory of Hygiene

MAC
Mycobacterium avium 
complex
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 TB Laboratory, Webinar Series, video recording 
and PDF slide set 

 TB Lab Results Reference for Nurses

 WSLH Test Reference Manual

 Sputum collection instructions (video by PHMDC)

 Sputum collection instructions (PDF publication)

 Understanding TB Laboratory Testing for Public 
Health Nurses, APHL

https://vimeo.com/showcase/8771749
https://vimeo.com/showcase/8771749
https://www.dhs.wisconsin.gov/publications/p03730.pdf
https://www.dhs.wisconsin.gov/publications/p03730.pdf
https://www.slh.wisc.edu/wslhApps/RefMan/wslhSearch.php
https://www.slh.wisc.edu/wslhApps/RefMan/wslhSearch.php
https://www.youtube.com/user/PublicHealthMDC
https://www.youtube.com/user/PublicHealthMDC
https://www.dhs.wisconsin.gov/publications/p02380.pdf
https://www.dhs.wisconsin.gov/publications/p02380.pdf
https://www.aphl.org/programs/infectious_disease/tuberculosis/Understanding_TB_Lab_Test_Nurses/story.html
https://www.aphl.org/programs/infectious_disease/tuberculosis/Understanding_TB_Lab_Test_Nurses/story.html
https://www.aphl.org/programs/infectious_disease/tuberculosis/Understanding_TB_Lab_Test_Nurses/story.html
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Mycobacterium tuberculosis 
Complex
 Rod shaped, acid-fast, aerobic, 

slow-growing, intracellular 
pathogenic bacteria

 MTBC includes:
M. tuberculosis, M. bovis, M. 
africanum, M. microti, M. caprae, 
M.pinnipedii, M. canettii.
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Testing Algorithm for WSLH
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Smear Microscopy
AFB Smear
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Smear Microscopy

Positive AFB Smear
This tells us the laboratorian 
saw AFB through the 
microscope. The waxy 
coating prevents the 
destaining agent from 
washing the stain off the TB. 

What you might see 
through the microscope

Laboratory photos used with permission from Nate 
Simon, WSLH
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Smear Microscopy

 You can remember this by thinking that the lab worker is 
“smearing” the specimen onto a glass slide to look at in 
their microscope. 

 Because of this type of bacteria’s thick waxy 
coating, other organisms besides Mycobacterium 
tuberculosis may cause an AFB smear positive specimen.

 All this test type tells us is that there are bacteria in the 
specimen on this slide on the microscope that look like 
they may be TB. 
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Smear Microscopy

 This test is rapid and inexpensive for fast indication of TB 
disease but is not confirmatory.

 Most AFB smear positive test results in Wisconsin are for 
people with an NTM infection or with non-pathogenic 
(aren’t causing illness) NTM in their respiratory tract.
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Smear Microscopy, Result Grading
WSLH Result Graded Scale Qualitative Scale Interpretation, if 

infectious MTBC
Negative Negative Negative Potentially 

infectious
Rare (1-9 AFB per 
100 fields)

1+ Positive Likely low-level 
infectiousness

Few (1-9 AFB per 
10 fields)

2+ Positive Likely moderately 
infectious

Few (1-9 AFB per 
field)

3+ Positive Likely moderately 
infectious

Many (>9 AFB per 
field)

4+ Positive Likely highly 
infectious
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Smear Microscopy Example
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Smear Microscopy, Limitations
Is this TB?
Maybe. Could be 
another fluorescing 
bacilli such as NTM 
(most common cause 
of an AFB smear 
positive test) and 
some legionella 
species (limited 
specificity).
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Smear Microscopy, Limitations
Is this TB? Is the TB alive?
Maybe. Could be 
another fluorescing 
bacilli such as NTM 
(most common cause 
of an AFB smear 
positive test) and 
some legionella 
species (limited 
specificity).

Maybe. Could be 
nonviable TB or NTM. 
This is increasingly 
likely if the person has 
been on TB therapy for 
some time.
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Smear Microscopy, Limitations
Is it TB? Is the TB alive?
Maybe. Could be 
another fluorescing 
bacilli such as NTM 
(most common cause 
of an AFB smear 
positive test) and 
some legionella 
species (limited 
specificity).

Maybe. Could be 
nonviable TB or NTM. 
This is increasingly 
likely if the person has 
been on TB therapy for 
some time.

Is TB in there?
Maybe. Sputum 
specimen collection is 
one small sample of 
one small part of the 
lung during one 
moment in time. The 
person may still have 
TB, but no TB bacteria 
were seen on the AFB 
smear (limited 
sensitivity).
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TB PCR/ NAAT
Rapid Diagnosis
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WSLH PCR
Detects MTBC and Mycobacterium Avium Complex 
(MAC)
 Rapid identification of TB and MAC DNA

 Is confirmatory that TB DNA is present in the tested 
sample

 Not performed serially (once only for rapid diagnosis)
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WSLH PCR
Detects MTBC and Mycobacterium Avium Complex 
(MAC)

Sensitivity for TB:

 Greater than 95% for AFB smear positive, culture 
confirmed

 55–75% for AFB smear negative, culture 
confirmed



Slide 20

WSLH PCR
Detects MTBC and Mycobacterium Avium Complex 
(MAC)
WSLH performs both tests (TB and MAC PCR) on all 

newly smear positive respiratory specimens. 
 Newly smear positive: no positive AFB smears or 

cultures in the last 12 months.

Wisconsin TB Program needs to "approve" TB PCR on 
smear negative specimens for high-risk individuals.
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WSLH PCR Result Interpretations
WSLH Lab Result Interpretation
“Mycobacterium tuberculosis complex 
DNA detected”

Positive, TB identified

“Mycobacterium avium complex DNA 
detected”

Positive, MAC identified

“No Mycobacterium tuberculosis 
complex DNA detected”

Negative, TB not 
identified

“No Mycobacterium avium complex 
DNA detected”

Negative, MAC not 
identified

“Inhibitory substances that prevent 
nucleic acid amplification were 
detected”

Testing of no diagnostic 
help
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TB PCR, Limitations
Is this TB?
Yes! We have 
identified the DNA of 
the organism that is 
causing the positive 
smear as being 
present in the tested 
sample. TB is 
confirmed.
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TB PCR, Limitations
Is this TB? Is the TB alive?
Yes! We have 
identified the DNA of 
the organism that is 
causing the positive 
smear as being 
present in the tested 
sample. TB is 
confirmed.

Maybe. Could be 
nonviable TB. This is 
increasingly likely if 
the person has been 
on TB therapy for 
some time. This still 
confirms a TB 
diagnosis, and 
treatment is initiated 
while the culture 
grows.
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TB PCR, Limitations
Is this TB? Is the TB alive?
Yes! We have 
identified the DNA of 
the organism that is 
causing the positive 
smear as being 
present in the tested 
sample. TB is 
confirmed.

Maybe. Could be 
nonviable TB. This is 
increasingly likely if 
the person has been 
on TB therapy for 
some time. This still 
confirms a TB 
diagnosis, and 
treatment is initiated 
while the culture 
grows.

Is TB in there?
If positive, yes; if 
negative, maybe. We 
are reliant on 
capturing a good 
specimen with lots of 
TB bacteria, and for 
this test, TB DNA must 
also be in the 
specimen at the time 
it was collected. 
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Culture
The Gold Standard of Diagnosis
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Culture

Positive MTBC Culture
This tells us that TB is alive 
and dividing in the growth 
media. Both solid and liquid 
growth media are used at 
WSLH. This is the most 
sensitive method of 
detection.

What you would see

Laboratory photos from Nate Simon, WSLH
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Culture

Either liquid (broth) or solid growth media are used for the 
incubation period.
 Liquid broth: Mycobacteria Growth Indicator Tube (MGIT) 

is used, it is an automated instrument, it detects oxygen 
consumption through a florescent pad (glows and alerts 
lab tech if positive).
 Solid media: Middlebrook 7H11 plates are used for non-

respiratory and specimens from people with known TB. 
These are visually inspected at least once per week for 6 
weeks.
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Culture, Example



Slide 29

Culture, Limitations
Is this TB?
Yes! We have 
identified the 
organism growing and 
dividing in the growth 
media is MTBC. TB is 
confirmed. Isolation of 
MTBC almost always 
signifies disease.
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Culture, Limitations
Is this TB? Is the TB alive?
Yes! We have 
identified the 
organism growing and 
dividing in the growth 
media is MTBC. TB is 
confirmed. Isolation of 
MTBC almost always 
signifies disease.

Yes! Since TB grew in 
culture, it is alive and 
viable. If the TB  has 
been exposed to TB 
drugs for more than a 
few days, it is likely 
already experiencing 
changes that make it 
harder to grow and 
less infectious.
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Culture, Limitations
Is this TB? Is the TB alive?
Yes! We have 
identified the 
organism growing and 
dividing in the growth 
media is MTBC. TB is 
confirmed. Isolation of 
MTBC almost always 
signifies disease.

Yes! Since TB grew in 
culture, it is alive and 
viable. If the TB  has 
been exposed to TB 
drugs for more than a 
few days, it is likely 
already experiencing 
changes that make it 
harder to grow and 
less infectious.

Is TB in there?
Yes! Culture is the 
gold standard for TB 
diagnosis. It is the 
slowest method. It can 
take up to 42 days to 
wait to see if it is 
growing and dividing 
in the liquid and solid 
media (not good for 
rapid diagnosis).
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Susceptibility
Phenotypic and Molecular DST
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DST, Phenotypic and Molecular 

 Performed for all newly culture-confirmed specimens

 Guides treatment plan and regimen such as medication 
changes and duration of therapy

 Allows for appropriate treatment of contacts with 
appropriate regimens (susceptible to TB drugs)
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Phenotypic vs. Molecular DST

Phenotypic
Incubates a known 
concentration of MTBC in a 
known concentration of 
drug to observe if it grows or 
is inhibited from growing.

Uses DNA amplification and 
detection to identify gene 
mutations that are known to 
confer resistance to TB 
drugs.

Molecular (or genotypic)
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Phenotypic vs. Molecular DST

Phenotypic DST, Agar Molecular DST, GeneXpert ®

Laboratory photos used with permission 
from Nate Simon, WSLH
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DST, Phenotypic

 Usually takes 2–4 weeks after a positive culture

 Phenotypic DST provides results for first line TB drugs: 
isoniazid (INH), rifampin (RIF), ethambutol (EMB,) and 
pyrazinamide (PZA)
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DST, Phenotypic Result Interpretation

Result Interpretation
Susceptible TB strain is likely to show responsiveness to 

drug (TB will not grow and divide well or at 
all).

Resistant TB strain is unlikely to show responsiveness 
to drug (TB will probably continue to grow 
and divide, evading the effect of the drug).
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DST, Phenotypic Example



Slide 39

DST, Molecular

If TB PCR positive, rapid molecular testing can be 
performed
 Cepheid GeneXpert® 

MTB/RIF testing is 
performed.

 Predicts if the TB bacteria 
will be susceptible to 
rifampin (fastest predictor 
of MDR-TB).

 Detects mutations in the 
rpoB genetic loci in 1–2 
business days. A 
mutation in the rpoB gene 
loci predicts rifampin 
resistance.
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DST, Molecular

Other considerations

May detect "silent" mutations or mutations of unknown 
significance— ones that do not confer resistance. 
Phenotypic DST confirms resistance.

 GeneXpert® only predicts resistance to rifampin.

 Performed on primary respiratory specimens— you need 
a culture to grow to perform this testing on non-
respiratory specimens.
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DST, Molecular Result Interpretation

Result Interpretation
MTB DETECTED; Rif 
Resistance DETECTED

Likely TB is resistant to rifampin 
(rifampin likely can not be used 
as an effective drug in the 
regimen).

MTB DETECTED; Rif 
Resistance NOT 
DETECTED

Likely TB is susceptible to 
rifampin (rifampin can be used as 
an effective drug in the regimen). 
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DST, Molecular Example
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DST, Molecular, CDC 
Expanded Panel

Molecular detection of drug 
resistance (MDDR) can be done at 
CDC. This provides an expanded 
result panel for first- and second-
line TB drugs. This testing will be 
requested by the TB program or 
automatically sent out based on 
first line resistance results.
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Other TB Labs
NTM and IGRA
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NTM PCR and Cultures
NTM are commonly found in soil and water

Can cause similar symptoms 
to TB disease in those with 
underlying lung disease or 
immune compromise. Are not 
contagious from person to 
person. May require treatment 
with antibiotics. MAC is the 
most common NTM. 
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IGRAs

QuantiFERON®-TB Gold 
(QFT)
Detects CD4 and CD8 T cell 
interferon-gamma response to 
MTB antigens

Four numeric results. Positive, 
negative, or indeterminate

Detects memory T cells that 
produce interferon-gamma 
in response to MTB 
antigens

Results as number of 
“spots”. Positive, negative, 
or borderline

T-SPOT ®.TB
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Mitogen Positive Control: Ensures the sample can 
respond to interferon gamma (baseline 
immune response)

Nil Negative control: Adjusts for background 
interferon gamma

TB1 Primarily detects CD4 T cell response

TB2 Optimized for CD4 and CD8 T cell 
detection

QFT, Numeric Vales
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IGRA, Result Interpretation
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QFT, Example
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 Follow-Up for IGRA Reports: Checklist for 
Public Health Staff (P-02540)
 TB Blood Test: Interferon Gamma Release 

Assay (P-01182)
 SNTC Webinars: IGRA for Nurses, webinar 

recording
 MCCT: All About IGRA for Civil Surgeons, 

webinar recording

for IGRAs

https://www.dhs.wisconsin.gov/publications/p02540.pdf
https://www.dhs.wisconsin.gov/publications/p02540.pdf
https://www.dhs.wisconsin.gov/publications/p02540.pdf
https://www.dhs.wisconsin.gov/publications/p01182.pdf
https://www.dhs.wisconsin.gov/publications/p01182.pdf
https://www.dhs.wisconsin.gov/publications/p01182.pdf
https://www.youtube.com/watch?v=P7gOJ7rG_Tw
https://www.youtube.com/watch?v=P7gOJ7rG_Tw
https://centerfortuberculosis.mayo.edu/education-and-training/recorded-webinars/all-about-igra-for-civil-surgeons/
https://centerfortuberculosis.mayo.edu/education-and-training/recorded-webinars/all-about-igra-for-civil-surgeons/
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TB Program: 608-261-6319

WSLH Customer Service: 608-224-4272

dhswitbprogram@dhs.wisconsin.gov 

https://www.dhs.wisconsin.gov/tb/index.htm 

mailto:dhswitbprogram@dhs.wisconsin.gov
https://www.dhs.wisconsin.gov/tb/index.htm


Thank you!
Protecting and promoting 
the health and safety of the 
people of Wisconsin
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Thank you!

WSLH laboratory staff

Nate Simon, PhD,
TB Lab Coordinator at 

WSLH for info, lab 
photos, and review


	Tuberculosis Disease: �Laboratory Results for Nurses�
	Accreditation Statement
	Slide Number 3
	Definitions of Abbreviations Used in This Presentation
	Slide Number 5
	Mycobacterium tuberculosis Complex
	Testing Algorithm for WSLH
	Smear Microscopy
	Smear Microscopy
	Smear Microscopy
	Smear Microscopy
	Smear Microscopy, Result Grading
	Smear Microscopy Example
	Smear Microscopy, Limitations
	Smear Microscopy, Limitations
	Smear Microscopy, Limitations
	TB PCR/ NAAT
	WSLH PCR
	WSLH PCR
	WSLH PCR
	WSLH PCR Result Interpretations
	TB PCR, Limitations
	TB PCR, Limitations
	TB PCR, Limitations
	Culture
	Culture
	Culture
	Culture, Example
	Culture, Limitations
	Culture, Limitations
	Culture, Limitations
	Susceptibility
	DST, Phenotypic and Molecular 
	Phenotypic vs. Molecular DST
	Phenotypic vs. Molecular DST
	DST, Phenotypic
	DST, Phenotypic Result Interpretation
	DST, Phenotypic Example
	DST, Molecular
	DST, Molecular
	DST, Molecular Result Interpretation
	DST, Molecular Example
	DST, Molecular, CDC Expanded Panel
	Other TB Labs
	NTM PCR and Cultures
	IGRAs
	QFT, Numeric Vales
	IGRA, Result Interpretation
	QFT, Example
	Slide Number 50
	Slide Number 64
	Slide Number 65

