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DCLS 
Virginia State Public Health Laboratory
• Located in Richmond, VA
• Clinical Testing
• Emergency Testing
• Environmental Testing
• Food Testing
• Newborn Screening 

Program
• https://dgs.virginia.gov/div

ision-of-consolidated-
laboratory-services/

• TB Laboratory
• ~3,000 specimens per year
• 200-250 TB patients per 

year
• Identification and 

susceptibilities performed
• Six full-time scientists

https://dgs.virginia.gov/division-of-consolidated-laboratory-services/
https://dgs.virginia.gov/division-of-consolidated-laboratory-services/
https://dgs.virginia.gov/division-of-consolidated-laboratory-services/


Outline
• Nucleic acid amplification testing (NAAT) for Mycobacterium 

tuberculosis complex (MTBC)
• Workflow and testing scheme
• Verification/validation requirements
• Real-time PCR for MTBC/MAC validation at DCLS
• Post implementation of assay



Rapid Detection of MTBC
• Ability to quickly detect MTBC impacts patient diagnosis, isolation 

precautions and treatment
• NAAT allows detection of MTBC within hours to days compared to 

weeks
• CDC TB elimination grant objectives (healthy people 2030)

• Test every patient by a rapid detection method
• Report MTBC detection within 48 hours of specimen receipt

• Laboratory developed test method – Wadsworth Center NY State 
Department of Health



MTBC/MAC Real-time Polymerase Chain Reaction 
(PCR) Assay

• Mycobacterium tuberculosis complex DNA
• Mycobacterium avium complex DNA

Tests for:

• Clinical sputum specimens
• Isolates from culture

Tests what:

• Every patient
• Once + PCR result, will test again after 12 months

Tests Who:
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Verification/Validation of Laboratory Test

• Verification – the process to ensure that the laboratory can 
meet/reproduce the specifications as stated by the manufacturer 
(FDA-approved)

• Validation – the process to ensure that the test specifications are 
determined when not using an FDA-approved method (laboratory 
developed method)



Clinical Laboratory Improvement Amendments (CLIA)
• 493.1253 Standard: Establishment and verification of performance 

specifications
• (b)(2) Each laboratory that modifies an FDA-cleared or approved test system, or 

introduces a test system not subject to FDA clearance or approval (including methods 
developed in-house and standardized methods such as textbook procedures), or uses 
a test system in which performance specifications are not provided by the 
manufacturer must, before reporting patient test results, establish for each test 
system the performance specifications for the following performance characteristics, 
as applicable:

• Analytical specificity 
(interfering substances)

• Reportable range 
(quantitative only)

• Reference range

• Accuracy
• Precision
• Analytical sensitivity (limit of 

detection)



Direct Specimen Validation for Real-time PCR Assay

Clinical
Samples

Number
Tested

+MTBC
PCR

  Result

+MAC 
PCR

   Result

Negative
PCR

  Result

Inconclusive
PCR 

   Result

Inhibition
PCR

  Result

All specimens 120 53 5 38 4 20



Accuracy of PCR to Detect MTBC DNA
Compared to 
Culture Results

Number  
  Tested

+ MTBC  
  PCR Result

%     
   Accuracy

MTBC Final 55 45 81.81
Fluorochrome Positive 37 37 100

Fluorochrome Negative 18 8 44.44

Method 
Comparison

+MTBC 
  PCR

-MTBC 
  PCR

+MTBC 
Xpert MTB-RIF

21 0

-MTBC 
Xpert MTB-RIF

0 5
https://proleantech.com/precision-vs-accuracy/

100% 
agreement with
Xpert MTB-RIF



Precision
• Samples tested on five 

different days, by two 
different analysts, on five 
different instruments

• Repeatability
• Reproducibility

https://proleantech.com/precision-vs-accuracy/



Limit of Detection

LOD study Sample
Last 

Dilution 
Detected

LOD
(CFU/mL)

Sputum M. tuberculosis (4.22 x 107)​
M. avium (6.39 x 108)

10 -7
10 -5

4.22
6,390

https://www.integra-biosciences.com/china/en/blog/article/how-do-serial-dilutions-including-calculations



Interfering Substances 
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Interfering Substances

Sputum No matrix
(DNA Extract)

Sample
High TB/ 

Low 
MAC

PCR 
Result

High MAC/ 
Low TB

PCR 
Result

High TB/ 
Low 

MAC

PCR 
Result

MTB+
MAC- MTB+ 

MAC+

MTB+
MAC-

• The assay can detect 
MTBC at the LOD if a 
high concentration 
of MAC is present

• The assay cannot 
detect MAC at the 
LOD if a high 
concentration of 
MTBC is present



Real-time PCR MTBC
Validation Performance Characteristics Summary

Characteristic Total Sample Results Acceptance 
Criteria

Observed Performance

Accuracy Direct: 120
Xpert: 21
Isolates: 150

>90% Direct: 82%
Xpert: 100%
Isolates: 100%

Precision Direct: 6
Isolates: 15

>90% 100%

False negatives: 
Culture is more 
sensitive = gold 
standard

False positives:
PCR will detect 
non-viable DNA 
that will not grow 
in culture

Overall Accuracy 
= 94%

Analytical Sensitivity
(LOD)

MTBC: 4.22 CFU/mL

Analytical Specificity
(Interfering substances)

No interfering substances found



Standard Operating Procedure

Inactivate sediments and 
culture aliquot

Extract DNA -
Bead beat and heat lysis

Reagent Name Amount per PCR 
reaction (µL)

5X perfeCTa qpCR Multiplex ToughMix 5

Primer: TBC-F (45µM) 0.25

Primer: TBC-R (45µM) 0.75

Primer: TbextRD9-F (45µM) 0.25

Primer: TbextRD9-R (45µM) 0.25

Primer: MAC-F (45µM) 0.5

Primer: MAC-R (mix of 5 primers at 100µM) 1.25

Probe: TBC-P(FAM-mgb) (25µM) 0.25

Probe: TbextRD9-P (Cy5 (LNA))(25µM) 0.125

Probe: MAC-P (mix of 2 probes at 25µM) (VIC-
mgb) (25µM) 0.25

Probe: Bicoid-P (TexRd-bhq) (25µM) 0.25

Water 6.125

Prepare Mastermix of 
PCR Reagents

Add samples/controls 
and mastermix to plate

Run plate on ABI and 
results analysis



RESULT INTERPRETATION
Detected DNA is present

Undetected DNA is not present or below the limit of 
detection

Inconclusive DNA was not reliably detected; above the cut-
off for a positive result. Possibly due to low 

amount of DNA, cross-reactivity

Inconclusive Due to 
Inhibition

DNA presence not able to be determined due 
to inhibitors in the specimen





Post-Implementation of Real-time PCR Assay
45

9

59

43 36

38
2

30 20 14
PA T IENTS  TES TED NA A T+ CULTURE+ A ND  

NA A T+
CULTURE+ A ND  
NA A T+ IN  48  HR

DIRECT PCR IMPLEMENTED 4/1/2022
2022 2023 (Jan-Jun)

Year Average days to diagnose 
TB from receipt of 

specimen

2021 15

2022 9

Year TAT

2022

On average, for a culture positive 
patient, PCR was able to detect 

MTBC 10.2 days faster

Range: 3-20 days faster

Average to report PCR: 1.5 days



Healthy People 2030 Background

Recommendation

Benchmark

Performance Target

• Reduce the average time 
for a laboratory to 
confirm and report 
tuberculosis cases using 
NAAT

• Report NAAT within two 
days from receipt of 
specimen

• >77% of MTBC cases that 
are later culture 
confirmed diagnosed 
using NAAT within two 
days of specimen receipt



DCLS Healthy People Benchmark 

Benchmark 
reporting: 

19.2% 
(2021)

Prior to 
real-time 

PCR 

After real-time 
PCR 

implementation  
April 2022

Benchmark 
reporting: 

55% (2022)



Questions

kathleen.milloy@dgs.virginia.gov
804-648-4480 ext. 223

mailto:kathleen.milloy@dgs.virginia.gov
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