
Request for Applications: Evaluation of PZA Inoculum Testing Methods for Mycobacterium tuberculosis 
complex 

Application Due Date: January 7, 2015 

Submit to: William Murtaugh, Specialist, TB Program (william.murtaugh@aphl.org).  

Summary: 

The Association of Public Health Laboratories (APHL) in cooperation with the U.S. Centers for Disease Control 
and Prevention (CDC) Division of Tuberculosis Elimination (DTBE) seeks to award one‐time funding to public 
health or clinical laboratories to evaluate pyrazinamide (PZA) drug susceptibility testing (DST) methods for 
Mycobacterium tuberculosis complex (MTBC). The method will include BD BACTEC MGIT 960 Mycobacterial 
Detection System (Becton Dickinson), using differing inoculum densities of MTBC.  

Up to eight laboratories will be awarded funding for conducting the testing through this project, up to 2 of which 
could be clinical laboratories. A characterized set of 20 isolates with known DST patterns will be distributed to 
each laboratory. Each method evaluated will use the same set of 20 isolates. 

Background: PZA plays a critical therapeutic role in the treatment of tuberculosis (TB) due to its ability to kill 
semi-dormant bacilli persisting within macrophages.  PZA shortens current TB treatment regimens and is 
synergistic with the newly approved drug Bedaquiline as well as other promising new drug candidates.  PZA 
requires an acidic environment (pH 5.5-6.0) for optimal activity, and DST is hampered by poor growth of the 
bacilli at such acidic conditions.  Culture methods for PZA DST are known to be challenging.   The number and 
metabolic state of the bacilli used to inoculate the PZA test media can have a significant effect on the accuracy 
of the susceptibility result.  Over-inoculation can cause the media to become neutralized, resulting in reduced 
PZA activity and consequently allowing for the growth of PZA sensitive strains in media containing PZA (false 
resistance).    The technical challenges to PZA susceptibility testing associated with the requirement for low pH 
make discordant results between laboratories common.  The BACTEC™ 460 radiometric system (Becton, 
Dickinson and Company, Sparks, MD), was considered the “gold standard” method for PZA susceptibility testing 
(13), but is no longer manufactured.  Many clinical laboratories now use the non-radiometric BACTEC™ MGIT 
960 (MGIT) system.  This system utilizes an acidified 7H9-like broth and a modified proportion method with a 
critical PZA concentration of 100µg/ml.  False resistance and poor reproducibility have been reported to occur 
when using this system.  Previous research has indicated that using a reduced inoculum may mitigate these 
problems.     

Awardees of this RFA will participate in an assessment of differing inoculum densities to determine if differing 
inoculum densities result in more accurate and consistent PZA drug susceptibility results.  The evaluation aims to 
assess inter-laboratory agreement and identify potential discrepancies based on methodology and inoculum 
densities to guide future discussions regarding standardization, and identify potential avenues for additional 
research.  Laboratories need validated protocols for preparing isolates for susceptibility testing and an alternate 
inoculum density may provide more accurate results.   Data from the study could be used to inform guidance for 
use of alternative methods for PZA testing in clinical and public health laboratories.  

Following the completion of testing, participating laboratories will submit recorded data to APHL using a 
standardized data collection instrument. Once data analysis is complete, laboratories will receive a report 
detailing their individual results as received by APHL for verification.  Once verified all data will be compiled into 
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an aggregate report. The aggregate report will be provided to all participating laboratories. Results will likely be 
used as part of a peer-reviewed manuscript. All participating laboratories will be asked to identify an individual 
to serve as part of the writing group of the initial manuscript resulting from this project. Laboratories will be 
acknowledged as part of any additional manuscripts resulting from this work. 

Eligibility: Eligible laboratories must meet the all of the following criteria to apply:  

• Must be an APHL member state or local public health laboratory, OR a clinical laboratory that is 
currently enrolled in CDC’s Model Performance Evaluation Program (MPEP) for DST of MTBC; 

• Must be able to enter into a contract with APHL. 
• Must be willing to sign a biosafety compliance letter; 
• Must be willing to accept drug resistant isolates of MTBC; 
• Must have established first-line DST methods to detect drug resistance to PZA in MTBC using BD BACTEC 

MGIT 960 Mycobacterial Detection System; 
• Must agree to perform the testing associated with this study according to the exact methods 

(procedures) that will be provided. (see appendix A) 
• Must agree to conduct testing and provide all data to APHL prior to end of project period.  

Methods/Procedures: 

• Using the BACTEC MGIT 960 system, laboratories will conduct PZA DST by the standard method and two 
test methods in duplicate for 20 MTBC isolates supplied by CDC, for a total of 240 MGIT tubes (not 
including seed tubes). 

• The method to be used is provided in Appendix A.  A schematic of the procedure is provided in Appendix 
B. 

Award Mechanism: Funds will be distributed via contracts with APHL. 

Award Amounts: Award amounts will be provided at $12,500 per laboratory. 

Term of Project: February 1, 2015-May 30, 2015 

Request for Applications: To apply to this RFA, please respond to the following questions. The total length of all 
responses should be no more than three double-spaced pages. 

1. Describe your overall experience with PZA DST for MTBC using BD BACTEC MGIT 960, including current 
protocols and how long the protocols have been performed in your laboratory. This can include protocols 
implemented as part of your clinical service and those under evaluation that your laboratory has significant 
experience performing.  

2. Briefly describe the experience of relevant laboratory personnel performing DST in your laboratory. 

3. Provide your laboratory’s approximate annual volume for culture and DST of MTBC.  

4. Please indicate your willingness to accept drug resistant isolates of MTBC and your understanding that a 
biosafety compliance letter must be signed by your laboratory should your application be selected for award. 

 



Evaluation Criteria:   

Applications will be reviewed by a team of TB subject matter experts from CDC/ DTBE and a panel of APHL 
members selected from non-applicant public health laboratories. Proposals will be evaluated based on 
responses to the questions above. 

 Please see the scorecard template that will be used to evaluate applications in Appendix E. 

Conditions of Award Acceptance:   

• The eligible laboratories must be able to contract directly with APHL or have an existing relationship 
with a third-party organization that can contract directly with APHL on behalf of the laboratory. 

• Laboratories must agree to provide APHL with final data on a standardized data form. 
• Laboratories must execute a biosafety agreement with CDC in order to receive the isolates. 

Additional Information and Deadlines for Application Submission: 

All questions should be directed to Kelly Wroblewski at kelly.wroblewski@aphl.org  

Applications should be submitted to William Murtaugh at APHL (william.murtaugh@aphl.org; 8515 Georgia Ave 
Suite 700, Silver Spring, MD, 20910; telephone: 240-485-2745; fax: 240-485-2700). Applications must be 
received at APHL, attention William Murtaugh by close of business January 7, 2015. Either electronic or physical 
submission is acceptable. APHL will send an email acknowledging the receipt of your application. If you do not 
receive an email within 24 hours, please contact APHL. 

An optional informational teleconference will be held on December 9, 2014 at 3:00pm ET. The purpose of this 
call will be to provide a brief overview of the project and to allow potential applicants to ask CDC and APHL 
questions. Please come prepared with your questions.  Call in information is as follows. 

Bridge: 877-953-5132 Passcode: 8065179# 

 

 
 This project is 100% funded with federal funds from a federal program of $850,522. 

. 
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PZA Inoculum Effect Study Protocol 

This protocol is intended to supplement, not supplant, the procedure supplied by Becton Dickinson (henceforth 
designated “BD method”).   The principal difference between this protocol and the BD method is the inoculum 
dilutions.  This document describes procedures specific to this evaluation.   Procedures which deviate from the 
BD method will appear in bold font.  Strict adherence to these procedures will ensure comparability of data 
between study sites.   A procedural schematic (see Appendix B) of this experimental protocol is provided. 

Participating laboratories will receive 20 frozen aliquot cryogenic vials of previously characterized MTBC 
isolates.  Please place these in your -70° freezer upon arrival.  

Preparation of Seed Tube  

1. Prepare bar code labels to read as follows: 
1.1. Convention = “CDC ###”;  Example = CDC 001 

2. Label seed tubes 
3. Aseptically add 0.8 ml Growth Supplement.  

3.1. A pure culture will be provided therefore: 
3.1.1.  Do not add PANTA 
3.1.2.  Inoculation of purity plates is optional  

4. Record lot numbers and expiration dates of media and supplement on the provided “Tube Preparation Log” 
(see Appendix B). 

Inoculation of Seed Tube 

For best results, seed tubes should be prepared in batches of no more than 5 per week, once a week, on a 
Tuesday or Wednesday. This will provide enough time overall to complete the project, and gives the best 
chance that seed tubes will signal positive (and be ready for DST set-up) on Monday or Tuesday of the 
following week, and not go positive over a week-end.   

1. Remove the cryogenic vials (no more than 5 at a time) from freezer containing the isolates to be cultured.  
1.1. Allow vials to thaw for 1 hour at room temperature. 
1.2. After thawing wipe away any moisture that may have condensed on the outside of the vials with a 

paper laboratory towel. 
1.3. DO NOT vortex or mix by inversion. 

2. Using a 10 µl disposable loop inoculate the appropriate MGIT tube as follows: 
2.1. Open the cryogenic vial. 
2.2. With the loop touching the bottom of the vial twist such that the loop makes several 360 degree 

revolutions. 
2.3. Loosely recap the vial.   
2.4. Transfer  the loop full of inoculate to the MGIT tubes as follows: 

2.4.1.  Immerse loop into the MGIT tube media. 
2.4.2.    Vigorously twist to ensure inoculate is displaced from the loop.  

3. Tightly recap the MGIT tube. 
4. Tighten caps on cryogenic vials. 
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5. Mix MGIT tube by inverting 5 times. 
6. If the cryogenic vials and/or MGIT tubes are to be removed from a BSL-3 environment they should be 

surface decontaminated using your laboratory’s established protocol. 
7. Load tubes into the MGIT instrument. 

When to Set up PZA Tests 

The time at which the PZA DSTs are set up is a critical element of this evaluation.  Ideally the PZA tests should 
be set up 24 – 48 hours after the seed tube becomes positive.  A concerted effort should be made to prepare 
the PZA tests during this time period.   Although not optimal, PZA tests may be set up when the seeds tubes are 
12 – 71 hours past positive.  A seed tube older than 71 hours past positive should be discarded and a new seed 
tube inoculated.  Ignore the day number system (i.e., Day 1, day 2, etc.) described in the package insert.   

Determination of Hours Past Positive 

1. Monitor seed tube status 
2. When a seed tube becomes positive proceed as follows: 

2.1. Print “Instrument Inventory Report” 
2.2. Enter Time To Detection values (Days;Hours) into the data collection spreadsheet (see “Data 

Recording” section below). 
2.2.1.   Date and Time the seed tube became positive will be automatically generated. 

2.2.1.1. This time point is considered “Hour Zero” 
2.2.1.2. “Hours Past Positive” is the total number of hours elapsed past “Hour Zero.”  

3. Remove seed tube from MGIT instrument.  
3.1. The time between seed tube removal and PZA test set up should be kept to a minimum. 
3.2. Print “Unloaded Positives Report” 

3.2.1.   Enter the “Current Date/Time” value from this report into the data collection spreadsheet. 
3.2.1.1. Hours Past Positive will be automatically generated. 

Preparation of dilution tubes 

 This process will produce all dilution tubes required for the study and thus only needs to be done once.  Tubes 
must be prepared prior to PZA testing, and can be prepared and then shelved prior to use.   Use an electronic 
pipette fitted with a 25 ml or 50 ml piston driven syringe style tip if available. 

1. Prepare 240 disposable, 16 mm x 150 mm glass, screw-cap, culture tubes (This number of tubes allows for 
extras for repeats, breakage, etc.)  
1.1. Tubes should be loosely capped 

2. Sterilize in an autoclave 
3. Aseptically dispense  

3.1. 4.5 ml of sterile saline into 144 tubes 
3.2. 4.0 ml of sterile saline into 48 tubes 
3.3. 3.0 ml of sterile saline into 48 tubes 

4. Label tubes as follows (use the provided labels) 
4.1. 4.5 ml tubes (These will be used for growth control MGIT tubes) 
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4.1.1.   “1:10” labels on 48 tubes 
4.1.2.   “1:25” labels on 48 tubes 
4.1.3.   “1:50” labels on 48 tubes 

4.2. 4.0 ml tubes 
4.2.1.   “1:5” labels on 48 tubes. These will be used for the 1:5 PZA dilutions  

4.3. 3.0 ml tubes 
4.3.1.   “1:2/5” labels on 48 tubes (labels will have a slash rather than a decimal point to avoid 

confusion with the “1:25” labels).  These tubes will be used to make 1:2.5 PZA dilutions. 

Tube Labeling  

1. Dilution tubes 
1.1. There will be 5 dilution tubes per isolate to be tested (i.e., 1:2/5, 1:5, 1:10, 1:25 & 1:50) 

1.1.1.  Affix identifier labels (provided) to each dilution tube in a set. 
2. MGIT PZA test bar code labels 

2.1. Prepare bar code labels as follows: 

Method Convention Example 

BD  ###BD  001BD 

A  ###A  001A 

C ###C 001C 

 

3. Affix label to the Control Tube 
4. Affix  colored dot stickers (provided) to the cap of the tube as follows: 

1.1.1.    “BD method” pair green dots 
1.1.2.    “ Method A” pair red dots 
1.1.3.     “Method B” pair yellow dots 

Preparation of PZA test media 

1. Aseptically add 800 µl of PZA supplement to each tube including Growth Control Tubes 
2. Aseptically add 100 µl of PZA (8000 µg/ml) stock solution to the PZA tubes –NOT to Growth Control Tubes.  

Inoculation of PZA test media 

A schematic representation of this procedure is attached (Appendix B). 

2. Remove Positive tubes from instrument 
2.1. Print “Removed Positives Report” 

3. Vortex tubes for 5 seconds 
3.1. Allow tubes to set for 20 minutes. 

4. Transfer 0.5 ml to the “BD method” PZA tube 
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4.1. For this and all subsequent transfers; submerge pipette tip just below surface of the MGIT seed tube 
and aspirate liquid from the top of the tube. 

5. Transfer 0.5 ml to a “1:10” dilution tube 
6. Transfer 1.0 ml to a “1:5” dilution tube 
7. Transfer 2.0 ml to a “1:2/5” dilution tube 
8. Vortex the “1:10”, “1:5” and “1.2/5” dilution tubes for 5 seconds 

8.1. Allow to set for a minimum of 5 minutes 
9. Transfer 0.5 ml from “1:5” dilution tube to a “1:50” tube 
10. Transfer 0.5 ml from “1:2/5” dilution tube to a “1:25” tube 
11. Vortex the “1:50” and “1:25” tubes for 5 seconds 

11.1. Allow to set for a minimum of 5 minutes 
12. Transfer 0.5 ml from “1:10” dilution tube to the “BD method” control tube 
13. Transfer 0.5 ml from “1:2/5” dilution tube to the “method A” PZA tube 
14. Transfer 0.5 ml from “1:25” dilution tube to the “method A” control tube 
15. Transfer 0.5 ml from “1:5” dilution tube to the “method B” PZA tube 
16. Transfer 0.5 ml from “1:50” dilution tube to the “method B” control tube 
17. Mix all tubes by inverting 5 times. 
18. Place tubes into 2-tube AST set carriers (3 carriers/ isolate) 

18.1.1. Ensure that carriers contain a methodologically matched set of tubes (e.g., “BD method” Growth 
Control and “BD method” PZA tubes)  

19. Enter PZA sets into the MGIT instrument.  Ensure the following: 
19.1. PZA is selected as the drug in the 2- tube AST set carrier definition 
19.2. Carriers are entered such that the Growth Control tube is in the left tube position. 
 

Completion of PZA Test 
 
1. Remove PZA sets from MGIT instrument when they become positive 
2. Print “Unloaded AST Sets Report” 

Data Recording 

Data will be recorded in an Excel® spreadsheet to be provided.   The study isolates will be pre-entered into the 
spreadsheet to facilitate subsequent data analysis.   Refer to the sample data collection spreadsheet (Appendix 
C) when entering data.  Enter all values in the exact format shown in the sample spreadsheet. 

1. Columns “A” & “B” are prepopulated 
1.1. Column “A” – Isolate identifier 
1.2.  Column “B” – Inoculum method  

2. Columns “C” & “D” – Seed Tube Start of Protocol (SOP) 
2.1.  Column “C” – date seed tube was placed in MGIT 960 
2.2. Column “D” – time seed tube was placed in MGIT 960 

2.2.1.  These values are shown on “Instrument Inventory Report” and “Unloaded Positives Report” 
2.2.2.  Round value to the nearest hour.  

3. Columns “E” & “F” – Time To Detection (TTD) 
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3.1. Column “E” – days  
3.2. Column “F” – hours 

3.2.1.   Values are shown on “Instrument Inventory Report ” and “Unloaded Positives Report” 
4. Column “G” – Date & Time seed tube became positive 

4.1. Value is automatically calculated 
5. Column “H” – Removed positive seed tube 

5.1. Date & Time seed tube removed from MGIT 960 
5.1.1.  Enter “Current Date/Time” from the “Unloaded Positives Report” 
5.1.2.  Round value to the nearest hour. 

6. Column “I” – number of elapsed hours since seed tube became positive 
6.1. Value is automatically calculated. 

7. Column “J” – Growth Units of seed tube 
7.1. Value is shown on “Unloaded Positives Report” 

8. Column “K” & “L” – PZA test Start of Protocol (SOP) 
8.1. Values are shown on both “Instrument Inventory Report” and “Unloaded AST Set Report” 
8.2. Column “K” – date PZA test begun 
8.3. Column “L” – time PZA test begun 

8.3.1. Round value to nearest hour   
9. Column “M” & “N” – completed AST growth units 

9.1. Column “M” – value for Growth Control (should always be 400) 
9.2. Column “N” – value for the PZA tube 
9.3. Values are shown on “Unloaded AST Set Report” 

10. Column “O” – Susceptibility status 
10.1. Value (“R” or “S”) is shown on “Unloaded AST Set Report” 

11. Columns “P” & ‘Q” – Antimicrobial Susceptibility Test (AST) Time In Protocol (TIP) 
11.1. Column “P” – days 
11.2. Column “Q” – hours 
11.3. Values are shown on “Unloaded AST Set Report” 

12. Column “R” – End of AST protocol 
12.1. Value is automatically calculated 

13. Column “S” – additional hours past end of BD method AST set 
13.1. Value is automatically calculated. 

Note:  Physical copies of the “Unloaded Positive Report” and “Unloaded AST Set Report” should be kept.   

At the conclusion of testing the 20 CDC isolates, all 20 isolates will be retested, using the exact same 
procedure, with the exception of the “Preparation of Dilution tubes” step. This step will have already 
been done.  



Seed  
Tube 

Growth Control 
No PZA 

0.5 ml 0.5 ml 

4.5 ml 
Saline 

1:10 
diln. 

PZA 
100 µg/ml 

0.5 ml 

“BD” Method 

3.0 ml 
Saline 

2.0 ml 

1:2.5 
diln. 

4.5 ml 
Saline 

1:25 
diln. 

PZA 
100 µg/ml 

Test  
Method “A” 

0.5 ml 
4.0 ml 
Saline 

1:5 
diln. 

4.5 ml 
Saline 

1:50 
diln. 

PZA 
100 µg/ml 

Test  
Method “C” 

1.0 ml 

0.5 ml 0.5 ml 0.5 ml 0.5 ml 0.5 ml 

Growth Control 
No PZA 

Growth Control 
No PZA 

Appendix B 



Turned Positive Removed  Past Positive Growth Status End
Isolate No. Method Date Time Days Hours Date & Time  Date & Time Hours Units Date Time  Control PZA (100 µg/ml) R or S Day Hours Date & Time

CDC 001 BD 3/13/14 16:00 8 6 3/21/14 22:00 3/23/14 14:00 40 2095 3/23/14 16:00 400 270 R 8 14 4/1/14 6:00
A 400 24 S 9 16 4/2/14 8:00
C 400 0 S 10 12 4/3/14 4:00

CDC 002 BD 3/14/14 05:00 8 5 3/22/14 10:00 3/24/14 14:00 52 1850 3/24/15 16:00 400 0 S 8 14 4/2/15 6:00
A 400 0 S 9 16 4/3/15 8:00
C 400 0 S 10 12 4/4/15 4:00

CDC 003 BD 3/15/14 05:00 8 7 3/23/14 12:00 3/25/14 14:00 50 1645 3/25/14 16:00 400 0 S 8 14 4/3/14 6:00
A 400 0 S 9 16 4/4/14 8:00
C 400 0 S 10 12 4/5/14 4:00

CDC 004 BD 3/16/14 11:00 6 14 3/23/14 1:00 3/25/14 14:00 61 3250 3/25/14 16:00 400 160 R 8 7 4/2/14 23:00
A
C

Sample Data Collection Worksheet

Seed Tube Information
Start of Protocol Time in Protocol

PZA Test Information
Growth UnitsStart of Protocol (SOP) Time To Detection (TTD)
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PZA Inoculum Effect Study 
List of Supplies  

These supplies will need to be provided or purchased by each participating laboratory 
 
Item       Quantity 
 
PZA MGIT Medium tubes    12 Cases (25/case) 
PZA Kits  (includes PZA drug and PZA Supplement) 5-6 Kits (50 tests per kit)  
MGIT tubes (seed tubes)     2 Cases (25/ case) 
16mm x 150mm glass tubes with screw top caps  200 
Sterile saline      3-4 one- liter bottles  
10ul plastic sterile disposable loops   50-75 
Electronic pipette fitted with a 25 ml or 50 ml 
   piston drive syringe style tip    1 (optional) 
Pipettes, pipette tips and other incidental supplies Quantity sufficient for project.  
MGIT bar-code printer     1 
MGIT 960 or 320 Instrument with printer  1 
2-tube MGIT AST carriers      approx. 20-25 
Computer with Excel program capability   1 
 
 
These will be provided by CDC DTBE 
 
Protocol schematic 
Color-coded labels for 16 x 150 glass tubes 
Color-coded press-on dots for MGIT tubes 
Data collection form 
 



APPENDIX E:  RFA ScoreCard

Question Maximum Value

1. Does the laboratory have OVERALL sufficient experience 
with PZA DST for M. tuberculosis (RFA Question 1)? 

35

2. Does the applicant have sufficient testing volume to be 
competant to complete the testing required? (RFA question 

2)
25

2. Does the the laboratory staff demonstrate sufficent 
experience with MTB DST to be considered competent 

to complete the testing required? (RFA question 3)
25

3. Is the laboratory willing to accept drug resistant 
isolates of MTBC and sign a biosafety complicance 

letter (RFA Question 4)? 
15

TOTAL 100
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