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Molecular Testing for Malaria: Overview of Standards

 A number of consensus-adopted standards have been used in the development of this document. These include:

· Recommended Genotyping Procedures (RGPs) to identify parasite populations (World Health Organization, 2007).

· MMV Guide to Malaria Genotyping (World Health Organization, 2008).

· Biosafety in Microbiological and Biomedical Laboratories (BMBL) 5th Edition (U.S. Department of Health and Human Services, 2007).
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1. Scope
This SOP describes the method of manually determining the sizes of recrudescence versus reinfection PCR products.
2. Abbreviations

bp
Base pairs

DBS
Dried Blood Spot

glurp
Glutamate rich protein gene

ml
millilitre
msp1
Merozoite surface protein gene 1

msp2
Merozoite surface protein gene 2

nPCR
Nested Polymerase chain reaction

PCR
Polymerase chain reaction

SOP
Standard Operating Procedure

(L
microlitre
3. Personnel qualifications
3.1. Medical fitness

Occupational health programs should be in place to monitor/address staff vaccinations and deal with exposures to potentially infected materials.
3.2. Education and training

Training must be given on the following topics:

· Wearing and use of personal protective equipment and clothing;

· Handling of potentially infectious materials;

· Prevention of incidents and steps to be taken by workers in case incidents (including biological, chemical, electrical and fire hazards) occur;

· Procedures;

· Waste management;

· Impact of results for patient management and research.

Training must be provided:

· When a new staff member takes up post;

· Annually;

· When there is a change in conditions.
4. Procedure
4.1. Principle
This SOP describes how to score and interpret Plasmodium falciparum genotyping results from msp1, msp2 and glurp PCR products to distinguish between new and recrudescent infections.
This procedure is used in place of band-scoring gel electrophoresis software and follows on from:

SOP-08 Agarose Gel Electrophoresis of PCR Products
4.2. Samples

The samples are the products of primary and secondary PCR from msp1 (SOP-05), msp2 (SOP-06) and glurp (SOP-07) amplification. The products are subjected to electrophoresis according to SOP-08 and the resulting gel is used to determine the final test result.
4.3. Required Materials and Equipment
UV Trans-illuminator

Safety goggles/eye goggles (must be UV-protective)

Disposable gloves

Pen, pencil, ruler

Camera or digital camera with hood
4.4. Procedural steps

	Important points to remember:

· Bands must be bright and sharp to be of high enough quality for scoring.

· PCRs must be repeated if bands appear in the negative control.

· Products under 100 bp should be excluded from result interpretation.

· Size determination must always be performed by two readers and their results compared.


	1. After gel electrophoresis (see SOP-08), place the gel on a UV trans-illuminator and take a photo.

NB. If a digital camera is used, print the photo, preferably on photo-quality paper.

	2. Lay the photo on a clean, level surface.

	3. Using a ball-point pen or pencil, mark each gel with the date, tester’s initials and the PCR marker used e.g. msp1, msp2, glurp.

	4. Using a ball-point pen or pencil, mark each lane with the sample identifier (from the PCR worksheet in SOP-05, 06 and/or 07).

	5. Mark the DNA ladder on at least one side of the gel.
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A properly labeled gel should look like this:



	Confirmation of controls.

7. Check each gel to confirm the sizes of the positive controls (see figure 2 a-f and table 1 below for examples). 

NB. Review important points overleaf.

8. Record each result on the corresponding worksheet.

NB. Remember to record all results on the same batch worksheet used throughout sample accessioning and PCR.
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Figure 2. Confirming correct sizes of positive controls.

A: msp1 K1 PCR on Pf strains 3D7, K1, RO33, 7G8 and Dd2

B: msp1 MAD20 PCR on Pf strains D10, Dd2, W2, D6 and 3D7

C: msp1 RO33 PCR on Pf strains RO33, Dd2, 7G8, D6 and 3D7

D: msp2 FC27 PCR on Pf strains 3D7, K1, RO33, D10 and Dd2

E: msp2 3D7/IC PCR on Pf strains 3D7, K1, RO33, D10 and 024

F: glurp PCR on Pf strains 3D7, K1, RO33, D10 and 024

	Important points:

· The product sizes in figure 2 were obtained using MORU primer pairs for each PCR reaction (see Appendix E in SOP-05, SOP-06 and SOP-07).

· If using different primers, it is necessary to perform PCR on the positive control DNA used in the laboratory and determine the size for each product.

· The results should be recorded in the table below and saved in this SOP for reference purposes.

	

	Table 1. Expected product sizes for positive controls using MORU primers.
Template DNA

Locus / Strain

msp1
msp2
glurp

K1

MAD20

RO33

FC27

3D7/IC

N/A

3D7

250

500

900

7G8

160

D6

250

D10

180

320

550

800

Dd2

220

400

K1

180

380

850

RO33

160

480

1000

W2

220



	Table 2. Expected product sizes for positive controls using                                   (insert name of lab) primers (( marks where template DNA is suitable for PCR).
Template DNA

Locus / Strain

msp1
msp2
glurp

K1

MAD20

RO33

FC27

3D7/IC

N/A

3D7

(
(
(
7G8

(
(
(
D6

(
(
(
D10

(
(
(
Dd2

(
(
(
FC27

(
(
(
HB3

(
(
(
K1

(
(
(
MAD20

(
(
RO33

(
(
(
W2



	9. Check each gel to confirm the absence of product in the negative control lanes.

NB. PCR products in the negative control lanes indicate a problem with the PCR protocol. The results must be recorded as “INVALID” and corrective actions must be taken. Always make a record of invalid results and the steps taken to correct any problems.

10. Record each result on the corresponding worksheet.

NB. Remember to record all results on the same batch worksheet used throughout sample accessioning and PCR.

	

	Determination of PCR product size in samples.

An appropriately labeled, high quality gel is critical for the accurate size determination of PCR products. 

	

	Important points:


· Day 0 and post-treatment samples must be run side by side on the gel.

· Each PCR product should be well-defined and easy to visualize.

· Markers should show sharp, defined bands.

· Samples, controls and markers should run uniformly in the horizontal plane (i.e. no smiling or frowning gels).

· To be a ‘new infection,’ all alleles in the post-treatment sample must be different from those in the Day 0 sample.

· To be ‘recrudescence,’ at least one allele at each locus is the same in the Day 0 and post-treatment samples.

	

	11. Once the control data is recorded and verified as acceptable, record the product sizes for each sample pair on the corresponding worksheet.

NB. Remember to maintain the same worksheet for each batch of samples throughout the DNA extraction, PCR and scoring processes.

	Examples of PCR product size determination in samples.

The following section provides an example of determining recrudescence versus reinfection from 5 pairs of samples taken from patients A, B,  C and D. Each pair is labeled according to when it was collected. Day 0 (D0) indicating the baseline sample or Day X (Dx) indicating the post-treatment sample.

	Figure 3. Example gels showing PCR products from samples A-D 

NB. A larger version of this figure is shown in Appendix A.

A: msp1 K1 PCR on samples A-D using 3D7 DNA for positive control
B: msp1 MAD20 PCR on samples A- D using Dd2 DNA for positive control
C: msp1 RO33 PCR on samples A- D using RO33 DNA for positive control
D: msp2 FC27 PCR on samples A- D using K1 DNA for positive control
E: msp2 3D7/IC PCR on samples A- D using 3D7 DNA for positive control
F: glurp PCR on samples A- D using 3D7 DNA for positive control

	12. Use the MMV algorithm (World Health Organization, 2007) to determine recrudescence from reinfection:

[image: image2.emf]
Figure 4. The MMV algorithm for determining recrudescence versus reinfection.

	13. Record product sizes and results on the worksheet and store for future reference.

Table 3. Recrudescence versus reinfection test results of samples from figure 3.

Date

Staff Initials

1-Jul-2010

MI
No.

Sample ID

PCR Product Sizes (bp) for control, indicate band sizes or leave blank
Results /

Comment

msp1

msp2
glurp
K1

MAD20

RO33

FC27

3D7/IC

1

A0
200

400

750

Recrudescence

2

Ax
200

400

750

3

B0
170,220

500

950

New infection

4

Bx
200

190

550,600

1000

5

C0
180

160

800

Recrudescence

6

Cx
180

160

800

7

D0
180

350

800

New infection

8

Dx
250

180

300

800

9

10

11

N0

No bands - OK

12

N1

n/a

13

P1

n/a

14

N2

No bands - OK

15

P2

250

220

160

380

500

900

Correct sizes



	


5. Quality Control

5.1. Negative Control

· The N0 (DNA extraction control) need only be run on a gel once to confirm the absence of contamination.

· The N1 (pPCR) controls do not need to be run and should be saved in case of any problems. N1 controls can be used to verify the absence of contamination in the pPCR in case of any problems with nPCR.

· The N2 (nPCR) controls must always be run with nPCR samples. These confirm the absence of contamination throughout the entire process.

5.1. Positive Control

· The P1 (pPCR) controls do not need to be run and should be saved in case of any problems. P1 controls can be used to verify the success of pPCR in case of any problems with nPCR.

· The P2 (nPCR) controls must always be run with nPCR samples. These confirm the success of the entire process.

6. Procedure limitations

· The quality of the DBS sample is of critical importance for every step of recrudescence versus reinfection testing. 

· Poor quality samples and/or insufficient DNA extraction may result in a lack of PCR products and/or spurious bands.

· The appropriate quality-assured storage of reagents and samples is also critical to ensure the highest quality PCR results.

· PCR procedures should be followed exactly at all times. This will ensure the highest quality reproducible results are obtained.
7. Interpretation and Reporting of Results

Results are reported on the worksheet in Appendix C. The worksheet is used throughout the testing process including sample receipt, DNA extraction, PCR, gel electrophoresis and interpretation of results.
8. Safety Precautions

Although extracted DNA is a low biohazard risk specimen, always practice universal precautions (treat all patient specimens as potentially infectious material:

· Wear good quality, single-use, disposable medical examination gloves.

· Wear a laboratory coat or gown.

· Wash hands after removal of gloves.

Universal precautions always apply in the laboratory environment. In addition, laboratory staff should:

· Wear sturdy, closed-toe shoes;

· Put on protective eye wear for high-risk activities such as working with UV light;

· Refrain from drinking, eating, smoking and storing food anywhere in the laboratory; and

· Remove gloves and wash hands before touching clean areas such as door handles, lift/elevator buttons and telephones.
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Appendices

Appendix A – Figure 3 Enlarged.

[image: image3.png]Msp1 K1 1-Jul-2010 MT AMgp 2 MAD20 1-Tuly-2010 MI Msp1/RO33 1Jul-10PJF

A M 4, 4, Bo B, Co C,DoD.PZN2 M
M Aoy 35, CoC, oD, PZNONZ M Mds 4,85, GG, DD, 2NONZ M - B. -
o - = |
0 o - .- g8
3 - -
- - -
i R .. - - -
A B (@
msp2 FC27 1Jul-2010 7IF Mgzoorlen oio e Glurp 17ul-2010 MI
M Ao, By, C DD, P2 N2 M M Ao#, 55, CoC,D;D, PZNZ M Mo A, B B, G C, Do D, PZNZ M
- e = -
1 - - - . -
000 - -
- = -~ = - b ———
= #s == iZ K
- s e b
=
5 - . w





Appendix B – Bench Top Reference

Molecular Testing for Malaria (MTM) Bench Top Reference

Manual Scoring of Results - Document ID: BTR-09
	1. After gel electrophoresis (see SOP-08), place the gel on a UV trans-illuminator and take a photo.

NB. If a digital camera is used, print the photo, preferably on photo-quality paper.

	2. Lay the photo on a clean, level surface.

	3. Using a ball-point pen or pencil, mark each gel with the date, testers initials and the PCR marker used e.g. msp1, msp2, glurp.

	4. Using a ball-point pen or pencil, mark each lane with the sample identifier (from the PCR worksheet in SOP-05, 06 and/or 07).

	5. Mark the DNA ladder on at least one side of the gel.

	6. Check each gel to confirm the sizes of the positive controls and record on the worksheet.

	7. Check each gel to confirm the absence of product in the negative control lanes and record on the worksheet.

	8. Once the control data is recorded and verified as acceptable, record the product sizes for each sample pair on the corresponding worksheet.

	9. Use the MMV algorithm (World Health Organization, 2007) to determine recrudescence from reinfection:

[image: image4.emf]

	10. Record product sizes and results on the worksheet and store for future reference.


Appendix C – Recrudescence versus Reinfection Worksheet

	Date
	Initials
	
	
	
	
	

	
	
	
	
	
	
	

	Number
	Sample ID
	PCR Product Sizes (bp) for control, indicate band sizes or leave blank
	Comments

&

Results

	
	
	msp1
	msp2
	glurp
	

	
	
	K1
	MAD20
	RO33
	FC27
	3D7/IC
	
	

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	

	5
	
	
	
	
	
	
	
	

	6
	
	
	
	
	
	
	
	

	7
	
	
	
	
	
	
	
	

	8
	
	
	
	
	
	
	
	

	9
	
	
	
	
	
	
	
	

	10
	
	
	
	
	
	
	
	

	11
	N0
	
	
	
	
	
	
	

	12
	N1
	
	
	
	
	
	
	

	13
	P1
	
	
	
	
	
	
	

	14
	N2
	
	
	
	
	
	
	

	15
	P2
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