[image: ]		QR-TR1-QMS-021 F03			Rev 02
		02 NOV 2018	
Jaipur : Method Validation for Legionella Detection
	Design History File No.
	Document Type
	GIS Document Number
	SOP Attached

	
	
	
	

	Project Name/ID
	Project Leader
	Co-Project Leader
	Principal Contact (Customer)

	
	
	
	



Method Validation Report

Approved by



______________________________		______________________________		_______________
Printed Name/Designation/Signature		Representing Company		             		Date			




______________________________		______________________________		_______________
Printed Name/Designation/Signature		Representing Company		             		Date	

	Revision Number
	Revision Date
	Revision Description
	Revision Author

	
	
	
	

	
	
	
	

	
	
	
	




Table of Contents
1.0	PROJECT DETAILS AND PURPOSE OF APPLICATION	3
2.0	OBJECTIVE	3
3.0	STUDY DESCRIPTION	3
4.0	MATERIALS	4
4.1	RESOURCES	4
4.1.1	GROUP LEADER	4
4.1.2	PROJECT LEADER	4
4.1.3	LABORATORY ROOM IN-CHARGE/KEY OWNER	4
4.2	EQUIPMENT	4
4.3	CONSUMABLES	5
4.4	REAGENTS	5
4.5	WATER SAMPLES	6
5.0	METHODS	6
5.1	EXTRACTION BY CENTRIFUGATION	6
5.2	EXTRACTION BY FILTRATION	6
5.3	QUANTIFICATION BY qPCR	7
6.0	RESULTS ANALYSIS	7
6.1	LEGIONELLA PNEUMOPHILA SG 1-15 DETECTION	8
6.2	LEGIONELLA SPP. DETECTION	9
7.0	CONCLUSION	10
8.0	DEVIATION HANDLING	10
9.0	APPENDIX	10






1.0 [bookmark: _Toc134624931]PROJECT DETAILS AND PURPOSE OF APPLICATION
Legionella is the waterborne bacteria responsible for the deadly Legionnaire’s Disease. Many industries use water in production processes or in the workplace which can harbor these bacteria. Monitoring water sources is therefore critical to lower the risk towards public health. Traditionally, isolation and quantification of Legionella in water samples is done by culture methods according to ISO 11731:2017(E). In their guidelines, filtration with a membrane is used to concentrate the bacteria before being transferred onto plates of the chosen culture medium. However, cultivation of Legionella remains strenuous, and their long incubations periods make isolation difficult.  
Quantitative Polymerase Chain Reaction (qPCR) is a method that enables the detection and quantification of isolated DNA from a sample. With reference to ISO/TS 12869:2019-Water quality, the presence of Legionella Pneumophila (L. Pneumophila) or Legionella spp. in water samples can be demonstrated and quantified by amplifying DNA sequences (PCR) with specific oligonucleotides. ^^
[bookmark: _Hlk135153546]While there are commercially available extraction kits for bacterial isolation, we have developed a simplified water preparation workflow. CGD has developed 2 methods for DNA extraction of Legionella from water samples, one of which uses membrane filtration, and another uses centrifugation to concentrate the bacteria present. qPCR will then be used to compare the difference in cycle threshold (Ct) values to determine the efficiency/reliability of both methods. A duplex TaqMan assay has been developed to detect 16s rRNA for Legionella spp. in HEX channel and mip gene specific for L. Pneumophila Serogroup 1-15 in FAM channel. This method enables the detection and quantification via the total DNA isolated from the sample, thus allowing precise quantification.
2.0 [bookmark: _Toc134624932]OBJECTIVE
The objective is to validate the performance of Legionella DNA extraction by centrifugation against extraction by filtration. The reagents used are made in-house and are not commercially available. The two different methods will extract DNA from water samples to identify the presence of L. Pneumophila serogroup 1-15 and Legionella spp. in a multiplex assay. 
3.0 [bookmark: _Toc134624933]STUDY DESCRIPTION
[bookmark: _Hlk134615911]The study is designed to compare the performance between extraction by centrifugation against extraction by filtration. There are 3 equipment mediums that will be used: a 50ml centrifugation tube against a 6-funnel and a single funnel filtration system. Each experiment will need an exact amount of 2150ml of water to be processed; 300mlx6 for the 6-funnel filtration system, 300x1 for the single funnel filtration system and 50ml for extraction by centrifugation. The water sample used for extraction will be a Legionella positive sample taken from the same location. After DNA extraction, the samples will be used as template for qPCR to determine the DNA recovery of each method. The duplex qPCR assay will be able to detect the presence of Legionella spp. in HEX channel and L. Pneumophila Serogroup 1-15 in FAM channel from the template used. The experiment will be repeated 5 times over the course of 3 days, using the same water sample for both extraction methods on each day.
The data shown in the results section below will exhibit the comparison between using filtration and centrifugation for bacterial isolation. 
4.0 [bookmark: _Toc134624934]MATERIALS
4.1 [bookmark: _Toc134624935]RESOURCES
4.1.1 [bookmark: _Toc134624936]GROUP LEADER
He/she shall ensure that all resources are available, staff is trained to the requirements stated before conducting laboratory work in the designated laboratories. 
4.1.2 [bookmark: _Toc134624937]PROJECT LEADER
The Project Leader is responsible to coordinate and liaise all incoming and/or outgoing project related samples with third parties and ensure that the project team and visitors (if any) comply with the requirements stated in this document. He/She is the key contact person to monitor and record the usage of the samples. He/She should ensure that all operators are well trained and competent.
4.1.3 [bookmark: _Toc134624938]LABORATORY ROOM IN-CHARGE/KEY OWNER
The Laboratory Room In-Charge shall maintain storage facilities to the requirements stated in this document. He/She is also responsible to manage the Sample Storage Keys, and document required records accordingly.
4.2 [bookmark: _Toc134624939]EQUIPMENT
The following Table 1 below documents the equipment that will be required for the experimental runs.

Table 1: List of equipment
	Equipment Name
	Serial No.
	Location

	4°C Refrigerator, EKObasic Sample Prep
	410000006394
	Sample Prep Room

	BSC, Thermo Scientific 1300 Series A2 Class II
	410000006368
	

	Pipette - 1000 µL
	Z62758L
	

	Pipette - 200 µL
	X53249D
	

	Pipette - 20 µL
	W64416E
	

	Pipette - 10 µL
	W56221H
	

	Heat block, Thermomixer Comfort with shaking
	410000005616
	

	Vortex Mixer, Corning 6777
	S2030218
	

	Electronic Pipette Gun
	N/A
	

	Filtration Unit 
	N/A
	

	Vacuum Pump 
	N/A
	

	BioRad CFX96
	BR200728
	Instruments Room

	Microplate Centrifuge
	TT-E14-1132
	

	Picofuge
	NA
	Template Addition Room (TA)


	PCR Cabinets
	419000003199
	

	4°C Fridges
	410000006283
	

	-20°C Freezers
	410000006284
	

	Pipette – 1000 µL
	C006992352
	

	Pipette - 200 µL
	C006993052
	

	Pipette - 20 µL
	OZ00190
	

	Pipette - 10 µL
	C006992852
	

	Picofuge
	NA
	Master Mix Room

	PCR Cabinets
	419000002856
	

	4°C Fridges
	410000006285
	

	-20°C Freezers
	410000025985
	

	Pipette - 1000 µL
	KJ09437
	

	Pipette - 200 µL
	C006993455
	

	Pipette - 20 µL
	HH93920
	

	Pipette - 10 µL
	KJ08190
	



4.3 [bookmark: _Toc134624940]CONSUMABLES 
The following Table 2 below documents the consumables that will be required for the experimental runs.

Table 2: List of consumables
	Consumable 
	Supplier
	Catalog No.
	Date of Expiry
/Manufacture

	Pipette Tips - 1000 µL
	Axygen 
	TF-1000-L-R-S
	

	Pipette Tips - 200 µL
	Axygen
	TF-200-L-R-S
	

	Pipette Tips - 20 µL
	Axygen
	TF-20-L-R-S
	

	Pipette Tips - 10 µL
	Axygen
	TF-300-L-R-S
	

	Microtubes, 1.5 mL 
	Eppendorf
	EPPE0030108.051
	

	Microtubes, 5 mL
	Eppendorf
	EPPE0030108.310
	

	Disposable Serological Pipets 50ml
	VWR
	VWR612-3696
	

	Centrifuge Tube 50ml 
	Falcon
	352096
	

	Hard-Shell 96-Well PCR Plates, Low Profile, Thin Wall, Skirted, Clear
	Bio-Rad
	HSP9601
	

	Microseal 'B' seal; Seal
	Bio-Rad
	MSB1001
	

	Filter Membrane (CNCA, 0.45um)
	?
	
	



4.4 [bookmark: _Toc134624941]REAGENTS
The following Table 3 below documents the equipment that will be required for the experimental runs.

Table 3: List of Reagents 
	Reagent
	Supplier
	Catalog No.
	Date of Expiry
/Manufacture

	E Lysis Buffer
	CGD
	N/A
	DOM: 

	1x PBS 
	Gibco
	70013-032
	DOE: 

	A1 Elution buffer
	CGD
	N/A
	DOM:

	Legionella PCR Kit
	CGD
	N/A
	N/A

	Nuclease - Free Water 
	QIAGEN
	163041698
	N/A



4.5 [bookmark: _Toc134624942]WATER SAMPLES 
The 2.5 liters of water sample to be screened for Legionella will be collected in an autoclaved glass bottle for each experiment. The water samples will be utilized immediately after collection. It is crucial that the water samples used for the comparison of extraction method by centrifugation and filtration are from the same source. Table 4 below shows the amount of water sample being used for each experiment, considering additional spare volume for errors. 
Table 4: Volume of water sample required
	Equipment Medium
	Volume Required (mL)

	Single Funnel Filtration System
	300

	6-Funnel Filtration System
	300*6

	50ml Centrifuge Tube
	50

	Sub-Total
	2150

	Spare
	350

	Total
	2500



5.0 [bookmark: _Toc134624943]METHODS 
5.1 [bookmark: _Toc134624944]EXTRACTION BY CENTRIFUGATION
Starting with bacterial isolation, 50 ml of water sample was transferred into a 50 ml centrifuge tube using a pipette gun and serological pipette. The 50ml tube was centrifuged at 3,500RPM for 10mins. Approximately 49.9ml of supernatant was carefully discarded and the remaining 100ul of concentrated water sample was transferred to a 1.5ml microtube. 700ul of E Lysis buffer was added into the 1.5ml microtube and briefly vortexed. The samples are briefly centrifuged before placing on a heat block at 80oC for 10 minutes. Next, the samples were centrifuged at 15,000 RPM for another 10mins. The supernatant was carefully removed by pipette and 150ul of A1 elution buffer was added to re-suspend the extracted DNA. The samples were stored at -20°C until analyzed. 

5.2 [bookmark: _Toc134624945]EXTRACTION BY FILTRATION
[bookmark: _Hlk134524297]300ml of water sample was vacuum filtered through a 50mm, 0.45µM CN-CA filter membrane to concentrate the sample. The membrane was aseptically transferred with forceps into a 5ml microcentrifuge tube filled with 1ml of 1x Phosphate-buffered saline (PBS) solution. The 5ml microcentrifuge tube was vortexed for 1 min and the solution is transferred into a 1.5ml microcentrifuge tube. The 1.5ml microcentrifuge tube was spun at 8000RPM for 5mins. The supernatant was removed until 100ul remains, after which 700ul of E Lysis buffer was added into the 1.5ml microtube and briefly vortexed. The samples were briefly centrifuged before being placed on a heat block at 80oC for 10 minutes. Next, the samples were centrifuged at 15,000 RPM for another 10mins. The supernatant was carefully removed by pipette and 150ul of A1 elution buffer was added to re-suspend the extracted DNA. The samples were stored at -20°C until analyzed. 
This process was repeated on a 6-funnel and single funnel filtration unit. Data is obtained from each funnel in the 6-funnel filtration unit. Refer to section XX in the appendix for better visualization. 

5.3 [bookmark: _Toc134624946]QUANTIFICATION BY qPCR
In each qPCR experiment, there will be a total of 8 extracted samples that will be used as template and tested in duplicates. Table 5 shows the PCR master mix set-up used for each experiment. The qPCR was carried out using Bio-Rad CFX96, following the cycling conditions found in Table 6 below. 
 
Table 5: qPCR Master mix set-up
	MasterMix Component
	Volume Per Reaction (μL)
	16 Reactions 
+ 1 Spare (μL)

	2X PCR reaction buffer
	10
	(16+1) *10

	Primer-probes mix
	5
	(16+1) *5

	Sub-Total (Master Mix)  
	15
	(16+1) *15

	Template: Sample/NC/PC/NTC
	5
	(16+1) *5

	Total volume per reaction
	20
	340



Table 6: qPCR cycling conditions
	Step
	Stage
	Number of Cycles
	Temperature (°C)
	Time 
(Min: Sec)
	Acquiring

	Hold
	PCR Initial Heat Inactivation
	1
	95
	2:00
	-

	Cycling
	Denaturation
	45
	95
	0:05
	-

	
	Annealing + Extension
	
	60
	0:30
	FAM, HEX 



After qPCR, the Ct values will be analyzed to determine each methods efficiency. This entire workflow is repeated 5 times to ensure enough data for comparison.
6.0 [bookmark: _Toc134624947]RESULTS ANALYSIS
In a qPCR assay, a positive reaction is detected by accumulation of a fluorescent signal. The average Ct of the duplicates for each tested sample in all 5 experiments were calculated as shown in tables 7 and 8 below for the detection of L. Pneumophila serogroup 1-15 and Legionella spp. respectively. The average Ct of quantified DNA from each funnel and centrifuge tube used across all experiments will determine the standard deviation, relative standard deviation (RSD) and RSD percentage. This will be used as analysis tools to determine the efficiency and reliability of each method.   
In a real time PCR assay a positive reaction is detected by accumulation of a fluorescent signal.
6.1 [bookmark: _Toc134624948]LEGIONELLA PNEUMOPHILA SG 1-15 DETECTION 

[bookmark: _Hlk134458706]Table 7: Data analysis for L. Pneumophila Sg1-15 detection
	Volume (mL)
	Position
	Exp 1 
(Ct)
	Exp 2 
(Ct)
	Exp 3 
(Ct)
	Exp 4 
(Ct)
	Exp 5 
(Ct)
	Average Ct
	Standard Deviation
	RSD
	RSD %

	300mL
	1st Funnel
	30.47
	31.46
	35.51
	35.40
	30.08
	32.58
	2.67
	0.0819
	8.19

	
	2nd Funnel
	32.94
	32.98
	30.72
	34.28
	29.99
	32.18
	1.77
	0.0551
	5.51

	
	3rd Funnel
	32.94
	34.04
	29.24
	30.32
	30.50
	31.41
	2.00
	0.0636
	6.36

	
	4th Funnel
	31.91
	34.88
	30.36
	29.80
	29.37
	31.26
	2.24
	0.0716
	7.16

	
	5th Funnel
	32.15
	32.33
	34.87
	31.22
	32.36
	32.59
	1.36
	0.0417
	4.17

	
	6th Funnel
	31.99
	30.88
	32.76
	29.81
	29.40
	30.97
	1.42
	0.0458
	4.58

	
	Single Funnel
	31.21
	30.91
	35.41
	35.01
	30.06
	32.52
	2.50
	0.0767
	7.67

	50mL
	Centrifuge Tube
	30.09
	30.28
	31.36
	32.00
	31.22
	30.99
	0.79
	0.0256
	2.56


*Exp 1 = Experiment 1

From Table 7, the results show that both extraction methods are successful in the isolation L. Pneumophila Sg 1-15 from the water sample. Using the filtration system, it can be seen that across the 5 experiments, the range between the Ct values are larger as compared to extraction using centrifugation. For example, the 1st funnel from the 6-funnel filtration system shows Ct values ranging from 30.08 to 35.51, causing the standard deviation to be 2.67, with an RSD% value of 8.19%. A similar pattern is observed with the rest of the funnel units used, with slightly lower standard deviations and RSD% values. Some outlier Ct values of approximately 35 from experiment 3 and 4 may be caused by the Legionella bacteria not being able to dislodge from the pores of filter membrane thus reducing the recovery of DNA. Additionally, since the funnel has larger surface area, there may have been some bacteria left on the walls of the funnel.
DNA isolation by centrifugation shows a narrower Ct range between experiments with values between 30.09 to 32. This resulted in a low 0.79 standard deviation value and an RSD percent of 2.56% which is significantly lower as compared to the 1st Funnel with a difference of 1.88 and 5.63% in standard deviation and RSD percent respectively. Although it was possible to attain the lowest Ct Value of 29.24 by filtration, the inconsistency of the results per funnel makes this an unreliable method for extraction. 
In terms of consistency, extraction by centrifugation shows a lower RSD percentage value of 2.56% as compared to extraction by filtration which ranges from 4.14 – 8.18 %. Although it will be inevitable that the Ct values will vary, it is crucial to keep the RSD% value as low as possible to ensure that the data is more precise. No unspecific amplification for the NTC was observed.


6.2 [bookmark: _Toc134624949]LEGIONELLA SPP. DETECTION 

Table 8: Average Ct Value for Legionella spp. detection
	Volume (mL)
	Position
	Exp 1 
(Ct)
	Exp 2 
(Ct)
	Exp 3 
(Ct)
	Exp 4 
(Ct)
	Exp 5 
(Ct)
	Average Ct
	Standard Deviation
	RSD
	RSD %

	300mL
	1st 
Funnel
	27.73
	28.53
	34.27
	34.01
	27.18
	30.34
	3.50
	0.1154
	11.54

	
	2nd Funnel
	30.25
	30.34
	28.78
	32.22
	27.05
	29.73
	1.93
	0.0650
	6.50

	
	3rd Funnel
	30.62
	31.87
	27.21
	27.54
	27.25
	28.90
	2.19
	0.0759
	7.59

	
	4th Funnel
	29.06
	32.38
	27.88
	27.37
	26.20
	28.58
	2.36
	0.0826
	8.26

	
	5th Funnel
	29.07
	29.83
	34.86
	28.80
	29.36
	30.38
	2.53
	0.0833
	8.33

	
	6th Funnel
	29.19
	27.97
	31.20
	27.66
	26.34
	28.47
	1.83
	0.0644
	6.44

	
	Single Funnel
	28.17
	28.16
	33.26
	30.66
	26.51
	29.35
	2.64
	0.0900
	9.00

	50mL
	Centrifuge Tube
	28.26
	28.65
	30.11
	30.45
	29.21
	29.34
	0.93
	0.0318
	3.18


		
From Table 8, the results show that both extraction methods were also successful in the isolation of Legionella spp. from the water sample. Similar to the detection of L. Pneumophila sg 1-15, extraction by filtration shows inconsistency in detecting Legionella spp. DNA between each funnel and experiment. In the 1st funnel, the Ct ranges from 27.18 to 34.27, resulting in a standard deviation of 3.5 and a high RSD% value of 11.54%. With the difference between the highest and lowest Ct being 7.09, this is more than a 100-fold difference in terms of DNA concentration detected. 
An outlier experiment would be Experiment 5, whereby filtration as the extraction method shows that all the funnels except the 5th funnel had a lower Ct value as compared to extraction by centrifugation. The cause of this may be due to non-homogenous mixing
Extraction by centrifugation resulted in a relatively smaller Ct range of 28.26 to 30.45 which caused a lower standard deviation and RSD percentage value of 0.93 and 3.18% respectively. The difference between the maximum and minimum Ct value is 2.19 which is less than a 10-fold difference in detected DNA. According to LabCE, standard deviation values should within ±2 SD range. 
While it may be beneficial to use the 6-funnel filtration system to process multiple samples simultaneously, the difference in detected DNA between each funnel can sometimes vary to more than 10x in concentration with the Ct difference being above 3.3. 
The benefit of using the developed centrifugation method for bacterial isolation is that generally less resources are used. Lesser volumes of water samples are required as compared to filtration and consumables and reagents like a membrane filters, 5ml microcentrifuge tube and PBS solution is not required. The results have shown that it also has a smaller variation in terms of reproducibility.  
The limitation of this study is that since the water samples are taken on different days, the amount of bacteria present may be different. 
The lysis buffer is made “fresh” for each experiment but the elution buffer is not.
	
7.0 [bookmark: _Toc134624950]CONCLUSION 
[Define and present conclusions from work performed in a precise and unambiguous term.]
Considering the water samples used are taken from different time points and will therefore differ in results as the amount of legionella present varies. However, the results above will show that extracting using 50ml 

Culture requires long incubation periods of up to ten days, which constitute a problem in time-sensitive cases such as outbreak situations.
The isolation of bacteria through centrifugation is a faster and more reliable way to determine the presence of Legionella
although the same water sample was used for extraction, the Ct value after qPCR varies.
The qPCR methods do not give any information about the physiological state of the Legionella.
8.0 [bookmark: _Toc134624951]DEVIATION HANDLING 
[Provide deviation justifications and root cause; Attach Deviation report to this document]

9.0 [bookmark: _Toc134624952]APPENDIX 
[Include Appendix where applicable]
· Image of Filtration Unit (6-funnel, single funnel) 
· Centrifuge tube 
Table x: Relative Standard Deviation data for 
L. Pneumophila Sg1-15 Detection
	Volume (mL)
	Position
	Average Ct
	Standard Deviation
	RSD
	RSD %

	300mL
	1/6 Cup
	32.583
	2.667606
	0.081871
	8.187109

	
	2/6 Cup
	32.181
	1.773219
	0.055101
	5.510142

	
	3/6 Cup
	31.408
	1.99893
	0.063644
	6.364397

	
	4/6 Cup
	31.263
	2.239391
	0.071631
	7.16307

	
	5/6 Cup
	32.585
	1.359375
	0.041718
	4.171781

	
	6/6 Cup
	30.968
	1.419778
	0.045847
	4.584662

	
	Single Funnel
	32.52
	2.495596
	0.07674
	7.674035

	50mL
	Centrifuge Tube
	30.989
	0.793996
	0.025622
	2.562187



Table x: Relative Standard Deviation data for Legionella spp. Detection
	Volume (mL)
	Position
	Average Ct
	Standard Deviation
	RSD
	RSD %

	300mL
	1/6 Cup 
	30.34
	3.50
	0.12
	11.54

	
	2/6 Cup 
	29.73
	1.93
	0.07
	6.50

	
	3/6 Cup 
	28.90
	2.19
	0.08
	7.59

	
	4/6 Cup 
	28.58
	2.36
	0.08
	8.26

	
	5/6 Cup 
	30.38
	2.53
	0.08
	8.33

	
	6/6 Cup 
	28.47
	1.83
	0.06
	6.44

	
	Single Funnel
	29.35
	2.64
	0.09
	9.00

	50mL
	Centrifuge Tube
	29.34
	0.93
	0.03
	3.18
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