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[bookmark: _Hlk94175987]Abstract
1. Stable nucleic acid storage and preservation in resource limited settings is often a barrier to widespread pathogen surveillance. 
2. Dried Blood Spot (DBS) filter paper has a long history of preserving nucleic acid in whole blood, we tested extending this technology to the room temperature storage of DNA extract. 
3. We found that DNA extracted from whole mammalian blood can be stored at room temperature on DBS filter paper, then washed with the buffer solution Tris-HCL, and used in downstream PCR analysis with results comparable to PCR performed on DNA extracted from whole blood dried on DBS filter paper which is the gold standard. 
4. The success of this method means DNA can be stored at room temperature making sharing genomic samples easier by eliminating the need for cold chain.
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Introduction
Molecular analysis of biological specimens for the detection of pathogens is a lynchpin of laboratory diagnostic methodology for both human and animal species. Full-capacity modern laboratories may employ methods and techniques of varying precision to extract pathogen DNA from a given sample. Disparities in laboratory capacity, particularly in cold chain storage, are common, however, and not limited to the developing world. Dried blood spot, or DBS technology, a process by which whole blood samples are desiccated and suspended in a filter paper matrix then stored at room temperature, represents a revolutionary step in the long-term storage, transportation, processing, management, and sharing of blood samples. 
Experiments with DBS date back at least to 1913 (Gruner, Stambouli, & Ross, 2015), but the process was popularized in the 1960s for the genetic screening of newborns. A small amount of fresh whole blood is aliquoted onto the filter paper and allowed to dry overnight (Tuaillon et al., 2020). The blood can then be washed from the paper, molecular material extracted and used in downstream analysis. Particularly in remote settings, where electricity and cold chain may be limited or non-existent, the preservation of blood samples on DBS filter paper enables the decentralization of sample collection, so that a sample may be suspended on a filter paper card and transported to a well-equipped central laboratory for testing and analysis.  Samples remain stable at room temperature over extended periods of time: In fact, genomic DNA has been recovered from whole blood after 11 years of storage (Chaisomchit, Wichajarn, Janejai, & Chareonsiriwatana, 2005).   The technique is so successful that DBS technology has expanded into the preservation of feces (Benard et al., 2019), organism homogenate (Karthikeyan et al., 2020), blood parasites such as Schistosoma spp. (Fuss, Mazigo, & Mueller, 2021), and mosquitoes (Reeves, Holderman, Gillett-Kaufman, Kawahara, & Kaufman, 2016) for DNA analysis. 
The importance of DBS technology cannot be overstated, even in the 21st century, when cold chain and reliable electricity remain elusive in many parts of the world where humans and animals need diagnostic testing (Page et al., 2019; Vazquez-Moron et al., 2018; Ziemniak et al., 2011). Despite the vital need for scientific collaboration across borders, recent outbreaks and pandemics such as Ebola virus in Africa (Goba et al., 2016; Vetter et al., 2016), plague in Madagascar (Randremanana et al., 2019; Valles et al., 2020), and COVID-19 worldwide (Shoaib, Ahmed, Sikandar, Yousuf, & Saleem, 2021; Younes et al., 2020) have identified gaps in capacity for sample storage and analysis which can limit data sharing in real time, even when modern molecular resources are available. 
Although whole blood is the most common and well-studied sample type to be stored on DBS filter paper, we hypothesize that DNA extracted from whole blood would also be viable when preserved on DBS filter paper and recovered after a period of storage at room temperature. Here, we experimentally evaluate the use of DBS cards for DNA extract storage under room temperature conditions. 
Methods
Whole blood was drawn from the forelimb of a dog using a sterile needle and syringe at the veterinary clinic at Cairo University, Cairo, Egypt (IACUC approval no. VetCU03252019023). At the time of sample collection, fresh whole blood was aliquoted from the syringe onto each of the six ears of the DBS filter paper disc (Tropbio Filter Paper Blood Collection Disks™ (Cellabs, Sydney, Australia) (S1.)), until the ear was completely saturated (Figure 1, Sample 1). The remaining blood in the syringe was expressed into a clean, sterile EDTA tube and frozen (Figure 1, Sample 2).
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This figure shows the methods used to validate different methods to recover DNA dried on filter paper
Sample #1, whole blood dried on DBS filter paper analysis
As shown in Figure 1, Sample 1, the whole blood aliquoted onto each of six filter paper ears was allowed to dry at room temperature for 24 hours on a clean, dry surface. Once dry, the disc was placed into an individual, re-sealable plastic bag and stored for six months at room temperature. The DNA was extracted following the ‘FTA Card Method’ of the QIAamp DNA Investigator Kit (Qiagen, Germantown, MD), according to manufacturer specifications, using one ‘ear’. Conventional PCR was performed with Babesia spp. forward and reverse primers (Qurollo et al., 2017), concentration 0.3µM, Taq PCR Master Mix Kit (Qiagen, Germantown, MD; Catalog #201445) according to manufacturer protocol (Table 1). thermal cycler condition as follows: lid temp.105°C, 94°C for 3 minutes; 94°C for 30 seconds; 50°C for 30 seconds; 72°C for 1 minute, repeated 34 times; 72°C for 10 minutes, 4°C infinite hold: followed by gel electrophoresis using 2% agarose, Biotium Gel Red Nucleic Acid Stain (Fremont, CA; catalog # 41003) and Biotium 1kb ladder (Fremont, CA; catalog #31022). The results were visualized on a Biosys UV light box. This PCR product was sent for forward and reverse Sanger Sequencing (Eurofins, Genomics, Louisville, KY). Sequence submitted to GenBankTM (Accession number MW557303)
Table 1- Babesia spp. Primer sequence, gene target and amplicon size
	Target organism
	Primer Sequence (5' → 3')
	Gene Target
	Amplicon size

	Babesia spp.17
	F - GCATTTGCGATGGACCATTCAAG
	18S rRNA
	200

	
	R - CCTGTATTGTTATTTCTTGTCACTACCTC
	
	


This table shows the PCR primer sequence used in the experiment
Sample #2 Extracted DNA dried on DBS filter paper analysis
As shown in Figure 1, Sample 2, whole blood was frozen in EDTA and thawed within a week. DNA was extracted from the whole blood using the Qiagen DNEasy Kit (Qiagen, Germantown, MD). 6µL of extracted DNA was aliquoted onto each ‘ear’ of the DBS filter paper disc (Tropbio Filter Paper Blood Collection Disks™ (Cellabs, Sydney, Australia). The DNA extract was allowed to dry for at least 24 hours at room temperature. Then each disc was placed into an individual, resealable plastic bag and stored for six months at room temperature. Two wash conditions were tested to recover the DNA, both using 150µL-10mM Tris-HCL, pH 8.5. One clean dry microcentrifuge tube containing 150µL-10mM Tris-HCL, pH 8.5 and one filter paper ‘ear’ was placed on a rocking platform at 4°C, 500 RPM for 2 hours. A second microcentrifuge tube containing 150µL-10mM Tris-HCL, pH 8.5 and one filter paper ‘ear’, at 4°C overnight. Followed by conventional PCR and gel electrophoresis as described above. The full protocol for the Tris-HCL washes may be found at: dx.doi.org/10.17504/protocols.io.kxygxp2nzl8j/v4 (Protocol DOI). 
Results
DNA extracted from fresh whole blood and dried on Tropbio Filter Paper Blood Collection Disks™ (Cellabs, Sydney, Australia) for six months, washed with 10mM Tris-HCL, pH 8.5 at 4°C overnight and 4°C@300rpm for two hours, produced quality DNA that can be used in conventional PCR with pathogen specific primers for Babesia spp. “Sample 1” used a validated method for washing and extracting DNA from whole blood dried on DBS filter paper, which served as the gold standard for this trial. PCR products from the 10mM Tris-HCL, pH 8.5 wash (Sample 2) both produced banding on gel electrophoresis identical to the banding from the conventional whole blood stored on DBS filter paper. 
Discussion
We found that washing extracted DNA stored on DBS filter paper for up to six months with Tris-HCL, a buffer that can be mixed from common laboratory reagents, produced viable DNA for downstream PCR.
Room temperature preservation of DNA extracted from whole blood on filter paper can vastly increase the ability to perform genomic testing across regions and borders. Not only does DBS technology reduce storage space requirements for extracted DNA, but, more important, like whole blood DBS storage, it eliminates the need for cold chain in the lab and dry ice in travel, and thus facilitate sample exchange among laboratories with differing capacities and strengths and simplify the training of lab technicians. Because permitting requirements vary according to country and sample origin for extracted genomic material versus genomic material contained in host material (i.e., whole blood containing DNA and RNA versus feces containing DNA and RNA), this technique could also preclude the need for import permits in some instances (https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/animal-and-animal-product-import-information/no-import-permit, Guide 1120).
The findings of this experiment are encouraging particularly because Tris-HCL can be made easily and affordably with commonly available laboratory reagents and supplies. Sample 1 was analyzed using the traditional and validated method of washing dried whole blood QIAamp DNA Investigator Kit- ‘FTA Card’ Method. The PCR product from Sample 1 produced the same banding as the PCR products from Sample 2 using the Tris-HCL with two different wash conditions. DBS filter paper methods for storage and transportation of extracted DNA could provide an affordable and relatively simple way to expand laboratory capacity and eliminate some of the challenges with cold storage. We speculate that a filter paper ear with the dried extract on it may be placed directly into the PCR reaction, a possibility that merits future exploration. We also reason that PCR amplicon could be stored on these DBS filter paper cards and recovered at a later date for sequencing or other analysis, a possibility that also merits future exploration.
Limitations
We acknowledge the limitations of this very preliminary study. First, only 6µL of DNA extract was dried on each ear of the filter paper ears, a pathogen in very low copy number may have been missed. Additional “ears” could be added to the wash to increase the volume of DNA recovered to overcome low copy number. Second, the DNA extract recovered in our experiments was stored on the filter paper for only six months. Studies have recovered DNA from whole blood stored for many years on filter paper, but we did not attempt to recover DNA that had been stored for such extended periods of time. 
Despite the limitations of our study, we are highly encouraged by our results. At the time of writing, we are unaware of any other studies documenting this method, but we would like to see additional publications from the scientific community using DBS filter paper in novel ways. 
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Figure 1. Laboratory Methods Diagram
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