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INTRODUCTION
Tick-borne diseases are the most common vector-borne diseases in the United States. Reported cases of tickborne disease
infection have constantly been rising over the last fifteen years, partly caused by increased outdoor activities and suburban living
preferences. Climate change has also accelerated the geographical expansion of various tick species, resulting in a more broadly
spread disease. There are at least sixteen well-known pathogens that are related to tick-borne diseases1. Real-time PCR tests
have been widely used for pathogen detection from extracted samples. However, the detection capacity for existing real-time
PCR methods is limited by the number of fluorescent detection channels in the instrument. Therefore, it is necessary to increase
multiplexing capability in each detection channel to increase detection efficiency in a single reaction.
ChromaCode’s High Definition PCR (HDPCR™) Tick-Borne Pathogen (TBP) panel is a qualitative, real-time PCR assay, for research
use only (RUO) that detects nine common, pan-US tick-borne agent targets, including Borrelia Group 1 (B. burgdorferi, B. mayonii,
Ehrlichia chaffeensis, Borrelia miyamotoi, Rickettsia spp., Ehrlichia muris eauclarensis, and Anaplasma phagocytophilum), Borrelia
Group 2 (B. hermsii, B. parkeri, and B. turicatae), Babesia microti, and Ehrlichia ewingii in a single reaction (Table 1)2. HDPCR™
technology, developed by ChromaCode Inc., utilizes probe-limited chemistry to deterministically modulate end-point fluorescence
values of each target on a panel, thereby enabling the differentiation of multiple targets within a single fluorescent detection
channel3,4,5. The HDPCR™ TBP panel expands multiplex capacity from four to nine using four detection channels. An upfront
equalization process using the HDPCR™ TBP Instrument Equalization Kit is required to provide a unique profile for each instrument,
allowing for optimized performance in every single reaction well. One HDPCR™ TBP kit can screen from 1 to 88 samples in a 96-well
plate in less than three hours and is compatible with Applied Biosystems™ 7500 Fast/Fast Dx, QuantStudio™ 5, 7 Flex, 12K Flex, and
ViiA™ 7 real-time PCR instruments. The raw instrument data is uploaded to the ChromaCode Cloud™ platform, which serves as an
automated analysis tool to deconvolute digital signals generated by multiple targets in a single detection channel through a userfriendly platform, and for data management.
The PerkinElmer chemagic™ 360 instrument has been integrated with the TBP panel to provide an automated high-throughput
workflow from sample extraction to results interpretation (Figure 1). The chemagic™ 360 system offers a variety of high-quality
solutions from sample types to throughput needs to specific targets wanted (e.g., genomic DNA, cfDNA, total RNA, viral and bacterial
nucleic acids). The M-PVA Magnetic Bead technology combined with transiently magnetized rods in the separation process enables
product isolation with high yield and purity. The instrument is also equipped with a buffer dispenser, barcode-reader, and QA
software for high-throughput sample preparation and easy integration with Laboratory Information Management System (LIMS).
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Here, we present the TBP panel with chemagic™ 360 system integration using whole blood (K2EDTA) with spiked-in tick-borne
synthetic targets and extraction with chemagic™ 360 Viral DNA/gDNA 200 Kit special H96 (PerkinElmer, part number: CMG-1049)
for workflow evaluation.

Figure 1: Overall workflow of HDPCR ™ TBP panel with chemagic™ 360 system integration.

Materials & Methods
This study was designed to determine the sensitivity level for all targets described in the TBP panel (PerkinElmer part number: SDX62610) when extracted in a whole blood matrix using the chemagic™ 360 platform. Equalization using HDPCR™ TBP Instrument
Equalization Kit (PerkinElmer part number: SDX-62611) was performed on Applied Biosystems 7500 Fast instrument (Thermo Fisher
Scientific) in compliance with the Instructions for Use (IFU).6 In brief, a total of four equalization plates, one for each dye/detector
(FAM, JOE, ROX, and CY5) were run sequentially on the instrument. Upon completion, the equalization data files were uploaded to
the ChromaCode Cloud. The equalization process is only necessary in advance of the initial run of the HDPCR™ TBP panel on an
instrument and following preventative maintenance that update instrument optical values.
A total of ten synthetic run controls (Table 1) were individually spiked into human whole blood collected in K2EDTA (Zenbio). Final
concentrations at 1000, 500, and 50 copies/extraction were tested for individual samples, with four replicates each. Samples each
containing five microliters of kit internal control were extracted with the chemagic Viral NA/gDNA 200 Kit H96 (PerkinElmer, part
number: CMG-1049) on the chemagic™ 360 instrument. Samples were eluted into a fifty microliter volume. After extraction, five
microliters of eluate was used for the PCR setup. The PCR run files were uploaded to ChromaCode Cloud for data analysis.
Table 1: Synthetic run controls used in the study

Target

Vendor

Catalog #

Anaplasma Run Control

Bio-Rad

ANARC

Borrelia Run Control

Bio-Rad

BORRC

Babesia Run Control

Bio-Rad

BABRC

Borrelia miyamotoi Control

Exact Diagnostics

EDX069

Ehrlichia Run Control

Bio-Rad

ERLRC

Ehrlichia ewingii Control

Exact Diagnostics

EDX071

Ehrlichia muris eauclarensis Control

Exact Diagnostics

EDX072

Borrelia parkeri Control

Exact Diagnostics

EDX068

Rickettsia Control

Exact Diagnostics

EDX070

Bartonella Run Control⁺

Bio-Rad

BRTRC

⁺Control for exclusivity study.
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Results
The chemagic™ 360 system was shown to have a sensitivity ranging between 0.03X-10X of the claimed sensitivity by Roche MagNA
Pure™ 24 system6 (Table 2) using a different lot of real-time PCR reagents and synthetic run controls. These data demonstrate that
the chemagic™ 360 system and reagents are compatible with HDPCR™ chemistry.
Table 2: Study summary6

Target

MagNA Pure™ 24
sensitivity in copies/extraction
(= 1X claimed sensitivity)

chemagic™ 360
results in claimed sensitivity: copies/extraction
(X claimed sensitivity by MagNA Pure™ 24)

Anaplasma Run Control

500

50 (0.1X)

Borrelia Run Control

50

50 (1X)

Babesia Run Control

500

50 (0.1X)

Borrelia miyamotoi Control

500

50 (0.1X)

Ehrlichia Run Control

2000

50 (0.03X)

Ehrlichia ewingii Control

500

50 (0.1X)

Ehrlichia muris eauclarensis Control

2000

50 (0.03X)

Borrelia parkeri Control

500

5000 (within 10X)

Rickettsia Control

500

5000 (within 10X)

Bartonella Run Control⁺

0

0

NC (TE)

-

-

⁺Control for exclusivity study.

Summary
In conclusion, we have demonstrated that the HDPCR™ TBP panel with automated chemagic™ 360 extraction integration, with
a high-throughput capability of up to 96 samples per run, is a cost-effective multiplex testing solution for tickborne pathogen
surveillance and research. The entire workflow from extraction to result has illustrated success in increasing multiplex detection
capability without sacrificing sensitivity, and it can be easily implemented in labs for high-throughput screening.
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