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Introduction

Pathogen screening of bovine and porcine semen is
essential for animal health surveillance, reproductive
efficiency, and biosecurity [1,2].

Bovine semen can transmit a range of bacterial, viral, and
protozoal pathogens, including Brucella abortus,
Campylobacter fetus, bovine herpesvirus-1 (BHV-1), bovine
viral diarrhea virus (BVDV), and Tritrichomonas foetus.

It has also been implicated in the international spread of
Mycoplasma bovis (M. bovis), including introduction events
in New Zealand [3]. The emergence of highly pathogenic
avian influenza A virus in U.S. dairy cattle in 2024,
together with the detection of influenza A virus (IAV) in
bovine samples, has further highlighted the need for
robust molecular surveillance approaches for emerging
viral targets in bovine germplasm [4].

Porcine semen may harbor important pathogens such as
porcine reproductive and respiratory syndrome virus
(PRRSV), porcine parvovirus, classical swine fever virus,
African swine fever virus, Brucella suis, and Leptospira spp.

However, semen represents one of the most challenging
matrices for molecular diagnostics due to its viscous,
inhibitor-rich composition, including proteins, nucleases,
polysaccharides, and lipid-rich seminal plasma.

These challenges are further compounded by extender
components such as egg yolk, milk proteins, soy lecithin,
and antibiotics, which can interfere with nucleic acid
extraction and PCR amplification [1,5,6].

As a result, robust extraction workflows are required but
are often labor-intensive and variable in performance.
Here, we present nucleic acid extraction workflows

for pathogen detection in extended bovine semen and
evaluate analytical sensitivity in bovine and porcine
semen. The workflows are designed to improve extraction
performance in inhibitor-rich matrices, reduce PCR
inhibition, and enable sensitive and reliable molecular
detection, supporting veterinary diagnostics for pathogen
surveillance and international trade requirements.
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Materials and methods

Samples and extenders

Negative extended bovine semen samples were
grouped by extender composition into four categories:
egg yolk-based (Yellow) and three milk-based extenders
(Green, Pink, and White). To evaluate PCR inhibition and
extraction efficiency, 64 PCR-negative bovine semen
samples (n = 16 per extender) were processed using
the IndiMag Pathogen KF96 Cartridge Kit (INDICAL
BIOSCIENCE) and an alternative commercial extraction
system (Provider T), applying both default and optimized
workflows.

For assessment of diagnostic sensitivity, 31 confirmed
pathogen-positive bovine semen samples naturally
infected with BVDV (n = 3), BHV-1 (n = 21), bluetongue
virus (BTV; n = 1), epizootic hemorrhagic disease virus
(EHDV; n = 1), or M. bovis (n = 5) were processed using the
optimized extraction protocols.

Analytical sensitivity was evaluated by extraction in
triplicate of ten-fold serial dilutions of M. bovis (ATCC
strain 25523) spiked into white milk-based bovine
extended semen and embryo wash fluid and of PRRSV
(field strain) spiked into extended porcine semen and
Phosphate-buffered saline (PBS). Embryo wash fluid and
PBS served as reference matrices for M. bovis and PRRSYV,
respectively.

Nucleic acid extraction

Two NAHLN-approved extraction kits were evaluated:
the IndiMag Pathogen KF96 Cartridge Kit and an
alternative commercial extraction system, referred to as
Provider T. Both kits were run on a KingFisher™ 96
instrument (Thermo Fisher Scientific Inc.) according to
each manufacturer's general instructions, with the
modifications below to address semen-associated
inhibition.

Both kits facilitate lysis, binding, and purification of total
nucleic acids (DNA and RNA) in a single run.

Figure 1: The IndiMag Pathogen KF96 Cartridge Kit with ready-to-use
prefilled cartridges.
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An exogenous extraction-control RNA (intype IC-RNA,
INDICAL BIOSCIENCE) was spiked into the lysis solution
of every sample and co-extracted with the target nucleic
acids. The intype IC-RNA exogenous extraction control is
detected by a dedicated primer/probe set built into the
IndiMix® JOE master mix (INDICAL BIOSCIENCE), allowing
extraction efficiency and PCR inhibition to be monitored
on a separate fluorescent channel, independently of the
diagnostic target.

For the IndiMag Pathogen KF96 Cartridge Kit, four input
strategies were evaluated:

* 200 pL semen, no modification (IMP 200 pL).

* 100 pL semen + 100 pL PBS to maintain the
manufacturer-recommended input volume
(IMP 100 pL).

* 100 pL semen + 20 pL proteinase K + 90 pL Buffer ATL
(QIAGEN), incubated at 56°C for 10 min with shaking
(IMP 100 pL + ATL).

e 75pLsemen + 125 pL PBS, no chemical pretreatment
(IMP 75 pL), tested as an additional reduced-input
variant.

For Provider T, three protocols were tested: the New
Zealand semen import requirement 200 pL input [7]
(Provider T 200 pL); a reduced 50 pL input (Provider T
50 pL); and a manufacturer recommended 12.5 pL input
combined with proteinase K pretreatment at 60°C for

5 min (Provider T 12.5 pL + PK).

PCR amplification

Extracted nucleic acids were tested with the NAHLN
Influenza A virus (IAV) matrix primer/probe set in IndiMix
JOE master mix following the manufacturer's instructions.
Extraction efficiency was monitored via amplification of the
intype IC-RNA control, with successful extraction defined
as intype IC-RNA C, < 35.

Confirmed positive bovine semen samples were also
analyzed by in-house PCR using VetMAX™ Fast reagents
(Thermo Fisher Scientific) and IndiMix JOE reagents
(INDICAL BIOSCIENCE) to assess the diagnostic sensitivity of
the refined extraction protocols.

For analytical sensitivity, M. bovis-spiked samples were
evaluated using the lab in-house M. bovis assay; PRRSV
spiked samples were evaluated using virotype® PRRSV PRO
primers/probes with IndiMix JOE according to the
manufacturer's instructions. The limit of detection (LOD) was
defined as the highest dilution at which all three replicates
were detected; partial-replicate detection at the next
dilution is reported separately. The R? and PCR efficiency
were calculated from the resulting dilution series.
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Representative application results

Evaluation of extraction workflows

To evaluate extraction performance, 64 negative milk- or egg-based extended bovine semen samples were spiked

with intype IC-RNA exogenous extraction control and processed using standard workflows for Provider T and the IndiMag
Pathogen Kit. The initial standard protocols showed limited efficiency in removing PCR inhibitors, with average intype
IC-RNA passing rates of 57.8 % for Provider T and 43.8 % for the IndiMag Pathogen Kit. Notably, inhibition varied with the
type of semen extender.

For Provider T, satisfactory performance was achieved only after reducing the sample input volume combined with

a Proteinase K pre-treatment at 60°C for 5 min. For the IndiMag Pathogen Kit, performance improved when the input
volume was reduced to 100 pL. Complete intype IC-RNA recovery (100 %) was achieved either by further reducing the
input volume to 75 pL or by applying an ATL buffer pre-treatment at 56°C for 10 min prior to extraction.

Table 1: Passing rates of the intype IC-RNA control in negative extended bovine semen samples across extender types and extraction conditions using
Provider T (Prov T) or IndiMag Pathogen Kit (IMP). PBS was used to top up samples to the kit-recommended input volume where required.
Graph on the right illustrates C, variation of intype IC-RNA (IC) between pretreatments
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Diagnostic sensitivity on naturally infected bovine semen

The optimized extraction workflows were evaluated using 31 semen samples naturally infected with BVDV, BHV-1, BTV,
EHDV, or M. bovis (Table 2). The IndiMag Pathogen 100 pL workflow detected all pathogen-positive samples, demonstrating
100 % diagnostic sensitivity across the evaluated sample set. In comparison, the optimized Provider T workflow detected
90.3 % of positive samples overall. The intype IC-RNA extraction control passed in 100 % of samples for both workflows,
indicating that the observed difference in detection rates was attributable to pathogen recovery rather than residual PCR
inhibition. Although the number of BTV- and EHDV-positive samples (n = 1 each) was insufficient for target-specific
performance assessment, the IndiMag Pathogen 100 pL workflow matched or exceeded the performance of Provider T

for the more extensively represented targets, including M. bovis and BHV-1. Using 100 pL sample input with the IndiMag
Pathogen Kit further reduced C, values for target pathogens, indicating improved diagnostic sensitivity (Figure 2).

Table 2: Diagnostic sensitivity of naturally infected bovine semen samples using
different extraction protocols using Provider T with 12.5 uL of sample and
proteinase K treatment and IndiMag Pathogen (IMP) with 100 L sample. Values
indicate the percentage of positive samples correctly detected for each pathogen

and the mean detection rate across all tested samples. Targets 1c
Target n ProvT 12.5yL + PK IMP 100 pL - <+
BVDV 3 66.7 % 100 % | ey i
BHV-1 21 90.5 % 100 % Bal L e ) N
L‘; * Mean: 30.60
BTV 1 100 % 100 % o g ezl ]
2 3 _ 4 Figure 2: Comparison of extraction
EHDV 1 100 % 100 % ol ¢ i performance between Provider T
) . . al e ! and IndiMag Pathogen protocols.
M. bovis 5 100 % 100 % . Mean C, values for targets (34.06
provT e ProvT e vs 31.78) and intype IC-RNA control
3% 9 2 1004t T2 1004t .
Overall 31 903% 100% = g s ! (IC; 29.45 vs 30.60), respectively.
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Analytical sensitivity

For M. bovis ATCC 25523 in white milk-based bovine extender, the IndiMag Pathogen 100 pL workflow achieved an LOD
of dilution 6, with two of three replicates remaining positive at dilution 7, effectively matching the dilution 7 endpoint
observed in embryo wash fluid. Assay performance was highly precise across both matrices (R? = 0.999 - 1.000), with PCR
efficiencies ranging from 90.4 % - 94.1 %. Inclusion of the ATL + heat pretreatment reduced analytical sensitivity, shifting
the LOD to dilution 5 and lowering PCR efficiency to 71.3 - 92.8 %. These findings indicate that the pretreatment step
negatively affected detection of low-abundance spiked M. bovis and did not provide a performance advantage under the
conditions evaluated.

For PRRSV field strain in extended porcine semen, the IndiMag Pathogen 100 pL workflow achieved an LOD of dilution 6,
matching the performance observed in PBS. Excellent assay precision was observed in both matrices (R* = 0.999-1.000),
with PCR efficiencies ranging from 98.3 % to 107.1 %. These results demonstrate that the semen matrix did not adversely
affect PRRSV detection and that the workflow maintained sensitivity and amplification performance comparable to the
reference matrices (Table 3).

Table 3: Analytical sensitivity (LOD, R? PCR efficiency) for M. bovis (bovine semen) and PRRSV (porcine semen) with the IndiMag Pathogen Kit.

Parameter M bovis M. bovis M. bovis PRRSV PBS _PRRSV
embryo wash fluid bovine milk extender bovine milk extender porcine semen ext.

Protocol IMP 100 pL IMP 100 pL IMP 100pL + ATL IMP 100 pL IMP 100 pL

LOD (all reps) Dilution 7 Dilution 6" Dilution 5 Dilution 6 Dilution 6

R? 0.996 0.999 - 1.000 0.981 - 0.994 1.000 0.999 - 1.000

Efficiency (%) 90.5 90.4 - 941 713-928 98.3 106.1 -107.1

" Two of three replicates also amplified at dilution 7; reported as dilution 6 under the all-three-replicates LOD criterion.

Conclusion

Semen is among the most inhibitor-rich matrices in veterinary molecular diagnostics, and standard extraction workflows
were not sufficient for the higher input volume of 200 pL without modification. The IndiMag Pathogen Kit improved
extraction performance under the evaluated conditions with a minimal adjustment by reducing input volume to 100 pL,

resulting in improved diagnostic sensitivity, with 100 % detection observed across 31 naturally infected samples evaluated
for both RNA and DNA targets.

An optional Buffer ATL + heat pretreatment further improved inhibitor tolerance but reduced performance for
low-abundance bacterial DNA detection (e.g., M. bovis), supporting its use as an optional rather than default step.
Overall, the IndiMag Pathogen Kit provides a robust, sensitive, and flexible workflow for nucleic acid extraction from milk-
and egg-based extended bovine semen, supporting reliable pathogen surveillance and germplasm testing. Independent
NAHLN-aligned evaluation is described in the companion study [8].

Data origin and relationship to published work

The data presented in this application note are derived from broader fee-for-service activities between the Wisconsin
Veterinary Diagnostic Laboratory, University of Wisconsin-Madison, and INDICAL Inc., and were previously presented at a
scientific conference [9]. These independent experiments used the intype IC-RNA internal control.

A separate, larger study from the same collaboration [8] used a different sample set and internal controls, so the results
are not directly comparable. The results presented here extend these findings with additional evaluations supporting the
described workflow recommendations.

UW-Madison's involvement is limited to the provision of laboratory services and data generation and does not constitute
endorsement, recommendation, validation, or certification of any commercial product or manufacturer.
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The handbooks and supporting documentation used in this study, including the IndiMag Pathogen Kit Handbook, the
intype IC-RNA documentation, the virotype PRRSV PRO Kit documentation, and the IndiMix JOE information, are available
from INDICAL BIOSCIENCE. Visit shop.indical.com for these and related protocols, plus a complete overview of our
nucleic acid extraction kits, detection assays, and instruments. Your local INDICAL BIOSCIENCE representative is also
happy to help.

Website: www.indical.com | Email: support@indical.com | Call: +49 341 124540
Email (Americas): us_support@indical.com | Call (Americas): +1 (407) 766 5128
Connect with us on LinkedIn: www.linkedin.com/company/indical

Disclaimer: This application note provides an illustrative example of using the IndiMag Pathogen Kit for DNA/RNA purification, including pretreatment
methods and related INDICAL solutions such as virotype assays. It highlights defined protocols that demonstrate the versatility of the reagents and
workflows. However, this document does not constitute a fully validated protocol. Each laboratory is responsible for performing its own validation in
accordance with applicable regulations and institutional guidelines. Only the specifications and information provided in the official user manuals apply.
For up-to-date licensing information and product-specific disclaimers, see the relevant kit handbook or user manual. Assays for veterinary use only. Reagents
for research use only, not for use in diagnostic procedures. INDICAL BIOSCIENCE makes no warranties or representations regarding the accuracy, reliability,
or suitability of the application for any particular purpose and assumes no liability for any use or consequences arising from this information, including errors
or omissions. All other terms and conditions remain unaffected. Regulatory requirements vary by country; products may not be available in your geographic
area. Product images may differ from the actual product. This document is not intended to encourage the use of any products in ways that might infringe
upon the intellectual-property rights of others.

Trademarks: INDICAL®, IndiMag®, IndiMix®, and virotype® (INDICAL BIOSCIENCE GmbH); KingFisher™, VetMAX™ (Thermo Fisher Scientific Inc.); QIAGEN®
(QIAGEN Group). Registered names, trademarks, etc., even if not explicitly marked as such, may still be protected by law. All other trademarks are the
property of their respective owners. The use of brand or product names is solely for identification purposes and does not imply endorsement.
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