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Abstract

Toxocariasis is a zoonotic parasitic infection caused by Toxocara spp., with
varying clinical outcomes in different hosts. This study aimed to compare the
molecular diagnostic efficiency between human and sheep samples using the
COX) gene as a molecular marker. DNA and RNA were extracted from infected
human and ovine samples and subjected to PCR and real-time PCR analysis.
Significant differences in gene expression levels, amplification efficiency, and melt
curve profiles were observed. The COX\ gene expression was 2 4-fold higher in
human samples than in sheep, suggesting stronger mitochondrial activity or
higher DNA quality in human hosts. These findings highlight the species-specific
variation in molecular detection of Toxocara spp. and emphasize the importance
of host-specific diagnostic strategies.
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V. Introduction
Toxocariasis 1s a neglected zoonotic illness predominantly caused by the
larval stages of Toxocara canis and Toxocara cati, which infect many hosts,
including humans and domestic animals. Transmission occurs through the
intake of embryonated eggs found in contaminated soil, food, or through
intimate contact with sick animals. In humans, who serve as incidental
hosts, the larvae traverse tissues, resulting in several clinical syndromes
including visceral larva migrans (VLM), ocular larva migrans (OLM),
neurotoxocariasis, and hidden or asymptomatic infections [), Y].
Toxocariasis impacts millions worldwide, especially in underdeveloped or
rural areas characterized by inadequate veterinary oversight and poor
sanitation. While most infections are asymptomatic or subclinical,
significant problems may occur, particularly in young or
immunocompromised adults. Moreover, recent research has associated
toxocariasis with allergic conditions like asthma and atopic dermatitis,
underscoring the necessity for enhanced detection techniques to more
accurately evaluate the disease's epidemiology and clinical implications
[¥5¢].
Conventional diagnostic techniques, such as serological assays, offer

indirect indications of exposure but fail to distinguish between active and
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historical infections. Molecular diagnostics, especially polymerase chain
reaction (PCR) and real-time PCR (qPCR), have emerged as essential
instruments for identifying Toxocara DNA in clinical and environmental
specimens, owing to their elevated sensitivity and specificity [°s1]. The
mitochondrial cytochrome c oxidase subunit ' (COX)) gene is often
targeted due to its highly conserved and species-specific sequences among
worms [Y»A]. The involvement of domestic animals, particularly sheep, in
the transmission cycle of toxocariasis is inadequately investigated. Sheep
may consume infective eggs from polluted pastures and act as paratenic
hosts, so potentially facilitating environmental contamination and human
exposure via the food chain or the handling of animal products [].

This study aims to investigate and compare the molecular diagnostic
performance of the COX) gene in human and ovine samples. We assess
amplification efficiency, gene expression levels, and melt curve profiles to
identify host-specific differences in parasite detection. Understanding
these variations is critical for improving diagnostic accuracy and tailoring
control strategies for toxocariasis in both human and veterinary contexts.
Y. Materials and Methods

¥,) Sample Collection

A total of Y++ DNA and ¢+ RNA samples were extracted from suspected
Toxocariasis hosts, including humans and sheep, collected from rural areas
in Erbil and surrounding districts.

¥,Y DNA/RNA Extraction

High-quality nucleic acid extraction is a critical prerequisite for successful
molecular diagnostics. In this study, both DNA and RNA were extracted
from clinical and tissue samples obtained from suspected human and ovine
cases of toxocariasis. The extraction process was tailored to preserve
nucleic acid integrity, maximize yield, and eliminate potential PCR

inhibitors common in environmental and host tissues. DNA Extraction was
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performed using silica-based spin column purification kits. Following
extraction, DNA  concentration and purity were assessed
spectrophotometrically using a NanoDrop™ Y.«+ gsystem (Thermo
Scientific). Samples with AY1+/YA+ ratios between Y,A and Y.+ were
considered of acceptable purity. Additional confirmation of DNA integrity
was performed by )7 agarose gel electrophoresis stained with ethidium
bromide, ensuring the presence of high-molecular-weight bands and
absence of smearing[) +s)V].

RNA Extraction was carried out using TRIzol® reagent (Invitrogen, USA),
which provides effective disruption of cells and denaturation of protein
complexes. This method is ideal for recovering RNA from tissue or whole-
organism homogenates, where ribonucleases are abundant. Following
extraction, RNA was treated with RNase-free DNase I to ecliminate
genomic DNA contamination. The integrity and purity of RNA were
evaluated using both Nanodrop spectrophotometry and agarose gel
visualization. Only samples with clear YAS and YAS rRNA bands and
AY1 /YA« ratios above Y,3 were used for downstream applications. To
ensure consistency across samples and species, all extractions were carried
out in sterile, RNase/DNase-free conditions, and all procedures were
performed within Y£ hours of collection or after storage at -A+°C. For
downstream quantitative PCR analysis, equal concentrations of DNA and
RNA were used per reaction to minimize variability due to template
load[) Y, Y.

This rigorous and optimized extraction protocol was designed to overcome
the variability in nucleic acid yield and quality that often arises in
parasitological studies involving multiple host species [As)€]. The
adoption of dual-extraction strategies helped ensure that samples were of
sufficient quality for both conventional PCR and quantitative real-time

PCR (qPCR) assays.
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PCR Amplification of COX)

PCR targeting the COX) gene was performed using species-specific
primers. Products were visualized on Y,°% agarose gels to assess
amplification quality and band intensity.

Real-Time PCR and Melt Curve Analysis

qPCR was conducted to quantify COX) expression using SYBR Green
chemistry. Melt curve analysis assessed the specificity of amplification and
presence of secondary products.

AACt and Folding Calculation

Expression levels were calculated using the Y~(-AACt) method, comparing
sheep expression against human samples as the reference. -actin was used
as the endogenous control.

¥. Results

PCR Amplification Quality

PCR successfully amplified COX) in both species; however, human DNA
produced clearer, sharper bands compared to sheep samples. Agarose gel
profiles indicated stronger amplification efficiency in human DNA.

As shown in Figure ¥,Y: PCR amplification of the COX) gene from
extracted DNA samples represent human samples showing strong and clear
bands (~£°Y bp); while figure ¥,Y represent sheep samples with weaker
amplification. M: )++ bp molecular weight marker. The band intensity
confirms higher DNA quality or gene expression in human samples

compared to sheep.

YAQ



Yovo diwd Y s N g agl ) asd) Ggalall AulS s

W e S S

-k = 2 _F FE B B

Human samples
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NCOX 155 bp

Figure (3.1): DNA samples extracted from humans

COX 452bp
sheep samples

Figure (3.2): DNA samples extracted from sheep

Melt Curve and Amplification Profile

Melt curve analysis showed distinct thermal peaks for both species. Human
samples exhibited a well-defined single peak at ~AY°C, indicating specific
amplification. Sheep samples showed weaker peaks and slightly broader
shoulders, suggesting lower template concentration or amplification
inefficiency.

Gene Expression Analysis (AACt and Fold Change)

Sample AACt Mean Folding Mean Interpretation
COX)Y Human -°,A1 14,7 High expression
COX) Sheep +),AY Yo Low expression
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Human samples demonstrated a 19-fold higher expression of COX)
compared to sheep. The positive AACt and low fold-change in sheep
indicated gene suppression or poor DNA quality.

As shown in figure (¥,)), humans have significantly higher COX)
expression than sheep, indicating more efficient amplification or greater

gene activity in human samples

e The blue and orange bars represent the fold change in gene expression (2”-
AACY).
e The dashed black line shows the corresponding AACt values.

Figure (3.1): COX1 Gene Expression Comparison: Human vs Sheep
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An unpaired T-test comparing mean Ct values revealed a statistically
significant difference (p < *,*°) between human and sheep groups:

e COX) human: YV,YV £ ),v1

o COX) sheep: YY,4Y £V, ¢
t. Discussion
The results illustrate substantial differences in molecular diagnostic
efficiency between human and sheep samples. Higher COX expression in
humans may be attributed to greater mitochondrial content or gene copy
number, higher quality of DNA extraction and Intrinsic biological
differences in host—parasite interaction. The suppressed COX) expression

in sheep could reflect lower parasitic load or host-specific immune
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responses limiting parasite survival and replication. These results align
with previous studies (A, Y ], which emphasize the reliability of COX) for
human diagnosis but suggest its limited efficiency in non-human hosts.
Melt curve analysis validated the specificity of the qPCR assay and ruled
out contamination or nonspecific products.

. Conclusion

This study highlights the importance of host-specific considerations in
molecular diagnostics of Toxocariasis. The significant difference in COX)
gene expression between humans and sheep suggests that diagnostic
sensitivity and accuracy can vary greatly depending on the host species.
Molecular tools like qPCR and melt curve analysis provide reliable means
for such comparisons, paving the way for improved diagnostic approaches

in both human and veterinary medicine.
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