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Evaluation of high-sensitivity cardiac troponins I and T as biomarkers for subclinical
myocardial injury in canine distemper virus infection: a preliminary study
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Abstract

Canine distemper virus is a multisystemic pathogen known to affect various organs, including
the heart. However, traditional cardiac biomarkers may lack the sensitivity to detect minor
myocardial damage in the early or subclinical stages of the disease. This preliminary study aimed
to evaluate the levels of high-sensitivity cardiac troponin I and high-sensitivity cardiac troponin T
in dogs naturally infected with canine distemper virus and to assess their potential as indicators
of subclinical myocardial injury. The study included 15 dogs diagnosed with distemper and
15 healthy control dogs. The diagnosis was confirmed by rapid antigen testing. Serum high-
sensitivity cardiac troponins and haematological indices were analysed. The results revealed
significantly higher concentrations of both troponin I (0.381 + 0.085 ng/ml) and troponin T
(0.297 + 0.074 ng/ml) in the infected group compared to healthy controls (P < 0.05), along with
characteristic haematological changes, including leukocytosis and lymphopaenia. Although overt
clinical signs of heart failure were not the primary complaint in these patients, the significant
elevation of high-sensitivity troponins suggests the presence of subclinical myocardial injury
associated with the infection. These findings indicate that high-sensitivity assays could serve
as valuable screening tools to identify patients at risk of cardiac complications, warranting
further cardiac monitoring even in the absence of severe clinical symptoms.

Viral myocarditis, early diagnosis, heart damage, dog

Canine distemper virus (CDV) remains a major cause of mortality worldwide,
characterized by its multisystemic nature (Greene and Appel 1998; Beineke et al. 2009).
While clinicians are typically familiar with the respiratory, gastrointestinal, and severe
neurological manifestations of the disease (Thulin et al. 1992), myocardial involvement
remains a critical complication that is frequently overlooked or underdiagnosed (Higgin
etal. 1981). Previous research using electrocardiography (ECG) has identified abnormalities,
such as R-wave prolongation and T-wave amplitude changes, in infected dogs, suggesting
potential cardiac damage (Areshkumar et al. 2018). However, detecting this involvement
during the early or subclinical phases is difficult, as the severity of systemic symptoms
often masks overt signs of heart failure.

Currently, cardiac troponins (cTnl and c¢TnT) serve as the most specific biomarkers
for myocardial injury (Undhad et al. 2012). Nevertheless, standard assays may lack
the necessary sensitivity to identify minor myocardial cell death. In contrast, high-
sensitivity cardiac troponin (hs-cTn) assays can detect concentrations far below the limits
of conventional methods, enabling the identification of silent injury (Kliiser et al. 2019).
Since there is currently no data evaluating both hs-cTnl and hs-cTnT specifically in CDV
cases, as indicated by the lack of such reports in recent literature (Giines et al. 2014), this
study aims to determine their concentrations in naturally infected dogs to assess the extent
of subclinical myocardial injury.
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Materials and Methods

The present study was conducted following approval from the Local Ethics Committee of Kafkas University
(Protocol Number: 2023/149) on 5.12.2023. Informed written consent was obtained from the dogs’ owners before
inclusion in the study.

Animals

A total of 30 dogs were enrolled in the study, divided into two groups: 15 patients with CDV (7 males,
8 females) and 15 healthy control dogs (4 males, 11 females). The infected group consisted of client-owned dogs
presented to the Igdir University Tuzluca Animal Hospital with clinical signs consistent with distemper.

Sample collection and diagnostic procedures

The diagnosis of CDV was established based on clinical findings and confirmed using a rapid
immunochromatographic test kit (ASAN Easy Test CDV Ag, Seoul, Korea, Cat. No: 022321), following the
manufacturer’s protocol. For biochemical and haematological analyses, venous blood samples (5 ml) were drawn
from the cephalic vein into serum separator and EDTA tubes. Serum was separated by centrifugation at 1,000 g
for 10 min and stored at —20 °C until cardiac biomarker analysis. Troponin concentrations remained stable
at —20 °C for 3 months (Langhorn and Willesen 2016), serum samples were stored at —20 °C for a maximum
of 45 days, and tests were performed.

Cardiac and haematological analysis

Serum concentrations of high-sensitivity cardiac troponin I (hs-cTnl) and troponin T (hs-cTnT) were quantified
using species-specific commercial ELISA kits (BT Lab, Shanghai, China, Cat. No E0294Ca) compatible with the
Thermo Scientific Multiscan GO microplate reader. Haematological indices, including white blood cell (WBC)
counts and differential leukocyte ratios, were analysed using an automated veterinary haematology analyser
(Mindray BC-5000 Vet, Shenzhen, China).

Statistical analysis

Data distribution was assessed using normality tests in SPSS software (Version 20.0). Differences between the
infected and healthy groups were evaluated using Student’s ¢-test for continuous variables, while categorical data
were compared using Chi-square test. A P value of < 0.05 was considered significant.

Results

The comparative analysis of cardiac biomarkers demonstrated significant differences
between the groups. Serum concentrations of both hs-cTnl and hs-cTnT were found to be
significantly higher in CDV-infected dogs compared to the healthy control group (P < 0.05)
(Table 1). Specifically, mean hs-cTnl concentrations reached 0.381 + 0.085 ng/ml in the
infected group versus 0.151 = 0.006 ng/ml in controls. Similarly, hs-cTnT concentrations
were elevated to 0.297 + 0.074 ng/ml in the patient group, compared to 0.119 +0.014 ng/ml
in healthy dogs.

Regarding haematological indices, the infection induced profound changes in the blood
profile. A significant leukocytosis, primarily driven by neutrophilia (P < 0.001), was
observed in the CDV group. In contrast, significant decreases were recorded in lymphocyte
counts (lymphopaenia), as well as in red blood cell (RBC) counts, haemoglobin (HGB),
haematocrit (HCT), mean corpuscular volume (MCV), mean corpuscular haemoglobin
(MCH), and platelet (PLT) counts compared to healthy controls (P < 0.001) (Table 1).

Spearman’s correlation analysis revealed a significant positive correlation between
hs-cTnl and hs-cTnT concentrations (» = 0.530, P < 0.01). Furthermore, when the data were
stratified by sex, no significant differences were observed in troponin concentrations between
male and female dogs within either the healthy or the infected groups (P > 0.05) (Table 2).

Discussion

The most important finding of the present study is the significant elevation of high-
sensitivity cardiac troponin I (hs-cTnl) and T (hs-cTnT) in dogs naturally infected with
CDV compared to healthy controls. While cardiac involvement in CDV, including
cardiomyopathy and electrocardiographic abnormalities, has been previously documented
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Table 1. Concentrations of hs-cTnT, hs-cTnl, and selected blood indices in healthy and CDV-infected dogs (data
are presented as means £ SEM).

Indicator Healthy CDbV P value
Hs-cTnT (ng/ml) 0.1193 +0.0140 0.2971 + 0.0740 <0.05

Hs-cTnl (ng/ml) 0.1514 + 0.0060 0.3809 + 0.0850 <0.05

WBC (10°/1) 16.20 + 1.80 2474 +£2.21 <0.001
NEU (10°71) 11.48 +1.35 27.74+1.83 <0.001
MON (10°/1) 1.96 +0.25 1.63+2.11 <0.001
LYM (%) 0.12+1.24 0.03+1.32 <0.001
RBC (10'%/1) 7.11+1.36 3.75+0.76 <0.001
HGB (g/dl) 14.60 + 1.23 530+1.15 <0.001
HCT (%) 35.00 +0.90 14.40+2.13 <0.001
MCV (1) 64.70 = 1.70 41.30+1.26 <0.001
MCH (Pg) 26.50 + 1.30 15.90 £ 0.92 <0.001
PLT (10°/1) 281.00 £ 2.42 201.00 =2.31 <0.001

Hs-cTnT: high sensitivity cardiac troponin T; hs-cTnl: high sensitivity cardiac troponin I; CDV: canine distemper
virus; SEM: standard error of the mean; WBC: white blood cells; NEU: neutrophils; MON: monocytes;
LYM: lymphocytes; RBC: red blood cells; HGB: haemoglobin; HCT: haematocrit; MCV: mean corpuscular
volume; MCH: mean corpuscular haemoglobin; PLT: platelet

Table 2. Concentrations of hs-cTnT and hs-cTnl by sex.

Indicator Group Sex n Mean = SEM F/P value
Male 4 0.1132+0.0100 F=3.658
Healthy
Female 11 0.1216 £ 0.0190 P>0.05
Hs-cTnT
CDV Male 7 0.2728 £ 0.0960 F=0.573
Female 8 0.3183 +£0.1180 P>0.05
Male 4 0.1500 + 0.0030 F=3.003
Healthy
Female 11 0.1519 £ 0.0080 P>0.05
Hs-cTnl
CDV Male 7 0.3303+£0.1180 F=1.232
Female 8 0.4252 +0.1260 P>0.05

Hs-cTnT: high sensitivity cardiac troponin T; hs-cTnl: high sensitivity cardiac troponin I; CDV: canine distemper
virus; SEM: standard error of the mean

(Higgin et al. 1981; Areshkumar et al. 2018), these conditions are often challenging to
diagnose in the subclinical phase. By utilizing high-sensitivity assays, which offer superior
detection limits compared to standard methods (Kliiser et al. 2019), our study provides the
first quantitative biochemical evidence of myocardial injury in CDV-infected dogs that do
not exhibit overt clinical signs of heart failure.

Troponins are structural proteins of the contractile apparatus, and their release into the
circulation is a definitive sign of myocyte necrosis (Undhad et al. 2012; Langhorn and
Willesen 2016). Even slight increases indicate myocardial damage (Carreton et al.
2017). In studies evaluating standard cTnT concentrations in healthy dogs, values have
been reported to range from 0.01 to 0.024 ng/ml (Shaw et al. 2004; Burgener et al. 2006;
Bakirel and Gunes 2009). For high-sensitivity assays, Kiziltepe et al. (2024) reported
hs-cTnT concentrations between 0.0177-0.1223 ng/ml. Our findings in the healthy control
group (0.1193 £+ 0.014 ng/ml) are consistent with these reference intervals, confirming the
absence of myocardial injury in our control subjects.
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In the infected group, our study revealed significantly higher hs-cTnT concentrations
than in healthy dogs (P < 0.05). Previous research using standard ¢TnT assays in CDV-
infected dogs reported concentrations of approximately 0.15 = 0.24 ng/ml (Giines
et al. 2014). To the best of our knowledge, the present study is the first to determine
hs-cTnT concentrations specifically in CDV-infected dogs (Ayvazoglu et al. 2022; Yasar
et al. 2024). Although c¢TnT is cardiac-specific, concerns exist regarding its re-expression
in skeletal muscle during severe disease states, which might confound results (Jaffe et al.
2011). However, cTnl is widely considered a more specific marker for myocardial damage
than ¢cTnT (Langhorn and Willesen 2016; Carreton et al. 2017).

Parallel to cTnT, hs-cTnl concentrations were also significantly elevated in our
CDV-infected group. The literature indicates that cTnl concentrations in healthy dogs
typically range from 0.004 to 0.153 ng/ml (Oyama and Sisson 2004; Langhorn et al.
2013; Polizopoulou et al. 2014), with hs-cTnl specifically reported between 0.0709
and 0.1446 ng/ml (Kiziltepe et al. 2024). Our control group’s mean hs-cTnl
(0.1514 + 0.006 ng/ml) aligns with these findings. The significant elevation observed
in the infected group (0.3809 + 0.085 ng/ml) is consistent with previous reports of
increased standard cTnl in CDV cases (Kang et al. 2009; Giines et al. 2014). The
strong correlation found between hs-cTnT and hs-cTnl (P < 0.01) in our study further
validates that the leakage is of cardiac origin. These elevations suggest the presence
of asymptomatic or subclinical myocardial damage, a phenomenon increasingly
recognized in human and veterinary cardiology (De Lemos and Berry 2023; McEvoy
etal. 2023; Fanaroff and Sun 2023; Barac et al. 2024).

The myocardial injury observed may be attributed to both direct viral effects and systemic
consequences of the infection. Haematological analysis in our study showed significant
leukocytosis (neutrophilia) and lymphopaenia, alongside decreases in RBC, HGB, HCT,
and PLT concentrations. Lymphopaenia is a hallmark of CDV due to viral lymphotropism
(Willi et al. 2015), while the concurrent neutrophilia and anaemia are consistent with
previous findings (Daldaban et al. 2021; Pekmezci et al. 2022). These alterations
suggest a profound effect on the haematopoietic system (Bohn 2013; Buragohain
etal. 2017; Saaed and A1-Obaidi 2021). However, these findings should be interpreted
with caution. While cardiac troponins are highly specific for myocardial tissue, they can
also be elevated in a wide range of non-cardiac systemic conditions, including sepsis
and systemic inflammatory response syndrome. In such contexts, troponin release is not
invariably associated with irreversible cell necrosis; rather, it can be driven by mechanisms
of reversible ischaemia and cellular stress, such as increased cell membrane permeability,
oxidative stress, or the presence of inflammatory cytokines (Hickman et al. 2010; Hori
et al. 2018). Severe anaemia and systemic inflammation can lead to ‘demand ischaemia’
in the myocardium, contributing to troponin release independent of direct viral replication.
Importantly, the high-sensitivity assays (hs-cTnl and hs-cTnT) utilized in this study are
exceptionally sensitive biomarkers capable of detecting even microscopic, low-grade
myocardial injury or subtle cellular perturbations that conventional assays might overlook
(Xu et al. 2013). Therefore, in the absence of functional imaging or histopathology, these
elevations should be viewed as biochemical evidence suggestive of subclinical myocardial
involvement—representing a crucial milestone in clinical risk stratification—rather than
definitive structural damage.

Furthermore, we evaluated the effect of sex on biomarker concentrations. Some
veterinary studies have noted non-significant trends of higher hs-cTn concentrations
in male dogs (Ayvazoglu et al. 2022; Yasar et al. 2024), potentially due to the
cardioprotective antioxidant effects of oestrogen in females (Kim et al. 1996). In our study,
although concentrations appeared numerically higher in some subgroups, no significant
difference was found between sexes. This lack of difference might be influenced by the fact
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that CDV infection rates and severity can vary by sex, with some studies reporting higher
prevalence in females (Joshi et al. 2022; McDermott et al. 2023; Mousafarkhani
et al. 2023), potentially masking physiological sex differences in troponin release during
the acute phase of infection.

This study has several limitations. Primarily, the relatively small number of animals
included characterizes this work as a preliminary study. Secondly, although the research
was conducted in a university facility, complementary cardiac diagnostic methods such
as echocardiography and electrocardiography could not be performed. Due to CDV’s
highly contagious nature, infected dogs were maintained under strict biosecurity and
sanitation protocols in an infectious disease isolation unit. Transporting these patients to
the central cardiology unit or utilizing shared, high-end diagnostic equipment within the
isolation ward was restricted to prevent nosocomial cross-contamination. Consequently, we
could not correlate the biochemical findings with functional cardiac deficits. Furthermore,
repeated testing of biomarker values over time was not performed. Because we relied
on single-time-point baseline measurements, postmortem histopathology was not evaluated
in mortality cases; without longitudinal data, it would be impossible to differentiate
whether histological lesions at death were present during initial sampling or developed
later due to disease progression. Therefore, the structural damage could not be definitively
confirmed. Despite these limitations, this preliminary study provides the first data utilizing
high-sensitivity assays for CDV, suggesting that subclinical myocardial involvement—
evidenced by elevated hs-cTnl and hs-cTnT—may be a significant component of the
disease pathogenesis.

In conclusion, our preliminary study broadens the perspective on myocardial involvement
in CDV-infected dogs. The significant increase in both hs-cTnl and hs-cTnT suggests the
potential presence of subclinical myocardial stress or injury, which may be overlooked
in routine examinations. While elevated troponin concentrations alone do not definitively
confirm irreversible structural damage without imaging or histopathology, these high-
sensitivity biomarkers should be considered valuable tools for the early detection
of cardiac involvement, prompting closer monitoring of cardiovascular health in dogs
battling distemper.
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