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Abstract
Objective

Canine occult dirofilariasis (COD) is a subclinical form of Dirofilaria immitis infection, where
dogs carry the parasite without exhibiting clinical symptoms. It is unclear how immune cytokines,
especially IL-6 and IL-10, affect the immunological response during COD. IL-6 is pro-
inflammatory. This study aimed to investigate the correlation of interleukin-6 as an

immunological test during COD.

Materials and methods

A total of 56 male and 44 female dogs (total number 100) ranging in age from 1 to 10 years were
studied. Aseptic principles were strictly observed for blood collection and sample collection. To
examine the presence of microfilaria larvae, peripheral blood smears were prepared from fresh
blood. Of the 100 samples tested, 50 were healthy dogs and were used as a control group, and 50
dogs were naturally infected with Dirofilaria immitis. qPCR was used to examine IL-6 gene
expression. In addition, the TBP gene was used as a reference gene. SPSS version 29 software

was used to analyze the data.

Results

The mean plasma IL-6 levels for the control group and the group with occult dirofilariasis were
56.8 + 7.6 pg/mL and 124.5 + 10.2 pg/mL, respectively. The results of the real-time PCR curves
and the agarose gel electrophoresis of the PCR products showed that the IL-6 gene is amplified
and expressed in the studied dogs. A 114 bp band was observed for this gene and a 184 bp band
was observed for the TBP gene in all samples. The mean fold-change of IL-6 gene for the control

group was 1.0 = 0.2 and for the disecased dogs was 4.2 £ 0.9. In the studied samples, a negative
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correlation coefficient (r = —0.34) was observed for the Pearson correlation between IL-6 levels

and parasite load (p < 0.05).

Conclusion

The results of this study showed that both plasma levels and gene expression of IL-6 are increased
in dogs with latent dirofilariasis. In addition, this increase caused changes in parasite load and
was correlated with them. Therefore, IL-6 can be used as a potential inflammatory marker in the
management and clinical investigation of this infection. However, before any action, longitudinal
studies with larger samples are needed to confirm this role, while simultaneously benefiting from
a broader set of biomarkers in the study.
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Introduction

Canine heartworm disease (CHD) is created by Dirofilaria immitis. This parasite is a member
of Dirofilaria immitis that is a roundworm. Mosquitoes transmit this disease (Bockova et al.,
2015). This disease affects millions of dogs worldwide, making it a major veterinary health
concern (Alsarraf et al., 2021; Fuehrer et al., 2021). Dogs may get the illnesses, develop a chronic
asymptomatic infection, and often exhibit only moderate symptoms (Alsarraf et al., 2021). The
two main methods for detecting heartworm infection are the detection of microfilariae in the
blood, which may yield negative results if microfilariae are not produced or if the definitive host's
body can destroy these larvae, or where dogs remain asymptomatic and microfilariae are
undetectable, referred to as Canine occult dirofilariasis (COD) (Wysmotek et al., 2022; Lensi et

al., 2023). Amicrofilaraemic (occult infections) really presents a challenge that is compounded
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by the absence of effective surveillance systems for parasitic diseases in animals (Portela et al.,
2023). The other diagnostic method involves detecting the parasite's antigen, which is serological
tests (e.g., ELISA), with highly specific and sensitive detection of active infection (Simon et al.,
2007). A Th2-type immune response is more common in microfilaremic infections (mf+) than in
amicrofilaremic infections (mf—), indicating that the Th2-type response may play a part in
suppressing circulating microfilariae (Oleaga et al., 2009). If an initial immune response to D.
immitis occurs, T cells and various cytokines are activated. This activation plays an important
role in the inflammatory component of the disease and is described by the fact that cytokines and
iINOS mRNA are expressed in the peripheral blood of dogs with natural microfilarial and
amicrofilarial infections (Morchén et al., 2007). Cells that play a key role in immune and
inflammatory responses produce proteins called cytokines. These cytokines participate in these
processes by interfering with the regulation of other cells (Mohammadabadi et al., 2025b).
Because they can activate the immune system to provide effective protection, they can be used in
vaccine development. Different cells can produce cytokines. For example, epithelial cells produce
the cytokines IL-6 or IL-8 (Khezri et al., 2025). Macrophages produce cytokines involved in the
activation and regulation of T helper (Th) lymphocytes in inducing an adaptive immune response.
The mode of action of all cytokines is similar. They bind to receptors on the surface of target cells
and, through these receptors, affect the activity of the target cells (Mohammadabadi et al., 2025a).
There are three criteria for classifying cytokines. These criteria include the cells that produce the
cytokines, the cells that the cytokines affect, and the type of activity of the cytokines themselves.
Cytokines include several groups, although there is considerable overlap between them. These
groups include interleukins (IL), interferons (IFN), tumor necrosis factors (TNF), transforming
growth factors (TGF), migration inhibitory factors, and smaller chemokines (Mohammadabadi et
al., 2025b). IL-6 is a cytokine that performs various functions and has a broad impact on the
immune system, and one of its main functions is to increase the host's capacity to fight infections
by supporting the immune system (Rose-John et al., 2017). Studies have shown that 1L-6
influences the pathogenesis of D. immitis infections and does so by modulating the immune
environment in the host (Smith & Maizels, 2014). Several cytokines, including the
immunosuppressive ‘interleukin (IL)-10 & "Th2-type" IL-4, have been found to be predominant
in manuscripts of the cytokine milieu in mft invesions (O'Connor et al., 2003). Yoon et al. (2014)
studied dogs with varying degrees of HWD severity. They assessed the therapeutic effect of adult
antifungal drugs on inflammatory and cardiovascular biomarkers. They used CRP, IL-6, D-dimer,
and cTnl. It was found that leukemia inhibitory factor (LIF), IL-6, cardiotrophin 1 (CT-1),
oncostatin M (OSM), ciliary neurotrophic factor (CNTF), IL-11, cardiotrophin-like cytokine
factor 1 (CLCF1), and IL-27 cytokines. These eight cytokines are the main members of the IL-6
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family. Later, two other cytokines, IL-35 and IL-39, were added to this family. This is because
these two cytokines also share gp130 in their receptor complexes (Wang et al., 2016). The
multifunctional cytokines of the IL-6 family have a role in immunological responses as well as
early development, hematopoiesis, inflammation, bone metabolism, and the growth of the
cardiovascular and neurological systems. The concentration of IL-6 was substantially greater in
non-survivors than in survivors, according to research using IL-6 as “a prognostic marker in
intensive care” medicine (Abramowsky et al., 1981). Therefore, the current study aimed to find
immune modulation tests as markers for canine occult dirofilariasis (COD) in dogs naturally

infected with Dirofilaria immitis.

Materials and Methods

Blood sample collection: In this study, 5 ml of blood was collected from the femoral and
cephalic veins of dogs referred to veterinary clinics in Baghdad and several other cities in the
provinces of Iraq, with the help, guidance, and cooperation of veterinary clinic staff. These breeds
included native Iraqi breeds and imported breeds. These breeds included Pit Bull, Great Dane,
Schnauzer, Balanlong, German Shepherd, Labrador Retriever, Belgian Malinois, Rottweiler, and
Doberman. A total of 56 male and 44 female dogs (total number 100) ranging in age from 1 to 10
years were studied. Aseptic principles were strictly observed for blood collection and sample
collection.

Sample preparation and initial tests: To examine the presence of microfilaria larvae,
peripheral blood smears were prepared from fresh blood. The samples were then directly
evaluated under a microscope (Wezyk et al., 2023). Then, a centrifuge was used at a speed of
5000 rpm for 5 minutes. From this amount, 2 ml of each sample was transferred to sterile, flat-
bottomed tubes and stored at -20 °C to be used in the next stages of the experiment. The prepared
sera were used to perform serological tests for the detection of D. immitis antigen and the analysis
of serum markers including IL-6. Next, the Canine IL-6 ELISA Kit was used according to the
manufacturer's instructions to measure the concentration of IL-6. The optical absorbance (OD)
was measured at a wavelength of 450 nm and the final value was recorded based on the standard
curve. Of the 100 samples tested, 50 were healthy dogs and were used as a control group, and 50
dogs were naturally infected with Dirofilaria immitis. After this step, cytokines were measured.
In addition, blood samples were collected from 30 healthy and 30 infected dogs (total 60 samples)
to be used later for the evaluation of IL-6 gene expression.

Detection of occult infection: A specific antigen test as well as confirmatory PCR were used

to determine the presence or absence of latent Dirofilaria immitis infection. Dogs that did not
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have microfilariae in their blood but had positive antigen or PCR results were classified as Occult
Dirofilariasis.

Mononuclear cell extraction and gene expression analysis: A density gradient was used
to isolate peripheral blood mononuclear cells (PBMCs). Then, total RNA extraction,
measurement of RNA quantity and purity with NanoDrop, and cDNA synthesis with a reverse
transcription kit were performed. qPCR was used to examine IL-6 gene expression. In addition,
the TBP gene was used as a reference gene. Specific primers (Table 1) were used to amplify the

target and reference genes (Kitanaka et al., 2019).

Table 1. Characteristics of primers used to amplify the IL-6 target gene and the TBP

reference gene in the studied dogs

Gene Primer sequence (5'—3’) Accession number Amplicon size
(bp)
IL-6  F: CAAGATCCTGGTCCAGATGCTAAAG NM 001003301.1 114
R: CACTCATCCTGCGACTGCAA
TBP F: ACTGTTGGTGGGTCAGCACAAG XM_863452 184

R: ATGGTGTGTACGGGAGCCAAG

The PCR reaction consisted of several steps. The first step was initial denaturation in one
cycle, at 95 °C, for 30 seconds. The second step was performed in forty cycles and included
denaturation at 95 °C for 5 seconds and annealing/extension at 60 °C for 30 seconds. The 2"-
AACt method was used to calculate relative gene expression.

Statistical analysis: SPSS version 29 software was used to analyze the data. Pearson
correlation analysis was also used to examine the relationship between different factors. A
statistical significance level of p < 0.05 was used to make comparisons and examine their

significance.

Results and discussion

The mean plasma IL-6 levels for the control group and the group with occult dirofilariasis
were 56.8 £ 7.6 pg/mL and 124.5 + 10.2 pg/mL, respectively. These results show that this level
is significantly increased in the affected group compared to the control group (p < 0.05). These
results indicate that the systemic inflammatory response is activated in dogs with Dirofilaria
immitis even in the occult state. These findings are consistent with the results reported by other
researchers on the increase in IL-6 in dogs and its relationship with the inflammatory response

(Morchon et al., 2007). The results of the quality assessment of the extracted RNAs at the
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A260/A280 wavelength showed that the quality was appropriate and desirable (1.8-1.9). The
results of the real-time PCR curves and the agarose gel electrophoresis of the PCR products
showed that the IL-6 gene is amplified and expressed in the studied dogs. A 114 bp band was
observed for this gene and a 184 bp band was observed for the TBP gene in all samples (Figure
1). These observations indicated that the experiment was performed correctly and the desired

fragments were amplified correctly.

TBP

—(| TR

184 bp

200bp

100 bp

Figure 1. Agarose gel electrophoresis of IL-6 (left) and TBP gene amplification products
(right) in the studied dogs. I1 and 12 correspond to the IL-6 gene and T1 and T2 correspond
to the TBP gene. M100=size indicator

The mean fold-change of IL-6 gene for the control group was 1.0 £ 0.2 and for the diseased
dogs was 4.2 = 0.9. Comparison between the expression levels of IL-6 gene in the control and
diseased groups (Figure 2) shows that IL-6 gene expression in the diseased group is significantly
higher than the control group (p < 0.05). This observation is probably due to the fact that in the
immune response to infection, IL-6 gene is released to play its role at the protein and
transcriptional levels. In this regard, Smith et al. (2013) showed that in laboratory models, IL-6
gene plays a key regulatory role in the response to helminth infections and causes host

susceptibility to change.
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Figure 2. Comparison of IL-6 gene expression levels in control and diseased dogs. Different

letters on the bars indicate significant differences between groups (P<0.05)

In the studied samples, a negative correlation coefficient (r = —0.34) was observed for the
Pearson correlation between IL-6 levels and parasite load (p < 0.05). This indicates that an
increase in IL-6 may in some cases reduce the parasite load. This means that those who showed
a stronger inflammatory immune response (more IL-6) had a lower parasite load. Of course, this
negative correlation could also be due to individual differences in immune response, timing of
sampling relative to the stage of the parasite cycle, and the presence or absence of microfilariae
(occult vs patent). That is, it is possible that in cases where there was a rapid and strong
inflammatory response, the parasite load was kept low (Mufioz Caro et al., 2018).

The results observed in latent dirofilariasis indicate that this form of parasitic infection, like
other forms, causes elevated serum IL-6 levels and increased expression. The IL-6 gene is a
pleiotropic gene, as it is involved in various processes such as T-lymphocyte differentiation,
inflammatory responses, and acute phase response. Therefore, its increase is expected when
exposed to parasitic antigens (Grebenciucova et al., 2023). Studies on parasite/microbe
interactions have shown that D. immitis antigens or microbial co-factors stimulate local immune
cells and cause the release of IL-1 and TNF, which in turn alters IL-6 expression (Muiioz Caro,
et al., 20018). Several studies have shown that dogs with patent infection have different cytokine
expression (e.g. IL-4 and IL-10) compared to occult cases (Morchén et al., 2007). This supports
the emergence of cytokine responses in dirofilariasis. Therefore, the results of the present study,
which showed that IL-6 expression is increased in occult cases, confirm the results of previous

studies on this subject.
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In a study by Schiittler & Neumann (2015), clinical studies in hospitalized and critically ill
dogs were conducted and showed that high IL-6 levels were associated with worse outcomes and
risk of death. They reported that a threshold of 400 pg/mL had high sensitivity and specificity for
predicting mortality. In the present study, the mean IL-6 (=124 pg/mL) in the patient group was
reported to be lower than this threshold, but was significantly increased compared to the healthy
group. This could indicate a hidden clinical inflammatory response. However, further studies are
needed to draw accurate and comprehensive conclusions. Review studies and meta-analyses have
shown that in parasitic infections (e.g. malaria) there is often a positive correlation between IL-6
and disease severity. This means that in cases where the disease is more severe, IL-6 levels are
higher (Wilairatana et al., 2022). This general pattern confirms the findings of the present article
and suggests that [L-6 can be a marker of inflammation and possibly the severity of the immune
response.

It should be noted that since the sampling was done at a single point in time, causality
between 1L-6 and reduction in parasite burden cannot be proven with certainty. This means that
longitudinal studies are needed to determine the sequence of cytokine changes and parasite
burden. Other factors such as age, race, nutritional status, exposure to antiprotozoa, or concurrent
infections should also be controlled for, as these factors can influence IL-6 levels. Although IL-6
measurement can provide valuable information (Goddard et al., 2016), it is better to conduct larger
studies to provide a more complete picture. For example, multiple markers such as IL-1, IL-10,
and TNF-a should be measured simultaneously with IL-6, along with evaluation of humoral and
cellular responses. In addition, IL-6 can be used as an auxiliary biomarker to identify the
inflammatory response in dogs with dirofilariasis, even in occult cases. However, before it can be
widely used, it is better to establish reference thresholds adapted to the local population and to
investigate the sensitivity/specificity of the clinical assay. If a set of cytokines, together with
cardiorespiratory parameters and clinical indices, are studied simultaneously with IL-6 in the
future, the predictive value of IL-6 at different stages of the disease can be better determined and
reported.

Conclusion: The results of this study showed that both plasma levels and gene expression
of IL-6 are increased in dogs with latent dirofilariasis. In addition, this increase caused changes
in parasite load and was correlated with them. Therefore, IL-6 can be used as a potential
inflammatory marker in the management and clinical investigation of this infection. However,
before any action, longitudinal studies with larger samples are needed to confirm this role, while

simultaneously benefiting from a broader set of biomarkers in the study.
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