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ABSTRACT: This study investigates the role of interleukin-6 (IL-6) as a key pro-inflammatory cytokine in
coronavirus-infected humans and camels. A total of 75 serum samples from each species were analyzed using ELISA.
The results revealed a significant elevation of IL-6 levels in infected individuals compared to controls (P<0.0001),
indicating a strong inflammatory response. Notably, this is the first study to quantify IL-6 protein levels in dromedary
camels during natural coronavirus infection, addressing a gap in camel immunology. The findings underscore IL-6 as
a critical biomarker of inflammation across species. Further research is warranted to explore its mechanistic role in
disease severity.
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1. INTRODUCTION

Long COVID has emerged as a significant challenge since the COVID-19 pandemic, which was declared as an
outbreak in March 2020, marked by diverse symptoms and prolonged duration of disease [1]. The immune system is
divided into 2 parts: the innate immune system and the adaptive immune system, and they work in essential and powerful
ways for SARS-CoV-2 managing and reducing COVID-19 infections [2]. Severe morbidity and mortality in COVID-19
are linked to an inflammatory ‘cytokine storm’ driven by hyperactive macrophages and altered monocyte function [3].
Cytokines are a diverse family of intercellular signaling molecules that regulate inflammation and immune responses [4].
A variety of cells produce cytokines and usually act in an autocrine or paracrine manner at very low concentrations in
tissues. Localized inflammation is usually a physiological protective response to initial tissue injury [5]. Two broad
classes of cytokines are generally recognized: pro-inflammatory and anti-inflammatory cytokines. Pro-inflammatory
cytokines are involved in the up-regulation of inflammatory reactions, while anti-inflammatory cytokines counteract
these effects to downregulate the pro-inflammatory cytokine response [6]. Interleukin 6 (IL-6) is a cytokine critical to
proinflammatory and immune regulatory cascades. Emerging data have identified important roles for IL-6 in innate
immune responses and adaptive immunity [7]. IL-6, promptly and transiently produced in response to infections and
tissue injuries, contributes to host defense through the stimulation of acute phase responses, hematopoiesis, and immune
reactions [8]. It was first described in 1973 as a protein secreted by T lymphocytes that aids B cell differentiation into
antibody-producing cells; thus, it was initially known as B cell stimulatory factor 2 (BSF2) [9].

IL-6 is a small polypeptide (molecular weight of 19-28 kDa), comprised of four a helices. Usually existing in a
monomer form, it consists of 184 amino acid residues, glycosylation sites, and two disulfide bonds [10]. It is produced
by B lymphocytes, T lymphocytes, macrophages, including microglia, as well as fibroblasts, keratinocytes, mesangial
cells, vascular endothelial cells, mast cells, and dendritic cells [11]. IL-6 secretion is stimulated during the inflammatory
response secondary to tissue injury or infection. After it is produced, it moves through the bloodstream to the liver,
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triggering production of acute phase reactants such as C-reactive protein (CRP), serum amyloid A (SAA), al-
antichymotrypsin, fibrinogen, and haptoglobin [12]. IL-6 is a growth factor for B cells, inducing their maturation and
differentiation into plasma cells and increasing their survival [13], [14].

This study aims to investigate the dynamics of Interleukin-6 as a key pro-inflammatory cytokine involved in the host
immune response during coronavirus infections, through a comparative analysis between humans and camels.

2. MATERIALS AND METHODS
2.1 SAMPLE COLLECTION

Between November 2022 and April 2023, a total of 75 blood samples were aseptically collected from humans
and another 75 from camels, all of which were confirmed positive for coronavirus infection by real-time PCR. In camels,
the detection was based on amplification of a 113 bp fragment of the nucleocapsid (N) gene of camel coronavirus using
a validated RT-qPCR protocol [15]. In humans, confirmation was performed using the Molaccu Fast SARS-CoV-2 RT-
qPCR Detection Kit, which targets the ORFlab and N genes through RT-qPCR technology, and includes reagents for
both amplification and detection. The inclusion criteria for sample selection were based on the presence of clinical signs
consistent with coronavirus infection, the age group of the individuals, and the type of sample collected. Each sample
consisted of 5 mL of blood, collected using sterile needles and serum separation tubes (SST). For humans, venipuncture
was performed using a tourniquet and alcohol disinfection. In camels, the jugular vein area was cleaned with alcohol
before collection. Tubes were labeled with sample ID, date, and species. Samples were immediately placed in a cooler
box containing ice packs and transported to the Microbiology Laboratory at the Department of Pathological Analysis,
College of Science, University of Wasit. All samples were left to clot at room temperature for 30 minutes and
subsequently centrifuged at 1500 x g for 10 minutes to separate the serum, and stored at —20°C for long-term storage.

2.2 ENZYME-LINKED IMMUNOSORBENT ASSAY (ELISA) PROCEDURE

Two commercial ELISA kits were used for the quantification of IL-6 levels in serum samples. The Human
Interleukin 6 (IL-6) ELISA Kit (Sunlong Biotech, China; Generic Name: Human Interleukin 6 ELISA Kit) was used for
human samples, while the Camel Interleukin 6 (IL-6) ELISA Kit (Sunlong Biotech, China) was employed for camel
samples. Both kits utilize the sandwich ELISA principle, wherein microplate wells pre-coated with anti-IL-6 antibodies
bind to the IL-6 present in the sample. After binding, an HRP-conjugated detection antibody is added, followed by the
TMB substrate. The resulting color intensity, measured at 450 nm, is proportional to IL-6 concentration. Quantification
was achieved by comparing the optical density (OD) of the samples with a standard curve provided in each kit.

The ELISA assay was performed according to the manufacturer's instructions. For comparison purposes, a control
group was included comprising 20 clinically healthy humans and 20 clinically healthy camels, with no reported symptoms
of coronavirus infection. All control subjects tested negative for coronavirus by real-time PCR using the same respective
diagnostic protocols described above. For sample wells, 40 pL of sample dilution buffer and 10 pL of each sample (1:5
dilution) were carefully added to the bottom of the wells without touching the side walls, followed by gentle mixing. The
plate was sealed with a closure membrane and incubated at 37°C for 30 minutes. After incubation, the membrane was
removed, and the wells were washed five times by aspirating the solution, refilling with wash buffer, and allowing it to
rest for 30 seconds before discarding. Next, 50 uL of HRP-conjugated reagent was added to each well except the blank,
followed by another incubation at 37°C for 30 minutes. The washing step was then repeated as previously described.
Subsequently, 50 uL each of chromogen solutions A and B were added to all wells. The plate was gently mixed and
incubated in the dark at 37°C for 15 minutes. Then, 50 uL of stop solution was added to each well, resulting in a color
change from blue to yellow. Finally, the OD was measured at 450 nm using a microplate reader. The OD of the blank
well was used as the reference (zero), and readings were completed within 15 minutes of adding the stop solution.

Statistical analysis was performed using GraphPad Prism version 10 (GraphPad Software, USA). Since unequal
variances were expected between the groups, Welch’s t-test was applied for all pairwise comparisons between case and
control groups. Data were expressed as mean + standard error of the mean (SEM), and p-values < 0.05 were considered
statistically significant.

3. RESULTS

Quantitative analysis revealed a significant elevation in the serum concentrations of IL-6 in the case groups compared
to the control groups across both species studied. As illustrated in Figure 1, in humans, the mean concentration of 1L-6
was markedly elevated in the case group (26.51 + 3.16 pg/ml) relative to the control group (4.85 + 0.55 pg/ml), and this
difference was statistically highly significant (P < 0.0001). This marked increase reflects a pronounced pro-inflammatory
cytokine response among infected individuals.
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In camels, the mean concentration of IL-6 in the case group (31.03+ 2.19 pg/ml) was moderately higher than that
observed in the control group (4.85 £ 0.55 pg/ml), with the difference also reaching statistical significance. These findings
indicate a species-specific variation in the magnitude of the inflammatory response. The detailed statistical comparisons
presented in Table 1 further support these observations, with both comparisons demonstrating highly significant
differences (P < 0.0001) between the case and control groups. These results reinforce the reliability and reproducibility
of IL-6 as a measurable biomarker of inflammation during infection.

Table 1: Summary of Welch's t-test results: IL.-6 comparison between case and control groups.

IL-6 Human Camel
MeantSEM Mean+=SEM
Case group 26.51+£3.16 31.03+£2.19
Control 4.85+0.55 4.85+0.38
P Value <0.0001 <0.0001
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Figure 1: Concentrations of serum IL-6 between the case group and the control group using the Welch's t-test in
humans and camels.

4. DISCUSSION

Cytokine release syndrome or cytokine storm is a potentially life-threatening condition that results from the
pathologic overactivation of T cells, leading to hypersecretion of cytokines. COVID-19 patients showed increased serum
levels of proinflammatory cytokines such as IL-6, and the evidence shows that cytokine storm is directly related to the
severity of the disease process [16]. Cytokines play a critical role in regulating the immune response during viral
infections, including those caused by coronaviruses. As key mediators of inflammation, cytokines such as IL-6 help
coordinate the balance between protective immunity and harmful immune overactivation. The findings, as detailed in
Table 1 and visually represented in Figure 1, demonstrated significantly elevated IL-6 levels in infected groups compared
to controls across humans, camels, and bovines (P<0.0001). In humans, infected cases showed IL-6 concentrations of
26.51 + 3.16 pg/mL, whereas control samples showed 4.85 + 0.55 pg/mL. These findings align with those of Hafez et
al., who highlighted IL-6 as a key marker of inflammatory severity in COVID-19, where severe cases exhibited median
levels of 48.8 pg/mL (P=0.001), and long COVID-19 patients demonstrated elevated IL-6 with a mean difference of 9.75
pg/mL, P<0.00001 [17], [18].
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Moreover, previous studies have shown that IL-6 levels above 43.5 pg/mL may indicate a higher risk of severe
illness in COVID-19 patients[17] . Notably, the control values in this study, 4.85 pg/mL, are closely aligned with the
normal IL-6 thresholds previously reported—5.186 pg/mL by Said ez al. and 8 pg/mL by Hara et al. [19], [20]. In contrast,
these values remain substantially lower than the critical IL-6 levels observed in long COVID-19 cases, which reached
20.92 pg/mL [18]. The observed elevation of IL-6 levels in the human cohort mirrors previously reported trends in
gender-specific immune responses, where concentrations were notably higher in men, ranging between 100—1000 pg/mL,
with statistical significance at P<0.001 [21]. Furthermore, these findings align with the established role of IL-6 in
differentiating between varying severities of COVID-19, particularly between mild and moderate cases, where P =0.001,
as well as between mild and severe cases, where P= 0.009 [22]. Furthermore, the role of IL-6 as a mediator of
hyperinflammation in viral infections is well-documented in humans [18], [23].

On the other hand, dromedary camels, as a relatively neglected host in coronavirus research, have received limited
attention concerning cytokine-mediated immune responses. Within the broader scope of this study, which aims to
characterize host-specific immune dynamics, camels were included to address this notable gap in understanding their
inflammatory profile during coronavirus infection. Despite the growing scientific interest in the zoonotic potential of
MERS-CoV, studies focusing on cytokine responses in dromedary camels remain remarkably scarce. Most existing
research has concentrated on seroprevalence surveys and viral detection, with limited insights into the immunological
mechanisms involved, particularly at the cytokine level. For instance, a recent seroepidemiological study conducted in
Iraq revealed a high prevalence of MERS-CoV antibodies in dromedary camels [24].

This study provides novel insight into IL-6 protein levels in dromedaries, marking the first assessment of this cytokine
during natural MERS-CoV infection. As shown in Table 1 and Figure 1, infected camels exhibited a mean IL-6
concentration of 31.03 +2.19 pg/mL, whereas control animals recorded 4.85 +0.38 pg/mL. This approximately tenfold
elevation indicates a pronounced inflammatory response following infection. Historically, camel immunological studies
have largely focused on cytokine mRNA expression, such as IFN-y and IL-4, with limited exploration of protein-level
markers [25], [26]. The lack of species-specific immunological reagents, particularly monoclonal antibodies against
camel IL-6, has hindered progress in functional cytokine analysis [27]. Therefore, the current findings fill a critical
knowledge gap in camel immunology.

The observed IL-6 elevation suggests that dromedaries can mount a measurable pro-inflammatory response,
potentially resembling patterns observed in human coronavirus infections. This upregulation is likely driven by innate
immune activation in response to viral replication and tissue damage, given IL-6's established role in acute-phase
inflammation. Nonetheless, further studies are essential to validate these findings and to elucidate the mechanistic role
of IL-6 in camelid viral pathogenesis. In conclusion, IL-6 exhibited a marked elevation in all investigated species,
including humans and camels, underscoring its pivotal role in the host immune response to infection and highlighting its
potential as a key biomarker of inflammation.
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