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Abstract 
 
Ichthyophthiriasis (white spot disease) is known as one of the most commonly 
parasites found in overcrowded pools. Cystatin c is known to be the most valuable 
serum biomarker in determining renal function. Gelsolin is known as an actin-binding 
protein that eliminates and minimizes blood actin. Regulatory role of hepcidin in iron 
metabolism and reducing the amount of iron available to microbes plays its 
antimicrobial role and sphingosine 1 phosphate is able to increase and stimulate 
antimicrobial activity in host cells. This study was conducted in the summer of 2012 in 
Urmia, where a number of rainbow trout were collected from eight crowded 
aquaculture farms. Blood samples were taken from the tail vein of all fish and poured 
into tubes containing EDTA and significance of the analyzes was set at the level 
(P<0.01). According to the results, cystatin c, hepcidin and sphingosine 1 phosphate in 
infected fish were significantly increased compared to healthy fish, while the gelsolin 
level was significantly reduced. In conclusion, based on ROC statistical analysis, 
“hepcidin” has high sensitivity (88.6%) than other ones and it means that, hepcidin 
may utilize as “Possible Potential Diagnostic Biomarker” in rainbow trout 
Ichthyophthiriasis. 
 

 

Introduction 
 

Ichthyophthiriasis (white spot disease, Ich) usually 
plays an important role in the severity of mortality and 
economic losses in freshwater aquatic fish parasitic 
diseases in tropical, subtropical and temperate regions, 
which belongs to the protozoan parasite 
(Ichthyophthirius multifiliis) and is known as one of the 
most pathogenic parasites [Mifsud and Rowland, 2008]. 
Congestion stress facilitates the occurrence of a disease 
and consequently suppresses the immune system of 
fish. In other words, it increases the incidence of 
bacterial diseases in fish [Witeska et al., 2010].  

Cystatin c is a small protein that belongs to the 
cysteine protease inhibitors. This protein is continuously 
produced in all nucleotide cells and is released into the 
bloodstream and has a half-life of 2 hours [Villa et al., 
2005]. This protein is independently filtered by 
glomeruli in the kidneys and reabsorbed and re-
catalyzed in the proximal tubules [Antognoni et al., 
2007]. Cystatin c is known as the most valuable serum 
biomarker in determining renal function, especially a 
good choice for knowing the amount of glomerular 
filtration [Lassus and Harjola, 2012].  

Gelsolin is found extracellularly in plasma and 
intracellularly in cytoplasm and mitochondria 
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[Azimzadeh et al., 2019]. Gelsolin is known as an actin-
binding protein that is involved in the removal of 
extracellular actin subsequently in tissue damage [Sun 
et al., 1999].  

With studying the antimicrobial properties of 
various human body fluids, they isolated a small peptide 
from human urine and named it hepcidin based on its 
hepatic synthesis site and antibacterial properties in the 
body (cidin) [Park et al., 2001]. Hepcidin is a small and 
cationic peptide of 25 amino acids, has 4 intramolecular 
disulfide bonds and its dominant and active form in 
serum and biological fluids is in the form of hepsidine-
25, which is composed of amino acids [Ganz, 2003]. This 
peptide exerts its regulatory function by neutralizing the 
function of ferroportine, which is expressed at the level 
of macrophages, hepatocytes, and enterocytes, thereby 
increasing intracellular iron stores, reducing nutrient 
iron uptake, and decreasing circulating iron 
concentrations. In addition to the regulatory role in iron 
metabolism, hepcidin plays its antimicrobial role by 
reversing the direction of inflammatory responses and 
reducing the amount of iron available to microbes 
[Kanda et al., 2008; Lauth et al., 2005].  

Sphingosine 1-phosphate is a bio-active lipid 
mediator that belongs to the group of sphingolipids and 
participates in both physiological and 
pathophysiological pathways [Nofer, 2008]. Sphingosine 
1-phosphate is abundant in plasma and other body 
fluids and plays an important role in cell function 
through autocrine or paracrine pathways [Hanel et al., 
2007]. Red blood cells and platelets are involved in the 
storage and secretion of sphingosine 1 phosphate and 
are known to be the main sources of sphingosine 1 
phosphate. In addition, sphingosine 1-phosphate plays 
an important role in the extraction of lymphocytes from 
secondary lymphatic tissues to lymph. It is also claimed 
that sphingosine 1 phosphate is able to increase and 
stimulate antimicrobial activity in host cells [Garg et al., 
2004].  

To our knowledge, no published literatures have 
been performed about alterations of above mentioned 
parameters and determination of possible potential 
biomarker in rainbow trout with ichthyophthiriasis. 

 
Materials and methods 
 

This study was conducted in Urmia. In Seventy 
rainbow trout at the one of the eight aquaculture farms 
(crowded), observed severe infection with parasites in 

the form of horseshoe kernels on the head, fins and gills 
with white spots and the ciliated protozoan 
(Ichthyophthirius multifiliis) was observed under 
microscope. The same number (seventy) of fish without 
parasite and symptoms of other diseases were identified 
as a healthy group. Anesthesia has not been performed 
in fish due to possible side-effects on blood parameters 
[McKnight, 1966] and all blood sampling were obtained 
based on Canadian Council on Fisheries and Oceans 
Animal Care ethical board (CCAC). Blood samples were 
taken from the tail vein of all fish and poured into tubes 
containing EDTA for plasma preparation. All tubes were 
then centrifuged at room temperature (21ºc) at 4,000 
rpm for 10 minutes and stored at -18 ºc. The 
concentration of gelsolin and cystatin c was determined 
with the ELISA kit (Elab Science Biotechnology Company, 
South Africa) and the concentration of hepcidin was 
measured with the ELISA kit (Mybiosource Company, 
USA). Plasma sphingosine 1 phosphate concentration 
was measured with ELISA kit (bioassay, Technology 
Laboratory, China). Also, in terms of statistical analysis, 
t-student test, Pearson Correlation`s test and ROC 
analysis (Receiver Operating Curve) for analysis of cut of 
point and determination of “Sensitivity-Specificity” 
were performed for all data by SPSS statistical software 
version 22 and the significance of the analysis was done 
at the level (P<0.01).  
 

Result 
 

Table 1 shows the comparison of changes in 
plasma parameters in the parasite-infected group with 
the group without parasitic infection. Accordingly, the 
results showed that the mean parameters of cystatin c, 
hepcidin, sphingosine 1 phosphate in infected rainbow 
trout had a significant increase (P<0.01). In contrast, 
gelsolin levels were significant low in the parasite-
infected group than healthy ones (P<0.01). 

In Table 2: Based on ROC analysis, all parameters 
have good specificity, but in terms of sensitivity, there is 
difference between parameters, the higher sensitivity 
belongs to “hepcidin” with 88.6 %.  

According to Table 3, all parameters have a 
significant positive and negative correlation with each 
other at the level of 0.01. A positive two-way correlation 
between parameters means that the parameters 
interact with each other, i.e with the increase or 
decrease of each parameter, the other parameter also 
increases or decreases. Negative two-way correlation 

Table 1. Alterations of plasma parameters in the infected group compared to the healthy ones 

Plasma parameter Control group (without parasitic infection) Patient group (naturally infected with parasite) 

Cystatin c 12.94±1.36 †54.16±6.90 

Hepcidin 130.78±13.55 382.41±26.14† 

Sphingosine 1 phosphate 71.48±9.87 259.87±18.22† 

Gelsolin 138.47±12.49 19.87±1.63† 

Numbers are based on the mean ± standard deviation expressed,† shows a significant difference with the control group 
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between parameters means that the parameters do not 
interact with each other, that is, by increasing or 
decreasing each of the parameters, the other parameter 
decreases or increases. The highest and lowest positive 
correlations were between the parameters of "hepcidin 
and sphingosine 1 phosphate with a significant size of 
0.739" and the parameters of "cystatin C with hepcidin 
with a significant size of 0.662", respectively. 

The highest and lowest negative correlations are 
between the parameters of "gelsolin and hepcidin; with 
a significant size of -0.715 and the parameters of 
"gelsolin with cystatin C; with a significant size of -0.634. 

 
1) Student t-test Statistical Analysis Figures: 
 

 
Figure 1. Bar chart of Cystatin C in healthy and disease fish. 
(Student t-test). 

 
Figure 2. Bar chart of Hepcidin in healthy and disease fish. 
(Student t-test). 

 

 
Figure 3. Bar chart of Sphingosine 1 phosphate in healthy and 
disease fish. (Student t-test). 
 

Table 2. ROC (AUC) analysis of parameters 

Parameter  AUC Cut-off Sensitivity Specificity Std. Error Asymptotic Sig. 

95% asymptotic 

confidence interval 
Lower Bound Upper Bound 

Cystatin C  .983 53.156 .857 More than 0.999 .011 less than 0.001 .962 1.000 

Hepcidin  .988 383.491 .886 More than 0.999 .009 less than 0.001 .971 1.000 

Sphingosine. 

1.phosphate  
.980 269.700 .829 More than 0.999 .012 less than 0.001 .956 1.000 

Gelsolin  .841 161.066 .029 More than 0.999 .060 less than 0.001 .724 .958 

 
 
 

Table 3. The two-by-two distribution diagram of each of the parameters is shown below 

   Cystatin C Hepcidin Esfengosin.1.fosfat Gelsolin 

Cystatin C 
Pearson correlation 1 .662** .668** -.634** 

Significance level ___ Less than .001 Less than .001 Less than .001 
Number 70 70 70 70 

Hepcidin 
Pearson correlation .662** 1  -.715** 

Significance level Less than .001 ___ Less than .001 Less than .001 
Number 70 70 70 70 

Esfengosin.1.fosfat 
Pearson correlation .668** .739** 1 -.656** 

Significance level Less than .001 Less than .001 ___ Less than .001 
Number 70 70 70 70 

Gelsolin 
Pearson correlation -.634** -.715** -.656** 1 

Significance level Less than .001 Less than .001 Less than .001 ___ 
Number 70 70 70 70 
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Figure 4. Bar chart of Gelsolin in healthy and disease fish. 
(Student t-test). 

 
 

2) Receiver Operating Characteristic Curve (ROC) 
Statistical Analysis Figures: 
 
 

 
Figure 5. ROC analysis with Area Under Curve (AUC) in 
Cystatin. 

 
 

 
Figure 6. ROC analysis with Area Under Curve (AUC) in 
Hepcidin. 

 
 

 
Figure 7. ROC analysis with Area Under Curve (AUC) in 
Sphingosine 1 Phosphate. 

 
Figure 8. ROC analysis with Area Under Curve (AUC) in 
Gelsolin. 

 
3) Pearson`s Correlation Statistical Analysis Figures: 
 

 
Figure 9. Distribution Chart of Correlation between Cystatin c 
and Hepcidin. 

 

 
Figure 10. Distribution Chart of Correlation between Cystatin 
c and Sphingosine 1 phosphate. 

 

 
Figure 11. Distribution Chart of Correlation between Cystatin c 
and Gelsolin. 
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Figure 12. Distribution Chart of Correlation between Hepcidin 
and Sphingosine 1 phosphate. 

 

 

 
Figure 13. Distribution Chart of Correlation between Hepcidin 
and Gelsolin. 

 

 

 
Figure 14. Distribution Chart of Correlation between 
Sphingosine 1 phosphate and Gelsolin. 

 
Discussion 
 

The substantial effects of S1P has been determined 
on the function of T and B lymphocytes which is included 
in the maturation and migration of them. It plays 
especially as a substantial effect onto activation of T cell 
[Azimzadeh et al., 2017; Hait et al., 2006]. It has been 
demonstrated that during the T and B lymphocytes 
activation and stimulation, subsequently, S1P synthesis 
is reduced [Guo et al., 2013] which is not in accordance 
with our evidence. one of the possible causes of 
augmentation of S1P may be related to its stimulating 
role in the maturation and rapid migration of 

lymphocytes particularly T cells during infection. 
Besides, the role of S1P in stimulation and regulation of 
the antimicrobial activity of immune cells has been 
determined in in-vivo and in-vitro conditions [Garg et al., 
2004]. Thus, it is probable that S1P increases in order to 
stimulate and regulate the metabolic pathways of 
defensive cells against the pathogen. Another possible 
cause can be attributed to an increase in blood HDL 
levels because firstly S1P is considered as a component 
of the structure of HDL and secondly, one of the known 
effects of HDL is its protective role against infection as 
HDL can bind to the bacterial lipopolysaccharide and 
finally eliminates and neutralizes it [Guo et al., 2013]. 
Thus, it is possible that HDL synthesis has increased to 
eliminate the parasitic antigens released from 
Ichthyophthirius multifiliis and subsequently the 
concentration of S1P has been elevated in the infected 
group. We could not find any evidence which related to 
S1P alterations in Ichthyophthiriasis. Li et al. [Li et al., 
2009] showed that S1P concentration to be increased in 
CCL4-mediated hepatic fibrosis in rat which is in 
accordance with our study. Ikeda et al., in 2010 showed 
S1P reduction in liver fibrosis patients that is not 
consistent with our evidence. Platelets are known to be 
one of the main sources of S1P in plasma during 
sphingosine phosphorylation by sphingosine kinase 
[Pappu, 2007; Yatomi et al., 1995]. In line with this, 
platelets are recognized to reserve S1P plentifully and 
after activation, release it into the plasma [Toghill and 
Green, 1983]. In the respect of platelets, it might be 
activated in rainbow trout with Ichthyophthiriasis which 
could cause S1P elevation. Furthermore, it is possible 
that plasma S1P may be raised due to unknown 
source(s) which need further clarified.  

Our data showed that the plasma hepcidin in the 
infected and non-infected ones was higher than the 
control group. Generally, infection induces the synthesis 
and secretion of hepcidin in order to decrease the 
bioavailability of iron [Azimzadeh and Izadmehr, 2017]. 
Although previous studies have reported the 
involvement of hepcidin in infection and experimental 
inflammation [Cuesta et al., 2008; Galesloot et al., 
2011]. It has been reported that the level of serum 
hepcidin increases in pneumonia, infection, and 
pyelonephritis and it should be noted that IL-6 increases 
the synthesis and secretion of hepcidin in various 
diseases [Wang et al., 2013]. Consistent with our data, Li 
et al in 2021 reported that hepcidin level is increased in 
rainbow trout affected with Ichthyophthirius multifiliis. 
Hepcidin synthesis is regulated by inflammatory 
cytokines and iron concentration in circulating blood; 
therefore, hepcidin reduces ferroportin and availability 
of iron [Noguchi-Sasaki et al., 2016]. As hepcidin is 
critically involved in innate immunity by its direct 
antimicrobial properties and by reducing the 
bioavailability of iron [Azimzadeh and Izadmehr, 2017; 
Cuesta et al., 2008; Sow et al., 2011], thus, it is likely that 
hepcidin expression has been enhanced in the infected 
group due to infection with Ichthyophthirius multifiliis, 
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by decreasing the bioavailability of iron. Besides, the 
possibility exists that hepcidin expression may be 
induced in infected group through unknown 
mechanisms.  

Gelsolin (GLS) is known as actin binding protein 
which eliminates and minimizes blood actin which is 
subsequently produced during various diseases induced 
tissue damage especially hematologic ones, either 
directly (affects the blood cells) or indirectly 
(involvement in organs involved in hematopoiesis). 
Excessive release of actin into the blood, leads to a 
remarkable reduction of GLS which is not appropriate 
prognosis for amelioration of disease. So we can say that 
plasma GLS is associated with the disease severity and 
prognosis and therefore, it is under consideration as a 
prognostic indicator in acute diseases. In this study, 
plasma GLS decreased in disease group than healthy 
ones. In a study, GLS reduction was observed in hepatitis 
B patients and they reported it as possible diagnostic 
biomarker for detection of severity of hepatic injury 
[Mei et al., 2021]. Furthermore, GLS reduction 
demonstrated during brain hemorrhage [Zhao et al., 
2013]. Since GLS reduction in plasma occurred following 
actin increase in the blood, thus most likely it can be said 
that during with Ichthyophthirius multifiliis-mediated 
infection, cell damage occurred in various tissues and 
finally, this mechanism increases the synthesis and 
secretion of GLS into blood to inhibit actin which led to 
a reduction in the plasma GLS in infected group. These 
findings correspond with the results of our research.  

By assessing the serum Cys c levels in healthy and 
infected groups, we found that the mean serum level of 
this parameter in the infected group was higher than 
healthy one. There is no study on this parameter in 
rainbow trout affected Ichthyophthiriasis, but in one 
report with leishmaniosis, Cys c level was increased in 
comparison to the healthy group [Pasa et al., 2009] and 
even demonstrated Cys c as a new biomarker in early 
detection of renal injury in dogs and finally Azimzadeh in 
2017 reported high Cys c level in sheep theileriosis with 
different parasitemia rates. Since blood parasites such 
as Leishmania, causes tissue damage by forming 
immune-complexes (immunopathologic mechanisms), 
especially in the kidney, it is likely that Ichthyophthiriasis 
causes kidney damage by same mechanism (especially 
kidney glomeruli) and eventually leads to an increase in 
Cys c in serum. 

In conclusion, ichthyophthiriasis accompanies in 
alterations of some plasma parameters and causes 
severe tissue damage along with stimulation of 
inflammatory and antimicrobial defense reactions.  
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