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Abstract

Assessment of fish health is one of the efforts of farmers in minimizing losses due to disease. Rapid tests on fish
health can be done through blood observations. This study aimed to determine the blood glucose profile of koi
carp due to ectoparasite infestation from the level of blood glucose. The results showed that reported parasites
from Blitar’s koi carp were Trichodina, Dactylogyrus, Gyrodactylus, Myxobolus, Thelohanellus, Ichthyophthirius, and
Argulus. Trichodina showed the highest prevalence (100%) in this case while Thelohanellus was the highest intensity
level (93.8+16.3). The results of blood glucose level measurement based on parasite infestation levels showed
no significant difference (p>0.05) though the health problems caused by parasites in light, medium or heavy
infestation. This research also indicated that the blood glucose profile could be used as a rapid method to detect
fish health caused by parasites. We suggest that other variables such as nutritional status, life stage or feeding
must be conducted to ensure the glucose role in parasite identification as a rapid method for the future work.

Keywords: Blood identification method, fish disease, glucose, Koi carp.

Resumo

A avaliacdo da saude dos peixes é um dos esforcos dos produtores para minimizar as perdas por doencas. Testes
rapidos de salide de peixes podem ser feitos por meio de observagdes de sangue. Este estudo teve como objetivo
determinar o perfil glicémico de peixes “koi", devido a infestacdo de ectoparasitos a partir do nivel de glicemia.
Os resultados mostraram que os parasitas relatados de peixes “koi” de Blitar foram Trichodina, Dactylogyrus,
Gyrodactylus, Myxobolus, Thelohanellus, Ichthyophthirius e Argulus. Trichodina apresentou a maior prevaléncia
(100%) neste caso, enquanto Thelohanellus foi o maior em nivel de intensidade (93,8+16,3). Os resultados da
medi¢do do nivel de glicose no sangue, com base nos niveis de infesta¢do parasitaria, ndo mostraram diferenca
significativa (p>0,05), apesar dos problemas de salde causados por parasitas em infestacao leve, média ou pesada.
Esta pesquisa também indicou que o perfil de glicose no sangue pode ser usado como um método rapido, para
detectar a salde dos peixes causada por parasitas. Este estudo também sugere que outras variaveis, como
estado nutricional, estagio de vida ou alimentacdo, devem ser conduzidas para garantir o papel da glicose na
identificacdo do parasita como um método rapido para trabalhos futuros.

Palavras-chave: Método de identificacdo de sangue, doenca de peixe, glicose, carpa Koi.
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Blood glucose role as parasite fish detection

Introduction

Koi carp (Cyprinus carpio) is one of the commercial aquaculture species in Indonesia. Data from The Ministry of
Maritime Affairs and Fisheries in 2020 showed that the export value of koi carp reached 2,775 kg with nominal 34,881 USD.
Study Domasevich et al. (2022) has already stated that koi is a favorite fish among aquarists for all qualitative attributes.
Therefore, many koi carp cultivation businesses are carried out in Indonesia, especially Blitar. Blitar is one of the cities
with the largest koi carp production in Indonesia. Previous data stated that Blitar produces 40 million koi carp per year
and the government has designed Blitar as a minapolitan area for ornamental koi carp (Abidin et al., 2019).

Unfortunately, koi carp farming activities in Blitar still have problems. In June 2020, the koi production area in Blitar
was attacked by a fish disease. Many studies reported that extreme parasites attacked the koi carp in Blitar (Maftuch et al.,
2018; Soelistyoadi et al., 2020; Yanuhar et al., 2021). Furthermore, the parasite case in Blitar caused mortality reaching
90% (Yanuhar et al., 2021). The infected fish became weak, experienced less motion, pale color, decreased appetite, and
mortality occurred. The parasites that caused the case in Blitar recently were Myxobolus, Argulus, Trichodina, Dactylogyrus,
Gyrodactylus, and Ichthyophthirius multifiliis (Kismiyati et al., 2015; Azmi et al., 2013; Mahasri et al., 2011).

One way to prevent this case is to understand the condition of the fish’s blood. When fish are infected by parasites, the
body’s defense mechanism becomes weak so that fish become stressed. Stress levels can be determined by increasing
blood glucose levels in fish (Jiang et al., 2017). Stress causes an increase in glucocorticoids which results in an increase
in blood glucose levels to cope with high energy requirements (Suarez-Bregua et al., 2018). If the fish’s blood glucose
condition is not normal, the fish’s life will be disrupted and can even cause death. Measurement of blood glucose levels
can be used to diagnose stressed fish simply, effectively, and rapidly for a variety of stressors (Sulmartiwi et al., 2013;
Makaras et al., 2020). Based on the description above, we conducted a study in Blitar to determine the type and number
of parasites and also blood glucose levels in koi carp. This study aimed to re-introduce the method of blood glucose
profile determination of koi carp due to ectoparasite infestation from the level of blood glucose.

Materials and Methods

Sample collection

Koi carp samples with a size of 5-10 cm were collected in June 2021 from Blitar, East Java, Indonesia (112°14'-
112°28' East Longitude and 8°2'-8°8' South Latitude) (Figure 1).

CENTRAL JAVA

Figure 1. Geographical location of the sampling station.

Braz ] Vet Parasitol 2023; 32(2): e014622 2/9



Blood glucose role as parasite fish detection

Fish and blood collection

The fish samples (n=60) were collected and transported by using a styrofoam box filled with ice from the field
to the Laboratory of the Livestock and Fisheries Service of Blitar Regency as described in a previous study for
ectoparasite examination (Morey et al., 2022). Before being packed in styrofoam, koi carp were anesthetized using
clove oil and directly measured for blood glucose levels using an EasyTouch™, then packed per fish and labeled. Blood
was drawn using a 1 mL syringe filled with 2% EDTA (Ethylene Diamine Tetra Acid) solution which was used as an
anticoagulant. Koi carp blood sampling was done through the caudal vein. The caudal vein is under the vertebrae.
A minimum of 0.1 ml of blood is taken and then inserted at the end of the test script that has been inserted into
the digital blood glucose test kit. The results of blood glucose levels will appear on the screen of a digital blood
glucose device in the form of numbers with units of mg/dL. The fish samples used in this study have found animal
welfare based on Guidelines for the Use of Fishes in Research (AFS, 2014) and approved by Fisheries and Marine
Faculty of Universitas Airlangga according to protocol number 1231, 2021.

Examination of study parameter

The main parameters observed were blood glucose levels, ectoparasite prevalence, infestation, intensity, and
water quality. Examination of ectoparasites in koi carp (n=60) was carried out using the native method by scraping
on the surface of the body and gills (Yusni & Rambe, 2019). The scrapping results were observed using a binocular
microscope (OLYMPUS Cx21) with a magnification of 100x. The degree of infestation was determined as the severity
of the damage caused by the parasite to the host. Formula of the degree of ectoparasite infestation determination
according to (Williams & Bunkley-Williams, 1996) was shown in Table 1.

Table 1. Formula of degree of parasite infestation determination.

Level of infestation (parasites) Categories
<1 Very light
1-5 Light
6-10 Moderate
11-50 Medium
51-100 Heavy
101-999 Superheavy
>1000 Superinfection

The prevalence and intensity of ectoparasites were observed according to Bush et al. (1997), while blood
measurement was conducted according to previous research methods (Eames et al., 2010). Prevalence is the total
number of cases of a disease occurring at a certain time (Ayanful-Torgby et al., 2018). The prevalence was calculated
using the following formula (Pawar, 2022):

Prevalence = Number of infected fish < 100% )
Number of fish samples

The ectoparasite intensity was calculated to determine the number of parasites in individuals or populations
which was indicated by the average parasite value per host (Shaw et al., 2018). Intensity was calculated using the
following formula (Hakim et al., 2019):

Number of parasites found

Intensity =
¥ Number of fish infested with parasites (2)

The results of the examination of blood glucose levels with units of mg/dL and the degree of ectoparasite
infestation are presented in the form of tables and figures to provide a descriptive picture.
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Water quality

Water quality measurement data follows the procedures from previous studies (Wiyoto & Effendi, 2020).
The results of the water quality measurement in the koi carp pond soil obtained a temperature of 28°C, dissolved
oxygen 4.71 mg/L, pH 8.6, and ammonia 0.05 mg/L.

Statistical analysis

This study used an ANOVA test at 5% significance to determine differences in blood glucose values of koi carp in
each category of the degree of ectoparasite infestation to evaluate the rapid method. Prior to the ANOVA test, the
normality test was carried out by Kolmogorov Smirnov and the homogeneity test was carried out by Levene's Test.

Results

Fish parasite examination

The results of the examination of ectoparasites found are Trichodina, Dactylogyrus, Gyrodactylus, Myxobolus, Thelohanellus,
Ichthyophthirius, and Argulus (Figure 2). Trichodina showed the highest prevalence (100%) in this case while Ichtyophthirius
was the lowest (13.3%) (Figure 2). Heavy levels of infestation showed in Myxobolus and Thelohanellus. In intensity level,
Thelohanellus was the highest (93.8+16.3) while Argulus showed the lowest value (2.1+0.7) (Table 2).

frasicanl B
AL R T AT R -

Figure 2. A. Cyprinus carpio; B. Dactylogyrus sp. (a. Opisthaptor; b. Eye spot; c. Hook), 100x; C. Gyrodactylus sp. (a. Opisthaptor;
b. Haptor), 100x; D. Myxobolus sp., 100x; E. Thelohanellus sp., 100x; F. Ichthyophthirius (a. Micronucleus; b. Macronucleus; c. Cilia;
d. Membrant), 100x; G. Argulus sp. (a. Testes; b. Maxilla; c. Stylet; d. Leg; e. Proboscis), 40x; H. Skin infested by Gyrodactylus sp.;
I. Trichodina sp. (a. Adhesive disc; b. Denticle ray; c. Denticle), 100x.
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Table 2. Fish parasite observation in this study.

Species Fish Ectoparasite Predilection Prevalence (%) Mean Intensity ir?feegsrtea::igfn
Trichodina sp. Gills, skin 100 23.916.03 Medium
Dactylogyrus sp. Gills, skin 95 21.8+0.25 Medium
Gyrodactylus sp. Gills, skin 46.7 4.9+3.61 Light
Cypr;rr;tizg;)rpio Myxobolus sp. Gills, skin 31.7 75+25.03 Heavy
Thelohanellus sp. Gills, skin 13.3 93.8+£16.3 Heavy
Ichthyophthirius Gills 6.7 23425 Light
Argulus sp. Skin 15 2.1+£0.7 Light

Koi carp blood glucose profile

Measurement of blood glucose levels showed a different value in fish infested with parasites. The result showed
that koi carp with light, medium, and heavy infestation of ectoparasites had blood glucose levels that were not
significantly different (p = 0.715 > 0.05) (Table 3).

Table 3. Results of blood glucose level measurement based on the degree of parasite infestation. There was no significant
difference in blood glucose for the three degrees of ectoparasitic infestation (p = 0.715 > 0.05).

Blood glucose level

Fish Samples Degree of infestation
Mean * SE (mg/dL) F-value p-value
Light 99.242+6.592 NS
Cyprinus carpio (n=60) Medium 86.333+26.168 0.337 NS
Heavy 106.791+10.819 NS

SE: standard error; NS: not significant.

Discussion

Ectoparasite investigation and blood glucose response

The parasites found in this study were indeed ectoparasites in koi carp. Trichodina, Dactylogyrus,
Gyrodactylus, Myxobolus, and Thelohanellus were infested in the gills and skin of koi carp (Elisafitri et al., 2021;
Yanuhar et al,, 2019; Zhang et al., 2022). Another study stated that Ichthyophthirius attaches to gills while Argulus is
found in koi carp skin (Firdausi et al., 2020; Koyuncu, 2020). Gills are a favorite part for parasites to attach to. This is
because the parasite uses the host molecule on the gills as a receptor and tries to avoid the host's immune system
(Scheifler et al., 2022). The presence of parasites in fish gills reduces the gill surface area, causes disturbances of
hydromineral balance, increases ATP-ase expression and induces apoptosis in mitochondria-rich cells (Oguz & Oguz,
2020). This mechanism causes reduced oxygen entering the fish, the color of the gills becomes pale, uncertain
movement, fade color, stress, and even mortality (Suliman et al., 2021). Besides gills, skin is a favorite place for
parasites to attach. This is because the parasite attaches to the skin and gills of the host to get nutrients in the
form of epidermal cells or even blood to develop (Faruk, 2018). The skin-infested parasite is the most abundant,
diverse, and pathogenic group of parasites in both freshwater and seawater fish (Zhang et al., 2017).

Infestation level of koi carp

This study also showed that the infestation of light, medium, and heavy were found in koi carp from Blitar.
Previously, extreme parasite cases were reported in the Koi carp from Blitar which caused mortality of up to 90%
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(Maftuch et al., 2018; Soelistyoadi et al., 2020; Yanuhar et al., 2021). The presence of ectoparasite infestations on the
body surface of fish could change the normal physiological function of host cells in infested organs and symptoms
including lethargy, gill or skin lesions and increased mucus production (Jiang et al., 2017). If two or more parasites
infest the same host or organ, there will be competition with each other for nutrients from the host which can
affect the immunity and physiology of the host's body (Poulin, 2013). Fish will experience stress and overcoming
this requires more energy sources than glucose. Fish divert energy normally used for growth to other physiological
processes to maintain homeostasis (McNamara et al., 2013).

The cause of parasitism

The phenomenon of parasitic attack in Blitar was probably caused by environmental factors such as water quality.
The results of the water quality measurement in the koi carp pond were temperature 28°C, dissolved oxygen 4.71 mg/L,
pH 8.6, and ammonia 0.05 mg/L. According to a previous study, the optimal water quality parameters for the survival
of fish were having an oxygen content of more than 5 mg/L, pH of 6.5-8.5, and ammonia content of less than 0.05 mg/L
(Noga, 2010). It was indicated that the water quality in the koi carp pond was not optimal for the growth of koi carp.
Low dissolved oxygen and high temperature could be the main factors that caused the high infestation parasite in
the soil pond where the koi carp are cultivated. In water conditions with warm temperatures (25-32°C), acidic pH,
and low dissolved oxygen will encourage the proliferation of the parasite group (Saha et al., 2013). The poor water
quality in Blitar for koi cultivation may be caused by the origin of the water source. Another study stated that koi
cultivation in Blitar used springs, rainwater, river and irrigation water (Kilawati et al., 2020; Kartikasari et al., 2021). This
water source had been polluted due to the activity of factory, household and livestock waste so its quality decreased
(Sabila et al., 2022; Khopsoh et al., 2021; Hertika et al., 2021; Izzati & Retnaningdyah, 2022).

Blood glucose profile as fish health indicator

This study showed the infestation of ectoparasites with light, medium, and heavy categories increases the
blood glucose levels of koi carp. It was indicated that blood glucose profile could be used as a rapid method to
determine the fish’'s health. This finding is also the same as a previous study that found no change in haemotological
parameters in fish infected with parasites (Fallah et al., 2015). Glucose is a monosaccharide of the aldohexose group
and a necessary source of energy and carbon for most vertebrates including fish. Blood glucose concentration
is widely used as key physiological indicator expressing the general health condition of fish (Endo & Wu, 2019).
Glucose is the primary carbohydrate energy source of vertebrates and is stored as glycogen, an a-linked polymer,
predominantly in the liver and muscles (‘animal starch’) (Shendurse & Khedkar, 2016). The average blood glucose
level in this study indicated the value exceeds the limit. According to previous studies, the normal blood glucose
level in fish is 40-90 mg/dL (Patriche, 2009). Several studies have shown the role of glucose as an indicator of the
state of stress in fish due to ectoparasites such as Trichodina, Cryptocaryon, Lernaea cyprinacea, Argulus foliaceus,
Ceratothoa oestroides (Mahasri et al., 2020; Fallah et al., 2015; Ozdemir et al., 2016). In spite of the extended use
of glucose as a common stress indicator, undefined and uncontrolled variables which may alter the response
in the secretion of glucose must be considered, such as nutritional status, life stage, time since the last feeding,
maturation or effects of swimming. Most of those factors are not directly considered stressors but have an effect
on the glucose level which makes them a source of error (Martinez-Porchas et al., 2009; Malik et al., 2020).

Conclusion

The result of this study provides information regarding the use of glucose as an indicator of fish health status
regarding fish ectoparasite infestation. Changes in blood glucose values can be used as an early indicator of impaired
fish health due to parasites. This study also suggests that other variables such as nutritional status, life stage or
feeding must be conducted to ensure the glucose role in parasite identification as a rapid method.
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