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Abstract

The aim of this study is to assess the toxicity of some heavy metals and parasitic
infection in fishes as well as the immunological status of these fishes infected with
different parasites. Between January 2018 and January 2019, 360 Nile tilapia
(Oreochromis niloticus) near four farms and in the Nile River in Giza were exam-
ined for external and internal parasites. In addition, samples were expressed for two
genes using quantitative real-time polymerase chain reaction. Samples were also
taken from muscles and water for toxicological analysis of different heavy metals. In
the skin, the mean TNF-« levels in the monogenea and mixed protozoan parasites
(Trichodina and Myxobolus spp.) were 18.00£0.67 and 13.65 £ 0.54, respectively.
In the gills, the mean TNF-x of monogenea, Centrocestus formosanus, and encysted
metacercaria (EMC) with monogenea group means was 20.45+0.74, 23.00 +0.74,
and 25.78 £0.74, respectively. In muscles with EMC, the mean TNF-« level was
14.67 £0.70. In livers with EMC, the mean TNF-« level was 26.78 £0.70. In the
skin, the mean IL-1{ level in monogenea and protozoan parasites (Trichodina and
Myxobolus spp.) was significantly different (25.00+0.69 and 15.00 4+ 0.43, respec-
tively). In the gills, the mean IL-13 level of the monogenean group was 21.00 +
0.79, whereas C. formosanus showed the significantly highest value (27.00+0.74).
The mean IL-1f3 level of EMC with the monogenea group was 24.00 + 1.54. Results
showed that the level of Zn, Pb, Cu, and Cd was the highest in tissues of fish than
permissible limits (PLs). Histopathological examination of different examined tis-
sues exhibited serious pathological alterations. Monogenetic trematodes were de-
tected in the examined fish, and their presence was accompanied by hyperplasia and
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fusion of the secondary gill lamellae. EMC of digenetic trematodes was frequently
observed in the gills and in the cartilage rod. In conclusion, the parasite infection
can upregulate the immunological cytokines with different levels with different
infections.

Keywords Foodborne zoonoses - Encysted metacercaria - Tumor necrosis factor-alpha (TNF-c) -
Interleukin-1f3 (IL-13) - Gene expression - qRT-PCR

Introduction

The main species of freshwater fish found in the Nile River of Egypt is Oreochromis niloticus
(Nile tilapia). It is one of the most prevalent and low-cost fish consumed by the Egyptian
population. This fish can tolerate adverse environmental conditions because of its somatic
resistance to disease and can also survive low oxygen and high ammonia levels because of
their low respiratory demands (Zhou et al. 1998).

Oreochromis niloticus was considered as the most prevalent and cheapest source of animal
protein in Egypt as it enhances several human health conditions as recorded by Mahmoud et al.
(2019a).

Different parasites were recorded in Nile tilapia (Oreochromis niloticus (Linnacus, 1758))
such as Trichodina spp., Ichthyophthirius multifiliis, Chilodonella spp., Myxobolus spp.,
Cichlidogyrus spp., Gyrodactylus spp., Contracaecum sp., Argulus spp., Ergasilus spp., and
Lernea spp. (Arguedas et al. 2017).

The contamination of freshwater by different heavy metals has been a great concern
because of these substances’ threat to both human and aquatic life (Canli et al. 1998). Heavy
metals present in the human population are due to either natural or manmade causes (wind-
blown dust, ore-bearing rocks, forest fires, and vegetation) or anthropogenic activities (indus-
trial effluents, sewage sludge disposal, pesticides, inorganic fertilizers, and atmospheric stones
(Haiyan and Stuanes 2003; Ali and Abdel-satar 2005).

Heavy metal pollution of the aquatic environment results in the bioaccumulation of these
high-density metals in fish tissues. The presence of heavy metals inside animals and human
tissues can cause the disruption of essential molecules, including proteins and enzymes that are
important for metabolism and DNA damage repair and the destruction of viable organs in
living tissues such as cell membrane, mitochondria, and different organelles, including even
nuclei (Suziki et al. 1988; Hodgson 2011; Tchounwou et al. 2012).

There are many indicators of heavy metal pollution. The first indicator includes aquatic
insects, plants, protozoans, crustaceans, and fish (Burger et al. 2002). Because fishes are
known to be susceptible to bioaccumulation of metals, they can be used for biomonitoring. In
addition, they can be used to compare metal concentrations among sites where water samples
are near or below the detection limits, the atomic absorption technique (Ramelow et al. 1989).
The second indicator of pollution is water, as heavy metal concentrations in water mirror the
pollution status of these areas (Ali and Abdel-satar 2005). The third indicator is sediment.
Heavy metal pollution of aquatic ecosystems is often most obvious in sediment, macrophytes,
and aquatic animals, followed by water (Linnik and Zubenko 2000).

Different immunological cytokines are evaluated against several pathogens which indicates
the immune status of the fish against the infection; from these cytokines, IL-13 and TNF« that
are considered as the pro-inflammatory cytokine and produced in early stages of infection.
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Currently, there is a lack of studies on the relationship between different parasitic infections
and the immunological health condition of the O. niloticus with different gene expression
patterns. Thus, the aim of this study was to determine the relationship between the immuno-
logical status of fish infected with different parasites using gene expression analysis by
quantitative real-time polymerase chain reaction (QRT-PCR) as well as assessment of the
toxicity of some heavy metals.

Materials and methods
Collection of fish specimens

Between January 2018 and January 2019, a total of 360 Nile tilapia (O. niloticus; 1 year old,
10 cm in length) were collected near four farms (two in Kafr Elshikh and two in El Sharkia)
and from the Nile River. These fishes were evaluated for common helminths and protozoan
parasites. Thirty fishes were collected every month for 1 year for the examination studies. The
fishes were brought in aquaria and transported to the laboratory for parasitological, toxicolog-
ical, and histopathological examinations as well as molecular analysis. All of the collected
fishes were kept in aerated 30-L aquaria (Mahmoud et al. 2019b). Tissues samples from fish
were collected for heavy metal analysis. So, edible muscles, gills, and liver were removed and
kept frozen at —20 °C until toxicological analysis.

Parasitological examination

Each fish was carefully examined under light microscope, including the mucous membranes
surrounding the skin, gills, and fins. A smear was prepared from each part. These smears were
prepared for fixation using absolute methanol and then stained with Giemsa stain for protozoal
inspection (Saha and Bandyopadhyay 2017). The smears were examined under a light
microscope (Olympus CX41 microscope, Japan). To identify the encysted metacercaria
(EMC) species present in the fish, one cm of the fish muscles (preferred around the gills
and the tail) and in kidney was compressed between two slides and examined under dissecting
and light microscopy for the presence of any EMC according to Paperna (1996). All the
collected parasites were freshly examined under dissecting and light microscope and then
identified using the key of Paperna (1996).

qRT-PCR
Sampling

Infected skin samples and muscles (0.5 cm?) as well as gills (with the parasites, protozoan
parasites, monogenean spp., EMC, Centrocetus formosanus) were aseptically dissected. Sam-
ples from four uninfected fishes were collected in a similar manner and used as negative
controls. The samples were classified as skin with monogenean spp., skin with protozoan
parasites, gills with monogenean spp., gills with C. formosanus, gills with mixed infection of
monogenean spp. and EMC, muscles with EMC, and liver with EMC.
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RNA isolation

Fishes infected with the parasites under investigation were selected for gene expression
analysis. One hundred milligrams of skin, gills, muscles, and liver was used for isolation of
RNA using an RNA isolation kit (Ambion, Applied Biosystems). Firstly, the tissues were
homogenized using lysing matrix D tubes (MP Biomedicals) in a FastPrep-24 homogenizer
(MP Biomedicals, two cycles of 30 s at 6 m/s). The purity and quantity were measured using
the RNA Nanodrop (Picard-Sanchez et al. 2019).

qRT-PCR protocol

The two gene primers used were tumor necrosis factor-ocl (TNF-oc1) and interleukin-1{3 (IL-
1) specific for O. niloticus as follows: TNF-«l, F (GGTTAGTTGAGAAGAAATCA
CCTGCA), TNF-xl. R (GTCGTCGCTATTCCCGCAGATCA), IL-13-F (TGCACTGT
CACTGACAGCCAA), IL-13-R (ATGTTCAGGTGCACTATGCGG). 3-actin was used as
a reference gene: f-actin. F (CAGCAAGCAGGAGTACGATGAG), (3-actin. R
(TGTGTGGTGTGTGGTTGTTTTG) (Praveen et al. 2006; Heinecke and Buchmann 2013;
Akbari et al. 2017).

The cDNA synthesis, RNA extraction as well as the cycling condition were carried out in
accordance with the methods of Abu-Elala et al. 2018.

The quantitative PCR assays were performed following the steps by Akbari et al. (2017).
Ten microliters of mixture of SYBR® Premix Ex Taq™ (Tli RNase H Plus) and ROX plus,
1 pl of cDNA, and 0.5 pl of forward and reverse primers (100 nM) were mixed in a reaction
and filled with pure water to a final volume of 20 pl. The cycling conditions were as reported
in Abu-Elala et al. (2018). The ACT value was calculated by subtraction of the (3-actin CT as
an internal control, in which CT is the cycle number at which detectable signals are achieved.

Water samples
Water sample collection

Water samples were collected from two sites. The first site was the Nile River at Giza, and the
second site was an aquaculture earthen pond. Samples were collected using clean glass bottles
placed 50 cm below the water surface and then transported to the Faculty of Veterinary
Medicine laboratory in an ice box, with minimum delay before examination (APHA, 2005).

Examination of water samples

Collected samples were examined physically for pH and chemically for total hardness,
chloride, organic matter, phosphate, sulfate, ammonia nitrogen, nitrite nitrogen, nitrate, and
some heavy metals.

Physical and chemical examination Samples were immediately transported to the laboratory
to measure hydrogen ion concentration (pH) using a pH meter (pH ep-tester®, Hanna
instruments). Chemical oxygen demand was determined using the potassium permanganate
method according to Golterman (1971). Colorimetric methods were used to determine ammo-
nia and nitrite levels following the methods described by APHA (1995). Phosphate and nitrate
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levels were determined according to SMWW (1998). Chloride and sulfate were measured by
using the method described in APHA (1985). Total hardness was determined using the EDTA
titrimetric method mentioned in APHA et al. (2005).

Heavy metal analysis The concentrations of some heavy metals, including Cd, Cr, Cu,
iron (Fe*?), Pb, zinc (Zn), arsenic (As), Se, and silicon (Si), in water samples were
determined using the inductivity coupled plasma technique (Horiba TY model ultima 2)
at the Soils, Water & Environment Research Institute, Agricultural Research Center,
Ministry of Agriculture and Reclamation, Egypt. The collected 50-ml unfiltered water
sample from aquaria and the Nile River was added to 0.5 ml of concentrated sulfuric
acid. Then, boiling occurred until white fumes were formed; this foaming was set to
cooling and added to 1 ml of 60% HCLO3 and 5 ml of concentrated HNO3 until a
clear digest was noticed. This digested samples were cooled and filtered with a
Whatman paper No.l1. Then, the digested water samples were subjected to heavy metal
analysis using an atomic absorption spectrophotometer at the Soils, Water & Environ-
ment Research Institute, Agricultural Research Center, Ministry of Agriculture and
Reclamation, Egypt (El-Sayed et al. 2011).

Examination of fish tissues for heavy metals

Concentration analysis of some heavy metals, including Cd, Cu, Pb, and Zn, in fish
samples from the aquaria and Nile River was determined as follows: 1 g of the fish
tissue sample was digested using 10 ml of freshly prepared 1:1 concentrated HNO3-
HCLO3 for 1 h with gentle heating at 160 °C. The digested materials were allowed to
cool. Then, the digested fish tissues were subjected to heavy metal analysis using an
atomic absorption spectrophotometer at the Soils, Water & Environment Research
Institute, Agricultural Research Center, Ministry of Agriculture and Reclamation, Egypt
(El-Sayed et al. 2011).

Histopathology

On fish dissection, tissue samples from the gills, eyes, skin, muscles, liver, spleen, and
intestines were collected and kept in 10% neutral buffered formalin. After fixation, tissues
were routinely processed in different grades of alcohol and then xylene, and finally embedded
in melted paraffin wax. Sections of 5 um were cut and stained by using hematoxylin and eosin
according to Bancroft and Gamble (2008) and Mahmoud et al. 2019b. Slides were examined
using an Olympus light microscope (Bx43), and images were captured by an Olympus digital
camera (DP 27).

Statistical analysis
Group means were compared using one-way analysis of variance. Values of P<0.05 were
considered statistically significant. All statistical inference was performed using the PASW

Statistics, version 18.0, software (SPSS Inc., Chicago, IL, USA). All measurements of the
parasitic protozoa were expressed as means and standard errors.
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Results
Identification of the collected parasites

All fishes were investigated for different external and internal parasites (Fig. 1). Trichodina
spp. were collected from the gills, skin, and fins. One species of Myxobolus was collected
(M. tilapiae). One monogenean parasite was found to be the most common in examined fishes
(Cichlidogyrus tilapiae) and C. formosanus with different types of EMC (Prohmostomidae).
All of the examined fishes were positive for one or two mixed parasitic infections: 300 fishes
were infected with Trichodina spp. (83.33%), Myxobolus spp. (27.8%), and EMC (72.2%). In
fish with monogenean infection,16.66% and 3.8% were infected with C. formosanus.

TNF-a and IL-1B gene expressions of infected skin, gills, muscles, and liver
with different parasitic groups

In the skin, the mean TNF-« levels in the monogenea and mixed protozoan parasites
(Trichodina and Myxobolus spp.) were 18.00+0.67 and 13.65+0.54, respectively. In the
gills, the mean TNF-o of monogenea, C. formosanus, and EMC with monogenea group means
were 20.45+0.74, 23.00+0.74, and 25.78 £0.74, respectively, which were significantly
higher than those in the control group (3.00 £0.00; P =0.0001).

In muscles with EMC, the mean TNF-« level was 14.67 =0.70, which was significantly
higher than that in the control group (3.00 +0.00; P =0.0001).

In livers with EMC, the mean TNF-« level was 26.78 +0.70, which was significantly
higher than that in the control group (3.00 +0.00; P =0.0001; Table 1).

Fig. 1 Photomicrograph of parasitic infection of O.niloticus; a Cichlidogyrus tilapiae b Tichodina heterodentata
with cilia and large horse shoe-shaped macronucleus; ¢ Myxobolus tilapiae; e Centrocestus formosanus;
f different types of encysted metacercaria; all scale bar : 100 um
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Table 1 Gene expression analysis of TNF and IL-1f in O. niloticus infected with different parasites

Groups TNF mean + SE IL-1$ mean + SE
Skin Monogenea 18.00+0.672 25.00 +0.692
Protozoan parasites 13.65+0.54b 15.00+0.432
Gills Monogenea 20.45+0.742 21.00+0.792
Centrocestus formosanus 23.00+0.742 27.00+0.74b
EMC with monogenea 25.78+0.742 24.00 + 1.542
Muscles with EMC (10 EMC) 14.67 +£0.702 12.00 + 1.4°
Liver with EMC 26.68+1.342 26.00 + 1.452
Control 3.00+0.00¢ 3.00+0.00¢
P value 0.0001°* 0.0001°*

*SE, standard error

abed Different superscript letters indicate significant difference at P < 0.05

In the skin, the mean IL-1f3 level in monogenea and protozoan parasites (7richodina and
Myxobolus spp.) was significantly different (25.00£0.69 and 15.00 + 0.43, respectively) and
significantly higher than that in the control group (3.00 +0.00; P=0.0001).

In the gills, mean IL-1 level of the monogenean group was 21.00+0.79, whereas
C. formosanus showed the significantly highest value (27.00 +0.74). The mean IL-1f3 level
of EMC with the monogenea group was 24.00 + 1.54, which was significantly higher than that
of the control group (3.00+0.00; P=0.0001).

In muscles with EMC, the mean IL-13 level was 12.00+ 1.4, which was significantly
higher than that in the control group (3.00+0.00; P=0.0001).

In livers with EMC, the mean IL-1{3 was 26.00 + 1.45, which was significantly higher than
that in the control group (3.00+0.00; P=0.0001; Table 1).

Water quality

We found that the pH exceeded the permissible limit (PL) for freshwater fish based on the
Environmental Protection Agency’s (EPA’s) 2001 guidelines (WHO 1993; Table 2). The
ammonia, nitrite, and phosphate levels in the samples were also higher than PLs, whereas
sulfate and hardness were within the PL. Chloride levels were found to be lower than the PL.
The nitrate level of sample 2 exceeded the recommended limits of the EPA.

Table 2 Chemical examination of water samples

Parameter Measurements Permissible limits (WHO (1993) (mg/1)

pH 7.6-8.19+£0.2 7-8 (6-9 for fresh water fish (EPA 2001))

Ammonia (mg/1) 0.5-20+0.5 0.05-0.5 (0.3 mg/l (EPA 2001))

Nitrite 0.2-10+0.7 None (0.01-0.03 mg/l (EPA 2001))

Nitrate <10-300+£2.5 2-5 (50 mg/l (EPA 2001))

Sulfate 65-175+3.6 200400 (200 mg/l (EPA 2001))

Phosphate 1-40+6.9 0.4-0.5 (0.5-0.7 mg/l (EPA 2001))

Chloride 22.5-65+5.5 200-600 (10 times the nitrite level) (250 mg/l (EPA 2001))
Hardness 75-170+4.3 -

Organic matter (COD) 7-85+5.8 Up to 10
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Table 3 Heavy metals in water samples

Heavy metal Samples concentration Permissible limits (U.S. EPA, 2005) (ug/l)
Cd *<0.1 10

Cr *<0.2 50 to 100 pg Cr/l
Cu 0.010-0.014 90

Pb *<0.9-1.5 100

Zn 0.043-0.044 1200

Se 0.011-0.015 10

Si *<1.3-1.732 -

As *<1-1.5 10

Fe 0-0.207 1000

*p<0.05

Heavy metals in tissues

All of the examined heavy metals were within the PL for surface water (Table 3). The
arrangement of measure was Si, Fe, Zn, Cu, and Se. The levels of the other metals were lower
than the detection limit.

The level of Zn was the highest in muscles, followed by the gills. Zn levels were the lowest
in the liver and greatly exceeded the PL of the Food and Agriculture Organization/World
Health Organization (FAO/WHO 1999) and the Egyptian Organization for Standardization
and Quality Control (EOSQC 2005).

The levels of Pb were equivalent in the muscles and gills and higher in these two tissues
than in the liver. All levels greatly exceeded the PLs of the FAO/WHO (1999) and EOSQC
(2005).

Cu levels were highest in the muscles followed by the gills and then the liver, exceeding the
PLs of the FAO/WHO (1999) and EOSQC (2005).

Cd levels were highest in the gills and exceeded the PLs of the FAO/WHO (1999) and
EOSQC (2005).

Histopathology

Histopathological examination of the gills from the collected fish exhibited serious patholog-
ical alterations. Severe acute telangiectasia of the blood capillaries in the secondary gill
lamellae (Fig. 2a) was the most frequently encountered lesion, which was usually accompanied
by severe congestion of the primary lamellar blood vessels (Fig. 2b). Moreover, fusion of the
secondary gill lamellae was observed in many cases as a result of hyperplasia and infiltration
of mononuclear inflammatory cells (Fig. 2¢). Along with the lesions, hyperplasia and hyper-
activity of mucous cells were noticed (Fig. 2d). The affected gills were heavily infiltrated by
eosinophilic granule cells (EGCs; Fig. 2e) with marked degranulation (Fig. 2f) in the tissue.
Bent and distorted secondary gill lamellac were also frequently observed. Some severely
affected gills exhibited shortening or complete erosion of the secondary gill lamellae (Fig. 2g).
Complete necrosis and destruction of the secondary gill lamellae (Fig. 2h) were detected in
some sections, resulting in bare primary gill filaments with the presence of desquamated and
sloughed epithelial lining (Fig. 2i). Monogenetic trematodes were detected in an examined
case, and their presence was accompanied by hyperplasia and fusion of secondary gill lamellae
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as well as heavy infiltration of mononuclear inflammatory cells (Fig. 2 j and k). EMC of
digenetic trematodes were frequently observed in the gills of infected fish, and some EMC
were found in the cartilage rod supporting the primary gill lamellae (Fig. 2 1 and m), causing
hyperplasia in the surrounding chondrocytes. At the base of the gill filaments near the gill arch,
severe areas of diffuse inflammatory edema were detected (Fig. 2n). Heavily infected fish had

Fig. 2 Photomicrograph of gills, H&E-stained, showing a lamellar telangiectasia (arrows); note the presence of
necrotic gill filaments (N) and areas of focal lamellar fusion (F). b Congestion of the primary gill lamellae (C)
with lamellar telangiectasis in some secondary gill lamellae (T); note the presence of necrotic gill filament. ¢
Lamellar hyperplasia with fusion of the secondary gill lamellae. d Fusion of secondary gill lamellae with
hyperactivity of mucous cells (arrow). e Lamellar hyperplasia and fusion with heavy eosinophilic granule cell
infiltration (EGC). f Higher magnification showing degranulation of EGC. g Shortening and necrosis of the
secondary gills lamellae. h Massive necrosis and destruction of the secondary gill lamellae. i Higher magnifi-
cation showing necrosis and desquamation of the lining epithelium of the gills; note the congestion in the primary
gill filaments. j Section in monogenetic trematode with hyperplasia and fusion of gill lamellac. k Higher
magnification showing mononuclear inflammatory cells infiltrating the secondary gill filaments along with
sloughing of the lining epithelium. 1 EMC in the cartilage rod supporting the primary filament with EGC
infiltration. m Higher magnification showing hyperplasia in the chondrocytes surrounding the parasite. n Marked
inflammatory edema causing expansion of the connective tissue at the gill arch. o Presence of multiple EMC at
the gill arch that appear surrounded by intense inflammatory reaction. p Heavy EGC infiltration at the base of the
gill filaments. ¢ EMC at the gill arch surrounded by heavy mononuclear cell infiltration. r EMC embedded in the
connective fibrous tissue with mononuclear inflammatory cell infiltration. s EMC with mononuclear inflamma-
tory cell infiltration with the presence of melano-macrophages. t Mild mononuclear and EGC infiltrations around
the EMC
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increased numbers of EMC at the gill arch, which appeared diffusely infiltrated by inflamma-
tory cells (Fig. 20). EGCs were the predominant inflammatory cells in cases of EMC
infestation (Fig. 2p). Mononuclear inflammatory cells were also associated with other cases
of EMC infestation (Fig. 2q), especially those detected in the connective tissue of the gills (Fig.
2r). Melano-macrophages (Fig. 2s) were also noticed as a reaction against the infesting
parasites. Generally, in almost all cases, the presence of EMC typically resulted in mild
mononuclear and EGC infiltration (Fig. 2t).

Histology of the eye sections revealed EMC in the surrounding connective and adipose
tissues (Fig. 3 a and b), which caused edema and mild infiltration of mononuclear inflamma-
tory cells. Examination of the muscles revealed the presence of EMC either beneath the skin
surface (Fig. 3c) or deeply embedded in between the muscle fibers (Fig. 3d). The presence of
EMC in the muscles was usually accompanied by very mild or even no inflammatory reaction
(Fig. 3e), but in some examined sections, the embedded cysts appeared to be surrounded by an
intense mononuclear inflammatory reaction (Fig. 3 f and g). The other commonly detected
alterations in muscle fibers included myodegeneration that was characterized by marked
vacuolation of the myocytes (Fig. 3h) and myositis that was manifested by infiltration of
mononuclear inflammatory cells along with hyalinization of muscle fibers (Fig. 3i). Livers of
fish showed the presence of EMC (Fig. 3j). The hepatocytes suffered degenerative changes
including vacuolar degeneration and fatty change (Fig. 3k). Some severely affected sections
exhibited massive diffuse hepatocellular necrosis (Fig. 31). With regard to the histopathological
alterations in the spleen, diffuse lymphocytic depletion was a frequently encountered lesion
(Fig. 3m) as well as hyperactivity of the melano-macrophage centers (Fig. 3n). Intestines of
fish showed diffuse infiltrations of the mononuclear inflammatory cells with a necrotic
epithelial lining as well as the presence of parasites in their lumen (Fig. 30).

Discussion

In this study, we found a strong relationship between the presence of parasites, toxicity, and
immunogenicity, all of which impeded the effects on the histopathological condition of the
affected tissues.

IL-13 and TNF-« are important pro-inflammatory cytokines which mediate immune
regulation in both innate and acquired immunity and in turn regulate the inflammatory
response. IL-13 was the first reported cytokine which secreted by different immunological
cells stimulated by different pathogens these cells as endothelial cells, macrophages, T
lymphocytes, and many other immunological cells. IL-1 has a chemoattractant effect on
different leucocytes which was coordinated by different chemokines. This stimulation leads
to rapid release of intracellular Ca+ ions, with consequence upregulation of the chemokine
receptors on the target cells (Fujiki et al. 2000; Jiang et al. 2008).

The pro-inflammatory cytokine, TNF-«, is one of the early secreted gene in the immuno-
logical process, which has a good role in regulating inflammation and is expressed during the
early stage of infection in fish (Attia et al. 2020), fish TNF-« with IL-1{3 had overlapping
functions in different fishes which had a role in activation of macrophages/phagocytes and in
turn promote the microbial killing activity (Zou and Secombes 2016).

Only fish infected with Ichthyophthirius multifilis which evaluated the immunological
genes as TNF-o by Akbari et al. (2017) and Gonzalez et al. (2007) evaluated different genes
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Fig. 3 Photomicrograph, H&E-stained. a, b Eye of a fish showing EMC (arrow) embedded in the connective
tissue with edema and mild mononuclear inflammatory cell infiltration. ¢ Muscle of a fish. EMC was detected
under the skin and appeared surrounded by mononuclear (M) and eosinophilic granule (EG) cell infiltrations. d
Muscle of a fish. EMC embedded deeply in between the muscle bundles. e Muscle of a fish, higher magnifi-
cation. EMC surrounded by fine connective tissue layer and eliciting minimal tissue reaction. f Muscle of a fish.
EMC embedded in between muscle bundles which appeared surrounded by intense mononuclear inflammatory
cell infiltration; note hyalinization of muscle fibers. g Muscle of a fish, higher magnification, showing intense
mononuclear inflammatory cell infiltration around the EMC. h Muscle of a fish showing severe diffuse
myodegeneration and necrosis. i Muscle of a fish showing intense mononuclear and EG cell infiltration in
between muscle bundles. j Liver of a fish showing the presence of EMC in between hepatocytes. k Liver of a fish
showing vacuolar degeneration (V) and fatty change (F) in hepatocytes. 1 Liver of fish showing an area of severe
diffuse hepatocellular necrosis. m Spleen of a fish showing diffuse lymphocytic depletion. n Spleen of a fish
showing activation of melano-macrophage center. o Intestines of a fish showing mononuclear inflammatory cell
infiltration in lamina propria and sloughing of the lining epithelium; note the presence of parasite in the intestinal
lumen
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as IL-1f3, CXCa, and CXCb in common carp. Toll-like receptor and immunoglobulin were
evaluated by Wang et al. (2019).

Cultured O. niloticus can respond to high upregulation of different genes stimulated by the
different pathogens. The skin and gills of fishes are common sites of parasitic infection, which
provide a 1st barrier against different parasitic diseases by secreting mucus which in turn limits
the pathogen load (Simon Jones 2001).

We found that TNF-a was upregulated in the skin, gills, muscles, and liver which were
infected with different parasites in comparison with the control group, which due to IL-1(3
expression had greater upregulation in the skin and gills as compared with the skin, also with
greater upregulation in the liver than in the muscles due to the presence of the immunological
cells, which secrete different cytokines.

These results indicate that the skin, gills, muscles, and liver, had high genes up-regulation
which was due to the presence of mucous that supported with excessive macrophage secretion
Zhu et al. (2013)

Physicochemical parameters were evaluated due to the solubility of toxic heavy metal
increase with the decrease of pH, and when pH values increased, Se and Zn levels decreased.
Environmental factors including pH and hardness are among factors affecting heavy metal
concentration in water and consequently in the tissues (El-Sayed et al. 2011).

Many reviews have included data about parasites and their possible use as bioindicators of
environmental impact. Acanthocephalans can act as indicators of bioaccumulation because of
their capacity to accumulate heavy metals (Sures 2008a). However, there is conflicting
evidence regarding the impact on aquatic parasite abundance (Sures 2008b).

A level of heavy metals in the human diet that exceeds the PLs can lead to several chronic
illnesses, including cancer, headache, and liver and kidney failure (El-Sayed et al. 2011).

The Cu values detected in O. niloticus in this study disagreed with those of Aly (2016), as
we detected the Cu concentrations to be in the following increasing order: muscles < liver <
gills. However, Aly’s study showed the highest concentrations of Cd in the liver and gills.

The Zn concentrations of this study also disagree with the findings of Aly (2016), who
found increasing Zn concentrations in O. niloticus tissues in the order of muscles < gills <
liver.

Bioindicators are species that reflect the environmental impact as a response to habitat
alterations. They can reveal changes in physiology or chemical composition of the environ-
ment, and they can be either accumulation or effect indicators. Accumulation indicators are
those that accumulate substances from their environment without showing adverse effects.
Parasites can uptake heavy metals higher than their hosts. On the other hand, effect indicators
demonstrate functional molecular, physiological, population size, or status changes. These
indicators can measure the effect of exposure to pollutants at different levels. Potential effect

Table 4 Heavy metal in fish tissues of O. niloticus

Heavy Gills Muscles Liver FAO/WHO EOSQC
metal (1999) (2005)
Cd 0.27-0.35+1.00 *<0.1 *<0.1 0.1 0.05

Cu 69.64-70.34+0.56  98.21-99.52+0.45 17.65-18.93+0.84 3 20

Pb 37.50-39.70+1.2  37.50-39.80+0.35 16.18-18.67+0.73  0.214 0.5

Zn 614.29-620.34+2.4 867.86-874+1.48 294.12-298.11+0.60 60 40
*p<0.05
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indicators include parasites (helminths, crustaceans, and protozoans) of both terrestrial and
aquatic environments.

Several studies have reported that different parasites accumulate heavy metals in their
bodies. Thus, nematodes, cestodes, or even Acanthocephalan spp. could be used as indicators
of heavy metal toxicity of water and tissues (Sures et al. 1994; Tenora et al. 1999; Tenora et al.
2000; Palikova and Barus 2003; Barus et al. 2007). It could be concluded that marine fish can
be used as biological indicators of heavy metal pollution while also minimizing the bioaccu-
mulation of heavy metals in fish tissues (Table 4). Until now, understanding of the relationship
between parasites and toxicity has not been satisfactory (Nachev et al. 2013).

Several toxic substances can be present in higher concentrations in farmed as compared
with wild fish (Cole et al. 2009). Thus, it is necessary to have a sufficient supply of good-
quality water for the construction of ponds to maintain high growth rates and good product
quality (Agoz et al. 2005).

With regard to our histopathological findings, much of the histological alterations in the
gills were associated with the nonspecific defense mechanism of the host fish against infes-
tation (Buchmann et al. 2001; Paruruckumani et al. 2015). Pooling of blood in the lamellar
capillaries (lamellar telangiectasis or aneurysm) could be regarded as a rupture of the retaining
pillar cells (Roberts and Rodger 2012). Lamellar hyperplasia observed in the gills is considered
a long-term response of the malpighian cells to lower levels of irritation, which may result in
secondary lamellar fusion.

Our findings of edema, hyperplasia, and fusion of the secondary gill lamellae related to the
presence of parasites in the gills were similar to those observed by Vinobaba (1994), Shinn
et al. (2004), Hossain et al. (2007), and Fujimoto et al. (2014). Such lesions were attributed to
the attachment mode of the parasite on the gill epithelium. Excessive mucus secretion due to
parasitism was also reported by Santos et al. (2017), who considered this to be a cause of
respiratory failure and fish death. Infiltration by EGCs observed in the gills could be attributed
to parasitism, as previously mentioned by Kantham and Richards (1995).

Similar to our findings, Mood et al. (2010) reported the presence of metacercariae lodged
next to the cartilage filaments, resulting in an intensive inflammatory response and hyperplasia
of the cartilage of the primary lamellae. The extensive proliferation of gill cartilage as a
response to metacercariae infestation was confirmed by Blazer and Gratzek (1985), which was
similar to our results. Unlike our findings, Santos et al. (2017) reported that there were no
histological alterations related to metacercaria infestation and attributed this observation to the
decreased load of infection.

The histological findings in the present study are in agreement with previous reports
indicating that parasites can cause considerable damage to the viscera, including the liver
and musculature of many fish species (Adeyemo and Agbede 2008; Shareef and Abidi 2012).

Conclusion

In this study, an explanation was provided for the toxicity of O. niloticus, including reduced
water quality and a high parasitic load, based on the histopathological profile of the fishes.
These parasites as well as the heavy metals present in the fish tissues can have destructive
effects on human health. Thus, the water in aquaria must be changed and cleaned regularly. So,
different rules for cleaning and health conditions for ponds must be taken into consideration.
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