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Abstract
The host immune response in Oreochromis mossambicus during natural infection with the isopod Cymothoa eremita was 
investigated. The naturally infected fishes were examined for enzyme profile, viz., respiratory burst activity (RBA), myeloper-
oxidase activity (MPO), and expression of immune-related genes, viz., toll-like receptor 22 (TLR 22), interleukin-1β (IL-1β), 
tumor necrosis factor α (TNF-α), complement component (C3), chemokine (CXCa), and β-actin in tissues of various organs 
(buccal cavity, gills and anterior kidney). Significant reduction (P < 0.05) in RBA and MPO was observed in the parasite-
infected fishes when compared to the uninfected control fishes. In the buccal cavity, the expression of the immune-related 
genes was significantly (P < 0.05) upregulated, whereas all the genes except IL-1β were significantly (P < 0.05) upregulated 
in the anterior kidney. In the case of gill tissue, the expressed genes showed a varied type of regulation. The immunological 
responses in O. mossambicus during isopod infection have not been investigated in detail so far, and this is the first study 
unveiling such insights. Hence, this study will help to improve our molecular understanding of the host-immune response 
to parasitic isopod infection.
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Introduction

Cymothoids are ectoparasitic, protandrous, and obligate 
isopods that infect fish in tropical and subtropical regions, 
leading to detrimental consequences for their hosts (Trilles 
et al. 2011; Smit et al. 2014). Isopods are found in many 
commercially important fish species worldwide, and their 
impact on these fishes includes killing, stunting, or caus-
ing damage that results in significant economic losses to 
fisheries (Ravichandran et al. 2010; Bharadhirajan et al. 
2014). Isopod-inflicted mortalities in mariculture facilities 
are common, causing substantial mortality in cultured fish 
(Horton and Okamura 2001; Mladineo 2002; Rajkumar et al. 
2005). Furthermore, isopod infections have been reported 

in cultured and wild tilapia, causing mortalities in countries 
such as the Philippines (Lopez 2001), Thailand (Chinabut 
2002) and Egypt (Abdelkhalek et al. 2017).

Cymothoids are prone to infesting the buccal cavity, 
gill chamber, body surface and fins of fishes (Brusca 1981; 
Thamban et al. 2015). Host specificity is influenced by the 
convergence of both parasite and host lineages and refers 
to the tendency of a parasite to occur on one or a few host 
species (Poulin 2007). The site specificity of the parasite is 
determined by its requirements and the impediments applied 
by the morphology and habits of the host (Morton 1974). 
These blood-feeding parasites exhibit a variety of pathogenic 
effects, causing direct harm not only to the host’s skin, gills, 
and tongue but also to the host’s physiological and repro-
ductive functions (Brusca 1978; Adlard and Lester 1994; 
Ostlund-Nilsson et al. 2005). Numerous pathogenic effects, 
such as tissue damage, anemia, a reduction in mean weight 
and length, growth inhibition, and mortality, have been 
observed in aquaculture due to cymothoid infection (Marks 
et al. 1996; Sievers et al. 1996; Leonardos and Trilles 2003).

C. eremita is commonly found attached to the buccal 
cavity of the host, infecting the basihyal or tongue bone. 
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Distribution has been reported from the Western Indian 
Ocean to the Western Pacific (Trilles 1994) and known to 
infect fish of different families, including Aulopidae, Hae-
mulidae, Serranidae, Mugilidae, Siganidae, Sphyraenidae, 
Psettodidae, Stromateidae, Carangidae, Tetraodontidae 
(Hadfield et al. 2013), and Lutjanidae (Martin et al. 2016) 
in different countries such as the Philippines (Trilles 2008), 
Japan (Saito 2000), South China Sea (Yu and Li 2003), and 
India (Jayadev Babu and Sanjeeva Raj 1984; Trilles et al. 
2011; Rameshkumar et al. 2016; Vigneshwaran et al. 2019; 
Ray et al. 2022).

Understanding the full range of natural defence mecha-
nisms used by fish to fight off parasites is crucial for effec-
tive disease control (Kar et al. 2015). However, the specific 
defence mechanism during isopod infection through the 
host immune gene response is unknown apart from hema-
tology and histopathology (Ozdemir et al. 2016; Elgendy 
et al. 2018). Oreochromis sp. is the third largest aquacul-
tured fish in the world, holding ecological and economic 
importance (FAO 2022), and it is also a widely studied fish 
species with well-characterized immune responses, making 
it a suitable model for investigating immune parameters. 
While isopods can indeed be host-specific, it is essential to 
understand the immune response in important host species 
like Oreochromis mossambicus to gain insights relevant to 
isopod infections.

This study aimed to investigate the immune response in 
naturally infected tilapia O. mossambicus which include 
immune gene expression and non-specific immune param-
eters during the C. eremita infection. The immune genes 
such as TLR 22, IL-1β, TNF-α, C3, and CXCa were used 
for this study based on their known roles and importance 
in fish immune response. TLRs have a crucial role in fish 
innate immunity; IL-1β and TNF-α are pro-inflammatory 
cytokines; C3 is a principal complement factor which is cru-
cial for the generation of the membrane attack complex; and 
CXCa stimulates immune cell migration to infected regions 
(Saurabh et al. 2011). We have also postulated eliciting mod-
ifications in enzyme activity associated with the immune 
response in O. mossambicus.

Materials and methods

Samples

Approximately 150 nos of O. mossambicus of various size 
were collected using a catch net from Pulicat Lake (13.4177° 
N, 80.3185° E), a brackish water lake situated in the Tiruval-
lur district, Tamil Nadu, in October 2021 which corresponds 
to monsoon season. Based on the visual observation, appar-
ently healthy and isopod-infected fishes collected were seg-
regated and maintained in the Pulicat Farm Facility-TNJFU 

(Tamil Nadu Dr. J. Jayalalithaa Fisheries University) for 
the study. Both infected and uninfected fish were housed 
separately in rearing tanks with optimal dissolved oxygen 
(5 ppm), salinity (27 ppt) and water temperature (24–27 °C) 
for a duration of 7 days.

The fishes from the infected (n = 15) and control groups 
(n = 15) from each group were anaesthetized with clove oil 
at a concentration of 90 mg  L−1 The fish skin was thoroughly 
wiped and cleansed before blood sampling to prevent mucus 
from contaminating the blood. Blood samples were drawn 
from each group using a 2-mL syringe from the caudal vein, 
ensuring no harm to the fish (Kaya and Kocatepe 2014). 
The samples were processed separately to assess immune 
parameters, viz., RBA and MPO in triplicates for each sam-
ple. Following blood collection from the all the fishes, they 
were dissected to collect tissues for analysis (buccal cavity, 
gill, and anterior kidney), which were stored in RNAiso plus 
(Takara, Japan) at − 20 °C for total RNA extraction. Each 
target tissue from every five fishes was pooled separately, 
resulting in three replicates of each organ for gene expres-
sion studies. Parasites were carefully removed from the fish 
and stored in 70% ethanol for PCR-based molecular char-
acterization and in 5% formalin for classical identification.

Molecular characterization and identification 
of parasites

Parasitological examination was carried out for the iden-
tification of isopod parasites attaching to the buccal cav-
ity following the descriptions of Hadfield et al. (2013). For 
molecular characterization, total DNA was extracted from 
the parasites using the Qiagen DNA easy Blood and Tissue 
Kit, following the manufacturer’s instructions. Partial 28S 
rDNA was amplified using universal primers (Table 1) and 
the protocol outlined by Roy et al. (2015). The amplified 
PCR products were resolved in a 1.5% agarose gel contain-
ing 0.5 μg/mL ethidium bromide. Visualization and docu-
mentation of DNA bands were done using a gel documen-
tation system (Bio-Rad, Germany). Nucleotide sequencing 
of the amplified products was carried out (Eurofins, Ban-
galore, India) and sequence similarity was assessed using 
the BLAST (Basic Local Alignment Search Tool) program 
of NCBI (National Centre for Biotechnology Information).

Real‑time PCR assay

To assess gene expression via real-time PCR (qRT PCR), 
total RNA was extracted using RNA iso-plus (Takara Bio) 
following the manufacturer’s protocol from buccal cavity, 
gill, and anterior kidney tissues. The quality of the extracted 
RNA was evaluated using a Nanodrop spectrophotometer 
(Thermo Fisher), and the absorbance ratio at 260 nm and 
280 nm indicated a value of approximately 2.0, suggesting 



3235Parasitology Research (2023) 122:3233–3242 

1 3

a good RNA quality. Residual genomic DNA was removed 
using RNAse-free DNAse I (Fermentas, USA). RNA 
extracted from samples was transcribed to cDNA using a 
first-strand cDNA synthesis kit (Qiagen, Germany, Thermo 
Scientific) and stored at − 80 °C until use. The real-time 
PCR (qRT PCR) assay was done in a total volume of 25 
μL with 2 μL of cDNA template, 1 μL of each primer (for-
ward and reverse), 12 μL SYBR Green PCR master mix kit 
(Takara Bio) and 9 μL of RNAs free nuclease water. Gene 
expression profiles in the tissues of healthy and parasite-
infected fish were analyzed using real-time PCR equipment 
(1000 Touch thermal cycler–CFX96, Bio-Rad, Germany) 
following a thermal profile of initial denaturation at 95 °C 
for 3 min, denaturing at 95 °C for 3 s for 40 cycles, and 
annealing at 56–60 °C (depending upon the targeted gene) 
for 30 s, with extension at 72 °C for 30 s, finally ending 
with a dissolution curve. The primers and program used for 
relative gene expression studies are mentioned in Table 1.

The qRT-PCR was conducted in triplicates, and the rel-
ative expression level of the specific gene was presented 
as  2−ΔΔCt (Livak and Schmittgen 2001) by measuring the 
amplified threshold cycle (Ct) values. The housekeeping 
gene β-actin expression was used as an internal control to 
normalize gene expression, considering its uniform expres-
sion across all eukaryotic cell types to compare the relative 
expression levels of the genes. This choice was influenced 
by prior research in the field, where β-actin has been suc-
cessfully used for normalization involving parasitic infection 
(Zhi et al. 2018; Kar et al. 2015).

Respiratory burst activity (RBA)

RBA was assessed by the reduction in nitroblue tetrazo-
lium (NBT) to formazan (Anderson and Siwicki 1995). 
Briefly, blood was mixed with 0.2% NBT in equal pro-
portion (1:1), followed by incubation for 30 min at 25 °C 

using glass tubes. One milliliter of dimethyl formamide 
(SRL, Mumbai, India) was added to 50 μL of this reac-
tion mixture to solubilize the reduced formazan product, 
and the mixture was centrifuged at 2000 g for 5 min. The 
extent of NBT reduction was measured by taking the opti-
cal density of the supernatant at 540 nm, using dimethyl 
formamide as the blank.

Myeloperoxidase activity (MPO)

The total MPO content present in serum was measured 
according to Quade and Roth (1997) and a partially mod-
ified technique of Sahoo et al. (2005). About 10 μL of 
serum was diluted with 90 μL of Hank’s balanced salt 
solution without  Ca2+ or  Mg2+ in transparent U-bottomed 
96-well microtitre plates. Then, 35 μL of freshly prepared 
20 mM 3,30-,5,50-tetramethyl benzidine hydrochloride 
and 5 mM of  H2O2 were added. The change in color during 
the reaction was stopped after 2 min by adding 35 μL of 4 
Molar sulfuric acid, and at 450 nm, the OD was assessed 
using an ELISA reader (BioTek, USA).

Statistical analysis

All data were analyzed in triplicates using IBM SPSS 
26.0 software for Windows (SPSS Inc.). Normality was 
assessed using the Shapiro-Wilk test, and as the data were 
normally distributed (P > 0.05), they were presented as 
mean ± standard deviation (SD) (descriptive statistics). 
One-way ANOVA followed by Tukey’s post hoc test for 
multiple comparisons of means at a significance level of 
0.05 was used to determine the variation in parameters 
(dependent variable) among test groups (independent 
variable).

Table 1  PCR primers used in 
the study

Primer code PCR primers Target size (bp) Reference

28S F-5-ACC CGC TGA ATT TAA GCA T-3
R-5-CTC TTC AGA GTA CTT TTC AAC-3

443 bp Roy et al. 2015

TNF-α F-AGG GTG ATC TGC GGG AAT ACT 
R-GCC CAG GTA AAT GGC GTT GT

195 bp Zhi et al. 2018

IL-1β F-AAG ATG AAT TGT GGA GCT GTGTT 
R-AAA AGC ATC GAC AGT ATG TGA AAT 

175 bp Zhi et al. 2018

TLR 22 F-CAG GTG GCG AGC TTC AGA CT
R-CGG AGG TAG GTT CGT TTC TTCA 

134 bp Kole et al. 2017

Third complement 
component (C3)

F-CCC TGG ACA GCA TTA TCA CTC 
R-GAT GGT CGC CTG TGT GGT 

155 bp Huttenhuis et al. 2006

Chemokine CXCa F-GGG TGT AGA TCA CGC TGT C
R-CTT TAC AGT GTG GGC TTG GAG 

102 bp Gonzalez et al. 2007

β-Actin F-ACA GGA TGC AGA AGG AGA TCA CAG 
R-GTA CTC CTG CTT GCT GAT CCA CAT 

155 bp Zhi et al. 2018
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Result

Classical identification of the isopods infecting O. mos-
sambicus based on the dorsal and ventral structures con-
firmed that their identity as C. eremita (Fig. 1) as the 
observed isopods closely resembled the holotype illustra-
tions of Hadfield et al. (2013) and Martin et al. (2016). 
Dorsal surfaces appeared glossy, with pereonite 5 being 
the broadest and pereonite 1 the narrowest. Anterolateral 
borders of pereonite 1 reached about half the length of 
the cephalon; Coxae 2 and 3 had subtruncate posteroven-
tral edge angles, while 4–7 was rounded. Pereonites 1–5 
increased in length and width, becoming narrower and 
more rounded posteriorly exhibiting an ivory-white color.

Our surveillance indicated that C. eremita infection 
tends to be more prevalent during the monsoon season in 
this region. Both ovigerous females and male isopods were 

observed in the buccal cavity of the fishes, confirming 
the site specificity nature of the parasite (Fig. 2). In some 
cases, we also observed the combined infection where 
female and male isopod harboring the mouth and buccal 
cavity of the fishes. Among the 150 fishes collected, 47 
specimens were found to be parasitized by C. eremita. 
Female isopods were present in 41 fishes, male isopods 
in 3 fishes, and both male and female isopods coexisted 
in only 3 fishes which resulted in an overall prevalence 
rate of 31.3% and parasite abundance of 0.33. Notably, the 
infection exhibited higher prevalence in fishes with length 
more than 500 mm TL, while smaller fishes displayed a 
lower susceptibility to this parasitic infection.

PCR amplification of isopod DNA using a universal 
primer derived from the consensus sequence of 28S rDNA 
resulted in a 443 bp product. Nucleotide sequencing and 
the BLAST analysis reveal that no reported sequences 

Fig. 1  Dorsal and ventral struc-
ture of the isopod C. eremita 

Fig. 2  Presence of ovigerous 
female with eggs and male of 
C. eremita 
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targeting 28S rDNA were available for this isopod, and so, 
the identity was confirmed by the morphometric methods. 
The sequences were submitted to the Genbank database as 
C. eremita and the accession number was acquired (Acces-
sion No. ON561786).

RBA was significantly lower (P < 0.05) in parasite-
infected fishes compared to uninfected ones. Additionally, 
MPO was also significantly reduced (P < 0.05) in parasite-
infected fishes compared to healthy ones (Fig. 3). Real-time 
expression of immune-related genes relative to the β-actin 
transcript in the buccal cavity, gills, and anterior kidney is 
shown in Fig. 4. TLR 22 and TNF expression in the buc-
cal cavity and anterior kidney were up-regulated in infected 
fishes compared to healthy ones. In contrast, the expression 

of TLR 22 and TNF in gills was significantly (P < 0.05) 
down-regulated in infected fishes compared to uninfected 
controls.

IL-1β gene expression was relatively higher in the buc-
cal cavity and gills of infected fishes compared to controls. 
However, no significant difference (P < 0.05) in IL-1β gene 
expression in the anterior kidney was observed between the 
infected and control groups. The infected fishes exhibited 
significant (P < 0.05) upregulation in C3 gene expression 
in the buccal cavity, anterior kidney and gills compared to 
healthy fish. For the CXCA gene, infected fishes showed 
significantly (P < 0.05) upregulated expression in the 
buccal cavity and anterior kidney compared to healthy 
controls. However, no significant (P < 0.05) alterations 

Fig. 3  Immunological param-
eters during isopod infection. A 
Respiratory burst. B Myeloper-
oxidase. The data are presented 
in mean ± SD (n = 15), differ-
ent alphabets over the vertical 
bar indicate the significant 
differences as determined by 
one-way ANOVA followed by 
Tukey’s post hoc test (P < 0.05)

Fig. 4  Heat map of relative 
expression of different immune-
related genes in the organs 
of O. mossambicus infected 
with C. eremita and uninfected 
fishes. The color codes on the 
right represent the expression 
level of different organs to the 
genes, where a represents the 
highest value and b represents 
the lower value contributing the 
significant difference between 
the infected and uninfected 
organs. CT, control uninfected; 
IF, isopod infected. The arrow 
with asterisk (***) was actually 
provided to indicate the pres-
ence of strong significant differ-
ence (P < 0.001) between each 
control and infected organs. 
One-way ANOVA was followed 
by Tukey’s post hoc test for 
multiple comparison of means 
for individual genes between 
each control and infected organs
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in expression were observed in gills between infected and 
uninfected fish.

Discussion

According to the data, O. mossambicus is predominantly 
parasitized by female isopod C. eremita, with exceptions 
noted when both male and female isopods coexist within 
the same host. C. eremita has been reported to infect the 
buccal cavity of Parastromateus niger in east coast of India 
(Rameshkumar et al. 2012; Vigneshwaran et al. 2019) and 
Lutjanus johnii (Ray et al. 2022). But in this study, it has 
been recovered from the buccal cavity of O. mossambicus 
collected from brackish water, which makes it a new host 
for this species. This research highlights the presence of C. 
eremita in O. mossambicus during the monsoon season in 
Pulicat Lake, India. In contrast, Rameshkumar et al. (2012) 
reported C. eremita infection in P. niger during the summer 
season along Parangipettai coast of India. The correlation in 
size between male parasites was less pronounced compared 
to females, highlighting a defining trait of the Cymothoi-
dae family where males are generally smaller than females, 
especially in genera that attach to the branchial and buccal 
regions (Smit et al. 2014). In this study, the isopod infec-
tion rate was higher in the fishes with length more than 500 
mm TL as observed in P. niger, where the fishes ranging 
more than 300 mm TL were more susceptible to infection 
(Vigneshwaran et al. 2019). The study delves into specific 
organs, buccal cavity, gills, and anterior kidney to capture a 
holistic picture of the host’s immune reactions encompass-
ing, both local and systemic responses in fishes infected 
with female isopod as they were more prevalent in this 
study. Additionally, comparing multiple organs provides a 
comprehensive view of the host-parasite interaction.

Innate immune responses in the fish hosts get activated 
during pathogen infection to maintain homeostasis. Tran-
scriptional analysis of immune-related genes provides a true 
picture of the host’s immunological condition (Dash et al. 
2014). Expression of immune-regulatory genes in fish with 
several different parasite infections and their role in particu-
lar disease processes have been documented in various fish 
species (Zhi et al. 2018; Li et al. 2022; Zeng et al. 2023). 
A non-specific immune response serves as the first line of 
defence during a pathogen infection (Dash et al. 2014). The 
respiratory burst is an important host response that produces 
reactive oxygen species (ROS) to evade invading pathogens. 
The myeloperoxidase is a chief oxidative enzyme in fish 
generated by neutrophils that works against infections by 
producing reactive oxygen molecules. It is known to have 
microbicidal action when discharged into phagolysosomes 
after the phagosome and lysosome junction is used to assess 
superoxide generation (Siwicki and Anderson 1993).

In this study, both RBA and MPO activity were found to 
be significantly lower (P < 0.05) in the C. eremita infected 
O. mossambicus when compared to the healthy fishes. This 
result suggests that the C. eremita-infected O. mossam-
bicus exerts very low oxidative components towards the 
invaded ectoparasite; as a result, the host defense could not 
be eliminated leaving them to develop upon feeding the 
host tissues and blood. Supporting this, a similar reduc-
tion in RBA was observed in the bogue fish (Boops boops) 
infected with Ceratothoa oestroides (Ozdemir et al. 2016). 
However, increased RBA has been observed in the Scoph-
thalmus maximus infected with Enteromyxum scophthalmi 
and Labeo rohita infected with Dactylogyrus catlaius 
(Sitja-Bobadilla et al. 2006; Dash et al. 2014) which might 
be due to their histozoic nature and smaller size respec-
tively facilitating the host defense. Similarly, an increased 
MPA was observed in Diplodus puntazzo infected with 
Enteromyxum leei (Munoz et  al. 2007; Ozdemir et  al. 
2016). However, no significant changes in MPA were 
observed in the D. catlaius-infected Labeo rohita (Dash 
et al. 2014) suggesting that the parasite that feeds on host 
circulatory fluids might not able to be eliminated by the 
host oxidative defense.

Toll-like receptors (TLRs) are the best characterized 
among the functionally different groups of Pattern Recog-
nition Receptors (PRRs), which stimulate innate immune 
functions such as cytokine generation, cell differentiation, 
the formation of reactive nitrogen and oxidative radicals, and 
cell differentiation and also trigger intracellular signal trans-
duction in inflammation, antiviral responses and dendritic cell 
maturation (Alvarez-Pellitero 2008; Aoki and Hirono 2006). 
TLR22 is engaged mainly in viral nucleic acid recognition, in 
addition to bacterial and parasite ligands regulating the gene’s 
mRNA expression levels, thereby proving their multiple roles 
(Su et al. 2012). In the present study, significantly upregu-
lated (P < 0.05) expressions of TLR 22 were observed in 
the buccal cavity and the anterior kidney of O. mossambicus 
infected with C. eremita. Saurabh et al. (2011) and Kar et al. 
(2015) observed downregulated expression of TLR 22 in the 
anterior kidney in L. rohita infected with Argulus siamensis, 
whereas significant down-regulation of TLR 22 expression 
was also observed in the gills of O. mossambicus infected with 
C. eremita as observed by Dash et al. (2014) in the gills of L. 
rohita parasitized with D. catlaius. The differences in the tran-
scription of immune genes in the buccal cavity in this study 
might be due to parasite-induced inflammatory reactions in 
the tissue with the attraction of leucocytes in situ, whereas 
the expression of immune genes in the anterior kidney could 
be modulated as an immune response due to the loss of blood 
caused by the blood-sucking isopod parasite.

IL-1β is a well-known cytokine that plays a crucial role 
in immune responses, infection and inflammation in cells. 
IL-1β is a vital participant in the immune system’s defense 
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against microorganism invasion and tissue damage, and 
it may activate NK cells, macrophages, and lymphocytes 
by activating lymphocytes or increasing the release of 
other cytokines (Low et al. 2003). Induced expression of 
IL-1β was reported in the skin of Oncorhynchus mykiss 
parasitized by Gyrodactylus derjavini (Neary et al. 2012); 
spleen and gills of Dicentrarchus labrax infected with 
Diplectanum aequans (Faliex et al. 2008). Zhi et al. (2018) 
observed up-regulated expressions of IL-1β in both the 
skin and gills of Oreochromis niloticus after G. cichli-
darum, and Cichlidogyrus sclerosus infections, due to 
their local inflammatory reactions. Our study indicated a 
significant upregulation (P < 0.05) of the IL-1β gene in 
the infected buccal cavity and gill samples when compared 
to control groups. Conversely, no significant difference in 
IL-1β gene expression was observed in the kidney sample. 
It seems that the inflammatory responses due to the attach-
ment of the isopod to the buccal cavity and the gills being 
in closer proximity may have altered the expression level 
at the site of infection and not at the site of hemopoiesis.

TNF-α is a vital antibacterial and inflammatory regu-
latory cytokine generated by macrophages, monocytes, 
natural killer cells and T cells (Whyte et al. 2013; Gray-
fer et al. 2008). The expression of TNF-α in the O. mos-
sambicus infected with C. eremita also showed significant 
upregulation in the buccal cavity and the anterior kidney, 
with a significant downregulation in the gill of the infected 
fishes when compared to the control fishes, which is con-
sistent with the trend observed in the TLR gene expression 
in our study. This result correlates with the study by Sigh 
et al. (2004) where upregulated expression of TNF-α in 
the kidney of rainbow trout infected with Ichthyophthirius 
multifiliis at day 26 conversely downregulated expression 
of TNF-α which was also observed in the kidney and was 
also observed in L. rohita and Sparus aurata infected by 
A. siamensis and Enteromyxum leei (Saurabh et al. 2011; 
Cuesta et al. 2006). Expressions of TNFα were upregulated 
in the impact region (buccal cavity) of the O. mossambicus 
infected with C. eremita. Similarly, it has been observed 
in various studies where TNFα were upregulated in the 
impact regions of the parasitic infections, viz., the skin of 
rainbow trout after infection with Gyrodactylus derjavini 
(Lindenstrom et al. 2004) in the gills of goldfish and O. 
niloticus infected with Dactylogyrus intermedius and C. 
sclerosus (Lu et al. 2013; Zhi et al. 2018), respectively. The 
head kidney is rich in monocytes and macrophages that are 
engaged in phagocytosis of invading pathogens and secre-
tion of cytokines such as the pro-inflammatory cytokines 
interleukin-1β and TNF-α, which are crucial in the initiation 
of the immunological response in fish (Kumar et al. 2016; 
Sahoo 2006). In this study, higher expression of TNF-α in 
the kidney tissue of infected fishes indicates that the effects 
of the isopod infection can induce a systemic inflammatory 

reaction in the kidney, which in turn elevates the expression 
level in the most affected buccal cavity region.

The chemokines CXCa belong to the chemotactic 
cytokine’s superfamily, which is important in promoting 
neutrophilic granulocyte migration to infection sites (Huis-
ing et al. 2003). The immunological response to bacte-
ria (Baoprasertkul et al. 2004), viral (Li et al. 2012), and 
parasitic (Huising et al. 2003) infections alters the immune 
response leading to significant increase in CXC-chemokine 
transcripts and proteins. They are regarded as crucial 
immune defence regulators, acting as the link between adap-
tive and innate immune responses (Alejo and Tafalla 2011). 
In this study, significant upregulation (P < 0.05) of CXCa 
was noted in the buccal cavity and anterior kidney in the 
infected fishes when compared to healthy fishes. A similar 
increased expression of CXCa has been documented in the 
head kidney of L. rohita infected with A. siamensis (Kar 
et al. 2015) and in the skin of the common carp infected 
with Argulus japonicas and I. multifiliis, respectively (For-
lenza et al. 2008; Gonzalez et al. 2007). The upregulated 
expression of CXCa in the infected site (buccal cavity and 
anterior kidney) is altered by the leucocyte chemotaxis that 
attracts different immune cells to sites of infection, resulting 
in upregulated expression during the isopod infection.

Complementary element C3 is the basis of three stimu-
lation pathways and is crucial for the development of the 
membrane attack complex. Complement’s functions include 
the generation of opsonin molecules, anaphylatoxin, direct 
pathogen killing and maintaining homeostasis (Nikoskel-
ainen et al. 2002). Upregulated expression (P < 0.05) of C3 
gene was recorded in all the samples, such as buccal cavity, 
anterior kidney and gills of infected fish, which was not the 
case for the genes TLR, IL-1β, TNF-α, and CXCa examined 
in our study. This may indicate the specific activity of C3 
against C. eremita infection and its potential to be utilized 
as a marker for immune response when infected with such 
an isopod. Upregulated expression of C3 in the skin and 
lymphoid organs of rainbow trout infected with I. multifiliis, 
a parasitic ciliate (Sigh et al. 2004), in the liver of grass carp 
infected with Sinergasilus major (Chang et al. 2005), and in 
the head kidney, liver, and spleen of common carp infected 
with Trypanoplasma borreli (Saeij et al. 2003) were docu-
mented earlier. Hence, the findings of this study provide a 
comprehensive understanding of the immune responses in 
O. mossambicus during C. eremita isopod infection.

Conclusion

In conclusion, the non-specific immune response and the 
modulation of specific gene expression in tilapia during iso-
pod C. eremita infection provide valuable molecular insights 
into the host’s immune response, contributing to a better 
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understanding of the host’s reaction to the isopod infec-
tion. As there is no data available on the gene expression in 
fish during an isopod infection, this appears to be the first 
report that looks into the changes in the immunity in fish in 
response to isopod infection. More importantly, it contrib-
utes to a broader understanding of the intricate dynamics 
between isopods and their hosts in aquatic ecosystems.
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