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A B S T R A C T   

Monogenean trematodes, particularly those belonging to the Diplectanidae family, are significant metazoan 
parasites with substantial implications for aquaculture expansion. This study, investigatied the occurrence, 
prevalence, and pathological impact of Diplectanum spp. in European seabass (Dicentrarchus labrax) across three 
distinct Egyptian fish farms. During 2021–2022, we sampled 1800 European seabass (Dicentrarchus labrax) from 
three Egyptian fish farms (600 fish per farm). Farms 1 and 2 used semi-intensive earthen pond systems, while 
Farm 3 utilized an intensive floating cage system. Employing Clinical, post-mortem, parasitological, and mo
lecular examination technique. Pathological lesions were identified, including skin and gill discoloration, ema
ciation, and internal organ abnormalities. Seasonal prevalence exhibited significant variations between farms, 
with highest rates observed in spring and Farm 3 reached an overall peak prevalence of 84.67 %. Parasitological 
examination distinguished two Diplectanum species morphologically, while molecular techniques exhibited 
limited specificity. Histopathology unveiled damage to gill, liver, spleen, kidney, and intestine, attributed to 
Diplectanum haptors including inflammation and internal bleeding, potentially leading to secondary infections. 
Molecular identification via PCR targeting ITS and 28SrDNA genes, revealing similar band sizes for the two 
Diplectanum species, indicating limited intraspecific genetic diversity. The study emphasizes investigating 
parasitic infections’ prevalence and impact in aquaculture, necessitating robust molecular techniques for species 
differentiation. This study underscores the importance of investigating the prevalence and impact of parasitic 
infections in aquaculture. It highlights the need for robust molecular techniques to differentiate species. By 
focusing on Diplectanum spp. infections in D. labrax, the study offers valuable insights into managing parasites in 
aquaculture effectively.   

1. Introduction 

The European seabass as Dicentrarchus labrax (Linnaeus, 11758), is a 
key species in Mediterranean aquaculture. Its worldwide production 
amounted to nearly 300,000 tonnes valued at USD 1.8 million in 2021, 
according to FAO 2023 data (FAO, 2023). The burgeoning interest in 
intensive marine aquaculture production has emerged as a significant 
concern for the well-being of aquatic ecosystems. This surge in aqua
culture activity has inadvertently heightened stress levels among fish 
populations, creating conducive environments for the proliferation of 
various fish pathogens, with parasitic infections being particularly 

prevalent (Kousoulaki et al., 2015). 
Among the pathogens of concern in aquaculture, monogenean 

trematodes, specifically those in the Diplectanidae family, are signifi
cant metazoan parasites with notable implications for aquaculture 
expansion (Arzul et al., 2023). Notably, species like Diplectanum aequans 
and Diplectanum laubieri within this family have been identified as key 
causative agents (Alvarez-Pellitero et al., 1993; Aly et al., 2020). This 
family belongs to the Monopisthocotylean group, recognized as one of 
the primary groups within the Polyopisthocotylea class (Alvar
ez-Pellitero et al., 1993; WoRMS, 2018). This parasite, known to induce 
diseases like Diplectanosis, poses a significant threat to European 
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seabass (Dicentrarchus labrax) populations (Whittington and Chisholm, 
2008). Dezfuli et al. (2007) reported annual losses in juvenile D. labrax 
stocks due to D. aequans, estimating losses between 5 % and 10 % in 
Italy. Ogut and Uzun (2014) documented adverse effects of D. aequans 
on cultured juvenile seabass in the central Black Sea. The Diplectanum 
parasites follow an oviparous reproduction strategy, laying eggs on 
seabass gills. Their life cycle includes larval (oncomiracidium), 
post-larval, II. post-larval, intermediate, and adult stages, as outlined by 
Silan and Maillard (1989). Importantly, this parasite may undergo a host 
switch at any stage, with temperature influencing developmental pro
gression (Cecchini et al., 2001). Typically, monogenean parasites man
ifest their presence on the skin and gills of the host fish, resulting in 
symptoms such as irritation, skin discoloration, and gill paleness (Noga, 
2010). When D. labrax becomes infected with Diplectanum spp., histo
pathological analysis reveals severe damage to both primary and sec
ondary gill lamellae, accompanied by mononuclear cell infiltrations 
(Eissa et al., 2017a). The consequences of such parasitic infections 
extend beyond individual health, affecting growth rates, overall health, 
and economic performance of fish populations (Fazio, 2019; Ogut and 
Uzun, 2014). 

In light of these challenges, the primary objective of this research is 
to undertake: 1) investigate the parasitological and histopathological 
effects of Diplectanum spp. infections in European sea bass (D. labrax). 2) 
Assess the impact of these parasites on the health and well-being fish, 3) 
Genetically identify the Diplectanum species using molecular PCR tech
niques. By examining the prevalence, pathological effects, and genetic 
characteristics of these infections, this study contributes to enhance our 
understanding of the complex dynamics between parasitic pathogens 
and fish populations in aquaculture systems. 

2. Materials and methods 

2.1. Fish sampling and location 

Between the years 2020 and 2021, a total of 1800 Dicentrarchus 
labrax individuals, encompassing diverse age groups were sampled. 
These specimens were sourced from three distinct fish farms dedicated 
to the cultivation of this species. Each of these farms contributed an 
equal number of 600 specimens, with 150 specimens gathered during 
each season (three times per season each 50 specimens). The sampling 
period spanned 12 months, encompassing the entirety of the seasonal 
cycle within the specified years (Table 1). 

The geographical distribution of these farms adds depth to the 
study’s insights, The depth added to this study primarily stems from the 
geographical distribution of the fish farms under investigation. By 
including farms located in diverse geographical settings, such as prox
imity to northern Mediterranean lakes and inland waters like Lake 
Qarun, we enhance the breadth of our insights into the parasitological 
and histopathological effects of Diplectanum spp. infections. Addition
ally, the characterization of farming systems, including semi-intensive 
systems with earthen ponds and intensive systems with floating cages, 
provides a nuanced understanding of the relationship between farming 
practices and parasite prevalence and pathology. This multi-faceted 
approach allows for a more robust analysis of the complex dynamics 
between parasitic pathogens and fish populations within aquaculture 
systems. The first two farms strategically situated in proximity to 
northern Mediterranean lakes, while the third farm occupies the inland 
waters of Lake Qarun. Farm 1, positioned in Borg El-arab, Alexandria 
Governorate. On the other hand, Farm 2, located in El-Deeba-triangle, 
Shata, Damietta Governorate. Both Farm 1 and Farm 2 are character
ized by their utilization of a semi-intensive system, employing earthen 
ponds as the foundation for fish cultivation. In contrast, Farm 3, situated 
in Wadi-el-Rayan, Fayoum Governorate and adopted an intensive 
cultivation system, leveraging floating cages to rear the fish population 
(Fig. 1). 

The collected fish were promptly transferred to ice-filled containers 
to ensure their preservation. Subsequently, these containers were 
expeditiously transported to the Laboratory of Fish Diseases at the Na
tional Institute of Oceanography and Fisheries (NIOF) in Alexandera, 
Egypt. The examination procedures adhered to the rigorous research 
guidelines outlined by Jenkins et al. (2014), thereby upholding ethical 
standards and scientific integrity in the use of fish specimens for 
investigative purposes. 

2.2. Clinical and post mortem (PM) investigation 

The evaluation of the fish specimens followed a thorough process 
guided by established protocols outlined by Dezfuli et al. (2007) and 
Ogut and Uzun (2014). This methodical approach included a detailed 
visual examination of the collected fish, which involved a comprehen
sive assessment for any deviations in behavior and the presence of 
visible lesions. Both external and internal aspects were carefully 
inspected, covering the skin, gills, internal organs, and body cavities, to 
detect any potential abnormalities or clinical signs.Top of Form 

Table 1 
Temporal and spatial distribution of fish sampling in farms across different seasons and geographic locations in Egypt.  

Farm no. Farm 1 Farm 2 Farm 3 

Site Borg El-arab, El-Deeba-triangle, Shata, Wadi-el-Rayan, 
Governorate Alexandrea Damietta Fayoum 
Coordinates of the farms 30◦ 50′ 56″ N, 

29◦ 36′ 42″ E 
31◦ 24′ 32″ N, 
31◦ 52′ 19″ E 

29◦ 8′ 52″ N, 
30◦ 23′ 33″ E 

Fish sampling Season Sample No. Fish No. Fish No. Fish No. 
Spring 1st Sample 50 50 50 

2nd Sample 50 50 50 
3rd Sample 50 50 50 
Total 150 150 150 

Summer 1st Sample 50 50 50 
2nd Sample 50 50 50 
3rd Sample 50 50 50 
Total 150 150 150 

Autumn 1st Sample 50 50 50 
2nd Sample 50 50 50 
3rd Sample 50 50 50 
Total 150 150 150 

Winter 1st Sample 50 50 50 
2nd Sample 50 50 50 
3rd Sample 50 50 50 
Total 150 150 150 

Total sample 600 600 600  
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2.3. Examination for monogeneans 

We conducted a detailed examination of monogenean trematodes to 
understand their presence and distribution. This involved obtaining 
these trematodes from either the skin or gills of the fish specimens using 
wet mounts. We carefully prepared whole gills from the fish and placed 
them on slides, covering them with coverslips for examination under a 
Stereomicroscope (Optika), allowing us to thoroughly observe the 
collected monogeneans. 

To ensure accurate preservation and analysis, we preserved the ac
quired monogeneans using two different solutions. For molecular 
identification, we used a solution containing 70 % ethyl alcohol to 
preserve the genetic material of the specimens. Additionally, for effec
tive parasitological examination, we employed a solution consisting of 
5 % buffered formol saline in a mixture of 70 % alcohol and 5 % 
glycerin. 

We followed well-defined diagnostic criteria outlined by Gonzale
z-Lanza et al. (1991) and Whittington (2005) for the identification and 
classification of the parasitic specimens. This meticulous approach 
ensured the reliability and accuracy of our parasitological examination, 
strengthening the validity of our subsequent findings. 

2.4. Seasonal and spatial prevalence of infection 

To comprehend the prevalence and distribution of infection, fish 
samples were systematically collected from the three distinct farms sit
uated across geographically disparate locations. This collection was 
orchestrated on a seasonal basis to capture potential temporal varia
tions. Subsequently, logistic regression analyses were analyzed using 
SPSS 27.0 (SPSS Inc., USA). The Chi square was applied to determine 
significant differences among groups. The predetermined threshold for 
statistical significance was set at p < 0.05, ensuring rigorous adherence 
to accepted scientific standards. 

2.5. Histopathological examination 

A comprehensive histopathological analysis was conducted to un
derstand the impact of Diplectanum spp. infections on Dicentrarchus 
labrax. Vital organs, including the gills, liver, kidney, spleen, and in
testine, were meticulously examined. The process involved careful 

excision of organs from fish specimens, followed by preservation in a 
formalin solution, dehydration, embedding in paraffin wax, and slicing 
into thin sections (Eissa et al., 2017a). 

Each step of the histopathological examination was executed with 
precision to ensure accurate observations. Transverse slices of the or
gans were stained with Mayer’s hematoxylin and eosin (H&E) stain to 
enhance visibility and aid in identifying pathological alterations. This 
rigorous analysis aimed to uncover any abnormalities caused by 
Diplectanum spp. infections, providing valuable insights into their 
impact on the European seabass. 

2.6. Molecular identification 

A robust molecular identification method was used to understand the 
genetic makeup of the identified Diplectanum spp. This process aimed to 
enhance the accuracy of species differentiation by complementing 
morphological identification with genetic data. Here’s a simplified 
breakdown of the methodology: 

Four representative samples, consisting of two instances each of 
Diplectanum aequans and Diplectanum laubieri, were meticulously 
selected based on prior microscopic identification to ensure a compre
hensive representation of the targeted species. Genomic DNA extraction 
was performed using the DNeasy Tissue kit (Qiagen), followed by con
centration to a final volume of 15 μL using Microcon-100 columns 
(Millipore) to facilitate subsequent amplification and analysis. Two sets 
of primers were chosen for molecular analysis: the first targeting com
plete ITS cluster genes (ITS1-5.8S-ITS2) with primers BD1 and BD2 (the 
forward primer BD1 (5’-GTCGTAACAAGGTTTCCGTA-3’) and the 
reverse primer BD2 (5’-TATGCTTAAATTCAGCGGGT-3’)), following the 
methodology outlined by Luton et al. (1992), and the second targeting 
partial 28SrDNA fragments with primers C1 and D2(the forward primer 
C1 (5’-ACCCGCTGAATTTAAGCAT-3’) and the reverse primer D2 
(5’-TGGTCCGTGTTTCAAGAC-3’)), as described by Hassouna et al. 
(1984). The PCR amplification process involved an initial denaturation 
step at 95 ◦C for 3 min, followed by 38 amplification cycles with specific 
temperature and duration parameters for denaturation, annealing, and 
primer extension. A final extension step at 72 ◦C for 5 min ensured 
completion of any partial DNA strands. This molecular identification 
approach illuminated the genetic profiles of the selected Diplectanum 
spp. samples, enhancing insights into their differentiation and 

Fig. 1. The geographical distribution of farms (Map was generated using Google Earth Pro, version 7.3.3.7692, https://www.google.com/earth/versions/." (A high- 
resolution version of this slide for use with the Virtual Microscope is available as eSlide: VM07058). 
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strengthening the overall accuracy of species determination when 
combined with morphological identification.By using this molecular 
identification approach, we shed light on the genetic profiles of the 
selected Diplectanum spp. samples, providing valuable insights into 
their differentiation. This method, combined with morphological iden
tification, strengthened the overall accuracy of species determination. 

3. Results 

3.1. Clinical and post mortem examination 

The assessment of Dicentrarchus labrax (D. labrax) fish in most cases 
appeared apparently normal. However, the severely infected fish with 
Diplectanum spp. revealed a spectrum of clinical indications, including 
skin and gill discoloration, emaciation, debilitation, surface clustering, 
and lethargic swimming. Examination of hemibranches unveiled 
excessive mucus secretion, paleness, congestion, hemorrhagic skin, and 
alterations in the internal organs. The liver appeared pale, while the 
spleen and kidney exhibited congestion, as illustrated in Fig. 2. 

3.2. Examination for monogeneans 

Upon conducting parasitological examination, two distinct mono
geneans species were identified within the Diplectanum genus, belonging 
to the Diplectanidae family of the Monopisthocotylea order within the 
Platyhelminthes phylum. Through meticulous microscopic scrutiny, the 
initial species recognized was Diplectanum aequans (Wagener 1857, 
Diesing 1858), as depicted in Fig. 3. Subsequently, the second species, 
Diplectanum laubieri (Lambert and Maillard 1974), was also identified 
and is illustrated in Fig. 4 and 5. 

3.3. Seasonal and spatial distribution of infection 

Logistic regression analyses were conducted to assess associations 
between site locations, seasons, and the prevalence of Diplectanum spp. 
The outcomes are summarized in Table 2, offering insights into these 
relationships. Across different seasons, varying parasite prevalence rates 
were observed at different sites, underscoring the need to consider both 
factors when evaluating Diplectanum spp presence. In the "Borg El-Arab" 
site, during summer and autumn, the prevalence was 36 %, while in 
spring and winter, it was 40 % and 20 % respectively, resulting in an 

Fig. 2. D. labrax infected with Diplectanum spp., (A) The gill filaments exhibited paleness with hemorrhagic infiltrations and excessive mucus secretions. (B) Fin
gerlings and juveniles showing emaciation. (C) The adult D. labrax showing pale gills and liver, along with sloughing of scales and eroded caudal fins. (A high- 
resolution version of this slide for use with the Virtual Microscope is available as eSlide: VM07059). 
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overall rate of 33 %. The Chi-Square statistic for this site-season com
bination was 5.3370, with a p-value of 0.1487, suggesting that while 
there are seasonal variations, statistical significance may be lacking. 

Similarly, at the "Edeeba" site, prevalence rates during summer, 
spring, autumn, and winter were 32 %, 48 %, 38 %, and 28 %, 
contributing to an overall rate of 36.5 %. The Chi-Square value was 
4.8970, with a p-value of 0.1795, indicating potential seasonal differ
ences in Diplectanum spp presence without statistical confirmation. In 
contrast, the "Rayan" site exhibited significant disparities. During sum
mer and autumn, prevalence rates were 64 % and 62 %, while in spring 
and winter, they decreased to 42 % and 36 %. The overall prevalence 

rate across seasons was 61.5 %. The Chi-Square statistic for this site- 
season combination was notably high at 24.5592, with a p-value of 
< 0.0001, strongly suggesting significant associations between the 
"Rayan" site and Diplectanum spp prevalence across different seasons. 

Combining data from all sites, summer, spring, autumn, and winter 
prevalence rates were 44.00 %, 86.00 %, 45.33 %, and 28.00 %, 
respectively, resulting in an overall prevalence rate of 43.67 %. The Chi- 
Square value for this combination was 39.2836, with a p-value of 
< 0.0001, highlighting highly significant associations between site, 
season, and Diplectanum spp presence. While the combining data across 
different seasons., in Borg El-Arab, Edeeba, and Rayan, the respective 
percentage of cases with parasites were 33 %, 36.5 %, and 61.5 %, 
respectively. The Chi-Square statistic was 26.5324, with an associated p- 
value of < 0.0001, highlighting significant associations between site and 
parasite prevalence across all seasons. These results underscore the need 
to consider both site and seasonal factors when evaluating the likelihood 
of Diplectanum spp presence. 

The prevalence of Diplectanum spp. infection in the examined 
D. labrax individuals exhibited a pronounced disparity (p ≤ 0.05) in both 
comparisons across different farms and within the same farm. The 
highest infection rates were detected during the spring season, reaching 
a prevalence of 57.30 %. In subsequent seasons, infection rates dis
played a descending trend, with rates of 45.56 % in summer, 44.44 % in 
autumn, and 27.78 % in winter. Farm 3 exhibited the most prominent 
prevalence rate at 61.83 %, followed by Farm 2 with 36.50 %. In 
contrast, the lowest prevalence rate was noted in Farm 1, measuring 
33 % (Table 2 & Fig. 6). 

Of significance, the prevalence rates within different farming sys
tems exhibited intriguing patterns. Farm 3, which employed an intensive 
cage culture system, recorded the highest prevalence rate. This was 
closely followed by Farm 2, also utilizing an intensive system, and Farm 
1, which employed a semi-intensive pond culture system. Moreover, the 
age of the host organism appeared to exert a notable influence on the 
fluctuating prevalence of the parasite. 

3.4. Histopathological findings 

The histopathological analysis unveiled significant lesions primarily 
affecting the gills. These lesions encompassed the shedding and demise 
of the delicate, plate-like epithelial tissue, accompanied by the loss of 
surface secretory cells. Furthermore, discernible degenerative changes 
manifested in the liver, spleen, kidney, and intestine, resulted intra- 
tissue hemorrhaging, as visually depicted in Fig. 7. 

These pathological changes are likely attributed to the presence of 
Diplectanum haptors, which utilize their marginal hooks to attach to the 
gills, which serve as the parasite’s target organ. This infestation led to 
desquamation and necrosis in the primary lamellar epithelium of the 
gills. Subsequently, there was destruction of the secondary gill lamellae, 
with fusion occurring for most or part of their length. Additionally, the 
edge of the affected filaments sometimes exhibited numerous surface 
secretory cells, this attachment triggers an inflammatory response, dis
rupting the integrity of blood and immune barriers. Consequence, the 
affected fish becomes susceptible to secondary infections from bacteria, 
fungi, or viruses. This secondary infection cascade ultimately exacer
bates the harm inflicted on internal organs. Furthermore, degenerative 
changes were observed in other organs such as the liver, spleen, kidney, 
and intestine. These changes included cellular degeneration accompa
nied by hemorrhagic infiltration between the tissues, 

3.5. Molecular characterization 

The analysis revealed minimal distinguishable disparity in molecular 
dimensions between the two Diplectanum species. The D. aequans, 
exhibited bands with molecular size of 975 and 960 base pairs (bp) when 
using the first primer. For the second set of primers, the sizes 770 and 
765 bp. On the othe hand, the D. laubrei displayed smaller sizes with the 

Fig. 3. Showing a Diplectanum aequans monogenean in its entirety, with a scale 
bar measuring 0.1 mm. (A) The anterior prohaptor has two pairs of eyespots 
and a spherical pharynx. (B) The posterior opisthaptor is depicted with squa
modiscs, hamuli, and marginal hooklets forming a transverse bar. (A high- 
resolution version of this slide for use with the Virtual Microscope is available as 
eSlide: VM07060). 

Fig. 4. Showing a Diplectanum laubieri monogenean in its entirety, with a scale 
bar measuring 0.1 mm. (A) The anterior prohaptor features two pairs of eye
spots and a rounded spherical pharynx.(B) The posterior opisthaptor is depicted 
with squamodiscs, hamuli, and marginal hooklets forming a transverse bar. (A 
high-resolution version of this slide for use with the Virtual Microscope is available as 
eSlide: VM07061). 
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first primer set, measuring 950 and 940 bp. However, both samples 
shared a common 750 bp product when subjected to the second primer 
set (Fig. 8 and 9). 

4. Discussion 

The comprehensive examination of clinical and post-mortem find
ings in the present study unveiled a range of clinical manifestations in 
Dicentrarchus labrax fish, including skin and gill discoloration, emacia
tion, debilitation, surface clustering, and lethargic swimming. consistent 
with prior studies in Adriatic Sea (Mladineo, 2005), Italy (Fioravanti 

et al., 2006), and Egypt (Abdel-Mawla and El-Ekiaby, 2012; Eissa, et al., 
2017b). 

Notably, the identification of two distinct Diplectanum species, 
Diplectanum aequans and Diplectanum laubieri, both belonging to the 
Diplectanidae family. This identification corroborates the findings of 
previous studies by Aydin and Pekmezci (2023) and Derbel et al. (2022), 
thus strengthening the body of knowledge surrounding the taxonomy of 
these monogenean parasites. While these species exhibited a similar 
body shape, variations in size were evident, with D. aequans being larger 
than D. laubieri (Vanhove et al., 2022; Li et al., 2022). 

The observed temporal and spatial distribution of infection within 

Fig. 5. The posterior opisthaptor of both Diplectanum species. The letter (S) referred to the squamodiscs, the letter (H) referred to the marginal hooklets, and the 
letter (T) refereed to the transverse bar. (A high-resolution version of this slide for use with the Virtual Microscope is available as eSlide: VM07062). 

Table 2 
The logistic regression analyses to examine the association within each site, within each season and the outcome variable presence of Diplectanum spp (P ≤ 0.05).   

Site 

Season Borg El-Arab Edeeba Rayan Chi-Square p 

Summer (%)  36  32  64  8.4469  0.0146 
Spring (%)  40  48  84  22.4564  < .0001 
Autumn (%)  36  38  62  12.3377  0.0021 
Winter (%)  20  28  36  3.1746  0.2045 
All seasons (%)  33 %  36.5  61.5  26.5324  < .0001 
Chi-Square  5.337  4.897  24.5592     
p  0.1487  0.1795  < .0001      

Fig. 6. Showing the seasonal prevalence differences of Diplectanum spp in D. labrax. (A high-resolution version of this slide for use with the Virtual Microscope is available 
as eSlide: VM07063). 
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the examined D. labrax specimens necessitates careful examination. The 
heightened prevalence rates observed during the spring season are 
consistent with findings reported by Li et al. (2022) and Özer et al. 

(2019), suggesting a potential seasonal pattern in Diplectanum spp. 
infection prevalence. This phenomenon may be influenced by environ
mental variables, such as temperature and water quality, known to 

Fig. 7. Images A and B depict the gills of D. labrax that are infested with Diplectanum spp., highlighting shedding (SH) and necrosis (NC) of the primary and secondary 
lamellar epithelium. Meanwhile, images C, D, E, and F demonstrate degenerative changes and hemorrhages between the tissues in the liver, spleen, kidney, and 
intestinal mucosa, respectively. (A high-resolution version of this slide for use with the Virtual Microscope is available as eSlide: VM07064). 

Fig. 8. Using the complete ITS cluster primer, PCR amplification was per
formed for all four Diplectanum species. The DNA ladder, which ranged from 
100 to 1000 bp, is represented by "L". For D. aequans, the resulting molecular 
bands ranged from approximately 960 to 975 bp and are depicted in lanes 1 and 
2. In comparison, D. laubrei produced molecular bands sized around 
940–950 bp, as illustrated in lanes 3 and 4. (A high-resolution version of this slide 
for use with the Virtual Microscope is available as eSlide: VM07065). 

Fig. 9. PCR amplification was performed using the Partial 28SrDNA fragments 
primer for all four Diplectanum species. The DNA ladder ranging from 100 to 
1000 bp is represented by "L". The molecular bands for D. aequans were 
approximately 765–770 bp, as depicted in lanes 1 and 2. For D. laubrei, both 
samples produced molecular bands of 750 bp, shown in lanes 3 and 4. (A high- 
resolution version of this slide for use with the Virtual Microscope is available as 
eSlide: VM07066). 
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impact parasite lifecycle dynamics. Moreover, the variability in preva
lence rates among different farms underscores the influence of 
farm-specific conditions on parasite dynamics. The intensive cage cul
ture system implemented by Farm 3 is associated with a higher preva
lence rate, likely due to increased host density and elevated stress levels 
(Jerônimo et al., 2022; Anshary, 2020). These observations align with 
the findings of Negreiros et al. (2021), emphasizing the significance of 
considering farming practices in comprehending parasite transmission 
dynamics. 

Histopathological findings provide further insight into the impact of 
Diplectanum spp. on the host’s health. The significant lesions observed in 
the gills, liver, spleen, kidney, and intestine are indicative of the 
destructive consequences of monogenean infection. These findings 
resonate with the work of Saraiva et al. (2015) and Chotchaphan et al. 
(2019), who reported similar histopathological alterations in fish 
infected with monogenean parasites. The disruption of blood and im
mune barriers due to the attachment of haptors and subsequent sec
ondary infections aligns with the theoretical framework proposed by 
Mladineo et al. (2023), highlighting the cascade of pathological events 
triggered by monogenean infections. 

Molecular characterization studies shed light on the genetic di
mensions of the studied Diplectanum species. The slight differences in 
molecular sizes between the two species, particularly in the PCR frag
ments generated by the different primer sets, echo the findings of genetic 
studies conducted by Desdevises et al. (2000) and Villar-Torres et al. 
(2019). These subtle variations in molecular dimensions further support 
the distinctiveness of the identified species and could potentially serve 
as genetic markers for their discrimination. 

To sum up, this study’s results offer a thorough summary of the 
parasitological, histological, clinical, and molecular aspects of Diplec
tanum spp. infection in D. labrax. The observed clinical signs, differences 
in occurrence rates, growth stage vulnerability, and histological changes 
all highlight how important it is to comprehend how monogenean par
asites affect D. labrax health and aquaculture. These findings have 
profound implications for D. labrax management and sustainable pro
duction as the aquaculture sector develops. In the future, studies could 
focus on clarifying the molecular pathways that underlie the pathogenic 
effects that have been identified and exploring possible approaches to 
intervention to lessen the negative impacts of monogenean infections on 
fish health and aquaculture productivity. 
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