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Fish parasites represents, growing threat to global aquaculture, wild fisheries 

and public health due to their complex life cycles, high pathogenicity, and 

increasing zoonotic potential. This review highlights the host-parasite 

interactions, economic impact, and diagnostic challenges of the main groups of 

fish parasites, such as protozoans, trematodes, cestodes, nematodes, crustacean 

ectoparasites, and myxozoans. This paper also highlights the role of climate 

change in altering parasites distribution and accelerating diseases emergence, 

particularly in aquaculture system under environmental stress. Regional 

problems, particularly in Pakistan, are highlighted to support the call for 

enhanced surveillance, diagnostics, and control measures in developing nations. 

Emergency treatment methods and integrated management practice are 

reviewed, with a focus on sustainable alternatives to traditional 

chemotherapeutants.  By synthesizing current research and identifying 

knowledge gaps, this paper aims to assist aquaculture professionals in 

formulating adaptive measures in parasite management amidst ecological and 

societal transformations. 
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INTRODUCTION 
Fish are among the most widespread and ecologically 
important vertebrates, playing keystone roles in aquatic 
ecosystems and serving as a vital global food source. 
However, fish host a wide variety of parasitic organisms 
that can significantly impact their health, growth, and 
survival. These parasites are not just a natural part of 
aquatic food webs but also an increasing issue in both wild 
fisheries and aquaculture because of their ability to 
provoke disease outbreaks and economic losses. Parasites 
affecting fish species range from microscopic protozoan to 
complex metazoan worms and crustaceans, all having 
unique life cycles and host relationships. In aquaculture 
systems, where there are high stocking density and 
environmental stressors, parasitic diseases tend to result 
in lower productivity, high mortality, and secondary 
bacterial or fungal infections. Some species, such as 
Ichthyophthirius multifiliis and Gyrodactylus salaris, have 
become major challenges for fish farmers worldwide due 

to their rapid transmission and resistance to drugs. In 
addition to their impact on animal health, certain fish 
parasites pose risks to human health through zoonotic 
transmission, particularly in cultures where raw or 
undercooked fish is consumed. For example, Anisakis 
simplex can cause gastrointestinal illness in humans after 
ingestion of infected seafood (1,2).  

Similarly, liver flukes like Clonorchis sinensis and 
Opisthorchis viverrini have been linked to severe long-term 
health impacts, such as cholangiocarcinoma (liver cancer) 
and are Group 1 carcinogens according to the International 
Agency for Research on Cancer. As climate change affects 
water temperature and ecosystem processes, the 
distribution and incidence of parasites in fish are also 
likely to change, raising new concerns for fish health 
management and food safety. In addition, globalization 
and live trade of aquatic animals have made it easier for 
exotic parasites to travel across borders, spreading disease 
risk to previously disease-free areas (3,4,5). 
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This review provides a general introduction to fish 
parasites, highlighting their taxonomy, host-parasite 
relationship, economic significance, diagnostic techniques, 
treatment, and emerging issues. It also emphasizes 
regional concerns, particularly in developing nations such 
as Pakistan, where research is lacking and facilities are 
inadequate for efficient parasite management. Through 
the integration of existing knowledge, this paper 
endeavors to enhance understanding and sustainable 
management of fish parasites against a changing backdrop. 
Schematic theme of this article is given in figure No 1.  

Figure 1 
Schematic representation of key aspects of fish parasitology 
covered in this review article. 

 
 
METHODOLOGY 
This review article is a comprehensive narrative review 
that aims to summarize current knowledge on fish 
parasites, their interactions with hosts, economic impacts, 
zoonotic risks, and sustainable control strategies, with 
special focus on Pakistan.  

Review Approach and Literature Selection 
The information presented in this article is gathered from 
peer reviewed articles, books, reports and literatures 
found in online databases such as Google Scholar, 
ScienceDirect, and local publications from Pakistani 
institutions. 

Inclusion and Exclusion Criteria   
Articles published between 2000 to 2024 were 
considered. Priority was given to studies conducted in Asia 
especially in Pakistan, peer reviewed journals and reports 
by FAO.  

Classification of Fish Parasites  
Parasites are organisms that live on or within a host 
organism and deriving nutrients at the expense of the host 
and usually harm it. As far as aquatic ecosystems are 
concerned, fish parasites are a broad spectrum of 
eukaryotic organisms that infect fish during their life cycle. 
These organisms include protozoans, helminths like 
trematodes, cestodes, and nematodes, myxozoans, and 
parasitic crustaceans. Fish parasites can be ectoparasites, 
which inhabit outer surfaces like skin and gills, or 
endoparasites, which inhabit internal organs like the gut, 
muscles, and viscera. Whereas some infections are 
symptomless, others induce severe pathology, influencing 
fish growth, reproduction, behavior, and survival. In 

aquaculture, parasitic disease is one of the most 
economically costly diseases, adding to lower productivity 
and higher mortality. Knowledge of their taxonomy and 
biology will allow accurate diagnosis, successful 
treatment, and sustainable management of both farmed 
and wild fish populations (6,7). 

Protozoa (Single cell Organism) 
Protozoa are unicellular eukaryotic organisms causing 
some of the economically most harmful diseases in 
aquaculture. Ichthyophthirius, Trichodina, Chilodonella, 
Cryptobia, and Myxobolus are common genera. They 
usually develop well under stressful conditions like poor 
water quality, high stocking densities, and temperature 
fluctuations. Ichthyophthirius multifiliis causes white spot 
disease (ich) with cyst-like lesions on skin and gill, 
epithelial injury, and secondary bacterial infections. The 
parasite is highly infectious in freshwater fish farms 
because of its short life cycle and environmental stress 
resistance. Cryptobia salmositica infects the blood and 
kidney of salmonids, inducing anemia and kidney failure. 
Myxobolus cerebralis is the causative agent of whirling 
disease in salmonids, which targets fry and fingerlings. It 
has an intermediate host (Tubifex tubifex) and leads to 
cartilage degradation and neurological symptoms. These 
protozoans can lead to extreme economic losses due to 
high transmission rates and limited treatment options, 
especially in densely stocked systems (8,9,10). 

Trematodes (Flukes) 
Trematodes which belong to the phylum Platyhelminthes 
develop through complex life cycles where first 
intermediate hosts are snails followed by fish and 
definitive hosts become birds or mammals. The eye and 
brain parasites of fish known as Diplostomum spp. infect 
these organs to produce vision loss and impaired 
swimming abilities that make fish more vulnerable to 
predators.  Nanophyetus salmincola stands out for its 
ability to infect humans through fish which causes salmon 
poisoning disease in dogs. The parasite Clinostomum 
complanatum which people also call yellow grub 
establishes itself in the digestive organs of fish before 
spreading into high numbers throughout reservoirs and 
farm ponds. The management of trematode infections 
becomes problematic because these parasites have 
multiple hosts and maintain their presence in the 
environment specifically in pond-based aquaculture 
facilities (11,12). 

Cestodes (Tapeworms) 
Cestodes are ribbon-like worms that reside in the 
gastrointestinal tract or body cavity of fish. The most 
important Cestodes species that exist are Schistocephalus 
solidus and Bothriocephalus acheilognathi. The 
intermediate host stickleback shows modified behavior 
because of the Schistocephalus solidus infection which 
leads to bird predation their definitive host. 
Bothriocephalus acheilognathi commonly known as Asian 
fish tapeworm infects cyprinids and other freshwater fish 
across all regions of the world. The presence of cestodes in 
farmed fish can affect their growth and reproduction while 
heavy infestations result in intestinal blockages and 
weight reduction (13,14). 
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Nematodes (Roundworms)  
Nematodes are roundworms commonly found in the 
intestines, muscles, and visceral cavities of fish. Anisakis 
simplex along with Contracaecum osculatum and 
Philometra spp. stand as significant species. Anisakis 
simplex represents a frequently occurring zoonotic 
parasite which infects humans through uncooked seafood 
larvae consumption to develop anisakiasis. The parasitic 
species Contracaecum osculatum targets cod and their 
relatives by creating both hemorrhagic gastritis and 
peritonitis. Nematodes known as Philometra spp. live 
under the skin and inside the muscle tissue of fish causing 
visible nodules that affect their commercial worth. Marine 
and freshwater environments worldwide have extensive 
nematode infestations that continue to grow because of 
ecological changes related to climate variability (15,16). 

Crustacean Parasites  
The group of crustacean ectoparasites comprises 
copepods and isopods which live on the gills and skin and 
fins. The most notable representatives of this category 
include Lernaea cyprinacea (anchor worm) as well as 
Gyrodactylus salaris and Argulus spp.  (fish lice). The 
presence of Gyrodactylus salaris resulted in catastrophic 
reductions of Atlantic salmon numbers across Europe 
which led to the introduction of intense eradication 
measures. The hematophagous nature of Argulus species 
enables these parasites to obtain nutrients from blood and 
mucus while simultaneously inducing irritation, anemia 
and immune system suppression. These parasites display 
easily detectable symptoms on the host's body. However, 
they continue to reproduce quickly while showing 
resistance to standard chemical treatment methods 
(17,18). 

Myxozoans  
Myxozoans represent parasite organisms which formed 
spores and are related to cnidarians.  Researchers have 
focused their attention on Myxobolus cerebralis together 
with Kudoa thyrsites and Henneguya zschokkei. Myxobolus 
cerebralis triggers whirling disease among salmonid 
species affecting mostly young fish species. Kudoa thyrsites 
leads to fish muscle softening after death which shortens 
product lifespan and decreases consumer approval. 
Henneguya zschokkei creates cysts in koi and goldfish 
muscle tissue that do not cause death but diminish product 
appearance and market value. Early detection of 
Myxozoans poses significant challenges which make 
accurate identification possible only through molecular 
testing (19,20,21).  Parasite groups along with their 
specific characteristics and fish-related effects shown in 
table No 1, and figure number 2. 

Table 1 
Different groups of parasites and their characteristics. 

Groups 
Example 
species 

Site of 
infections 

Life cycle 
complexity 

Economic 
impact 

Protozoa 
Ichthyophthirius 
multifiliis 

Skin, Gills 
Direct (fish 
only) 

High 

Trematodes 
Diplostomum 
spp. 

Eyes, 
Brains 

Complex 
(Snails+Birds) 

Moderate 

Cestodes 
Bothriocephalus 
acheilognathi 

Intestine 
Complex 
(intermediate 
host) 

High 

Nematodes Anisakis simplex 
Stomach, 
Intestine 

Complex 
(marine life 
cycle) 

Zoonotic 

Crustaceans 
Gyrodactylus 
salaris 

Skin, Fins Direct High 

Myxozoans 
Myxobolus 
cerebralis 

Cartilage, 
Nervous 
tissue 

Complex 
(Oligochaete 
worm + Fish) 

High 

Figure 2 
Main groups of parasites affecting different fish species. 

 

Host-Parasite Interactions 
Host-parasite interactions in fish are complex and 
dynamic, which shaped by evolutionary pressures, 
environmental conditions, and immune response. These 
relationships can range from relatively mild associations 
to severe pathological effects that influence host behavior, 
physiology, and survival. Proper management of wild and 
farmed fish populations depends on our ability to forecast 
disease effects and create effective control methods (22).  

Behavioral Manipulation by Parasites 
One of the most interesting aspect of host-parasite 
dynamics is the ability of some parasites to manipulate 
host behavior to increase their rate of transmission. For 
example, Schistocephalus solidus a cestode infecting the 
three-spined stickleback (Gasterosteus aculeatus), alters 
the host's shoaling and predator avoidance behaviors, 
increasing its likelihood of being consumed by birds—the 
definitive host. The behavioral changes caused by 
parasites help these organisms survive while decreasing 
the survival chances of their host. Similarly, the infection 
of fish eyes and brain by Diplostomum spp. leads to vision 
and orientation impairment which increases their 
susceptibility to predation (23,24). 

Immunological and Physiological Effects 
The immune system of fish hosts uses two different 
response methods to combat parasitic infections. The gill 
tissues of fish show inflammatory responses and mucus 
production and epithelial hyperplasia when they are 
infected by protozoan and myxozoan parasites. Parasites 
have developed multiple evasion and immune suppression 
techniques which include antigenic variation and 
immunosuppressive secretions. Ectoparasite like 
Gyrodactylus salaris causes severe stress in fish 
populations which leads to slower growth together with 
increased vulnerability to bacterial and fungal infections. 
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The immune suppression from high stocking densities in 
aquaculture systems commonly leads to extensive death 
rates when not properly addressed (25,26).  

Co-Infections and Immune Trade-offs 
Farmed and wild fish species often experience infections 
from multiple parasite species at the same time. The 
immune response defines whether these interactions 
support each other or work against one another. 
Nematodes trigger changes in the host's immune system 
which lead to enhanced protozoan infection possibilities 
thus making diagnosis and treatment complex. The 
immune system of fish undergoes trade-offs that happen 
when energy expenditure for fighting one infection 
weakens defenses against other types of parasites. The 
interactions between parasites create significant 
challenges for disease treatment and need comprehensive 
control measures in parasite control programs (27). 

Evolutionary Perspectives 
The evolutionary history of host-parasite relationships 
involves continuous co-evolutionary interactions through 
arms races.  Genetic resistance to particular parasites 
exists in some fish populations because of their immune 
system diversity while other populations stay highly 
vulnerable. The aquaculture industry uses selective 
breeding to develop host resistance for better disease 
management in its sustainable production methods. In 
wild fishes, the presence of parasites can regulate host 
density and promote genetic diversity through selective 
pressure. However, anthropogenic changes such as habitat 
degradation and climate change are altering these natural 
balances, leading to unexpected outbreaks and shifts in 
host specificity (28,29).  

Economic Impact and Global Burden of Fish Parasites 
Parasites on fish impose a huge economic burden on global 
aquaculture, fisheries, and trade, and losses are incurred 
through reduced growth rates, increased mortality rates, 
low feed conversion ratios, and secondary infection. Food 
and Agriculture Organization estimates that parasitic 
disease is responsible for about 20% of all reported 
aquatic animal disease outbreaks every year. In some 
regions of the globe, though not all, such as Asia and 
Europe, parasite losses have been hundreds of millions of 
dollars per year, affecting small-scale fish farmers and 
giant aquaculture operations (30).  

Aquaculture Losses 
Aquaculture has extreme levels of susceptibility to 
parasitic disease. There are high stocking densities and 
insufficient genetic diversity among farmed species, as 
well as external environmental stressors that compromise 
the power of the immune response among host fishes. For 
instance, outbreaks of Ichthyophthirius multifiliis and 
Trichodina spp. infections are the most frequent ones 
found in freshwater farms of China, Thailand, and Vietnam, 
and these outbreaks cause mass mortalities in farmed 
tilapia, catfish, and carp. Parasitic infection costs the 
aquaculture sector alone more than USD 300 million each 
year in China. As in Europe, Gyrodactylus salaris has caused 
dreadful catastrophes in the populations of Atlantic 
salmon (Salmo salar). It has particularly affected Norway, 
where eradication measures have cost tens of millions of 
dollars since the 1980s. Likewise, sea lice (Lepeophtheirus 

salmonis) still pose a great problem for marine salmonid 
aquaculture, with a price tag of greater than USD 700 
million per annum in Norway alone (31,32,33).  

Pakistan has potential inland water bodies like rivers, 
reservoirs, lakes, and farm ponds holding populations of 
diverse fish important for food security, livelihood, and 
rural economy. Parasitic infections, however, are coming 
up as a major obstacle to sustainable fisheries and 
aquaculture development in the country. Although the 
potential exists for growth, there are challenges to the 
aquaculture sector in Pakistan, from inadequate 
infrastructure, poor diagnostic capability, and limited 
parasitic diseases detection. 

Trade and Market Restrictions 
Aesthetic harm, impaired flesh quality, or zoonotic risk 
caused by parasite-infected fish may lead to trade 
limitations or the rejection of exports. Relevant examples 
include myxozoan infections; Kudoa thyrsites infections 
are often associated with the post-mortem condition 
referred to as soft flesh. This condition will often make the 
fish significantly diminishing market value/consumer 
acceptance. Anisakis simplex (a parasitic nematode 
forming part of the Anisakidae family) is sometimes found 
in heavy numbers in marine fish, which could result in 
meat recalls based on associated health risks relevant to 
eating raw fish in some countries, such as the United 
States. Countries with poor quality diagnostics and a lack 
of biosecurity will regularly have the fish product 
rejections resulting in continued economic pressure from 
exports embargoes (34,35). 

Cost of Control and Treatment 
The treatment of parasitic infections in aquaculture is 
often an expensive and environmentally contentious issue. 
Chemical treatment methods such as formalin, malachite 
green, emamectin benzoate, and praziquantel are more or 
less common but bring into question the issues of drug 
resistance and long-term environmental contamination. 
Other control options focused on biological control, 
including cleaner fish, probiotics, and immunostimulants, 
are receiving interest but require further development and 
financial backing for scalability and ultimate commercial 
efficacy (36). 

Human Health and Zoonotic Costs 
Some fish parasites also have animal health consequences 
(zoonotic potential) beyond economic implications. Such 
as Anisakiasis, clonorchiasis, and opisthorchiasis etc. 
linked to contaminated fish have resulted in substantial 
healthcare costs, especially in regions where raw fish 
consumption is culturally significant. Food safety 
authorities in Japan, South Korea and select regions in 
Southeast Asia have initiated expanded inspection 
scrutiny and awareness campaigns which additionally 
have imposed regulatory and financial burden on the 
industry (37). 

Fish Parasites in Pakistan Current Status and 
Challenges  
Pakistan hosts a wide variety of freshwater and marine 
fish species that are essential for food security, rural 
livelihoods, and economic development. However, they 
increasingly face parasitic infections, which are now being 
recognized as a major impediment to sustainable 
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aquaculture and fisheries. Notable parasites reported in 
the country include protozoans such as Ichthyophthirius 
multifiliis and Trichodina, the trematodes Diplostomum 
spp., crustacean ectoparasites Gyrodactylus salaris and 
Argulus spp., and the zoonotic nematode Anisakis simplex 
etc. These parasites affect both farmed and wild fish 
populations, particularly in the economically important 
water bodies comprising the Indus River system, 
reservoirs, and farm ponds. 

Despite growing research efforts, parasite control in 
Pakistan is faced with serious challenges. The absence of 
modern diagnostic laboratories, trained personnel, and 
effective biosecurity measures is a problem. Routine 
microscopy is the mainstay of diagnosis in most fish 
diseases due to the unavailability of molecular technology 
and well-equipped laboratories. This slows down 
diagnosis and outbreak response. There is also poor 
awareness of disease prevention measures among the 
majority of fish farmers, and chemicals are also not used 
appropriately, with delayed treatment leading to high 
mortality and economic loss. 

Climate change is also making matters worse by 
modifying parasite life cycles and amplifying transmission 
rates. Increased temperatures and reduced winter periods 
have resulted in sporadic infestations even during off-
season periods. Shifting water temperature and quality 
also compromise fish immune responses, leaving them 
more vulnerable to infections. Evidence suggests 
increasing prevalence of ectoparasitic infestations in 
Punjab and Sindh under evolving climatic conditions 
(38,39,40). 

Diagnosis and Detection Methods  
Accurate diagnosis is a foundation feature of fish parasite 
management, particularly in aquaculture systems where, 
time critical parasite identification can mitigate a 
widespread disease outbreak and subsequent economic 
losses. Fish parasite management typically utilizes 
traditional diagnostics based on morphology derived from 
light microscopy and histopathology. Fortunately, 
traditional methods are still supported by visualizing both 
external and internal parasites that boast a recognizable 
morphological feature. Parasites are not always obvious 
using the traditional light microscopy method; therefore, 
it remains equally valuable to use a wet mount preparation 
to visualize external and motile protozoan parasites on gill 
or skin tissues. Through the fixation and sectioning of 
infected tissues, histopathology can give us important 
information about host-parasite interactions and 
pathological changes associated with the presence of 
parasites, including Myxobolus cerebralis and Kudoa 
thyrsites. Although these methods are relatively 
inexpensive and practical at the basic field level laboratory 
and can be universally applied, they may be less sensitive 
to early-stage infections and require trained individuals 
for proper species identification. 

The advancement of molecular diagnostic tools has 
significantly improved the accuracy and efficiency of 
parasite detection. Polymerase Chain Reaction (PCR) 
allows amplification of parasite-specific DNA sequences, 
enabling rapid and sensitive identification of species such 
as Anisakis simplex, Diphyllobothrium latum, and 
Gyrodactylus salaris. Real time quantitative PCR (qPCR) 

greatly improves specificity and quantification making it 
the ideal method to monitor parasite loads in both live and 
processed fish. The use of next-generation sequencing 
(NGS) provides the ability to detect multiple species of 
parasites in one sample, thus representing a powerful 
technology for surveillance and biodiversity studies. It is 
particularly useful in detecting zoonotic parasites and 
monitoring outbreaks in aquaculture facilities. However, 
the use of these advanced technologies continues to be 
limited in developing countries due to cost and complexity 
(42,43,44). 

Treatment and Prevention Strategies  
The main strategy used to achieve effective control of fish 
parasites should be an integrated approach that takes in 
the use of chemotherapeutic treatments, biological control 
agents, best husbandry practices, and prevention based on 
the situation (species of parasites and type of farming 
system). The use of treatment relies upon the type of 
parasite, host type, stage of infection and environmental 
conditions. However, growing concern about drug 
resistance, pollution and food safety has caused a shift 
towards sustainable and alternative methods of parasite 
management. Chemical therapeutants are one of the more 
mainstream intervention techniques in aquaculture for 
their rapid effectiveness under field conditions. 
Historically, formalin and malachite green have been 
common treatments for protozoan infections such as 
Ichthyophthirius multifiliis and Trichodina spp., 
Praziquantel is common when treating trematodes and 
cestodes, especially in freshwater systems where flukes 
are common. For ectoparasites like crustaceans (e.g. sea 
lice (Lepeophtheirus salmonis), systemic drugs like 
emamectin benzoate and ivermectin have been successful, 
although there are reports of resistance development and 
concerns over long-term effectiveness (45,46). 

In addition to chemical approaches biological control 
methods are being promoted as ways to decrease the 
dependency on synthetic compounds. This includes 
cleaner fish (lumpfish Cyclopterus lumpus and wrasse 
species Labrus bergylta) that naturally feed on parasitic 
copepods in salmonid farms. Probiotics and 
immunostimulants that may be able to increase host 
immunity and suppress the growth of parasites, either 
through competitive displacement or immune modulation, 
are also being researched. The antiparasitic activity of 
herbal extracts from plants (e.g., Azadirachta indica 
(neem), Allium sativum (garlic) has been demonstrated in 
laboratory and field situations, with consideration of 
supplying an eco-friendly option to small scale farmers. 
Prevention is the best form of parasite control, there's a 
focus on parasite prevention, in particular, management 
via biosecurity measures through quarantine measures, 
and using good mortality and stock density records 
alongside water quality measures like dissolved oxygen, 
ammonium, and nitrite levels along with regular health 
checks. Efforts in selective breeding of stock for disease 
resistance, and preventive measures via vaccines have 
seen development for economically significant parasites 
like Ichthyophthirius multifiliis, but commercial vaccines 
are generally limited. An integrated pest management 
(IPM) framework of prevention, control, and mitigation 
represent the best way forward for the aquaculture 
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industry trying to engage in sustainable parasite control 
(47,48,49). 

Climate Change and Emerging Threats  
Climate change is being more widely recognized as a 
potential cause of the emergence of parasitic diseases in 
aquatic ecosystems, affecting distribution, life cycles, and 
virulence of fish parasites globally. Environmental factors 
including temperature elevation, salinity changes, and 
alteration of indigenous hydrology are changing the host-
parasite relationships and are largely detrimental to the 
health of fishes and aquaculture sustainability. Through 
changes to parasite development and transmission, and by 
modifying immune response and host susceptibility. These 
alterations in environmental factors are causing further 
difficulties by bringing challenges to disease control and 
management of both wild and cultured fishes, and 
exposing fish to many further stresses. One of the most 
notable impacts of climate change is the acceleration of 
parasite life cycles. Warmer water temperatures increase 
metabolic rates and reproductive efficiency of many 
ectoparasites leading to shorter generation times and 
higher infection intensities. For example, studies have 
shown that temperature increases of just 2–3°C can 
significantly enhance the proliferation of monogeneans on 
gill tissues, resulting in more frequent and severe 
outbreaks in aquaculture systems. Likewise, increases in 
sea surface temperatures are expanding the distribution of 
marine parasites (e.g., Amyloodinium ocellatum and 
Lepeophtheirus salmonis) from their prior tropical or 
temperate boundaries to higher latitudes. On top of direct 
impacts to parasite biology, climate change impacts 
disease dynamics indirectly as a result of their effects on 
host distribution and immune status. For example, 
changes in fish species migration patterns and habitat 
where previously healthy naïve fish populations are now 
encountering new parasites in their geographic range may 
result in increased disease emergence in locations where 
disease emergence has not occurred. Similarly, thermal 
stress can diminish host immune responses, resulting in 
increased infections, which as previously mentioned, has 
often been seen in species such as Atlantic salmon and 
tilapia where parasites and infections with protozoans and 
myxozoans occurred more often as their thermal 
temperature increased (50,51,52). 

Future Perspectives and Policy Implications 
Aquaculture industry faces ongoing challenges in 
controlling parasitic diseases, which significantly impact 
fish health and production efficiency. Recent 
advancements in fish vaccination offer promising avenues 
for disease control. Innovations such as recombinant 
subunit, DNA, and RNA vaccines are being explored to 
enhance immunity against various pathogens, including 

parasites. However, the development of effective 
antiparasitic vaccines remains complex due to the intricate 
life cycles and immune evasion strategies of many 
parasites. Continued research into fish immunology and 
vaccine delivery methods is essential to overcome these 
hurdles and improve disease resistance in aquaculture 
species (53). 

Strengthening biosecurity measures and regulatory 
frameworks cooperation will help mitigate the impacts of 
parasitic infections or infestations. Fewer disease 
transmission risks can be achieved by standardized 
diagnosis protocols, strict biosecurity measures, and 
improved surveillance systems. The National Strategy on 
Aquatic Animal Health in Pakistan gives much importance 
to further development of comprehensive biosecurity 
programs meant for sustaining aquaculture as well as 
protecting aquatic biodiversity. Furthermore, the efforts 
mean international collaboration and accords with 
international standards such as those advocated by the 
Food and Agriculture Organization (FAO) to bring about 
harmonized actions in the control of fish parasites while 
ensuring food safety to the aquaculture sector as a whole. 
(54,55).  
 
CONCLUSION 
Fish parasites pose a serious challenge to aquaculture, 
wild fisheries and human health, especially in developing 
countries. Their impact ranging from economic losses to 
ecological disruption is intensified by factors like intensive 
farming, climate change, and global movement of species. 
Despite advances in knowledge and control methods, 
many gaps remain, particularly where resources are 
limited. To tackle these issues effectively, an integrated 
one health approach is crucial connecting animal, human, 
and environmental health through improved diagnostics, 
responsible treatment, research investment, and climate 
adaptive management strategies.  
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