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Abstract

The farming and rearing of freshwater fishes is increasing in scale in response to growing
global food demands, but notably also through the increasing popularity of sport angling
and expansion of ornamental hobbyist practices globally. Alongside rises in numbers of
fish and the intensity of their rearing, increases in aquatic and ecosystem stressors have
expedited the emergence and motility of many pathogenic diseases. Cyprinids are the most
popular species for culturing, and although largely considered hardy, are susceptible to
a diverse array of pathogens. Common carp (Cyprinus carpio) and ornamental koi carp
(Cyprinus rubrofuscus) are valued for their ease of cultivation, fast growth rates, and variety
of genetic appearances. Vaccination programmes have become a mainstay of industrial
aquaculture where financially viable, but their use in fish reared as companion animals
or for sport angling is not cost-effective and despite the magnitude and growth of these
markets, much less is known about current threats and trends in this area of aquaculture.
Here, we review the bacterial, viral, and fungal infections commonly found within carp
bred for angling and ornamental aquaculture in the United Kingdom and Europe, alongside
current threats such as antimicrobial resistance and the potential impact of climate change
on temperature-dependent infections. We highlight the evolution of diagnostic techniques,
alternative therapies to reduce antibiotic dependence, and the environmental impact of
available treatments as priority areas for cyprinid research. Additionally, there is an urgent
need for novel therapeutics in this area, as innovation is currently lacking.

Keywords: carp pathogens; aeromonas; pseudomonas; columnaris; edwardsiellosis; my-
cobacteriosis; cyprinid herpes virus; edema virus; viraemia; saprolegniasis; branchiomycosis

1. Introduction
The practices of angling and aquaculture are intertwined in history, with no exact

date for their conception many thousand years ago. Although ancient in origin, both have
exploded in popularity in the past three decades and now represent significant sources
of food, recreation, and also employment globally. Cyprinid species, most notably the
common carp (Cyprinus carpio) and their ornamental counterparts (Cyprinus rubrofuscus),
play a crucial role in recreational angling (the practice of angling/coarse fishing for carp,
and the rearing of carp for angling) and ornamental aquaculture (the keeping and rearing
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of koi carp as pet/ornamental pond fish). Carp are by far the most popular of freshwater
fishes for recreational applications and have grown exponentially in popularity worldwide.
They are highly valued for their fast growth rates, long life span (up to 70 years) strength,
intelligence, companionship behaviour, adaptability, ease of breeding, and varied visual
presentation. Individual specimens can fetch significant prices from both anglers and
Koi keepers, often in the tens of thousands in angling, and even millions in koi rearing.
However, although hardy, carp are susceptible to a diverse array of pathogens that can
result in significant economic losses and heavily compromised fish welfare that can affect
both disciplines [1]. People and carp are spending more time in close contact as both
sport and hobby numbers rise, increasing the potential for the anthropogenic spread and
emergence of disease.

Pathogen selection for this review was guided by relevance and prevalence to UK
and European recreational and ornamental aquaculture. Agents with documented disease
in common carp and koi within the aforementioned regions were prioritized, supported
by peer-reviewed outbreak reports, surveillance data, and regulatory listings. Input from
the UK Institute of Fisheries Management (IFM) guided our identification of pathogens
viewed as major threats within carp angling and koi-keeping specialisms, thus retaining
end-user as well as academic relevance. The selected pathogens should not, however,
be interpreted as a complete list of bacterial, viral, fungal, or oomycete agents affecting
carp; those reviewed here were selected for their applied relevance to fish welfare, disease
management, and biosecurity within recreational aquaculture only. Evidence citing other
cyprinids or non-carp species is included only where it provides relevant context and is not
implied to infer direct evidence for effects in common or koi carp.

Pathogenic bacterial species such as Aeromonas, Pseudomonas, and Vibrio species pose
significant threats to cyprinid health, causing diseases such as haemorrhagic septicaemia
and vibriosis with high mortality rates [2]. Viral infections, including koi herpesvirus
disease (KHVD) and spring viraemia of carp (SVC) are of particular concern due to their
potential for devastating outbreaks [3], and fungal infections, such as saprolegniasis, can
also be detrimental to cyprinid populations [4]. Despite the prevalence and impact of
these pathogens, treatment options remain limited, and conventional approaches raise
concerns about antimicrobial resistance, environmental damage, and toxicity issues [5].
As outbreaks of these pathogens occur often at elevated temperatures, there are global
concerns regarding the effect climate change may eventually have on the prevalence of
these diseases [6]. But climate is a complex issue; different pathogens respond to rising
temperatures in different ways, with some preferring higher temperatures, some preferring
rapid changes in temperature, and others preferring cooler conditions. Host-immune
competence also displays temperature dependencies; therefore, climate is not explored
in detail in this review. In addition, the threat posed by zoonotic pathogens remains an
underacknowledged risk within aquaculture [7]. Potential pathogen transfer between carp
and humans necessitates further research and comprehensive transmission mapping to
mitigate the risk of zoonotic transmission.
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Recent advances in molecular diagnostics, sequencing, and alternative disease-
management approaches, including bacteriophage-based interventions, may improve
the detection, understanding, and control of some carp pathogens [8,9]. However, these
technologies are out of reach for most hobbyists and enthusiasts; hence, alternative thera-
pies and tools are required to ensure adequate biosecurity and safety levels in the angling
and ornamental disciplines.

This review will focus on the major bacterial, viral, fungal, and oomycete pathogens
affecting common carp and ornamental koi in recreational angling and ornamental koi
pond settings, with emphasis on pathogen biology, clinical presentation, transmission,
diagnosis, prevention, and evidence-based disease management. It highlights knowledge
gaps and the need for accessible, proportionate, and environmentally responsible strategies
for UK and European carp systems.

Note on the literature search and scope: Search databases included PubMed, Google,
Google Scholar, and Mendeley, accessed March 2026 to July 2026. Search terms included
Carp/Koi pathogens, carp/Koi disease, carp/Koi infections, carp/Koi pathology, zoonotic
transmission in carp, carp care treatments, carp vaccination strategies, antimicrobial re-
sistance in carp, carp aquaculture. Papers were selected for inclusion primarily based on
documented evidence of relevance to carp; where none existed but the potential relevance
was clear, papers were included that covered the same pathogens in other fish species. A
balance of original and emerging research was targeted, highlighting gaps in the literature
as we perceived them as well as established or documented findings/observations of
relevance to carp in the context of recreational aquaculture.

2. Bacterial Diseases
Carp may be affected by a diverse range of bacterial agents, with disease expression

shaped by pathogen virulence, host susceptibility, co-infection, water quality, stocking den-
sity, handling, and other environmental stressors [10]. The bacterial groups considered in
this review were selected for their relevance to recreational and ornamental carp systems in
the United Kingdom and Europe and include Aeromonas, Pseudomonas, Vibrio, Flavobacterium,
Edwardsiella, and Mycobacterium spp. These taxa should not be interpreted as the only bac-
terial agents capable of affecting carp; rather, they represent selected pathogens of practical
relevance to fish welfare, disease management, and biosecurity in the defined scope of this
review. Many of these pathogens are Gram-negative, with their prevalence being linked to
the ability to form biofilms and therefore persist in harsh environments, although some
Gram-positive bacteria such as Streptococcus iniae can cause equally devastating systemic
infections in carp [11,12]. Pathogenic bacteria are most frequently found in water with
high organic load, particularly the static water commonly associated with aquaculture
growth ponds [13]. Outbreaks of such bacterial infections are often temperature-dependent,
with higher mortality rates reported during the spring and summer months, and more
sudden temperature changes further increasing the susceptibility of fish [1]. But pathogen-
temperature relationships are complex and varied, in addition, environmental influences
are also nuanced and complex, with interconnectivity often compounding outcomes, as
illustrated in Figure 1, below.
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Figure 1. Illustration depicting the causes and consequences of disease within carp populations due
to environmental and human factors.

3. Motile Aeromonas Septicaemia (MAS)
Also known as haemorrhagic septicaemia, motile Aeromonas septicaemia (MAS) is

a syndrome associated with disease caused by motile members of the genus Aeromonas.
Aeromonas hydrophila is frequently implicated, although other motile aeromonads, including
Aeromonas veronii, Aeromonas sobria, and Aeromonas caviae, have also been associated with
disease in freshwater and brackish-water fish [14]. Aeromonas species are found abundantly
in polluted waters, particularly in areas where large amounts of organic waste are present.
Aquaculture pond systems such as those used for the rearing of carp present optimal
conditions for the growth and spread of Aeromonas due to readily available nutrients,
therefore resulting in an ever-present threat to carp stock as a result of biofilm formation [15].
Devastating outbreaks of Aeromonas infections are common when carp are exposed to stress,
often due to overstocking or handling. Temperature increases during the spring and
summer also contribute to significant losses [16].

Motile aeromonads, such as A. hydrophila, are characterised by their use of single polar
flagellum and therefore active motility. A. hydrophila is a Gram-negative, opportunistic
bacillus that produces virulence factors including aerolysin, enterotoxins, cytotoxins, and
various haemolysins, which bind to and disrupt cell membranes [17,18]. Mesophilic
Aeromonas species possess two complex protein secretion mechanisms, the Type II secretion
system (T2SS) and the Type III secretion system (T3SS), both crucial to the export of
virulence factors and therefore pathogenicity. A. hydrophila infections are rarely primary, as
infection mainly occurs in previously compromised hosts either as a result of stress or prior
infection [18].

The clinical manifestation of MAS includes minor blood vessel rupture and haemor-
rhage, with ulcerative skin lesions due to the production of haemolysin and the resultant
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lysis of red blood cells [19]. Whilst the aforementioned skin lesions are usually shallow,
secondary fungal infections of the ulceration are common and often further complicate the
diagnostic and treatment process [20]. Infected fish may show abnormal behaviours prior
to any physical symptoms, including lethargy and loss of appetite. Abdominal swelling
or edema may be observed due to internal haemorrhage and excess fluid, whilst external
haemorrhage is often most clearly visible on the fins and periphery of the fish [1]. In
some cases, sudden death will occur before the presentation of any characteristic clinical
signs [21].

Control measures employed to mitigate large-scale A. hydrophila infection are largely
dependent upon addressing the environmental factors that initially allowed the infection
to spread. Historically, water temperature, stocking densities, and organic material levels
were all considered important variables to be controlled where possible [1]. Where bacterial
disease is suspected, antimicrobial treatment should follow veterinary assessment and,
where practicable, bacterial culture and species-specific antimicrobial-susceptibility testing.
Antimicrobial selection must account for the identity and susceptibility profile of the isolate,
permitted medicines, local or national legislation, the intended use of the fish, and relevant
withdrawal periods for fish entering the food chain [3,22]. A compounding difficulty here
is the spread of antimicrobial resistance (AMR) genes in farmed and wild carp microbiomes.
As with many other farming practices, Antimicrobial Stewardship remains a significant
and globally important driver of best practice in treating carp in recreational aquaculture
environments. Although antibiotic misuse is less prevalent in recreational aquaculture due
to the relatively small number of veterinarians specialising in fish health in the UK and
UE, carp microbiomes could theoretically still be exposed to the spread of resistance genes
through other routes, such as feed sources and proximity to farming run-offs.

Aquaculture, whether for food fish or recreational purposes, can be treated as a poten-
tial source of environmental contamination with antimicrobial-resistant bacteria; where
specific to carp, tetracycline resistance and treatment have previously been linked [23].
AMR surveillance is crucial to addressing ecological and environmental impacts of all
forms of aquaculture, but simple, accessible, and portable solutions are only starting to
emerge, and useful tools such as whole-genome sequencing, deep sequencing, and non-
lethal sampling and monitoring methods are not always readily available to fishery/farm
owners. However, without the development of novel treatment management strategies,
A. hydrophila may become largely untreatable due to antimicrobial resistance, with studies
already showing over 70% isolates with Multiple Antibiotic Resistance Index values higher
than 0.2 [22]. Whilst three different vaccination approaches have been developed, recom-
binant, live attenuated, and outer membrane-based vaccines, the worldwide uptake has
been significantly lower than anticipated [24], with many external economic and practical
considerations exerting significant influence.

4. Pseudomonas Infections
Pseudomonas spp. are Gram-negative bacteria commonly found in freshwater environ-

ments, sediments, and on the skin and gills of fish. Several species have been associated
with disease in cyprinids, including Pseudomonas fluorescens and Pseudomonas aeruginosa.
Infection is often associated with stress, poor water quality, high stocking density, handling,
and concurrent parasitic or bacterial disease. In common carp and ornamental koi, Pseu-
domonas spp. may act as primary or secondary pathogens and can contribute to outbreaks
of septicaemia and ulcerative disease [25,26].

Clinical signs are non-specific and may include lethargy, reduced appetite, respiratory
distress, darkening of the skin, haemorrhages, scale loss, fin erosion, skin ulceration, abdom-
inal distension, and increased mortality. Internally, affected fish may show haemorrhages in
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the liver, kidney, and spleen, with enlargement or congestion of these organs in more severe
cases. Similar clinical signs can occur during infections with Aeromonas spp., Flavobacterium
spp., and other opportunistic bacteria, and mixed infections may occur. For example, P.
fluorescens has been reported in common carp affected by concurrent Dactylogyrus extensus
infection, where affected fish showed anorexia, respiratory distress, dermal ulceration, and
septicaemia [25]. Diagnosis is based on clinical history, gross pathology, bacteriological cul-
ture, and identification of isolates from internal organs or lesions. Isolation of Pseudomonas
spp. from skin, gills, or water alone should be interpreted with care, as these organisms
are widespread in the aquatic environment. Examination for parasitic disease, poor water
quality, injury, and other bacterial pathogens is therefore important when investigating
suspected outbreaks.

Control should focus on improving husbandry conditions, reducing handling stress,
maintaining suitable water quality, removing dead and moribund fish, and quarantining
new stock before introduction into established populations. Any antimicrobial treatment
should be based on bacterial culture and antimicrobial-susceptibility testing, under veteri-
nary direction and in accordance with national medicine-use requirements. Antimicrobial-
resistance patterns can vary between isolates, including those obtained from carp farms,
and empirical treatment should therefore be avoided where possible [26].

5. Columnaris Disease
Columnaris disease is caused by a group of closely related Flavobacterium species histor-

ically referred to as Flavobacterium columnare. The earlier literature may also use the names
Flexibacter columnaris, Bacillus columnaris, or Cytophaga columnaris. Taxonomic revision has
since resolved the former F. columnare complex into four species: Flavobacterium columnare,
Flavobacterium covae, Flavobacterium davisii, and Flavobacterium oreochromis [27]. Accordingly,
the term F. columnare is only used here more generally when discussing older studies in
which isolates cannot be assigned reliably to one of the currently recognised species. These
species should not be assumed to be interchangeable or equally relevant to common carp
and ornamental koi; host association, virulence, and geographical distribution may differ
between taxa and isolates.

Columnaris-causing bacteria are Gram-negative, rod-shaped bacteria that show glid-
ing motility rather than flagella-mediated motility. On wet mounts, bacterial cells may
form characteristic column-like aggregates, although diagnosis should not rely on mor-
phology alone [1,27]. The progression and severity of disease are influenced by bacterial
strain, host species and age, stocking density, water quality, organic loading, dissolved
oxygen, and temperature. In experimental work involving common carp and rainbow
trout, highly virulent isolates caused rapid invasion and destruction of gill tissue, whereas
lower-virulence isolates produced less severe disease; these findings should be interpreted
as isolate- and host-specific rather than universally applicable to all columnaris-causing
bacteria [28]. Other virulence-associated mechanisms, including secretion systems and
adhesion-related traits, have been described, but much of this evidence is derived from
non-carp hosts and laboratory isolates [29].

Columnaris disease is characterised by acute to chronic systemic infections first pre-
senting on the skin and fins, and then the gills [1]. Age is a significant determining factor
of both the progression and manifestation of columnaris disease, with acute development
being most common in younger fish and older fish being subjected to a more chronic
condition. Visible symptoms include ulceration of the mouth and skin lesions, both of
which are highly susceptible to secondary infection by fungi or other bacteria. Gill necrosis
is apparent in both acute and chronic cases, whereas fin deterioration and skin discoloration
may only occur if the disease progresses in a chronic manner [28]. Clinical signs alone are
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not specific to columnaris disease; diagnosis should therefore be supported by microscopic
examination, culture and identification of the causative organism, and, where available,
molecular methods capable of distinguishing members of the former F. columnare complex.

Management is key in the prevention of columnaris disease, with a lower rearing den-
sity and higher water quality consistently linked with a lower risk of F. columnare outbreak.
Control of the amount of organic matter in the stocking ponds can help to minimise the
adherence capacity of F. columnare, further reducing the likelihood of mortality [28]. Medi-
cated baths and topical treatments such as methylene blue (methylthioninium chloride)
baths or swabs have been used historically; however, there is no scientific evidence for
this kind of treatment being beneficial to carp. On the contrary, we recently highlighted
the potentially toxic effects of using methylene blue and other historically unevidenced
chemicals for topical applications [30]. Vaccine candidates have been investigated for
columnaris-causing bacteria, particularly in other aquaculture species, but their efficacy,
regulatory status, and practical applicability to common carp and ornamental koi require
further assessment.

6. Edwardsiellosis
Edwardsiella spp. are considered to be one of the greatest pathogenic threats to world-

wide aquaculture [31]. Formerly known as Edwardsiella tarda and later reclassified into
three distinct groups, Edwardsiella piscicida, Edwardsiella anguillarum and the redefined
Edwardsiella tarda, these bacteria are highly virulent and abundant in freshwater and aqua-
culture environments alike [32]. The severity of Edwardsiella outbreaks is exacerbated by
the intensive fish farming methods employed in commercial aquaculture, including the
overuse of antimicrobial and antibiotic chemicals such as florfenicol and oxytetracycline [9].
As a result, E. piscicida has been found to carry antibiotic-resistant genes with the ability to
transfer these through horizontal gene transfer [33]. Additionally epidemiological evidence
has shown that E. tarda infections in fish have zoonotic potential, resulting in gastroenteritis
in humans, particularly in immunocompromised patients [34].

The genus Edwardsiella comprises Gram-negative, rod-shaped bacteria that can grow in
both aerobic and anaerobic environments [35]. All species are highly adaptable to changes
in environmental factors including salinity, pH, and temperature [36]. Whilst its virulence
factors are not yet fully understood, E. tarda is currently considered to exhibit the highest
pathogenic potential due to its ability to produce toxins including haemolysins and der-
matoxins, and resistance to serum- and phagocyte-mediated killing [35]. Further research
into the virulence genes associated with Edwardsiella spp. is essential for understanding the
threat edwardsiellosis poses to aquaculture.

Clinical manifestation of edwardsiellosis varies between strains; however, abnormal
swimming behaviours such as spiralling and remaining closer to the surface, alongside
visible lethargy, are often the first symptoms observed [1]. During the initial stages of
infection, skin necrosis and haemorrhaging both under and on the surface of the ventral
side of the body and fins becomes apparent, followed by the progression of surface lesions
and further internal deterioration. In more advanced cases, organ haemorrhages and
abdominal edema can be observed upon dissection [36].

When bacterial infection is suspected, any antimicrobial treatment should be guided
by veterinary assessment, bacterial culture, correct species identification, and antimicrobial-
susceptibility testing. Recently, phage therapy has started to emerge as a potential alter-
native to antibiotics, with promising results being shown for both infection control and
reduction in antibiotic resistance genes in zebrafish infected with E. piscicida [9]. Phyto-
biotics and vaccination protocols both show theoretical promise for use in aquaculture;
however, more research is needed to understand their efficacy and practical application [37].
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7. Mycobacteriosis
Colloquially referred to as “fish tuberculosis”, piscine mycobacteriosis is a dissemi-

nated mycobacterial infection that was first isolated from carp in 1897 [38]. Mycobacterial
infections in fish are caused by three primary etiological agents: Mycobacterium marinum,
Mycobacterium fortuitum, and Mycobacterium chelonae [1]. Mycobacterium spp. are endemic
worldwide, with a host range of over 160 species of freshwater, saltwater, and brackish
fish species, posing a significant threat to both aquaculture and wild fishing alike [39]. The
elevated temperatures and lowered pH frequently associated with intensive fish farming
provide hospitable conditions for the overgrowth and outbreak of Mycobacterium spp. [1].

Mycobacterium spp. are aerobic, non-motile, Gram-positive bacteria [1]. The pathogenic
potential varies between the etiological agents of piscine mycobacteriosis, with M. marinum
being considered a true pathogen whilst M. fortuitum and M. chelonae are opportunistic
pathogens [1]. Virulence determinants vary among piscine Mycobacterium species and
remain incompletely understood. In Mycobacterium marinum, cell-wall-associated lipids,
including phthiocerol dimycocerosates and phenolic glycolipids, together with the ESX-1
type VII secretion system, have been implicated in virulence and host infection; however,
the relevance of these mechanisms may differ among piscine mycobacterial species and fish
hosts [40]. M. marinum has been well documented as an opportunistic zoonotic fish-borne
pathogen, causing “fisherman’s finger”, a generally superficial granulomatous inflamma-
tion of the extremities, but occasionally progressing into deeper tissues if untreated [8].

Piscine mycobacteriosis is characterised by the presence of necrotising granulomas,
often most visible towards the later stages of infection [1]. Infection can occur with either
an acute or chronic progression. In the rare acute cases, rapid morbidity and mortality
occurs with few clinical indicators, whilst in the more common chronic manifestation, the
disease may not become apparent for several months or years [39]. A lack of appetite and
subsequent weight loss, abdominal edema, and granuloma formation in the liver, kidney,
and spleen are considered to be end-stage symptoms in chronic cases [41].

The treatment of mycobacterial infections in fish are limited to control, in which all
affected stocks must be destroyed and holding tanks must be thoroughly disinfected [1].
Whilst generally accepted practice in commercial aquaculture of “food fish”, the necessity
of destruction is a particularly emotive issue in the culture of valuable ornamental species,
further driving the need for research and the development of a therapeutic agent. Avenues
of recombinant, DNA, and mRNA vaccines are currently being explored; however, whilst
significant immune responses have been produced, the vaccines are far from commercial
availability [42].

8. Viral Diseases
Viral diseases represent an important biosecurity concern in recreational and orna-

mental carp systems, as outbreaks can cause substantial morbidity and mortality, disrupt
stocking and trade, and necessitate movement restrictions or enhanced disease-control
measures. Prevention and biosecurity are the primary strategies for managing outbreaks [1].
Infection is often associated with seasonality, with outbreaks most commonly occurring
in either the spring or autumn months [43]. Disease management relies primarily on
prevention, early recognition, diagnostic testing, quarantine, biosecurity, and compliance
with applicable reporting and movement-control requirements, rather than therapeutic
intervention [1,4].

9. Cyprinid Herpes Virus
Two of the three closely related cyprinid herpesviruses are the etiological agents of

highly destructive diseases in both Cyprinus carpio and Cyprinus rubrofuscus [44]. Cyprinid
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herpesvirus-1 (CyHV-1) causes CyHV-1 disease or “carp pox”, one of the oldest documented
fish diseases, dating back to the Middle Ages [45]. Cyprinid herpesvirus-3 (CyHV-3) is the
causative agent of koi herpes virus disease (KHVD) and is highly virulent and contagious,
having a mortality rate of between 80 and 100% in juvenile and adult koi [46]. Cyprinid
herpesvirus-2 (CyHV-2) is not considered in detail here as it is principally associated with
diseases in goldfish and other Carassius spp. rather than clinical disease in common carp or
ornamental koi; occasional detection in asymptomatic common carp is instead considered
a potential biosecurity issue [47,48]. Infected fish are more susceptible to bacterial co-
infection by Aeromonas or Vibrio strains, further complicating the management of potential
outbreaks [49].

10. Cyprinid Herpesvirus-1 (CyHV-1)
Having previously thought to be a benign, seasonal skin disorder found primarily in

older carp, carp pox has been shown to be lethal to both common carp fry and koi carp
fry, although little research has emerged in this area over the last 35 years [50]. Mortality
has been shown to be between 86 and 97% in two-week-old Cyprinus carpio and 20% in
four-week-old Cyprinus rubrofuscus, with the surviving carp showing recurring cancerous
growths from six months post-infection onwards [50]. Adult survivors of the disease can
be characterised by epidermal hyperplasia and cutaneous growths, most apparent in the
winter and spring when the water temperature is between 9 and 16 ◦C [43]. Transmission is
primarily through water, although some evidence suggests that vertical transmission may
also occur in a similar manner to CyHV-2, but further research is required in this area [44].

Diagnosis of CyHV-1 can be confirmed via PCR assay, with the viral genome being
detectable in both infected cell cultures and paraffin-embedded samples of skin lesions [43].
CyHV-1 has a large double-stranded DNA genome of approximately 291 kbp [51]. Com-
parative genomic analysis has identified a CyHV-1 gene family with sequence similarity
to cellular JUNB; however, this finding should not be interpreted as CyHV-1-encoding
conventional host JUNB oncogenes or these genes directly causing tumour formation, as
such mechanistic links are still to be elucidated. Carp pox is associated with epidermal
hyperplasia and tumour-like lesions, but the molecular mechanisms linking viral infection,
viral gene expression, host transcriptional responses, and tumour development remain
incompletely resolved [45,51]. As carp pox is most virulent between 9 and 16 ◦C, supportive
care in the form of temperature increases and water quality management is the primary
treatment option [45]. Although fish will visibly recover and become asymptomatic if
kept at 22 ◦C, their growth and development will be stunted, leading to economic loss [5].
Currently, no approved vaccine against carp pox is available; however, a multi-epitope
subunit vaccine for both CyHV-1 and CyHV-3 has been proposed [44], offering some insight
into potential future treatment strategies.

Cyprinid Herpesvirus-2 (CyHV-2) is not discussed in detail here as common carp and
koi are only asymptomatic carriers for this particular pathogen; pathogenic infections of
CyHV-2 are confined to other carp species with less relevance to recreational aquaculture,
such as goldfish (Carassius auratus) and Prussian carp (Carassius gibelio). Crucian carp
(Carassius Carassius) are susceptible, and occasionally found alongside common carp in
angling ecosystems; however, instances are low and popularity for the species is low in
comparison to common carp; therefore, the topic is not covered in detail here.

11. Cyprinid Herpesvirus-3 (CyHV-3)
Koi herpesvirus disease (KHVD) is a listed notifiable disease in accordance with the

International Office of Epizootics, due to its mobility and persistence [3]. Primarily spread
around the world by the global fish trade and international showings of prized ornamental
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koi, serious financial losses have been observed since the late 1990s as a result [52]. Whilst
primarily host-specific to common and ornamental carp, hybrid species show partial
susceptibility to infection, further increasing the reach and spread of KHVD [53].

Infection by koi herpesvirus is characterised by gill discoloration, necrosis, and then
eventually loss of osmoregulation in the final stages of the disease [46]. Abnormal be-
haviours can be observed, such as lethargy and loss of appetite, with infected fish often
seen gathered on the bottom of the tank or pond [51]. Different clinical signs are visible
in the skin at different stages of infection, starting with hyperaemia at the base of the fins
and abdomen with pale, peeling patches seen as a result of mucus hyper-secretion [54]. Fin
erosion, gasping motions, and bilateral enophthalmia are the last clinical signs to manifest,
with some fish showing neurological distress before mortality [46].

At approximately 295 kbp, CyHV-3 possesses the longest recorded genome within
the Herpesvirales order [55]. Two distinct genotypes exist with several variants within each:
the Asian genotype with variant A1 and variant A2, and the European genotype with
variants E1 through to E7 [56]. Nested PCR followed by DNA polymerase gene sequencing
is an effective strategy to identify nucleotide disparities between specific genomes and
variants [57]. The two genotypes have two distinct lineages, and in order for an effective
vaccine to be developed, the two genotypes must be more fully understood. No universally
available or broadly applicable licensed vaccine currently provides a complete solution for
the prevention of CyHV-3 infection in common carp or in ornamental koi. Experimental
approaches have included controlled exposures, followed by transfer to non-permissive
temperatures, although this should not be regarded as an acceptable vaccination strategy.
Fish surviving exposure may develop latent infection, remain carriers, and reactivate or
transmit virus following subsequent temperature change or stress [58,59]. Vaccine can-
didates must therefore be evaluated not only for protection against clinical disease but
also for their ability to prevent infection, latency, carrier status, and onward transmission.
More modern approaches have included conventional and recombinant live attenuated
vaccines, inactivated vaccines, DNA vaccines, bacterial-vector vaccines, and subunit vac-
cine candidates [44,58,60]. Vaccination programmes inherently favour high-value fish
stocks, making them of particular interest to recreational aquaculture markets, where the
economics of vaccine usage is more viable than the high-volume, low-individual-value
nature of farmed food fish sectors. Thus, particularly in the UK and EU, carp angling, often
overlooked in comparison to carp or other food fish farming, is emerging as a high-value
and high-impact arena for academic study and therapeutic development, but one that is
currently significantly underfunded in comparison.

12. Carp Edema Virus
Carp edema virus (CEV) is the causative agent of koi sleepy disease (KSD), and

belongs to the pox virus group Poxviridae [61]. Whilst juvenile koi are primarily affected,
common carp are also susceptible to koi sleepy disease within stocking environments [62].
Manifestation of the disease is most commonly associated with stressful farming conditions,
including sudden temperature changes and movement from earthen to concrete pools [63].
Mortality of between 80 and 100% has been observed in juvenile koi, causing significant
economic losses in the ornamental trade [61].

Lethargy is the characteristic clinical indicator of CEV infection, with affected fish
often seen lying at the bottom of their pond or tank [62]. Tissue edema with associated skin
haemorrhages and pale swollen gills signify the beginning of the “gill rot”, with hypoxia
and mortality occurring in the later stages of the infection [64]. Microscopic examination
can often reveal enlarged cells within the respiratory system, primarily the epithelium of
gill lamellae [61].
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Three distinct genotypes of CEV have been isolated, although the majority of the DNA
sequence that encodes the core protein P4a is not yet published [65]. A 6-10% genetic
diversity between genogroups I, IIa, and IIb across Europe and Asia has been shown, which
could suggest that further lineages of the virus are yet to be discovered [66]. Genogroup I is
primarily detected in common carp that have been farmed, whereas koi are mostly infected
by genogroup IIb [63]. Diagnosis is reliant upon the detection of viral DNA via PCR assay,
using a nested PCR protocol designed by Tokyo University of Fisheries [67]. Treatment
options are limited to mitigation, with a salt bath of 0.3-0.5% thought to minimise the effects
of disease [68]. Any pond or tank with a suspected CEV outbreak should be quarantined,
with strict biosecurity measures adhered to.

13. Spring Viraemia of Carp
Spring viraemia of carp virus (SVCV), currently classified within the genus Sprivivirus

(family Rhabdoviridae), is the causative agent of spring viraemia of carp (SVC), a listed
disease of fish recognised by the World Organisation for Animal Health [3,69]. SVCV
infections have been reported in several carp species and other susceptible cyprinid and
ictalurid fish species; however, susceptibility, clinical expression, and outbreak risk vary
among host species, life stages, isolates, and environmental conditions [3]. Although water-
borne transmission is believed to be the primary route of infection, parasitic invertebrates
such as leeches were previously also postulated as mechanical vectors of transmission [70].

SVCV exhibits the characteristic bullet-shaped morphology of a vertebrate rhab-
dovirus, measuring approximately 80–180 nm in length and 60–90 nm in diameter [71].
Containing five open reading frames encoding five structural proteins, the total genome
length is approximately 11kb [72]. SVCV isolates are broadly divided into two clades, one
Asian and one European [73]. These isolates are then further divided into four genogroups,
each with their own geographical association: Ia, Ib, Ic, and Id [74]. Outbreaks are most
common in spring as the name would suggest, with few adult fish becoming infected once
the water temperature reaches over 17 ◦C [75]. However, juvenile fish can succumb to SVC
even at water temperatures of 22–23 ◦C, exhibiting a mortality rate of up to 90% [72].

Clinical manifestation of SVC is often non-specific, proving difficult to diagnose before
the disease progresses. As with many piscine viral diseases, exophthalmia, abdominal
distension, and surface haemorrhages are often observed [76]. Additional symptoms
may include degeneration of the gill lamellae, edema, and necrosis of the internal organs
alongside a loss of structure within blood vessel walls [1].

Whilst there currently is not a commercially available vaccine against SVC, several
experimental approaches are showing promising efficacy. DNA vaccines currently show
the most potential for future commercialisation, with an intramuscular delivery vaccine
based on the SVCV glycoprotein providing up to 100% protection in juvenile carp [77].
Alternative approaches include a chitosan-encapsulated DNA vaccine and a PEG-modified
subunit vaccine, both of which are still undergoing experimental development [78,79].

14. Fungal and Oomycete Diseases
Fungal and oomycete diseases represent a significant but often overlooked threat to

carp in recreational and ornamental systems, most notably in cultivation systems, where
environmental stressors compromise fish immunity [1]. Often discussed together in aqua-
culture, true fungi (kingdom fungi) and oomycetes (phylum Oomycota) are evolutionarily
distinct and differ in both cell biology and treatment susceptibility.

Unlike most viruses and bacteria, fungal pathogens are often opportunistic, with dis-
ease either following mechanical injury or previous infection with a primary pathogen [80].
Oomycetes, rather than true fungi, are responsible for the majority of common and orna-
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mental carp “fungal” infections, with outbreaks primarily occurring in the late autumn and
winter when cooler temperatures favour their growth and virulence [81]. Management of
these diseases within commercial aquaculture is challenging due to the limited availability
of effective, authorised anti-oomycete agents and the increase in regulation surrounding
traditional chemical treatments such as malachite green [82]. As a result, strategic pre-
vention is emphasised, with probiotic and other non-antimicrobial approaches gaining
attention as alternative control measures [83].

15. Saprolegniasis
Saprolegnia species, particularly Saprolegnia parasitica, are important pathogens of carp

and other freshwater fish, but their role is best described as context-dependent rather than
true primary pathogens [84]. Saprolegnia is an aquatic oomycote, a primarily saprotrophic
type of water mould that colonises dead organic matter and injured tissue, but can act as an
opportunistic pathogen in an already compromised host [85] Traditional morphology-based
identification is often unreliable, as identifying characteristics such as sexual reproductive
structures are not always produced in vitro; therefore, molecular identification is heavily
relied upon for species-level identification [84]. Pathogenesis of saprolegniasis is complex,
with the relative contribution of the oomycete as a primary invader versus a secondary
coloniser remains debated, likely varying between isolates and production systems [1].

White, cotton-like lesions are a hallmark of saprolegniasis, with these patches of
filamentous hyphae found on the fins or body of infected fish [86]. These hyphae can
penetrate into underlying muscle and connective tissue, leading to mortality through tissue
disruption or secondary infection in severe cases [84]. Early lesions are often circular,
spreading out radially as the infection progresses until the lesions begin to merge [1].
In severe cases, between 50 and 80% of the surface of the fish may be covered by these
hyphae [86]. Physiological symptoms include a loss of appetite and reduced mobility,
often preceding any visible infection. Respiratory distress can lead to the observation of
gasping and surface breathing as a result of the colonisation and haemorrhaging of the gill
tissue [87].

A broad spectrum of chemical and management interventions are used to control
saprolegniasis, but these are constrained by regulatory status, species-specific toxicity,
and variable evidence of efficacy under field conditions. Malachite green treatment has
historically shown high efficacy against Saprolegnia, but has since been banned for food-
producing animals within the UK and EU, as it has been shown to be both carcinogenic
and genotoxic in animal models [80,88]. Potassium permanganate (KMnO4) is considered
one of the most effective treatments currently available due to a higher fish survival rate
in comparison with alternative treatments such as hydrogen peroxide (H2O2); however,
outcomes are highly dependent on dose, water chemistry, and species tolerance [89]. Virkon-
S shows promise in inhibiting growth of Saprolegnia; however, the minimum inhibitory
concentration (MIC) of 1000 ppm is significantly higher than the 5 ppm MIC of malachite
green, raising both practical and environmental considerations [90]. Further research is
needed to ascertain the effect these treatments would have on the food chain, particularly
in cases of human consumption.

16. Branchiomycosis
Commonly known as “gill rot”, branchiomycosis affects the gills of freshwater fish and

is associated with the oomycetes Branchiomyces sanguinis and Branchiomyces demigrans [1].
Although historically described as a fungal disease, Branchiomyces spp. are oomycetes
and should be distinguished from true fungi. Both species have been associated with
branchiomycosis, but their reported distribution and therefore relative importance may
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vary between host species, geographical settings, and management conditions [91]. Often
referred to as a “poor management” disease, branchiomycosis outbreaks are primarily
found in aquaculture systems with a high organic load and elevated temperatures. Infection
is localised and acute, with fungal growth found within the vascular system of the gills.
Branchiomycosis can devastate fish populations, with substantial mortality reported during
outbreaks [1].

The two Branchiomyces species have traditionally been differentiated by their morphol-
ogy and distribution within affected gill tissue. B. sanguinis has been reported principally
within branchial blood vessels, whereas B. demigrans may occur more extensively within gill
tissue and the interlamellar spaces [92]. A presumptive diagnosis can be made by macro-
scopic observation of the gill tissue, as a characteristic marbling will reveal the presence of
infection, with the paler gill areas showing infected or necrotic tissue [93,94]. Confirmation
of the visual diagnosis can then be made by microscopic examination of fresh gill tissue,
with histopathology demonstrating branching, non-septate hyphae, and spores within
the tissue. Molecular methods may provide additional support where suitable assays are
available and validated for the relevant sample type and species [93]. Infected fish present
with the symptoms of a respiratory disorder including lethargy, gasping motions at the
water’s surface, and rapid movement of the operculum [91].

Treatment options are largely limited to prevention and control, with farmers advised
to remove deceased fish from stocking ponds immediately to prevent further release of
spores [94]. Pond drainage, drying, and disinfection have historically been used follow-
ing outbreaks; however, any chemical intervention must comply with local regulatory
requirements and should be selected with veterinary advice, taking account of fish species,
intended use, water chemistry, and environmental safety [1]. Malachite green or for-
malin treatments have historically been used; however, such practices are outdated and
malachite green has since been banned and formalin reclassified as a class one human
carcinogen [80,95], supporting our own recent findings documenting lack of efficacy of un-
verified, old chemical treatments such as these [31]. Further research is needed to improve
surveillance, clarify species-level epidemiology, and develop effective control measures
suitable for recreational and ornamental carp systems.

17. Zoonotic Potential
Fish-borne zoonotic diseases present an evolving threat to public health, transmitting

a range of pathogens from the aquatic environment to humans. Livestock, reptiles, and
amphibians often act as carriers or reservoirs, further increasing transmission through
natural migration or trade shipping. With recreational fishing and rearing koi carp as
companion animals spiking in popularity, humans are in markedly closer contact with
these pathogens, increasing the necessity of further research into the public health impact
of fish-borne zoonoses. Little documented evidence exists for direct zoonotic transfer of
carp pathogens, but several of the carp pathogens covered in this review are more widely
accepted marine/estuarine pathogens, with documented zoonotic potential. Thus, feed-
stocks originating from marine environments could be considered a potential transmission
route into recreational aquaculture applications, maggot farming being the prime example.
However, more research in this area is needed to further develop this emerging area of
research in recreational aquaculture and the following is not based on direct evidence in
carp or recreational aquaculture, instead taking inference from other environments where
zoonotic potential has been documented for those species discussed here.

Four of the previously discussed pathogens are considered to have zoonotic potential,
with the pathogenicity of two supported by epidemiological and molecular evidence, which
could easily be extrapolated to recreational aquaculture as detailed in Table 1, below.
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Table 1. Summary of potential bacterial agents of fish-borne zoonosis. Species are indicated as Gram-
positive (G+), Gram-negative (G−), or acid-fast (AF). Evidence of zoonotic potential is indicated by
‘+’, and ‘−’ denotes lack of evidence or evidence to the contrary.

Organism Type Epidemiological
Evidence

Molecular
Evidence Study

Aeromonas spp. G− + − [96]

Vibrio vulnificus G− + + [97]

Edwardsiella tarda G− + − [98]

Mycobacterium spp. AF + + [99]

Aeromonas species, in particular A. hydrophila, have been shown to be present in faecal
samples of livestock known to drink from water contaminated with the pathogen. Samples
were taken from 110 horses, 115 pigs, 111 sheep, and 123 cows, and 54 positive results for
A. hydrophila were found, with infection most commonly occurring in the bovine sample
group [100]. Transmission via migratory birds presents a concerning prospect, with a study
showing the presence of antibiotic-resistant Aeromonas spp. present in birds within five
provinces in China. Out of the 810 samples taken, a total of 176 strains of Aeromonas were
isolated, with 30.1% of the samples identified as A. hydrophila [101]. The close proximity of
wildfowl and carp in recreational angling is widespread, and faeces from infected birds can
easily be envisaged as a route of transmission to carp fishery lake beds, on which stocked
carp then feed. However, direct evidence of this link has not been shown to date.

Vibrio vulnificus is the etiological agent of vibriosis in fish species and humans, posing
significant risk to both fish and their handlers. Specific strains within lineage II of the
V. vulnificus species that belong to the zoonotic clonal-complex are capable of infecting
homeothermic and poikilothermic animals, with eels being the primary host. These strains
are found globally throughout aquaculture industries, and are contracted primarily though
contact with contaminated seawater or diseased fish [102]. Although classically an estu-
arine/marine organism widely associated with oysters and other sea foods, V. vulnificus
could be predicted to affect recreational angling sectors through its potential contamination
of cheap/old fish meals and meats used in the production of angling baits. However, this
is an emerging area of research and no documented evidence of this currently exists.

V. vulnificus samples have been isolated from aquatic and ground-foraging migratory
birds consistently since monitoring began in 1965, indicating that birds may act as reservoirs
and carriers of vibriosis [103].

Edwardsiella tarda infections in humans are primarily characterised by bacterial gas-
troenteritis, although systemic infections such as meningitis and septicaemia have been
documented [35]. One case study illustrates an incidence of chronic osteomyelitis in a
former fisherman and fishmonger in which the pathogen lingered for 15 years, slowly
degrading and necrotising the tissue of his right femur. Possessing the ability to evade
phagocytic killing and survive intracellularly for extended periods of time is a concerning
prospect given the zoonotic potential of E. tarda [98]. Migratory birds can act as asymp-
tomatic carriers; however, in some cases are also susceptible to the pathogen [35], offering
the potential for the same close-contact zoonotic transfers to carp and carp anglers.

Whilst zoonotic transmission of marine Mycobacterium species to humans often results
in the superficial granulomatous inflammation known as “fisherman’s finger”, this condi-
tion can also develop into severely necrotic lesions or deep tissue infections encompassing
tendons or bones [7]. Immunocompromised patients may contract systemic infections
putting particular strain on the respiratory system, occasionally resulting in death [40].
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Classically, Leptospirosis, normally associated with Leptopspira Interrogans infection
and colloquially known amongst anglers as Weil’s disease, is widely regarded as a sig-
nificant and serious zoonotic threat in recreational aquaculture environments. Transfer
occurs via rodent urine into still waters, where anglers inadvertently come into contact
through open wounds, that can result in severe neurological complications, and can also be
fatal. However, to our knowledge, no documented examples exist of carp carrying or being
infected by Leptospira, but the exposure route is clear and further research is needed to
elucidate other zoonotic vectors of L. Interrogans in the recreational angling.

18. Conclusions and Perspective
Whilst considerable progress has been made in the identification of pathogens impact-

ing carp in both angling and aquaculture, substantial knowledge gaps still exist within
host–pathogen dynamics and around sustainable treatment strategies. For recreational
aquaculture specifically, prevention is far better than cure, and good fishery management
practices, responsibly sourced feed strategies, and proper transmission control measures
are an absolute priority for fishery owners and fish farmers. For anglers and koi keepers
themselves, it remains difficult for individuals to gain access to proper advice and guid-
ance, with only around twenty practicing veterinarians in the whole of the UK offering
specialised fish-related services; antibiotic prescriptions are often impossible to source,
leaving a gap in the market for ineffective, ill-conceived, and even toxic alternatives [30]. In
addition, antibiotic and antimicrobial resistance in aquaculture has become more prevalent,
increasing difficulties around controlling outbreaks within large aquaculture systems, thus
making the availability of antibiotics to hobbyists increasingly scarce also [5]. With the
rise in popularity of these pastimes, and the diversification of fish farms also leading to
the increased availability and distribution of easily accessible carp angling venues, there
is an urgent unmet need to research, identify, and monitor the microbiomes of carp and
of the organisms on which they feed and with which they interact regularly in the UK
and EU. Additionally, new research is needed to identify novel classes of next-generation
non-toxic, biodegradable, and environmentally friendly antibacterials/antifungals that can
be accessed as over-the-counter medicines, increasing their availability, and replacing many
currently employed old, toxic chemical ‘wound sealants’ and ‘topical carp care’ products
that have been developed off-label and with no supporting evidence base.

Zoonotic potential presents an interesting prospect in the recreational aquaculture
industry, which is now perhaps the best place to study such mechanisms due to the
significant numbers of people engaging in these popular pastimes. The increasing proximity
of carp to livestock, humans, and wildlife brings into question every aspect of angling and
fish care, including the food sources used to rear carp in the UK and EU, which currently
are largely unregulated. Much research is needed to identify current variations in feeding
practices, potential links to other aquaculture environments, particularly marine, and in
particular, the microbiome composition of both the carp themselves and the animals they
come into contact and may also feed upon. This is a truly emerging area, but one that
could have significant implications for large-scale pathogen transmission routes given the
network of fisheries and ponds holding carp throughout the UK and Europe.

Antibiotic resistance monitoring is an emerging priority area in recreational aquacul-
ture, where lakes and carp ponds have the potential to act as sumps for the accumulation
of and evolution of resistance genes through animal products used in angler bait, or
through the livestock/wildlife that frequents such areas alongside the carp that reside
there. Antibiotic-resistant strains of A. hydrophila, for example, have access to avian reser-
voirs and distribution routes, meaning the implementation of surveillance and monitoring
programmes should be an essential focus alongside novel treatments [100]. Inter-species
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transmission of treatment-resistant pathogens could devastate aquaculture, angling, and
terrestrial livestock industries, with ever-closer contact to human populations increasing
the threat of zoonotic transmission.

Future research endeavours should prioritise the development of advanced and rapidly
deployable diagnostic tools/methodologies, more detailed studies into pathogen/host biology,
and the formulation of novel ‘greener’ therapeutic treatment approaches, where both
environmental and biological sustainability should be considered, ensuring low resistance
levels to novel approaches. An interdisciplinary and collaborative approach is essential
amongst user groups, trade/industry, and academia to monitor, research, and implement
adaptations/strategies to address these threats, in order to safeguard the future of all
carp-based aquaculture systems worldwide. Government agencies also need to recognise
the economic contribution of recreational aquaculture, which far exceeds that of the salmon
farming industry in the UK and Europe, with 8 million anglers in the UK, contributing
£1.7 billion to the UK economy [104] and 25 million anglers in Europe, making the market
there three times the size of the UK’s. Research funding currently significantly under-
represents the contribution and importance of recreational aquaculture and the financial as
well as cultural wealth it brings to these economies.
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