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Case report: Carp edema virus infection in overwintering fish
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Carp Edema Virus (CEV) has emerged as a viral threat to the sustainability of European pond fisheries, with water temperature and stress playing a crucial role in disease outbreaks. Here, we report on a natural CEV infection in overwintering common carp (Cyprinus carpio; n = 1,160) broodstock that began to manifest clinically at an unusually low water temperature. In the initial outbreak phase, young broodstock fish exhibited abnormal activity and shoaling at the pond edge. While the water temperature under a discontinuous thin ice layer was 2°C, no deaths were observed. The first fish examined, using standard molecular methods for virological diagnosis, tested negative for CEV. Despite showing clinical signs suggestive of CEV infection, there was no gross pathology except for an increased amount of gill mucus, suggesting that CEV molecular detection may be dependent on infection progression. A shift from a period of cold stress to warming pond water temperatures may have influenced the subsequent progression of the disease. Ongoing clinical signs affected a large part of the population, which remained lethargic and gathered close to the banks. Subsequent virological testing performed ca. 3 weeks after the outbreak and first observation of clinically diseased fish detected the CEV genogroup I agent. CEV-driven die-offs occurred gradually as water temperatures increased to 8°C, with mortalities continuing for ca. 1 month. Interestingly, Přerov scaly carp and Hungarian mirror carp M2 strains differed significantly in mortality rates, at 30 and 60%, respectively. We tested a novel virus detection method, based on loop-mediated isothermal amplification (LAMP) of primers targeting the CEV genogroup I p4A gene, for applicability in the field. Samples from moribund fish, cadavers, and pond water all tested positive, with samples positive using LAMP subsequently confirmed by qPCR. To summarize, our data suggest it may be challenging to detect CEV DNA in both the first carp showing signs and surviving carp; scaly and scaleless carp show differential susceptibility to CEV infection; very low water temperatures of 2–4°C permit CEV infection in common carp; the LAMP method is applicable for rapid on-site CEV detection in clinical and environmental samples.
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1 Introduction

Climate change has had a significant impact on both wild fish and aquacultural stocks through changes in temperature, water quality degradation, habitat loss, and shifts in species distribution (1–3). Such changes not only make fish more susceptible to infection but also enhance the characteristics of pathogens, making them more likely to spread and infect fish populations. An example is Koi Herpesvirus Disease (KHV) in carp fisheries, which is predicted to occur more frequently and persist over longer periods due to changing environmental conditions (4). On the other hand, certain viruses, such as Spring Viraemia of Carp Virus (SVCV), pose a lower risk when water temperatures rise (4). Consequently, the emergence of fish viruses and diseases must be considered an important issue when assessing the health of freshwater aquatic ecosystems and the sustainability of aquacultural fisheries (4).

Ambient temperatures, seasonal variations and stress caused by ongoing climate change are all important factors modulating fish physiological processes, including both innate and acquired immune responses. This, in turn, impacts the development of diseases, including their prevalence, associated morbidity and mortality, or recovery (4–6). While it is known that some pathogenic agents benefit from such changes and others do not (7), it remains difficult to make predictions on the relationship between temperature and fish host-pathogen systems (8). One such example are risk maps displaying geographic regions with more days of water temperatures permissive for virus infection by three important common carp (Cyprinus carpio) pathogens, i.e., Cyvirus cyprinidallo 3 (Koi Herpesvirus), Carp Edema Virus (CEV) and SVCV (9).

Over the past 10 years, infection with CEV, also known as Koi Sleepy Disease, has become a significant threat to European common carp and koi aquaculture (10–17). The combined effects of increasing water temperatures and stressful conditions, such as restocking and fish translocation, play a crucial role in such CEV outbreaks (11, 14, 15). Clinical CEV infections usually occur in common and koi carp at water temperatures of 6–12°C and 15–25°C, respectively (10, 12). Notably, seasonal thermal stratification dynamics in freshwater bodies (18) are also likely to be a factor associated with CEV disease outbreaks.

Here, we report on a case of diagnostic challenge associated with clinical manifestation of CEV in common carp at unusually low water temperatures of 2°C. To our knowledge, this is the lowest water temperature linked to a CEV outbreak. Furthermore, we describe and discuss our findings regarding disease progression in relation to susceptibility differences between scaly and scaleless carp, and the performance of different molecular virological tests for tissue and environmental samples.



2 Case presentation and diagnostic assessment

The CEV infection was suspected, and later confirmed, at a carp farm in South Moravia, Czech Republic, during the first week of February 2024. The affected fish population consisted of 1,160 broodstock of two strains, Přerov scaly carp (n = 460) and Hungarian mirror carp M2 (n = 700). The carp, which were being kept in an overwintering pond (0.38 ha, 3,710 m3) covered with a thin discontinuous layer of ice, were exhibiting abnormal behavior, such as rising from the bottom and forming shoals near the shoreline (Figure 1A). No mortalities were observed at that time. Water temperature under the ice was 2°C (Figure 2).
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FIGURE 1
 Manifestation of Carp Edema Virus. (A) Fish gathered close to the bank exhibiting signs of lethargy, (B) a moribund fish bleeding from the gills, (C) a dead fish lying on the bank.
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FIGURE 2
 Development of pond water temperature during the winter months of 2024 alongside manifestation of Carp Edema Virus and results of molecular virological tests. Note that the time series of pond water temperature development is based on measurements at the inflow.


The first fish individual showing clinical signs (e.g., lethargy at the pond edge) submitted for examination was transported alive in a water bag fed with oxygen on February 2, 2024. The fish was euthanised by a stunning blow to the head, followed by cutting the vertebral column and vessels at the base of the skull. The procedure is in accordance with Czech national legislation, specifically Act No. 246/1992 Coll., on the Protection of Animals against Cruelty, as amended. After that, an examination was conducted and revealed a fish in good nutritional condition, with an increased amount of mucus on the gills but no other gross pathology. Microscopic examination for parasites, using light microscopy of wet mounts scraped from the gills and body surface and squashed tissue preparations, revealed sporadic Dactylogyrus sp. monogeneans on the gills, and one and four Diplostomum sp. metacercaria in the eyes. Three Khawia sp. tapeworms were present in the intestine. Samples for bacteriological testing were obtained from the spleen and kidneys during necropsy. These samples were directly inoculated onto blood agar (Oxoid, UK) and Tryptone Yeast Extract Agar for better detection of flavobacteria (Sigma-Aldrich, USA). Following inoculation, the agar plates were kept at 18°C for 2–5 days and regularly checked for bacterial colony growth. No fish pathogenic germs were cultured. As we suspected CEV infection in this case, a gill sample was processed to identify the virus. DNA was extracted from the gill tissue using the E.Z.N.A.® Tissue DNA Kit (Omega Bio-Tek, UK), following the manufacturer’s instructions. DNA extracts were tested for presence of CEV using nested PCR and real-time PCR, as previously described (15, 19). However, the CEV test for this first carp proved negative (see Table 1).



TABLE 1 Timeline, with dates and results of molecular testing for CEV.
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After the ice thawed, clinical signs persisted, with a large proportion of the fish population gathering close to the banks and exhibiting signs of lethargy (Figure 1A and Supplementary Video S1). On February 21, 2024, when water temperatures had reached 6°C, additional gill samples were collected from four fish for further virological testing. To rule out the possibility of ammonia (NH4) intoxication in the affected fish (15), we also took blood samples by puncturing the caudal vessels using an 18G needle and examined these using a Konelab 20i biochemical analyzer and commercial test kits (Biovendor, Czech Republic). The results indicated normal levels of blood NH4 ranging from 95.0 to 144.5 μmol/L (n = 4). Additionally, we measured water quality parameters using an HQ40D portable multi-meter (Hach, Loveland, Colorado, United States) and standard methods (20). The results indicated that water quality was not the cause of the problem, with pH at 6.97, N-NH4 at 0.06 mg/L, N-NO2 at 0.034 mg/L, N-NO3 at 8.15 mg/L, P-PO4 at 0.043 mg/L, and Cl− at 48.60 mg/L.

A second molecular diagnostic examination confirmed that the gill samples from all four fish tested positive for CEV, with Ct values ranging from 22.7 to 29.7. Subsequent Sanger sequencing (SEQme, Czech Republic) of the nested PCR products resulted in an identical sequence for all four samples (GenBank database accession number PQ568129). Phylogenetic sequence analysis then identified the detected agent as belonging to CEV genogroup I.

Fish mortality began to occur gradually 1 week after virus confirmation, as the water temperature increased to 8°C (Figures 1B, C). During this CEV outbreak, we noted a significant difference in mortality rates for Přerov scaly carp (30%) and Hungarian mirror carp M2 (60%) (Difference test between two proportions, p < 0.001). Gill samples taken for virological examination for control purposes on March 27, 2024, tested negative for CEV and the outbreak was considered over.

The clinical samples available from this CEV outbreak gave us the opportunity to test the applicability of a novel virus detection method, based on loop-mediated isothermal amplification (LAMP), under field conditions (21). Gill samples of approximately 0.2 cm3 were collected directly from four moribund fish on-site on March 6, 2024. As the gill sample required is relatively small, the procedure causes minimal damage to the fish. We also took samples from a fish that had died recently and from a cadaver approximately two-days-old. To assess the effectiveness of environmental DNA (eDNA) detection, we used SVHVL10RC filters with a 0.45 μm pore size and a PVDF membrane with a Luer inlet/outlet (Millipore Sigma, USA). Finally, we obtained three samples of water from the infected pond (2×350 mL and 1×400 ml) using a sterile 25 mL syringe. In each case, we then manually forced the water through the filter until it was fully clogged.

To successfully implement the LAMP method under field conditions, it is essential to have a reliable method of template DNA preparation. Initially, we used 50 μl of PrepManTM Ultra (ThermoFisher Scientific, UK) and boiled it at 100°C for 10 min, as this method would be possible to use in the field. Subsequently, we experimented with boiling the sample at 100°C for 10 min in varying amounts of distilled water (200, 500, and 1,000 μL). In each case, the filters were taken out of their casing, cut into thirds, and then prepared using one of three methods. The first was based on the standard DNeasy Blood & Tissue DNA purification kit (Qiagen, Netherlands), following the manufacturer’s instructions; the second required the filter sample to be boiled at 100°C for 10 min in 200 μL of PrepManTM Ultra; and the third involved boiling the filters in 500 μL of distilled water.

Samples treated with PrepManTM Ultra showed inhibition of amplification, most likely by fish mucus, and required further diluting at least 10x to obtain a positive result. We attempted to improve the results by adding Bovine Serum Albumin to the LAMP mastermix (0.5 μg/μl); however, this had no effect. On the other hand, samples isolated directly into 500 and 1,000 μL of water showed LAMP results comparable with those obtained from diluted PrepManTM Ultra. This allowed us to conduct simple and reliable isolation, at minimal expense, directly in the field. The filters isolated by the kit failed to yield positive results in the subsequent LAMP test, but both the PrepManTM Ultra and water-boiled filters showed positive outcomes. This is unsurprising as the amount of eDNA in the sample was very small and partly lost during the kit isolation procedure. However, positive results from other template preparation methods confirm that eDNA could be considered a viable tool for disease detection in ponds.

Our LAMP procedure was based on primers targeting the p4A gene designed by Cano et al. (22), in concentrations recommended by the authors, and use of the portable OptiGene Genie II Isothermal DNA/RNA amplification platform (OptiGene, UK). The mixture contained 10 μL of ISO-004 mastermix (OptiGene, UK), 5 μL of primer mix, and 5 μL of sample. The program was set at 65°C for 40 min, followed by annealing curve analysis between 70–90°C. Positive samples had an amplification peak time below 20 min and an annealing temperature peak between 81.0–81.8°C. To test the sensitivity of the method we used a positive sample prepared by PrepManTM isolation from a carp gill with CEV previously confirmed by qPCR (19). From this positive control sample, we made 10-fold serial dilutions (100–10−6) and tested these using the LAMP procedure. Reliable detection of CEV was achieved down to 10−5 sample dilution.

The samples from the four living moribund specimens, both the fresh cadaver and the cadaver in a progressed state of decay, and all pond water samples tested positive by LAMP. The samples taken from the fish cadavers displayed annealing temperatures and amplification peak times like those for the live animals. Samples that tested positive were subsequently confirmed by qPCR, thus demonstrating the reliability of the field LAMP method.



3 Discussion

Here, we report on a natural CEV infection in overwintering common carp broodstock that first manifested clinically at an unusually low water temperature. Four important take-aways arise from our results.

First, the measured water temperature of 2°C was lower than any previously reported in a pond affected by CEV (23). CEV is known to manifest in deep winter, however, and in our previous study focused on CEV disease pathophysiology, we sampled fish at a fish farm with a water temperature of 4.2°C in mid-December, and all infected fish at the farm were dead by the end of January (15). In temperate regions, the density of freshwater is highest at ca. 4°C, meaning that the denser water sinks as the surface temperature of a freshwater body cools to 4°C (18). This basic principle of thermal stratification means that when the water temperature measured under the ice was 2°C, overwintering carp lying in torpor on the bottom of the pond were exposed to an ambient temperature of 4°C. We may also hypothesize that water column mixing, which occurs at an environmental temperature of 4°C, affects pathogen distribution, possibly bringing the incoming virus closer to the overwintering fish. Likewise, as fish immune system functions are temperature-dependent (6, 23), poorer immune competence at very low water temperatures may determine the outcome of CEV infection, as shown in cases of 100% winter mortality of carp (15). Rapid temperature shifts may also compromise the quality of fish immune responses to pathogen challenges (6). In our case, a period of cold stress in January 2024 was followed by warming temperatures, which appeared to contribute to the outbreak of the disease (Figure 2). Our data concerning the progression of the disease indicate that very low pond water temperatures allowed for the establishment of a permissive CEV infection and that innate immunity, on which carp immune competence mainly depends at these ambient temperatures (6), cleared the infection in surviving fish. Outbreaks of CEV infection are reported to occur following carp translocation and/or introduction of infected fish (14), which is, however, not the case here. As temperature is a key abiotic predisposing factor, stress of translocation and temperature fluctuations probably play a role in the onset of the disease (15).

Second, there were significant differences in mortality rates between overwintering scaly and scaleless carp strains. Different CEV genogroups are known to exhibit variation in virulence and host range (24). CEV primarily infects common carp and koi carp, and while other fish species test positive with low virus loads, true replication has yet to be confirmed (12). To examine the susceptibility of different carp strains to CEV, Adamek et al. (24) experimentally challenged naïve fish with infected carp using the cohabitation method, finding that wild Amur carp, an ancient strain derived from Cyprinus carpio haematopterus, were more resistant to infection and failed to develop clinical signs of the disease, unlike Přerov scaly carp, which showed lethargic behavior 6–10 days post-exposure. While both naturally infected common carp strains in our study originate from the subspecies Cyprinus carpio, Hungarian mirror carp M2, affected with a 60% mortality rate, were significantly more susceptible than Přerov scaly carp (30% mortality). These findings are similar to those obtained in a second study on the sensitivity of common carp strains and crossbreeds to the infectious agent KHV (Cyvirus cyprinidallo 3) (25).

Third, our initial test for CEV proved negative, indicating that molecular detection is infection progression dependent. We hypothesize that, while the low temperature of 4°C facilitated CEV replication and infection on the overwintering hosts, abnormal behavior during the initial stage of the outbreak resulted in carp movement into a water column compartment with temperatures closer to 2°C, reducing the virus’s activity and load. To the best of our knowledge, the effect of water temperatures below 6°C on the course of CEV infection and the pathogen’s interaction with the immune system of overwintering fish has not yet been explored in infection trials. Additionally, studies showing significant viral loads in the tissues of infected fish in the early stages of infection have mostly been undertaken using the CEV genogroup II (23). These factors could possibly affect the rates of CEV distribution in the organism. Nevertheless, the absence of CEV DNA in fish sampled at 2°C, despite displaying apparent clinical signs of CEV, poses a significant diagnostic challenge. Owing to the perceived high cost of broodstock fish by the farmer, only one animal was sacrificed for the examination; however, for virological examination, sampling of ten or more fish is generally recommended (26). The use of gill tissue biopsy applied in later sampling events, rather than lethal methods of sampling, could prove beneficial in cases with high value animals, as well as increasing the probability of a correct diagnosis (27). Similarly, samples taken around 2 months after the outbreak also tested negative for the virus. As CEV does not persist in carp that survive the infection (24), this would explain the absence of CEV DNA as the outbreak waned. Alongside standard methods, we successfully applied the LAMP method for CEV detection and established a sample preparation procedure that would be applicable under field conditions. This now means that suspect CEV cases can be confirmed directly on-site. Note, however, that the method is still under development and that further optimization, testing, and comparison with PCR and qPCR methods is in progress. The sensitivity of the LAMP method, as stated in the original article, provides 103 viral copies in under 25 min (22), while the sensitivity of qPCR is 101 copies (28). This may lead to very weak signals being recognized as negative by LAMP and as marginally positive by qPCR.

Fourth, our results confirm that eDNA methods using specific primers can be employed to detect virus pathogens that pose a threat to freshwater aquaculture, allowing for identification of viruses present in a particular water body without the necessity of conducting invasive fish sampling (29). Use of an eDNA monitoring approach could provide early warning of virus infection outbreaks, allowing timely intervention and proactive management of aquacultural facilities by enhancing biosecurity measures. Furthermore, water samples can be collected from multiple locations, providing a comprehensive overview of virus distribution in the aquatic ecosystem. However, eDNA can be influenced by many environmental factors and can degrade over time, decreasing detection reliability over extended periods. For example, seasonal variation in thermal stratification and water column turnover could influence vertical eDNA distribution and the rate of nucleic acid degradation, which may take up to 7 days in the epilimnion (29, 30). Limitations of the method also include a lack of data on CEV shedding rates, survival, and DNA stability in the aquatic environment, as well as dilution effects specific to the size and flow-through of particular water bodies (31). Importantly, genetic material is also known to persist longer as sedimentary eDNA (32). While virus loads in water could be considered a water quality parameter (33), present methods cannot distinguish between live infectious and inactivated virus particles (34). While ensuring high sensitivity and specificity in virus detection remains a challenge, the LAMP method used in the present case report appears to provide an important and efficient candidate.

To conclude, mass mortality events in valuable common carp broodstock cause significant stress for both farmers and veterinarians called to assist, highlighting the need for timely diagnosis using reliable advanced diagnostic methods for pathogen detection that are applicable on-site. The fish producing industry faces significant challenges due to CEV infection outbreaks, including economic losses and management complications. Future research should focus on understanding the interplay between water temperature and the virulence and dynamics of CEV replication, exploring host responses, and developing effective management strategies to maintain the sustainability of aquafarming.
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