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ABSTRACT. This study represents cases with spontaneous neuritis of peripheral nerves in electric 
eels. Two electric eels were presented with abnormal swimming behavior and loss of appetite. 
Electric eels had extensive histopathologic lesions in the splenic and cardiac nerves. The lesions 
were characterized by swelling of neuronal cells, central chromatolysis and marked inflammatory 
cell infiltration consisting mainly of lymphocytes around the affected nerves. To the best of our 
knowledge, this is the first case report of spontaneous neuritis of peripheral nerves in electric eels.
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Inflammation of the peripheral nervous system is rare in animals. Several infectious diseases cause inflammation in both 
peripheral nervous system (PNS) and central nervous system (CNS) in fishes, such as edwardsiellosis, nodavirus infection and 
viral hemorrhagic septicemia [2, 8, 14]. A few cases of peripheral neuritis have been reported in dogs; acute polyradiculoneuritis 
is an acute disease that is characterized by sudden onset of paralysis, paresis or tetraplegia [5]. This is the common form of acute 
polyneuritis in dogs [5]. Histopathologically, axonal swelling and pale myelin with variable mononuclear inflammatory cell 
were observed in peripheral nerves [6, 10]. This histopathological lesions have been likened to the acute idiopathic polyneuritis- 
Guillain–Barré syndrome (GBS) in humans [4, 12].

Although neuritis of CNS including brain and spinal in fishes have been reported [8, 14], but neuritis of PNS in fishes have 
not recorded. The electric eel has an elongated, cylindrical body, typically growing to about 2 m in length, and 20 kg in weight, 
making them the largest species of the Gymnotiformes [1]. Neuritis of PNS in electric eels have not been well-established. The aim 
of the present study is to describes histopathologial lesions of spontaneous neuritis of PNS in electric eels.

Electric eels were caught and maintained in Kobe Municipal Suma Aqualife Park, Japan. Postmortem samples of two electric 
eels were sent to the Laboratory of Veterinary Pathology at Osaka Prefecture University for pathological examination. The history 
of the two electric eels included abnormal swimming behavior and loss of appetite; and other informations are listed in Table 1. 
They had been single-housed in a box of aquarium with acidic environment (pH 6.0–6.8) and water change was conducted once 
per week. They were treated by antiparasitic drugs, which did not improve the conditions. No relationships of two cases as to onset 
time and breeding space were noted. Finally they died and a necropsy was performed. No gross abnormalities were observed in 
the viseral organs, CNS and PNS. Tissues were collected from the liver, spleen, heart, kidney, intestine, brain and skin; then the 
samples were fixed in neutral-buffered formalin. After fixation, samples were routinely embedded in paraffin wax, sectioned at 4 
µm in thickness and stained with hematoxylin and eosin (H&E) for microscopic evaluation.

Two electric eels were shown histopathologic lesions of PNS. Extensive histopathologic lesions were observed in the splenic 
(Fig. 1) and cardiac (Fig. 2) nerves. The lesions were characterized by swelling of neurons and central chromatolysis. In addition, 
there was marked inflammatory cell infiltration consisting mainly of lymphocytes around the affected nerves (Figs. 1 and 2). 
Based on the histopathological findings, we diagnosed these cases as neuritis of PNS in multiple organs. Moreover, one eel had  
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Table 1. Case information

Case 
No. Age Sex Body length 

(cm)
Body weight 

(kg) Origin Clinical sign Survival time

1 Unknown Female 109 4.50 Purchase Loss of appetite, abnormal swimming 11 days after onset of clinical sign
2 Over 3 years Unknown 138 3.59 Unknown Loss of appetite, abnormal swimming 9 days after onset of clinical sign
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histopathological lesions in the midbrain (Fig. 3), which characterized by neuronal degenaretion with central chromatolysis and 
marked infiltration of inflammatory cells.

Although an alternative diagnosis of noda virus infection and viral hemorrhagic septicemia should be considered which is 
charcterized by necrosis with vacualization of nerve cells in the CNS and necrotic nerve cells contain intracytoplasmic inclusion 
bodies [8]. In the current study, we did not find any cells with intracytoplasmic inclusion bodies in the CNS and PNS. Differential 
diagnosis also included edwardsiellosis caused by Edwardsiella ictaluri which is charcterized by infiltration of inflammatory cells 
in olfactory rosettes composed of macrophages, neutrophils, eosinophilic granular cells and fewer lymphocytes [14]. In the present 
study, histopathological lesion showed infiltration of inflammatory cells consisting lymphocytes, fewer plasma cells in the PNS.

Moreover, the classification of neuritis in humans and animals including fishes is incomplete; the pathogenesis and the 
relationship among neurotic syndromes are not well established [3]. Moreover, GBS has an immunologic basis in the pathogenesis, 
possibly secondary to postinfectious etiologies [11, 16]. According to human guidelines of GBS, histopathological patterns were 
characterized by perivenular leukocytic infiltration, degeneration of myelin sheaths, swelling and fragmentation nerve cells, and 
chromatolysis of ventral horn cells [6]. Cases of canine neuritis of peripheral nerves was reported with the most severe lesions in 
the region of the cauda equine and histologically presenting as mononuclear cell infiltration with swelling of neurons in the cauda 
equine [9, 15]. Trigeminal neuritis was also reported in dogs [13]. There are no information related to neuritis of peripheral nerves 

Fig. 1. Splenic nerve plexus; electric eel. Swelling of neurons (inset, 
arrow) and central chromatolysis (inset, arrowhead). Dissemi-
nated aggregations of inflammatory cells are found. H&E staining. 
Bar=100 µm, inset; Bar=20 µm.

Fig. 2. Cardiac nerve; electric eel. Infiltration of lymphocytic inflam-
matory cell in the nerve fibers. H&E staining. Bar=100 µm, inset; 
Bar=20 µm.

Fig. 3. Midbrain; electric eel. neuronal degenaretion (inset, arrow), marked infiltra-
tion of inflammatory cells with central chromatolysis (inset, arrowhead). H&E 
staining. Bar=100 µm, inset; Bar=20 µm.
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in this specific species (electric eel).
In our case, the histologic lesions were restricted to the splenic and cardiac nerves and areas of necrosis were not found in 

any histopathological sections of the kidney, liver and others collecting tissues. We also did not find bacterial colonies and 
intracytoplasmic inclusion bodies within the affected areas of PNS. Moreover, GBS in human and peripheral neuritis in dog 
mainly affected in the somatic nervous system [7, 10], but peripheral nervous lesions in our present cases mainly involved in 
the autonomic nerves. A small focus of neurodegenarative and inflammatory lesion was observed in the midbrain of one eel; but 
relevance to peripheral nerve lesions is unknown. Peripheral nerve lesions were more prominent and extensive in both two eels. 
Thus we diagnosed these cases as peripheral neuritis. The cause of neuritis of PNS in electric eel remains uncertain and the present 
cases may be idiopathic.

Morphological evidence from light microscopical investigations performed in this study supports contention of neuritis of 
peripheral nerves in electric eels. To the author’s knowledge, this case is the first case of neuritis in peripheral nerves with unknown 
cause in electric eels. This report also highlighted the need to consider for studying fish nervous system as counterparts of animal 
and human nervous system.

REFERENCES

 1. Albert, J. S. 2001. Species diversity and phylogenetic systematics of American knifefishes (Gymnotiformes, Teleostei). Misc. Publ. Mus. Zool. Univ. 
Mich. 190: 1–127.

 2. Al-Hussinee, L., Lord, S., Stevenson, R. M. W., Casey, R. N., Groocock, G. H., Britt, K. L., Kohler, K. H., Wooster, G. A., Getchell, R. G., Bowser, 
P. R. and Lumsden, J. S. 2011. Immunohistochemistry and pathology of multiple Great Lakes fish from mortality events associated with viral 
hemorrhagic septicemia virus type IVb. Dis. Aquat. Organ. 93: 117–127. [Medline]  [CrossRef]

 3. Cotran, R. S., Kumar, V. and Collins, T. 1999. Robbins Pathologic Basis of Disease, 6th ed., pp. 1275–1276, WB Saunders, Philadelphia.
 4. Cuddon, P. A. 1998. Electrophysiologic assessment of acute polyradiculoneuropathy in dogs: comparison with Guillain-Barré syndrome in people. 

J. Vet. Intern. Med. 12: 294–303. [Medline]  [CrossRef]
 5. Cuddon, P. A. 2002. Acquired canine peripheral neuropathies. Vet. Clin. North Am. Small Anim. Pract. 32: 207–249. [Medline]  [CrossRef]
 6. Cummings, J. F. and Haas, D. C. 1966. Coonhound paralysis. An acute idiopathic polyradiculoneuritis in dogs resembling the Landry-Guillain-

Barré syndrome. J. Neurol. Sci. 4: 51–81. [Medline]  [CrossRef]
 7. Cummings, J. F., de Lahunta, A., Suter, M. M. and Jacobson, R. H. 1988. Canine protozoan polyradiculoneuritis. Acta Neuropathol. 76: 46–54. 

[Medline]  [CrossRef]
 8. Ghiasi, M., Binaii, M., Ghasemi, M., Fazli, H. and Zorriehzahra, M. J. 2016. Haemato-biochemical disorders associated with nodavirus like-agent 

in adult leaping mullet Liza saliens (Risso, 1810) in the Caspian Sea. Virusdisease 27: 12–18. [Medline]  [CrossRef]
 9. Griffiths, I. R., Carmichael, S., Mayer, S. J. and Sharp, N. J. 1983. Polyradiculoneuritis in two dogs presenting as neuritis of the cauda equina. Vet. 

Rec. 112: 360–361. [Medline]  [CrossRef]
 10. Gross, S., Fischer, A., Rosati, M., Matiasek, L., Corlazzoli, D., Cappello, R., Porcarelli, L., Harcourt-Brown, T., Jurina, K., Garosi, L., Flegel, 

T., Quitt, P., Molin, J., Huelsmeyer, V. I., Schenk, H., Gandini, G., Gnirs, K., Blot, S., Jeandel, A., Baroni, M., Loderstedt, S., Abbiati, G., 
Leithaeuser, C., Schulze, S., Kornberg, M., Lowrie, M. and Matiasek, K. 2016. Nodo-paranodopathy, internodopathy and cleftopathy: Target-based 
reclassification of Guillain-Barré-like immune-mediated polyradiculoneuropathies in dogs and cats. Neuromuscul. Disord. 26: 825–836. [Medline]  
[CrossRef]

 11. Hartung, H. P. and Toyka, K. V. 1990. T-cell and macrophage activation in experimental autoimmune neuritis and Guillain–Barré’s syndrome. Ann. 
Neurol. 27: S57–S63.  [CrossRef]

 12. Holmes, D. F., Schultz, R. D., Cummings, J. F. and De Lahunta, A. 1979. Experimental coonhound paralysis: animal model of Guillain–Barré’s 
syndrome. Neurol. 29: 1186–1187.

 13. Panciera, R. J., Ritchey, J. W., Baker, J. E. and DiGregorio, M. 2002. Trigeminal and polyradiculoneuritis in a dog presenting with masticatory 
muscle atrophy and Horner’s syndrome. Vet. Pathol. 39: 146–149. [Medline]  [CrossRef]

 14. Petrie-Hanson, L., Romano, C. L., Mackey, R. B., Khosravi, P., Hohn, C. M. and Boyle, C. R. 2007. Evaluation of zebrafish Danio rerio as a model 
for enteric septicemia of catfish (ESC). J. Aquat. Anim. Health 19: 151–158. [Medline]  [CrossRef]

 15. Saey, V., Martlé, V., Van Ham, L. and Chiers, K. 2010. Neuritis of the cauda equina in a dog. J. Small Anim. Pract. 51: 549–552. [Medline]  
[CrossRef]

 16. van der Meché, F. G. A. and van Doorn, P. A. 1995. Guillain-Barré syndrome and chronic inflammatory demyelinating polyneuropathy: immune 
mechanisms and update on current therapies. Ann. Neurol. 37 Suppl 1: S14–S31. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/21381518?dopt=Abstract
http://dx.doi.org/10.3354/dao02285
http://www.ncbi.nlm.nih.gov/pubmed/9686390?dopt=Abstract
http://dx.doi.org/10.1111/j.1939-1676.1998.tb02125.x
http://www.ncbi.nlm.nih.gov/pubmed/11785730?dopt=Abstract
http://dx.doi.org/10.1016/S0195-5616(03)00086-X
http://www.ncbi.nlm.nih.gov/pubmed/4164114?dopt=Abstract
http://dx.doi.org/10.1016/0022-510X(67)90058-5
http://www.ncbi.nlm.nih.gov/pubmed/3394493?dopt=Abstract
http://dx.doi.org/10.1007/BF00687679
http://www.ncbi.nlm.nih.gov/pubmed/26925439?dopt=Abstract
http://dx.doi.org/10.1007/s13337-015-0289-1
http://www.ncbi.nlm.nih.gov/pubmed/6304989?dopt=Abstract
http://dx.doi.org/10.1136/vr.112.15.360
http://www.ncbi.nlm.nih.gov/pubmed/27743643?dopt=Abstract
http://dx.doi.org/10.1016/j.nmd.2016.08.015
http://dx.doi.org/10.1002/ana.410270716
http://www.ncbi.nlm.nih.gov/pubmed/12102209?dopt=Abstract
http://dx.doi.org/10.1354/vp.39-1-146
http://www.ncbi.nlm.nih.gov/pubmed/18201056?dopt=Abstract
http://dx.doi.org/10.1577/H06-026.1
http://www.ncbi.nlm.nih.gov/pubmed/20840297?dopt=Abstract
http://dx.doi.org/10.1111/j.1748-5827.2010.00976.x
http://www.ncbi.nlm.nih.gov/pubmed/8968214?dopt=Abstract
http://dx.doi.org/10.1002/ana.410370704

