
 

 

  
Abstract— The micromorphology of the epidermis of the common 
carp (Cyprinus carpio) and brown trout (Salmo trutta fario) was 
investigated by scanning electron microscopy (SEM).The external 
part is unilayered and the outer surface presents microridges 
ornamentations. The increased preoccupations in fish culture have 
increased the interest regarding with the bacteria that affect fish 
health, growth, and survival. In this study SEM was used for the 
characterization of the skin bacterial lesions and of modifications 
induced by them.    
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I. INTRODUCTION 

NCREASED preoccupations in fish culture have increased 
the interest regarding with the bacteria that affect fish health, 

growth, and survival [1, 2, 3]. Fish skin is an important 
defense system against pathogens because they are in contact 
with numerousness microorganisms in the aquatic habitat. Fish 
skin poses high developed antimicrobial defences mechanisms 
[4]. The antibacterial role of fish skin mucus has been known 
for many years [5]. It contain antimicrobial, bioactive 
substances including lysozyme, complement, C-reactive 
protein, hemolysins and lectins and the epidermal migration of 
inflammatory cells and their secretions which is of interest in 
regard to fish immunity [2, 7, 8, 9]. The mucus plays a role in 
the prevention of colonization by parasites, bacteria and fungi 
[10]. Ulcerative lesions in fish are usually a consequence of 
bacterial, viral or fungal pathogens, or parasites. 

Aeromonas is among the most common bacteria in 
freshwater habitats throughout the world, and these bacteria 
frequently cause disease among cultured fishes [11, 12]. It is 
the predominant bacteria isolated from the hemorrhagic lesions 
and necrotic ulcers in fish skin [13]. Bacteria infection of fish 
constitutes a huge menace for aquaculture farming, leading to 
disastrous economic loss and health risks for the consumer 
[14]. 
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Aeromonas are often referred to as a complex of disease 
organisms that are associated with bacterial hemorrhagic 
septicemias and other ulcerative conditions in fishes [11, 15]. 
These bacteria can cause the following diseases: furunculosis 
of salmonids, goldfish ulcer disease, carp erythrodermatitis, 
and trout ulcer disease. 

Fish bacteriosis was investigated by numerousness authors 
by histological, microbiological and taxonomical point of view 
[16, 15]. Since the 1980s, molecular methods have provided 
useful tools for diagnostic microbiology as well as for 
taxonomic and epidemiological studies on pathogenic bacteria 
[17]. 

Few scanning electron microscopy investigations were 
finding in the literature regarding the lesions produced by 
bacteria in general and Aeromonas in particular [18].  
Martínez and collaborators [19] characterize by scanning 
electron microscopy the lesions produced through an 
experimental infection of Flavobacterium psychrophilum in 
fins of Atlantic salmon Salmo salar.  

The aim of this paper is to present the electrono-
microscopic details of the bacteria induced lesions and to 
underline the importance of these investigations in fish 
bacteriosis study. The lesions were observed by scanning 
electron microscopy in order to investigate the invasion of 
bacteria in the skin tissue. 

II.  MATERIAL AND METHODS  

The fish was sampled from Ezăreni Research Station for 
Aquaculture Development and Aquatic Ecology (Iasi country) 
in August, 2009 (for Cyprinus carpio) and from a private farm 
in Bicaz (Neamt country) in August 2010 (for Salmo trutta 
fario). Lesions by different sizes were noted on the ventral 
region, on the side of the abdomen or on the caudal peduncle. 
The gross lesions consisted of focal erthythema was well-
delimited ulcers with necrotic centers. A healed lesion was 
sampled from a caudal region of an individual of Cyprinus 
carpio. 
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Scanning electron microscopy (SEM) investigations [20]: 
the investigated material consists of small skin pieces with 
and without lesions. The material was fixed in 
glutaraldehyde (2%) for 2 hours, osmium tetraoxide (1%) 
for 4 hours and washed with phosphate buffer. After 
dehydration in a graded ethanol series (40%, 70%, 80%, 
90% and 100%) and acetone, the material was critical point 

dried with CO2 (using a EMS 850 Critical Point Dryer), 
sputter-coated with a thin layer of gold (30 nm) (using a 
EMS 550X Sputter Coater) and, finally, examined by 
scanning electron microscopy (Tescan Vega II SBH) at an 
acceleration voltage of 27.88. Photos were taken from the 
most relevant aspects. 

 

Fig. 1 – General aspect of the normal skin in Cyprinus carpio (scale bar = 200µ), Fig. 2 – Detail from epithelial cells of 
the normal skin in Cyprinus carpio (scale bar = 5µm), Fig. 3 – General aspect of the margin of a caudal lesion (scale 
bar = 500µ) Fig. 4 – Detail from swollen epithelial cells in the proximity of a caudal lesion (scale bar = 20µm) 
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III.  RESULTS AND DISCUSSIONS 

 
Fish skin is very important in the defense against bacterial 

infections. Because it is not keratinized, the protection regards 
pathogens is limited compared with the terrestrial vertebrates 
skin. 

In Cyprinus carpio different areas from normal skin, lesions 
and one healed lesions was investigated. The epithelial cells 

presents distinctive microridge pattern (figures 1, 2). These 
ornamentations form a pattern that is species-specific [21]. 
Their role exceeding in retain of the mucous substances 
secreted at the skin surface [21, 22] helps in protecting the fish 
against bacterial, fungal and parasite attacks. The upper cell 
layer are not renewed periodically, but are individually 
replaced when dead. 

Under SEM, in the periphery of the lesion (figure 3) the 
surface epithelium present raised epithelial cells (figure 4).    

 
  

   

5. 6. 

7. 8. 

Fig. 5 – Detail from swelling epithelial cell in the proximity of a codal lesion in Cyprinus carpio; isolate bacteria cold 
be observed (scale bar = 20µm), Fig. 6 – Detail from exfoliated epithelial cell in the proximity of a codal lesion; isolate 
bacteria cold be observed (scale bar = 10µm), Fig. 7 – Detail from the proximity of a lesion; red blood cells included in 
a fibrin network (scale bar = 20µm), Fig. 8 – Detail from the central part of a lesion; numerousness bacteria – bacilli – 
could be observed (scale bar = 5 µm) 
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The epithelium showed evidence changes in the cells with 
some swollen and exfoliated. 

On the unaffected skin, as well as on the modified epidermal 
cells, isolate bacteria could be observed (figure 5, 6); it is 
important to mention that the bacteria are observed on cells 
devoid of mucus (this demonstrate again the antimicrobian role 
of the mucus for the fish skin). Round bodies, with irregular 
surface, with may have been lymphocytes were also seen near 

the lesion. In the same time, numerousness red blood cells 
included in a network of thin fibers fibrin (which is a type of 
protein) are visible in the lesion vicinity (figure 7). 

Inside the lesion, a large number of bacteria could be 
observed (figures 8, 9). The presence of an Aeromonas species 
was determined upon clinical signs and confirmed by 
microbiological studies (unpublished work). Aeromonas 
preferentially invades previously damaged tissue, typically an 

 

 

Fig. 9 – Detail from the central part of a lesion in Cyprinus carpio; numerousness bacteria, could be observed (scale bar = 
5 µm), Fig. 10 – Detail from the central part of a healed lesion; with blood elements could be observed (scale bar = 5 µm) 
 

Fig. 11 – General aspect of the normal skin in Salmo trutta fario (scale bar = 20µ), Fig. 12 – Detail from epithelial cells 
of the normal skin in Salmo trutta fario; superficial microridges in parallel formation could be observed (scale bar = 
20µm) 
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area of erosion.  The integrity of the skin plays an important 
role in protection against bacterial infections.  

Bacteria may be destroyed by antimicrobial products 
(lysozymes, agglutinins) present in the mucus [23, 18, 24, 25]. 

The examination of healing lesions showed the collagen scar 
with numerousness blood cell elements, especially leucocytes 
and few red cells (figure 10).  Healing does not involve 
restoring of the cells with specific ornamentations 

(microridges). An unstructured scar takes the place of the 
lesion.  

The ultrastructure of the Salmo trutta fario skin observed by 
scanning electron microscopy showed at the surface a 
continuous layer of epitelial cells (fig. 11). It consisted of a 
mosaic pavement of irregular polygonal epithelial cells of 
varied dimensions. The superior surface of each epithelial cell 
was characterized by the presence of a series of microridges 

 

Fig. 13 – General aspect of the margin of a lesion on Salmo trutta fario skin (scale bar = 20µ) Fig. 14 – Detail from 
swollen epithelial cells in the proximity of lesion – deteriorate microridges could be observed at the surface of the 
swollen epithelial cells (scale bar = 10µm), Fig. 15, 16 – Detached epithelial cells in the vicinity of one lesion (scale bar 
= 20µm)  

13. 14. 

15. 16. 
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(fig. 12). The microridges of the cells are smooth, 
approximately equal in width and sinuous. They were 
compactly arranged [26]. The mucous cells are numerous.  

The skin from the vicinity of the lesions showed marked 
epithelial changes compared with the healthy skin (fig. 13). 
The epithelial layer is disrupted and shows swollen pavement 

cells (fig. 15, 16). Deteriorate microridges could be observed 
at the surface of the swollen epithelial cells (fig. 14).  

An ulcer is as a break in the skin (a lesion) extending 
through all the layers, which fails to heal and is often 
accompanied by inflammation.  

 

 

Fig. 17 – Detail from a haemorrhagic lesion on Salmo trutta fario skin – a red blood cell caught in a fibrin network could 
be observed (scale bar = 10µ) Fig. 18 – Detail from a lesion – numerousness bacteria (cocci types) could be observed 
(scale bar = 5 µm), Fig. 19 – Denuded scale from the middle of one lesion  (scale bar = 100µm), Fig. 20 – Detail from the 
surface of the denuded scale – necrosed isolated epidermal cells are visible  (scale bar = 50µm) 
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The typical skin ulcer has a central area of tissue erosion 
that may be shallow or deep – in some cases exposing the 
underlying muscle. Around the edge of the lesion is usually an 
area of whitish necrotic (dead) tissue and debris, with a large 
outer zone of inflammation extending into healthy tissue. The 
scales surrounding the lesion may be denuded, raised or 
infected. Without treatment it grows gradually in size. In most, 
but not all, cases they are caused by opportunistic bacteria 
already present in the water. 

Some lesions are hemorrhagic - on the surface of such 
lesions were observed many red blood cells - most isolated and 
embedded in a denser or less dense fibrin network (fig. 17). 
Isolated bacteria (cocci type) were observed both in the middle 
of the lesions (fig. 18) and at their periphery (fig. 21, 22).  

The scales from the lesion area are partial denudes and the 
osseous layer are visible on its dorsal side (fig. 19, 20). The 
circuli and the intercirculus spaces are partially covered by 
necrosed epithelial cells.  

IV. CONCLUSIONS 

The present paper investigates the contribution of scanning 
electron microscopy investigations to a better understanding of 
fish bacteriosis, with emphasis infections on Cyprinus carpio 
and Salmo trutta fario skin.  Fish skin is very important in the 
defenses against bacterial infections. The bacteria 
multiplication takes place especially after the exfoliation of the 
epithelial cells. Only rare bacterial cells were observed on 
intact skin or in the lesion vicinity. The important role of the 
mucus in antibacterial defense was underlined. The large 

amount of mucus (as a consequence of the relative high 
number of mucous cells observed in both analyzed species) 
could be an adaptation for keeping the skin surface clean, 
avoiding clogging, the increased slipperiness reducing friction 
from water flow and increased efficiency in protecting against 
microbial attachments. The loss of integrity of the epithelium, 
typical of this disease, is also a portal of entry for other 
bacterial or parasitic pathogens.  
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