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Abstract  
   
In order to fill the gap between natural fish catches and estimated needs of populations in animal protein consumption, 
aquaculture required suitable fish. Indeed, much interest has focused worldwide on tilapia species. In this study, three 
parasites previously described, Myxobolus zillii, M. dossoui and M. beninensis were recorded on Tilapia zillii and 
Sarotherodon melanotheron melanotheron from Lake Nokoué (Bénin) from November 2011 to december 2012. The 
pathological investigation by electron microscopy revealed that the spores of M. zillii and M. dossoui were in direct 
contact with the cartilage of gill arch or filament but M. beninensis developed cysts within the connective tissue of gill 
arch. The mass of spores and continuous growth of cysts spark hollows in cartilage and connective tissues offering them 
the capacity to destroy these structures so that the physiological pivotal role of gill in respiratory function and ions 
balance might be disrupted. Among the 180 examined specimens, 27 T. zillii were infected by M. dossoui or M. zillii and 
6 S. melanotheron melanotheron took in M. beninensis. No significant difference was observed within sexes and classes 
of length in regard to the rate of infection except the prevalence of M. dossoui which varied significantly within the 
seasons. 
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Introduction 
 

Aquaculture of fish is an important socio-economic 
sector, especially for rural community, contributing to 
livelihoods, food security and poverty alleviation [1]. 
Currently, the trend in fish aquaculture development is 
towards increased intensification and commercialization 
of fish production [2]. FAO [3] put special emphasis on 
tilapia species that are easy to grow, unique in the role of 
small livestock animal for subsistence fish farmers in 
developing countries and on word tilapia production that 
has been booming, with output increasing from 830,000 
tonnes in 1990 to 1.6 million in 1999 and to 3.5 million in 
2008; this production would reach 3.7 millions tonnes in 
2010 and 4.6 millions in 2015. According to Kamal and 
Mair [4] while the overall proportion of aquaculture 
production taking place in brackish water has sometimes 
decreased, there has been a significant increase in the 
tilapia production in brackish water.  

Tilapias (Teleostei: Cichlidae) are euryhaline fish that can 

live and thrive in a wide range of salinity from fresh water 

to full seawater although some species tolerate wider 

range of salinity than others [5]. These species are able to 
tolerate a broad range of environmental ions conditions 

by using osmoregulation and ionoregulation mechanisms 

to maintain homeostasis; those mechanisms are mainly 

accomplished by the skin, gills, kidneys, urinary tract and 

intestine. Among these organs, the gills are the major site 

for ion transport [6,7,8]. In addition to be the major 
respiratory organ the gills play a pivotal role in ionic 

balance and adaptive changes following an osmotic 

challenge; in the branchial epithelium, chloride cells are 

the ionocytes responsible for ion exchange [9-12]. 

 Among the tilapias species, Tilapia zillii Gervais, 1852 
and Sarotherodon melanotheron melanotheron Rüppel, 
1853; Trewavas, 1983 are two important species in 
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aquaculture [13,14]. They can reach market size of 
minimum 400g within few months [15] and are suitable 
for farming in the brackish water of lagoons and estuaries 
in West Africa where salinity may vary throughout the 
year from 0 to 90 g/l [16,17]. Specially, S. melanotheron 
melanotheron is known to be very resistant to wide 
salinity variations [18,19].  
 In regard to the increasing interest in fish culture, the 
awareness of parasites that affect fish health, growth and 
survival is more growing up [20], because disease is 
nowadays a primary constraint to the culture of many 
aquatic species. Therefore, the contribution to the 
knowledge of fish parasites should be a prerequisite for 
correct monitoring of disease; the best way to reduce 
out-breaks of disease consisting in preventive measure 
based on early diagnosis of their agents [21,22]. 
Myxosporean parasites are known to infect fresh and 
brackish water fishes [23] with significant negative impact 
[24-33]. Respiratory capacity has been found to decrease 
in case of heavy infection of the gill by myxosporidia 
causing asphyxia, serious loss in length and weight and 
mortality [34-37]. 
 During our continuous survey on fish Myxosporea 
parasites, three species belonging to the genus 
Myxobolus were found in the gills of S. melanotheron 
melanotheron and T zillii. Considering their morphology 
features, these species are deeply alike those reported by 
Sakiti et al. [38], namely M. beninensis, M. zillii and M. 
dossoui. Traditionally, the taxonomic classification of 
myxosporean parasites species is based on characteristics 
of spore morphology and other criteria [39,40,41]. Since 
the late 1990s, molecular analyses have been however 
use widely in the studies of these parasites [42,43,44] in 
morphological differentiation of similar species or study 
of host and tissue specificity [45-48]. Several workers 
have utilized the combination of the traditional method 
and the molecular approaches for the identification of 
parasite [47,49-52]. 
 Using molecular approaches the process of the 
accurate identification of the present species of 
Myxobolus is still running though they look alike those 
dealing with our previous occurrence report [53] 
considering the morphological characteristics. 
 Light and electron microscopy were utilized to 
investigate and report herein their morphology features 
and the pathology that they induced. 
 
Materials and methods 
 
In Benin located between latitude 6°15’ and 12°25’ north 
and between longitude 0°45’ and 4°00’ east, fish 
samplings of Tilapia zillii Gervais, 1852 and Sarotherodon 
melanotheron melanotheron Rüppel 1853, Trewavas 1983 
were done from November 2011 to December 2012 in 
Lake Nokoué (Figure 1). The climate in the sampling zone 
is subequatorial and characterized by two dry seasons 
and two wet seasons; the long dry season (LDS) running 
from December to March, the long wet season (LWS) 

from April to July, the short dry season (SDS) from August 
to September, and the short wet season (SWS) from 
October to November. Every two months, three 
physicochemical parameters of water samples were 
measured including pH, salinity expressed in g/l and 
temperature (T°C).  
 In total, 180 specimens (90 T. zillii and 90 S. 
melanotheron melanotheron) were collected. At least, 30 
individuals of fishes were purchased every two months 
from the fishermen and transported alive in appropriate 
tanks to the laboratory at Abomey-Calavi where their 
total size were measured. Then, fish were dispatched up 
into size classes with a regular interval of 50mm. Sex 
determination was made on the basis of external 
morphology and observation of the gonads after 
dissection. Macroscopic examination at the naked eye 
and under the low power stereomicroscope was 
performed for detection of any visible cysts on the gills 
which are in round or ovoid form and whitish and doughy 
aspects. Later the examinations were proceeded on with 
detection of spores under a phase-contrast light 
microscope. The morphological and morphometric 
studies of the spores were based on fresh spores 
specimens (n=30) according to the guideline provided by 
Lom and Arthur [39]. The dimensions of spores were 
given as arithmetic means expressed in micrometers (µm) 
followed by the minimum and maximum values in 
parentheses. The prevalence of infection was calculated 
and presented as a function of the host size and sex and 
the seasons. The possible influence of physicochemical 
parameters on the prevalence of parasites was tested 
using the Pearson correlation coefficient. The chi-square 

test (
2
) was used to assess the effect of the host size and 

sex on the prevalence of the parasite and its variability 
between the seasons. All analyze were performed with 
the statistical program MINITAB 14 Demo. 
 Results were considered significant at the 95% level 
(p<0.05). 
 For histological analysis, samples of infected tissue 
parts were fixed in 10% phosphate-buffered formalin and 
dehydrated in an ascending ethanol series, before being 
embedded in paraffin. Serial histological sections (7µm in 
thickness) of these samples were performed in the 
microtome and stained with Hematoxylin-Eosin. 
 For ultrastructural studies, samples of infected gills 
were safe kept and fixed in absolute ethanol and in 
formalin 5% or in glutaraldehyde 2.5% in 0.1M sodium 
cacodylate buffer (pH=7.2). Using appropriate tanks they 
were carried to the Institut de Modelisation et d’Analyses 
en Géo-Environnement et Santé (IMAGES), University de 
Perpignan Via Domitia (UPVD) at Perpignan (France) 
where they have been kept cold at 4°C as long as 
necessary for further investigations.  
 For scanning electron microscope (SEM), the 5% 
formalin-fixed spores were dehydrated through a series 
of ethanol concentrations; critical point dried in Biorad, 
coated with gold in an Emscope SC 500 Sputter coater 
and viewed using a Hitachi S-4500 SEM operated at 15kV 
at the Centre de Caractérisation de la Matière (PROMES).  
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Fig.1 Sampling site in Lake Nokoué (star), Benin, West Africa 
 
For transmission electron microscope (TEM), cysts fixed in 
glutaraldehyde were washed with buffer 0.1M three 
times (10 minutes each), post-fixed in 1% OsO4, washed 
again with the same buffer three times for 3hours, 
dehydrated in increasing concentrations of acetone. 
Finally, samples are embedded in Epon resin. Leica 
ultratome was used for semithin and ultrathin sections. 
The semithin sections were made with glass knives, 
stained with toluidine blue and examined in Microscope 
Epifluo: Olympus BX-UCB. The ultrathin ones were cut 
with diamond knives, double-contrasted with uranyl 
acetate and lead citrate Sections were examined in 
Hitachi 7500 and Camera high resolution AMT advantage 
operating at 80kV. Those operations have been done at 
the Observatoire Océanographique de Banyuls-sur-mer 
(OOB). 
 

Results 

 
Parasites, water quality and infection rate as a function of 
host sex and size and season 
 

The total number of fish specimens collected was 180 (90 
T. zillii and 90 S. melanotheron melanotheron). The 
characteristics of the morphology of the three parasites 
recorded from the gill of the two tilapia species are closer 
to those previously reported (Table 1). According to the 
traditional criteria of determination of species, it can be 
assumed that the present parasites are Myxobolus 
dossoui, M. zillii and M. beninensis. 
 The physicochemical parameters data showed that 
during the period of the study mean water salinity varied 
from 0.82 to 21.83 g/l while temperature varied from 
25.2 to 30.03°C and the pH varied between 7.26 and 8.00 
(Fig. 2). The Pearson correlation coefficients (r) and 
associated probabilities (p) for the prevalence with the 
physicochemical parameters displayed that the infection 
rate of the fish was not correlated to the physicochemical 

parameters (Table 2). Two parasites, M. dossoui and M. 
zillii were found in T.  zillii. The data of Table 3 exhibited a 
prevalence of 13.33% for M. dossoui (12 specimens 
infected). The difference of prevalence between host sex 

was not significant (
2
 = 2.60, df = 1, p > 0.05). For M. 

zillii, 15 specimens (16.66%) were infected and no 
significant difference between host sex prevalence 

appeared (
2
 = 1.14, df = 1, p > 0.05). In S. melanotheron 

melanotheron, only the one parasite, M. beninensis, was 
found; its prevalence was 6.66% (6 infected specimens). 
There is no significant difference between host sex 

prevalence (
2
 = 7.29, df = 1, p > 0.05).  

 The prevalence distribution according to host size (Fig. 
3) showed that T. zillii specimens which length ranged 
from 200 to 250 mm were the most infected. Neither the 
prevalence of M. zillii nor those of M. dossoui were 

significantly different (
2 

= 0.64, df = 3, p > 0.05 for M. 

zillii and 
2 

= 16.24, df = 3, p > 0.05 for M. dossoui). 
Myxobolus beninensis did not infect S. melanotheron 
melanotheron sized between 200 and 250 mm. Its highest 
occurrence was recorded in the class of 100 to 150 mm 
and no significant difference was observed within the size 

classes (
2 

= 3.14, df = 3, p > 0.05).  
 The prevalence pattern according to the seasons (Fig. 

4) showed that the highest infection rates were 24.55% 

for M. dossoui in LWS-12 and 27.89% for M. zillii in SWS-

12. M. dossoui was not found during SWS-12 and its 

occurrence varied significantly from one season to 

another throughout the study period (
2 

= 18.02, df = 4, p 

< 0.05). The seasonal occurrence of M. zillii did not vary 

significantly (
2
 = 9.76, df = 4, p > 0.05). During LWS-12 

and SWS-12 respectively, the prevalence was 9.3% and 

7.13% for M. beninensis.  

 In LWS-12, M. beninensis occurrence was nil. There is 

no significant difference between seasons (
2 

= 0.92, df = 
4, p > 0.05). 
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Table 1 Comparative description of Myxobolus species recorded in the present study from the gill of tilapia species in 
Lake Nokoué (Bénin, West Africa) with previous species morphologically described according to Sakiti et al. [38]  

 

Myxobolus 
species 

Spore Polar Capsules 
Cyst form 

Length (µm) Width (µm) Length (µm) Width (µm) 

M. zillii (Sakiti et al. 1991) 9.8 (8-11) 7.5 (6-8) 5.1 (4-6) 2.5 (2-3) Spherical, oval, elongate 

M. zillii (present study) 9.7 (8.1-11.8) 7.7 (4.3-8) 5.2 (4.3-5.8) 2,5 (2.2-3.1) Spherical, oval, elongate 

M. dossoui (Sakiti et al. 1991) 9.9 (8.5-11) 9.2 (8-10.5) 5.5 (4.5-6.5) 3.1 (2.5-5) Oval, elongate 

M. dossoui (present study) 9.9 (8.3-11.1) 9 (8-10.2) 5.7 (4.3-6.4) 3.1 (2.3-4.9) Oval, elongate 

M. beninensis (Sakiti et al. 1991) 12.5 (10.5-14) 7.2 (5.5-9) 6.9 (6-8) 2.2 (1.5-3) Spherical, oval 

M. beninensis (present study) 12.5 (10.5-14.3) 7.4 (5.3-8.9) 6.7 (6.1-7.8) 2.2 (1.5-3.2) Spherical, oval 

 

 
 

Fig.2 Seasonal changes in the salinity (▲), temperature (○) and pH (■) of Lake Nokoué (Benin, West Africa) 
 

 
 

Fig. 3 Prevalence of myxosporean parasites in Tilapia zillii and Sarotherodon melanotheron melanotheron in Lake 
Nokoué (Benin, West Africa). Myxobolus zillii (hatched bars) and M. dossoui (filled bars) in T. zillii and M. beninensis 

(open bars) in S. melanotheron melanotheron 
 

Table 2 Results of Pearson correlation of prevalence with physicochemical parameters 
 

 Myxobolus dossoui Myxobolus zillii Myxobolus beninensis 

T°C pH Salinity T°C pH Salinity T°C pH Salinity 

r 0.029 0.704 0.487 0.360 0.496 0.734 -0.496 0.130 -0.759 

p 0.963 0.185 0.405 0.552 0.395 0.158 0.396 0.835 0.137 

 
[Temperature (T°C), pH, Salinity (g/l)]; r: Coefficient of correlation; p: Probability 
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Table 3 Prevalence of myxosporean parasites in Tilapia zillii and Sarotherodon melanotheron melanotheron in Lake 
Nokoué (Benin, West Africa) 

 

 
Parasites 

Tilapia zillii 

Males Females 
Chi-2 test (2) 

Examined Infected (%) Examined Infected (%) 

M. zillii 42 6 (14.28) 48 9 (18.75) 
2 = 1.14 ; df = 1 ; p = 0.649 

M. dossoui 42 4 (9.52) 48 8 (16.66) 
2 = 2.60 ; df = 1 ; p = 0.136 

 Sarotherodon melanotheron melanotheron 

M. beninensis 55 4 (7.27) 35 2 (5.71) 
2 =7.29 ; df = 1 ; p = 0.907 

s 
Myxobolus zillii and M. dossoui in T. zillii and M. beninensis in S. melanotheron melanotheron. [df = degree of freedom] 

 

     
 

Fig. 4 Prevalence of myxosporean parasites in Tilapia zillii and Sarotherodon melanotheron melanotheron in Lake 
Nokoué (Benin, West Africa). Myxobolus zillii (hatched bars) and M. dossoui (filled bars) in T. zillii and M. beninensis 

(open bars) in S. melanotheron melanotheron. Sampling season given on x-axis (LDS = long dry season, LWS = long wet 
season, SDS = short dry season, SWS = short wet season) 

 

         
Fig. 5 Tilapia zillii gill arch cartilage infested by Myxobolus dossoui. A- Photomicrograph showing the parasite (P) formed 
by a clump of spores in a hole. Note that the uninfected parts (white star) are not perforated (×10). B- Photomicrograph 
of phase-contrast light microscopy of the spore of M. dossoui: note that the polar capsules (PC) are unequal (x 3,500). 
C- Photograph of the scanning electron microscopy of the spore of M. dossoui in cross view. Note the smooth valvular 
surface (SVS) and the sutural line (SL) (x 8,000). D- Photograph of the transmission electron microscope of free spore 
(Sp) of M. dossoui in contact with the cartilage (Ca) and surrounded with cell debris (white arrows heads). Note that the 
cartilage is progressively destroyed (white stars). Moreover, there is no structure like cellular response to infection (× 
6,500) 
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Fig. 6 Infection by Myxobolus zillii (A and B) and Myxobolus beninensis (C and D).  A- Photomicrograph of M. zillii (white 
thick arrows) located along the primary gill filaments of Tilapia zillii (×10). Note that numerous filaments harbored 
cysts. B- Photomicrograph of Haematoxylin-Eosin stained tangential section of cysts in the cartilaginous tissue (Ca) of 
Tilapia zillii showing the destruction (Open arrows) of the cartilage by spores (Sp) (×500). C- Photomicrograph of cysts 
(C) located in the connective tissue (Ct) of Sarotherodon melanotheron melanotheron enveloping the cartilaginous 
tissue (×15). D- Photomicrograph of toluidine-blue stain transverse section of the connective tissue (Ct) of Sarotherodon 
melanotheron melanotheron showing destruction (white stars) of the neighboring cells surrounding the cyst (C) (×650) 

  
Histopathological and ultrastructural studies 

 
In the present study, myxosporean infections were 

located in various gill tissues of the Tilapia species. 

Indeed, infection by M. dossoui was found as aggregates 

spores freely established in holes in the branchial arch 

cartilage of Tilapia zillii (Fig. 5A). The infection was visible 

as a thick whitish cream that can spread throughout the 

cartilage. Spores appeared sometimes elongate or oval 

with two polar capsules unequal in size (Fig. 5B) and 

showed the very wide sutural line and a smooth valvular 

surface (fig. 5C). TEM sections revealed that spores were 

found within the cartilage in a direct contact with host 

cells and tissues (Fig 5D). This closely contact and the 

enlarge place covered by the mass of the spores sparks  

hollows in the cartilage and offers to spores the capacity 

to erode the cartilage structure which continues to be 

progressively destroyed.  

 The infection of T. zillii by M. zillii was found in the 
primary gill filament representing by whitish cysts along 

the filaments (Fig. 6A). The spores which have been 
described elsewhere were spherical, oval or elongate in 
shape (data not show). Histological analysis revealed that 
spores of M. zillii were found mostly in the cartilaginous 
tissue. Tangential section showed that spores led to 
degenerate the tissue; then, the progression of the 
development of the spores provoked wastage of the 
cartilage structure (Fig. 6B). In infected S. melanotheron 
melanotheron, the gill arch of the connective tissue was 
occupied by large cysts of M. beninensis. Cysts were 
whitish in color and oval or irregular in shape (Fig. 6C). 
The spores already described elsewhere exhibited 
spherical or oval form with two polar capsules which are 
equal in size (data not show). Histological sections of the 
connective tissue showed that cysts of M. beninensis 
were developed within that tissue (Fig. 6D). Pathological 
alterations in the tissue were caused by the large mass 
and continuous growth of the cysts. In the action of the 
three parasites, no visible structure against development 
of reaction was observed, but the gill structure was 
beginning eroded.  
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Discussion  
 
Infection rate as a function of host sex and size and 
season 
 
No correlation was observed between seasonal 
prevalence of the parasites and the measured 
physicochemical parameters. Similar observations had 
been reported on Myxobolus spp. [26] and Henneguya sp 
[54]. However, prevalence could vary with seasons [55]. 
That is in agreement with the findings of Molnár [56] who 
found a major seasonal difference with markedly lower 
numbers of infected fish specimens in summer months 
than in spring months and Gbankoto et al. [53]   who 
reported a significant difference between the prevalence 
of M. zillii and the season. The latter authors found that 
the infection rate of M. dossoui varied significantly in 
function of the host size. Those differences could be due 
to the short sampling period and the limited examined 
specimens. Moreover fish habitat is a dynamic 
environment; later in one or two decades it could not 
exhibit the same biological aspects or properties.  
 Despite the lack of significant difference, it appeared 
that for T. zillii, females were more infested than males 
while males were slightly most infested in S. 
melanotheron melanotheron. That is not in agreement 
with the observations of Gonzalez-Lanza and Alvarez-
Pellitero [57] and Gbankoto et al. [53] who reported that 
the males are known to be usually more sensitive to 
myxosporean parasites than females. Poulin [58] claimed 
that such pattern could be due to testosterone synthesis 
which may exert an energetic cost on the immune 
competency. The present results lead to suggest that 
parasite prevalence in fish could be influenced by its 
physiological status and maturity.  
 In this study, S. melanotheron melanotheron with 
large size were not infected whereas large-sized 
specimens of T. zillii displayed high prevalence. Mitchel 
[59] had reported similar results for myxosporeans 
species such as M. muelleri and M. dujardini infecting 
Psychocheilus oregonensis, P. caurinus and Richardsonius 
blateatus which exhibited high prevalence among oldest 
fishes. Such observation might lead to suggest that there 
exist tolerance between elder host and the concerned 
parasites [60]. As far as these prevalence fluctuations, 
Gbankoto et al. [61] thought that any difference based on 
host size may simply be due to inter-specific differences 
in the resistance of host species to infection by the 
parasite.  
 Myxoporidia parasitize invertebrates and lower 
vertebrates particularly fish, with often fatal 
consequences for the host [62]. These hosts are 
representative of many fish families, comprising 
Cichlidae, Clariidae, Cyprinidae and others as well as in 
brackish or freshwater all other the world. In Africa, 
studies dealing with parasites of Cichlidae are mostly 

based on the genus Oreochromis either O. niloticus or O. 
mossambicus species [63-67]. Unusually, observations 
were conducted on T. zilli or S. melanotheron 
melanotheron [53,61,68,69]. Parasites could occur in 
many specific target organs including gills, kidney, and 
liver which are responsible for vital functions, such as 
respiration, excretion, accumulation and 
biotransformation of xenobiotics in fish [70,71]. The gills 
are signalized to be the preferential location of fish 
myxosporidia [46] where they can have important 
negative impact on the complex osmoregulatory 
mechanisms documented by several reports [6,8,11,12]. 
The low prevalence of these Myxosporidian parasites in 
wild fish specimens probably did not reflect the low 
prevalence of the parasite in farm specimens. This might 
suggest that the risk of introducing this parasite to fish 
farms through infected fish could be elevated despite the 
opposite opinion of Sorour and Al Harbey [72]. Moreover 
the occurrence of these parasites species in the 
osmoregulatory system indicates that they are potentially 
important pathogen, and the presence and dispersion of 
which need to be monitored closely by commercial fish 
farmers.  
 
Potential effects of histology and ultrastructure studies  
 
The infections observed in this study could be a major 
handicap for the respiratory and ionic exchange functions 
of the gills in fish. Such damages could make gills less 
functioning by reducing the respiratory surface [73,74]. 
Myxosporean gill infection can have an adverse effect on 
the ability of infected individuals to survive [75]. The 
spores of M. dossoui were not encysted in the 
cartilaginous tissue of the gill arch. The closely contact 
between parasite and the host cells and tissues created 
large cavity in the cartilage offering to spores the capacity 
to erode the cartilage structure which is highly 
susceptible to be destroyed. The sections in the infected 
gill arch exhibited massive cysts severely distorting the 
entire gill arch and its lamellae. Spores pushed and 
compressed the endothelial cells lining the cartilaginous 
tissue altering the infected portion. Such observation had 
been reported by El-Mansy and Bashtar [76]. No cellular 
structure separated spores and cartilaginous tissue. This 
type of development was corresponded to the 
“intrafilamental type” described by Molnár *56+. On this 
way, available parasites in infected organs are more 
prejudicial, as they reproduce by asexual way and 
progressively colonize the organs [61].  Each gill consisted 
of a large number of gill filaments (primary lamellae) on 
which a series of alternately arranged secondary lamellae 
(respiratory lamellae) are projected. While the secondary 
gill lamellae are lined by pavement cells, below it there 
are lamellar blood sinuses separated by pillar cells [72]. 
As early responses, histological changes observed in the 
primary gill lamellae may lead to disorganization of the 
structure of the secondary lamellae as well as cellular 
hyperplasia. Secondary lamellae do not hold on the 
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primary gill filaments. Myxosporidian parasites can cause 
damages like vasodilatation of secondary lamellae with 
breakdown of the pillar cell system; degenerative and 
necrotic changes of the pillar cells could be registered on 
the gill lamellae of fish infested as if exposed to a polluted 
area [72]. Moreover, cysts provoke a lytic action on the 
muscular fibers surrounding the cartilage. The presence 
of the cysts might be combined with congestion on gills 
with excessive sliminess excretion as inflammatory 
response of irritations on gills caused by movements and 
fixation of the parasite. The large number of cysts in the 
covered cartilage might be a significant mechanical 
barrier to blood flow, leading to more atrophy, sloughing, 
congestion and perivascular edema [77]. Similar results 
were observed by Adriano et al. [78,79] who reported 
that M. salminus n. sp. in Salminus brasiliensis and M. 
cuneus in P. mesopotamicus may compromise blood 
circulation and gill function. Schwaiger et al. [80] assumed 
that these gills alterations might interfere with normal 
respiratory and ionoregulation functions and might lead 
to impairment of the general health conditions of fish.  
 
Conclusion  
 
In the present study, myxosporean infections were 
located in various gill tissues of the Tilapia species. The 
parasites were recorded either in the gill arch cartilage or 
the connective tissue of the gill arch or the primary gill 
filament cartilage. Thus, the relationship between the 
parasites infecting the fish gill tissues is supposed to be 
high. The infections observed could be a major handicap 
for the respiratory and ionic exchange functions of the 
gills in fish. Such damages could make gills less 
functioning by reducing the respiratory surface. Moreover 
the occurrence of these parasites species in the 
osmoregulatory system indicates that they are potentially 
important pathogen, and the presence and dispersion of 
which need to be monitored closely by commercial fish 
farmers.  
 
Acknowledgments 
 
The authors acknowledge with their deepest thanks Prof. 
Anne-Cécile Ribou (IMAGES/UPVD) and Dr. Marie-Line 
Escande (OOB) for taking a great interest in the present 
work and providing laboratory facilities.  

 
References 
 
[1]. P. Edwards, DC Little, H. Demaine, (2002), Rural 
Aquaculture. CABI Publishing, UK, p. 358  
[2]. M.G. Bondad-Reantaso, R.P. Subasinghe, JR Arthur, K. 
Ogawa, S. Chinabut, R. Adlard, Z. Tan, M. Shariff, (2005), Disease 
and health management in Asian aquaculture. Veterinary 
Parasitology Vol 132, pp. 249–272  
[3]. FAO, (2010), World supply and demand of tilapia by Helga 
Josupeit, Rome, p. 12  

[4]. A.H.M.M. Kamal, G.C. Mair, (2005). Salinity tolerance in 
superior genotypes of tilapia, Oreochromis niloticus, 
Oreochromis mossambicus and their hybrids. Aquaculture Vol 
247, pp. 189-201 
[5]. J.C. Philippart, J.C. Ruwet, (1982), Ecology and distribution of 
tilapias. In: R.S.V. Pullin & Lowe- R.H. McConnell (ed) The 
biology and culture of tilapias. ICLARM Conference Proceedings 
7, International Center for Living Aquatic Resources 
Management, pp. 15-59. 
[6]. C.M. Wood, W.S. Marshall, (1994), Ion balance, acid-base 
regulation, and chloride cell function in the common killifish, 
Fundulus heteroclitus a euryhalin estuarine teleosts. Estuaries 
Vol 17, pp. 34-52  
[7]. B.A. Sardella, C.J. Brauner, (2008), The effect of elevated 
salinity on “California” Mozambique tilapia (Oreochromis 
mossambicus x O. urolepis hornorum) metabolism. Comparative 
Biochemistry and Physiology C Vol 148, pp.430-436 
[8]. D. Saglam, G. Atli, M. Canli, (2013), Investigations on the 
osmoregulation of freshwater fish (Oreochromis niloticus) 
following exposures to metals (Cd, Cu) in differing hardness. 
Ecotoxicology and Environnemental Safety, Vol 92, 79-86. 
[9]. D.H. Evans, P.M. Piermarini, W.T.W. Potts, (1999), Ionic 
transport in the fish gill epithelium. Journal of Experimental 
Zoology, Vol 283, pp. 641-652  
[10]. D.H. Evans, P.M. Piermarini, K.P. Choe, (2005), The 
multifunctional fish gill: dominant site of gas exchange, 
osmoregulation, acid-base regulation and excretion of nitrogen 
waste. Physiology Review Vol 85, pp. 97-177 
[11]. W.S. Marshall, (2002), Na

+
, Cl

-
 and Zn

2+
 transport by fish 

gills: retrospective review prospective synthesis. Journal of 
Experimental Zoology Vol 293, pp. 264-283.  
[12]. P.P. Hwang, T.H. Lee, (2007), New insights into fish ion 
regulation and mitochondrion rich cells. Comparative 
Biochemistry and Physiology A Vol 148, pp. 479-497 
[13]. D. Pauly, (1976), The biology, fishery and potential for 
aquaculture of Tilapia melanotheron in a small West African 
lagoon. Aquaculture Vol 7, pp. 33–47.  
[14]. M. Legendre, (1983), Observations préliminaires sur la 
croissance et le comportement en élevage de S. melanotheron 
(Rüppel 1853) et de Tilapia guineensis (Bleeker, 1862) en lagune 
Ebrié (Côte d’Ivoire). Document Scientifique du Centre de 
Recherche Océanographique d’Abidjan ORSTOM, Vol 14, pp. 1-
36. 
[15]. J. Lazard, (1990), Transfert des poissons et développement 
de la population piscicole. Exemple de trois pays d’Afrique 
subsaharienne. Revue d’Hydrobiologie Tropicale, Vol 23, pp. 
251-265. 
[16]. A.I. Payne, (1983), Estuarine and salt tolerant tilapias. In: 
Fishelson L, Yaron Comps Z (eds) Proceedings of International 
Symposium on Tilapia in Aquaculture. Tel-Aviv University, Tel-
Aviv, pp. 534-543. 
[17]. J.J. Alabaret, (1987),  Les peuplements de poisons de 
Casamance (Sénégal) en période de sécheresse. Revue 
d’Hydrobiologie Tropicale, Vol 20, pp. 291-310  
[18]. R.R. Stickney, (1986), Tilapia tolerance to saline waters: a 
review. Progressive Fish Culturist, Vol 48, pp.161-167. 
[19]. T. Doudet, (1992), Brackish water tolerance of some 
species and hybrids of Oreochromis for use in lagoon 
aquaculture (Côte d’Ivoire). Aquaculture, Vol 102, pp. 275-288. 
*20+. I. Paperna, (1996), ‘Parasites, infections and diseases of 
fishes in Africa: An update’, FAO/CIFA Technical Paper 31. 
[21]. G. Bylund, E.T. Valtonen, E. Niemela, (1980), Observations 
of epidermal papillomata in wild and cultured Atlantic salmon, 
Salmo salar, in Finland. Journal of Fish Diseases, Vol 3, pp. 525–
528. 



Nounagnon Darius TOSSAVI et al                       Pattern and potential pathophysiological effects of myxosporean infections in the gills of Tilapia species.. 

 

1237 | Int. J. of Multidisciplinary and Current research, Vol.4 (Nov/Dec 2016) 

 

[22]. K. Morsy, F. Abdel-Ghaffar, A.R. Bashtar, H. Mehlhorn, S. Al 
Quraishy, R. Abdel-Gaber, (2012), Morphology and small subunit 
ribosomal DNA sequence of Henneguya suprabranchiae 
(Myxozoa), a parasite of the catfish Clarias gariepinus (Clariidae) 
from the River Nile, Egypt. Parasitology Research Vol 11, N°4, 
pp. 1423–1435. 
[23]. B. Kostoingue, C. Diebakate, N. Faye, B.S. Toguebaye, 
(2001), Presence of Myxosporidea (Myxozoa: Myxosporea) of 
the genus Henneguya Thélohan, 1892 in freshwater fishes from 
Chad (Central Africa). Acta Protozoology, Vol 40, pp. 117-123 
[24]. M.A. Ali, (1999) Henneguya ghaffari sp. n. (Myxozoa: 
Myxosporea) infecting the Nile perch Lates niloticus (Teleostei: 
Centropomidae). Disease of Aquatic Organisms, Vol 38, pp. 225–
230 
[25]. P. Munoz, A. Sitja-Bobadilla, P. Alvarez-Pellitero, (2000), 
Antigenic characterization of Sphaerospora dicentrarchi 
(Myxospora: Bivalvulida), a parasite from European seabass 
Dicentrarchus labrax (Teleostei: Serranidae). Disease of Aquatic 
Organisms, Vol 40, pp. 117-124. 
[26]. A. Gbankoto, C. Pampoulie, A. Marques, G.N. Sakiti, 
(2001a). Myxobolus dahomeyensis infection in ovaries of tilapias 
species from Benin (West africa). Journal of Fish Biology Vol 58, 
pp. 883-886. 
[27]. A. Gbankoto, N.D. Tossavi, M. Sindété, G.N. Sakiti, K. 
Moutaïrou, A-C. Ribou, (2015), Some pathophysiological insights 
into ovarian infestation by Myxobolus sp. (Myxozoa: 
Myxosporea) in Clarias gariepinus (Clariids: Silurids) from Bénin 
(West Africa). Parasitology Research Vol 114, pp 2941–2949 
[28]. M.L. Kent, K.B. Andree, J.L. Bartholomew, M. El-Matbouli, 
S.S. Desser, R.H. Devlin, S.W. Feist, R.P. Hedrick, R.W. Hoffmann, 
J. Khattra, S.L. Hallett, R.J.G. Lester, M. Longshaw, O. Palenzeula, 
M.E. Siddall, C. Xiao, (2001), Recent advances in our knowledge 
of the Myxozoa. Journal of Eukaryotic Microbiology, Vol 48 N°4, 
pp. 395–413. 
[29]. G.B. Kabré, N.G. Sakiti, A Marques, L. Sawadogo, (2002), 
Thelohanellus bicornei n. sp. Myxosporidia (Myxosporea, 
Bivalvulida) a gill parasite of Labeo coubie Rüppel, 1832 
(Osteichthyes, Cyprinidae) from Burkina Faso. West Africa. 
Parasite Vol 9, N° 3, pp. 219–223. 
[30]. P. Vita, L. Corral, E. Matos, C. Azevedo, (2003), 
Ultrastructural aspects of the Myxosporean Hennuguya 
astyanax sp. n. (Myxozoa: Myxobolidae), a parasite of the 
Amazonian teleost Astyanax keithi (Characidae). Disease of 
Aquatic Organisms, Vol 53, pp. 55-60. 
[31]. J Lom, and I. Dykova, (2006), Myxozoan genera: definition 
and notes on taxonomy, life-cycle terminology and pathogenic 
species. Folia Parasitologica Vol 53, pp. 1-36. 
[32]. M.A Ali, A.S. Abdel-Baki, Th. Sakran, R. Entzeroth, F. Abdel-
Ghaffar, (2007), Myxobolus lubati n. sp. (Myxosporea: 
Myxobolidae), a new parasite of haffara seabream 
Rhabdosargus haffara (Forsskad, 1775), Red Sea, Egypt: a light 
and transmission electron microscopy. Parasitology Research, 
Vol 100, pp. 819–827. 
[33]. C. Azevedo, N. Samuel, A.P. Saveia, F. Delgado, G. Casal, 

(Myxozoa: Myxosporea), a parasite of a freshwater fish from the 

Kwanza River, Angola. Systematic Parasitology, 78(1):19–25 

[34]. J.P. McCraren, G.L. Hoffman, F.P. Meyer, (1975), Variation 

in response of channel catfish to Henneguya n. sp. Infections 

(Protozoa: Myxosporidea). Journal of Wildlife Disease, Vol 11, 

pp. 2–7 

[35]. W.L. Current and J. Janovy, (1976), Ultrastructure of 
interlamellar Henneguya exillis in the channel catfish an 
ultrastructural study. Journal of Protistology, Vol 13, pp. 157-
167. 

[36]. K. Molnár, C. Székely, (1999), Myxobolus infection of the 
gills of common bream (Abramis brama.) in lake Balaton and in 
the Kis-Balaton reservoir, Hungary. Acta Veterinary Hungarica, 
Vol 47, pp. 419–432 
[37]. A. El-Mansy, (2002), Immature stages and redescription of 
Henneguya suprabranchiae (Myxosporea: Myxobolidae), an 
intestinal parasite of the catfish Clarias gariepinus in the River 
Nile, Egypt. Disease of Aquatic Organisms, Vol 51, pp. 179-186. 
[38]. G.N. Sakiti, E. Blanc, A. Marques, G. Bouix, (1991), 
Myxosporidies (Myxozoa : Myxosporea) du genre Myxobolus 
Bütschli, 1882, parasites de poissons Cichlidae du Lac Nokoué au 
Bénin (Afrique de l’Ouest). Journal of African Zoology, Vol 105, 
pp. 173-186. 
[39]. J. Lom and I. Dykova, (2006), Myxozoan genera: definition 
and notes on taxonomy, life-cycle terminology and pathogenic 
species. Folia Parasitologica, Vol 53, pp. 1-36. 
[40]. S. Bahri and A. Marques, (1996), Myxosporean parasites of 
the genus Myxobolus from Mugil cephalus in Ichkeul Lagoon, 
Tunisia: description of two new species. Disease of Aquatic 
Organisms, Vol 27, pp. 115-122. 
[41]. J.A. Ferguson, S.D. Atkinson, C.M. Whipps, M.L. Kent, 
(2008), Molecular and morphological analysis of Myxobolus spp. 
of salmonid fishes with the description of a new Myxobolus. 
Journal of Parasitology, Vol 94, pp. 1322-1334. 
[42]. K.B. Andree, C. Szekely, K. Molnar, S.J. Gresoviac, R.P. 
Hedrick, (1999), Relationships among members of the genus 
Myxobolus (Myxozoa: Bivalvidae) based on small subunit 
ribosomal DNA sequences. Journal of Parasitology, Vol 85, pp. 
68-74. 
[43]. M.M. Carriero, E.A. Adriano, M.R.M. Silva, P.S. Ceccarelli, 
A.M. Maia, (2013). Molecular Phylogeny of Myxobolus and 
Henneguya genera with Several New South America Species. 
Plos ONE 8: e73713. 
[44]. J.Y. Zhang, S. Al-Quraishy, A.S. Abdel-Baki, (2014), The 
morphological and molecular characterization of Myxobolus 
khaliji n. sp. (Myxozoa: Myxosporea) from the double bar sea 
bream Acanthopagrus bifasciatus (Forsskål, 1775) in the Arabian 
Gulf, Saudi Arabia. Parasitology Research, Vol 113, pp. 2177-
2183. 
[45]. E. Eszterbauer, M. Benko, A. Dan, K. Molnar, (2001), 
Identification of fish-parasitic Myxobolus (Myxosporea) species 
using a combined PCR-RFLP method. Disease of Aquatic 
Organisms, Vol 44: 35-39. 
[46]. K. Molnár (2002), Site preference of fish myxosporean in 
the gills. Disease of Aquatic Organisms, Vol 48: 197-207. 
[47]. S. Bahri, K.B. Andree, R.P. Hedrick, (2003), Morphological 
and phylogenic studies of marine Myxobolus spp. from mullet in 
Ichkeul Lake, Tunisia. Journal of Eukaryotic Microbiology, Vol 50, 
pp. 463-470. 
[48]. E. Eszterbauer, (2004), Genetic relationship among gill-

infecting Myxobolus (Myxosporea) species of cyprinids: 

molecular evidence of importance of tissue-specificity. Disease 

of Aquatic Organisms, Vol 58, pp. 35-40. 

[49]. A. El Mansy, (2005), Revision of Myxobolus heterosporus 

Baker, 1963 (syn. Myxozoma heterospora) (Myxozoa: 

Myxosporea) in African records. Disease of Aquatic Organisms, 

Vol 63, pp. 205-214. 

[50]. K. Molnár, S. Marton, E. Eszterbauer, C. Székely, (2006), 

Comparative morphological and molecular studies on 

Myxobolus spp. infecting chub from the River Danube, Hungary 

and description of M. muellericus sp. n. Disease of Aquatic 

Organisms, Vol 73:40-61. 

[51]. Y.C. Li, H. Sato, Y. Kamata, T. Ohnishi, Y. Sugita-Konishi, 
(2012), Three novel myxobolid species of genera Hennuguya 



Nounagnon Darius TOSSAVI et al                       Pattern and potential pathophysiological effects of myxosporean infections in the gills of Tilapia species.. 

 

1238 | Int. J. of Multidisciplinary and Current research, Vol.4 (Nov/Dec 2016) 

 

and Myxobolus (Myxosporea, Bivalvulida) from marine fish in 
Japan. Parasitology Research, Vol 111, pp. 819–826. 
[52]. K. Molnár, C. Székely, C.F. Guti, E. Eszterbauer, (2014), Two 
new Myxobolus spp. (Myxozoa: Myxobolidae) from white 
bream, Blicca bjoerkna (Linnaeus, 1758) developing in 
basifilamental location of gills. Acta Protozoologica, Vol 53, pp. 
277-285. 
[53]. A. Gbankoto, C. Pampoulie, A. Marques, G.N. Sakiti, 
(2001b), Occurrence of myxosporean parasites in the gills of two 
tilapia species from Lake Nokoué (Bénin, West Africa): effect of 
host size and sex, and seasonal patterns of infection. Disease of 
Aquatic Organisms, Vol 44, pp. 217-222. 
[54]. ND Tossavi, A. Gbankoto, A. Yessoufou, M.L. Escandes, G. 
Dimitri, A-C. Ribou, K. Moutaïrou and GN. Sakiti, (2015), 
Histopathological and ultrastructural studies of a Henneguya 
species (Myxozoa: Myxosporea) infesting the intestine of Clarias 
gariepinus from Benin (West Africa). Parasitology Research, Vol 
114, pp. 861-872. 
[55]. I.I. Ernst, D. Whttingtton, S. Corneillte, C. Talbot, (2005), 
Effects of temperature, salinity, desiccation and chemical 
treatments on egg embryonation and hatching success of 
Benedenia seriolae (Monogenea: Capsalidae), a parasite of 
farmed Seriola spp. Journal of Fish Disease,  Vol 28, pp. 157–164. 
[56]. K. Molnár, (1998), Taxonomic problems, seasonality and 
histopathology of Henneguya creplini (Myxosporea) infection of 
the pike perch Stizostedion lucioperca in Lake Balaton. Folia 
Parasitologica, Vol 45, pp. 261-269. 
[57]. M.C. Gonzalez-Lanza and P. Alvarez-Pellitero, (1985), 
Myxobolus sp. of various cyprinids from the river Elsa (Leon, N-
W Spain). Description and population dynamics. Angew 
Parasitology, Vol 26, pp. 71-83. 
[58]. R. Poulin, (1996), Sexual inequalities in Helminth infections: 
a cost of being a male? American Nature, Vol 147, pp. 287-295. 
[59]. G.L. Mitchell, (1989) Myxobolid parasites (Myxozoa: 
Myxobolidae) infecting fishes of Western Montana, with notes 
on histopathology, seasonality, and intraspecific variation. 
Canadian Journal of Zoology, Vol 67, pp. 1915–1922. 
[60]. M.T. Ventura and I. Paperna, (1984), Histopathology of 
infection in European eels Myxidium giardi Cepede, 1906, 
Anguilla Anguilla L. in Portugal. Aquaculture, Vol 43, pp. 357–
368. 
[61]. A. Gbankoto, C. Pampoulie, A. Marques, G.N. Sakiti, K.L. 
Dramane, (2003), Infection patterns of Myxobolus heterospora 
in two tilapia species (Teleostei: Cichlidae) and its potential 
effects. Disease of Aquatic Organisms, Vol. 55, pp. 125-131. 
[62]. S.E. Bassey, (2011), A Concise Dictionary of Parasitology. 
1st Edn. Zetus Concepts, Port Harcourt, pp: 115, ISBN: 978-
2954-40-3. 
[63]. K.Ç.A. Benli, G. Köksal, A. Özkul, (2008), Sublethal ammonia 
exposure of Nile tilapia (Oreochromis niloticus L.): Effects on gill, 
liver and kidney histology. Chemosphere Vol 72, pp. 1355–1358. 
[64]. AS. Oluwatoyin, (2011), Histopathology of Nile Tilapia 
(Oreochromis niloticus) juveniles exposed to aqueous and 
ethanolic extracts of Ipomoea aquatica leaf. International 
Journal of Fisheries and Aquaculture, Vol 3 N°14, pp. 244-257. 
[65]. P. Akoll,  R. Konecny, W.W. Mwanja, J.K. Nattabi, Agoe C, 
Schiemer F. 2012. Parasite fauna of farmed Nile tilapia 
(Oreochromis niloticus) and African catfish (Clarias gariepinus) in 
Uganda. Parasitology Research, Vol 110, pp. 315–323. 
[66]. K.Md. Ahmed, Md. Habibullah-Al-Mamuna, E. Parvin, M.S. 
Akter, M.S. Khan, (2013), Arsenic  induced  toxicity  and  
histopathological  changes  in  gill  and  liver  tissue  of 
freshwater  fish,  tilapia  (Oreochromis  mossambicus). 
Experimental Toxicology and Pathology, Vol  65, pp.  903–909. 

[67]. M.H. Hatern, Y.B. Abdelhay, A.H. Alayafi, A. Suloma, (2013), 
Application of new strategies to reduce suspended solids in 
zero-exchange system: I. Histological alterations in the gills of 
Nile tilapia. Journal of Applied Scientific Research, Vol 9 N°2, pp. 
1186-1192. 
[68]. A.S.F. Mohamed, (2009), Histopathological Studies on 
Tilapia zillii and Solea vulgaris from Lake Qarun, Egypt. World 
Journal of Fish and Marine Sciences 1 (1): 29-39 
[69]. N.I. Mohammed, S.A. Rabie, A-NA. Hussein, N.M. Hussein, 
(2012), Infestation of Oreochromis niloticus and Tilapia zillii 
fresh-water fishes with myxosporean parasites, Qena Province, 
Egypt. Egypt. Academic Journal of Biological Science, Vol 4 (1): 
235-246. 
[70]. M. Gerhofer, M. Pawet, M. Schramm, E. Muller, R. 
Triebskorn, (2001), Ultrastructural biomarkers as tools to 
characterize the health status of fish in contaminated streams. 
Journal of Aquatic Ecosystem, Stress and Recovery, Vo 8, pp.241-
260. 
[71]. M.M.P. Camargo and C.B.R. Martinez, (2007), 
Histopathology of gills, Kidney and liver of a Neotropical fish 
caged in an urban stream. Neotropical Ichthyology, 5, 3:327-336. 
[72]. J.M. Sorour, D. Al Harbey, (2012), Histological and 
Ultrastructural Changes in Gills of Tilapia Fish from Wadi Hanifah 
Stream, Riyadh, Saudi Arabia. Journal of American Science; Vol 8 
N°2, p. 180-186. 
[73]. A. Haaparanta, E.T. Valtonen, R.W. Hoffman, (1994), 
Pathogenicity and seasonal occurrence of Hennuguya creplini 
(Protozoa, Myxosporea) on the gill of perch Perca fluviatilis in 
central Finland. Disease of Aquatic Organisms 20: 15-22. 
[74]. E.A. Adriano, S. Arana, N.S. Cordeiro, (2005), Histology, 

ultrastructure and prevalence of Henneguya plaractus 

(Myxosporea) infecting the gills of Plaractus mesopotamicus 

(Characidae) cultivated in Brazil. Disease of Aquatic Organisms, 

Vol 64: 229-235. 

[75]. C.C. Reed, L. Basson, L.L. Van As, I. Dyková, (2007), Four 

new myxozoans (Myxosporea: Bivalvulida) from intertidal fishes 

along the south coast of Africa. Folia Parasitologica 54: 283-292. 

[76]. A. El-Mansy and A.R. Bashtar, (2002), Histopathological and 

ultrastructural studies of Henneguya suprabranchiae Landsberg, 

1987 (Myxosporea: Myxobolidae) parasitizing the 

suprabranchial organ. Parasitology Research, Vol 88, pp. 617-

626. 

[77]. A.S. Abdel-Baki, Th. Sakran, E. Zayed, (2011), Validity, 

impacts and seasonal prevalence of Henneguya species infecting 

catfish Clarias gariepinus from River Nile, Egypt.  Parasitology 

Research, Vol 109, pp. 119-123. 

[78]. E.A. Adriano, S. Arana, N.S. Cordeiro, (2006), 

Histopathology and ultrastructure of Myxobolus cuneus n. sp. 

infecting the connective tissue of Piaractus mesopotamicus 

(Pisces: Characidae) cultivated in Brazil. Parasite Vol 13, pp. 

137–142. 

[79]. E.A. Adriano, S. Arana, M.M. Carriero, J. Naldoni, P.S. 

Ceccarelli, A.A.M. Maia, (2009), Light, electron microscopy and 

histopathology of Myxobolus salminus n. sp., a parasite of 

Salminus brasiliensis from the Brazilian Pantanal. Veterinary 

Parasitology, Vol 165, 25–29 

[80]. J.  Schwaiger, H. Ferling, U. Mallow, H. Wintermagr, R.D. 

Negele, (2004), Toxic effects of the non-steroidal anti-

inflammatory drug diclofenac. Part I: histopathological 

alterations and bioaccumulation in rainbow trout. Aquatic 

Toxicology, Vol 68, pp. 141-150.  


